Forum of Mathematics, Sigma (2014), Vol. 2, €20, 39 pages
do0i:10.1017/fms.2014.21

KAROUBI’S RELATIVE CHERN CHARACTER, THE
RIGID SYNTOMIC REGULATOR, AND THE
BLOCH-KATO EXPONENTIAL MAP

GEORG TAMME

Fakultit fiir Mathematik, Universitit Regensburg, 93040 Regensburg, Germany;
email: georg.tamme @mathematik.uni-regensburg.de

Received 27 September 2013; accepted 25 July 2014

Abstract

We construct a variant of Karoubi’s relative Chern character for smooth separated schemes over
the ring of integers in a p-adic field, and prove a comparison with the rigid syntomic regulator.
For smooth projective schemes, we further relate the relative Chern character to the étale p-adic
regulator via the Bloch—Kato exponential map. This reproves a result of Huber and Kings for the
spectrum of the ring of integers, and generalizes it to all smooth projective schemes as above.

2010 Mathematics Subject Classification: 19F27 (primary); 14F43, 14F30 (secondary)

1. Introduction

If A is a Banach algebra, one can view it as an abstract ring and consider its
algebraic K-theory, or one can take the topology into account and then consider
its topological K-theory. There is a natural map from the former to the latter,
and so one can form the homotopy fibre of this map giving the relative K-theory.
Karoubi’s relative Chern character [Kar83, Kar87, CK88] is a homomorphism

K&M(A) — HCii(A)

mapping relative K-theory to continuous cyclic homology. It was an idea of
Karoubi [Kar82, Kar83] that the relative Chern character could be used for
the construction of regulators. In accordance with this idea, Hamida [Ham00]
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established, for A = C the field of complex numbers, a precise relation between
the relative Chern character and the Borel regulator [Bor74]

K, (C) = C.

Karoubi’s construction works equally well in the case of ultrametric Banach
algebras, and building on previous work by Hamida [Ham06] we proved the
p-adic analogue of the above result in [Tam12a], giving the precise relation of
the relative Chern character with the p-adic Borel regulator introduced by Huber
and Kings [HK11].

Changing perspective, let X be a smooth variety over C. Again we have the
algebraic K-theory of X, but we can also consider the topological K-theory of
the complex manifold associated to X. It is natural to ask for a generalization of
the previous results to this situation. Here, the analogues of the cyclic homology
groups are the quotients of the de Rham cohomology by the Hodge filtration,
and Borel’s regulator is replaced by Beilinson’s regulator mapping algebraic K-
theory to Deligne—Beilinson cohomology. In this set-up we proved a comparison
between the relative Chern character and Beilinson’s regulator in [Tam12b].

It is the goal of the present paper to prove the p-adic analogue of this
result. Let R be a complete discrete valuation ring with field of fractions K
of characteristic 0 with perfect residue field k of characteristic p, and consider
a smooth R-scheme X. The p-adic analogue of Beilinson’s regulator is the
rigid syntomic regulator, i.e. the Chern character with values in rigid syntomic
cohomology, introduced by Gros [Gro94] and developed systematically by
Besser [Bes00b]. We introduce topological and hence relative K-theory of X, and
relative cohomology groups H, (X, n) mapping naturally to the rigid syntomic
cohomology groups. These are the target of the relative Chern character in the
p-adic situation. Our main result is the following.

THEOREM. Let X be a smooth R-scheme, and leti > 0. The diagram
K*(X) K:(X)

rel syn
Chn,i l l/‘:hnj

H>*(X,n) — H* (X, n)

rel syn

commautes.

If X is proper, the lower horizontal map is in fact an isomorphism, and
both groups are given by Hy ™'~ (Xx/K)/F"Hpn "' (X /K), which, in turn, is

naturally isomorphic to the weight n—1 part H Ci(f]]) (X k) in the A-decomposition
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of the cyclic homology of X ¢ /K [Wei97]. Moreover, for projective X and finite k,
Parshin’s conjecture would imply that also the upper horizontal map is rationally
an isomorphism.

One of the possible advantages of this approach to the syntomic regulator is
that Karoubi’s constructions give quite explicit formulae. For instance, in the
case when X = Spec(R), these have been used in the comparison of Karoubi’s
regulator with the p-adic Borel regulator [Tam12a] and in computer calculations
by Choo and Snaith [CS11].

