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Zusammenfassung

Wir untersuchen die étale Homotopie-Theorie von Brauer-Severi Varietaten iiber
Korpern der Charakteristik 0. Wir zeigen, dass die auf geometrischen Homotopie-
Invarianten (etwa ¢-adischen Kohomologie- oder auch hoheren Homotopiegrup-
pen) induzierten Galois-Darstellungen nicht zwischen Brauer-Severi Varietdten
gleicher Dimension unterscheiden kénnen. Ist der Grundkérper sogar von ko-
homologischer Dimension < 2, so konnen wir im Falle von Brauer-Severi Kur-
ven noch mehr zeigen: Wir konstruieren einen Isomorphismus zwischen den
Hochschild-Serre Spektral-Folgen zweier beliebiger Brauer-Severi Kurven, welche
deren Kohomologie mit lokalen Koeffizienten berechnet. Weiter untersuchen
wir homotopie-rationale- und homotopie Fixpunkte von Brauer-Severi Varietaten
sowie deren Zusammenhang mit echten rationalen Punkten. Insbesondere werden
wir ein Analogon der schwachen Schnittvermutung fiir Brauer-Severi Varietéiten
unter einer geeigneten Zusatzannahme an die erste pro-endliche Chernklassen
Abbildung zeigen. Uber p-adischen lokalen Korpern konstruieren wir ein Gegen-
beispiel fiir dieses Analogon ohne besagte Zusatzannahme.

Abstract

We study the étale homotopy theory of Brauer-Severi varieties over fields of
characteristic 0. We prove that the induced Galois representations on geometric
homotopy invariants (e.g., f-adic cohomology or higher homotopy groups) are
all isomorphic for Brauer-Severi varieties of the same dimension. If the base
field has cohomological dimension < 2 then we can show more in the case of
Brauer-Severi curves: There is even an isomorphism between the Hochschild-
Serre spectral sequences computing cohomology with local coefficients. Further,
we study homotopy rational and homotopy fixed points on Brauer-Severi varieties
and their connections to genuine rational points. In particular, we show that
under a suitable assumption on the first profinite Chern class map an analogue
of the weak section conjecture for Brauer-Severi varieties turns out to be true.
We can give a counter example to this analogue without the extra assumption
over p-adic local fields.
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Introduction

Background. In recent years there is a growing interest in homotopy theory
for algebraic schemes over base schemes, more general than the spectrum of
the complex or real numbers. Of particular interest is Voevodsky’s motivic- or
A'-homotopy theory he used in his celebrated proof of the Milnor- and later
even motivic Bloch-Kato-conjecture. It comes with a good notion of homotopy
groups (see [MV99] Chapt. 3 Prop. 2.14) as well as realization functors into other
homotopy theories, e.g., the classical homotopy theory of the real or complex
analytic realization (see [MV99] Chapt. 3.3) or the étale homotopy theory (see
[Isa04] resp. [Sch12] for the Nisnevich resp. étale Al-homotopy theory). From
an arithmetic point of view it has several nice properties, e.g., the existence of
a rational point is invariant under A'-weak equivalences in the Nisnevich setting
(see [MV99] Chapt. 3 Rem. 2.5), but also some rather unpleasant disadvantages,
e.g., the base scheme is always contractible (in contrast to a notion of a K (I'y, 1)
for a base field k with absolute Galois group I'y) and projective spaces over
algebraically closed fields are not simply connected (see [Mor12] Thm. 7.13 resp.
Sect. 7.3).

Much earlier, Artin and Mazur developed étale homotopy theory, or more
generally a homotopy theory for (pointed) connected sites. In contrast to the
classical homotopy theory of topological spaces where the homotopy type of a
space is its singular simplicial set, the homotopy type of a (pointed) connected
site is a pro-object in the homotopy category of (pointed) simplicial sets, given
levelwise by the simplicial set

mo(LL.)

of connected components of the various hypercoverings 4. of the site. Recall,
that a hypercovering is a generalization of the Cech nerve of a covering, i.e.,
the simplicial object given by all the self intersections of the covering. By the
Verdier hypercovering theorem the homotopy type of a (pointed) site captures the
cohomology theory of the site with locally constant coefficients. Further, there
are also the notions of homotopy (pro-) groups and the first homotopy (pro-)
group classifies descent data of local isomorphisms. In particular, if for a certain
class of fibres these descent data are all effective in our site (e.g., finite fibres in
the étale case or arbitrary fibres in the classical topological case), this first (pro-)
homotopy group classifies covering spaces with fibres in this class. Further, under
relatively mild assumptions, the homotopy type of the classical topological site
of a topological space is pro-discrete and isomorphic to its singular simplicial set.

But there are also some drawbacks in Artin and Mazur’s notion of a homotopy
theory: As mentioned earlier, the homotopy types of (pointed) connected sites
live in the pro-homotopy category of simplicial sets

Pro# (SSets),

yet a morphism inducing isomorphisms on all homotopy (pro-) groups is only an
isomorphism up to a certain (non isomorphic) Postnikov replacement. Further,
Artin and Mazur’s notion of a homotopy type does not lift to a notion of a
topological type living e.g., in the category of pro-simplicial sets.



These shortcomings where later fixed by Friedlander and Isaksen in the case
of the small étale site of a scheme, or more generally of a locally connected site
whose pointed neighbourhoods have a certain rigidity property (e.g., the Zariski
or Nisnevich site of a scheme): First, Friedlander defined the notion of an étale
topological type in the category of pro-simplicial sets inducing Artin and Mazur’s
étale homotopy type in the pro-homotopy category. Further, Isaksen defined a
proper simplicial closed model structure on the pro-category of simplicial sets
inducing a homotopy category on the nose

H(ProSSets)

whose weak equivalences between connected pointed pro-simplicial sets are pre-
cisely the morphisms inducing isomorphisms on all of Artin-Mazur’s homotopy
(pro-)groups. Let us also mention the related point of view of [QuiO8]: In order
to deal with homotopy types having profinite homotopy groups from the get-go,
Quick defined a left proper closed model structure on the category of simplicial
profinite sets.

The étale homotopy theory has several nice properties: First, The profinite
completion of the first homotopy (pro-) group of a scheme is just Grothendieck’s
étale fundamental group. Next, there is a notion of a profinite completion of a
pro-homotopy type analogue to the notion of the profinite completion of a group
and the pro-homotopy types of schemes are already profinite complete under
very mild conditions. Further, the profinite completion of the pro-homotopy
type of a complex variety agrees with the profinite completion of the classical
homotopy type of its complex analytification. Similar, the profinite completion
of the pro-homotopy type of a real variety agrees with the profinite completion
of the I'g-orbit space of a good model of the classical homotopy type induced by
its complex points. Finally, the étale homotopy type of the spectrum of a field
k is just the classifying space BTy of the absolute Galois group I'y of k, i.e., an
Eilenberg-MacLane space K (I'y, 1).

Main Questions. As mentioned earlier, the existence of k-rational points is
invariant under A'-weak equivalences in the (Nisnevich) motivic homotopy theory
of smooth k-varieties: Indeed, the A'-homotopy type of Spec(k) is the point and
the canonical map

X — [0 Xyt 5,
from the set of k-rational points of a k-variety X to the set of A'-homotopy classes
of maps from the point to X is surjective (see [MV99] Chapt. 3 Rem. 2.5). Denote
by [—, —]¢t the homotopy classes of maps relative over BTy, in Artin and Mazur’s
pro-homotopy category ProH (SSets), Isaksens homotopy category H(ProSSets)
or similar (pro-) homotopy categories in which the étale homotopy theory can be
formulated. Unfortunately, the analogue statement about the canonical map

X (k) — [BTy, X]et

is not at all clear for the étale homotopy theory of X. Let us call an element in
the target a homotopy rational point. A very convenient setting to study this



canonical map is the relative homotopy category H(ProSSets | BI'y). It comes
equipped with a base extension functor

(—)* xpr, ETy : H(ProSSets | BI';) —= ProH(SSetsy, ) ,

where mpk is the category of discrete I'p-sets. We write X for X1 x Bry BT}
Further, write [—, —|r, for the homotopy classes of maps in this or similar (pro-)
equivariant homotopy categories and call an element in [ET,Q)|r, a homotopy
fixed point of the equivariant pro-homotopy type 2). Thus, at least in the
setting of the relative homotopy category H(ProSSets | BT';) any homotopy
rational point of a k-variety X induces a homotopy fixed point of X and X has
the correct homotopy type of the base extension X ®y,k together with the induced
I'1.-action under some rather mild conditions.

This brings us to our main questions:

Main Questions: Let X be an arbitrary element of an “interesting” class of
k-varieties.

(i) Are the canonical maps X (k) — [BT'y, Xlg and X (k) — [ETy, X]p, sur-
jective, as well?

(ii) Suppose the targets are non empty. Does this imply that the source X (k)
is non empty, as well? In other words: Does the existence of a homotopy
rational or fized point already imply the existence of a genuwine k-rational
point?

These questions are quite interesting. Consider them e.g., in the case of smooth
projective curves of genus at least 1 over a field k of characteristic 0: From the per-
spective of étale homotopy theory such a (pointed) curve (X, ) is a K(m,1). In
particular, a (right-) splitting of the canonical map X — BT in Isaksens homo-
topy category or even in Artin and Mazur’s pro-homotopy category is equivalent
to a (right-) splitting of the induced map m(X,Z) — 'y (up to inner automor-
phisms), i.e., to a splitting of the exact sequence 71 (X/k, Z)

1—>m (X ®rk, ) —m(X,Z) —=Tp —>1.

Now there is a negative answer to question (ii) for torsors under elliptic curves,
i.e. genus 1 curves: E.g. over p-adic local fields there are plenty of non split torsors
under a given elliptic curve whose fundamental group sequence admits a section
(see [Stil2] Prop. 183 - see also loc. cit. Prop. 185 for counter examples over
the rational numbers). In the case of projective anabelian curves, i.e. a smooth
projective curve of genus at least 2 (over k a finitely generated field), our first resp.
second question is equivalent to Grothendieck’s section conjecture, resp. to
the weak section conjecture (for details e.g., see [Quill] Sect. 3.2).

An examples where Question (ii) has a positive answer is the case of real
varieties: By [Cox79b] Thm. 2.1, a real variety X has an R-rational point if and
only if cda(X) = co. Since each element in [BI'r, X]¢ resp. [ETr, X]r, gives a
(left-) splitting of the canonical map

H*(Dg; A) — H*(X; A)



for A a discrete I'g-module and R has infinite 2-cohomological dimension, X
admits an R-rational point.

Aim of the thesis. Our main interest during the work on this thesis was
exactly the second question for the class of Brauer-Severi varieties over a field
of characteristic 0. Recall, that a Brauer-Severi variety over a field k is a k-
variety whose base extension to an algebraic closure k/k of k is k-isomorphic to
the projective space P for a suitable n. It is a basic fact that a Brauer-Severi
variety has a k-rational point if and only if it is already isomorphic over k to
a projective space. We say that X splits in this case. There is an equivalence
relation on the set of isomorphism classes of Brauer-Severi varieties over a fixed
base field k generated by basic relations given by twisted linear subvarieties, i.e.,
maps of Brauer-Severi varieties whose base extension along k/k is isomorphic to
the inclusion of a linear subvariety of a projective space. It turns out that the
set of equivalence classes is isomorphic to the Brauer group

Br(k) = HZ(/{; Gm),

where the trivial Brauer class corresponds to the equivalence class consisting of
the projective spaces P™ over k. Thus, our second main question for a Brauer-
Severi variety X over k is equivalent to the question if non emptiness of [BT'y, X]¢t
resp. [ET, X|r, implies the triviality of the Brauer class of X in Br(k). In other
words, we have to show that the period of X, i.e., the order of its Brauer class,
is 1.

Let us assume that the Brauer-Severi variety X admits a homotopy rational
resp. fixed point s resp. 5. We want to know if X splits. Recall the first profinite

Chern class map
¢ ¢ Pie(X) — H2(X;Z(1)) .

It is not hard to see, that the first Chern class ¢ [£] of the positive degree gener-
ator of Pic(X) is not divisible by any integer # +1. Thus, one could try to show
that ¢[L£] is divisible by d the period of X, as soon as X admits a homotopy
rational resp. fixed point s resp. 5. Any such “dP-root” of ¢ [L] restricts to the
Chern class of Oy, (1) after base extension along k/k. In abuse of notation, call
an arbitrary such cohomology class in H2(X;Z(1)) a k-structure of &;[O(1)].

There is a unique k-structure a; of ¢[O(1)] which is killed by the pullback s*.
If s is even given by a genuine rational point x of P", the resulting k-structure
oz is the Chern class of Opn(1) on the nose. In Pro#(SSetsr, ), cohomology
with coefficients in discrete I'y-modules A is representable by the pro-discrete
Eilenberg-MacLane spaces K(A,q). Combining this with the Dold-Kan corre-
spondence between simplicial discrete I'x-modules and chain complexes in sim-
plicial discrete I'y-modules, we can give an explicit construction of ag out of
the suitable truncated canonical map between homology and reduced homology
chains with resp. to a given homotopy rational point s of X. The class a,; behaves
with respect to the twisted d-uple embedding

i: XC——=PN



just as a, would behave with respect to the genuine d-uple embedding, i.e.
i*ai*s = d.as.

Since the Chern class of £ is nothing but i*oy, for y a rational point of PN, our
class ay is a good candidate for the desired “d*P-root” of ¢1[L].

Unfortunately o fails to be such a “root” in general: For any class [A] in
the p-torsion part of the Brauer group of a p-adic local field k, the correspond-
ing Brauer-Severi variety X4 contains a homotopy rational point without being
split. Indeed, a smooth projective curve whose relative Brauer group contains
[A] admits a map into X 4 and it is well known to anabelian geometers that there
are genus 1 curves C over k whose relative Brauer group contains [A] and whose
fundamental group sequence 71 (C/k) splits, i.e. which admit homotopy rational
points.

A closer analysis of our classes a5 shows, that two classes s and «, given by
two homotopy rational points s and r differ by the constant

s, = —r*a,

in H?(Ty;Z(1)). In particular, o, differs from «, by the constant s*¢[£] and
thus, ¢;[L£] is divisible by d if and only if the class s*¢1[£] is divisible by d in
H?(T'y; Z(1)). This leads to our (partial) answer to the main question for Brauer-
Severi varieties over fields of characteristic O:

Theorem. Let k be a field of characteristic 0 and X a Brauer-Severt variety over
k of period d admitting a homotopy rational point s in [BFk,X]H(prossetsugpk)

resp. a homotopy fized point 5 in [ETk, X|prop(sSetsy. )-
— 'k

(i) The composition s*¢1 resp. §°¢1 is independent from the choice of s resp. §
modulo d.

(ii) Suppose that s* resp. s* trivializes the first profinite Chern class map ¢
modulo d. Then X splits over k, i.e., X admits a k-rational point.

(iii) Suppose that scd(k) < 2dim(X). Then the homotopy fized point s is induced
by a genuine rational point of X if and only if $* trivializes the first profinite
Chern class map.

Recall that p-adic local resp. totally imaginary number fields are of strict co-
homological dimension 2, so the third statement of the theorem holds for all
Brauer-Severi varieties over p-adic local resp. totally imaginary number fields.

Structure of the thesis. The thesis is organized as follows: In Sect. 1 we recall
some basic facts on étale homotopy theory mainly taken from [AM69], [Fri82] and
[Isa01].

In Sect. 2 we deal with some technicalities needed in the following two sections:
First, we do some computation with the Cech topological type leading to base



change theorems for étale homotopy types in Sect. 2.3. Next, in Sect. 2.4 we
compare the Hochschild-Serre spectral sequence with the hypercohomology spec-
tral sequence of a certain cochain complex computing the geometric cohomology
with local coefficients. In Sect. 2.5 we deal with a universal coefficient theorem for
pro-chain complexes and in Sect. 2.6 we express cohomology with locally constant
coefficients of k-varieties in the pro-homotopy category ProH (SSetsr, ).

In Sect. 3 we discuss some difficulties in dealing with our main question: First,
in Sect. 3.1 we prove that the base extension along k/k of two Brauer-Severi
varieties of the same dimension induces isomorphic ['g-objects in the homotopy
category H(ProSSets). Thus, the induced Galois representations on all geometric
homotopy invariants (as e.g., f-adic cohomology or higher homotopy groups)
of these Brauer-Severi varieties agree. In Sect. 3.2 we define the notion of a
homology and quasi homology fixed point and show that quasi homology fixed
points are quite common for geometrically simply connected varieties over fields of
cohomological dimension < 2. From the existence of quasi homology fixed points
we conclude in Sect. 3.3 that two arbitrary Brauer-Severi curves over such a field
have isomorphic Hochschild-Serre spectral sequences computing étale cohomology
with locally constant coefficients.

Finally, in Sect. 4 we discuss homotopy rational points and homotopy or (quasi)
homology fixed points and their connections to genuine rational points of Brauer-
Severi varieties over a field k of characteristic 0. In Sect. 4.1 we define and discuss
homotopy rational and homotopy fixed points and their connections with (quasi)
homology fixed points. In Sect. 4.2 we do some abstract nonsense constructions
needed for the explicit construction of the classes az. We define the k-structures
as of ¢1[O(1)] in Sect. 4.3 and give the explicit construction using the results of
the preceding Sect. 4.2. In Sect. 4.4 we examine the maps induced by our classes
as on homotopy fixed point sets. In particular we will see that these maps have
trivial fibres at homotopy fixed points induced by homotopy rational points over
fields of small strict cohomological dimensions (see Cor. 4.4.4 and Lem. 4.4.6).
In Sect. 4.5 we will proof the above theorem. Part (i) is Prop. 4.5.10, part (ii)
Thm. 4.5.11 and part (iii) Thm. 4.5.15. Finally, in Sect. 4.6 we explain a counter
example to an affirmative answer of question (ii) in the case of Brauer-Severi
varieties over p-adic local fields.

Notation. We collect a few notations used throughout the thesis. First, we
distinguish between “degreewise” and “levelwise” properties: The degree usually
refers to the simplicial degree of a simplicial object X. € SC or Co € Ch,(A)
for the SC the category of simplicial objects of a category C' or Ch,(A) for
x = +,—,b,... the category of positive, negative, bounded,. . .chain complexes
of an abelian category A (and similar for cochain complexes). The level usually
refers to the pro-level of a representation I — C of an object X in the pro-
category ProC of a category C. E.g., a levelwise map f : X — ) in ProC is a
map induced by a natural transformation between realizations of X and ) with
a common index category.

For k is a field, fix a separable algebraic closure k/k and denote by I'y the
corresponding absolute Galois group Gal(k/k). In later parts of the thesis, if



not otherwise stated the base field k will usually be a field of characteristic 0.
Usually, we will refer to its absolute Galois group I'y, just by I'. If we work over
C, denote by (—)*" the analytification functor Varr — Top on the category of
C-varieties. o

We fix the standard model structure on the category SSets of simplicial sets
resp. SSets, of pointed connected simplicial sets. If we choose a functorial fi-
brant resolution Ex(—) in SSets, always choose one preserving simplicial discrete
I-sets. This is possible e.g. via the small object argument (cf. Rem. 2.3.6 be-
low). For a simplicial set A. € SSets and A an abelian group resp. a local
system of abelian groups on A. denote by Ce(A.; A) resp. C*(A.; A) the standard
chain- resp. cochain complex computing the homology He(A.; A) resp. cohomol-
ogy H*(A.;A). For a point a € Ay denote by Ce(A.,a; A) the reduced complex
Co(A.; N)/Co(a; A) computing the reduced homology He(A.,a;A). Ifa: E. — A,
is more generally a morphism with contractible source, we denote by C’.(A., a; N)
the reduced complex given by the standard cone construction (cf. [GMO03] Chapt.
III Sect. 2) induced by a and by H,(A.,a;A) its homology. If the coefficients
A are just the integers, denote by Co(A.), Co(A.,a), He(A.) resp. Hqo(A.,a) the
complexes resp. groups Co(A.;Z), Co(A.,a;7), Ho(A.;Z) resp. Ho(A.,a;Z).

If F = {F;}icr is a pro-system of sheaves on (say the small étale site or whatever
of) X, denote by H*(X; F) the pro-abelian group { H*(X; F;)}icr. More general,
if not otherwise explicitly stated, never take limits of pro-systems, instead,
work in the resp. pro-category (e.g., ProAb, ProH(SSets) or ProD,(Ab),
etc.). Filtered colimits in contrast are exact in all the categories of our interest,
so we usually will take colimits.

If C is a homotopy-, pro-homotopy, derived or pro-derived category and X
and Y two objects in C, write [X, Y] for the homset Hom¢(X,Y). By a weak
equivalence resp. quasi-isomorphism in a pro-homotopy resp. pro-derived category
we will usually mean a morphism inducing isomorphisms on all homotopy resp.
(co-)homology (pro-)groups. To stress this, we sometimes refer to these as weak
equivalence resp. quasi-isomorphism in the pro-sense.

If G is a group, denote by EG the 0"-coskeleton coskoG in SSets. It comes
equipped with the free diagonal G action from the left, denote by BG the cor-
responding quotient G\EG. If I' = {I';};cs is a pro-group denote by ET resp.
BT the pro-simplicial set {ET';}icr resp. {BI';}icr. By K(I', 1) we usually mean
BT, by K(A,n) for an abelian group (or more generally, a discrete I'-module
for a profinite group I', etc.) we usually mean the simplicial set (simplicial dis-
crete I'-set, etc.) corresponding to A[—n] under the Dold-Kan correspondence.
In abuse of notation we also say that X. is a K (m,n), if X. is only weakly equiv-
alent to K (m,n). If we want to stress the difference between X. and K (m,n), we
sometimes say that X. has the K (7, n)-property.

Finally, if X is a scheme, we usually refer to its étale homotopy type Et(X ) in
Pro#(SSets) or H(ProSSets) by X as well. Similar, we refer to E’Jt(X)n x gr ET
in ProH (SSetsy) just by X.
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1 Preliminaries: Etale homotopy theory

In this first chapter, we recall some basics on étale homotopy theory. These are
mainly taken from [AM69], [Fri82], [Isa01] and [Isa04].

1.1 The pro-homotopy category. We start with some facts about Artin
and Mazur’s pro-homotopy category ProH (SSets) resp. ProH (SSets, ) (recall that
SSets, is the category of connected pointed simplicial sets):

1.1.1 Definition. Let X = {X;}ie; be a pro-homotopy type in ProH(SSets)
resp. (X,x) = {(Xi, ;) }ier in ProH(SSets,) and let A be an abelian group.

(i) Define the (pro-)set of connected components mo(X) as the pro-set given by

{mo(Xi)}i-

(ii) For ¢ > 0 define the ¢ homotopy (pro-)group m,(X, ) as the pro-group
given by {my (X, xi) }i.

(iii) Define the standard (pro-)chain complex Co(X; A) in ProD4 (Ab) as the pro-
object given by {Ce(X;; A)};. Denote its homology pro-groups by He(X; A).

(iv) Define the standard cochain complex C*(X;A) in DT (Ab) as the complex
colim; C*(X;; A) (filtered colimits are exact!). Denote its cohomology groups
by H*(%;A).

Recall, that a local system on a simplicial set A. is a representation of the
fundamental groupoid II(A.) in the category of abelian groups, i.e., functor
II(A.) — Ab. Similar one can also define local systems with values in other
categories, e.g., in Grps, the category of groups. We define local systems on a
pro-simplicial set as follows:

1.1.2 Definition. Let X = {X;};c; be in ProSSets.

(i) Define the category Loc(X) of local systems on X as the category consist-
ing of
Obj(Loc(X)) := colim Obj(Loc(X;))

as objects and for L' and L" in Obj(Loc(X)) represented by the local sys-
tems L; € Obj(Loc(X;)) and L] € Obj(Loc(X;))

Hom@(x)(ﬁl,ﬁ") ;= colim .HOHIM(%}C)(%:;LQ,%j.Lg)

o:k—i,m:k—j
as morphisms.
(ii) Let L be a local system (of abelian groups) on X, say represented by

L; € Loc(X;). Define the complex C*(X;L) in DT (Ab) as the complex
colimy.;—y; C*(Xg; X5L;). Denote its cohomology groups by H®(X; L).

We want to discuss the completion of a pro-homotopy type with resp. to a
class of groups, parallel to the completion of a pro-group with resp. to a class of
groups:



1.1.3 Definition. In abuse of notation, a class of groups is a strictly full
subcategory C — Grps containing the trivial group 1, stable under subquotients
and extensions.

A class C is called complete, if moreover C contains Homgeis(H, G) (with the
group structure induced by the group structure of G) for any G and H in C.

Let C be a class of groups. Recall that the inclusion of the full subcategory
ProC' — ProGrps has a left adjoint

(=)o : ProGrps — ProC ,

the pro-C-completion. Write just (—)" in the case of C the complete class of
finite groups.

We get a similar completion for pro-homotopy types: Let
H(SSets, ) c— H(SSets,)

be the full subcategory given by all the pointed simplicial sets whose homotopy
groups all lie in the class of groups C.

1.1.4 Theorem. ([AM69] Thm. 3.4) Let C be a class of groups. Then the in-
clusion of the full subcategory ProH (SSets,)c — Pro? (SSets,) has a left adjoint

(=)¢ : ProH(SSets,) — ProH (SSets, )¢

the pro-C-completion. Write just (—)" in the case of C' the complete class of
finite groups.

Next, we want to discuss the Postnikov tower construction in the sense of
[AM69]: Recall the following properties of the coskeleton functors

cosky, (—) : SSets — SSets .

For n > 0 it preserves homotopy equivalences with respect to the standard cylin-
der object (since cosk,A! = Al), i.e., weak equivalences between fibrant simpli-
cial sets. Thus, cosk, (—) defines an endofunctor on H(SSets) resp. on H(SSets,).
Further, cosk,(—) preserves fibrant objects and

mq(A.,a) forg<n

my(coskpA.,a) =
ol ) {1 forg>n

for A. a fibrant simplicial set.

1.1.5 Definition. For (X,z) = {(X;,z;)}icr in ProH(SSets,) define the Post-
nikov tower replacement

(%, ‘T) - (%uv .T)
as the canonical map to the pro-homotopy type given by
(X%, 2) == {cosknX; }ier.n>0,

where the index category is just I x N for N the category of natural numbers as
objects and a unique morphism n — m for n > m.

10



1.1.6 Remark. If we want to work in ProSSets, we have to choose a functorial
fibrant resolution Ex(—) and set

(%%, 2) == {coskn,Ex(%;) }ics n>o0-

Clearly, (X, z) — (%% z) induces isomorphisms on all homotopy resp. homology
pro-groups m,(—) resp. Hy(—;A). But (X,z) — (X% z) is in general not an
isomorphism in ProH(SSets,): Take a fibrant simplicial set A. with non trivial
homotopy groups in arbitrary high degrees. Then the map A. — cosk,A. can
never have a left inverse cosk, A. — A., since cosk, (—) kills the homotopy groups
in degrees > n. In particular, A. — A is not an isomorphism in Pro#{(SSets, ),
e.g., by [Isa01] Lem. 2.3. Since (—)? is an idempotent endofunctor, this makes
(%,2) — (X%, z) to the paradigm case of the following definition:

1.1.7 Definition. A Y-isomorphism is a morphism f : (¥X,z) — (2,y) in
ProH(SSets,) s.t. the induced map

e (@ a) —= (D% y)
is an isomorphism in ProH(SSets,).

For C' a complete class of groups a C-local system on X is a local system
L € Loc(%), say given by

L;: TI(X;) —= Ab,

s.t. for all z € X; both the stalk £;(x) and the images of the induced map
1 (Xi, ) — Autap(Li(x))

liein C.
Let (X, z) be a connected pointed pro-homotopy type. From X — X we get
a canonical map

(1.1.1) mq(X, @) — mg(X¢, 2)

for ¢ > 0. By the explicit construction of the levels of the pro-C-completion of
X in [AM69] Cor. 3.6 we get an isomorphism for ¢ = 1 (this is [AM69] Cor. 3.7).
Thus, a C-local system on X is the same as a local system on %& with stalks in

C.

1.1.8 Theorem. ([AM69] Thm. 4.3 and Cor. 4.4) Let C be a complete class of
groups. Then, for a map f : (X,z) — (2),y) in ProH(SSets,) the following are
equivalent:

(i) f&: (X5, 7) = (Vg v) is a h-isomorphism.

(i) m(f&) : mg(X5s ) — mg(Vg»y) is an isomorphism for all q.

11



(iii) m(f)g + m(X,2)g — m(D,y)g is an isomorphism and for all C-local
systems L € Loc(%)) the induced map f* : H*(9); L) — H*(X; f*L) is an
isomorphism.

Note that the equivalence (iii) < (i) implies that pro-C-completion for a
complete class of groups C preserves f-isomorphisms. Further, note that f-
isomorphisms induce isomorphisms on integral (pro-)homology groups by im-
plication (i) = (iii): Indeed, by the universal coefficient theorem, it remains to
check the cohomology groups with coefficients Q/Z.

1.1.9 Remark. An example for the usefulness of this theorem is the following
pro-version of the Hurewicz-Theorem: Let n > 0 and suppose (X, z) = {(X;,x;)}4
is (n — 1)-connected in the pro-sense, i.e., m4(X,z) = 0 for all ¢ < n. We get
natural homotopy fibre sequences

31‘ e 361' —_— COSkn.’fi

(see [AMG69] the remarks following (2.5)) with the resulting homotopy fibre §
levelwise (n — 1)-connected. Thus, we can apply the classical Hurewicz-Theorem
levelwise to get isomorphisms

Tq(§) — Hy(T)

for all 0 < ¢ < n. But with the help of Thm. 1.1.8 for C' the class of all groups
together with the long exact sequence of a fibration we get that § — X is a
g-isomorphism, i.e., we get isomorphisms

7q(X) —— Hy(X)
for all 0 < ¢ < n for X, as well (see [AM69] Cor. 4.5 for details).

1.1.10 Remark. As we have seen above, (1.1.1) is an isomorphism in degrees
< 1 for a connected (X, ) pro-homotopy type. Similar, (1.1.1) is an isomorphism
in degrees < n for an (n — 1)-connected (X, x) pro-homotopy type: As in Rem.
1.1.9, we may replace X by §, i.e., we may assume, that X is even levelwise
(n — 1)-connected. But then again by the explicit construction of the levels of
the pro-C-completion of X in [AM69] Cor. 3.6 we see that

g (X, 2)g ——my(X, )
is an isomorphism for all ¢ < n (see [AM69] Cor. 6.2 for details).

