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Abstract

We present three approaches to define the higher étale regulator maps @7, : H',(X,Z(n)) —
HL(X,Z(n)) for regular arithmetic schemes. The first two approaches construct the maps on the
cohomology level, while the third construction provides a morphism of complexes of sheaves on the
étale site, along with a technical twist that one needs to replace the Deligne-Beilinson cohomology by
the analytic Deligne cohomology inspired by the work of Kerr, Lewis, and Miiller-Stach. A vanishing

statement of infinite divisible torsions under ®_;" is established for r > 2n + 1.



Contents

Acknowledgements
Abstract
1 Introduction

2 Preliminaries
2.1 Simplicial Homotopy . . . . . ... ..
2.1.1 Basic definitions . . . .. ...
2.1.2  Simplicial schemes . . . . . ..

2.1.3 Skeleta and Coskeleta . . . . .

2.1.4 Coverings and Hypercoverings on sites . . . . . . . ... ... ... ... ...

2.2 Deligne Cohomology . . . .. ... ..

2.2.1 Analytic Deligne complex . . .

2.2.2  Deligne-Beilinson complex via good compactifications . . . . ... ... ...

2.2.3 Deligne complex via currents .

2.3 Higher Chow complex . .. ... ...

2.3.1 Bloch’s higher Chow groups and their functorial properties . . . . . ... ..

2.3.2 Sheafified higher Chow complex

2.3.3 Motivic cohomology for smooth simplicial schemes . . . . . . ... ... ...

3 Higher étale regulators

3.1 First construction via spectral sequence

iii

iv

10

10

10

12

14

15

17

19

20



vi

3.1.1 Review of Bloch’s construction of higher cycle maps . . . .. ... ... ... 20
3.1.2  Construction of higher étale regulators . . . . . . ... ... ... ... .... 23
3.2 Second construction via étale hypercovers . . . . . . ... ... L oL 25
3.2.1 Etale descent of motivic cohomology . . . . . . .. ... ... 25
3.2.2 Equivalence of the constructions . . . . .. .. .. ... . 0. 28
3.3 Compatibility with Bloch’s higher cyclemap . . . .. .. ... ... ... ...... 29
3.4 Vanishing of higher infinite torsions under higher étale regulators . . . . . . . .. .. 30
3.5 Third construction via the Kerr-Lewis-Miiller-Stach Map . . . . . ... ... .. .. 32
3.6 Example: Regular arithmetic toric schemes . . . . . . ... ... .. .. ... ... 34

Bibliography 37



Chapter 1

Introduction

Regulator maps have been central tools in the study of special values of Zeta functions. The
idea grows out of the classical analytic class number formula that predicts the special value of
the Dedekind Zeta function of a number field via the Dirichlet regulator map at s = 1. Beilinson [2]
generalizes this idea using higher K-theory formulating the celebrated Beilinson conjectures. Bloch
[4] later rephased the higher regulator maps in terms of his higher Chow groups. This paper is
devoted to the study of the higher étale regulator maps using integral étale motivic cohomology
in place of the classical (Zariski) motivic cohomology for regular arithmetic schemes. It is known
that the motivic cohomology and the étale motivic cohomology share the same rational structure,
which therefore are natural candidates for describing the special values of Zeta functions. Note that
the construction of the higher étale regulator maps on the level of complexes permits one to define
Arakelov étale motivic cohomology as the hypercohomology of its mapping fibre. This makes the
extension of the definition of the Weil-étale motivic complexes describing values of Zeta functions of
proper regular arithmetic schemes from s = 0 discussed in [9] and [19] to arbitrary n € Z possible.
Moreover, one can use it to construct a canonical class in the class field theory of finitely generated
fields, and this provides a natural candidate for the definition of the Weil group of finitely generated
fields. The one-dimensional case has been studied in Burns-Flach [6].

The main results in this paper are Theorem 3.2.3 showing the equivalence of the first two con-
structions of the higher étale regulator maps, Theorem 3.4.1 describing the vanishing of the higher

infinite torsions under the étale regulator maps, and the existence of a morphism of complexes of
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étale sheaves inducing a higher étale regulator map.

The layout of the paper is as follows. Chapter 2 will be devoted to review various background
materials involved in the constructions of higher étale regulators. Three different constructions will
then be presented in Chapter 3; among them, we will show that the first two constructions yield the
same map, while the third one is structurally different from the first two, as it maps into the analytic
Deligne cohomology instead of the Deligne-Beilinson cohomology. We will end our discussion with

an example in the case of regular arithmetic toric schemes in the last section.



Chapter 2

Preliminaries

This chapter will be devoted to the background materials to be used in subsequent chapters. The
main purpose is to fix the notations we used throughout the paper, and thus without further notifi-

cation, all notations that appear in this chapter will carry over to the end of the paper.

2.1 Simplicial Homotopy

In this section, we are going to review and fix some notations about simplicial homotopy theory.
Most of the results are well known and can be found readily in the literature. However, for the sake

of convenience, we will treat them systematically here.

2.1.1 Basic definitions

Let A be the category of finite ordinal numbers with order preserving maps, consisting of the

non-empty finite totally ordered sets
[n]={0<1<---<n}

as objects for all non-negative integers n, and morphisms being maps

0 :[m] — [n]



such that 0(i) < 6(j) whenever i < j.
If we consider the totally ordered sets as small categories in the standard way, A can be thought
of as a full subcategory of the category Cat of small categories. In particular, morphisms in A are

generated by the coface morphisms

and the codegeneracy morphisms

ol i [n+1] = [n] 0<i<n

n
J ,if g <4,
j—

j—1 ,if 5 >71,
subjecting to the following cosimplicial identities:

&7 18 =%, 1001 Jfor0<i<j<mn+1,

olbl = (5;03;11 yfor 0<i<j<n,

J?ﬁiﬂ =1py = 0%53;11 , for 0 <j <, (2.1.1)

0hol =010l Jfor0<j+1<i<n+l1,
o) ol =gt it yfor0<i<ji<n-—1.

Let C be a small category. A simplicial object in C is functor X : A°? — C. Concretely it consists
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of objects X,, := X ([n]) for each n > 0, and face and degeneracy morphisms

dif =X (6)) : X5 = Xna

(3

SU3

=X (0},) : Xn = Xnt1

for each 0 < i < n satisfying the corresponding simplicial identities

drdytt =dy_dptt Jfor0<i<j<mn+1,

d?“s? = syjlld? ,for 0 <i<j<n,

d?“s? =1x, = d;flls? ,for 0 < j <n, (2.1.2)
ditlsn = s Jfor0<j+1<i<n+1,

s?s?_l :S?+1S?_l yfor0<i<j<n-—1.