Another motivation to study the relative Chern character and its relation to the
syntomic regulator goes back to an idea of Besser. In contrast to the Beilinson
regulator or Soulé’s étale p-adic regulator, the rigid syntomic regulator explicitly
depends on the choice of the local model X/R of the generic fibre X¢ /K. In
computations (e.g. [Bes12, BdJ12]) this leads to integrality assumptions that
one would like to remove. Besser proposed the use of Karoubi’s relative Chern
character in order to obtain a model-independent replacement for the syntomic
regulator. In fact, one can define topological and hence relative K-theory of
K -schemes using the associated rigid space, and the techniques of this paper give
a relative Chern character K{e'(XK) — H(fﬁ*i*l(XK/K)/F”. If X is a smooth
proper R-scheme, there is a natural map K™ (X) — K™ (Xx), and the relative
Chern character for X factors through the relative Chern character of X .

In particular, if one assumes Parshin’s conjecture, the relative Chern character
would give a description of the syntomic regulator for X smooth projective over R
with finite residue field solely in terms of the generic fibre X . In general, a good
understanding of topological K-theory is still missing.

From the theorem we also get the following corollary (see 6.16).

COROLLARY. Assume that k is finite and that X /R is smooth and projective.

Then
K™ (X) Ki(X)
o B
Hig ™ (X /K) /P ——— H" (K. Hy" "' (Xx. Q,(n)))
commutes.

Here, r, is the étale p-adic regulator and exp is the Bloch-Kato exponential
map of the p-adic Gal(K /K )-representation Hézt”_"_1 (X%, Qp(n)). This corollary
may be seen as a generalization of the main result of Huber and Kings [HK11,
Theorem 1.3.2], which is the case when X = Spec(R), and amounts to the
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commutativity of

r],

K2u-1(R) H'(K, Q,(n))

p—am T exp

K = DdR(Qp(n))v

to all smooth projective R-schemes (see our Corollary 6.18).

A result related to ours is proven by Chiarellotto et al. in [CCM13]. They
provide an alternative construction of the rigid syntomic regulator in terms of
higher Chow groups and syntomic cycle classes. A key step in their construction
is the compatibility of the de Rham and rigid cycle classes under the specialization
map from de Rham cohomology of the generic fibre to rigid cohomology of
the special fibre, whereas our result in some sense rests on the compatibility of
topological and rigid Chern classes.

For an interpretation of the relative cohomology groups, introduced here, in
stable homotopy theory of schemes, we refer the reader to [DM12].

Let us describe the contents of this paper in more detail. Karoubi’s original
construction of the relative Chern character uses integration of certain p-adic
differential forms over standard simplices. A reformulation of this construction
is given in Section 7. The key ingredient that enables us to compare the relative
Chern character and the rigid syntomic regulator is a new description of the former
in Section 5 that is similar to the construction of Chern class maps on higher
K-groups by Beilinson [Bei84], Huber [Hub95], and Besser [Bes00b]. This is
made possible by the functorial complexes of Besser [Bes00b] and Chiarellotto,
Ciccioni, and Mazzari [CCM13]. Their construction is recalled in Section 4,
with some simplifications coming from the systematic use of Grofe-Klonne’s
dagger spaces [GK99, GK00]. The necessary background from rigid respectively
‘dagger’ geometry is collected in Section 2. In Section 3, we recall Karoubi
and Villamayor’s definition of topological K-theory for ultrametric Banach rings
[KV71, Cal85], and extend it to smooth separated R-schemes. The necessary
comparison between the two constructions of the relative Chern character is
proved in Theorem 7.20. The main comparison theorem (Theorem 6.12) then
follows rather formally. Applications are given in Section 6.4.

1.1. Notation. For p € {0,1,2,...}, we denote by [p] the finite set
{0, ..., p} with its natural order. The category of finite ordered sets with
monotone maps is the simplicial category A. The unique injective map
[p — 1] — [p] that does not hit i is denoted by 9. Similarly, s': [p + 1] — [p]
is the unique surjective map such that s’ (i) = s'(i + 1). These induce morphisms
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0;,s; (respectively, 9, s) on every (co)simplicial object, called (co)face and
(co)degeneracy morphisms, respectively.