For the rest of this section, we want to discuss a version of Rem. 1.1.10 for
up-to-good-C-groups (n — 1)-connected pro-homotopy types:

1.1.11 Definition. Let C be a complete class of groups and I' a pro-group.
Define T to be C-good, if for all I'(;-modules A whose underlying abelian group
lies in C', the canonical map a

H* (T A) —> H*(T; A)

is an isomorphism.
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1.1.12 Remark. Suppose C is the complete class of all finite groups. Then any
group containing a subgroup of finite index which is solvable and moreover has
only finitely generated subgroups is C-good by [Sul74] Thm. 3.1. In particular,
all finitely generated abelian groups are C-good.

By the g-uniqueness of Eilenberg-MacLane spaces (see [AM69] Cor. 4.14), any
pro-homotopy type X having the K(I',1)- resp. K(I'Q,1)-property in the pro-
sense is f-isomorphic to BI' resp. B(I'). Thus, I' is C-good if and only if for
any pro homotopy type X having the K (I',1)-property the completion X has
the K(I'g, 1)-property. n

Now the up-to-good-C-groups version of Rem. 1.1.10 is the following theorem:

1.1.13 Theorem. ([AM69] Thm. 6.7) Let C' be a complete class of groups con-
tained in the complete class of all finite groups. Let (X,z) in ProH(SSets,) be
simply connected with my(X,z) C-good for all ¢ < n. Then the canonical map

g (X, 2)g ——my (X, )
is an isomorphism for all ¢ < n.

1.1.14 Remark. Before giving a sketch of the proof, we need a technical result:
In the following, let C be a complete class contained in the complete class of all
finite groups. Let

f : (x7x) - (gjay)

be a levelwise map in ProH (SSets,) with Q) levelwise fibrant. By [AM69] Lem.
5.3 we get a levelwise commutative square:

(2,2) L~ @.y)
|,
(X, 2) —= 9,90

By using a functorial factorization in SSets,, we may replace f and f5 by levelwise
fibrations and get a morphism of homotopy fibre sequences in ProH (SSets,):

§F— (x2)—I~@.y)
o]
§—— @ 2)p —= )¢
By the induced long exact sequence of homotopy groups we get
§ € ProH(SSets, )¢,
i.e., we get a canonical map
(1.1.2) 3 ——3

Suppose that ) is levelwise simply connected in the above level representation
of f. Then this canonical map is a g-isomorphism by [AM69] Thm. 5.9.
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To prove Thm. 1.1.13 let us first assume that X has the K (A, r)-property for A
a C-good pro-abelian group. By the h-uniqueness of Eilenberg-MacLane spaces
we may assume that X is even a levelwise Eilenberg-MacLane space K(A,r) on
the nose. After application of a functorial factorization in SSets, we may replace
the point pt — K(A,r) by a levelwise fibration

¢ — K(A,r).
We get a levelwise homotopy fibre sequence
F——=¢——=K(A,r)

with € levelwise contractible and § again a levelwise pointed Eilenberg-MacLane
space K(A,r —1). Thus, by induction on r using the f-isomorphism (1.1.2) we
get that K (A, r)g is g-isomorphic to a K(A&,r) for all r > 1, as well. Thus, we
get:

1.1.15 Proposition. ([AM69] Prop. 6.9) Let C' be a complete class of groups
contained in the complete class of all finite groups. A pro-abelian group A is
C-good if and only if for all r > 0 and and all pro-homotopy types X having the
K (A, r)-property in the pro-sense, the completion X7y has the K (A}, r)-property
in the pro-sense. a n

Next, let X be any simply connected pro-homotopy type with 7, (X, z) C-good
for all ¢ < n. We have to show that

Tr‘l(x7 x)& - Wq(:{&, I‘)

is an isomorphism for all ¢ < n. Suppose X is even (r — 1)-connected. If r > n,
then the claim follows by Rem. 1.1.10. If 1 < r < n we argue by descending
induction on r: By assumption, cosk,+1X is a K(m.(X,z),r) in the pro-sense.
Application of a functorial factorization in SSets, gives a levelwise fibration

X ——cosk,11X

with X’ levelwise weakly equivalent to X. Thus, we get a levelwise homotopy
fibre sequence
§——= X' ——=cosk, 11X

with § r-connected and
7Tq(§) = mq(X)

for all ¢ > r. By induction we get isomorphisms
() — mq(F¢)

for all ¢ < n so the claim of Thm. 1.1.13 follows for X = X’ using the f-
isomorphism (1.1.2) of Rem. 1.1.14.
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1.2 The homotopy type of a connected site. Next, we want to discuss the
homotopy type in ProH (SSets) resp. ProH (SSets, ) of a connected resp. connected
pointed site S (for convenience: complete under finite limits, finite coproducts
and having enough points). Here, a site S is called locally connected, if every
object is (in a necessarily unique way) isomorphic to the direct sum of connected
objects, where an object of S is called connected, if it is not isomorphic to a
non trivial direct sum of objects in S. Thus, for S locally connected we get a
functor
mo 1 S — Sets

mapping an object X isomorphic to @;; X; for connected X; to the set of
connected components {X;|i € I'}. A locally connected connected site S is a
connected site, if the final object ptg is connected.

1.2.1 Remark. Let U — ptg be a covering of the final object of S and F' a
finite set or more generally, a set s.t. .S is closed under direct sums indexed by F'.
A descent datum of the trivial covering

U F——U
with fibre I is an isomorphism
0:(UxU)@F= d)*(URF)—= ) (U®F) =(UxU)®F

in S| (UxU) s.t.

(d3)" ¢ = (d3)"p o (d3) "¢,
where the dg’s are just the face maps of the simplicial object cosng in S. Now
an S | (U x U)-automorphism of (U x U) ® F' is just an element of

Homm(wo(U X U), SF),

where S is the symmetric group on F. Thus, descend data of the trivial covering
U ® F — U is classified by the pointed set

H(m (cosng); Sp).

On the other hand, for a simplicial set A. the pointed set H'(A.; Sr) is isomorphic
to Homgat (Pi(A.), SF), where P,(A.) is the path category of A., i.e., to

Homcyt (I1(A.), SF).
Similar, for an abelian group L we get that the pointed set
H! (TF()(COSng); Autap(L))

classifies both descend data for the constant sheaf L on U as well as local systems
on ﬂo(cosng ) with stalks L. Further, by the sheaf property, all of theses latter
descent data are effective and C.(ﬂ'()(COSkOiU ); L) for such a local system L is just
the Cech complex F(cosng ; L) of the resulting locally constant sheaf.
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Suppose that Cov(ptg) is cofiltered, i.e.

Cov(ptg) — H(SSets) , {U — ptg}—— ﬂo(coskin)

induces a well defined object of ProH (SSets). Then the reasoning of Rem. 1.2.1
suggests that this object is up to g-isomorphism the correct homotopy type of the
site S.

Yet, there are two problems with this: First, the category of coverings of the
final object Cov(ptg) is not cofiltered in general. Further, Cech cohomology does
not agree with cohomology over S in general. We want to discuss the second
problem more closely:

1.2.2 Remark. Let F be a sheaf of abelian groups over S and let
0—>F—>7T°

be an injective resolution in Shv(S). As
Z[cosk2U)y —>Z —> 0

is exact (check this stalk wise and use that coskgA is contractible for any set A),
we have a canonical quasi-isomorphism

RI(ptg; F) —> tot*T((cosky U )ey; Z°1) -

Suppose that the colimit in Ab over Cov(ptg) is exact (this would be the case e.g.,

if Cov(ptg) is cofiltered). By the second spectral sequence of a double complex,

the colimit over Cov(ptg) of the canonical map
F((coskin).; F)— tot'F((cosng) ;Z°1)

o1
is an isomorphism if the corresponding colimit of
S
HEH{T ((coskgU)ey; Z°)
vanishes for ¢ > 0. E.g., this would be the case, if for any covering U — ptg, any

p and any g > 0 we could kill any class o € Hg((cosng )p; F) after a refinement
of U in Cov(ptg). B

Cohomology in degrees > 0 vanishes locally, so we want to replace coskg(—)
of coverings in Cov(ptg) by a certain class of simplicial objects il. in S s.t. for
all p and all coverings V — i, there is a refinement 2. — 4. in this class whose
p'h-degree U, — i, is a refinement of our original covering. This leads us to the
definition of a hypercovering;:

1.2.3 Definition. A hypercovering in S is a simplicial object 4. in S s.t. the
canonical maps

S
$h, —— (cosk, L)y,

are coverings for each n > 0 (where we define cosk%lil. to be ptg in the case
n=20).
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Combining [AM69] Lem. 8.7, Lem. 8.8 and Lem. 8.9 we get the desired result:

1.2.4 Lemma. (e.g., see the proof of [AM69] Thm. 8.16) Let . be a hypercov-
ering of S and let V' — 4L, be a covering. Then there is a map of hypercoverings
(i.e., of simplicial objects in S) V. — . s.t. U, — i, is a refinement of the
original covering V' — iL,,.

Proof: Use [AM69] Lem. 8.7 and Lem. 8.8 to get a refinement 4.(°) — $1. split
up to level p and pull back V to a covering V®) — Llj(f ). Then apply [AM69]

Lem. 8.9 to V® — 4% and #.?) as in the proof of [AM69] Thm. 8.16 to get the
desired refinement. O

For a simplicial set A. and a simplicial object X. of S define X.® A. degreewise
as the direct sum of X,, over A4,. Note, that mo(X.) x A. is just mo(X. ® A.). We
say that two maps of hypercoverings . = 2. are strictly homotopic, if there
is a commutative diagram of the form

.

A1

/= 0 Al

where 4. = 8. ® Al are induced by the canonical maps pt = Al. We say that
two maps U. = 0. are homotopy equivalent, if these maps are equivalent with
resp. to the equivalence relation generated by strict homotopic maps.

1.2.5 Lemma. ([AM69] Cor. 8.13) Let HR(S) be the category consisting of hy-
percoverings of S as objects and morphisms of simplicial objects of S modulo
homotopy equivalence as morphisms. Then HR(S) is cofiltered.

Note, that mo(—) induces a functor Ver(S) : HR(S) — H(SSets), the Verdier
functor.

1.2.6 Definition. Let S be a connected site. Define the homotopy type of S
as the pro-homotopy type in ProH (SSets) given by the Verdier functor

Ver(S) : HR(S) —— H(SSets) , . ——mp(LL.) .

1.2.7 Remark. If we start with a pointed connected site p : Sets — S we get
a pointed homotopy type in ProH(SSets,): Instead of hypercoverings, we use
pointed hypercoverings, i.e., hypercoverings . € HR(S) with a distinguished
point pt — p*il. in SSets. These form a cofiltered homotopy category HR(S, p),
as well. There is a canonical natural transformation p* — 7, i.e., my induces a

functor
Ver(S,p) : HR(S, p) — H(SSets,) .

From this, we get back Ver(S) if we forget the point in ProH(SSets,): Indeed,
the canonical functor HR(S, p) — HR(S) is cofinal (for details, see [AM69] Cor.
8.13).
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Taking together Rem. 1.2.2 and Lem. 1.2.4 we get:

1.2.8 Theorem. (Verdier-Hypercovering-Theorem for local systems). Let S be
a connected site and let L be a locally constant sheaf on S. Then there is a
canonical quasi-isomorphism

R (ptg; £) ~ C*(Ver(S); £)
in the derived category DT (Ab).

1.2.9 Remark. Of course, the same arguments works for a corresponding state-
ment for general sheaves of abelian groups on S, as well.

Further, for 4. a hypercovering of S the canonical map
S
. —— coskyil.

induces an equivalence between descent data relative to coskgil. and descent data
relative to 4. by [AM69] Prop. 10.3. Thus, the discussion of Rem. 1.2.1 yields:

1.2.10 Proposition. Let (S,p) be a pointed connected site. The fundamental
group w1 (Ver(S,p)) classifies descent data of locally trivial coverings in (S, p).
Further, the fundamental group mi(Ver(S,p)") of the profinite completion of
Ver (S, p) classifies descent data of locally trivial coverings in (S,p) with finite
fibres.

1.3 The étale homotopy type a la Artin-Mazur. In the following, we
want to discuss a bit closer the étale homotopy type Ver(Xg;) resp. Ver(Xg, x)
for a (local) Noetherian scheme X together with a geometric point z € X(2):
Recall, that for any étale covering U — X any descent datum for any finite
trivial covering U @ F' — U is effective. Thus, from Prop. 1.2.10 we get that
the profinite completion 71 (Ver(Xg,x))" is just the étale fundamental group
7YX, x) (cf. [AM69] §10). Even more holds for X Noetherian, connected and
geometrically unibranched: In this case Ver(Xg, z) is already profinite complete,
i.e., Ver(Xg, x) has the correct homotopy type on the nose:

1.3.1 Theorem. ([AM69] Thm. 11.1) Let (X, x) be a pointed Noetherian con-
nected and geometrically unibranched scheme. Then the étale homotopy type
Ver(Xgt, x) is profinite complete.

Sketch of proof: We have to show that m,(mo(4l.)) is finite for all ¢ and all
hypercoverings il. in a cofinal subcategory of HR(X, x). To see this we may first
assume that X is reduced. Since X is geometrically unibranched, each connected
étale U — X is already irreducible. Let

n: Spec(k(X)) —=X

be the generic point. Then mo(H.) is just mo(n*U.), i.e., we have reduced our
problem to the case of a hypercovering l. in (k(X))e pointed by some extension
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Q/k(X) with Q algebraically closed or more generally in the classifying site BI'
of a profinite group I' (where the underling category is just mfp, the category of
finite discrete I'-sets, cf. [Mil80] Chapt. IT Rem. 1.11) pointed by the restriction
to the trivial group. Here mo(—) is just the functor (—)/I" taking coinvariants,
i.e., if we let ' act trivially on mo(4l.) we get a canonical map . — mo(Ll.) in BT

Denote by p the canonical point of BI' with p* = res%. It is not hard to see that
p*U. — pt is an acyclic fibration of simplicial sets (this holds for every pointed
site!). Using this, we can solve any lifting problem of the form

(argue as in the proof of [AM69] Lem. 11.6), i.e., the path category Py (mo(LL.))
has finite endomorphism sets and each roof in P, (m(4l.)) already has a solution
in at least one direction. Thus, II(7p(4l.)) has finite automorphism groups, i.e.,
m1(mo(LL.)) is finite.

For the higher homotopy groups, it suffices to consider the total space of the
universal covering

A — 7'(‘0(1,[.).

Since 1 (mp(Ll.)) is finite, A. has to be degreewise finite and hence Ho(A.) de-
greewise finitely generated. Thus, by the universal coefficients theorem together
with an induction argument using [Ser53] Chap. III Thm. 1 we see that it suffices
to show that HY(A.;Z) is finite for all ¢ > 0. By our above description of 7y as
coinvariants, we get the simplicial object (not necessary a hypercovering!)

0. = AL X o (84.) A.

in BT (here I' acts trivially on A.). By construction, mo(*0.) is just A. from which
we started. Further, p*U. is p*tl X () A., since p* preserves finite limits. In
particular, p*0. — p*4l. is a simplicial covering space of a contractible simplicial
set, i.e., p*Y. itself is contractible. By our description of 7y, both my(—) and
p*(—) preserves sk, (—). Further, I' acts via a finite quotient I' — T',, on skB1'9.
for each n. To show that H%(A.;Z) is finite we choose n > 0 s.t.

Hi(sk,A;Z) = HY (A Z)

and may thus assume that I' is even a finite group.

For T finite and a I-module A (i.e., a sheaf of abelian groups on BT'), the
composition

resi, cord,
A——pp*A——=A
v
|

is just multiplication by the order of I'. Now

C*(AsA) =C%(mo(B.); A) =T'(V.; A).
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But p*. is contractible, so
['(Vs, psp*A) = C*(p*U.; p"A)

is quasi-isomorphic to p*A in degree 0. Thus, for ¢ > 0 the cohomology group
H(m(20.); A) is killed by the order of I, i.e., is torsion. But since A. = m(J.) is
degreewise finite H7(A.; A) is finitely generated and hence finite, which completes
the proof. O

Next, we want to relate the étale homotopy type of a pointed connected C-
variety (X, z) in ProH(SSets,) to (the singular complex of) its analytification
(X, z) in H(SSets,). Denote by Xt resp. Xio, the site consisting of local
(with resp. to the source) isomorphisms U — X" resp. open subsets U «— X"
in Top. For any hypercovering in Xj}. there is a refinement even in X{, i.e., the
canonical map

Ver(X22 x) —— Ver(X22 | x)

loc? top?

is an isomorphism in ProH(SSets,). On the other hand, the analytification of
an étale map is a local isomorphism, i.e. we get a canonical morphism of sites

Xt — Xgi. The resulting canonical morphism

Ver(X, x) — Ver(Xg, x)

loc?

induces isomorphisms on cohomology of local systems with finite stalks (see
[SGAT73] Exp. XVI Thm. 4.1) as well as on the profinite completion of the fun-
damental groups (see [SGA73] Exp. XI Thm. 4.3), i.e., its profinite completion is
a f-isomorphism by Thm. 1.1.8.

Let L. be a hypercovering in (X{,,z) fine enough, s.t. each connected com-
ponent of each degree is contractible. We get canonical morphisms from the
diagonal simplicial set

diag(Sing.(l.)) —— mo(LL.)

and
diag(Sing.(4.)) — Sing.(X?") ~ X"

in SSets,. It turns out that both morphisms are weak equivalences:

1.3.2 Theorem. (see [AM69] Thm. 12.1) Let (X, z) be a pointed connected C-
variety and L. a hypercovering in (X{3,, ) s.t. each connected component of each
degree is contractible. Then the canonical morphisms

diag(Sing.(LL.))

T

mo (L) (X3 x)

are isomorphisms in H(SSets,). In particular, Ver(X{,, =) is pro-discrete and
isomorphic to (X", ).
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Summing up, we get a canonical ProH (SSets, )-morphism
(1.3.1) (X 2) —— Ver(Xg, x)
whose profinite completion is a f-isomorphism. But even more is true:

1.3.3 Definition. Let C' be a class of groups. Then a site S has local C-
dimension < d if for any U in S there is a covering V. — U s.t. HY(V; L) is
trivial for any q > d and any locally constant sheaf L on S with stalks in C.

Examples are the sites X¢ and X2 for our C-variety X: with resp. to C' the

loc
complete class of all finite groups both sites have local C-dimension < 2dim(X).

1.3.4 Theorem. ([AM69] Thm. 12.5) Let f : S’ — S” be a morphism be-
tween two pointed sites of local C-dimension < d for C' a complete class of
groups. Suppose that the C-completion Ver(f)¢ of the induced map Ver(f) is a

g-isomorphism. Then Ver(f)g is even an Pro# (SSets, )-isomorphism on the nose.

The last theorem applies in particular for the above canonical morphism of
sites
(X, ) — (Xep, @)

loc»

i.e., the profinite completion of (1.3.1) is a ProH(SSets, )-isomorphism on the
nose. Thus, we get the generalized Riemann existence theorem from the usual
descent arguments:

1.3.5 Theorem. (see [AM69] Thm. 12.9, Cor. 12.11 and Cor. 12.12) Let k be
a field together with an embedding k — C and denote by (—)*" the induced
analytification functor on Varg, as well. Then for (X,z) a proper pointed con-
nected k-variety resp. a pointed connected C-variety, the canonical Pro (SSets, )-
morphism

(X x) — Ver(Xg, x)

is an isomorphism after profinite completion. In particular, if X is even geomet-
rically unibranched, (X®",x) — Ver(Xg,x) is the profinite completion on the
nose.

1.4 The étale homotopy type a la Friedlander. Recall that we solved
the problem of Cov(S) not being cofiltered in general by replacing the Cech
nerves cosng of coverings U — ptg by hypercoverings of S up to homotopy
equivalence. The price we had to pay was that the Verdier functor could not
factor over SSets, i.e., we did not get a notion of an étale topological type. In
the following we want to discuss Friedlanders notion of an étale topological type
fixing this disadvantage.

The central point of Friedlanders construction is the rigidity of pointed étale
neighbourhoods:

1.4.1 Lemma. (see [SGAT71] Exp. I Cor. 5.4) Let X be a scheme, U — X
connected étale and V — X étale separated. Let f,g: U =V two X-morphisms
s.t. fu = gu for a geometric point u € U()). Then f equals g.
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For simplicity we restrict our self to k-varieties. Fix a “big enough” alge-
braically closed field © containing k (see the preceding remarks of [Fri82] Def.
4.2). Without the restriction to k-varieties, we have to choose such a field €2 for
each occurring characteristic of a residue field.

For X a k-variety and = € X (), the category Cov(Xg,x)° of pointed con-
nected étale separated neighbourhoods of the geometric point x in X is rigid in
the sense that there is at most one morphism between two objects: This is just
Lem. 1.4.1.

1.4.2 Definition. Let X be a k-variety. Define the category of rigid cover-
ings of X as the product category

RC(X):= [] Cov(Xa,z)°.
zeX(Q)

We define the category of rigid coverings over k-varieties RC,, as the cat-
egory consisting of k-varieties together with a rigid covering as objects with the
obvious choice of morphisms.

It is clear how to enlarge the definition of RC(X) to ind-schemes of the form
X = [, X; for arbitrary index sets.

1.4.3 Notation. Denote by [[(—) the forgetful functor
RO(X) —= Cov(Xa) -

In abuse of notation, we usually will identify an object {(Uz,uz) — (X, z)}s of
RC(X), its induced covering [ [{(Uy, us) — (X, z)}, and the ind-scheme

U= HzeX(Q) Up—>X

and omit the distinguished points u, of the pointed neighbourhoods (U, u;) in
our notation. If moreover the base space X is understood, we just write U for
our rigid covering {(Uy, u;) — (X, x)}4.

For a diagram of rigid coverings

U—W~<~—V

L

X 1oz 9 vy

the fibre product in RC,, exists and is given by the pointed neighbourhoods given

by the connected components of U, xy, V, containing the distinguished points

uz ® vy for each z € X () and y € Y (Q) with fz =2z = gy.

1.4.4 Notation. We refer to the fibre product in RC,, as the rigid product
UKV —=X xzY .

. . . . rig
If f and g are the identity we just write U Xy V.

22



Thus, RC,, is closed under finite limits. Combining this with Lem. 1.4.1 we
get that RC(X) is rigid and closed under finite limits. In particular, RC(X) is
cofiltered.

Let f:Y — X be a map of k-varieties and U — X a rigid covering in RC(X).
Define the rigid pullback

ffU——=U

in RC,, by the pointed neighbourhoods given as the connected components of
the naive pullback Uy, xx Y containing the points uy(,) ® y together with the
canonical projections (f*U)y — Up(y)-

Recall that a cleavage of a fibre category ® : ¥ — B is the choice of an
inverse image for each object X of F and each B-morphism with target ®(X).
The chosen inverse images are called transport morphisms of the cleavage.
If for all X the transport morphisms corresponding to idg(x) is just idx, the
cleavage is called normalized. Summing up, we get:

1.4.5 Lemma. The canonical functor RC;, — Var, mapping a rigid covering
U — X to its base space X together with the rigid pullback is a fibred category
with a normalized cleavage which is fibrewise rigid and closed under finite limits.

Using the rigid pullback, we get a well defined functor

C(—) : Var, —— ProSSets
as follows:

1.4.6 Definition. Let X be a k-variety. Define the Cech topological type of
X as the pro-simplicial set given by the functor

C(X) : RC(X) — SSets, {U — X} +— mo(cosky U).

Suppose that every finite set of points in X is contained in an affine open. Then

H*(C(X); L) agrees with H*(X; £) for any local system £ on X¢ by [Art71] Cor.
4.2, i.e., Rem. 1.2.1 suggest that C(X) already has the right homotopy type in
this special case. Thus we define:

1.4.7 Definition. Let X be a k-variety. We say that X is of Cech type, if
every finite set of points in X is contained in an affine open.

Examples of k-varieties of Cech type include all quasi-projective varieties.

1.4.8 Remark. Let U — X étale and X of Cech type. Then U is of Cech type,
as well: Indeed, every finite set of points of U lie over an affine open subset of X.
But since the induced affine open subvariety of X is quasi-projective and an étale
open of a quasi-projective k-varieties is still quasi-projective, the claim follows.

Going back to a general k-variety X we define the category of rigid hypercov-
erings:
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1.4.9 Definition. Let X be a k-variety. Define the category HRR(X) of rigid
hypercoverings of X as the subcategory of simplicial ind-schemes l. — X over
X together with the structures of a rigid covering on each of the canonical maps

i, — (coskX 80),

for n > 0 (recall, that we defined cosk™ 8l. as X ) together with morphisms of
simplicial ind-schemes over X s.t. the induced morphisms between the above
canonical maps come from maps of rigid coverings between the chosen structures
of rigid coverings. We define the category of rigid hypercoverings over k-
varieties HRR, as the category consisting of k-varieties together with a rigid
hypercovering as objects with the obvious choice of morphisms.

1.4.10 Notation. In abuse of notation, we usually will identify a rigid hypercov-
ering in HRR(X) and its underling morphism . — X of simplicial ind-schemes,
i.e. we will usually omit the extra structure on the maps

U, — (cosk:X ;80),

in our notation. If moreover the base space X is understood, we just write . for
our rigid hypercovering.

For a diagram of rigid hypercoverings

U, ——0. <—0.

I

X 1.z 9% vy

the fibre product
ULERED —— X xzY

in HRR,, exists and is given by induction on n via the n-truncated simplicial
scheme given by the fibre product:

(41 BIpE 0.),, (cosk; 7Y (4. Ko B.))n

1 @gngn 0, — (cosk;*_14.), X (coskZ_ 20.) (cosk)_19.),,

For the simplicial structural maps, we refer to [Isa04] Rem. 3.31.

1.4.11 Notation. We refer to the fibre product il. &;Ugf 0. in HRR,, as the rigid

product. If f and g is the identity we just write 1. x;il;g_ 0. for the rigid product
in HRR(X).

Thus, HRR,, is closed under finite limits. Again, combining this with Lem.
1.4.1 we get that HRR(X) is rigid and closed under finite limits. In particular,
HRR(X) is cofiltered.
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Let f : Y — X be a map of k-varieties and . — X a rigid hypercovering.
Define the rigid pullback
U —— 4

Y _f . X
of Y. in HRR,, by induction on n via the corresponding diagram of n-truncated

simplicial schemes given by the rigid pullback along the induced morphism on
coskeletons (cosk) _; f*$L.), — (coskir ;8L),:

(f*$8.), — (coskY | f*$L.),

| |

", ———— (coskf_lﬂ.)n

Again, for the simplicial structural maps, we refer to [Isa04] Sect. 3.5.
Summing up, we get:

1.4.12 Lemma. The canonical functor HRR;, — Var, mapping a rigid hyper-
covering 3. — X to its base space X together with the rigid pullback is a fibred
category with a normalized cleavage which is fibrewise rigid and closed under
finite limits.

Using the rigid pullback we get a well defined functor
Et(—) : Var, — ProSSets
as follows:

1.4.13 Definition. Let X be a k-variety. Define the étale topological type
of X as the pro-simplicial set given by the functor

Et(X) : HRR(X) — SSets, {8l. = X} — mo(sL.).

We generalize the definition of the Cech resp. étale topological type of a k-
variety to simplicial k-varieties. The essential two observations are collected in
the following two remarks:

1.4.14 Remark. For a k-variety X we get back RC(X) resp. HRR(X) as the
fibre category of RC, — Var, resp. HRR;, — Var;, over X (cf. Lem. 1.4.5 and
1.4.12).

1.4.15 Remark. Let ® : FF — B be a fibred category together with a normalized
cleavage. Suppose it is levelwise rigid and closed under finite limits. Then the
induced functor ® : SF — SB is of the same type. In particular, each fibre
category SF'(X.) is cofiltered. Further, for a simplicial discrete object X in B the
fiber categories F'(X) and SF(X) agree.
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By Rem. 1.4.15, we get a fibred category over simplicial k-varieties

SRC,; — SVar,,

resp.
SHRR; —— SVar,,

together with a normalized cleavage which is levelwise rigid and closed under
finite limits.
1.4.16 Definition. Let X. be a simplicial k-variety.

(i) Define the category RC(X.) of rigid coverings over X. as the fibre cat-
egory over X. of SRC, — SVar,,.

(ii) Define the category HRR(X.) of rigid hypercoverings over X. as the
fibre category over X. of SHRR, — SVar,.

It is clear from the above, that RC(X.) resp. HRR(X.) is cofiltered.
For a map of simplicial k-varieties Y. — X. define coské('Y. as the bisimplicial
k-variety given in bidegree (m,n) as (coské(’”Ym)n.

1.4.17 Definition. Let X. be a simplicial k-variety.

(i) Define the Cech topological type of X. as the pro-simplicial set given
by the functor

C(X.) : RC(X.) — SSets, {U. — X.} + diag(mocosk U.).

(ii) Define the étale topological type of X. as the pro-simplicial set given
by the functor

Et(X.) : HRR(X.) — SSets, {{l.. = X.} — diag(mosl..).

1.4.18 Remark. By Rem. 1.4.15, we get back RC(X) resp. HRR(X) for a (sim-
plicial discrete) k-variety X. Thus, our definition for the Cech resp. étale topolog-
ical type for simplicial k-varieties restricts to our old definition in the simplicial
discrete case.

As expected, for X any k-variety resp. for a k-variety of Cech type the étale
topological type Et(X) resp. the Cech topological type C(X) has the right homo-
topy type. Moreover, for a simplicial k-variety levelwise of Cech type the Cech
type and étale topological types are f-isomorphic:

1.4.19 Theorem. (see [Fri82] Prop. 4.5, Prop. 8.2 and [Art71] Cor. 4.2) Let X
be a connected k variety and Y. a (possible simplicial discrete) simplicial k-variety,
degreewise of Cech type.

(i) The pro-homotopy type in ProH(SSets) induced by the étale topological
type Et(X) is isomorphic to Ver(Xgt).