Given two simplicial objects X, Y in C, a simplicial map f : X — Y is a natural transformation

of the functors, i.e., given by morphisms

fn: X =Y, n >0,

such that

d:lfn = fnfld?
(2.1.3)

—1 —1
3? fa-1 :fnS?

forallmn > 0,0 <17 <n.

Simplicial objects in C together with simplicial maps between them form a category called the
simplicial category of C, denoted by Simp(C). When C is taken to be the category Sets of sets, it
is called the category of simplicial sets, denoted simply by S. For a simplicial set X, we call the

elements of X,, n-simplexes of X, while 0-simplexes are commonly called vertices, 1-simplexes are



called edges, and so on.

There are distinguished objects in S, namely the standard n-simplex, A" := Homa(_,[n]),

which is the contravariant functor represented by [n] in A. By the Yoneda lemma, for any simplicial

set Y : A°? — Sets,

Homs(A™Y) =Y ([n]) =

[ (),

Yna

therefore simplicial maps from A™ classify n-simplices of simplicial sets. There are some important

subobjects of A™ of particular interest to us:

(i) the boundary of A™, OA™, defined by

A"
OA™,, =

all m-simplices degenerate

(ii) the k-th horn of A™, A} for 0 < k < n, defined by

A"

(A)m = Y A"y — {dp (1))}

all m-simplices degenerate

,ifo<m<n—1,

,if m > n;

,if0<m<n—1,

yifm=n-—1,

,if m >mn.

A simplicial map p : X — Y in S is called a Kan fibration, or simply fibration, if for every

commutative diagram

A} —X

A" ——=Y
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of simplicial maps, there is a morphism A”™ — X such that the following diagram commutes

A" ——=Y

Let * := A° be the unique simplicial set which has exactly one simplex for each degree with identity
face and degeneracy maps. Clearly, * is the terminal object in S, and that every simplicial set X
admits a unique simplicial map X — *. A simplicial set X is said to be a Kan complex, or a fibrant

simplicial set, if the unique map to * is a Kan fibration.

2.1.2 Simplicial schemes

A simplicial scheme is a simplicial object in the category of schemes. To be more precise, we will

consider the category V™

of smooth separated schemes of finite type over a base field k, and its

simplicial objects are called smooth simplicial schemes over k.

2.1.3 Skeleta and Coskeleta

On a simplicial category Simp(C), there are two important concepts called the skeleta and coskeleta
of simplicial objects. They form a natural adjoint pair of functors on Simp(C), and we will need

them to define hypercoverings in the next section.

Definition 2.1.1. Let C be a category with finite limits and colimits. Define the n-skeleton functor

sky, : Simp(C) — Simp(C)

and the n-coskeleton functor

cosky, : Simp(C) — Simp(C)
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by setting, for each simplicial object X € Simp(C),

(sknX)m = lim X
[m]=>[k]

(cosknX)m = @ X
k<n
[k]—=[m]

endowed with natural structural morphisms.

2.1.4 Coverings and Hypercoverings on sites

We start with recalling the definition of Grothendieck sites, and then we will define the notion of

hypercoverings.

Definition 2.1.2. A Grothendieck site is a (small) category C together with a Grothendieck topology
J defined on C, consisting of families J(U) of subfunctors R C Hom¢(_,U) for each object U of

C, called covering sieves, satisfying the following axioms:

(T1) If s € JU) and f : V — U a morphism in C, then f*S € J(V). Here f*S(W) = {g €

Home(W,V)|fg € S(W)} for all objects W in C.

(T2) Let S € J(U) and T C Home(_,U) any sunfunctor (sieve). Suppose that for each object

V €C, and each f € S(V), the pullback sieve f*T € J(V). Then T € J(U).
(T3) Home(_,U) € J(U).

In most useful cases, a Grothendieck topology can be generated by a Grothendieck pretopology
P consisting of a collection of families of arrows P(U) mapping to U for each object U of C, called

covering families, satisfying the following axioms:

(PT0) For all U € C, {Uy — Ulaer € P(U), (V — U) € Home(V,U), the fibre products U, xy V

exist for all o € 1.

(PT1) ForallU € C, {U, = U}per € P(U), (V= U) € Home(V,U), we have {U, xyV — V}ser €

PV).
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(PT2) If {Uy — Utaer € P(U), and if {Ung — Ua}per, € P(Uy) for each a € I, then {Uyp —

Ua = Utaer,per, € P(U).
(PT3) If (f: V — U) € Home(V,U) is an isomorphism, {f} € P(U).

Given a pretopology P, one defines a topology J by setting J(U) = {R C Hom¢(_,U)|{fa : Us —
U} € P(U), fo € R(U,)}. For categories with fibre products, every Grothendieck topology on it is
generated by some (not necessarily unique) pretopology.

Let C be a Grothendieck site, and X be an object in C. We call a simplicial object X, €

Simp(C/X) a hypercovering of X if it satisfies the following:
(i) Xo — X is a covering;
(ii) Xp+1 — (coskpXe)nt1 is a covering for n > 0.

A typical example is given by the Cech covering. Let C be a site with finite products. Take a
covering U — X of X. Then the associated Cech covering C'(U), is given by C(U), = Ux x---xx U
(n copies) with natural projections and diagonals as structure morphisms. In this case C(U),41 =
(coskn,C(U)e)ny1 and thus C(U), is a hypercovering.

The most important property concerning hypercoverings is the Verdier hypercovering theorem:

Proposition 2.1.1 ([1]). Let C be a Grothendieck site, and X € C. Then for any complex F* of

sheaves of abelian groups on C, we have

lim  H(X,, F*) ~ H'(X, F*).
Xo€HC(X)
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2.2 Deligne Cohomology

2.2.1 Analytic Deligne complex

Let X be a complex analytic manifold. The analytic Deligne cohomology is defined as the hyperco-

homology

Hp (X, Z(n)) = H" (Xan, Z(n)p),

where Z(n)p = {0 = Z(n) = Q% — -+ = Q%' — 0}, Z(n) = (2mi)"Z.

In case X is a complex algebraic manifold, we can use the algebraic de Rham complex in place of
the holomorphic de Rham complex to define the Deligne cohomology via hypercohomology on the
Zariski site. However, when X is not proper, the analytic Deligne cohomology groups are far from
being finitely generated, which is in general not preferable for arithmetic consideration. To fix this

issue, one defines an algebraic version of this Deligne cohomology via good compactifications.