For a group object G, we define the simplicial objects E,G and B,G by
E,G = G*»*Y and B,G = G*?, with the usual faces and degeneracies (see,
e.g., [HK11, 0.2]).

2. Preliminaries on rigid geometry

In the definition of rigid cohomology, one usually works with rigid analytic
spaces and their de Rham cohomology. However, as de Rham cohomology is
not well behaved for rigid spaces, one has to introduce some overconvergence
condition. An elegant approach to do this is to replace rigid spaces by Grof3e-
Klonne’s dagger spaces [GK99, GKO00]. We recall some basic definitions and
facts which will be needed in the rest of the paper.

Let R be a complete discrete valuation ring with field of fractions K of
characteristic 0 and residue field k of characteristic p > 0. Fix an absolute value
|.]on K.

2.1 (Rings). The K -algebra of overconvergent power series in n variables x =

(X1, .o %) is K@) = {Y a,x’|a, € K,3p > 1: |a,|p"" —— 0}. We denote
by R(x)" the sub-R- algebra of overconvergent power series with R-coefficients.
A K- (respectively, R-)dagger algebra is a quotient of some K (x)" (respectively,
R(x)).

The algebra of overconvergent power series carries the GauB norm | a,x"| =
sup, |a,|. Its completion with respect to this norm is the Tate algebra of convergent

|V\ [v|—>o0

[v]—00

power series K (x) ={)_ a,x ||aU| —— 0}. Similarly, the completion of R (x)"
is R(x). Quotlents 0f these are called K - (respectively, R-)affinoid algebras. These
are Banach algebras. Up to equivalence, the quotient norm on a dagger or affinoid
algebra does not depend on the chosen representation as a quotient of an algebra
of overconvergent (respectively, convergent) power series.

To any R-algebra A one can associate its weak completion A" (see [MWG68,
Definition 1.1]). If A is an R-algebra of finite type and A = R[x]/[ is a
presentation, then there is an induced isomorphism A" = R(x)"/IR(x)". In
particular, A" is an R-dagger algebra. Similarly, there is a weak completion for
normed K -algebras.

The categories of R-dagger (respectively, K-dagger) and affinoid algebras
admit tensor products. For example, if A and B are R-dagger algebras, their
tensor product is A ®T = (A ®x B)". Given presentations A= R(x)"/I and
B = R(y )7/ J, there is a natural isomorphism A ®R B = R(x,y) T/ + ).
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2.2 (Spaces). We only sketch the main points here, referring the reader to [GK99,
GKO0] for details. Similarly as one defines rigid analytic spaces that are locally
isomorphic to max-spectra of K-affinoid algebras with a certain Grothendieck
topology, dagger spaces are defined by taking the max-spectra Sp(A) of K-dagger
algebras A as building blocks [GKO00, 2.12]. For any dagger space X one has an
associated rigid space X" (‘completion of the structure sheaf’) and a natural
map of G-ringed spaces X" = X, which is an isomorphism on the underlying
G-topological spaces [GKO00, 2.19].

There exists a dagger analytification functor X + X' from the category of
K -schemes of finite type to the category of K-dagger spaces. There is a natural
morphism of locally G-ringed spaces X' ~> X which is final for morphisms from
dagger spaces to X [GKO00, 3.3].

We also need the notion of weak formal schemes ([GK99, Ch. 3] and originally
[Mer72]). Let A be an R-dagger algebra, and let A = A @z k. Then D(f)
A(1/f)", where f € A lifts f € A, defines a sheaf of local rings on the
topological space Spec(A). The corresponding locally ringed space is the weak
formal R-scheme Spwf(A). A general weak formal R-scheme is a locally ringed
space that is locally isomorphic to some Spwf(A).

Sending Spwf(A) for an R-dagger algebra A to Sp(A®g K) induces the generic
fibre functor 2~ — Z% from weak formal R-schemes to K-dagger spaces, and
there is a natural specialization map sp: Zx — Z .