(ii) The pro-homotopy type in ProH(SSets) induced by the Cech topological
type C(Y.) is g-isomorphic to the pro-homotopy type induced by the étale
topological type Et(Y.).
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1.5 Isaksens closed model structure on the category of pro-simplicial
sets. A rather annoying drawback of working in the pro-homotopy category is
the following: A ProH(SSets, )-morphisms inducing isomorphisms on 7y and all
pro-homotopy groups is only a f-isomorphism and not an isomorphism on the
nose. To deal with this disadvantage, Isaksen defined a closed model structure
on ProSSets, whose weak equivalences are a suitable generalization of the f-
isomorphisms in ProH (SSets):

Let A. be a simplicial set. Taking together all the homotopy groups m,(A.,a)
for the various points a € Ay together with the isomorphisms

(A, dla) — 71 (A, )

for the various paths o € A; gives a local system (of not necessarily abelian
groups in the case ¢ = 1)
II4(A.) € Loc(A.).

For a map f : A. — B. the induced maps m4(A.,a) — m4(B., f(a)) induce a
Loc(A.)-morphism
Iy (A.) — f*1Iy(B.) .

Thus, for a pro-simplicial set X = {X;}; each II;(X;) defines a local system in
Loc(X) and we get a well defined pro-local system

(%) := {THy (%) }4

in ProLoc(X). Further, each ProSSets-morphism f : X — 2) induces a morphism
in ProLoc(X)

Iy (X) — f*11,(D) -
Now we can define Isaksens model structure on ProSSets:
1.5.1 Definition. Let f: X — %) be a map of pro-simplicial sets.

(i) Define f to be a weak equivalence, if wo(f) is an isomorphism in ProSets
and I1,(X) — f*I1,(2)) is an isomorphism in ProLoc(X) for all ¢ > 0.

(ii) Define f to be a cofibration, if it is isomorphic to a levelwise cofibration.

(iii) Define f to be a fibration, if it has the right lifting property with respect
to all acyclic cofibrations.

1.5.2 Remark. For all pro-simplicial sets X the canonical map X — X% is a
weak equivalence (recall that we defined (—) on ProSSets using a fixed functorial
fibrant replacement functor).

1.5.3 Theorem. ([Isa01] Thm. 6.4) Def. 1.5.1 gives a proper simplicial model
structure on ProSSets.

Denote the resulting homotopy category by H(ProSSets).
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1.5.4 Theorem. (see [Isa01] Thm. 7.3) A map of pro-simplicial sets f : X — Q)
is a weak equivalence if and only if my(f) is an isomorphism in ProSets, the
canonical map

111 (%) — [ (D)

is an isomorphism in ProLoc(X) and for all £ € Loc(2)) the map on cohomology
H*(Y; L) —= H*(X; L)
is an isomorphism.

There is also a direct description of the fibrations in this model structure:
Define a map of pro-simplicial sets f : X — ) to be a strong fibration, if it is
isomorphic to a levelwise map {X] — )} }ies for I a cofinite directed set s.t. each
level X; — )} induces isomorphisms on m,(—) for all ¢ > 0 (depending on 7) and
s.t. all the canonical maps

x; >~ 9); X (limj<; %) (lim;j<; 36;)
are fibrations of simplicial sets.

1.5.5 Proposition. ([Isa01] Prop. 6.6) A map of pro-simplicial sets f : X — )
is a fibration if and only if it is a retract of a strong fibration in ProSSets | 9).

As in the pro-discrete case, the classifying space BI" of a nice pro-group I' is
fibrant:

1.5.6 Remark. LetI' be a pro-group induced by a tower {I', },, of epimorphisms.
Then BT is fibrant in ProSSets:
We proof that BI' — pt is even a strong fibration. Since {I',,},, is a tower, we
get
lim BI',, = BI';,_1

m<n

for n > 0 resp. = pt for n = 0. Now BTy is fibrant, so we have to show that
BG —— BH

is a fibration for a group quotient G — H. By adjointness of the nerve functor,
it suffices to construct functor v : B — G in the category of internal groupoids
in Sets making

G

H

commutative for ¢ : A — B a fully faithful embedding which is an equivalence of
categories. To do this, we may assume A is connected. Pick a base object * in A

«
_—

<

7
B
—_—

and fix a morphism
@p: b—x
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for each object b in B with ¢, = id.. Further, choose a lift v, in G of 3(¢p) s.t

Ya = O‘((Pa)
for all objects a of A. Let f: b — V" be any morphism in A. We set

Y(f) =i © algwr o f o p') 0,
which gives a well defined functor v : B — G with the desired properties.

For -1 <n < ocamap f: X. — Y. of simplicial sets is an n-equivalence if
for all € Xy the induced maps 7,(f,x) are isomorphisms for all ¢ < n and an
epimorphisms for ¢ = n. Similar, f is a co-n-equivalence if the induced maps
7g(f,x) are isomorphisms for ¢ > n and a monomorphism for ¢ = n. An n-
cofibration is a cofibrations which is also an n-equivalence and a co-n-fibration is
a fibration which is also a co-n-equivalence. By [Isa01] Prop. 3.3 we may factor
any map of simplicial sets into an n-cofibration followed by a co-n-fibration. The
following explicit factorization will turn out to be useful in Sect. 4.3:

1.5.7 Remark. Any ProSSets-morphism f : X — %) can be factored as
x i ¥/ f 9
f

for i an acyclic cofibration and f’ a strong fibration: By [AM69] Appendix Cor.
3.2 we may write f as a levelwise map. Further, by [EH76] Thm. 2.1.6 we may
assume that the index category I is cofinite (i.e. the set of isomorphism classes
of I is cofinite with resp. to the ordering given by the rule: [i] > [j] if and only if
there is a non isomorphism ¢ — j). Thus, we get a well defined height function

h: Obj(I) —=N

with h(7) the maximal length of a chain

i = 1ig i1 in
of non isomorphisms in /.
We construct the factorization inductively with respect to the cofinite index

category I. Thus, assume we constructed a factorization in indices j with ¢ — j
a non isomorphism (we say j < i). We may factor the canonical map

Xi —= i Xlim;; 9, limj<; X
into an h(7)-cofibration followed by a co-h(7)-fibration:

Then the h(i)-cofibration i; together with the composition

i fyz Xllmj<l llmj<l @z

defines our factorization in the index i. For details, see [Isa01] Prop. 15.1.
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1.5.8 Remark. Let
V
!

be a factorization constructed as in Rem. 1.5.7 with index category I. The
full subcategory of I consisting of objects of heights > n + 1 is cofinal. Thus,
restricting to this subcategory gives an isomorphic factorization

C )
\/
!

with f’ a strict fibration and i an acyclic cofibration, which induces levelwise

isomorphisms 7,(4) for all ¢ < n.

There is a second model structure on ProSSets, the strict model structure
of Edwards and Hastings:

1.5.9 Definition. Let f: X — ) be a map of pro-simplicial sets.

(i) Define f to be a strict weak equivalence, if it is isomorphic to a levelwise
weak equivalence.

(ii) Define f to be a strict cofibration, if it is isomorphic to a levelwise cofi-
bration.

(iii) Define f to be a strict fibration, if it has the right lifting property with
respect to all acyclic strong cofibrations.

1.5.10 Theorem. ([EH76] Thm. 3.3.3) Def. 1.5.9 gives a model structure on
ProSSets.

Denote the resulting homotopy category by Hgirict (ProSSets). Since each strict
weak equivalence is a weak equivalence, we get the canonical localization functor

Hstrict (ProSSets) —— H (ProSSets) .
For nice pro-simplicial sets we even get:

1.5.11 Proposition. ([Isa01] Prop. 10.9) Let X and Q) = {2); }: be pro-simplicial
sets and suppose for all i that ); has only finitely many non trivial homotopy
groups. Then the canonical morphism

[:{7 2D]'Hstrict(ProSSets) - [%7 SD}H(PrOSSets)
is an isomorphism.

The last proposition applies in particular for §) = X!. Since ¥ — X% is a
weak equivalence and a map f: X — Y is a weak equivalence of a closed model
category if and only if it induces an isomorphism in the homotopy category (this
is standard homotopical algebra, e.g. see [DS95] Prop. 5.8), we get:
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1.5.12 Corollary. A map of pro-simplicial sets f : X — ) is a weak equivalence
if and only if ff : X% — 91 is a strict weak equivalence, i.e., is isomorphic to a
levelwise weak equivalence.

In particular, any weak equivalence in ProSSets resp. in ProSSets, induces a b-
isomorphism in ProH (SSets) resp. in ProH (SSets, ). Using the equivalent rather
technical description of a weak equivalence in ProSSets of [Isa01] Thm. 7.3, we
get a converse statement in some sense, as well:

1.5.13 Proposition. (see [Isa01] Cor. 7.5) Let f : X — Q) be a map of pointed
levelwise connected pro-simplicial sets inducing a f-isomorphism in ProH (SSets, ).
Then f is a weak equivalence in ProSSets resp. in ProSSets,.

Thus, from now on we refer to f-isomorphisms just as weak equivalences.

1.6 Hypercover descent. In this subsection we want to review the compar-
ison between the topological types of a k-variety X, the topological type of one
of its hypercoverings 4. and the homotopy colimit of the topological types of the
simplicial degrees of 4. due to Cox, Friedlander and Isaksen.

Let C be a simplicial closed model category closed under arbitrary colimits and
SC the category of simplicial objects in C.

1.6.1 Definition. Let X. be a simplicial object in C'. Then its realization is
defined as the C-object
c . Xo®id
. ’L, y y
Re(X.) = Re=(X.) := colim{ HaJeA;l X; @ A id@;g [ Xi @ A }.

Further, its m-truncated realization is defined as the C-object

. Xo®id ‘
Ren(X.) = Re& (X.) := colim{ H?éi? X; @A HA e, Xi ® AT},
id®AZ

By the universal mapping property of colimits, we get a canonical C-map
Rep (X.) — Re(X.)
Some easy simplicial computations show:
1.6.2 Lemma. The functor Re(—) : SC — C is left adjoint to the functor
C—8C, VY&

mapping Y to the path object Y2° given by the simplicial structure on C, while
the functor Re,,(—) : SC — C' is left adjoint to the functor

C — SC, Y s cosk& (YA,

Toying around with these adjointness properties and doing a few more simpli-
cial computations we get the following lemma:
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1.6.3 Lemma. (see [Isa04] Prop. 4.7, [Hir03] Cor. 18.7.7) Let X.. be a bisim-
plicial set.

(i) The realization Re(X..) is nothing but the diagonal simplicial set diag(X..).

(ii) The realization Re(X..) and the homotopy colimit hocolim,, X,,. are weakly
equivalent.

(iii) The canonical map sk, Ren(X..) — sk, Re(X..) on the m'™ skeletons is an
isomorphism.

For a pro-simplicial set X we write sk, X resp. cosk,,X for the levelwise m!®

skeleton and coskeleton functors. For simplicial pro-simplicial sets we have:

1.6.4 Lemma. (see [Isa04] Prop. 4.9 and Prop. 4.11) Let X. be a simplicial pro-
simplicial set.

(i) The realization Re(X.) and the homotopy colimit hocolim,, X,, are weakly
equivalent.

(ii) The canonical map sk,,Re;,(X.) — sk,,Re(X.) on the levelwise m*" skele-
tons is an isomorphism.

We want to compare levelwise truncated realizations with realizations of simpli-
cial pro-simplicial sets. The following lemma is a straightforward generalization
of [Isa04] Prop. 5.2. The proof essentially tells us how to compute the rather
complicated colimit Re,ﬁ’lrOM in special cases, so we give the proof for complete-
ness:

1.6.5 Lemma. (cf. [Isa04] Prop. 5.2) Let ® : F' — B be a fibred category to-
gether with a normalized cleavage. Suppose it is fibrewise rigid and closed under
finite limits. Let m : FF — SSets be a functor. Let X. be a simplicial object in B
and suppose that the canonical functor

Sl(X) ——— Hogygm E(Xu)

mapping a simplicial object U. € SF(X.) to the first m + 1 simplicial degrees
is cofinal. Then the levelwise m-truncated realization of the induced simplicial
pro-simplicial set mgp(x.) agrees with its m-truncated realization in ProSSets:

(ReP o 1) ;5 p(x ) = Repr S (g ).

ProSSets

Proof: The truncated realization Re;,,

of the diagram

(msF(x.)) is isomorphic to the colimit

- o*xid ; .o i
(X)) X A ——=mpx;) X A, fori,j <m and o € A%
iidfo’

mr(x;) X A
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All the occurring maps are strict, so by [Isa02] Sect. 3.1 and [AM69] Appendix
Prop. 4.1 we can write the truncated realization Reprossets(mg( x.)) levelwise as

7r(prUj)><id
colim{ [T/ 7(U; x XzU) x A~ L,y ®(U;) x A7 }

eN —
w(pry, )X A7

for

(Uo,.. . Un) e ] EX

o<v<m

where pry;; is the composition of the canonical maps pry.y, : Ui x X;U; = X;Uj
and X;U; — U;. By assumption,

SF(X.) — Hogugm F(X,)

is cofinal, so we may replace the index category [[o<,<,, F(X,) by SF(X.) and
the U, by the v*! simplicial degrees of U. € SF(X.).
Now for o € A;- as above

Us: Uy ——=U;
uniquely factors over the the transport morphism
X;U; ——=U;
given by our cleavage. In particular, we get a (right-) splitting of the projection
vy, Ui x XpU; ——=Uj; .

By assumption, there is at most one morphism between two objects in F'(X;), so

this projection has to be an isomorphism. Thus, we can write RelTo55¢ts (7 TISF(X.))
levelwise as
- w(Uqs) xid ‘
colim{ [T jeAT 7(U;) x AJ — [Hicm m(Ui) x A" }
idx A7

for U. € SF(X.). But this is exactly the pro-object (ReS>ets o T)sF(x.), Which
completes the proof. O

For a pro-simplicial set X and m > 2 the canonical map sk, X — X induces
isomorphisms on fundamental groupoids as well as on cohomology in degrees
< m. Combining this with the isomorphisms

sk,,Re& = sk, Re&

of Lem. 1.6.3 resp. Lem. 1.6.4 for C the category of simplicial sets resp. of pro-
simplicial sets means that the canonical map

Re ProSSets( ReSSets o

msr(x.)) — ( T)SP(X.)
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is a weak equivalence in ProSSets if and only if the same is true for the m-
truncated versions of this map for arbitrary large m. But the latter statement
holds by Lem. 1.6.5. Combining this with Lem. 1.6.4 (i) we get the following
corollary:

1.6.6 Corollary. Let ® : F' — B be a fibred category and X. a simplicial object
of B as in Lem. 1.6.5. Then we have weak equivalences in ProSSets

(Re®<t2 0 1) sy = Re"™ S (mspy,)) = hocolim 7y x,,)-

We want to apply this to the special case of the Cech resp. étale topological
type: By Lem. 1.6.3 the realization on SSets is nothing but the diagonal simplicial
set. Thus, the Cech resp. étale topological type of a simplicial k-variety X. is
given by the functor

RC(X.) — SSets, {U. — X.} — Re(mgcosk) U.)

resp.

HRR(X.) — SSets, {4l.. = X.} — Re(moil..).

This motivates the following definition:

1.6.7 Definition. Let X. be a simplicial k-variety.

(i) Define the m-truncated Cech topological type of the simplicial k-
variety X. as the pro-simplicial set given by the functor

Cn(X.) : RC(X.) — SSets, {U. = X.} — Rey,(mocosky U.).

(ii) Define the m-truncated étale topological type of the simplicial k-
variety X. as the pro-simplicial set given by the functor

Et,,(X.) : HRR(X.) — SSets, {4.. = X.} — Rep(mosl..).

By definition we get canonical maps Cy, (X.) — C(X.) and Et,,,(X.) — Et(X.).
As a direct consequence of Lem. 1.6.3 we get:

1.6.8 Corollary. Let X. be a simplicial k-variety. Then the canonical maps on
the levelwise m* skeletons

sk, G (X)) — sk, C(X.)

sk Bt (X.) — sk, BH( X))

are isomorphisms.

We conclude this section by comparing the topological types of a k-variety
X, of one of its hypercoverings 4. and of the homotopy colimit over the resp.
topological type of the simplicial degrees of i1.:
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1.6.9 Proposition. (see [Cox79a] Thm. IV.2 and [Fri82] Prop. 8.1) Let . — X
be a (rigid or non rigid) hypercovering of a k-variety X. Then the canonical map

Et(4.) —= Et(X)

is a weak equivalence. If moreover X is of Cech type, then the corresponding
statement holds for the Cech topological type, as well.

Proof: For the first statement see [Cox79a] Thm. IV.2 and [Fri82] Prop. 8.1. The
last statement follows from the first one by Thm. 1.4.19 since 4. is levelwise étale
over X and hence of Cech type, as well (see Rem. 1.4.8). O

Both Var, categories RC;, — Var, and HRR, — Var,, satisfy the assumptions
of Lem. 1.6.5 by Lem. 1.4.5 and Lem. 1.4.12. Thus, combining Prop. 1.6.9 with
Lem. 1.6.5 and Cor. 1.6.6 we get:

1.6.10 Theorem. Let X be a k variety, . — X a (rigid or non rigid) hyper-
covering and Y. a simplicial k variety.

(i) Con(Y.) resp. Et,,(Y.) is isomorphic to the realization
RefﬂroSSetS<n — C(Yn))

resp.
RelroS5et (s Bt (Y;,)).

(ii) We have weak equivalences

C(Y)) ~ ReP™85ets (1 oy ((Y},)) ~ hocolim C(Y},)

n

resp.
Et(Y.) ~ ReP™85¢% (5 s Et(Y},)) ~ hocolim Et(Y;,).

n
(iii) We have a canonical weak equivalence
hocolim,, Et(8l,,) — Et(X).

(iv) If moreover X is of Cech type, then we have a canonical weak equivalence

hocolim,, C(,,) — C(X).
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2 Some abstract nonsense

In this section we develop some abstract nonsense needed later in the thesis. In
the first three subsections we do some explicit computation with the Cech topo-
logical type leading to base change theorems for étale homotopy types in Sect.
2.3. In Sect. 2.4, we compare the Hochschild-Serre spectral sequence with the
Galois-hypercohomology spectral sequence of a certain cochain complex com-
puting geometric cohomology with local coefficients. In Sect. 2.5 we prove a
cohomological universal coefficient theorem for pro-chain complexes and finally,
in Sect. 2.6 we link cohomology with locally constant coefficients of k-varieties
to the corresponding Eilenberg-MacLane spaces in the pro-homotopy category
ProH (SSetsr).

2.1 A variant of the Cech topological type. Throughout the thesis, we fix
an algebraic closure k/k of k a field of characteristic 0. Let X be a geometrically
unibranched k-variety. For computational reasons, we restrict the set X () to
the set

X (k/k) := Homge, (Spec(k), X),

i.e., we forget the non closed points and consider points always relative over k.
Denote the resulting category of rigid coverings by RC(X/k). Clearly, RC(X/k)
is still cofiltered. The gain is, that RC(k/k) is the category of finite algebraic
subextensions of k/k on the nose.

Fix an embedding ¢ : k < Q. For U — X in RC(X) define
Uk/k) o x

in RC(X/k) using the induced map ¢* : X(k/k) — X(Q) as follows: For = a
geometric point in X (k/k) the map

U x

is just U« — X. We get a commutative diagram
U * g

/WM\ -
Spec(Q) — Spec(k(u,yz)) — Uggk/k)

] | |

Spec(k) — Spec(k(x)) X

T

where k(z) and k(u,+;) are the residue fields of the underling points. The left
square corresponds to a map of k-algebras

k ®k(az) k:(ub*z) — Q.

Since the left hand side is a finite dimensional k algebra, it corresponds to a finite
disjoint union of closed points. It follows that this map has to factor uniquely
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over the residue field of one of these points, i.e. over k, since it is algebraically
closed. As a result, we get a unique lift

Spec(k) —— Spec(k(u,=5))
in the left square, i.e. we get a canonical point u&’“/k) in ;E«k/k)(l;:/k:) over x. This
construction is functorial and the resulting functor

RC(X) —= RC(X/k)
is cofinal. Arguing as in Sect. 1.6, we get a cofinal functor
RC(X.) —> RC(X./k)

between categories of rigid coverings for a simplicial k-variety X., as well.
Now define the Cech topological type of X. /k as the pro-simplicial set
given by the functor

C(X./k) : RC(X./k) — SSets, {U. — X} — Re(mo(cosky U.))

resp. the m-truncated Cech topological type of X. /k as the pro-simplicial set
given by the functor

Cn(X./k) : RC(X./k) — SSets, {U. = X} > Rey,(mo(coskiU.)).

Again, the gain is that C(k/k) equals BT on the nose. We define the relative
Cech topological type of X. /k as the canonical map

C(X./k) — BT} .

For U — X in RC(X) we have the canonical embedding U*/%) < U over X.
Thus our cofinal functor RC(X.) — RC(X./k) defines a strict map

C(X./k) = C(X.).

Both sides compute the étale fundamental group resp. the Cech cohomology of
X., so our strict map is in fact a weak equivalence. Thus, if X. is degreewise of
Cech type, C(X./k) is weakly equivalent to the étale topological type Et(X.) by
Thm. 1.4.19.

However, to compare the Cech topological type of a k-variety with the Cech
topological type of its base change along a non algebraic field extension (e.g., its
generic fibre) it is convenient to drop our restriction to closed geometric points:

2.1.1 Remark. Let K /k be any field extension and fix a separable algebraic clo-
sure K/ K. The relative algebraic closure of the resulting extension K'/k induces
a canonical extension K /k making the diagram

K—K
k——o=F
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commutative. For X a k-variety define RC(X/k)r and C(X/k)x similar as
RC(X/k) and C(X/k) with resp. to the set of geometric points X (K /k). We
get a canonical embedding

X (k/k)— X (K /k)
together with the induced functor
RC(X/k)k —=RC(X/k) ,

which is an isomorphism resp. an equivalence for Spec(L) and L/k finite algebraic.
In particular,
C(k/k)k = C(k/k) = BT.

Clearly, the induced canonical ProSSets | BI'g-morphism
C(X/k) — C(X/k)K
is a weak equivalence. Let x be a geometric point in
(X @ K)(K/K) = X(K/k)

and (U,u) — (X,x) a pointed connected étale neighbourhood. Now the con-
nected component of the distinguished point in U x x (X ® K) defines a canonical
pointed connected étale neighbourhood of (X ®j K, z) together with a projection
to (U,u). This induces a canonical functor

RC(X/k)x — RC(X/K)

which in turn induces a canonical commutative square:

(2.1.1) C(X @y K/K)—— Bl'g
C(X/k)k BT

2.2 The Cech topological type of an étale covering. We want to study
the Cech topological type of an étale covering space f : Y — X.

First assume that f : ¥ — X is even Galois with group G. Let V be an
arbitrary rigid covering of Y/k. We will construct a map of rigid coverings

V—sV

functorial in V' € RC(Y/k) with f/~a G-equivariant rigid covering, universal with
this property: For y € Y (k/k) let V,, be the connected component of the product
(depending only on the G-orbit [y] of y)

~ —1
Viy ::H{Va(y) ~Y Z—=Y}
oelG —
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in Schy- containing the distinguished point

1~)y = ®06Gva(y)-

This gives a morphism
(Vi Oy) —= (Vy, vy)

of pointed étale neighbourhoods of (Y,y). By the commutative diagram

Y
\L(TU)l irl
Y g Y

the coordinate flip TN/[y] — f/[a(y)] given by right multiplication by ¢~! in the index
set gives the commutative diagram:

iy — View)
Yy —7 ..

This coordinate flip restricts to an isomorphism
f/y - Va(y)
ie., V — Y is indeed a G-equivariant rigid covering of Y/k. Thus,
U:=V/G

is a rigid covering of X/k with f*U = V.
Now let U be any rigid covering of X/k admitting a map

FU—=V

Then there is a unique G-equivariant factorization over the above canonical map
V — V: Indeed, by the commutative diagram

(f*U)y Vy 1/
(f*U)U(y) Vo(y) Y

the compositions
(f*U)y _9 (f*U)o_(y) —= Vo(y)
\‘\M_.M/
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induce a Y-morphism (f*U), — V,. By the rigidity of maps between pointed
étale neighbourhoods, the resulting map

U —=V

is unique and thus also G-equivariant.
In particular the rigid pullback

f*+ RC(X/k) —RC(Y/)

is cofinal for f an étale Galois covering. For an arbitrary connected étale covering
space f:Y — X we argue as follow: Let

f Y —= X
be a Galois covering dominating f, say with group G. The induced covering
g: Y —=Y

is Galois, say with group H < G. By the above there is a rigid covering U of
X/k with a map

U ——=g*V .
Again by rigidity of maps between pointed étale neighbourhoods, this map is
H-equivariant and thus descends to a map

ffU—V.
Thus, the rigid pullback
[T+ RC(X/k) —=RC(Y/k)

is cofinal for a general connected étale covering space f : ¥ — X, too. As a
result, we get the following:

2.2.1 Lemma. Let f : Y — X be a connected étale covering space. Then
C(Y/k) is isomorphic to the pro-simplicial set given by the functor

RC(X/k) — SSets, {U — X} s mo(cosky f*U).

2.2.2 Remark. Of course, the analogue arguments give corresponding state-
ments for C(Y) and Et(Y), as well.

Suppose our covering is of the form X ®; K — X for K/k finite algebraic. Note,
that the above construction of V — V is natural in rigid coverings of X ®j K /k
for k-varieties X, i.e. for f : X — Y a map of k-varieties and a commutative
diagram

|4 U

X o, K125y o, K
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we get a commutative diagram

<<
T=—2

functorial in the first diagram.
Thus, for K/k finite algebraic and X. a simplicial k-variety, the rigid pullback

RC(X./k) — RC(X. @ K/k)
is cofinal and we get:

2.2.3 Corollary. Let K/k finite algebraic and X. a simplicial k-variety. Then

C(X. ®k K/k) is isomorphic to the pro-simplicial set given by the functor
RC(X./k) — SSets, {U. — X.} — Re(mo(cosky “¥Xp*U)),

where p : X. ® K/k — X. is the canonical projection.

2.3 Base change for étale homotopy types. In this subsection we want
to relate the base change of a k-variety of Cech type along an algebraic extension
K /k to the corresponding extension of the relative Cech topological type. Fix an
algebraic extension K /k. Let K (k/k) be the set of k-algebra embeddings K — k
and write X for the base extension X ®;, K.

2.3.1 Remark. First note that

Li\(ETy x K(k/k)) = Tk \EL}
over BI'g, where the structural map

TR \(ET), x K(k/k)) — BT

is given by the projection onto ET'y. To see this choose an I'y-isomorphism
K(k/k) =T /Tkx. Now

ETy x Ty/Tx — T\ETy, (a,[7]) — [t ]
is well defined, surjective and descents to a map
De\(ET) x Ty /T ) —= T \ELy,
over BI'y. It is easy to see that this map is injective, hence the claim.
2.3.2 Remark. From Rem. 2.3.1 we get that the canonical map

L \ETy, ——limgop (T2 \ET%)
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is an isomorphism, where the limit runs over all finite subextensions L/k of K/k:
First, note that any k-algebra embedding K — k is given by a compatible choice
of embeddings for the finite subextensions L/k, i.e.,

K(k/k) = Jim L(k/b)

Again, choose a Iy, isomorphism K (k/k) = T}, /Tk. For a finite subextension L /k
the composition

Iy —Ty /T = K(k/k) — L(k/k)

factors over I'y — T'y/T' and thus give compatible choices of T'y isomorphisms
L(k/k) = T';/T1. Representing a class [o,:] by ¢ € T}*! with o9 = 1 gives a
degreewise isomorphism

(Ck\(ETk x L(k/k)))n = Tg x L(k/k),

natural in the algebraic extension L/k (lzut of course not in the simplicial degree
n). But this implies our claim, since K (k/k) = limgoy, /i, L(k/k).

We need an easy but technical lemma: Let L, /k for 0 < v < n be a a fafnily
of finite algebraic extensions. Sending a tuple of geometric points ¢, in L, (k/k)
to the underling point of the ®-product

Rply Locgk...@%;Ln*44%>%

defines a surjection

[T Lu(k/k) —mo(Spec(Lo @k - .- @ Ln)) -

0<v<n

It is I'g-equivariant, where 'y act diagonally from the left on the source and
trivially on the target.

2.3.3 Lemma. Let L, /k for 0 < v < n be a family of finite algebraic extensions.
Then the canonical epimorphism

Le\( I Lu(k/k)) — mo(Spec(Lo ®y - .. @ Ly))

0<v<n
is an isomorphism.

Proof: Let L/k Galois containing Lo. Then L/Lg is Galois, say with group G.
It acts from the right on L(k/k) with orbit space

L(k/k)/G = Lo(k/k).

Note that this G-action commutes with the I'i-action from the left. It follows
that

D\L(R/K) T Lo(k/)/G =T\ [ Lo(k/K)).

O<v<n 0<v<n
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Further,
Spec(L R L1 ®p ... Ln) — SpeC(LO QR I Qp ... R Ln)

is étale Galois with group G, so G acts on my(Spec(L ®y L1 ® ... ®k Ly)) with
orbit space mo(Spec(Lo ®g L1 ®y ... ®p Ly)). The canonical epimorphism

Ce\(L(k/k) x T Lu(k/k)) — mo(Spec(L @k L1 ®y . .. @ Ln))

o<v<n

is functorial and hence G-equivariant, i.e. it suffices to show that this epimorphism
is an isomorphism. Enlarging L/k and arguing similar for the other factors L;
one by one, it suffices to show that the canonical epimorphisms

TR\G™H = mo(Spec(L#+ (1))
is an isomorphism. But the target has the same cardinality then the source, so

this clearly holds. O

2.3.4 Remark. Let L, /k for 0 < v < n be a family of finite algebraic extensions.
For ¢ a tuple of embeddings in [, L, (k/k) let L, = k be the embedding of the
composition of subfields ¢, L, of k. The automorphism of k/k given by ~ in T
restricts to an isomorphism of fields

i Ly =Ly, .
For [¢] a class in Ty \([], L. (k/k)) we get that the k-algebra
Ly = (H LA)F}C

LE[L]

is again a field, isomorphic to the fields L, but without a distinguished embedding
into k. Now sending a generator ag ® ... ® a, to the product ¢o(ag) - ... - tn(an)
in the t-component induces a map of k-algebras

Lo ® ... ®p Ly — ([T, L)'+ = Ty Ly -

Arguing similar as in Lem. 2.3.3 we can prove that this is an isomorphism: Again,
we reduce the problem to L, = L finite Galois over k for each v and then argue
by induction on n.