2.2.2 Deligne-Beilinson complex via good compactifications

Our treatment follows closely to [8]. Let X be a complex algebraic manifold. A proper complex
algebraic manifold X is called a good compactification of X if it contains X as an open submanifold
and if the complement D = X — X is a simple normal crossing divisor on X. Such a choice of good
compactification enables us to consider the sheaves Q'Y(log D) of meromorphic differentials on X
with logarithmic poles along D. It is well-known that the complex Q'Y(log D) has a natural Hodge
filtration and that its hypercohomology computes the ordinary cohomology of X with C coefficients.

Let j : X < X be the open embedding. Set

Z(n)p x = Cone(Rj.Z(n) & F"Q5(log D) = Rj.Q%)[-1],
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and the Deligne-Beilinson cohomology of X is defined as

Hp(X,Z(n)) = H'(X,Z(n)p %)-

More generally, for a regular scheme X defined over S = SpecA for some subring A C C, define

Hp (X, Z(n)) = Hp(Xc, Z(n)).

It is known that the above definition is independent of the choice of good compactification X
of X, and it is possible to define it as hypercohomology of complexes of sheaves on either the
Zariski or étale site of X. More precisely, we can consider the site IT, of pairs (X, X) of smooth
complex varieties, where X is complete and contains X as an open subvariety, both endowed with
Grothendieck topology 7. Here 7 can be either the Zariski or étale topology. If V. denotes the site

of smooth complex varieties with topology 7, then there is a natural projection o : IL. — V.. We

can set
Z(n)p, = lim Ro.(F"Q5(log D), Rj.Cone(Z(n) 5 Qy), —0).
(X, X)eo—1(X)
so that

HH(X,Z(n)) =H"(X;,Z(n)p,r).

The Deligne-Beilinson cohomology satisfies some nice properties, which we summarize below:
Proposition 2.2.1 ([8]). Let X be a complex algebraic manifold. Then
(i) H5(X,Z(n)) =0 forr <0 andn > 1;
(i) Hp(X,Z(0)) = H™(X, Z);

(“Z) H%(X7Z(l)) = F(XZarv O;();
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(iv) there is a long exact sequence

o= HA(X,Z(n)) — H"(X,Z(n)) — H"(X,C)/F"H"(X,C) — Hp™ (X, Z(n)) — - -~

(v) there is a natural homomorphism
Hp (X, Z(n)) = Hp 4, (X, Z(n)),
which is an isomorphism when X s proper, or when n > dim X.

2.2.3 Deligne complex via currents

There is a theory of Deligne homology defined using currents [16] for smooth complex projective
varieties, and here we adopt a slightly extended version using Borel-Moore homology. First we
recall some facts about Borel-Moore homology. For a (complex) manifold M with locally finite
triangulation T' we let CEM (M, T, Z(p)) be the complex of Borel-Moore chains (subordinate to 7).
So the group in degree i is the set of (infinite) formal linear combinations £ = ) ne - o of oriented
i-simplices o in the triangulation T" with coefficients n, € Z(p), and whose support || = ,, o |o|
is closed in M. We let

CPM (M. Z(p)) = lig CPM (M. T, Z(p))
T

be the limit over all triangulations 7. For an open subset U C M there is a restriction map
CIM(M, Z(p)) — CPM (U, Z(p))

since U will have a triangulation T” each of whose simplices is contained in a unique simplex of
T. So U — CBM(U,Z(p)) is a complex of presheaves that one can moreover show to consist
of soft sheaves. This implies that its hypercohomology coincides with its cohomology. It is easy to

compute the cohomology sheaves since every point of M has a fundamental system of neighborhoods
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homeomorphic to R? for d = dim M (assumed constant), and the Borel Moore homology of R? is Z
in degree d (with canonical generator the fundamental class of R?) and 0 in all other degrees. So

one has a quasi-isomorphism of complexes of sheaves
Z(p)ld] — CM (=, Z(p))-
Finally there is a quasi-isomorphism
CPM(M, Z(p)) — 39 PM (M, Z(p))

to the complex of locally finite singular C*°-chains with coefficients in Z(p). All of these facts we
just quote from [12][2.4].

Now take M to be a complex manifold X of complex dimension m. "D” = '"D% denotes the
sheaf of holomorphic p-currents on X, which is by definition the functional dual of the sheaf “Q% of
holomorphic p-forms on X with compact support. Every Borel-Moore chain & € CBM (U, Z(p)) of

dimension % on an open U C X gives a current
65 c /Dmei(U) _ @ /,Dmfp,qu(U)
p+g=i

by the formula

w (27Ti)p/w ,

3

which converges since w has compact support. This gives a morphism of complexes of sheaves

e: CEM (U, Z(p)) —'D

2m—e
for the manifold topology on X. Recall that one also has the Hodge filtration

FP'D* —'D*
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and hence one can define the analytic Deligne complex as the mapping fibre

2m—e

Zip — )y 2" = Cone (CEM (=, Z(p)) @ FP'D* <=5 "D ) [-1](~m).

The complex of global sections Z(p — m)$ >™(X) agrees with the complex Cy *"(X,Z(p — m))
defined in [18][5.5]. The groups

HP(X,Z(p)) := H (X, Z(—p)p)

2

deserve to be called the analytic Deligne (Borel-Moore) homology groups of X. Here we can take
either cohomology or hypercohomology for the manifold topology, and the two agree since all terms
in the Deligne complex are soft sheaves and soft sheaves are acyclic on each open. Note that there
is a Poincare duality between the analytic Deligne homology and the analytic Deligne cohomology,

namely

H%,an(XV Z(n)) 5 H2Dmfr(X7 Z(m - n))

2.3 Higher Chow complex

Higher Chow groups were first introduced in Bloch [3]. They have been shown to be equivalent
to the more sophisticated version of the motivic cohomology via Voevodsky’s DM construction in
the case of equidimensional smooth schemes of finite type over a field k. The advantage of higher
Chow groups is that their construction is based on the Bloch’s higher cycle complex, from which
elements can be represented by explicit algebraic cycles. They are also currently the only definition
of motivic cohomology for arithmetic schemes. In this section, we will recall its definition together
with some of its important properties. Among them, one of the most important features is that the
higher cycle complex satisfies the Zariski descent property, which allows us to reinterpret them via

hypercohomologies over the Zariski sites. We will see in the next section that this also gives us a
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way to define the etale higher Chow groups analogously.

2.3.1 Bloch’s higher Chow groups and their functorial properties
To begin with, we have the definitions of the higher Chow complexes and higher Chow groups.