Taking the weak completion of finitely generated R-algebras induces the
functor X +> X from R-schemes of finite type to weak formal R-schemes.
There is a natural morphism of dagger spaces from the generic fibre of the weak
completion of X, X k., to the dagger analytification X I( of the generic fibre Xk
of X. This is an open immersion if X is separated and an isomorphism if X is
proper over R (see [Ber96, Proposition 0.3.5]). For example, if X = Ak, then
Xx = Sp(K (x)7) is the closed ball of radius 1 in (A})T.

3. Preliminaries on K-theory

3.1. Let A be an ultrametric Banach ring with norm | . |, for example, an affinoid
algebra with a fixed norm. In [KV71], Karoubi and Villamayor introduce K-
groups of A that we will denote by th}i(A), i > 1, which were further studied
by Calvo [Cal85]. A convenient way to define them is the following. Set

Alxg, ..., Xx,) = {XjauiﬂaU €A, la,l Mzos 0}

and A(A") = A(xo,...,x,)/(Q_;x; — 1). Then [n] — A(A") becomes a
simplicial ring in a natural way, and hence B, GL(A(A*®)) is a bisimplicial set
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(see 1.1). For any bisimplicial set S,,, we denote by 7, (S,.) the homotopy groups
of the underlying diagonal simplicial set. We define

K7(A) := m;(B. GL(A(A%))), i>1.

top

That this definition coincides with the original one in [KV71, Cal85] follows
from an argument of Anderson [Tam10, Proposition 7.3].

For our purposes it is important to know that one can compute the K-theory
of affinoid algebras using dagger algebras. More precisely, let R be a complete
discrete valuation ring with field of fractions K of characteristic 0 and residue
field k of characteristic p > 0, as before. We define the simplicial ring R(A®)"
by R(A")" = R{xo, ..., x,)"/(3_; x; — 1), with the obvious structure maps. For
any R-dagger algebra A, we set A(A*)' = A ®} R(A®)' (see 2.1), and define
topological K-groups by

K i(A) :== m;(B,GL(A(A%)"), i>1.

Using Calvo’s techniques, we have shown in [Tam10), Propositiop\ 7.5] that these
agree with the Karoubi—Villamayor K-groups of the completion A of A:

K(A) =K (A), i>1.

top top

Now, let X = Spec(A) be an affine scheme of finite type over R.

DEFINITION 1. We define the topological K-groups of X to be the topological
K-groups of the (weak) completion of A:

Kon(X) := K (A = K J(A), i>1.

REMARKS 3.2. (i) Note the similarity with topological complex K-theory: if
X is a smooth separated scheme of finite type over C, and A, denotes the
simplicial ring of smooth functions X (C) x A* — C, then 7; (B, GL(A,)) =
K[;]’;(X (©)) is the connective complex K-theory of the manifold X (C).

(i) Let # € R be a uniformizer of R, and let B be any R-dagger or affinoid
algebra. Then (r) C B is topologically nilpotent. Calvo [Cal85] proved that

the reduction B — B/(7r) induces an isomorphism K;;(B) 2k (B/(m)).

top

This last group is the Karoubi—Villamayor K-theory of B/(;r). In particular,
if B/(m) is regular, this coincides with the Quillen K-theory: Kl;[i(B) >
K;(B/(7)) [Ger73, 3.14].

(ii1) If, in the situation of the definition, 7 is invertibli: on X = Spec(A), i.e.,

the special fibre X} is empty, then the completion A is the zero ring, and the
topological K-theory of X vanishes.
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3.3 (Connection with algebraic K-theory). Recall that, for any ring A, the
Karoubi—Villamayor K-groups [KV71] can be defined as

KVi(A) = m: (B, GL(A[A®]), i>1,

where A[A°®] is the simplicial ring with A[A"] = Alxo, ..., x,1/Q, x; — 1).
There is a natural map from the Quillen K-group K;(A) to KV;(A), which is an
isomorphism when A is regular. Since we are only interested in the case of regular
rings, we will in the following identify K;(A) = K V;(A).

Consider a smooth affine R-scheme X = Spec(A), as above. There is a natural
map A[A*] — AT(A®)". We define the bisimplicial set

F(X) := F(A) := B,GL(A[A"]) X5, GL(a7(a)) E« GL(AT(A%)") (3.4)
and the relative K-groups of X
K*(X) :=mF(A), i>0.
We will also need the following finite level variant of F'(A):
F,(A) := B, GL,(A[A®]) X3, a7 (av)) Ea GL(AT(A%)), (3.5)

so F(A) = lim F,(A) and KF(X) = lim 7;(F,(A)). Since the projection
E,GL(AT(A*)") — B, GL(A"(A*)") is a Kan fibration on the diagonal simplicial
sets, and since E, GL(A(A*®)") is contractible, we get the following.