Now we can prove:

2.3.5 Lemma. Let X. be a degreewise geometrically unibranched and geomet-
rically irreducible simplicial k-variety with relative Cech type C(X./k) — BT.
Then there is a canonical weak equivalence

C(X. @ K/k) ~ C(X./k) xpr, (Tx\ET%)

for K/k algebraic. If K/k is finite algebraic, we even get an isomorphism in
ProSSets.
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Proof: First, suppose K /k is a finite extension. Denote by K /k its Galois hull.
Let
p=pg: X.Q K — X.

be the canonical projection. Let U. — X. be a rigid hypercovering s.t. each
component of each degree (U,,), has the structure of a K-variety. Then the rigid
pullback

pU —X.®r K

is just the naive pullback U.x x (X.®yK). The subcategory of such rigid coverings
U. is cofinal inside RC(X./k). Thus by Cor. 2.2.3, C(X. ®; K/k) is isomorphic
to the system given by the functor mapping a rigid coverings U. of such a type
to the simplicial set

Re(mo(cosky (U, x x. (X. @ K)))).

Let L/k be a finite Galois extension containing K and fix a point in i € L(k/k).
We restrict ourselves further to rigid coverings U. whose components in each
degree have the structure of an L-variety and whose distinguished points lie
over i via the corresponding map U. — Spec(L). Thus, we get a map of rigid
hypercoverings

U.—— (X. — Spec(k))*(L/k,q) .

In particular we get a factorization of the underling map of U. — X. over the
canonical map X. ®; L — X. and thus, the cartesian square

cosky (U x x (X. @, K)) — cosky 5 ((X. @ L) xx. (X. @ K))

| |

cosky UL coski (X. @y, L)

We need to show that m of the diagram stays cartesian. Since we may check this
degreewise, we may assume that X. = X is simplicial discrete. By assumption,
X is geometrically unibranched so we may restrict our self to the corresponding
cartesian square of generic points, i.e., of the Spec’s of function fields.

Now what we have to prove is (new notation!) that for K/k finite algebraic,
a family L, /k finite algebraic s.t. K C L, for every v and L/k Galois inside the
intersection (1), L, still containing K with the diagonal map L — [], L., the
diagram

(2.3.1) mo(cosk 11, Spec(L, @, K)) — mo(coskd Spec(L @y K))
o(coskk T T, Spec(L,)) mo(coskESpec(L))

is cartesian.

By assumption, each L, contains even the Galois hull K of K /k. Using Lem.
2.3.3 we get natural isomorphisms

Iy \cosko(]], L,(k/k)) —— Wo(COSk’é 1, Spec(Ly))
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resp.
BGal(L/k) = T'y\coskoL(k/k) —= mo(coskESpec(L)) .

Further, (L, ®, K)(k/K) is just L,(k/k), so we get a canonical epimorphism
(2.3.2) Tx\cosko (][, L (k/k)) — mo(cosk{ 1, Spec(L, @ K))

similar to the above. This is an isomorphism, as well. We can check this degree-
wise and componentwise by comparing the cardinality of the source and target.
Consider the canonical epimorphism

L'k \cosko(]1, Lv(k/k))n —= Tr\cosko(I [, L (k/k))r -

There are surjections from I'g\I'y to any I'y-orbit of any element in the source.
Combining this with Lem. 2.3.3 we get

T \cosko (] [ Lo (k/k))n| < [K : K]k \cosko (] | Lo (k/k))nl
= [K : k]|mo(coskg | [ Spec(Ly))nl

= |mo(coskg’ | [ Spec(Ly @k K))al

in each simplicial degree n: Indeed, we have a degreewise isomorphism

(cosk{S H Spec(L, @ K))n = ((cosky H Spec(Ly)) @k K)n,

and K is contained in every L, by assumption. Thus 2.3.2 is indeed an isomor-
phism. Similar, we get a canonical isomorphisms

L'k \EGal(L/k) = 'k \coskoL(k/k) — m(cosk’ Spec(L @y K)) .
In particular the diagram (2.3.1) is isomorphic to the diagram:

Ik \cosko (], Lv(k/k)) — Tk \cosko L(k/k)

| |

Ty \cosko([ 1, Ly (k/k)) — Tk \coskoL(k/k)

It suffices to prove that this diagram is degree- and componentwise cartesian, i.e.,
that

Cr\(Mo<icn Lo (k/k)) — 1“K\(L(I//f)"“)
Lie\(To<icn Lvi (k/k)) —— Te\(L(k/k)" )

is cartesian. Denote by S the pullback of the underling pullback datum. Clearly
the canonical map

FK\(Hogign Ly, (E/k)) — 5
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is surjective. To see that it is injective, assume we have i,j € [[y<;<p, Lv: (k/K),
o€l and 7 € ' s.t. j = o7 and resy(j) = 7resz (i), where resy, is component-
wise the restriction

Lo (k/k) — L(k/k) .

But then 7~ !0 acts trivially on a k-embedding of the Galois extension L/k, i.e.,
lies inside I'y, < I'. As a result o itself lies in 'k, i.e., [i] and [j] agree in
T \(ITp<i<n, Lu: (k/k)), which completes the proof of the injectivity.

We go back to our original notation. Note that Wo(COSkg( X1) is nothing but
mo(coskESpec(L)) and 7o (coské(K (X1 xx Xx)) just mo(coskd Spec(L®y K)) (since
X is geometrically connected). Thus, we have proven that

mo(cosky X (U x x Xk)) — i \EGal(L/k)

| |

mo(coski U) BGal(L/k)

is cartesian. Varying L/k Galois in RC(k/k) over K/k and U in RC(X/k) over
the rigid pullback of L/k to X we finally get

C(XK/]{Z) = C(X/k) X Br'y, (PK\EFk),

where the map C(X/k) — BT}, is just the relative Cech topological type and the
projection to '\ ET}, is just C({Xx — Spec(K)}/k).

For K /k algebraic but not necessarily finite and X. = X simplicial discrete note
that C(Xx/k) is weakly equivalent to lim g5y, C(XL/k), where the limit runs
over all finite subextensions L/k of K /k: Indeed, the my part is trivial, m; and W‘ft
preserve cofiltered limits and 7;C(X 1 /k) = n*(X1) by Thm. 1.3.1 (X is geomet-
rically unibranched) and similar for Xg. Finally, the cohomology part follows in
the same manner from the Verdier-Hypercovering-Theorem. But then the claim
follows from the above canonical isomorphism I'x \ ETy, = limg s /4 (T2 \ET%).

For K/k algebraic but not necessarily finite and X. not necessarily simpli-
cial discrete we have to show that C(X. ®) K/k) is still weakly equivalent to
limg o7k C(X.®g L/k): Denote by

SubExt (K /k)

the category of finite subextensions of K/k. By Cor. 2.2.3, the cofiltered limit
limgsyk C(X.®y, L/k) is isomorphic to the levelwise realization of the simplicial
pro-simplicial set induced by the functor

RC(X./k) x SubExt ¢(K/k) — SSSets

mapping rigid covering U. € RC(X./k) together with a finite subextension L/k
of K/k to the bisimplicial set

Wo(COSkg(@kLsz.),
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where pr, : X. ®; L — X. is the canonical projection. Thus, Cor. 1.6.6 applies to
both pro-simplicial sets lim—y,/, C(X. ®), L/k) and C(X. ®; K/k). But the n'®
simplicial degrees are just limg>y, C(X,, @, L/k) resp. C(X,, @1, K/k). These are
weakly equivalent by the above, so our claim follows by the homotopy invariance
of homotopy colimits (see [Hir03] Thm. 18.5.1). O

Our next goal is to derive the base extension
(=) xBr, ('k\ET%) : ProSSets | BI', — ProSSets | ([ \ETY}) .
First, we need a relative Postnikov replacement in ProSSets | I'x:

2.3.6 Remark. If we choose a functorial fibrant resolution Ex(—) in SSets, al-
ways choose one preserving simplicial discrete I'-sets throughout the rest of the
thesis, e.g., the one given by the small object argument (cf. [Hir03] Prop. 10.5.16)
with resp. to the inclusion of horns A7 < A,: Indeed, the functorial construc-
tion of this factorization is made out of colimits in Sets, which preserves discrete
I'-sets.

2.3.7 Remark. Fix once and for all a functorial levelwise factorization

A.——Ex(f) —=B.
\_/
!

in SSets. Let f: X — BTy be in ProSSets | BT';. Using [AM69] Appendix Prop.
3.1 we write f as a levelwise map {f;};. Then

is levelwise weakly equivalent to X in ProSSets | BTy and even levelwise fibrant
in ProSSets. Further, note that

cosk, BC = BC

for any small category C and any n > 2: Indeed, for such n and any simplicial
set A.
P, (skpA.) = P.(A.)

holds for the path categories, so the claim follows by adjointness. In particular,
(BT:)* = BT},

holds for the naive Postnikov replacement of pro-systems of fibrant simplicial
sets. Thus, our levelwise fibrant replacement in the definition of a Postnikov
tower replacement (cf. Rem. 1.1.6) gives a Postnikov replacement relative over
BTy

(=)%: ProSSets | BT, — ProSSets | BT},

together with a natural levelwise weak equivalence id — (—)%. If we want to stress
the difference to the naive Postnikov replacement of levelwise fibrant objects, we
write (—)" for the relative replacement and (—)™ for the naive replacement.
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2.3.8 Lemma. The canonical map
X XBFk (FK\EFk) E—— %U XBFk (FK\EFk)
is a weak equivalence in ProSSets.

Proof: Both BTy and I'x\ET} are already levelwise fibrant. The naive Post-
nikov replacements BT, ~ BF}Zu and I'g\ETy, ~ (FK\EFk)nu are levelwise weak
equivalences if we restrict ourselves to cosk,(—) for n > 2. Note that,

' x\ET), — BT

is a levelwise simplicial covering, i.e., a levelwise fibration. Further, each such
cosky, (—) preserves fibrations, so the canonical map

(D \ETy)"8 — BT
still is a levelwise fibration. In particular, we get the commutative diagram
%hu XBFk (FK\ETk)
(T \ETy,)"™

Ex(X) xgr, (Tg\ET},) — (Ex(X) xgr, (Tx\EL}))"™

X XBFk (FK\EFk)

X X pro

whose vertical arrows are levelwise weak equivalences by the classical theory of
homotopy cartesian diagrams (see e.g., [GJ99] Chap. II Cor. 8.13, for the equality
in the bottom right, note that cosk, (—) preserves limits). Since

Ex(X) xpr, (x\ET})

is levelwise fibrant, the lower horizontal arrow is a weak equivalence in ProSSets,
which finishes the proof. O

Recall that for I' a profinite group, the category of simplicial discrete I'-sets
SSetsy is just the category of simplicial sheaves over the classifying site BI'. Thus,
it carries the structure of a proper simplicial closed model structure by [Jar86]
Cor. 2.7 (see also [Goe95] for a more elementary treatment) resp. [Jar87] Prop.
1.4 (note that properness for simplicial presheaves implies properness of simplicial
sheaves: indeed, sheafification preserves weak equivalences).

2.3.9 Corollary. The base extension functor

(—) X Bry, (FK\EFk) : ProSSets | BI'y, —— ProSSets | (FK\ETk)

preserves weak equivalences. Moreover, the relative Postnikov replacement (_)h
composed with the induced functor into ProSSets factors over Pro(MFk) and
maps a weak equivalence to a morphism isomorphic in (the morphism category
of) Pro(SSetsr, ) to a levelwise weak equivalence in Pro(SSetsr, ).
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Proof: By Lem. 2.3.8 the first claim follows from the second. The factorization
statement is trivial (use Rem. 2.3.6). Let f : X — 2 be a weak equivalence in
ProSSets | BI';,. By Cor. 1.5.12 f? is isomorphic to a levelwise weak equivalence.
Again by the classical theory of homotopy cartesian diagrams, this property is
preserved by our base change (—) xpr, (Tx\ET%), ie. f& xpr, ([x\EL}) is
isomorphic in Pro(SSetsr, ) to a levelwise weak equivalence in Pro(SSetsr, ), just
as claimed. O

Fix a point ig € K(k/k). Let U. be a rigid covering in RC(X./k). Restriction
of the rigid pullback p*U,, to the components of points

r®ig € (X, @k K)(k/K) = X,,(k/k)

for x € X,,(k/k) gives a rigid covering in RC(X. ®; K/K) together with a map
of (X. ®y K)-schemes from this rigid covering to p*U. in RC(X. ®; K/k). Thus,
restriction to such coverings in RC(X. ®; K/K) defines a map

C(X. @ K/K) — C(X. @ K/k)

natural in X. € SVar, which clearly is a weak equivalence. Note, that for Spec(k)
this is just the canonical map

BUg = T\ETx — =g \ETy .
By [Ser02] Chap. I Prop. 1 there is a section
S FK\Fk — Fk

in ProSets of the canonical map I'y — T'x\I'y. We may assume s[r] = 1 for
7 € ' (otherwise, multiply s by the inverse of s[7]). Let r be the composition

Iy —=Tx\I'k — =Ty
\_/
T

For o € T'y, we get r(0) = o in I \I'x, hence or(0)~! € T'x. Further, for 7 € '
we get r(to) = r(o) and r(7) = 1. It follows that the map

ETly —=ETk

mapping a tuple ¢ componentwise to or(c) ! is compatible with the left diagonal
action of I'k and thus gives a (left-) splitting

Ik \ET), —>Tx\ETx = Bl'g

in ProSSets of our canonical map BT'x — I'x\ ET%.

Summing up, we get the commutative diagram

C(X. o, K/K) —"=C(X. o, K/k) "= C(X./k) xpr, Tx\ET%),

| e

Brk L' \ETy,

Bl'i
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i.e., we get a weak equivalence in ProSSets | BI'x between the relative Cech
topological type C(X. ®; K/K) — BI'k and the composition

C(X./k) xpr, (Tg\ET}) —— g\ ET}, —= BTk .
MM/
Summing up we can prove:

2.3.10 Proposition. Let K/k be (not necessarily finite) algebraic. Then we get
a derived base change

H(ProSSets | BT'y) — H(ProSSets | BT'k) ,

mapping a degreewise geometrically unibranched and geometrically irreducible
simplicial k-variety of Cech type X. — BT’y to the scheme theoretical base ex-
tension X.®, K — BI'k.

Proof: By Cor. 2.3.9 the functor
(=) xBr, (Tk\ET) : ProSSets | BI'y, — ProSSets | (I'x \ET)

preserves weak equivalences. Further, I'x\ ET — BT is a weak equivalence as
splitting of a weak equivalence, i.e., the push forward

ProSSets | (I'x\ETx) —— ProSSets | Bl'k

preserves weak equivalences, as well. Thus the composition preserves weak equiv-
alences, i.e., derives in the naive way to our desired derived base change

H(ProSSets | BI'y,) — H(ProSSets | BT'k) .

As we have seen above, the derived base change of the relative Cech type
C(X./k) — BT}, is isomorphic to the relative Cech type C(X.®; K/K) — BT k.
But for X. degreewise of Cech type these are the relative étale homotopy types
X. — BI'y resp. X. ®p K — BI'k, hence the claim. O

There is an equivariant version, as well:

2.3.11 Proposition. Under the assumptions of Prop. 2.3.10 we get an equivari-
ant derived base change

(—)* xpr, (Cx\ETk) : H(ProSSets | BT',) — ProH (SSetsr, ) .

For a degreewise geometrically unibranched and geometrically irreducible simpli-
cial k-variety of Cech type X. — BTy, the derived base change

X.ﬂ XBFk (FK\EFk)

is isomorphic to the Postnikov tower (a la [AM69]) (X. ® K)? of the scheme
theoretical base extension as a I'y-object in ProH (SSets). Further, the equivariant
derived base change is compatible with the derived base change of Prop. 2.3.10.
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Proof: Again, by Cor. 2.3.9, the composition of functors

(=) xpr, (Tx\ET)

ProSSets | BT Pro(SSetsr, )
ProH (SSetsr, )

maps weak equivalences to isomorphisms, i.e., we get our equivariant derived base
change in the naive way. Our weak equivalence

C(X. ® K) — C(X./k) xpr, (Tk\ET%)

is I'g-equivariant, so the lower arrow in

C(X Rk K) = C(X/k) X BTy (FK\EFk)

5 X

ExC(X. ®), K) — ExC(X./k) xgr, (Tx\ET})

is a ['p-equivariant weak equivalence in ProSSets and the second claim follows
from Cor. 1.5.12.

For the compatibility claim note that both base changes were derived in a naive
way, so it suffices for L/K/k a tower of algebraic extensions and

QJ =X X BT, (FK\EFk)

the ProSSets | BI'k object used in Prop. 2.3.10 to show that we have an isomor-
phism
Q‘jh X BTk (FL \ EFK) = resgf(%h X BT}, (FL \ EI“k))

in H(SSetsr ). We have levelwise weak equivalences

@ :%XBF;C (FK\EPk)

l

EX(% — BFk) X BTy, (FK \ EI“k)

EX(% X BTy, (FK \ ETk) — BPK)

in ProSSets | BI'k. Further, in Pro#(SSetsr, ) resp. ProH(SSetsy, ) we have a
levelwise isomorphism

X" xpr, (O \ ELy) 2 (3 xpr, (T \ ETy)"™
for 3 := Ex(X — BI'}) as well as levelwise isomorphisms

V" xpry (T, \ ETk) = (Ex(Y — BUk) xpry (Tr\ ETk))™
> ((3 xpr, (Tx \ ETk)) xpr, (T \ ETk))"™.
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Thus, it suffices to show that the outer square of

5 X BI'y, (FL\EFk) T> FL\EFk —_— FL\EFK

| l |

3 xpr, (Tg\ET}) —— g \ET}, BTj

is cartesian, where the horizontal maps in the right square are the maps induced
by our fixed map
ETy —— ETl'g

mapping a tuple ¢ to or(c)~!. Since the left square clearly is cartesian, it suffices
to show the same for the right square. First, suppose we have a tuple ¢ € ET
and 7 € ET g s.t.

r=(ar(e)™)

holds in BTy = T'x\ETk, i.e. 7 = y(ar(a)™t) for a suitable v in 'k. Since
r(yo) = r(o), the right side equals (yo)r(yo)~!. But yo = ¢ in '\ ET}, so the
canonical map

FL\EFk —— (FK\EFk) X BTk (FL\EFK)

is surjective. For injectivity assume we have two tuples ¢’,0” € ET'} agreeing in

FK\EFk s.t.

g/r(g/)—l

= Q”T(O‘")_l

in 'L \ET k. Thus, thereisay € 'x and a 7 € I'f, s.t.

o’ =~o'
a"r(e")7t = 7(a'r(a)7Y).
Again, r(yo’) = r(d’), so
Ye'r(e) ™) = m(d'r(e) ).
In particular, v = 7 already lies in I'z, i.e., ¢/ and ¢” agree in I'f\ ETk, which

completes the injectivity. O

2.3.12 Notation. For a relative pro-simplicial set X — BI' in ProSSets | BT’
set ~
X := X" xpr ET.

2.4 The Hochschild-Serre spectral sequence. Throughout the rest of the
thesis denote the absolute Galois group I'y of £ by I'. Let X be a k-variety and
let p: X ® k — X be the canonical projection. Denote by HSY*(X;F) the
Hochschild-Serre spectral sequence

EP? = HP(T; HY(X @y k; F)) = HPT(X; F)
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for a sheaf F on Xg given as the Grothendieck spectral sequence of the compo-
sition of functors

RH"(T; —) o RT(X @ k; p*(—)).

Now I'(X ®y, k; p*(—)) together with the induced I'-action is just the pushforward
fx of f : X — Spec(k) the canonical map. Thus, this spectral sequence is
isomorphic to the Leray spectral sequence

EY? = HP(I;RIf,(F)) = HPTI(X; F).
Denote by H$*(C*®) the Galois-hypercohomology spectral sequence
EY? = HP(I'; HIC®) = HPTI(T; C*)

for C* a complex of discrete I'-modules.
In this section we want to show that the Hochschild-Serre spectral sequence

HS?*(X; A) for A € Modp is isomorphic to the Galois-hypercohomology spectral
sequence HY*(C*(X* x gr ET; A)):

2.4.1 Proposition. Let X be a k-variety and A a I'-module. There is a canonical
isomorphism

HSP*(X;A) 2 HY*(C*(X? x pr BT A))

between the Hochschild-Serre spectral sequence HS3*(X; A) and the hypercoho-
mology spectral sequence Hy*(C* (X x gr ET; A)).

Again in abuse of notation, we will just write X for X%x pr ET in Pro#(SSetsr).
Let
ex: X(Q) = [lyq)Spec(2) —=X

be the canonical map from the “exploded scheme” X (£2) to X given as the disjoint
union of all geometric points X (€2). Call a sheaf G on X of Godement type,
if G is isomorphic to a sheaf ex, A for A in

Shv(X () = [] Ab.
X(Q)

Before we will give the proof of Prop. 2.4.1, we will need a technical lemma.
Recall that ind}(A) for A an abelian group is the induced discrete T-module

ll’ldll-'\ (A) = HomPI‘OSetS(F’ A)

The induction ind{:(—) is right adjoint to the restriction resi(—). Since the later
functor is isomorphic to 7*(—) for

7 : Spec(k) — Spec(k)

the canonical map given by our fixed choice of the separable closure k/k, the
induction ind:(—) is isomorphic to the push forward 7, (—).
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2.4.2 Lemma. For a sheaf F on (X ®k)¢ and U — X étale we have a canonical
isomorphism

D(U @y, k; p*peF) = indi D (U; puF)
of discrete I'-modules, natural in U — X and F.

Proof: In abuse of notation, we denote the canonical projection U ®; k — U by
p, as well. We get the commutative diagram of canonical maps:

U ey k N Spec(k)

P,k

U Spec(k)

The discrete I-module I'(U ®y, k; p*p,JF) is isomorphic to the discrete I'-module
fep«F. Now ) )
fapsF = T fouF = W*F(U Ok k;;]:)

and B
LU @y ks F) = T(U; p F)

holds by definition of push forwards. Further, the functor 7, (—) is isomorphic to
indl(—), which completes the proof. a

For a field K denote by K (£2) the set of embeddings K — Q (“we dropped the
Spec in our notation”). Fix a splitting

st k() —=k(Q)
of the canonical surjection
e k(Q) —=k(Q) .
This in turn induces a splitting of the canonical surjection
et (X @k k)(Q) —= X(Q),

i.e. we get a factorization of the exploded scheme map ex : X(Q2) — X:

X®k];3

X(Q) ——X
In particular, for each A € Shv(X(£2)) we get
eX*A = D« (ﬁ*é);

i.e. each sheaf of Godement type on X is a push forward along p. Thus, we get
from Lem. 2.4.2:
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2.4.3 Corollary. Let G be a sheaf of Godement type on Xg, say G = ex, A for
A € Shv(X(92)). Let U — X be étale. Then we have an isomorphism

T(U @y k;p*G) = indiT(U; G)

of discrete I'-modules, natural in U — X and A. This morphism is canonical up
to our choice of the splitting s of m, : k(Q) — k().

We come back to the proof of Prop. 2.4.1: Let G be a sheaf of Godement
type on Xg. It is flasque, e.g., by [SGAT73] Exp. XVII 4.2. Combining this with
[SGAT2] Exp. VII Cor. 5.8 we get

HYX @4 k;G) = C%I/i;n HY(X ® L;G) =0

for ¢ > 0, i.e. G is ['(X ®4 k; p*(—))-acyclic. Thus, for
0——=A—>G*
the Godement resolution of A on X¢;, we get an isomorphism of spectral sequences
HSD® (X5 A) 2 HP*(D(X @ k: G)).
Denote by X the pro-object in H(SSetsr) induced by the functor
HR(X¢) — SSets, . — mo(U. @4 k).

Then X is weakly equivalent to X in ProH(SSetsy) and it remains to construct
a canonical isomorphism

D(X @ k,G*) =~ C*(X;A)
in D*(Mody). This will be done in the following two lemmata:

2.4.4 Lemma. Letil. — X be a hypercovering in HR(X¢). There is a canonical
weak equivalence in DT (Mody):

(X ® k; G*) — tot*T'(Uey; Rk k; G*1) .
2.4.5 Lemma. The canonical map T'(e @ k; A) — tot®T (Ue;, @4 k; G*1) induced
by the resolution A — G®! gives a quasi-isomorphism in DT (Mody) after taking
the colimit over all 4. € HR(X¢):
C*(X;A) == colimy cpr(x,,) ot (Ue; @ k;Gen) .
Since filtered colimits are exact in Mody, the colimit over 4. € HR(X¢;) pre-

serves the weak equivalence of Lem. 2.4.4, which completes the proof of Prop.
2.4.1. Thus, it remains to prove Lem. 2.4.4 and Lem. 2.4.5:
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Proof of Lem. 2.4.4: The canonical map . @ k — X ®; k induces a morphism
of double complexes

(2.4.1) (X ®p k;G*1) ——T'(Uey, @k k;G*) .
Using Cor. 2.4.3 we have an isomorphism
F(L[OH K I_CQ g°1) = indll“r(unﬁ g°1).

The induction indfi(—) is exact (since it is also left adjoint to resk(—)), i.e. we
get an isomorphism

HET (Mo, @4 k; G®1) = indl HET (e G*).

But HIT'(4U;G) is trivial for any ¢ > 0 and any sheaf G = ex, A of Godement
type: Indeed, HT'(is;G) is isomorphic to HI(] [, x (o) Homgets(z" s, Ay)), the
canonical map

HY([ e x (o) Homgets (27, Az))— [[,e x (o) H Homsets (2", Az)

is injective and the target vanishes, since x*i. — pt is a hypercovering in Sets,
i.e., an acyclic fibration in SSets (see [AM69] (8.5)).

Further, HT'(Us; F) equals T'(X ® k; F) for any hypercovering U, of X @ k
and any sheaf F (this is just the sheaf property), so we get:

0ifg>0

HH{T (Y, @ k5 G™) = 2 k
P o SR =4 o (X s b, G%) = HP(X @ Bs A) i g = 0

It follows that (2.4.1) induces an isomorphism between the induced spectral se-
quences of double complexes and hence a quasi-isomorphism

D(X ®p k; G*) — tot*T' (e, ®p k; G*1)

between the total complexes. O

Proof of Lem. 2.4.5: The canonical morphism A < G*® induces the morphism
of double complexes

F(u,n Rk ]E?,A) E—— F(u,n Rk E; Q‘I) .

Now HPH{T (8he,, ®y k; G*) equals HY HY (e, ®y, k; A) and we claim that the
colimit over 4. € HR(X') vanishes for ¢ > 0:

We argue as in the proof of [AM69] Thm. 8.16: We have to kill the class
o € HL (8, @ k; A) via a refinement . — £l. in HR(X). The hypercovering &L,
has a unique splitting

= [N,

where the coproduct runs over all surjective o € A} (see the remark after loc.
cit. Def. 8.1). Since ¢ > 0, there are refinements N, — N, in Xg killing the
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restriction of o to Ny ®y, k after base change to X ®;, k. Thus we get the desired
refinement U. — 4. after iterative application of loc. cit. Lem. 8.9. Filtered
colimits in Mod are exact, so we get a quasi-isomorphism in Dt (Mody) between
total complexes

colimy( epr(x) ['(Ue @k k;A) — colimy( egr (x) tot*T' (Hhey; @ k;G*1)

again by the induced spectral sequence of double complexes. O

2.5 TUniversal coefficients. Fix a discrete I'-module A. Recall that an inner
hom object Hom(—, —) exists in Mod and is given by colima Homytod, (—, —),
where the colimit runs over open subgroups A < I'. In this subsection we want
to derive a functor

RHom(—,A) = (ProD4(Mody))y, — D* (Modr)

functorial in A € Modp for a suitable full subcategory (ProDi(Modr))gn of
ProD, (Mody) containing Cs(X? x gr ET) for all X geometrically unibranched,
geometrically irreducible and of Cech type, s.t. RHom(Cys(X? xpr ET),A) is
quasi-isomorphic to C*(X® x gp ET'; A).

Let I be an injective discrete I-module. For A < T open of finite index res®(—)
is also right adjoint to indlé(—). In particular, restriction to A preserves injective
objects, i.e., HommA(—,resﬁ(I)) and hence Hom(—,7) is an exact functor.
Next, fix an injective resolution

0——A——->1I°
in Modp. Then
HY HiHom(Cuy,, 1) = HPHom(HIIC,,,, I
natural in Cl, i.e., the total complex
tot*Hom((—)ey;, I*")

preserves quasi-isomorphisms by the first spectral sequences of a double complex.
As a result, tot*Hom((—)e,, /*') defines a derived functor

RHom(—,I*) : Dy (Mody)°? —— D" (Modr)

which satisfies RIHom (M, I®) = Ext?(M,A) for all M € Mody by definition.
Further, it comes equipped with a Grothendieck spectral sequence

(2.5.1) EDY: RPHom(H,(—),I*) = RPTHom(—, I*).

We want to show that RHom(—, I*) is independent of the choice of the injective
resolution 0 — A — I® on the full subcategory

Digb (MOdF)

of Dy(Modr) given by all complexes Cy with H,C, finitely generated as an abelian
group for all ¢ and trivial for all ¢ > 0. First, we need the following
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2.5.1 Lemma. Any complex in Dfﬁb(ModF) is quasi-isomorphic to a complex
which is degreewise free and finitely generated as an abelian group.

Proof: First assume that C, is already degreewise finitely generated, say Cj is
generated by ag1,...,aqy,. Since each Cy is a discrete I'-module, we may assume
that each of these sets of generators is already closed under the I'-action. Define

Foq = Zlag;,dagi1j|1 <i<rg,1<j<rgp] —=Cq

as the canonical I'-equivariant map to C,. Mapping each aq; to day; and each
dag41,; to zero gives well defined differentials

dg : Foq > Fo g1
i.e., we get a morphism of complexes
F07. E—— C. .

By defining F} 4 as the kernel of Fy , — C; and by setting F, ; = 0 for p > 1 this
extends to a morphism of double complexes

F,

_—
®1,011 C1.1

inducing isomorphisms on HII)H ;I(—). Thus

tote (F

‘1,011) —C,

is a quasi-isomorphism with tote(Fe, e, ) degreewise free and finitely generated as
an abelian group.

It remains to show that an arbitrary Co € D%b(MF) is quasi-isomorphic to
a complex degreewise finitely generated. By replacing C, with the truncation
T<nCe for n > 0 we may assume that C, is trivial for all ¢ > 0.