Definition 2.3.1. Let X be a equidimensional scheme of finite type over a base scheme S = SpecR.
Here R can be a field or a Dedekind domain. Define the standard algebraic n-simplex over S to be
A% = Spec (Rlto, ..., tn) /(o ti — 1)). The usual boundary and degeneracy maps between the A}
gives a cosimplicial scheme Ay. Set Z7(X,n) to be the free abelian group generated by subvarieties
of X x A% of codimension r that intersect properly with the image of the faces under the boundary
maps. Then the cosimplicial structure on X x Ay induces a simplicial structure on Z"(X,-). From
this we obtain a chain complex of abelian groups via the Dold-Kan equivalence. By reindexing it in

negative degrees, we defined a cochain complex Z', called the higher Chow complex of X, namely

Zh = 77(X, ).

Definition 2.3.2. Let X be the same as in Definition 2.3.1. The higher Chow group of X,

CH"(X,n), is defined as the (—n)-th cohomology of Z .

Remark 2.3.1. Alternatively, one can define the higher cycle complex using cubical structure instead
of simplicial structure, and the resulting cochain complex will be quasi-isomorphic to the one in
Definition 2.8.1, thus inducing the same cohomology groups. Concretely, set L)} = (P,lc\{l})n and
let C"(X,n) be the free abelian group generated X and subvarieties of X x O} of codimension r
that intersect all subfaces properly, and D" (X,n) be the subgroup of CP(X,n) generated by those
degenerated subvarieties; then we can form ZL(X,n) = C"(X,n)/D"(X,n) together with natural
boundary maps induced from the cubical structure of . We then have CH™(X,n) = H,(Z"(X,")) =

H,(Z5(X,-)). Moreover, when k = C, we can further reduce Z5(X,n) to a subcomplex

Zx(X,n) = Cg(X,n)/(Cg(X,n) N D"(X,n))
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by setting

Cr(X,n) ={Z € C"(X,n)|Z intersects properly with X x (T, N---NT,,),

Xx{(T.,n---NT.,)no*"O"}1<j<nl1<k<n} ,

where zj : O" — P is the jth coordinate function and T, = z;l(R’). The natural inclusion

Zy(X,-) = ZH(X, ) is then a quasi-isomorphism.

Now we will list the main properties of the higher Chow complexes and the higher Chow groups

as listed in [4].
Proposition 2.3.2. Let X be the same as in Definition 2.3.1.

(i) CH"(X,n) is covariantly functorial for proper maps, and contravariantly functorial for flat

maps.

(ii) Let j ' Y — X be a closed immersion of a closed subscheme of pure codimension e, and
1: U =X—-Y — X be the complementary open embedding. Then there is a localization

sequence

= CH"(Un+1) - CH ™ ¢Y,n) - CH" (X,n) - CH"(U,n) — ---

— CH™(U,1) — CH™¢(Y,0) — CH"(X,0) — CH"(U,0) — 0.

(i) CH"(X,0) = CH"(X), the ordinary Chow group of X.

() CH™(X,n) = H "™ (X z4r, 2% ), where Z% is the complex of Zariski sheaves given by U — Z7;.

In particular, there is a standard hypercohomology Es-spectral sequence

B = HP(Xg0r,CH' (=q)) = CH" (X, —p — q),

where CH"(q) is the Zariski sheaf associated to the presheaf U — CH" (U, q).
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(v) There are external and internal product structures on CH"(X,n), namely

CHP(X,n)® CHI(Y,m) — CHP (X x Y,n +m),

CH?(X,n) ® CHY(X,m) — CHP"(X,n + m).

For later notational convenience, we will set

HJ (X,Z(n)) = CH™(X,2n —m) = H"(X 24, Z(n)),

where Z(n) = Z%[2n] from Proposition 2.3.2. More generally, for any abelain group A, we set

Hp (X, A(n)) = H™(X z4r, A(n)), where A(n) = A® Z(n).

2.3.2 Sheafified higher Chow complex

We will define étale higher Chow groups using the Bloch’s higher Chow complexes. They are poten-
tial candidates for the etale motivic cohomology that satisfy the Lichtenbaum conjectures. Little has
been known of these etale higher Chow groups, except that they share the same rational structure
as the higher Chow groups and that over finite coefficients they can be computed using ordinary
etale cohomology. We will concentrate on the behaviour of its torsion under the regulator map to
be defined in the next section. As we have seen in Proposition 2.3.2, Z% behaves contravariantly
functorial under flat maps, it defines a sheaf on the small etale site X as well. We can hence define

the etale higher Chow groups analogously as hypercohomology groups.

Definition 2.3.3. Let X be a equidimensional smooth scheme of finite type over a field k. Then
the etale higher Chow group, CHL,(X,n), is defined as H™" (X, Z%). For any abelian group A, we
set

H(ZSL(X7 A(n)) = Hm(X€t7 A(n))v

where A(n) = A® Z(n) = A® Z%[2n].
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Remark 2.3.3. Note that the A(n) in both Definitions 2.3.1 and 2.3.3 is not well defined on the
big Zariski and étale sites respectively as the higher Chow complezes are not functorial with respect
to all maps. However, Kahn [17] has shown that one can replace A(n) by A(n)" well-defined in the
deriwed category of complexes of sheaves over the big Zariski or etale sites, so that their hyperco-
homologies agree, and that the construction gives quasi-isomorphic complexes to the original higher

Chow complexes for smooth quasi-projective varieties.
There are some known properties:

Proposition 2.3.4 ([20, 11]). Let X be a smooth quasiprojective variety over k, and o : Xer — X zar

the change of site morphism. Then
(i) H}, (X, Q(n)) ~ HI}(X,Q(n)) for all integers m, n > 0.

(i) For any prime £ # char(k), and k being separably closed, the natural map

Z)0"(n) — pg

s a quasi-isomorphism. In particular, we have

HEp (X, Z(n)){€} = H™ ™ (Xer, Qe /Zo(n))

for2n <m and

HE (X, Z(n) © Qe/Ze = 0

for2n <m—1.
(iti) Hy,, (X,Q/Z(n)) ~ HE (X, Q/Z(n)) for m < n.

() H} (X,Z(n)) ~ H}(X,Z(n)) form <n+1.
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2.3.3 Motivic cohomology for smooth simplicial schemes

Now we will extend the definition of motivic cohomology to the case of smooth simplicial schemes.
The basic idea is the observation that in Remark 2.3.3 the complex of sheaves Z(n) can be replaced
by Z(n)', which is well-defined in the derived category D, (V*™) of bounded above complexes of

sheaves on V*™ endowed with Grothendieck topology 7, and that

H'(X,Z(n)) = Extym (Z(X), Z(n)) = Homyem (Z(X), Z(n)[m]).