LEMMA 3.6. There are long exact sequences

= KE(X) = Ki(X) = Kip (X) = K[ (X) — -+

In the following, we will use the notation GL(X) := GL(I" (X, O%)), where X
can be a scheme, a dagger space, or a weak formal scheme.

We extend the definition of topological and relative K-theory to smooth
separated R-schemes X of finite type as follows. Write A% := Spec(R[A®]).
Since K-theory for regular schemes satisfies Zariski descent, we have
isomorphisms

K;(X) = lim m; holim(B, GL(U, xg A%)), i 2>1 3.7
U.——>>X [qlea
where U, — X runs through all finite affine open coverings of X viewed as
simplicial schemes (see [Hub95, Proposition 18.1.5]). In analogy to (3.7), we
define ' R R
Kip(X) == Ul%l)qx T h[‘(l)]leign B,GL(U, xg A%), i2>1,
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and
KTC] X) := lim TT; holim F(U,).
i ( ) : gl ( q)

Here AP x 1s the weak completion of the algebralc standard simplex A%, so if
= Spec(A), then U x AZ = Spwf(AT ®F R(A?)) (see 2.1). These groups
are contravariantly functorial in X.

LEMMA 3.8. (1) If X = Spec(A) is affine and smooth over R, these definitions
coincide with the earlier ones.

(i1) If X is a smooth separated R-scheme of finite type, there is an isomorphism
K- '(X) = K;(Xp).

top

(iii) There are long exact sequences

— K*(X) = K;(X) > K /(X) > K®/(X) = -,

top

as before.

Proof. (ii) Calvo’s theorem 3.2(ii) implies that for a smooth affine R-scheme U
we have weak equivalences

B.GL(U x A%) = B,GL(U; x; A).

Since holim preserves weak equivalences between fibrant simplicial sets, for any
open affine covering U, — X, viewed as a simplicial scheme, we get weak
equivalences

holim B, GL(U X R ;3) = holim B, GL((Upk xi AD).
[glea [qleA

Taking 77; and the limit over all finite affine coverings yields isomorphisms

hm T hohmB GL(U X R R) 5 hm T hohmB GL((Upk xx A7)

U~>X U~>X

This proves (ii). Using Calvo’s result K/ (AT) = K;(X;), we get (i) for Ktop

Using the five lemma, the result for K™ follows from this, (3.7) again, and (iii).
(iii) follows from Lemma 3.6 and the fact that holim preserves homotopy

fibrations of fibrant simplicial sets [Tho85, Lemma 5.12]. O]
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REMARK 3.9. Using K-dagger or K -affinoid algebras in the above constructions,
we get a notion of topological K-theory for rigid K-spaces. It is likely that
this coincides with the one defined by Ayoub [Ayo] using the stable homotopy
categories of schemes and of rigid varieties, respectively.

4. Preliminaries on functorial complexes

For our construction of the relative Chern character we need functorial
complexes computing the different cohomology theories involved. The main work
has been done before, by Huber [Hub95], Besser [Bes00b], and Chiarellotto
et al. [CCM13]. The only difference in our approach is the systematic use of
dagger spaces, also initiated by Huber and Kings [HK11], which simplifies the
construction of the rigid and syntomic complexes.

4.1 (Godement resolutions). We recall some facts on Godement resolutions (see
[CCM13, Sections 3 and 4] for more details and references). To a morphism of
sites u: P — X and an abelian sheaf F on X one associates a cosimplicial sheaf
[p] = (u,u*)P*'F on X, where the structure maps are induced by the unit and
the counit of the adjoint pair (u#*, u,) between the categories of abelian sheaves
on P and X. The associated complex of sheaves on X will be denoted by Gdp F.
There is a canonical augmentation / — Gdp JF, which is a quasi-isomorphism if
u* is exact and conservative (see, e.g., [Ivo05, Lemma 3.4.1]).