The homology H,C, is finitely generated in each degree ¢q. Thus, we may find
a Modp-subcomplex

D£0)<—> Co

which is degreewise finitely generated and which induces epimorphisms on homol-
(0)

ogy in each degree. Say De’ — C, factors over a degreewise finitely generated
Modr-subcomplex

Dsn)c—) Co
which induces epimorphisms on homology in each degree and even isomorphisms
in degrees < n.

We want to find another degreewise finitely generated subcomplex DS"H) of C,
inducing epimorphisms on homology in each degree and isomorphisms in degrees
< n. Denote by E,, the kernel of the epimorphism

ker(d, : DS — D™,) —~ H, D" .

T

HnC.
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It is a finitely generated Modp-submodule of D™ and lies inside dp+1Cry1 by
definition. Thus, there is a finitely generated Modp-submodule F,4; inside Ch41
s.t.

E, =dyt1Fns1.

We set D((InH) = D[(]n) for g #n+1 and Dgfll) the I'-submodule of C), 1 gener-

ated by the finitely generated submodules D,(ﬁgl and F,11. It follows that DS"H)

is still a degreewise finitely generated subcomplex of Cy inducing epimorphisms
on homology in each degree but isomorphisms in all degrees < n.

By assumption Cj is trivial for all ¢ > 0, i.e. this construction becomes sta-
tionary after finitely many steps. In particular,

Dsn)c—) Co

is a quasi-isomorphism for all n > 0, which completes the proof. O

Using this we get:

2.5.2 Corollary. The restriction of RHom(—, I°®) to D%b(ModF) is independent
of the choice of the injective resolution 0 — A — I*. Thus we get

RHom(—, A) : D' (Mody)*? — D*(Mody),

functorial in the discrete I'-module A.

Proof: Let Cy € Chy(Mody) be a complex with bounded and degreewise finitely
generated homology as abelian groups. By Lem. 2.5.1 and the Grothendieck
spectral sequence (2.5.1) we may assume that C, is degreewise free and finitely
generated as an abelian group. But then

@(Cpf —-) = Homﬁ(cp, -)

is exact and thus
tOt.HOirn(COH’ (_).I)

preserves quasi-isomorphisms by the second spectral sequence of a double com-
plex, which finishes the proof. a

Composing the induced functor on ind-categories
(ProD4 (Mody))°? — IndD* (Mody)
with the exact functor
colim : IndD*(Mody) —— D (Mody)
gives a functor

(2.5.2) RHom(—,I°) : (ProD, (Mody))® — D+ (Mody) ,
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whose restriction to the full subcategory (ProDigb(ModF))‘)p is independent from
the injective resolution 0 — A — I*® and functorial in A. Let

(ProD (Modr))sgp

be the full subcategory of ProD, (Mody) give by (pro-)complexes being quasi-
isomorphic in the pro-sense (i.e., connected by a roof of quasi-isomorphisms in
the pro-sense) to an object in PronEb(ModF).

2.5.3 Corollary. RHom(—, I®) maps quasi-isomorphisms in the pro-sense to
quasi-isomorphisms. Thus, the restriction of RHom(—, I*®) to (ProD4(Modr))sen
is independent from the choice of the injective resolution 0 — A — I* and we get

RHom(—, A) = (ProDy(Mody))py, — DF (Mody),

functorial in the discrete I'-module A.

Proof: The Grothendieck spectral sequence (2.5.1) induces a functor from the
ind-category (ProDy(Mody))°P to the ind-category of spectral sequences in Ab.
Since the canonical functor

Func(Z, Ab) —— IndAb

for a small filtered category I is exact (the dual statement holds by [AM69]
Appendix Prop. 4.1), we get a canonical functor from the ind-category of spectral
sequences in Ab to the category of spectral sequences in IndAb. Composition with
the functor induced by the exact functor colim(—) thus gives a spectral sequence
of abelian groups

EDY: RPHom(H,C,, I*) = RPT9Hom(C,, I°).

natural in the (pro-)complex C,. Here RPHom(—, I*) is just the induced functor
(2.5.2) composed with HP(—). Thus, any quasi-isomorphism of (pro-)complexes
induces an isomorphism between these spectral sequences. In particular, quasi-
isomorphic (pro-)complexes have quasi-isomorphic images under RHom(—, I*®),
which completes the proof. O

2.5.4 Remark. For an arbitrary (pro-)chain complex Co = {C,(7)}; in the pro-
derived category ProDy(Mod) we define the (pro-)chain complex

Ct = {7<nCu(D) Yim>0

in ProDy(Modr). Note that there is a canonical natural quasi-isomorphism in
the pro-sense

C, ——=Ct.

Let X be a geometrically unibranched, geometrically irreducible k-variety of
Cech type. Again, we just write X for X?x pr ET in ProH(SSetsy). Recall that we
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defined X as the object in ProH (SSetsr) given by the functor mapping an étale hy-
percovering . € HR(X) a la [AM69] to the set of Zariski connected components
mo(4. @1 k) in H(SSetsyr). Then X is weakly equivalent to X in ProH(SSetsy),
i.e., Co(X) is quasi-isomorphic in the pro-sense to Cy(X). Now mo (U @k k) is
levelw1se finite since il. is levelwise of finite type In particular, C, (%) lies in
ProD'"(Mody). But then both Ca(X) and Co(X) lie in (ProD; (Modr))tgp-

Now RHom(Co(X),A) is quasi-isomorphic to the colimit over HR(X) of the
total complex of Homap(Cey, (X), I*): Indeed, Co(X) is degreewise finitely gener-
ated, so Hom(Cy(X), —) is just Homap,(Ce(X), —). But as in the last subsection,
this colimit is quasi-isomorphic to C*(X;A). Thus, taking everything together,
we get:

2.5.5 Corollary. Let X be a geometrically unibranched and geometrically irre-
ducible k-variety of Cech type. Then the complex Cy(X" x gr ET') lies in the full
subcategory (ProD,(Modr))sep. In particular,

RHom(Cy (X% x gr ET), A)

is well defined and natural in A € Modp. Further, RHom(Cy(X" x g ET'), A) is
quasi-isomorphic to C*(X* xgr ET, A) in D+ (Mody).

2.6 Eilenberg-MacLane spaces in the pro-homotopy category of sim-
plicial discrete I'-sets. In this subsection we want to prove that in some
sense cohomology of k-varieties with coefficients A € Mody is representable in
ProH (SSetsr):

2.6.1 Lemma. Let X be a geometrically unibranched, geometrically irreducible
k-variety of Cech type and A a discrete I'-module. Then

[Xu xpr ET, K(A7 n)]Pro’H(SSetsF) - Hn(Xv A)

Proof: First, let C, be an arbitrary complex in Chy (Mody). Further, let I® be an
exact and degreewise injective complex in Ch*™(Mod). Then tot®*Hom(C,,,, I*")
is still exact, since Hom(C), —) is left exact. Thus we get the derived functor

RHom(C,, —) : D (Modp) — D (Mody) .

By construction, RHom(D,, —)(A) agrees with RHom(—, A)(D,) for any D, in
the full triangulated subcategory Dﬁfb(ModF).

Now let I* be any degreewise injective complex in Ch*(Mody). Any Cy sits in
a resolution

0 R F C, 0

in Modp with F; free as an abelian group. But we have already seen that
Hom(—, I?) is exact and Hom(F}, I?) is H%(T; —)-acyclic since Hom(F}, —) is right
adjoint to the exact functor (—) ®z F;. Thus, Hom(Cy, I?) is H°(T; —)-acyclic
for all p, g, i.e., tot*Hom(Cs,, I*7) is degreewise H°(I'; —)-acyclic. In particular,

RH®(I'; —) o RHom(C,, —) = RHomyod,. (Ce, —)
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holds by [KS06] Prop. 10.3.5 and we get a Grothendieck spectral sequence (the
local-to-global spectral sequence)

ED?: HP(I'; R"Hom(C,, —)) = RPT7Homped,. (Ce, —).

Let Co be a (pro-)complex in (ProDy(Modr))f,. Summing up and arguing as
in the proofs of Cor. 2.5.3 we get a spectral sequence

(2.6.1) EPY . HP(; R%Hom(C,, A)) = RP*"Homygoq,. (Co, A),
where R?Hom(—, A) is the induced functor

(ProD, (Modr))se, —> D+ (Modyr)

of the preceding subsection and R?Homyeq,.(—, A) is the colimit of the respec-
tive derived functor applied levelwise. Again, just write X for X% xpgp ET
in ProH(SSets). For Cy = Co(X), this is just the hypercohomology spectral
sequence H3*(C*(X,A)) (use Cor. 2.5.5), which in turn is isomorphic to the
Hochschild-Serre spectral sequence HS®(X; A) by Prop. 2.4.1. As a result,

HY(X;A) = Rqummr(C.(X), A).
But the latter group is just
[Xa K(A7 Q)]Pro’H(SSetsF)

by [Goe95] Lem. 3.13, which completes the proof. O

Taking limits, we get for pro-Eilenberg-MacLane spaces:

2.6.2 Corollary. Let X be a geometrically unibranched and geometrically ir-
reducible k-variety of Cech type and A in Pro(Mody) a pro-discrete T-module.
Then

[X® xgr ET, K (A, n)]pro(ssets) = lim H"(X; A).

2.6.3 Notation. For a cohomology class a in lim H"(X; A) let
Pa * X— K(Av n)
be the corresponding morphism in ProH(SSetsr).

Combining [Goe95] Lem. 3.13 with the local-to-global spectral sequence (2.6.1)
and Lem. 2.5.3 we get the following corollary:

2.6.4 Corollary. Let A be a pro-discrete I'-module and let f : X — ) in
ProH(SSetsp) be a weak equivalence in the pro-sense. Further, assume that

Hy(X) and Hy () are finitely generated as abelian groups in each degree q. Then

[fa K(A? n)]PI‘O’H(MF)

is an isomorphisms between abelian groups.
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3 Why it is hard to distinguish étale homotopy types
of Brauer-Severi varieties

Let k be a field of characteristic 0. In this section, we want to discuss some of
the more easily accessible homotopy invariants of Brauer-Severi varieties.

As an example, cohomology with locally constant coefficients can distinguish
between two (Brauer-Severi) varieties of different dimension:

3.0.1 Remark. Let X be a geometrically unibranched and geometrically irre-
ducible proper k-variety of Cech-type. Then the étale homotopy type can detect
the dimension of X: Indeed, by the derived base change of Prop. 2.3.10, the étale
homotopy type of X can detect the cohomological dimension of the small étale
site (X ®g k)e. This cohomological dimension is always < 2dim(X) by [SGA73]
Exp. X Cor. 4.3. But since X is moreover proper, it is exactly 2dim(X), e.g., by
[Mil80] Chapt. VI Lem. 11.3.

Yet, it turns out that many of the more easily accessible homotopy invariants of
k-varieties can not distinguish between non isomorphic Brauer-Severi varieties of
the same dimension, e.g. it will turn out, that over fields of cohomological dimen-
sion < 2 étale cohomology with locally constant coefficients can not distinguish
between different Brauer-Severi curves at all (see Cor. 3.3.5 below).

3.1 (Galois representations on geometric homotopy invariants. Let X
be a Brauer-Severi variety over k. The multiplicative structure on the graded
f-adic cohomology ring

HY(X,Z) = €D H*(X @ k; Ze(q))
920

is compatible with the Galois action (the integral Tate realization of the motive
of X). As a ring, it is generated by ¢1[Ox(1)] and T' acts trivially on

Pic(X ® k) = Z,

i.e. the Galois structure on H}.(X, Zy) is trivial. It follows, that ¢-adic cohomology
can not distinguish between two Brauer-Severi varieties of the same dimension.

In this subsection we will show that this is true for all I'-representations on
geometric homotopy invariants (as e.g. higher homotopy groups): By a geometric
homotopy invariant we mean a functor

Varp —C

factoring over the homotopy category H(ProSSets). Composition with base ex-
tension along k/k induces an abstract I'-representation

Var, — C.

factoring over the functor mapping a k-variety X to the geometric étale homotopy
type of X (i.e. the étale homotopy type of X ®j k) together with the induced
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I-action as a I-object in H(ProSSets). We will show that two Brauer-Severi
varieties of the same dimension have isomorphic geometric étale homotopy types
in the category H(ProSSets)r of I'-objects in H(ProSSets) (one can see this as
the universal I'-representations on a geometric homotopy invariant).

First we need a few more technicalities:

3.1.1 Lemma. Let X be a geometrically unibranched proper and simply con-
nected k-variety and let Y be any normal k-variety. Then the canonical map

Et(X x V) — Et(X) x Et(Y)
is a weak equivalence in ProSSets.

Proof: The morphism induced on 7, by our canonical morphism sits in the
commutative diagram

T Bt(X x Y)

T

T Bt(X) x mEt(Y)

/

T (Et(X) x Et(Y))

and it suffices to show that the other two morphisms in the diagram are isomor-
phisms.

First, note that all the occurring homotopy groups are already profinite com-
plete: This follows from [Gro65] Prop. 16.15.10 and Thm. 1.3.1 since X resp. Y
is geometrically unibranched resp. normal.

For m,Bt(X x Y) — 7,Et(X) x 7,Et(Y) we argue as follows: Denote by F,
the fibre of the projection X x Y — Y over y € Y (). Thus, the canonical map
from F, to X is just the projection

X®,§CQ*>X,

which induces isomorphisms on each m,(—) since X is proper (see [AM69] Cor.
12.12). In particular, F}, is simply connected. Further,

pry : X XY —Y
is proper and thus, from [Fri73] Cor. 4.8 we get the exact sequence

pr
o g1 (V) —— 7y (F) ——= (X X Y) — > 7, (V) —— ...

l Prx

g (X)
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The above isomorphism 74(F}) = my(X) together with the map induced by pry
gives a (left-) splitting of the canonical map

mg(Fy) —=mg(X X Y),

i.e.,
T Bt (X X Y) — mBt(X) x 7, Et(Y)

is an isomorphism.

For the isomorphism 7, (Et(X) x Et(Y)) — m,Et(X) x m,Et(Y), note that the
composition of the geometric realization | — | as functor SSets — Kel (where Kel
denotes the full subcategory of Top consisting of Kelley spaces) with the singular
functor Sing.(—) gives a functorial fibrant replacement in SSets preserving finite
limits (see [GZ67] Chap. III the Thm. in Sect. 3.1). Thus, we may replace Et(X)
and Et(Y) by levelwise fibrant models and can argue similar to the above using
the homotopy sequence of a fibration in SSets. O

3.1.2 Lemma. Let Y be a non empty irreducible k-variety. Then the canonical
map
Y(k) - [ET, Y]’H(ProSSetS)

is trivial.
3.1.3 Remark. Note that the claim is trivial, if we replace the homotopy cate-

gory H(ProSSets) with the pro-homotopy category ProH (SSets): Indeed, in the
latter case we have

[pt7 Q.j]ProH(SSets) = lim 770(@)7
which is trivial for 2) =Y by assumption. For a fibrant pro-simplicial set 9),
[pt, D]as(Prossets) = mo(lim Q)

and more generally for %) not necessarily fibrant, at least

[P, D] 2(Prossets) = mo(holim Q)

by [Isa01] Prop. 8.4. But 7y does not preserve (even cofiltered) limits in general.

Thus, the difficulty of the lemma lies in the difference between my(holim9))
and lim 7((2)), which can be made more precise for ) levelwise fibrant using the
spectral sequence

EP? =limP m_4(Y) = 7_(p4q)(holim Q)

(with differentials in the usual directions!) in the case of complete convergence
(see [BK72] Chapt. XI 7.1). Unfortunately, the m part lies on the “fringed” line
of this spectral sequence, so we will avoid using this spectral sequence and make
explicit computations with suitable models of Y instead.
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Proof: Since Y is connected and quasi-compact, any two k-points ¢’ and y”
can be connected via a finite chain of open affine subschemes. Thus, we may
even assume that g and y” factor over an open affine irreducible subscheme.
Replacing Y by the normalization of this open affine, we may assume that Y is
even geometrically unibranched and of Cech type. In particular, we may work
with the Cech topological type C(Y/k).

Denote by S.(—, —) the mapping space functor of SSets. The canonical map

Homprogsets (pt, C(Y/k)) —— [pt, CY/k)l(prossets)

factors over the set of homotopy classes of maps 7o (lim S.(pt, C(Y/k))). Thus, a
splitting of the canonical weak equivalence ET' — pt gives a factorization:

Y

[EF, Y]’H(Prow)

(
——
mo(lim S.(pt, C(Y/k)))

But mo(lim S.(pt, C(Y/k))) is just mo(lim C(Y/k)) so it suffices to show that the
limit of C(Y/k) is a connected simplicial set.
First, note that
4
mo(A.) :=colim{ A; —___ Ap }.
di

We get that mo(C(Y/k)) is levelwise trivial: Indeed, since Y is connected and
geometrically unibranched, for arbitrary v/, 3" € Y (k/k) and U € RC(Y/k) there
are points ¥ = yo,y1,...,yn = y" s.t. Uy, ®y Uy, is nonempty for all i. Further,
the system C(Y/k) is constant Y (k/k) in degree 0, so we are done if we can show
that lim C(Y/k); — mo(coski U); is surjective for any rigid covering U of Y/k.
We have to show that for any refinement U — V in RC(Y/k) the induced map

7T0(U Xy U) 4>7T0(V Xy V)

is surjective. Since Y is geometrically unibranched by assumption, all components
of U — V are dominant. But the composition of dominant morphisms as well
as the base change of a dominant morphism along an étale hence flat morphism
stays dominant, so

U Xy U——V Xy Vv

is dominant and thus mo(U xy U) — mo(V xy V) surjective. O

Taking together the last two lemmata we can prove:

3.1.4 Corollary. Let G be a connected, quasi-projective group scheme over k.
Let i : X xG — X be a proper, simply connected and geometrically unibranched

G-space in Varj. Then the induced G(k)-action on X is trivial in H(ProSSets).
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Proof: Recall that the G(k)-action on X is given by

X = X xSpec(k) L x Gt x
\‘——'//
(=)-g

for ¢ € G(k). As a connected, quasi-projective group scheme, G is smooth and
hence normal. By Lem. 3.1.1, application of Et(—) gives

Ft(X) = Ft(X x Spec(k)) 20D fiy(x x @)

Et(X) x Et(l%)im)]@t(X) x Bt(Q)

P e x

Now Et(g) equals Et(1) by Lem. 3.1.2, so the claim follows. O

The composition of the canonical functor ProSSets — ProH(SSets) with the
functorial Postnikov tower (—) & la [AM69] maps weak equivalences to isomor-
phisms (see Cor 1.5.12), i.e., factors over the homotopy category H(ProSSets).
In particular we get:

3.1.5 Corollary. The PGL,,1(k)-action on P™ resp. on (P")? is trivial in the
homotopy category H(ProSSets) resp. in ProH (SSets).

Let X be a Brauer-Severi variety over k of dimension n. Two trivializations
f,g: X —=P"
over k differ by the element h = gf~! in PGL,;1(k). It follows from the last
corollary that they agree in H(ProSSets) and thus define a canonical isomorphism
in H(ProSSets). But for any such trivialization f and v € T, the translate

v o fo~~!is another such trivialization, so our canonical isomorphism is even
I'-equivariant. Thus we have proven:

3.1.6 Proposition. Let X,Y be two Brauer-Severi varieties over k of the same
dimension. Then the induced I'-objects in the homotopy category H(ProSSets)
are canonical isomorphic in H(ProSSets)r. In particular, all Galois representa-
tions on geometric homotopy invariants of X and Y (e.g., {-adic cohomology,
higher homotopy groups, ...) are canonically isomorphic.

As we will see in the next subsections, at least for Brauer-Severi curves over
characteristic 0 fields of cohomological dimension 2 the situation is even worse:
Not only do the I-modules H®*(X;A) for A € Mod turn out to be independent
from the Brauer-Severi curve X, but also the much finer datum of the underling
complex C*(X;A) in the derived category D’(Mody). Note the difference to the
much more crude invariant of the corresponding complex C*(X; A) in the derived
category D(Ab)r (of which we already know by the last proposition that it can
not distinguish between different Brauer-Severi varieties of the same dimension):
An isomorphism between the much finer invariant C*((—) ®3, k; A) in D°(Mody)
e.g. induces an isomorphism of Hochschild-Serre spectral sequences and thus even
an isomorphism on the cohomology H®(—; A).
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3.2 (Quasi) homology fixed points. Let k be a field of characteristic 0
with absolute Galois group I' and let X be an arbitrary k-variety. As above, we
write just X for X% x gr ET in Pro#(SSetsy).

3.2.1 Definition. Denote by
/ . Co(X® xpr ET) ——= Co(ET) =7

the morphism induced by the canonical map X — BI'. We call a (right-) splitting
of [ in ProDy(Modr) a homology fixed point of X. We call a (right-) splitting
up to quasi-isomorphisms in the pro-sense in ProD,(Mody) | Co(ET) a quasi
homology fixed point.

3.2.2 Remark. If the focus of our interest is the cohomology of X, a quasi
homology fixed point is as good as a homology fixed point: Indeed, RHom(—, A)
maps quasi-isomorphisms in the pro-sense to quasi-isomorphisms in D (Mody)
by Cor. 2.5.3.

As usually, we study the set of morphisms [Ce(ET), Ce]prop, (Mod,.) for a (pro-)
chain complex Cy € ProDy(Mody) by looking at the limit of the (pro-)Galois-
hypercohomology of the (pro-)cochain complex C_, in ProD?(Mody). In abuse
of notation, we still write C, for that cochain complex. Now a (right-) splitting
of a map Cy — Co(ET") corresponds to a lift of the element 1 in the target of the
induced map

lim H(T; Ca) — lim H°(T'; C4(ET)) = Z.

A quasi-isomorphism in the pro-sense induces an isomorphism on (pro-)Galois-
hypercohomology groups H®(I'; —): Indeed, the induced (pro-) hypercohomol-
ogy spectral sequences induces spectral sequences in ProAb still computing the
pro-Galois-hypercohomology groups (cf. the spectral sequence in the proof of
Cor. 2.5.3 for the dual case). But any quasi-isomorphism in the pro-sense in
Pron(MF) induces an isomorphism between the latter spectral sequences.
Thus we get:

3.2.3 Lemma. A geometrically unibranched k-variety X has a quasi homology
fixed point if and only if the canonical map

/ : limHY(T; Co (X® x pr ET)F) —— limHO(T'; Co(ET)) = 7Z

*

is an epimorphism. If ¢d(T") < oo this in turn is equivalent to the surjectivity of
the canonical map

lim HO(T; 7<,,Co (X* x gr ET)) — lim HO(T'; C4 (ET))

for any n > cd(I') (here 7<;,, means the truncation in D, (Modyr) in contrast to
the truncation 7<" in D (Mody)).
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3.2.4 Notation. We call a class 5 in imH(I'; Co(X)?) satisfying [, 5 = 1 the
class of a quasi homology fixed point or just quasi homology fixed point.
We denote the set of all quasi homology fixed points of X by

HO(FS CO(X)ﬁ>f*:1-

In abuse of notation, we denote the set of all homology fixed points of X

by )
H()(F; CO(X))f*zl'

Denote the (pro-) hypercohomology spectral sequence H3* (Co (X% x pr ET)?) by
H$*(X) and similar for other I'-equivariant pro-homotopy types in ProH (SSetsr).
In abuse of notation, we denote the induced spectral sequence in ProAb comput-
ing the (pro-) hypercohomology groups by Hy®*(X), as well and similar for other
I-equivariant pro-homotopy types in ProH (SSetsr).

For the remaining section, suppose c¢d(I') < 2. Consider the induced map of
spectral sequences

/ : HY*(X) — H*(BI) .

To see that a geometrically unibranched k-variety X has a quasi homology fixed
point we have to show that this map is an epimorphism on the limits of the
abutments. To do this, we may as well replace X by the weakly equivalent
T"-equivariant pro-homotopy type X given by the functor

@(Xét) _— H(SSGtSF>

mapping a hypercovering {. — X to the Zariski connected components of the
hypercovering . ®j, k. By the proof of Thm. 1.3.1 our replacement X enjoys the

advantage of levelwise finite homotopy groups 74(X) on the nose. Thus, for ¢ > 0
the homology groups H,(X) are levelwise finite on the nose by [Ser53] Chap. III
Thm. 1. Using this replacement, we work with the level representation of the

induced pro-spectral sequence H®(X). Now
H°(T'; Co(ET)) = H3(BT') = H(T; Ho(ET))

since ET ~ pt. In particular H*(I'; C4([)) factors over HY (X).

Suppose that X is simply connected. For a hypercovering i{. — X the fun-
damental group Wiimpl(wgar(ﬂ. ®y k)) classifies étale coverings of X, trivial over
o ®p k. Thus, this fundamental group has to be trivial, i.e., X is even levelwise
simply connected. In particular, H?(T;73P(X)) is even levelwise trivial on the
nose. Further, H,(X) for ¢ > 0 are levelwise finite and cd(T") < 2, so for ¢ > 2
HIY(T; Hy(X)) is levelwise trivial on the nose, as well.

Thus, we get that Ho (X) equals HO(T'; Ho(X)). In particular, we get that
our map H(I'; Co(X)¥) — Z is at least isomorphic to the canonical levelwise
surjection

(3.2.1) HO(T; Co (X)) —= HL(X) .

We apply this to prove the following proposition:
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3.2.5 Proposition. Let k be a field of characteristic 0 and cohomological di-
mension < 2 and let X be geometrically unibranched and geometrically simply
connected proper k-variety. Then X has a quasi homology fixed point.

Proof: We have to show that the limit of the map of pro-abelian groups
/ . HOT; Co (X)) ——Z

is an epimorphism. As we have just seen, this is equivalent to the surjectivity of
the limit over the canonical levelwise surjection (3.2.1). Thus, we are done if we
can show that the kernel of the map (3.2.1) is a Mittag-Leffler system.
First, note that
Hy () =Hy ™ (%)

is trivial, since X is levelwise simply connected and Hg(i") levelwise finite. Fur-
ther, 3 } .
HE2(X) = Hy ™ (X) = H(L; Hy(X)).

Indeed, H°(T; 72P(X)) vanishes again since X is levelwise simply connected and
HY(T; H3(X)) vanishes since cd(I') < 2. For the same reason plus the levelwise
finiteness of H3(X)

HE (%) = HF (%)

vanishes for ¢ > 2, as well. Hence
0 —> H2(T; Hy(X)) — HO(T; Co (X)F) — H2(X) — 0

is levelwise exact, i.e. it suffices to see that H?(T; Hy(X)) is isomorphic to a
Mittag-Leffler pro-system. To do this, we may again replace H2(T'; Hy(X)) by
the isomorphic original pro-system H?(T'; Hy(X)).

We claim that H(X) is the profinite completion of a finitely generated group.
As X can be defined over a finitely generated field extension over Q, it can be
defined over C, as well. Combining this with [AM69] Cor. 12.12, we may assume
that k& is C. As X?" is a compact topological manifold, Hs(X?") is finitely
generated and our claim follows by Lem. 3.2.6 below applied to the profinite
completion X*" — X (see Thm. 1.3.5).

Profinite completion is a left adjoint and thus preserves colimits. In particular,
we can write Hy(X) as a system with surjective transition maps. But cd(T") < 2,
so H%(T;—) is right exact on torsion modules. Thus, H?(['; H2(X)) can still
be written as a system with surjective transition maps, i.e., is a Mittag-Leffler

system, which completes the proof. O

3.2.6 Lemma. Let X be a pro-homotopy type in ProH (SSets,). Then H,(X")
is profinite for ¢ > 0 and the map Hy(X) — H,(X") induced by the profinite
completion of pro-homotopy types X — X’ is the profinite completion of pro-
groups.

72



Proof: We may assume that each level of X" has finite homotopy groups. We
claim that any connected simplicial set A. having this property has finite homol-
ogy Hy(A.) in degrees ¢ > 0 (in particular, H,(X") is profinite in these degrees).
If A. is simply connected, this follows from [Ser53] Chap. III Thm. 1. Thus, for
A. not necessary simply connected at least the universal covering space A. has
finite homology Hq(fl.) in degrees ¢ > 0. But then the Serre spectral sequence

E}, = Hy(m(A. a), Hy(A.)) = Hypq(A.)

together with the finiteness of higher homology of finite groups with finitely
generated coefficients (see e.g. [Wei94] Cor. 6.5.10) give the claim.

We have a canonical isomorphism H9(A.;Q/Z) — Homay(Hy(A.),Q/Z) for
any simplicial set A. by the universal coefficients theorem ((@/Z is injective in
ADb). The profinite completion X — X" induces the commutative diagram

H(X";Q/Z) — Hompyoan(Hy(X"), Q/Z)

| |

H%(%;Q/Z) —=— Hompyoan(Hy(X), Q/Z)

where the left vertical map is an isomorphism by Thm. 1.1.8. Now H,(X") is
profinite by the above, so its Pontryagin dual Hompy,, Ab(H (X"),Q/Z) is torsion.
Thus, each o € Hompyoan(Hy(X),Q/Z) factors over LZ/Z for suitable n # 0. As
a result

Hompoan(Hy(X), Q/Z) = colim, Hompyoan(Hy(X), 2Z/Z)
= colim, Homp,an(H, (%)A,%Z/Z) )
- HomProAb( ( ) Q/Z)

ie., Hy(X)" — Hy(X") induces an isomorphism of Pontryagin duals, i.e., is itself
an isomorphism of profinite abelian groups. O

3.3 Quasi homology fixed points of Brauer-Severi varieties. We apply
Prop. 3.2.5 to Brauer-Severi varieties. All the statements of this sections are
trivial for c¢d(I') < 2 (since the Brauer group Br(k) is trivial in this case), so we
assume cd(I") = 2.

3.3.1 Corollary. Let k be a field of characteristic 0 and cohomological dimension
2. Then every Brauer-Severi variety over k admits a quasi homology fixed point.

In the case of Brauer-Severi curves we get even more. Note that the pullback
along X — BT for X a Brauer-Severi variety induces an equivalence between
Modr and the category of local systems on X.

3.3.2 Theorem. Let k be a field of characteristic 0 and cohomological dimension
2. Let X andY be two Brauer-Severi curves over k and let A be a I'-module. Then
we get an isomorphism

C*(X;\) ~C*(Y;A)
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in the derived category D (Mody) which agrees in D¥ (Ab)r with the canonical
isomorphism given by any Varg-isomorphism X =Y (see Prop. 3.1.6).