For a general smooth simplicial scheme X., we can form the representable complex of sheaves
Z(X.) through the Dold-Kan correspondence in the abelian category of complexes of sheaves, and

define the motivic cohomology on X. by

H™ (X, Z(n)) = Homyen (Z(X.), Z(n)[m]).

More generally, for an arbitrary commutative ring A, we define

H™M(X., A(n)) = Homy:m (Z(X.), A ® Z(n)[m]). (2.3.1)

The most important property about this motivic cohomology of smooth simplicial schemes is the

Quillen spectral sequence that relates them to the motivic cohomology of their components.

Proposition 2.3.5. Let X. be a smooth simplicial scheme over a field k, and A be a commutative

ring. Then there is a E1-spectral sequence

PEYC = Hi(X0, A(n) = HI7* (X A(n). (232)

Furthermore, if the X, have uniformly bounded cohomological dimension, then the above spectral

sequence converges without taking truncation of simplicial schemes.
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Chapter 3

Higher étale regulators

3.1 First construction via spectral sequence

In this section, we will first recast the construction of Bloch’s construction of higher cycle maps in
a slightly different formulation, which will facilitate our first construction of higher étale regulators.

Then we will give the first construction and study some of its properties.

3.1.1 Review of Bloch’s construction of higher cycle maps

In [4], Bloch gives a quite general construction of higher cycle maps from the higher Chow groups
to any bigraded cohomology theory that satisfies some standard assumptions. His method basically
uses the standard technique of tracking through the associated spectral sequence to the canonical
cosimplicial scheme structure and passing through the cohomology with supports, which has a
natural choice of cycle classes. Here we will give a construction for those bigraded cohomology

theories coming from complexes of sheaves K (n) on the big Zariski site Vza;.

Definition 3.1.1. Let K(n) be a complex of sheaves on Vg, for every integer n > 0. {K(n)}n>o0

is said to be reqular if they satisfy

(i) (A'-homotopy invairance) RT (X x A', K(n)) — RT (X,K(n)) induced from any inclusion

X x {x} = X x Al is a quasi-isomorphism.

(i) (Fundamental cycle class) For everyY € Z7(X), define the complex of K(n) on X with support
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Y] as

RTy|(_, K(n))) := Cone(RT' (__, K(n)) = RI'(_—[Y], K(n))) [-1]

and the cohomology of K(n) on X with supportY as

HY (X, K(n)) := H™ (X, Ry (_, K(n))).

Then there is a unique element cl(Y) € HZ" (X, K(r)) so that cl is contravariant with respect

to pullback of morphisms.
(i11) (Weak purity) Hy (X, K(n)) =0 for every Y € Z"(X), m < 2r.

Now given a regular complex of sheaves {K (n)},>0, our goal is to define higher cycle maps

P Hyoo(X, Z(n)) — H' (X, K(n)).

As noted in [4], for each X we can replace K(n) by its Godement resolution so that we can assume,
without loss of generality, that I'( X, K(n)) is acyclic for every n > 0. Consider the spectral sequence
associated to the double complex ' (X x A™P, K (n)) constructed from the cosimplicial scheme X x

A, namely

EPY =H? (X x AP, K(n)).

As K(n) are Al-homotopy invariance, the differentials d}*? are either isomorphism or zero map, so

that

Hq(X,K(TL)) ,1fp:07
Ep =

0 , otherwise.
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Thus we can resolve the problem of convergence of the spectral sequence by truncating it for —p < N

for a large even integer N and write

EPY = H(X, K (n)).

Similarly, define

Ie (X X ArvK(n)) = hﬂ 1_\|Y\ (X X AT,K(H)),
yezn(X,r)

HP' (X x A7 K(n) = Ty HP(X x A, K(n),
yezn(X,r)

and consider the corresponding truncated spectral sequence

CEPT = HI (X x AP, K(n)) = HP*9 (Tot (T, (X x A~ K(n)))).

From the weak purity, we have .E}"? = 0 for ¢ < 2n. We can modify the associated double complex
I'. (X x A7, K(n)) to obtain another double complex I", (X x A", K(n)) by fixing components of

degree greater than 2n, replacing degree 2n components by

coker(dP®" 1T, (X x AP, K(n))*" ™" = T (X x A7, K(n))*"),

while trvializing all components of degree less than 2n, so that the canonical quotient morphism
Tot(De (X x A7, K(n))) = Tot(T', (X x A=, K(n))) is a quasi-isomorphism.

Note that there is a well-defined morphism of complexes

Z™MX,)[=2n] = HX" (X x A*™ ", K(n)) C coker(d2"~"*""") C Tot(I', (X x A™", K(n)))
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sending Y to its fundamental class cl(Y'), and yielding a diagram of morphisms

Z"(X,)[~2n] = Tot(T’, (X x A", K(n))) & Tot(T, (X x A~ K(n))) = Tot(T(X x A~ K(n)))

(3.1.1)
whose induced morphisms on cohomology give the higher cycle map
P Hp (X, Zn)) = HY(Tot(D(X x A=, K(n)))) = H"(X, K (n)).
In particular, if we apply the above construction to the case K(n) = Z(n)p we obtain the

Bloch-Beilinson regulator maps

™" Hy, (X,Z(n)) — Hp(X,Z(n)).

Note that the sequence of morphisms in 3.1.1 is functorial with respect to X so that we view
them as complexes of presheaves on any fixed smooth variety X and consider the induced map on

hypercohomologies. In particular, we have

P Hyo (X, Z(n)) = H'(X, Z(n)zar) = H" (X, Tot(I'(__x A7, K(n)))) — H" (X, K(n)).

(3.1.2)

From the Zariski descent property of higher Chow groups and the acyclicity of K(n), we have

~rn N

po™ = p™™. However, this does not define the higher cycle maps as induced maps from derived
morphisms of complexes of Zariski presheaves, since the above construction depends on the choice

of truncation of the cosimplicial scheme X x A" at some even level N.

3.1.2 Construction of higher étale regulators

We are in the position to define the higher étale regulator maps. As in Section 3.1.1, the morphisms

in (3.1.1) are functorial in X, in particular, we can view them as complexes of étale presheaves
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on X and consider their induced morphisms on étale hypercohomologies. The main obstruction
here is that the quasi-isomorphism Tot(T'. (X x A=, K(n))) = Tot(I', (X x A=, K(n))) may not
be quasi-isomorphic as presheaves over X4 and the acyclicity of K(n) do not carry over to the
corresponding étale site. Therefore, in order to resolve this problem, we need to impose an extra

condition on K (n), called the étale descent property.