We want to use this in the situation where P is a certain set of points of (the
topos associated with) X with the discrete topology. The first case is that of a
scheme X. Here, we take P = Pt(X) to be the set of all points of the underlying
topological space of X. Then u* is given by F +— |].., Fx, which is exact and

xeX
conservative, and F > aGd picxy F 1s the usual Godement resolution.

The second case is that of a dagger space X. Here, it is not enough to take
just the usual points of X. Instead, one has to use the set of prime filters on X
(introduced in [vdPS95]), as alluded to in [Bes00b] and carried out in [CCM13,
Section 3]. We take P = Pt (X) to be the set of prime filters ((CCM13, Ex. 3.2.3])
on the rigid space X"¢ associated with X with the discrete topology. Then there

N e ¢
[CCM13,3.2.3] see 2.2

Since u is the identity on underlying G-topological spaces, we get from
[CCM13, Lemma 3.2.5] that £*u* is exact and conservative. Hence, for any
abelian sheaf F on X, the augmentation / — Gdp,(x) X is a quasi-isomorphism.

It is important to note that in both cases the complex Gdp F consists of flabby
sheaves. This follows automatically, since on a discrete site every sheaf is flabby,
and direct images of flabby sheaves are flabby.

are morphisms of sites Pt (X)
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More generally, if F* is a bounded below complex of abelian sheaves on X, we
can apply Gdp to each component to get a double complex. We then denote by
Gdp F* its associated total complex. It follows from a simple spectral sequence
argument that the induced morphism F* — Gdp F* is a quasi-isomorphism.

An important feature of the Godement resolution is its functorial behaviour. If

Q—P

"

Yy —X

is a commutative diagram of sites, and F (respectively, G) is a sheaf on X
(respectively, Y), then a morphism F — f.G induces a morphism Gdp F —
f+Gdo G compatible with the augmentations [CCM13, Lemma 3.1.2].

4.2 (Analytic de Rham cohomology). Let X be a smooth K-dagger space. There
is a notion of differential forms on X (see [GKO00, §4]): for an open affinoid
U = Sp(A), the differential d: A = I'(U, Ox) — I'(U, Q}(/K) is universal for
K -derivations of A in finite A-modules. As usual, one constructs the de Rham
complex §2% . and defines

Hy (X/K) = H"(X, 2% /).
We define a complex of K-vector spaces, functorial in the K-dagger space X:
RIR(X/K) == I'(X, Gdpi(x) 2% /x)-

Since the complex Gdp,(x) §2§ /K consists of flabby sheaves, which are acyclic for
I'(X, .), we have natural isomorphisms

H*(RIw(X/K)) = Hp(X/K).

4.3 (Algebraic de Rham cohomology). Here, X is a smooth separated scheme of
finite type over K. Its de Rham cohomology is by definition the hypercohomology
of the complex of Kéhler differential forms:

Hip(X/K) = H*(X, 2},5).

It is equipped with the Hodge filtration constructed as follows. By Nagata’s
compactification theorem and Hironaka’s resolution of singularities, there exists

a good compactification of X, i.e., an open immersion X <% X of X in a smooth
proper K-scheme X such that the complement D = X — X is a divisor with
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normal crossings. On X one has the complex 2% / ((og D) of differential forms
with logarithmic poles along D. There are isomorphisms

Hip(X/K) = H (X, 2% x(log D)),

the Hodge-de Rham spectral sequence E! = HI(X, .Q%K(log D)) =
Hi(X/K) degenerates at Ej, and the induced filtration F*Hg(X/K) is
independent of the choice of X. It is given by

F'H}(X/K) = H* (X, Q;"K(log D)),

>n denoting the naive truncation.

If f: X — Y is a morphism of smooth separated K-schemes of finite
type, one can construct good compactifications X < X,Y <> Y such that f
extends to a morphism f: X — Y. This implies that the Hodge filtration is
functorial. Moreover, the induced map f*: Hj;(Y/K) — Hj(X/K) isstrict, i.e.,
F*(F'H}(Y/K)) = F'Hj,(X/K) Nim(f*). Indeed, by the Lefschetz principle
and Serre’s GAGA, this follows from the corresponding fact over C, proven by
Deligne [Del71, Théoréme 3.2.5].