Before we give the proof, we need another technical lemma:

3.3.3 Lemma. Let X and ) be two objects in ProH (SSetsp) with restX and
rest) profinite complete. Further, assume that there is a T'-equivariant isomor-
phism of pro-abelian groups

rest H,, (X) 22 rest H,, ()

for an n > 0. Then this is even an isomorphism in Pro(Mody). In particular, we
can check if a ProH (SSetsp) morphism

[ X—9
induces isomorphism on higher homology pro-groups after forgetting the I'-action.

Proof: By assumption, we even have an isomorphism res:H,,(X) = resi H,,())
in (Pro&ﬁn)p. Pontryagin duality applied twice gives the commutative diagram
of functors

Pro(Modi®) —*2 (ProAbfin)p,

Mod%ors can (@tors)lﬂ

where the lower horizontal arrow is the canonical full embedding of torsion dis-
crete ['-modules in arbitrary torsion I'-modules. In particular, the upper hori-
zontal arrow is a full embedding, as well. But the Pontryagin dual of H,,(X) resp.
H,(2) is just H"(X;Q/Z) resp. H"();Q/Z) and thus already lies in Mod}®"®,
which completes the proof. O

Proof of Thm. 3.3.2: X has a quasi homology fixed point by the Cor. 3.3.1,
i.e., we get a ProDy (Mody)-morphism

72 Co(ET) —= 7<2Ce(X)

by Lem. 3.2.3. The induced morphism is an isomorphism on the Oth homology
and is trivial on all higher (pro-)homologie groups. The canonical morphism

7>27<2Ce(X) — 7<2Ce(X)

induces an isomorphism on the 2nd homology and is trivial on all the other
homologie (pro-)groups. Further, by Prop. 3.1.6 any choice of a Varz-isomorphism

Xepk2P ok
gives a canonical isomorphism

Hy(X) = Ho(X @p k) —= Ho(P" @1 k) = Z(1)
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in (ProAb™)r. Thus, Hy(X) is even canonical isomorphic to Z(1) in Pro(Mody)
by Lem. 3.3.3, i.e. in ProD; (Mody) we get

T227<2Ce(X) = Z(1)[-2].
All in all we have a zig-zag

(3.3.1) Co(ET) ® T7<2752Ce(X)

7<2Ce(X) Z® Z(1)[-2]

in ProD, (Modr) which induces isomorphisms on all the (pro-) homology groups
(it induces even an isomorphism in ProDy(Modr) by Rem. 3.3.4 below - but we
will not need this). Clearly we get a similar zig-zag for Y as well.

In terms of Galois-hypercohomology the forgetful map on Hom-sets is just the
restriction map from I' to the trivial group:

[C.(ET), TSQC. (X)]PTOD-»-(MF) —— lim HO(F; TSQC.(X))
i lresF
1

[C.(EF), TSQCO(X)](ProDJF(@))F ——lim Ho(l, TSQC.(X))

Now HO(1,7<3Cy(X)) is isomorphic to the ES’-term in the hypercohomology
spectral sequence and thus there is a unique (right-) splitting of the canonical
morphism

TSQC. (X) —_— C.(EF)

in ProD; (Ab). In particular this splitting is even I'-equivariant and coincides
with the (ProD, (Ab))r-morphism induced by any choice of a quasi homology
fixed point of X. All in all we get that all choices of quasi homology fixed points
of X and Y are compatible in (ProD,(Ab))r with the canonical isomorphism
given by any choice of a Varz-isomorphism X ®; k =Y ®; k. A consequence of
this is that the above zig-zags of X and Y are compatible with this canonical
isomorphism as well.

The above zig-zags lie in the full subcategory (ProD.(Modr))gh and their
right ends are independent from X resp. Y. Thus we get an isomorphism be-
tween C*(X;A) and C*(Y;A) in D(Mody) by Cor. 2.5.3 and Cor. 2.5.5 (the
truncation 7<2C,(X) is quasi-isomorphic in the pro-sense to Ce(X) and similar
for V). Further, the last constructions are compatible with the forgetful functor

ProD; (Modp) — (ProD4 (Ab))r

resp.
D* (Mody) —> D+ (Ab)r

and our zig-zags are compatible in (ProD; (Ab))r with our canonical isomorphism
given by Lem. 3.1.6. As a result our D+ (Mody)-isomorphism

C*(X;\) ~C*(Y;A)
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agrees in ProD™(Ab)r with the canonical isomorphism induced by any Varj-
isomorphism B B
XRk=Z2Y Qi k

(see Prop. 3.1.6), which completes the proof. O

3.3.4 Remark. It follows from Lem. 4.3.4 below, that X is is_omorphic to a suit-
able levelwise simply connected pro-simplicial discrete I'-set X in ProH (SSetsy).
It follows that

C.(ET) ) TZQTSQC. (%) — TSQC. (%)

is even an isomorphism in ProD, (Mody). As a result, the analog zig-zag for X
isomorphic to (3.3.1) is even a ProDy(Mod)-isomorphism, i.e.

reaCo(X) 2 2.6 2(1)[-2].
By Prop. 2.4.1 we get:

3.3.5 Corollary. Let k be a field of characteristic 0 and cohomological dimension
2. Let X and Y be two Brauer-Severi curves over k and let A be a I'-module.
Then we get a canonical isomorphism of Hochschild-Serre spectral sequences

HSS®(X; A) = HS2*(Y; A)

in which the isomorphisms on the Fs-tableau are just the canonical isomorphisms
induced by any Var,-isomorphism X =Y. In Particular H*(X; A) is isomorphic
to H*(Y; A) under H®(k; A).

Proof: Combining Prop. 2.4.1 and Thm. 3.3.2 we get an isomorphism
HS$®*(X;A) 2 HS*(Y;A)

canonical up to the choice of the quasi homology fixed points of X and Y. But
since the isomorphisms on the FEs-tableau are just the canonical isomorphisms
given by any Var,-isomorphism X 22 Y, our isomorphism is independent from
this choice, which completes the proof. O
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4 Homotopy rational points and homotopy or (quasi)
homology fixed points of Brauer-Severi varieties

In this section we want to discuss homotopy rational, fixed and (quasi) homology
fixed points of Brauer-Severi varieties and their connection with rational points.

4.1 Homotopy rational points and homotopy fixed points. Somewhat
similar to a (quasi-) homology fixed points we define homotopy rational points
and homotopy fixed points:

4.1.1 Definition. Let X be a k-variety and X an equivariant pro-homotopy type
in ProH(SSetsr).

(i) A homotopy rational point of X is a morphisms BI' — X in the relative
homotopy category H(ProSSets | BT).

(ii) A homotopy fixed point of X € ProH(SSetsy) is an element of
[pt, %]ProH(SSetsF) = [ETa %]PrOH(SSetsF)‘

(iii) A homotopy fixed point of X is a homotopy fixed point of

X = X% xgr ET.

4.1.2 Remark. In [Goe95] Def. 2.1 Goerss defines a homotopy fixed point func-
tor

(=) : H(SSetsp) — H(SSets) .

Levelwise application induces the homotopy fixed point functor

(=)™ ProH(SSetsp) — ProH,(SSets) .

Unraveling the definitions, one sees that the limit over 7(X"!') is nothing but
[ET, X]proti(ssets;.)» the set of homotopy fixed points of X. Thus, we treat o (X)
as [ET, X]prop(ssets) enriched with the structure of a pro-set.

4.1.3 Remark. The equivariant derived base change in Prop. 2.3.11 induces a
canonical map from homotopy rational points to homotopy fixed points:

[BF, X]H(ProSSetsi,BF) - [ETa X]ProH(SSetsF) :

Further, mapping a pro-homotopy type X € ProH(SSetsp) to the (pro-)chain
complex Cq(X) defines a canonical map from homotopy fixed points to homology
fixed points:

[EF, x]ProH(MF) - HO(F§ Co(%»f*:l .

Finally, (—)ﬁ induces a canonical map from homology fixed points to quasi ho-
mology fixed points:

HO(T; Co(X)) f =1 —HO(I; Co(X)F) f —
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Let us also mention the canonical map of pro-sets
mo(XM) ——HO(I; Co (X)) |

whose limit factors over the canonical map from the set of homotopy fixed points
[ET, X]proti(ssets,) to the set of quasi homology fixed points HO(T; C’.(%)ﬁ)f —1-

4.1.4 Remark. For cd(I') < n and A a (pro-)finite module in Mod there is a
nice description of the canonical map

mo(K (A, n)") ——H°(T; Co (K (A, n))F) .
Note that there is a homotopy fixed point of K(A,n) admitting a model
7: ET —— K(A,n)

in Pro(SSetsy) (e.g., take the actual fixed point corresponding to the zero map
to A]—n]). Using the functorial standard cone in Chy(Mod), we can define the
reduced homology (pro-) chains

Co(K(A,n),7).

The truncation 7<,Ce(K(A,n),7) is canonically levelwise quasi-isomorphic to
the image of K (A, n) under the Dold-Kan correspondence, i.e. we get a canonical
isomorphisms of pointed (pro-)sets

mo( K (A, n)hr, T) = (Home(mr)(Z, Tgné.(K(A, n),7)),0)
= (H(T; Co(K (A, n), 7)), 0)

from the left adjointness of Z[—] and the Dold-Kan correspondence. By the
Galois-hypercohomology sequence of Cy(K (A, n),7)? we get

HO(F; é.(K(A, n)? F)ﬁ) = HO(F; TSnC'O(K(Av n)v F))

Combining this with the long exact sequence linking the hypercohomology of
Co(K (A, n),7)* to the one of Cy(K (A,n))¥, it is not hard to see that

HO(F§ Co(K (A, n))ﬁ) = mo (K (A, n)hrv ) ® HO(F; Co(ET))

and that the map 7o(K (A, n)",7) — HO(T; Co(K (A, n))*) is just id @ 1. In
particular, we get:

[ET7 K(A> n)]ProH(MF) = HO(F; C.(K(A, n))ﬁ)f*:l

Rem. 4.1.4 shows the importance of a model of a homotopy fixed point in
Pro(SSetsp). The existence of such a model is not at all clear for an arbitrary
homotopy fixed point in ProH (SSetsr). The problem is that we work in a pro-
homotopy category instead of a genuine homotopy category. In particular, a map
in such a pro-homotopy category is given by a compatible system of homotopy
commutative diagrams. Since the index category of these compatible systems
usually are infinite, there is no reason for a compatible system of commutative
lifts of these diagrams to exist. Thus, the following simple observation will be
convenient in the following subsection:

78



4.1.5 Remark. Let s € [BI', X](progsets5r) be @ homotopy rational point of a
k-variety X. Replacing X — BI by a fibrant replacement X — BI', we see that
s has a model

s: Bl ——=X

in the model category ProSSets | BI'. In particular, the induced homotopy fixed
point 5 € [ET, X|pro2/(ssets,) has a model

5: FI—=X%

in Pro(SSetsy). See Cor. 4.3.5 below for a refinement of this observation for a
careful choice of the fibrant replacement X — BI" of X moreover a geometrically
simply connected k-variety.

4.1.6 Remark. Let A be a discrete I-module and f : X — Y a morphisms
of geometrically connected and geometrically unibranched k-varieties of Cech
type. Using Lem. 2.6.1, the adjointness properties of both the free abelian group
functor Z[—] and the truncation 7<,(—) for n > ¢ together with the Dold-Kan
correspondence gives the commutative diagram

HI(Y; A) i

HI(X; A)

f*

[}77 K(Aa Q)]PrOH(SSetsF) [Xv K(Aa Q)]ProH(SSetsF)

— f*

[Co(Y), A[=q]pron, (Mody) — [Co(X), A[=4]prop, (Mody)

_ f* _
[C'(Y)ﬁ7 A[_Q]]Propb(mr) - [CO(X)ﬁ7 A[_Q]]Pron(MF)

In particular, any homotopy or (quasi) homology fixed point § induces a (left-)
splitting
s HI(X;AN) ——= HYT;A)

of the canonical map
HI(D; A) —= HI(X; A),

which particularly, is a monomorphism.

Finally, let us also mention the following observation:

4.1.7 Remark. Let A and B be central simple algebras over k. We get the
twisted Segre embedding

SA,B3 XAXXBHXA@)B

between the corresponding Brauer-Severi varieties (cf. [Art82] (4.1)). Consider
the composition

. : n— s 13X (n—3)
diag id* ("2 x5y 4 X (n—2) id* XS 4,402 54,48(n—1)
Xa X" > X X X g@2 ’ '

A A A® e

A®n .
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Since this composition induces maps on homotopy rational points and homotopy
or (quasi) homology fixed points, X qe» has a homotopy rational, homotopy or
(quasi) homology fixed point as soon as X4 has one.

4.2 The first non trivial step of the Postnikov tower and homotopy
fixed points. In this subsection we want to give a I'-equivariant construction
of the first non trivial step in the Postnikov tower of an m-connected (pro-)
simplicial discrete I'-set for m > 1 adapted to a given (model of a) homotopy
fixed point. Note that analogue constructions work for a (model of a) (quasi)
homology fixed point, as well.

4.2.1 Lemma. Let A. be an m-connected and E. a contractible simplicial dis-
crete I'-set in SSetsy for m > 1 together with a model a : E. — A. of a homotopy
fixed point in mo(A.""). Then the canonical map

A. —— cosky+2Ex(A.)

for Ex(—) a functorial fibrant replacement in SSets is isomorphic in H(SSetsr)
to a canonical map

0o A ——= K(Hpi1(Aa),m+1)

functorial in models of homotopy fixed points a : E. — A. such that ¢, 0a factors

over the zero map into K(Hy,4+1(A.,a),m + 1).

Proof: Using the functorial standard construction of a cone in Chy(Mody) (e.g.,
see [GMO03] Chapt. III Sect. 2), we get a distinguished triangle

Co(B.) "> Co(A) —> Cu(A.,a) —> Co(E.)[1]
in Chy (Modr) functorial in morphisms E. — A. (i.e. models of homotopy fixed
points). As usually we identify the category of simplicial discrete I'-modules
with the category of chain complexes in Modp via the Dold-Kan correspondence

(for the classical case see e.g. [GJ99] Chapt. II1.2). We get the composition of
canonical maps

A S0 7]A] —= Cu(A) Co(A.,a)

]

T§m+1c~'.(A., a)

in H(SSetsr). Since A. is m-connected, the truncation
Hypi1 (A a)[=(m + 1)] = Tomi1m<mi1Ce(A., a) —> T<m11Ce(A., a)

is an isomorphism in Di(Mody) by Hurewicz (e.g., see [GJ99] Chapt. III Sect.
3). Let o, be the resulting H(SSetsy)-map

A.—— K(Hpy1(Aya),m+1),
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i.e. the functoriality claim and a*¢, = 0 hold by construction.

Again by Hurewicz, m4(p,) is an isomorphism for all ¢ < m. In particular,
©q 18 a H(SSetsp)-isomorphism for A. an Eilenberg-MacLane space K (m,m + 1).
As A. is m-connected, cosk,,+2Ex(A.) is an Eilenberg-MacLane space. Thus by
functoriality of ¢,, we get a commutative diagram

"

I
o

A. cosky+2Ex(A.)
Soai ‘Pbiﬁ
K(Hpi1(A. a),m+1) — K(Hypi1(coskp s 2Ex(A.),b),m + 1)

in H(SSetsp). The lower horizontal arrow is an isomorphism, which gives the
desired isomorphism between the canonical map A. — cosk,,12Ex(A.) and ¢,.
Od

Let b: E. — A. be a second model of a homotopy fixed point in 7o(A.""). We
get a commutative diagram

(4.2.1)
Tgm_:,_lé.(A.,a) T§m+10.(A.) Tgm_:,_lé.(A.,b)

~ | can. c:= | can. ~ | can.

Tom1T<m+1Cs(A., @) 2% Tom+1T<m+1Ce(A) ?23 Tom+17<m+1Cs(A., D)
a= =

in Dy (Mody). Further, denote by pr, the canonical map A. — pt.

4.2.2 Lemma. Let A. be an m-connected and E. a contractible simplicial dis-
crete I'-set in SSetsp for m < 1 together with two models a,b : E. = A. of
homotopy fixed points in mo(A."). Then we get

5 = (hy 0 hg)u(a) + (pp0aopry).
In particular, @, and @y, are isomorphic via a H(SMod)-morphism, if
a*op =b"p, =0

and we get (hy ). (pp) out of (hg').(pa) via an isomorphic affine linear cohomol-
ogy operation on H™*1(—; H,,11(A.)) with constant a*((hy')«(¢p)) induced by
the canonical map of H™(T'; Hy,41(A.)) into H™ " (—; Hy,41(A.)) in general.

Proof: The second and third claims follow directly from the first claim. It
remains to proof the first claim. Using adjointness properties of both the free
abelian group functor Z[—| and the truncation 7<,,+1(—) together with the Dold-
Kan correspondence translates our problem to the corresponding problem for the
maps in (4.2.1).

First, we claim that

(4.2.2) coh;lop, =id — (aopry)
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holds on 7<;,4+1Ce(A.) in D4 (Mody). To see this, recall the distinguished triangle
7 —"> Cy(A) —= Cu(A., a) —= Z[1]
in Dy (Modr). From this we get the long exact sequence

l—l
Q%

[T<m+1Ce(A.), Zlp, (Mody) — = [T<m+1Ce(A.), T<m+1Ce(A.)] D, (Mody)

J{(%)*
—1 ~
[T<m+1Ce(A.), Z[-1]Ip, (Mod;) = [T<m+1Ce(A.), T<m+1Ce (A., @)]p, (Mody)

:
Now the maps induced by the canonical map pry : A. — pt split the maps
induced by a. Further, note that

HOIHD+ (Modp) (Tgm_'_lc. (A), Z[—l]) = RIHOHIMF (T§m+10. (A), Z)
is trivial: Indeed, this follows from the hypercohomology spectral sequences
EPT = RPHompoq,. (Hy(T<m+1Ce(A.)), Z) = RIT’J“‘]HomMiodF (T<m+1Ce(A.),Z)

since
HOIHD+(MF)(H1 (A), Z) =0

(A. is simply connected so Hi(A.) = 0) and
R'Homyoa, (Ho(A.),Z) = H(I';Z) = 0

(T is profinite and Z torsion free). Summing up we get a direct sum decomposition
of [T§m+1c. (A), T§m+10. (A')]'DJr(MF) into

[T<m+1Ce(A.), Zlp, (Mod,) ® [T<m+1Ce(A.), T<m+1Ce (A, a)p, (Mod, )

via (pry )«®(paq)«. Thus, it suffices to show (4.2.2) after application of (pry )«(—)

resp. (a)e(~).
We start with (pry )«(—): We have the commutative diagram

72m+17—§m+100 (A) e sz_;,_lZ

T§m+1CQ(A-) Pra. 7

and Tsp17Z is trivial, so pry ocohyto g, is trivial. But (pry )«(—) applied to
the right hand side of (4.2.2) is trivial, as well, i.e. (pr )«(—) applied to (4.2.2)
holds.
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On the other hand ¢, o ¢ is just hg, s0 (pq)«(—) applied to the left hand side
of (4.2.2) is just .. But ¢, oa factors over the zero map, so (pg4)«(—) applied to
the right hand side of (4.2.2) is ¢,, as well and (¢,)«(—) applied to (4.2.2) holds.

Using (4.2.2) we finally can compute:

hyohy' oy =pocohy! o,
=ppo(id—(aopry))
=op— (ppoaopry),

which completes the proof of the first claim. O

4.2.3 Remark. There is an alternative way to proof Lem. 4.2.2: Recall that

[A., K(A, n)]m&r) = ]R"HomModF (C. (A), A)

(see [Goe95] Lem. 3.13). Arguing similar as in the proof of Lem. 4.3.1 below
using the hypercohomology spectral sequences

EPY = RPHomyiod,. (Hq(A.), A) = RP 7 Hompoq,, (Ca(A.), A)
we get the direct sum decomposition

[A7 K(A7 n)]H(MF) = [E7 K(A7 n)]H(MF) S3] [A7 K(A7 n)]H(M):

where the projections onto the two summands are given by a* resp. rest(—). Now
it is not hard to see that

res%(hg1 0 Yg) = 1res%(hb_1 o pp)
Indeed, as morphisms in SSets with target K (Hy,+1(A.), m+1), it suffices to check
this after application of H™*!(—, H,,11(A.)). But since A. is m-connected, this
follows from

Hpia(rest(hy ' 0 9q)) = Hppr (vest(hy ' o 0p)),

which in turn holds by construction of ¢, resp. ¢p. In particular, h; ! o ¢, differs
from hb_l o wp by

(@opra)*((hy ' ogp) = (hg' o pa)) = hytopyoaopry,
which completes the proof.
4.2.4 Remark. Let A. and E. be as in Lem. 4.2.1 and 4.2.2. Say we have a

commutative diagram

a
L

E —%5 A
if
E 123

A
lg
A

a
>
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in SSetsp with f ~ idg. resp. g >~ id4.. By the functionality of our cone construc-
tion, we get a map between distinguished triangles

’

Tem+10s(E.) —> Temi1Ce(A.) —> T<mi1Ca(A., ') —> T Co(E.)[1]

B B - [

Tem1Ce(B.) > T<mi1Ce(A.) —> Temi1Ca(A., ") > T<pmi1Ca( E.)[1]

in Dy (Mody), with fi. =idg, (g, resp. g« = idg,(4.). Further, we get a commu-
tative diagram

A can. A b
T<mi1Ce(A., 0') <= Tomi1T<m1Ce(A., d) <Z— H™ 1 (A)[—(m + 1)]

ih \Lh leﬂ(g)

~ can. ~ hgn
T<m+1Ce(A., a") <= Tomi1T<m+1Ce (A, ") <Z— H™ A [~(m +1)]

in D4 (Modr) and H,,+1(g) is just the identity on H,,11(A.) by assumption. As
a result, h; ! o ¢, is independent from homotopy equivalences. In particular, we
may replace A. by a fibrant resolution and thus may assume that a model of a
given homotopy fixed point of A. always exists.

Levelwise application of Lem. 4.2.1 and Lem. 4.2.2 gives the corresponding
statements in the pro-sense (we use analog notation as in the pro-discrete case
above):

4.2.5 Corollary. Let § : ET' — X be a model of a homotopy fixed point in
Pro(SSetsy) with X levelwise m-connected for an m > 1. Then there is a levelwise
morphism

s X —— K(Hpt+1(X),m+1)

in ProH (SSetsr) inducing levelwise isomorphisms mq(ps) for all ¢ < m + 1. This
morphism is natural in the category Pro(SSetsp) T ET of models of homotopy
fixed points. Further, @z is isomorphic to the canonical map

X — cosky,12Ex(X)

for Ex(—) a functorial fibrant replacement in SSets and the pull back 5*p3 factors
over the zero map into K(Hp,+1(X),m + 1).

4.2.6 Corollary. Let §,7 : ET' = X be two models of homotopy fixed points in
Pro(SSetsp) with X levelwise m-connected for an m > 1. Then we get

or = (hr o hy')u(0s) + (o7 0 50 pry).
In particular, @z and @5 are isomorphic via a ProH(SMody)-morphism, if
5o =T"ps =0

and we get (hz1).(¢r) out of (hz1).(ps) via an isomorphic affine linear cohomol-
ogy operation on H™+(—; H,,+1(X)) with constant 5*((h7")«(¢r)) induced by
the canonical map of H™(T'; H,,11(X)) into H™ Y (—; Hy, 1 1(X)) in general.
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4.2.7 Remark. Note that the proof of Cor. 4.2.5 fails if we start with 5 only a
homotopy fixed point or even a (quasi) homology fixed point without a model
in Pro(Mody) resp. ProCh; (Mody): Indeed, there is no functorial way to get a
cone in D4 (Modr), so there is no reason for the levelwise cones of our map

Co(ET) — Co(X)

to determine a pro-object Co(Z%,5) in ProD, (Mody) for complicated index cat-
egories. But even if the index category of X is simple enough to permit the
construction of a (pro-) chain complex Co(X) (e.g., if X is induced by a tower of
simplicial sets), there is no reason to expect functoriality in Pro#(SSetsp) 1 ET
to hold.

4.3 k-structures of ¢;[O(1)]. The connecting homomorphisms
Skum : H'(Y;Gm) —= H*(Y; fim)

induced by the Kummer sequences for various m form a compatible system and
thus give a natural map

¢ = (Y): Pic(Y) — H2(Y;Z(1))
the profinite first Chern class map. For [£] € Pic(Y) we obtain a morphism
Yo' Y = Y8 xpr ET —— K(Z(1),2)

in ProH(SSetsr) via Lem. 2.6.1.

Let X be a Brauer-Severi variety over k. In abuse of notation, we call a class
of H2(X;Z(1)) resp. of lim H2(X;Z(1)) mapping to the Chern class of Oxei(1)
in H2(X;7Z(1)) resp. lim H%(X;Z(1)) a k-structure of & [O(1)]. Thus, a k-
structure of ¢,[O(1)] is nothing but a compatible system of maps

XHK(ﬂmv2)

resp. a map
X —= K(Z2(1),2)

in ProH (SSetsr), whose restriction to Pro?(SSets) is just the compatible system
of maps resp. the map given by ¢1[Oyq, £(1)].

4.3.1 Lemma. Let X be a Brauer-Severi variety over k admitting a homotopy
or (quasi) homology fixed point 5. Let A be a pro-object of Modp. Then we get
a direct sum decomposition of [ X, K (A, 2)]prop(ssets.) into

[ET, K(A, 2)]prop(ssetsy) @ [X; K (A, 2)]progy(ssets):

where the projections onto the two summands correspond to §* resp. resi(—).

85



Proof: Let p: X — X be the canonical projection. Consider the Hochschild-
Serre spectral sequence HS3*(X; A) for A € Modp pro-discrete: We claim that
the differential

9y 1 HSY*(X;A) — HS; (X A)

is trivial: Indeed, the canonical map H3(I'; A) — H3(X;A) factors as follows:

H3(T; A) H3(X;\)

HS3O(X; A) — HS2O(X; A)

By Rem. 4.1.6, any homotopy or (quasi) homology fixed point § gives a (left-)
splitting of this map, i.e. the lower horizontal arrow is an isomorphism which
forces the image of 83’2 to be trivial (for general k-varieties, this argument would
give 821’1 =0, as well).

Thus, for A not necessarily pro-discrete we get from the Hochschild-Serre spec-
tral sequence the levelwise exact sequence of pro-abelian groups

(4.3.1) 0— > HXT;A) — > H*(X;A) 2> H>(X:A) — >0

and any homotopy or (quasi) homology fixed point § gives levelwise compatible
splittings, i.e. a compatible levelwise direct sum decomposition:

H%*(X;A) = H*(T;A) @ H*(X; M),

where the projections onto the two summands are given by 5 resp. p*. Finite
products and finite sums agree in Ab, so this decomposition is preserved by limits
(use [AM69] Appendix Prop. 4.1). Thus, by taking limits and translating this
back via Lem. 2.6.1 we get a decomposition of [X, K (A, 2)]prop(ssets;.) into

[EF7 K(Av 2)]ProH(SSetsF) ® [Xv K(Av 2)]Pro’H(SSets)

and the projections onto the two summands correspond to 5* resp. resh(—). O

4.3.2 Remark. By Lem. 4.3.1, any Brauer-Severi variety admitting a homotopy
or (quasi) homology fixed point admits k-structures of ¢ [O(1)]. If k is even of
cohomological dimension < 2, then HS2?(X;A) is trivial and 8§’2 vanishes for
any (Brauer-Severi) variety. Thus for cd(k) < 2, any Brauer-Severi variety admits
k-structures of ¢;[{O(1)].

4.3.3 Notation. Let X be a Brauer-Severi variety admitting a homotopy or
(quasi) homology fixed point 5. Denote by a3 the unique k-structure of ¢1[O(1)]
in H?(X; Z(l)) killed by 5*. We just write a if 5 is even induced by the homotopy
rational point s € [BT', X](prossets| BT)-

Say X admits a homotopy rational point s € [BI', X|y(ssetsiBr)- In the follow-
ing we want to relate a to the classes constructed in Sect. 4.2.
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First, we have to make sure that Cor. 4.2.5 and Cor. 4.2.6 applies to suit-
able models of homotopy fixed points induced by homotopy rational points of
a Brauer-Severi variety X resp. a geometrically unibranched and geometrically
simply connected k-variety Y of Cech-type in general (cf. Rem. 4.1.5). Thus, we
have to make sure that there is a fibrant replacement for Y — BI' whose base
change to Pro(SSetsr) is levelwise simply connected:

4.3.4 Lemma. Let Y be a geometrically unibranched and geometrically simply
connected k-variety of Cech-type. Then there is a fibrant replacement

ye—= =9

N, S

in ProSSets | BI' with Q) = 9% x gr ET" levelwise simply connected.

Proof: We may assume that Y is reduced. Since Y is of Cech type, we may work
with the relative Cech topological type

C(Y/k) — BT

Recall that C(Y/k) is levelwise connected. Let U be a rigid covering in RC(Y/k).
Note that 71 (mo(cosky U),y) is finite for any y € Y (k/k): Indeed, since Y is
geometrically unibranched, we may apply [AM69] Lem. 11.6 to see that every
zig-zag from U, to U, in the path category Pi(mo(cosk{ U)) can be represented
by one of the finitely many connected components of U, xy U,.

Denote by L, the relative algebraic closure of k inside k(U ). Then U, admits
a L, structure

U, — Spec(Ly) .
Indeed, this is true if and only if the étale covering space
UL, —U

has a section. But this clearly holds for the open normal locus V < U and
V & Ly — U ®y, Ly is dominant since Y is geometrically unibranched. It follows,
that the restriction of U ®;, L, — U to at least one of the connected components
is an isomorphism, so we get our section.

The distinguished geometric point u, in Uy (k/k) gives L,/k the structure of a
rigid covering in RC(k/k). Note, that this is the maximal subextension L/k of
k/k such that U, admits an L-structure. Let Ly be the intersection in k of all
the rigid coverings L, /k over all the geometric points y in Y (k/k). This gives a
rigid covering Ly /k in RC(k/k) together with a canonical map of rigid coverings

U——f*(Lu/k)
for f:Y — Spec(k) the structural map. In particular, we get a canonical map

(4.3.2) mo(cosky U)) — mo(coskh L)
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representing our map f : C(Y/k) — BT. By construction, this map is maximal
among all the maps

mo(cosky U)) — mo(coskk L)

in our representation of the strict morphism f.