Definition 3.1.2. Let K(n) be a regular complex of sheaves on Vzar, and o« : Ver — Vizar the
canonical morphism of topoi from the big étale site of smooth varieties over k to the big Zariski site

of smooth varieties over k. Then K(n) is said to satisfy étale descent if

o : RU(X zgr, K(n)?) — RI(X &, " K (n)?)

is a quasi-isomorphism for each q and smooth variety X.

Given K(n) with étale descent property, it is clear that the same property is also valid for
the corresponding complex with support as the quasi-isomorphism is stable under base changes,
cone constructions, and filtered direct limits. It follows that we have a quasi-isomorphism of étale
presheaves Tot(T'. (__ x A=, K(n))) = Tot(I', (_ x A=, K(n))) and that the diagram (3.1.1) in-

duces a morphism on hypercohomology

HL(X,Z(n)) = H" (Xe, Z(n)e) — H (Xet, Tot(T (7 x AT, K(n))))

Note that there is a natural morphism of complexes of étale presheaves

Tot(I' (_ x A7, K(n))) = o*K(n),

therefore we obtain a morphism

HL(X,Z(n)) » H (Xe,a*K(n)). (3.1.3)
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In particular, note that we have an isomorphism of F5 spectral sequences

HP(Xzar, K (n)7) == H"*1(Xzar, K (n))

! |

H? (X4, a*K(n)?) == HP9( X, a*K(n))

so that (3.1.3) defines a map

pi s HE (X, Z(n)) — H' (Xa, 0. K (n)) = H' (Xzar, K (n)). (3.1.4)

t

As the complexes {Z(n)p},>0 are regular and satisfy the étale descent property, we have thus

obtained the higher étale regulator maps:

Definition 3.1.3. The higher étale requlator maps
©y" + Hy(X, Z(n)) — Hp(X, Z(n))

are defined by (3.1.4) taking K(n) = Z(n)p.

3.2 Second construction via étale hypercovers

In this section, we will present the second construction of the higher étale regulator maps in terms

of limit of higher regulator maps of étale hypercovers. We follow mainly the treatment of [20].

3.2.1 Etale descent of motivic cohomology

The main ingredient of this formulation is the following étale descent property of motivic cohomology:

Proposition 3.2.1. Let X be a smooth variety over k, and let w : X. — X be an étale hypercovering.

Then Z(X.) = Z(X) is a quasi-isomorphism in D~ (Sh(Ve)). Hence for any complez of étale sheaves



K, we have a canonical isomorphism

H' (X, K) S H, (X, K).

Proof. First note that it suffices to establish the required quasi-isomorphism on D~ (Sh(Vg/X)). In
this case, Z(X) is the constant sheaf Z on X and we would like to show that Z(X.). is a resolution
of Z. Note that for every geometric point p : Sets — Ve /X, p*(X.) — p*(X) is a hypercovering in

Sets. As hypercoverings in Sets are contractible, the induced map

PL(X.) = Z(p' (X.) = Z(p' X) = Z

is exact. As Vg /X is asite with enough points, this shows that Z(X.) — Z(X) is a quasi-isomorphism

in D= (Sh(Vey)). O

Using this, we can reinterpret the étale motivic cohomologies as limits of the corresponding
motivic cohomologies over the étale hypercoverings, which allows us to represent elements in the

étale motivic cohomologies by higher Chow cycles on certain étale coverings.

Theorem 3.2.2. Let X be a smooth quasiprojective variety over k. Then there is a canonical

isomorphism

hﬂ HT(X.,Z(n)ZaT) = Hgt(XVZ(n))
X.€EtCou(X)

Proof. From the distinguished triangle of complexes of sheaves

Z(n) = Q(n) — Q/Z(n) 3
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we have

= HY (X, Z(n)) —= HY,(X.,Q(n)) — HY,,(X.,Q/Z(n)) — Hp i (X.,Z(n)) — -

c = H}(X., Z(n)) ——= H}(X.,Q(n)) — HZ(X.,Q/Z(n)) — HIF" (X, Z(n)) — -+

Note that by Proposition 2.3.4, ag are isomorphisms, and thus by Five Lemma it suffices to show
that a&"z Iz induce isomorphisms after taking limit over all étale hypercoverings = : X. — X. Now

consider the morphism of the Quillen spectral sequences

Ep* = lim  Hy,(X,,Q/Z(n) == lim  H}(X,Q/Z(n)
X.€EtCov(X) X €EtCov(X)

wBP = lim HY(X,,Q/Z(n) —>  lim  HL(X,Q/Z(n)
X.€EtCov(X) X.€EtCov(X)

Note that both EJ*® and 4 E7"° vanish for s < 0, so they are first quadrant spectral sequences and
thus converge properly. So it suffices to show that E]"® — o E]"® are isomorphisms. For s > 0, both
sides vanish. It follows from the fact that both cohomology theories are étale locally trivial. For

s = 0, they are isomorphic according to Proposition 2.3.4. O

In view of Theorem 3.2.2, we can recast the problem of defining a higher cycle map from the
étale motivic cohomology to a Z-bigraded cohomology defined by a regular sequence of complexes
of sheaves {K(n)},>0 which satisfy the étale descent as extending the original higher cycle map
from motivic cohomology to a certain class of regular simplicial schemes, containing those which
appear as étale hypercoverings with affine components. The quasiprojective assumption on X is
essential here, for it implies that the étale hypercoverings with affine components are cofinal in the
poset EtCov(X ), and that the complexes Z(n)’ defined on Vz,, give quasi-isomorphic complexes to
the original Bloch’s higher cycle complexes. In particular, taking {K(n)},>0 to be {Z(n)p}n>0, we

obtain our second construction of the higher étale regulator map:

Definition 3.2.1. Let X be a smooth quasiprojective variety over k. We then define the natural
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homomorphisms

A hﬂ ™" HIW(X,Z(n)) — Hp(X,Z(n)).
X.€EtCov(X)

3.2.2 [Equivalence of the constructions

Theorem 3.2.3. Let X be a smooth quasiprojective variety over k. Then

BB HE (X, ) — Hp(X, Z(n))

et

are naturally isomorphic.