Since the good compactifications of X form a directed set with respect to maps
under X, and taking the colimit along a directed set is exact, to get functorial
complexes computing algebraic de Rham cohomology together with its Hodge
filtration we could take the colimit of the I" (X, Gd pi(x) §25,, (log D)) along the

X/K
system of good compactifications X of X. However, for the comparison with
analytic de Rham cohomology, it is technically easier to use the following variant
(see [CCM13, Proposition 4.2.3]).

Let X' be the dagger analytification of X (see 2.2), and let P¢(X") be as in
4.1. Let Pt(X) be the usual set of points of the good compactification X of X.
We can form the disjoint sum Pt (X ") U Pt (X) viewed as a site with the discrete
topology to get a commutative diagram of sites:

Pt(X") ——— = Pr(XH) u Pt(X)

T

j —

X ———=Xx X
see 2.2
There are natural morphisms 23 1K (log D) — 2%,k — Jsls82%:  which
together with (4.4) induce a natural map
GdPl(X%)UPT(Y) Q§/K(10g D) — jits GdPt(XT) Q)*(T/K- 4.5)
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Thus we are led to define
F'RIw(X/K) := lim T'(X, Gdpyxupny .Q%”K (log D)), (4.6)
XX
where the limit runs over the directed set of good compactifications of X.
It follows from the discussion above that there are natural isomorphisms
H*(F"RIw(X/K)) = F"Hj(X/K),
and (4.5) induces natural comparison maps

F"RIr(X/K) - RIr(XT/K). 4.7)

5. The relative Chern character

As before, R denotes a complete discrete valuation ring with field of fractions
K of characteristic 0 and residue field k of characteristic p > 0. Let Smy be the
category of smooth separated R-schemes of finite type. For X € Smg, we have its
generic fibre X ¢ with dagger analytification X j{ and its weak completion X with
generic fibre X k» related by the following morphisms of locally G-ringed spaces:

Xx C XL 5 Xg.
In particular, we have morphisms of complexes

" 4.7)
F"RIr(Xk/K) —> RIw(X/K)

by functoriality
e

RI(Xx/K).  (5.1)

5.2. We denote by Ch the category of complexes of abelian groups. For a

morphism A EN B in Ch, we denote by mf(A — B) := Cone(A — B)[—1] the
mapping fibre. It has the following property: if C is a complex, the morphisms
C — mf(A — B) are in one-to-one correspondence with pairs (g, &), where
g: C — Ais amorphism of complexes and h: C — B[—1] is a homotopy such
thatdh + hd = f o g.

DEFINITION 2. For every integer n, we define a functor Rl (., n): Smy —
Ch by

" G.1) =
RIGa(X,n) == mf(F"RI'w(Xk/K) — RIw(Xk/K))

and relative cohomology groups H} (X, n) := H*(RIq(X, n)).

REMARKS 5.3. (i) These are closely related to rigid syntomic cohomology; see

Lemma 6.9 below. The complex R (X, n) can also be interpreted as the
syntomic P-complex RI} (X, n) of [Bes00a, 2.2] for the polynomial P = 1.
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(i1) Since X/R is smooth, the de Rham cohomology of X x 1s just the rigid
cohomology of the special fibre X; (see Section 6.1 below). Hence the
relative cohomology groups sit in exact sequences

= Hpy(X,n) = F"Hyp(Xg/K) = Hi (X, /K) — -

(iii) If X/R is proper, then S(\K = XI( (see 2.2), and by GAGA [GK99, Kor. 4.5]
RFdR(X} /K) ~ RIR(Xk/K), where >~ denotes a quasi-isomorphism.
Hence Rl (X,n) ~ mf(F"RI(gR(Xx/K) - RIRr(Xg/K)) in this case,
and the degeneration of the Hodge-de Rham spectral sequence yields
isomorphisms

H,(X.n) = HR'(Xx/K)/F"HR' (X¢ /K).

(iv) For an interpretation of the relative cohomology in terms of stable
A'-homotopy theory, we refer the reader to [DM12].

The goal of this section is to construct relative Chern character maps which will
be homomorphisms
chi: K'(X) - HZ ™' (X,n).

rel

We first describe an abstract formalism to obtain homomorphisms from the
homotopy groups of certain simplicial sets to the cohomology of suitable
functorial complexes, and then specialize this to the construction of the relative
Chern character and, in the next section, of the syntomic regulator. This
formalization of the constructions makes it easier to compare them afterwards.