Let L /k is the maximal Galois subextension of an algebraic extension L/k.
For K/k finite algebraic L ®j K splits completely if and only if K is contained
in L), Further, all the Léo) contain Lg]) and the intersection of all the Léo) is
again Galois over k, so this intersection is just Lg)).

Let Z — Y be any étale covering space. Since Y is geometrically simply
connected, it is just the pull back of a finite extension K/k. In particular, U
trivializes Z (i.e. U xy Z = U @ F for a finite set F') if and only if K is contained
inside Lg(/o) for any y € Y(k/k), i.e. if and only if K lies inside Lg)). But this
holds if and only if Ly ® K splits completely. Thus, our canonical map (4.3.2)
induces an isomorphism on the first non abelian cohomology

H! (wo(coskléLU); Sp) — H! (WQ(COSkOYU); Sr)

for the symmetric group Sg for F any finite set (see Rem. 1.2.1). But both
mo(coskELyy) and mo(coskd U) have finite fundamental groups, so the induced
map

m1(mo (coské/U))) —— 1 (mo (CosklgLU))

is an isomorphism, as well. Thus, we can write the canonical map C(Y/k) — BT
as a levelwise map whose levels induce isomorphisms on fundamental groups.
Using [EH76] Thm. 2.1.6 we may assume that the index category is even cofinite.
Let I be the corresponding index category and write the corresponding levelwise
map as

C(Y/k) — BT.

Thus, Rem. 1.5.8 gives a fibrant replacement

C(Y/k)

N

BT

)

in ProSSets | BI" with ) — BT a levelwise map inducing isomorphisms on my(—)
for ¢ <1 on each level. In particular,

9 =9 xpr ET = () xpr ET)

is levelwise simply connected, which finishes the proof. O

Using Lem. 4.3.4, it is easy to show the following refinement of Rem. 4.1.5:

4.3.5 Corollary. Let X and Y be two geometrically unibranched and geomet-
rically simply connected k-varieties of Cech-type. Then for any morphism

f: X—Y
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in H(ProSSets | BT') the base change f has a model

frX—=9

in ProSSetsy with X and %) both levelwise simply connected. If moreover X
admits a homotopy rational point s € [BF,X]H(prOSSetsiBF) we even get a map
in Pro(SSetsy) 1 ET' between models of the induced homotopy fixed points § and

1,5.

Proof: Choose X and %) as in Lem. 4.3.4 Since ) — BI is fibrant and any
X — BT is cofibrant, we get a model

L))

N\

BT

of f in ProSSets | BI'. Since the derived base change of Prop. 2.3.10 works in
the naive way without the need of any fibrant or cofibrant replacement,

f=fxprEl: X —=9

is a model of f in Pro(SSetsy), which completes the proof of the first claim. For
the second claim, use that X is fibrant in ProSSets | BI', as well. O

Before going on, let us first recall the fundamental algebraic topology of a
Brauer-Severi variety:

4.3.6 Remark. Let X be a Brauer-Severi variety over the characteristic 0 field
k. Using the homotopy fibre sequence

X—>X—>RBT

we may assume that k is algebraically closed and hence X is a projective space
P™. Using [AM69] Cor. 12.12, we may even assume k = C. Then P" is the
profinite completion of the complex analytification (P™)*" by Thm. 1.3.5. This
analytification (P")*" in turn sits in the homotopy fibre sequence

Sl SQnJrl (Pn>an

given by the Hopf-fibration. The homotopy groups of spheres are finitely gener-
ated (use [Ser51] Chap. V.2 Prop. 1) and hence good with respect to the class
of all finite groups by Rem. 1.1.12. Thus from Thm. 1.1.13 we get for the pro-
homotopy groups (without I'-action):

r ifg=1
(X)) =< Z if g=2
T (SN if g #£ 1,2
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As I'-module we have at least:

Indeed, by Hurewicz mo(X) is just He(X), which is canonically isomorphic to
Ho(P") by Prop. 3.1.6 and Lem. 3.3.3, i.e. we may again assume that X is a
projective space P".

Now for P" we claim even more: ¢¢, (0, (1)) induces Pro(Modr)-isomorphisms
on homology in degrees < 2n. This statement is trivial in degree 0 so we may
restrict our self to Hy(—) for ¢ > 0. Arguing as above, we may again assume
k = C. Over C, our map ¢g,[0; (1)) 1S the profinite completion of ¢, (0, (1) for

c1 @ Pic((P")™) —— H2((P")2*; Z)

the classical first profinite Chern class map given by the homotopy equivalence
(P>)2" ~ K(Z,2). Thus, profinite completion induces a commutative diagram

Pep[Opn (1)38)
—_—

c.<<]1>">an> a(sz, 2))
Co(Pr) 1O 0K (2,2)

The vertical maps in the induced diagram

Pecq[Opn (1)an]
_—

Hq<<II”>an> q<K£Z,2>>
Hy(P) —2 0 H(K(Z,2))

are just the profinite completions by Lem. 3.2.6. But under the identification
(Pee)a ~ K(Z,2), the canonical map g, (0,.(1)] corresponds to the analytifica-
tion of the standard embedding

PrC__ poo ,
which induces an isomorphism on homology in each degree < 2n.

Combining the isomorphism Ha(¢¢, (05, (1)) With Prop. 3.1.6 and the construc-

tions of Sect. 4.2 we can give an explicit construction of a class & in H?(X;Z(1))
which will turn out to be a in Cor. 4.3.10 below:

4.3.7 Remark. Let X be a Brauer-Severi variety over k admitting a homotopy
rational point s € [BT, X]y(prossets;sr)- From Cor. 4.3.5 we get a good model

(4.3.3) 5: BT —=X

in Pro(SSetsy) of the induced homotopy fixed point 5 of X with X levelwise
simply connected. Application of Cor. 4.2.5 gives a class

(hg x(ps) € H(X; Ha(X)).
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By Rem. 4.3.6, the second homology Ha(X) is canonically isomorphic to Z(l) in
Pro(Mody), so we finally get a class

as € H*(X;Z(1)).
By construction, the class @&, satisfies s*as = 0.

4.3.8 Lemma. Let X be a Brauer-Severi variety over k admitting a homotopy
rational point s € [BT, X]y(prossetsypr)- Then the class a5 in H2(X;Z(1)) is
well defined, i.e. independent from the choice of the model (4.3.3) of the induced
homotopy fixed point 5 of X.

Proof: To show that & is independent from the choice of the good model
(4.3.3) of the induced homotopy fixed point 5 of X, we argue similar as in
Rem. 4.2.3: Recall from Lem. 4.3.1 that we get a direct sum decomposition

of [Xv K(Z(l)v 2)]Pr0H(SSetSF) into

[EF> K(Z(l)a 2)]Pr0’H(MF) S [Xa K(Z(l)a 2)]131"07-[(%)7

where the projections onto the two summands correspond to 5* resp. resh(—).
Thus, we have to check that both 5*(ds) and resf(ds) is independent from the
choice of (4.3.3).

Since §*(as) is trivial by construction, the first statement clearly holds. For
the independence of resl(d;) we argue as follows: We have to show, that resh(—)
applied to the composition given by the diagram

P K((%,5),2) - K(Ha(X),2)

Rl

= K(Z(1),2)

<
=
&
5
)

~

is independent from the choice of (4.3.3). Since the target reshK(Z(1),2) rep-
resents H2(—;Z(1)) on ProH(SSets), it suffices to check this after application
of H?(—;7Z(1)). Further, all the pro-spaces involved are simply connected, so
it suffices to check this even after application of the second integral homology
Hy(—). But Hs(pz) is nothing but Ha(hs), so Ha(resk(as)) is just the canonical

isomorphism Hy(X) = Z(1) of Rem. 4.3.6, i.e. independent from the choice of
(4.3.3). O

Both classes & and ay are killed by s*. Further, rest(as) equals &z for

a geometric point in X (k): Indeed, by Cor. 4.2.6 these two classes differ by a
constant in the trivial group H2(T';Z(1)). Thus, to show

s = Qg

we can argue as in the proof of Lem. 4.3.8 and have to show

Gz = 1[0,k (1)
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4.3.9 Lemma. Let y be a k-rational point of P". Then
&y == él [O]}Dn(l)]

Proof: Let
§: ET —=9

be a good model of the homotopy fixed point ¢ of P induced by y. We have to
show that the diagram

K(2(1),2)
%W Wu)})
B K (Hy(P")
3 Lk

Y "> K(Ha(D, ¢5),2) —— K(H(),2)

(4.3.4)

,2)

commutes in Pro#H(SSetsp), where the lower square commutes by definition of
the upper horizontal arrow.

We argue similar as in the proof of Lem. 4.3.8: Using the direct sum decom-
position of [an K(Z(l)a 2)]ProH(SSetsF) into

[EF, K(Z(l)7 2)]Pr0'H(MF) ©® [pn7 K(Z(l)a 2)]Pr0’H(M)7

via the projections §* and resk(—), we have to show that both §*(—) and resh(—)
applied to (4.3.4) commutes in Pro#(SSetsy) resp. ProH (SSets).
For y*(—) this holds, since §*¢y is trivial by construction, resp. since

y*e1[Opn (1)] = 1y Opn (1))

is trivial by Hilbert 90. To check if rest(—) applied to (4.3.4) commutes, we
may again check this after application of Ha(—) (cf. the proof of Lem. 4.3.8).
But Ha(res{:(—)) applied to (4.3.4) commutes again since Ha(ip5) is nothing but
Hj(hg), which completes the proof of the commutativity of resi(—) applied to
(4.3.4). O

Thus we have shown:
4.3.10 Corollary. Let X be a Brauer-Severi variety over k admitting a homo-

topy rational point s € [BL', X]y(progsetsyBr)- Then the class & in H2(X;7Z(1))
is the unique k-structure as of ¢1[{O(1)] satisfying s*as = 0.

4.4 Maps on homotopy fixed point sets induced by k-structures of
¢1]O(1)]. Let X be a Brauer-Severi variety over k admitting a homotopy rational
point s € [BT, X|y(prossets,pr) and let o € H%(X;7Z(1)) be a k-structure of
¢1[O(1)]. In this subsection we want to study the map induced by

Po XHK(Z(1)72)
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on homotopy fixed point sets.

First, we go back to arbitrary levelwise m-connected models of homotopy fixed
points:

4.4.1 Lemma. For m > 1, m+ 1 > scd(T") let A. be an m-connected simplicial
discrete I'-set in SSetsy- together with a homotopy fixed point a in mo(A.""). Then
the canonical map ¢, induces an injection of homotopy fixed point sets

mo(eh) © mo(AM)Y s 7o (K (Hypi1 (A, a), m + 1))

Proof: Let b € mp(A."") be a homotopy fixed point. We may assume that b has
amodel b: E. — A.in SSetsy (cf. Rem. 4.2.4). We claim that 7 (") has trivial
fibre at b. To see this, we may assume that b factors even over an actual fixed
point * € Ag : If not, replace A. by the weakly equivalent cone C}.
Recall from Lem. 4.2.1 that ¢, is isomorphic in H(SSetsy) to the canonical
map
A. —— cosky+2Ex(A.)

for Ex(—) a functorial fibrant replacement in SSets. As SSets is the category
of simplicial sheaves over the classifying site BI', it has functorial factorization,
as well. In particular, it has a functorial fibrant replacement Exp(—). From the
composition

A. — cosky12Ex(A.) "= Exr(cosky,+2Ex(A.)) =: B.
= coskm+2Ex(4) B

we get a fibrant factorization (with respect to SSetsy)
(A, %)
(A %) — (B., %)

with pointed fibre (F.,*). By Lem. 4.4.2 below together with the long exact
homotopy sequence, F. is m + 1-connected. As a fibre of a fibration, F. is fibrant
in SSets, as well. In particular, F."'' = F.I'. The corresponding statement holds
for the fibrant simplicial discrete I'-sets A.” and B., too. Further, (F.' %) is still
the fibre of

(F. %) —

(AN, %) — (B.F, %) .

This map is a fibration in SSets,, since (—)'' : SSets; — SSets is right adjoint to
the functor mapping a simplicial set to itself together with trivial I'-action which
preserves acyclic cofibrations. We get a homotopy fibre sequence in H(SSets,)

(F.hr, *) —> (A.hr, *) ——> (B.hr7 %)

i.e. we have to show that F."'" is connected.

To see this, note that F. is m+1 connected and m+1 > scd(I") by assumption.
Recall from [Goe95] Thm. 4.8 that there is a spectral sequence

EPY? = HP(T;7_y(F. %)) = w_(pﬂ)(F.hF, %)
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fringed along the line p + ¢ = 0. Since m + 1 > scd(T"), all the entries
HYT;mq(F., %))

along this line are trivial, i.e. F."T' is indeed connected by the Connectivity Lemma,

of [BK72] Chapt. IX 5.1. O

4.4.2 Lemma. Let f : A. — B. be a fibration in SSetsy with fibre F. over a

base point * € By. Then the restriction of

to SSets, is a homotopy fibre sequence in SSets, .

Proof: Choosing a functorial factorization in SSets (cf. Rem. 2.3.6), we can factor

f sectionwise in SSetsr as
A—7r B
ZJN/
f/
A’

for i an acyclic cofibration in SSets (hence also in SSetsp) and f” a local fibration.
Denote by F.” the fibre of * with res. to f’. Then we have to show that the induced
map

1|F  Fo— F./
is a weak equivalence in SSets.

The weak equivalence 7 induces an isomorphism in the relative homotopy cat-
egory H(SSetsp | B.). Since f is a fibration in SSetsp, the inverse has a model

j: Al —= A

in SSetsp | B. and both compositions j o ¢ resp. ¢ o j are homotopy equivalent
in SSetsp | B. resp. SSets | B. to the respective identities. We may find a
homotopy with resp. to any good cylinder object of A. resp. A. in SSetsp | B.
resp. SSets | B., since f resp. f’ is a fibration in SSets resp. SSets. We choose
the standard cylinder object A. x A® resp. A. x Al. In particular, our homotopy
equivalences over B. restrict to homotopy equivalences

JiFs o tp = 1dp.
7’|F Oj‘F.’ ~ idF'/,
which completes the proof. O

Levelwise application of 4.4.1 gives the corresponding statement in the pro-
sense:

4.4.3 Corollary. Form > 1, m+ 1 > scd(I") let 5 : ET' — X be a levelwise m-
connected model of a homotopy fixed point in ProH (SSetsy). Then the canonical
map ;s induces an injection of homotopy fixed point sets

mo(5") + o (X)) o (K (Hips1 (X, 5), m + 1)) .
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At least for fields of strict cohomological dimension < 2 this gives us:

4.4.4 Corollary. Let X be a Brauer-Severi variety admitting a homotopy ratio-
nal point s € [BT', X|y(progsets| Br) Over k a field of strict cohomological dimension
< 2. Then our k-structure o of ¢1[{O(1)] induces an injection of homotopy fixed
point sets

mo(as) = mo(XM) > mo(K(Z(1),2)") = H*(I3Z(1)).

4.4.5 Remark. Cor. 4.4.4 applies e.g. for p-adic local resp. totally imaginary
number fields: a p-adic local resp. totally imaginary number field has strict co-
homological dimension 2 by [NSWO08] Cor. 7.2.5 resp. [Hab78] Prop. 12.

For base fields of larger cohomological dimension at least we get:

4.4.6 Lemma. Let X be a Brauer-Severi variety over k admitting a homotopy
rational point s € [BI', X|y(prossets| r)- Assume that scd(I') < 2dim(X). Then
the map

mo(ay )+ mo(XM) ——mo(K(Z(1),2)") = H*(I3Z(1)).

induced by « has trivial fibres at all homotopy fixed points induced by homotopy
rational points of X.

Proof: Let r be a homotopy rational point in [BT', X](progsets|Br)- We have to
show that that 7r0(<p21;) has trivial fibre at 7. Take a good model

t: ET ——X

of 7 as in Cor. 4.3.5. This good model allows us to form the cone C; of t. Thus,
doing all the steps of the corresponding part of the proof of Lem. 4.4.1 levelwise
starting with the canonical map

X — cosk3zEx(X)

and our good model of T, we have to proof the following: Let n > scd(I") and ) in
Pro# (SSetsy) weakly n-connected and even levelwise connected with * € im )§.
Then the homotopy fixed point set 7o ()", ) is the point (our 2) corresponds to
the fibre F. in the proof of Lem. 4.4.1).

We prove this by descending induction on m, where ) is even levelwise m-
connected: First, assume m > n (> scd(I')). Again, we make use of the spectral

sequence
Ey? = HP(D;m_y(A. a)) = T_(pig) (A" q)

fringed along the line p + ¢ = 0 for A. € SSets; simply connected and a € Aj:
Since m > scd(T), all the entries HY(T';7_4(9), *)) are levelwise trivial, i.e. 9"
is levelwise connected by the Connectivity Lemma of [BK72] Chapt. IX 5.1.
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For 0 < m < n arbitrary, we argue as follows: Arguing levelwise as in the proof
of Lem. 4.4.1, we get a levelwise fibrant replacement

(8, %) — (', %) — (Exr(coskn129), *)

with fibre §. Now Exr(cosk;,+22)) has levelwise the K (mp41(),*),m + 1)-
property and § is levelwise m + 1 connected. As a result, it suffices to prove
the triviality of any 3 in ProH (SSets;) admitting a fixed point * € 3" and hav-
ing levelwise the K (m, m)-property for 7 a pro-I'-group isomorphic to the trivial
pro-I'-group and m > 0. Note, that this is trivial in the non equivariant case
(3 3% by assumption), so the only difficulty is to write down an I'-equivariant
isomorphism between 3 and the point.

If m =1, we get levelwise isomorphisms

(Bmy(3, %), *)

in ProH(SSetsp), where the horizontal arrow is the canonical map from 3 to
the nerve of its fundamental groupoid II(3). But the pro-I'-group m(3,*) is
isomorphic to the trivial pro-I"-group, i.e.

Bmi(3) ~ pt

holds in ProH(SSetsy) by the functoriality of the nerve functor
B(—) : Pro(Grps.) — Pro(SSetsr) .

Finally, for m > 1 we argue as follows: As usually, we identify SMod with
Chy (Modyp) via the I'-equivariant version of the Dold-Kan correspondence. We
apply Cor. 4.2.5 to the fixed point * € 3" to get a levelwise map

Py : 3*>K(I:Im(37*)am) :Hm(37*)[_m]

inducing levelwise isomorphisms 74(p) for each ¢ < m. But 3 has levelwise the
K (m, m)-property, so this map is even a levelwise isomorphism in ProH (Mody).
Now H,,(3,%)[—m] is isomorphic to 0 by assumption and Hurewicz, i.e. 3 is
indeed isomorphic to the point in ProH (Mody). O

The corresponding statement for quasi homology fixed points is less compli-
cated. First, we need to generalize the statement for ¢z (0, (1)) of Rem. 4.3.6 to
©a, for arbitrary homotopy rational points s or even more generally, to arbitrary
k-structures a of ¢1[O(1)] of arbitrary Brauer-Severi varieties over k:
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4.4.7 Lemma. Let X be a Brauer-Severi variety over k and o € H2(X;Z(1)) a
k-structure of ¢;[O(1)]. Then the canonical ProH (SSetsy)-morphism ¢, induces
a quasi-isomorphism in the pro-sense

T<onCa(X) —— 7<2.Co(K(L(1), 2))

in ProDy(Mody) for n the dimension of X.

Proof: We have to check if H,(¢,) is an isomorphism in ProMod for ¢ < 2n.
This is clearly the case for ¢ = 0. For ¢ > 0 we argue as follows: Using Lem.
3.3.3 we can check this after restriction rest(—). But

reS% (SOO() = 8061 [0X®k];(1)}

by the definition of a k-structure of ¢[O(1)], i.e. Hy(rest(¢q)) is indeed an iso-
morphism by Rem. 4.3.6. a

Combining Lem. 4.4.7 with the hypercohomology spectral sequence Hy*(—) we
get the following corollary:

4.4.8 Corollary. Let X be a Brauer-Severi variety over k and o € H*(X;Z(1))
a k-structure of ¢1[O(1)]. Assume that cd(I") < 2dim(X). Then the push forward
along the canonical map @, induces an isomorphism

(a)s + HO(T; Co(X)F) oy —HO(L; Co(K(Z(1),2)F) ) —

between the sets of quasi homology fixed points of X and K (Z(1),2).

4.4.9 Remark. Let s be a homotopy rational point of a Brauer-Severi variety
X over k a field of cohomological dimension < 2. We get a commutative diagram

o (ET) 7 (@(1),2

can.

*

can.

HO(D; Cu(X)) [ =y 225 HO(; Cu (K (2(1),2))) f
K(2(1

HO(T; Ca(X)F) [y 228 HO(T;

*

' 2))) 1 21

where the horizontal maps are just the canonical maps given by Rem. 4.1.3. Now
the lower horizontal arrow is an isomorphism by Cor. 4.4.8 while the composition
of the vertical right arrows is an isomorphism by Rem. 4.1.4. Thus, Lem. 4.4.6
resp. Cor. 4.4.4 implies that the canonical map

mo(XM) ——HO(T; Co(X) @) _

*
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mapping a homotopy fixed point to its induced (quasi) homology fixed point has
trivial fibres at homotopy fixed points induced by homotopy rational points if
dim(X) > 2 (since scd(I') < cd(T") + 1, see e.g. [NSWO08] Prop. 3.3.3) resp. is
injective if k is even of strict cohomological dimension < 2 (e.g. k a p-adic local
resp. totally imaginary number field).

Let a be an arbitrary k-structure of ¢[O(1)]. We still get a commutative

diagram
e
HO(T; K(2(1),2))%) ) -

and the lower horizontal arrow is still an isomorphism by Cor. 4.4.8. Thus, Rem.
4.1.4 together with Rem. 4.4.9 implies:

hl") (Soa)

X
Ca(X)) )y L HO(T5 Cu(K

o (

4.4.10 Corollary. Let X be a Brauer-Severi variety over k a field of cohomolog-
ical dimension < 2 admitting a homotopy rational point. Suppose dim(X) > 2
resp. k is even of strict cohomological dimension < 2 (e.g. k a p-adic local resp.
totally imaginary number field). Then the map

mo(a’ )+ mo(XM) > mo(K (Z(1),2)") = H*(I32(1)).

induced by « on homotopy fixed points has trivial fibres at all homotopy fixed
points of X induced by homotopy rational points resp. is injective.

Let k£ be a totally imaginary number field. For a finite place v of k denote by
res, the restriction to the absolute Galois group I', of the henselization k” and
by X, the base extension of X along k”/k. We get a canonical map

[T ves, & mo(X") — I, mo(X21)
v
where v runs through all finite places of k. Let us mention the following obser-

vation:

4.4.11 Corollary. Let X be a Brauer-Severi variety over k a totally imaginary
number field admitting a homotopy rational point. Then the canonical map

[Tves, : mo(X"1) — 1, mo(X/")
v
is injective.
Proof: Let s be a homotopy rational point. Using Prop. 2.3.10 we get homotopy

rational points s, of X, over k. The induced homotopy fixed point of s, is
just the restriction res,(S) of the induced homotopy fixed point s of s (cf. the
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compatibility claim of Prop. 2.3.11). Thus, the restriction res, («;) is nothing but
as, and we get a commutative diagram

v

T hT" A
(XM T a1y
l]_[u res, \LHV resy
hTy
[T, mo(X0re) L) o o 71y

Now both horizontal arrows are injective by Cor. 4.4.4 while the vertical right
arrow is a monomorphism by Brauer-Hasse-Noether: Indeed, this is just the map
on Tate-modules induced by the monomorphism

Br(k)—— [T, Br(k)

and the functor taking an abelian group to its Tate-module is left exact (since it
is entirely build out of limits). As a result, the left vertical arrow is an injection,
just as claimed. O

4.5 An analogue for the weak section conjecture for Brauer-Severi
varieties. We come back to the questions raised in the introduction. Recall
the following observation:

4.5.1 Remark. Let X be a geometrically connected and geometrically uni-
branched R-variety of Cech type. By Rem. 4.1.6 a homotopy rational, homology
or (quasi) homology fixed point splits the canonical map

H*(R; A) — H*(X; A)

for any I'g-module A. In particular, cda(X) is infinite and so X (R) in non empty
by [Cox79b] Thm. 2.1. Thus, X (R) is non empty if and only if X has a homotopy
rational point, homotopy fixed point resp. a (quasi) homology fixed point, i.e. an
analogue of the weak section conjecture holds for X.

4.5.2 Remark. Let & be a number field admitting a real place v. In abuse
of notation refer to the real closure of k with resp. to the ordering given by the
induced embedding k < R as the henselization k. We claim that the analogue of
Rem. 4.5.1, i.e. an analogue of the weak section conjecture, holds for X a proper
geometrically connected and geometrically unibranched k”-variety of Cech type,
as well: Indeed,

cosky (X @p k) —= X

resp. its base extension

nkv
(

X _ _ X®, _
(cosky (X @y k)) ®f ky = cosky ™ (X ®@pn k) — Xy,

is a hypercovering, i.e. a weak equivalence by Prop. 1.6.9. Further, the canonical
map

(coski (X @ k)) @ ky, — cosk (X @y k)
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induces an isomorphism on cohomology by [Fri82] Prop. 2.4 and [AM69] Cor.
12.12. As a result,
Cd2(X ®kl}} ky) = CdQ(X),

i.e., if X admits a homotopical rational, homotopy or (quasi) homology fixed
point point over k”, the base change X ®pp kv admits a k,-rational point, again
by [Cox79b] Thm. 2.1. But k,/k” is an extension of real closed fields, i.e. X
admits a k" rational point by [Pre84] Cor. 5.2, as well. If X is a Brauer-Severi
variety over k! there is also an algebraic reason for this: The canonical map

Br(k?) — Br(k,)

is an isomorphism, i.e., X splits over kl}j if and only if X Ok k, splits over k,,.

We try to generalize Rem. 4.5.2 in this sections: Let X be a Brauer-Severi
variety over k an arbitrary field of characteristic 0 admitting a homotopy rational
point or at least a homotopy or (quasi) homology fixed point. Our aim is to
show an analogue of the weak section conjecture for X, i.e., that under some
possible (reasonable) extra assumptions X admits a rational point. This in turn
is equivalent to X being isomorphic to a projective space over k.

It turns out that the analogue of the weak section conjecture is wrong for
Brauer-Severi varieties in general (see Sect. 4.6 below). In this subsection we try
to find a reasonable extra assumption under which the weak section conjecture
does hold for Brauer-Severi varieties.

Fix a Brauer-Severi variety X over k. An easy application of the Hochschild-
Serre spectral sequence shows that Pic(X) is isomorphic to Z and that the canon-
ical map

p*: Pic(X) —= Pic(X ®y k)

corresponds to the multiplication by the period d of X (i.e. the degree of its
Brauer class in Br(k)). Let [Lx] be the positive degree generator of Pic(X), i.e.
the unique generator satisfying

PILx] = [Oxg,i(d)]:

Further, let
i XC—sPN

be the twisted d-uple embedding, i.e. the unique embedding for minimal N
with *[Opn (1)] = [£x]. Thus its base change i ®j k is isomorphic to the usual
d-uple embedding.

4.5.3 Lemma. Let X be a Brauer-Severi variety over k of period d admitting
a homotopy rational point s € [BI', X]yproggets,r). Then the twisted d-uple
embedding i : X — PV satisfies

i*ai*s = d.as.
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Proof: We claim that under the canonical isomorphisms
Hy(X) = 7,(1) = Ha(P")

given by Rem. 4.3.6 the induced map Hs(i) is isomorphic to the multiplication
by d on Z(l) If this holds, the Lemma follows from the functoriality claim of
Cor. 4.2.5.

To prove the claim, note that Hs(i) is Pontryagin dual to the map between
torsion I'-modules

i H2(PN @1, k;Q/Z) — H*(X @4 k;Q/Z) .

Further, the Brauer groups of both X ®, k and PV ®;, k vanish, since for any
field extension L, the Brauer groups Br(P" ®j L) and Br(L) agree. By twisting
we therefore get the commutative diagram

H2(PY @ k; Q/Z(1)) —— H2(X @, k;Q/Z(1))

: -

Pic(PN @3 k) ® Q/Z —~ > Pic(X @y k) ® Q/Z

But ¢*[Opng, 7(1)] = [Oxe,5(d)], ie. i* and thus also i on Ha(—) is just multi-
plication by d, which completes the proof. O

4.5.4 Remark. Let X be a Brauer-Severi variety over k of period d admit-
ting a homotopy rational point s € [BT, X|y (prossets,Br)- If we expect X to
split, we should at least expect the existence of a homotopy rational point r
in [BT, X|3(prossets|Br) Whose image under i, is the homotopy rational point
induced by a genuine rational point y € P"(k). By Lem. 4.5.3 we get

oy = d.ay.
Further, Cor. 4.2.6 implies
ar = as + s*a,
ay = 4,5 + (145) 0y,
i.e. we get
(ix5) 0y = d.s" 0y,

again by Lem. 4.5.3. But (i4s)*ay, is just the pullback along s of the first profinite
Chern class of [£x] by Lem. 4.3.9, i.e. s*¢[Lx] is divisible in H?(I'; Z(1)) by the
period d of X.