Proof. Consider the following commutative diagram:

lig  H(X., Z(n)7za,) = lig  H' (X, Z(n)e)
X €EtCov(X) X €EtCov(X)

ligq H"(X.,Tot(T.(_x A7, Z(n)p))) —= hg H" (X, Tot(TL((__x A )er, Z(n)p)))
X . €EtCov(X) X €EtCov(X)

iy H(X,TotTe(_x A7, Z(n)o) —> I B (X, Tot(Te((_ x A7) Zn)o))
X.€EtCov(X) X.€EtCov(X)

iy B Tol(T( X AT Z)p) —=  limg O To(P(( x A7) Z()o))
X.eBtCov(X) X.€EtCov(X)

2

iy  H(X.,Z(n)p) ~ iy H(X.,a"Z(n)p)
X.€EtCov(X) X.€EtCov(X)

Note that the composition of the left column is just ®7;", while the composition of the right column

gives ®7)" in view of Proposition 3.2.1. The isomorphism on the top and bottom horizontal arrows

are given from the étale descent property of Z(n)" and Z(n)p respectively. O

Remark 3.2.4. Note that the assertion in Theorem 3.2.3 is also valid if we replace the complex
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Z(n)p by any regular complex K(n) of sheaves on Vzq. that satisfies étale descent.

3.3 Compatibility with Bloch’s higher cycle map

Here we will show that the higher étale regulator maps defined in the last two sections are compatible
with Bloch’s Beilinson regulator maps in the sense that by pushing forward via the standard change

of topology map «a : Xz, — Xet, we obtain a commutative triangle

H, (X, Z(n)) 2= HE (X, Z(n)) . (3.3.1)

Qy
2y

Hy (X, Z(n))

Proposition 3.3.1. Let X be a smooth quasiprojective variety over k. Then the digram 3.3.1

commutes.

Proof. Consider the commutative diagram

HT(XZaT, Z(n)) HT(Xet’Z(n))

H" (X Zar, Tot(TL(_ x A7, Z(n)p))) —= H"(Xep, Tot(T%((__ x A )er, Z(n)p)))

~ ~

H" (X zar, Tot(Te(_ % A~ Z(n)p))) — > BV (Xor, Tot(Te((_ x A™")er, Z(n))))

[e3%

H" (X zap, Tot(D(__ % A=, Z(n)p))) — s H" (Xer, Tot(T((__ X A~ Ve, Z(n)p)))

H" (X 247, Z(n)D) H"(Xer, auZ(n)p)

Note that the compositions of arrows on the left and right columns are ™" and ®;" respectively,
and the botton horizontal arrow is an isomorphism as Zp(n) satisfies étale descent. Therefore (3.3.1)

commutes. O
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3.4 Vanishing of higher infinite torsions under higher étale

regulators

Note that the étale motivic cohomology groups H', (X, Z(n)) are torsion abelian groups for r > 2n.
In this section, we will see that their maximal divisible subgroups HZ, (X, Z(n))4:, vanisn under the

regulator maps ®.,". In view of the conjectural cofinite generation property of these groups, we have
HE(X, Z(n)) ~ (Q/Z)*" & H,(X, Z(n)) finite

and HZ,(X,Z(n))aiw ~ (Q/Z)"™ for some non-negative integers ¢, ,, r > 2n.

Theorem 3.4.1. Let X be a smooth quasi-projective variety over Q. Then ®." (H?, (X, Z(n)) i) =
0 when r > 2n+ 1. In other words, ®.;" factors through its cotorsion quotient H',(X,Z(n))cotor =

HE (X, Z(n)) [ HE (X, Z(n))div-

Proof. Note that as X is defined over Q, the étale regulator map factors through the group of Galois

invariants of the étale motivic cohomology of Xz,

HI,(X,Z(n)) HL(X,Z(n)) (3.4.1)

\/

HY,(Xg, Z(n)) %

Note that Q is a separably closed field of char 0, so it follows from Proposition 2.3.4 that

HY(Xg, Z(n)% ~ H (X Q/Z(m)% ~ @ Hi ' (Xg,Qe/Ze(n))® (3.4.2)

£:prime

Consider the long exact sequence

co= HI Y (X Qeln) 5 HE Y (X, Qo/Ze(n))

et

He (X, Ze(n)) b Hy (X, Qe(n)) — -+
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Since the (-adic Gg-representation H(,(Xg, Q¢(n)) does not have weight 0 components,
H, (X7, Q¢(n))% = 0. In particular, H, (X, Z¢(n))%e lies in keri = Im ¢, which must be torsion
as Hg;l(X@ Q¢/Z¢(n)) is torsion. Note that the torsion subgroup H"(Xg, Z¢(n))tor is finite, so the
same is true for H,(Xg;, Ze(n))Ce.

Now observe that

ker (it (Xg, Qu/Za(m) 0 5 H(Xg, Zo(n)) %)
— H (X, Qe/Ze(m) @ Nker (HET (X, Qe/Zeln)) > HE(Xg, Ze(n)))
— H (X, Qe/Ze(m) % NI (B (X, Qeln) 5 HE (Xg, Qe/Ze(n))
I (H (Xg, Qu(n) % % HI (X, Qe/Ze(n) )

=0.

Therefore Hf, ' (Xg, Qo/Ze(n))%e = HI,(Xg, Ze(n))C2 is injective.
Tt follows that H;"t_l(X@7 Q¢/Z¢(n))%e is a finite torsion group. In particular, (3.4.2) shows that
H, (X5, Z(n))% is a direct sum of finite abelian groups which must have a trivial maximal divisible

subgroup. Therefore, from (3.4.1) we have ®.)" (HZ,(X,Z(n))ai) = 0 for r > 2n + 1. O

Remark 3.4.2. Note that when r = 2n + 1, &> (H2Y (X, Z(n))giw) = 0 follows from the
rational Tate conjecture for all primes £. According to [20] the rational Tate conjecture for prime ¢

is equivalent to H2 (X, Z(n)){{} being finite. As H** (X, Z(n)) is a torsion abelian group,

HEHNX,Z(n) = D HIH(X,Z(n) {6}

C:prime

and thus does not admit nontrivial divisible subgroups.
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3.5 Third construction via the Kerr-Lewis-Maiiller-Stach Map

In this section, we provide a third construction of the étale regulators on the level of étale complexes
of sheaves. The idea of the construction is based on the Kerr-Lewis-Miiller-Stach map from the higher
Chow group to the Deligne homology in [18] taking hypercohomology of morphism of complexes of
abelian groups constructed with explicit currents.

Let z,..., 2, be the standard affine coordinates on (. Define a (Borel-Moore) n-chain 7" on

0" by
™ =T, N---NT,, €CEM@O" 7),
a holomorphic n-current
Q" =dlogz; A -+ Adlog z, € F*'D™(O"),
and a holomorphic (n — 1)-current

R" = Z((—l)”_IQﬂ'i)j_1 log zjdlog zj11 A\ - -+ Adlog zn - Ot .0,
j=1

c /Dn—l (Dn)

1

Then for any higher algebraic cycle Z =Y n;Z; € ZE(X,n), we define

Ty = njmx{Z;N(X x T} € Copty, (X, 2)
Oz =Y () (x2,) Q" € FP'D¥~"(X)

Rz =Y nj(n)(nd) R" € 'D¥ " 1(X),

where 7x : X xO" —» X, W)Z(j : Z; — X and ’ﬂ'é‘; : Zj — " are the natural projections. It is easy

to see that T,z and Ry are functorial under pullbacks by étale maps, and hencefore the map of
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complexes

Rx : Z§(X, —) = Z(p —m)3 " "*(X)

(—2mi)P—*

Z
(2mi)™

((2mi)* Tz,Qz, Rz)

defined in [18][5.5] also makes sense for smooth (but not necessarily proper) complex varieties X

and is functorial on the etale site of a fixed such X. We then get a morphism

R:Z2(—,2p — o) = Z(p —m)} 2™ (—)

of complexes of presheaves on Et(X). As noted above, Z(p—m)3, 2" consists of soft sheaves for the

analytic topology on X and this remains true for each etale U — X. One has the following Lemma

Lemma 3.5.1. Let X be a separated algebraic variety over C with associated topological space
X(C). Recall that the topos Xan of sheaves on X(C) is equivalent to the category of topological

spaces p: Y — X(C) above X(C) so that p is a local homeomorphism. Hence one gets a functor

e Bt(X) = Xan, (Z = X)— (Z(C) = X(C))

from étale schemes over X to X,,. This functor is continuous for the étale topology on Et(X) and

the canonical topology on X, hence inducing a morphism of topoi

€: Xan = Sh(Xan, Jean) = Xet = ShEL(X), Jet)-

If F is a sheaf on X (C) whose restriction to U(C) is soft for each separated étale U — X, then e, F

is an acyclic sheaf on Et(X).

Proof. A soft sheaf F on a paracompact Hausdorff space is acyclic [22][Thm.3.11] and if U — X is
separated then U(C) is again Hausdorff. By a general formula Re,F is the étale sheaf associated

to the presheaf U — H*(U(C), F), so R'e,F = 0 for i > 0. The Leray spectral sequence for ¢ then
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implies

HY (X, 6. F) =2 H (X4, F) = H(X(C), F) =0

for i > 0. O

So e.Z(k —m)3 2™, ie. Z(k —m)$ 2™ viewed as a complex of presheaves on Ft(X), consists of
acyclic sheaves for the étale topology. This implies that its étale hypercohomology coincides with

its cohomology (it has ”etale descent”) and we get our map

Hi(Xet, Z(p)) 3:Hi(Xet, Zﬂg(—, 2p — .)) — Hi(Xety Z(p _ m)OD—Qm)

= H'(Z(p — m)p *" (X)) = Hp 4n(X(C), Z(p))-

Concretely, if i : ZE(—,2p — o) — K* is a K-injective resolution of étale sheaves, then by [21][Prop.

1.5] there exists a morphism (unique up to homotopy)

r:K® — Zp—m)p 2"

such that roi =R.

For a proper, regular arithmetic scheme X we should get a map of complexes

RT(Xor, Z(p)) — RT((Xe)er, Z(p)) = K*(Xe) 220 Z(p — m)3y 2™ (Xc) = RUp(Xe, Z(p))

whose mapping fibre gives a definition of ” Arakelov motivic cohomology” in the sense of Goncharov
[14] and Holmstrom-Scholbach [15] but with two refinements: Z(p)-coefficients instead of R(p)-

coefficients on the target, and étale instead of Zariski topology on the source.

3.6 Example: Regular arithmetic toric schemes

In this section, we are going to investigate the higher etale regulators for smooth quasi-projective toric

varieties. The advantage of this special class of varieties is that they are completely determined by
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their associated combinatorial structure, called a fan. This gives us a combinatorial way to determine
the geometric properties of the varieties, for instance one can construct a good compactification of
a smooth toric variety by completing its fan ¥ appropriately. Taking advantage of these extra
structures, we are able to show that the Deligne-Beilinson cohomologies are finitely generated for
suitable degrees. For background and notations about toric varieties, see [7], [10]. Also, due to their
pure combinatorial features, we can consider regular arithmetic toric schemes constructed from the
same set of data as smooth regular integral models for their corresponding toric varieties; this
provides us with an ample source of proper regular arithmetic schemes as testing ground for various
conjectures.

Note that from Proposition 2.2.1, the Deligne-Beilinson cohomology H}(Xx,Z(n)) sits in the

long exact sequence

o= H' (X5, C)/FRH" (X5, C) — Hp (X5, Z(n)) — H' (X5, Z(n)) — - --

Consider the term H"~}(Xx,C)/FRH""(Xy,C) = H'~}(Xy, Q3% (log D)). It is well-known that a
smooth quasi-projective toric variety Xyx has a smooth projective toric compactification X5 deter-
mined by a complete fan ¥ containing ¥ as a subfan. Moverover, such compactification is automat-
ically a good compactification of Xy, and that % f(log D)) are complexes of coherent sheaves on
X5. By GAGA, it is natural to pass the hypercohomology computation to the associated analytic
complex manifold X5(C). Let A}f’R(log D) be the sheaf of C* n-forms on X5(C) which is invariant
under the complex conjugation. Then A}iR(log D) forms an acyclic resolution to Q}f’m(log D))

which respects the Hodge filtration. In particular, we have

H'™! (X5, Q%! (log D)) = H' ™ (Xx(C), Q3% (log D))

— B (X5(C), AS" 5 (log D).

As A;;R(log D) is concentrated at degrees less than n, H"~!(Xx(C), A;;R(log D)) vanishes when-

ever 7 > n + 1. Therefore we have shown
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Proposition 3.6.1. Let X5 be a smooth complex quasi-projective toric variety. Then forr > n+1,

Hp(Xs, Z(n)) ~ H'(Xs, Z(n)). (3.6.1)

In particular, HL (X5, Z(n)) are finitely generated abelian groups for r >n+ 1.

As a consequence, we have Theorem 3.4.1 for free in the toric case and extend it further to the
range r > n + 1. This is good news, as usually the étale regulator map is quite mysterious in the

middle range n + 1 < r < 2n, while from Proposition 2.3.4 ®7," coincides with ®™" when r < n + 1.
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