Rem. 4.5.4 suggests that our extra assumption for an analogue of the weak
section conjecture for s resp. § a homotopy rational resp. homotopy or (quasi)
homology fixed point of a Brauer-Severi variety X should be the divisibility of
the class s*¢1[Lx] resp. §*¢1[Lx] in H2(['; Z(1)) by d the period of X. We want
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to show that this extra assumption is independent from the choice of s resp. s
(see Prop. 4.5.10 below):

Let A be a central simple algebra over k of period d and A°P its opposite
algebra. Denote by X 4 resp. X aop the corresponding Brauer-Severi varieties, by
Oa(q) resp. Oger(q) the line bundles Oy, o £ (q) resp. Ox .0, %(q) and by [L4]
resp. [L4ep] the positive degree generator of Pic(X4) resp. Pic(X00). We get
the twisted Segre embedding

saaor: Xa X Xpop —> Xpgaor = PN
(see e.g., [Art82] Sect. 4.1). Since
EZ,AOPOPN(X)}CE(]‘) — OA(l) IZ OADP(l)

we get from the induced commutative diagram of the Picard groups

— '§* [e) — — —
Pic(PN @5 k) =25 Pic((X4 x Xaov) ®p k) = Pic(X4 ®y, k) ® Pic(X g00 @y, k)

NT *

% a0
Pic(PN) — 227

PlC(XA X XAop)
that O (1) X O40p(1) descents to X4 x X 400 and
(4.5.1) 574,400 Opn (1) = (04 (1) W O 00 (1)) /T

In abuse of notation, we just write s% 40, Opn (1) = Oa(1) K Oger(1).
Now let 5 be a homotopy fixed point of X4 and ¥ a homotopy fixed point of
X pop. The canonical map

XA X XAop HXA X XAop
is a weak equivalence by Lem. 3.1.1. By Cor. 2.6.4

[_’ K(Z(l)’ 2)]Pr0H(MF)

maps weak equivalences to isomorphisms. In particular, we get a unique map
X4 x Xaop = K(Z(1),2) in ProH(SSetsr), making the square

54,A0P _

XAXXAOp ]PN

J/N lwél[o]p]\f(l)]

Xa x X gop — K(Z(1),2)

commutative. Further, for Exp(—) a functorial fibrant replacement in SSetsr.,
XA X XAOP e EXF(XA) X EXF(XAOP)

is a levelwise fibrant replacement (since m,(—) preserves finite products in SSets,
use the existence of a fibrant replacement preserving finite limits and the long
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exact homotopy sequence of a fibration). In particular, we get a ProH (SSets)-
morphism

XhU s XRD = (X4 x X gop )"t —— K (Z(1),2)"
i.e. we get a canonical pairing of pro-sets
(452) (=, =) ¢ mo(X) x mo(XAL,) — mo(K(2(1),2)'T) = H2(T32(1)).

4.5.5 Remark. Let k£ be a field of cohomological dimension < 2 and assume
that X4 resp. Xor admits a homotopy rational point. We want to study the
left- and right-kernels of our pairing (4.5.2), i.e. the fibres of the maps (—, ) resp.
(5, —) for ¥ € mo(XAL,) resp. 5 € mo(XAD).

By the symmetry of our construction it suffices to discuss the left-kernels. We
get a map

X~ Xax BT YL X4 % X por —— K(2(1),2)

i.e. a cohomology class Bz in H2(X 4;Z(1)), s.t. (5,7) is nothing but 53 It
follows that (—,7) is nothing but the induced map

mo(hr ) = mo(XA) ——mo(K(Z(1),2)") = H*(I3Z(1)).

Now res% (7) is just the homotopy fixed point given by any geometric point g
of X aor (k). It follows that resf(¢g.) corresponds to the composition

— 1 U — — op® ’_C -

XA®kkM(XA®k/€)X(XAop®kk) S AP PN®kk
lwél[opz\r@@kk(l)]

K(Z(1),2)

i.e. resh(Br) is the class

(id x §)* (54,40 @k k)*C1[Opr g, (V)] = &1[Ox 0, 5(1) BT Ox 0,0, 5(1)]
I[OXAm/}(l)]-

Thus, S is a k-structure of ¢;[O(1)] and we get from Cor. 4.4.10 that (—,7) has
trivial fibres at all homotopy fixed points of X4 induced by homotopy rational
points if rk(A) > 3 and is injective if k is of strict cohomological dimension < 2
(e.g. k a p-adic local resp. totally imaginary number field).

>

4.5.6 Remark. Suppose A is a matrix algebra over k, i.e. X4 and X go» are pro-
jective spaces. The spectral sequence of [Goe95] Thm. 4.8 suggests that ¢z, [Opn (1)]
induces an isomorphism between homotopy fixed point (pro-)sets

(45.3) wo(B")T) — mo(K (Z(1),2)"T) = HA(T;Z(1))
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and even a weak equivalence between homotopy fixed points

(P>)" —— K (Z(1),2)"

(unfortunately, it is fringed along the line s = ¢, so it does not necessarily compute
the homotopy fixed point (pro-)set). Under this later weak equivalence, the
additive structure of the target would correspond to the infinite Segre embedding

So0 : PP X P® > P

(since s5,O(1) equals O(1) X O(1)). This suggests, that our pairing corresponds
to the one given by the abelian group structure of H2(I';Z(1)) in the case of a
trivial Brauer-Severi variety.

What we do know is that (4.5.3) is injective for scd(k) < 2 (see Cor. 4.4.4)
and has at least trivial fibers at all homotopy fixed points induced by homotopy
rational points if scd(k) < 2n (Lem. 4.4.6). Further in the case cd(k) < 2, arguing
as in Rem. 4.4.9 we see that (4.5.3) is surjective if and only if the canonical map

*

mo((P™)"") ——HO(I'; Ca(B")F)  —
is surjective.

We go back to general Brauer-Severi varieties resp. general central simple alge-
bras. By the same arguments as above together with the integral Eilenberg-Zilber
Theorem the diagram

2 Oy(ET x ET) Co(Xa % X por)® — = 7(1)[—2]

lg lg

Co(ET) @ Co(ET) =2 Co(X ) © Co(X gor) @)

C.(ET)

in ProD, (Mody) induces canonical pairings for (quasi) homology fixed point sets
(=, =) ¢ HOT; Co(Xa) ) _y x HO(T; Ca(Kon) D)  _y — = lim HA(T32(1)) ,

as well. Combining these pairings with Rem. 4.1.3 we also get “mixed” pairings
of the form

(= =)« [ED, X3 prop(ssetsy) X HO(T; C.()’(Aop)ﬁ)f*:1 —— lim H2(I; (1)) .

Note, that these pairings are compatible with the limit of the above pairing of
pro-sets (4.5.2) by construction.

4.5.7 Remark. Let us also mention, that the latter “mixed” pairing can be
enriched to a pairing of a pro-set with a set

(= =)+ 7o(XAD) X HOT; Co(X aon)?) [ g — HA(TSZ(1)) -
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Indeed, fix a quasi homology fixed point 7 in the set HO(T; Co(X A0p)*) [—1- By
the Eilenberg-Zilber theorem we get the ProD, (Modp)-morphism

de7: C.(XA) = C.(XA X EF) HC.(XA X XAOp) ,
i.e. a canonical ProDy (Mody )-morphism
Co(X ) —=7(1)[-2] .
By adjointness this gives a canonical ProH (SSetsp)-morphism
X4 —— K(Z(1),2),
i.e. a ProH(SSets)-morphism between homotopy fixed points
XM~ K(Z(1),2)"" .
4.5.8 Lemma. Let s be a homotopy or (quasi) homology fixed point of X 4 and
7 a homotopy or (quasi) homology fixed point of X gop. Then
d.(3,7) = 5" ¢1[La] + 7" ¢1[L aop]
Proof: It follows from the definition and (4.5.1) that
(4.5.4) (5,7) = (§®7)"¢1]0A(1) K O gop (1)].
By the functoriality of the profinite first Chern class map we get
§*¢1[La] = (s@7) e1[pri, Lal,
f*él [ﬁAop] = (§ ® 77)*61 [pr}ADp £Aop].
But in Pic(X 4 X X 40p) we have
d.[0A(1) ¥ Oper(1)] = [priy, La] + [Pry ,,p Lacr],
so the claim follows from (4.5.4). O
4.5.9 Remark. Note that we could replace X4 and X 400 by Brauer-equivalent
Brauer-Severi varieties to get similar pairings still satisfying all of the last argu-
ments. We use this observation as follows: For n+1 divisible by the period of [A],
the Brauer class [A®"] is just the inverse of [A] in Br(k), i.e. equals [A°P]. Thus, if
X 4 admits a homotopy or (quasi) homology fixed point we replace X 4op by X gen

and get a pairings between non empty sets of homotopy or (quasi) homology fixed
points using Rem. 4.1.7.

Now let § be a second homotopy or (quasi) homology fixed point of X4 and 7
a quasi homology fixed point of X 4op (which always exists for ¢cd(I") < 2 by Cor.
3.3.1). Applying Lem. 4.5.8 twice we get

(&) a[La] = 5"e1[La] + d.((5,7) = (5,7))

in H%(T';Z(1)). If no such quasi homology fixed point 7 exists, we use Rem. 4.5.9
and argue similar to get:
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4.5.10 Proposition. Let A be a central simple algebra of period d and s resp.
5 a homotopy rational resp. homotopy or (quasi) homology fixed point of the
Brauer-Severi variety X 4. Then the classes s*¢1[L 4] resp. §*¢1[L£ 4] modulo d are
independent from the choice of s resp. 5. In particular, the property that s*¢1[L 4]
resp. §°¢1[L4] is divisible by d in H?(I'; Z(1)) is independent from the choice of
s resp. s.

Rem. 4.5.4 and Prop. 4.5.10 motivates our analogue of the weak section con-
jecture for Brauer-Severi varieties:

4.5.11 Theorem. Let k be a field of characteristic 0 and X a Brauer-Severi
variety over k of period d admitting a homotopy rational point resp. a homotopy
or (quasi) homology fixed point s resp. §. Suppose that the class s*¢1[Lx] resp.
§*¢1[Lx] is divisible by d in H2(T; Z(1)) for [Lx] the (positive degree) generator
of Pic(X). Then X is isomorphic over k to a projective space P", i.e., X admits
a k-rational point.

We need two more easy technicalities for the proof:

4.5.12 Lemma. Let A be an abelian group with (pro-) Tate module
T(A) :={A[m]}m,

where the structural maps are given by the multiplication maps. Then T(A) is
torsion free in ProAb.

Proof: Multiplication by n is a levelwise map on T(A), i.e. its kernel T(A)[n]
is given as the levelwise kernels A[m][n] by [AM69] Appendix Prop. 4.1. The
induced structural maps

Alkm][n]

are trivial for all k& divided by n, i.e. T(A)[n] is a Mittag-Leffler null system in
ProAb, i.e. trivial. O

As a consequence we get;:

4.5.13 Corollary. Let Y be a k-variety and let L be a line bundle on Y. Then
the Chern class ¢1[L] is divisible by an integer r in H?(Y;Z(1)) if and only if the
class [L] is divisible by r in Pic(Y).

Proof: Let {Z/mZ},, be the pro-system with the obvious transfer maps (i.e. this
is just Z). We get the pro-system {Pic(Y) ® Z/mZ},, satisfying

Pic(Y)® Z/rZ = {Pic(Y) @ Z/mZL}y, @ L] 17

(if Pic(Y") is torsion free and finitely generated, this is just the profinite completion
Pic(Y)"). Thus, it suffices to show that [£] is divisible by r in the pro-system
{Pic(Y) @ Z/mZ} .
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From the Kummer sequences for various m we get the exact sequence of pro-
abelian groups

0 —— {Pic(Y) ® Z/mZ}m —= H2(Y; (1)) —= TH2(Y; Gp) —=0 .
By assumption, the Chern class ¢1[L£] is divisible by r, say
alL] =ra

for a suitable class o in H2(Y;Z(1)). It follows, that the image of « in the
(pro-)Tate module TH?(Y; Gy,) is killed by 7. But TH?(Y;Gy,) is torsion free
by Lem. 4.5.12, so « lies even in the image of the monomorphism é;, i.e. [£] is
divisible by r in {Pic(Y') ® Z/mZ},, which finishes the proof. O

Proof of Thm. 4.5.11: As a generator, [Lx] is not divisible in Pic(X) by any
other integer except +1. Thus, by Cor. 4.5.13 it suffices to show that ¢;[Lx] is
divisible by d in H2(X;Z(1)).

For the sake of our motivation in Rem. 4.5.4, let us first discuss the special
case of a homotopy rational point: By Lem. 4.5.3 we have

iy, s = d.ag
and by Lem. 4.3.9 together with Cor. 4.2.6
e1[Opn (1)] = ay = i, s + (ix8) "1 [Opn (1)]
for y any k-rational point of PY. Combining this, we therefore get

&lLx] =i"e1[Opn (1)] = i vy, + (i) "¢1[Opn (1)]
=d.as + s*¢1[Lx],

i.e. ¢[Lx] is divisible by d in H?(X;Z(1)) if and only if s*¢;[Lx] is divisible by
d in H([; Z(1)).

This of course is just an explicit version of the following easy argument working
for a general homotopy or (quasi) homology fixed point S, as well: By the proof
of Lem. 4.3.1, § gives us a compatible levelwise direct sum decomposition

H*(X;2(1)) = H*(T; Z(1)) & H*(X; Z(1)),
where the projections onto the two summands are given by 5* resp. p*. Now
prallx] = alOxgp(d)] = d.&1[Oxq, (1)),

so ¢1[Lx] is divisible by d in H?(X;Z(1)) if and only if 5*¢,[Lx] is divisible by d
in H2(T;Z(1)). O
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Next, we want to give a better characterization of the images of the canonical
maps

(4.5.5) X(k) [BL', X]3(ProSSets|BI) -

[ET, X]pron(ssets;)

HO(T'; Ca( X))

4.5.14 Remark. Consider the canonical upper horizontal map
(456) X(k) - [BF, X]'H(ProSSetsiBF) :

First, we discuss the actual image of this map if X (k) is nonempty, i.e. for X a
projective space P". By functoriality of the first profinite Chern class map ¢1, the
composition z*¢; is trivial for any k-rational point x of P™. Thus, for a homotopy
rational point s of P to come from a k-rational point of X, it is necessary that
the composition s*¢; is trivial.

On the other hand, it is not hard to see that (4.5.6) is in fact the constant
map for P": Indeed, two arbitrary k-rational points = and y in P"(k) factor over
a suitable k-morphisms A! — P". But A' — BT is a weak equivalence, since
A! x gr ET is contractible in characteristic 0.

On the other hand for X an arbitrary Brauer-Severi variety and s a homotopy
rational point trivializing ¢;, obviously s*¢s[Lx] is divisible by d, i.e. X (k) is
nonempty by Thm. 4.5.11. Thus, the set S of homotopy rational points s in
[BT, X]3(Progsets)Br) trivializing the first profinite Chern class map ¢; is either
empty or X splits and the canonical map

X (k) —=S C [BT, X]3(prossets| BT)
is the constant map.

Since all the non vertical maps in (4.5.5) factor through the canonical map
(4.5.6), either X (k) is empty or all these maps are constant by Rem. 4.5.14. We
want to give a different description of the resulting rational homotopy resp.
quasi homology fixed point: Again, for a homotopy or (quasi) homology
fixed point 5 of X to come from a k-rational point of X, it is necessary that
the composition §*¢; is trivial. We will show that the converse statement holds
for homotopy resp. quasi homology fixed points over base fields of small (strict)
cohomological dimensions, as well:

4.5.15 Theorem. Let k be a field of characteristic 0. Let X be a Brauer-Severi
variety over k. Assume scd(I") < 2dim(X) resp. ¢cd(I") < 2dim(X). Then the set
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of homotopy fixed points resp. quasi homology fixed points trivializing the first
profinite Chern class map is either empty or consists of the unique homotopy
fixed point resp. quasi homology fixed point induced by any k-rational point of
X. In particular X is isomorphic to a projective space P" in the latter case.

In short: a homotopy or quasi homology fixed point of a Brauer-Severi variety
is rational if and only if it trivializes ¢;.

Proof: We proof the claim for homotopy fixed points. Using Cor. 4.4.8 instead
of Lem. 4.4.6 the proof is similar in the case of homology fixed points.

Let 5 be a homotopy fixed point of P" trivializing the first profinite Chern
class map ¢. Since H?(T';Z(1)) is the (pro-)Tate module of the Brauer group
Br(k) which is torsion free by Lem. 4.5.12, this is equivalent to the triviality
of the class 5*¢1[Op,(1)] in H*(T;Z(1)). But under the identification of Lem.
2.6.1, 5%¢1[Op,(1)] corresponds to the homotopy fixed point (¢ (o, (1))+3 of
K(Z(1),2). By triviality of 5¢;[Op,(1)] this homotopy fixed point lies in the
fibre of

WO(SOZE) : WO((Pn)hF7 g) - WO(K(Z(l)v 2)h1"7 *)

for any k-rational point y € P"(k), which is trivial by Lem. 4.4.6, i.e. 5 and
agree in mo((P™)""), which finishes the proof for homotopy fixed points. a

4.5.16 Remark. Again, Thm. 4.5.15 applies to all Brauer-Severi varieties over
p-adic local resp. totally imaginary number fields: a p-adic local resp. totally
imaginary number field has strict cohomological dimension 2 by [NSWO08] Cor.
7.2.5 resp. [Hab78] Prop. 12.

As a Corollary we get a nice reformulation of our rationality condition on the
first profinite Chern class map given in Thm. 4.5.15:

4.5.17 Corollary. Let X be a Brauer-Severi variety over k admitting a homo-
topy resp. quasi homology fixed point s and let

f: X —DPN

be a non constant morphism of k-varieties. Further, suppose scd(I') < 2dim(X)
resp. c¢d(I') < 2dim(X). Then § is rational if and only if the push forward f.s is
rational. If we only have scd(I') < 2N resp. cd(I') < 2N, then X splits if f,§ is
rational.

Proof: Use that H2(T';Z(1)) is torsion free as the Tate-module of Br(k). O

Let L/k be a finite extension of a local p-adic or a totally imaginary number
field k and 5 a homotopy or quasi homology fixed point of a Brauer-Severi variety
X over k. Restricting 5 to Pro#(SSetsy, ) gives a homotopy or quasi homology
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fixed point 57, := resgL(E) of X ®; L. We get the commutative diagram

Pic(X @ L) — 2> H2(X @, L; Z(1)) —2= H2(D1; Z(1))

Pic(X) — = H2(X; (1)) —— H(T; (1))

for a a suitable divisor of the period of X. The Galois cohomology group
H2(T;Z(1)) resp. H2(T';Z(1)) is just the Tate-module of Br(k) resp. Br(L).
Since Tate-modules are torsion free (Lem. 4.5.12) and the restriction resll:L is just
multiplication by the degree [L : k] for k a p-adic local field ([NSW08] Cor. 7.1.4),
the vertical right map is a monomorphism in the p-adic local case. The same is
true in the case of a totally imaginary number field, as well: Apply the p-adic
local case to the commutative diagram

'
I‘ebF ~

Z(1)) H*(L; (1))
7Z(1

H?(k;Z
[T, H?(ky: Z(1)) — T, Tl H*(Lusi Z(1))
where v runs through the places of £ and w through the places of L and use

Brauer-Hasse-Noether and the left exactness of the Tate-module functor (since it
is entirely build out of limits). Thus

a.55¢1[Lx, ) = resp” (51 [Lx])

is trivial if and only if 5*¢1[Lx] is trivial, i.e. Thm. 4.5.15 together with Rem.
4.5.16 imply:

4.5.18 Corollary. Let L/k be a finite extension of a local p-adic or totally imag-
inary number field k and X a Brauer-Severi variety over k admitting a homotopy
or quasi homology fixed point 5. Then § is rational if and only if the base exten-
sion reSEL (S) is rational.

Arguing similar, we can proof a “local-to-global-principle” for the rationality of
homotopy fixed points of Brauer-Severi varieties over totally imaginary number
fields (compare this with Cor. 4.4.11):

4.5.19 Corollary. Let k be a totally imaginary number field and X a Brauer-
Severi variety over k admitting a homotopy or quasi homology fixed point 5.
Then § is rational if and only if for all finite places v of k the restriction res, (S)
is rational.

Proof: The “only if” part is obvious, so let us assume that res,(5) is rational for
all finite places v of k. Similar as above, there are positive integers a, s.t.

res, (5" ¢1[Lx]) = ay.res,(5)"¢1[Lx, ]
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Since the right hand side is trivial by assumption, Hasse-Brauer-Noether implies
st¢1[Lx] =0,
i.e. 5 is rational by Thm. 4.5.15 and Rem. 4.5.16. O

4.6 A counter example. By the general weak section conjecture for Brauer-
Severi varieties we mean the statement of Thm. 4.5.11 without the assumption
on the first profinite Chern class map. Unfortunately, such a general weak section
conjecture does not hold for Brauer-Severi varieties in general: In this section we
will prove the existence of non split Brauer-Severi varieties over p-adic local fields
admitting a homotopy rational point.

Let Y be an arbitrary geometrically connected k-variety together with a geo-
metric point y. Refer to the short exact sequence

1——a{'(Y @ k,5) —=n{'(V,§) —=T ——=1

given by [SGA71] Exp. IX Thm. 6.1 as m(Y/k,y). If Y is proper and geomet-
rically unibranched, these are just the first terms of the long exact homotopy
sequence given by the fibre sequence

Y—>Y—>BT

(see [Fri73] Cor. 4.8). By a section of m1(Y/k,y) we mean a section of the
canonical map 7¢*(Y, g) — I'. Finally, by the relative Brauer group of Y we
mean the kernel

Br(Y/k) := ker( H*(T; Gp) > H?(Y;Gp) ).

Note, that the relative Brauer group of a Brauer-Severi variety X4 corresponding
to the Brauer class [A] € Br(k) is generated by [A]: This is Amitsur’s Theorem
(e.g. [GS06] Thm. 5.4.1) together with the injectivity of the canonical map

H2(X§Gm) HHQ(k(X);Gm)
induced by the generic point (see e.g. [Mil80] Chap. IIT Ex. 2.22).

4.6.1 Remark. Let X be a smooth projective curve over a characteristic 0 field k&
of genus > 1 (e.g., a projective anabelian curve) admitting a section of w1 (X /k, T)
for a suitable geometric point  of X. Recall that X has the K(m, 1) property
(see e.g., [Sti02] Prop. A.4.1). Thus, the roof of canonical morphisms

BII(X)
X B (X, 1)

induces an isomorphism X 2 Bri(X,Z) in H(SSets | BI'). In particular, our
section of m1(X/k, z) induces a homotopy rational point

s € [BL, X](sSets| BT)
by the functoriality of the nerve functor B(—).
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4.6.2 Remark. Let X be a connected smooth projective curve over a charac-
teristic O field k. Further, let [A] be a class in the relative Brauer group Br(X/k)
given by a central simple algebra A over k and let X4 be the corresponding
Brauer-Severi variety. The central simple algebra A splits over the function field
kE(X) of X, i.e. X4 admits a k(X)-rational point. This k(X)-rational point ex-
tents to a non constant rational map

f

x--1 x4
Spec(k(X))

which is even regular, since X4 is proper over k: Say f restricts to a regular
function fiy on U < X open. The local rings of the closed points of X are
valuation rings so fi;y extents uniquely to a regular function on X by the Valuative
Criterion of Properness.

Say, X is even a curve of genus > 1 admitting a section of 71(X/k,z) for a
suitable geometric point Z of X. By Rem. 4.6.1 this section induces a homotopy
rational point s € [BI', X]3(gsets)Br)s i-6. the push forward f.s is a homotopy
rational point of X 4.

For the rest of this subsection, let k£ be a p-adic local field. Recall from [NSWO08]
Cor. 7.1.4 that

Br(k) = Q/Z.

Further, recall that the index ind(Y") of a smooth projective curve Y over k is
the greatest common divisor of the degrees [k(y) : k] for all closed points y of Y.
Over p-adic local fields k, the index of Y equals the order of the relative Brauer
group Br(Y/k) (see [Lic69] Thm. 3), i.e.

1
ind(Y)

Br(Y/k) = 7).

4.6.3 Remark. Let X be a smooth projective curve over the p-adic local field
k of genus > 1 (e.g., a projective anabelian curve) admitting a section s of
m1(X/k,Z) for a suitable geometric point z of X. Let [A] be the generator of
Br(X/k) and f: X — X4 a morphism as in Rem. 4.6.2. Then

L] = (f @1 B)* [Oxg,1(D)]

is a [-invariant class of a line bundle in Pic(X ®y, k) with Brauer-obstruction [A]
(i.e. the differential 8; ' in the Hochschild-Serre spectral sequence HSY™* (X; Gy )):
Indeed, [A] is the Brauer-obstruction of [Oyg £(1)] since Br(Xa/k) is generated

by [A]. Thus, [Egco)] is a geometric d™-root of

[£5] = [TLx,]

for [Lx ,] the positive degree generator of Pic(X 4) and d the period of [A].
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Now for Br(X/k) to be trivial, it would suffices to check if s*¢;[L] is divisible
by d in H?(T; Z(l)) Indeed, then the induced homotopy rational point fys of X4
would satisfy the condition of Thm. 4.5.11, i.e. X4 would split. Unfortunately
we do not know how to show this divisibility of s*¢;[L£] on genus > 2 curves. For
genus 1 curves, this is wrong in general: See Cor. 4.6.6 below.

To get a counter example of the general weak section conjecture for Brauer-
Severi varieties it would therefore suffice to show the existence of a smooth pro-
jective curve X of genus > 1 with non trivial relative Brauer group Br(X/k) ad-
mitting a section s of 71 (X/k, Z) for a suitable geometric point Z of X. Granting
the local weak section conjecture, this should be impossible for smooth projective
curves of genus > 1. Thus we restrict our search to genus 1 curves, i.e. torsors
under elliptic curves.

4.6.4 Lemma. Let X be a torsor under an elliptic curve E over k a p-adic local
field. Then X splits if and only if the relative Brauer group Br(X/k) is trivial.

Proof: As a torsor under an elliptic curve, the canonical map
X —= Albl(X)

into the Albanese-torsor of X is an isomorphism (cf. [Gro62] Thm. 3.3). As X is
a curve, Alb!(X) is just Picl and the above isomorphism is an isomorphism of

E = @%—torsors. Thus, X splits if and only if it has index 1, i.e. if and only if
Br(X/k) is trivial. O

Thus, any non split torsor under an elliptic curve over a local p-adic field
admitting a section of its fundamental group sequence would produce non split
Brauer-Severi varieties admitting homotopy rational points. Now it is well known
to anabelian geometers that such torsors do exist:

4.6.5 Lemma. (see [Stil2] Prop. 183) Let E be an elliptic curve over a local
p-adic field k. Then there are non split E-torsors X whose fundamental group
sequence 1(X/k, Z) splits for a suitable geometric point & of X.

Sketch of proof: By [Stil12] Cor. 177 there is an exact sequence
0 —= Div(H'(k; E)) — H(k; E) —>> H2(k; 1 (E @3 k) ,

where Div(H!(k; E)) is the maximal divisible subgroup of H'(k; E) and § maps
the class of an E-torsor to the class of its fundamental group sequence [m1(X/k)]
(see [Stil2] Prop. 174). But

Div(H'(k; E)) = (Qp/Zp)[k:Qp]a

which could easily be computed using [Mil86] Cor. 3.4 and Lem. 3.3. Thus, there
are plenty of non split E-torsors X with a split exact fundamental group sequence
m (X/k). a

From [Stil0] Thm. 15 we know that the relative Brauer group Br(X/k) of a
torsor as in Lem. 4.6.5 is p-torsion. Combining this with Lem. 4.6.4 we get:
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4.6.6 Corollary. Let k be a local p-adic field and [A] a non trivial Brauer class
in the p-torsion part Br(k)[p>] of the Brauer group. Then X4 admits a non
rational homotopy rational point

s € [BT', X alp(Progsets| BT)-

Proof: We have to show that any p-torsion class [A] of Br(k) lies in the relative
Brauer group of a suitable “bad” genus 1 curves as in Lem. 4.6.5.

Start with any elliptic curve E over k£ and X a non split F-torsor admitting a
section s of m(X/k, ) for a suitable geometric point Z of X. Let

e
h
Br 2> X

be a neighbourhood of the section s, i.e. h finite étale and r a section of w1 (Y/k, 7)
for a suitable geometric point ¢ of Y, compatible with s under h. By the Riemann-
Hurwitz formula, Y is still a genus 1 curve, i.e. a torsor under an elliptic curve.
As

Br(X/k) < Br(Y/k),

Y is still a non split torsors under an elliptic curve whose fundamental group
sequence 71 (Y /k,y) splits. Now Br(X/k) is non trivial by Lem. 4.6.4 so

colim Br(Y/k) < Br(k)[p™]

(Yor)
is unbounded by [Sti12] Prop. 122, where (Y, 7) runs through all neighbourhoods

of the section s of X. But Br(k)[p*>] is just Qp/Z,, i.e. this colimit is already
Br(k)[p>°], which finishes the proof. O

4.6.7 Remark. Using Cor. 4.5.18 we get that the homotopy rational point s of
X4 given by Cor. 4.6.6 will never become rational after a finite extension L/k.
But Xx ®j L splits for sufficiently large L/k, i.e. admits at least two homotopy
rational points: the rational and at least one non rational one.

Let k be a local p-adic field and [A] a (non trivial) Brauer class in the p-torsion
part Br(k)[p] of the Brauer group. We want to compare the homotopy rational
points of X4 given by Cor. 4.6.6 resp. the induced homotopy or quasi homology
fixed points:

4.6.8 Proposition. Let k be a local p-adic field and [A] a (non trivial) Brauer
class in the p-torsion part Br(k)[p] of the Brauer group. Further, for v = 1,2 let
X, be two genus 1 curves admitting a section s, of the resp. fundamental group
sequences. Suppose [A] is contained in both Br(X, /k). We get two non constant
morphisms

fo: Xy — X4

with induced classes of line bundles [Ly,| = f;[Lx,], i.e. two homotopy rational
points (f,)«s,. Then the two induced homotopy or quasi homology fixed points
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(f.)«5, agree in mo(X"T) resp. HO(T; C.(XA)ﬁ)f _, if and only if the two classes
sté1[Ly,] agree in H*(T; Z(1)).
Proof: We proof the statement for homotopy fixed points, the proof of the state-
ment for quasi homology fixed points is similar.

Let r, be (f,)«s, and r = r1. By the injectivity of mo(¢21) (see Cor. 4.4.4), it

(03
suffices to compare the classes
*
;0.

Let d be the period of [A] and i : X4 — P" the twisted d-uple embedding. From
Lem. 4.5.3 we get
iy, = d.ag

in H%(X 4;7(1)). Further, as the Tate module of the Brauer group, H?(I'; Z(1))
is torsion free. Thus it suffices to compare the classes

(1a1y) i
Let y be any k-rational point of PV. From Cor. 4.2.6 we get
oy = air + (ix7) 0y
in H2(PN;Z(1)), where (ix7)* 0y, is a constant coming from H2(T; Z(1)). Thus,
pullback of this constant along a homotopy fixed point is again the class (i.7)*ay,

in H?(T; Z(l)), i.e. is independent form the choice of this homotopy fixed point.
It follows that it suffices to compare the classes

(1x70) " oty

But ay, is just ¢1{Opn(1)] by Lem. 4.3.9. Thus, unraveling the definitions we see
that in fact it suffices to compare the classes

sye1Ly,]

in H%(I'; Z(1)), which was exactly our claim. O
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