5.4. We view complexes in Ch either homologically --- — C; < Cioy —> -
or cohomologically - - - — C~ Lo using the convention C; = C .
Given A, B € Ch, we denote by Hom(A, B) the mapping complex. In degree i,
it is given by [, Hom(A”, B”*') with differential f > f od* — (=1)'d” o f.
In particular, cycles in degree i are given by Z'Hom(A, B) = Homcn(A, Bli)).
If C** is a double complex, the differential of the total complex is given on C?4
by d"" + (—1)?d**" (p is the horizontal coordinate).

5.5. We consider the following set-up: S is a category, a: Smyz — S a functor,
I;: SmY — Ch and I;: S — Ch are functorial complexes, and we have a
natural transformation Iy — I o a.

For example, S could be the category of smooth weak formal R-schemes
Smfg, a: Smr — Smf; the weak completion functor X +— X, I, the functorial
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complex F"RI'R(()x/K), IT = RIw((.)x/K), and I; — I o a the natural
transformation given by (5.1).

We fix a morphism £ — B in Smy. In applications, this will typically be the
morphism of simplicial schemes E, GL, x — B, GL, ;. Consider a map X i> B
in Smj, together with a map a(X) £ a(E) in S such that

a(E)
e
Cl(X) TG(B)

commutes; in other words, (f, g) is an element in B(X) Xu5)wx) a(E)(a(X)),
where we use the notation B(X) := Homgn, (X, B), etc. By abuse of notation,
we write (B X, a(E))(X) for this set. Then the pair ( f, g) gives a commutative
diagram

I'hy(B) — I'(a(B)) — I (a(E))

) any

I (X) —— Ni(a(X))
in Ch, and hence a morphism of complexes, i.e., a zero cycle in the Hom-complex,

mf([o(B) — IN(a(E))) - mf([5(X) — It(a(X))).

This construction induces a morphism of complexes

Z[(B x4y a(E))(X)]
— Hom(mf([H(B) — I'(a(E))), mf(I5(X) — I'(a(X)))),

where Z[ . ] is the free abelian group considered as a complex in degree 0.

If E, — B, is a morphism of simplicial objects in Smg, and X* is
a cosimplicial object in Smg, then ([p], [¢]) — (B, Xaes,) a(E,))(X?) is a
bisimplicial set, and we get a natural map of complexes

Tot Z[(B. X5,y a(E.))(X*®)]
— Hom(mf(I5(B,) — I(a(E,))), mf(I5(X®) — IN(a(X*)))). (5.6)

Here, I'y(B,), [5(X*), etc., are defined as the direct sum total complexes, and we
view the simplicial (respectively, cosimplicial) direction as the horizontal one. For
example, the degree n-component (/5(X*®))" of the total complex is the possibly
infinite direct sum @, .z ,1,—, 1o (X~ 7). On the left-hand side, the vertical
direction is that coming from X*. Using the sign conventions from 5.4, we have to
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introduce a sign (—1)79~Y/2 in bidegree (p, ¢) in order that (5.6) is a morphism
of complexes.
On homology, (5.6) induces for every integer * a map

H;(TotZ[(B. Xas,) a(E))(X)])
— Hom(H*(mf(Iy(B.) — [ (a(E.)))), H* ™ (mf(IH(X*)
— I (a(X*))))). (5.7

In particular, any class ¢ € H*'(mf(I3(B,) — I'(a(E,)))) gives by composing
(5.7) with the evaluation at ¢ a map

“c: Hi(TotZ[(Bs X 48, a(EJ))(X*)])
— H*" (mf(Iy(X*) — Ia(X*)))). (5-8)

DEFINITION 3. A regulator datum is a tuple w consisting of (1) a category S
together with a functor a: Sm; — S, (2) functors I: Smy — Ch, I7: S® —
Ch together with a natural transformation I, — I o a, (3) a morphism of
simplicial objects E, — B, in Smg, and (4) a class ¢ € H*(mf(I(B,) —
I'(a(E.)))).

To simplify notation, we denote such a regulator datum by w = (S, E, — B,,
Iy— Ijoa,c).

LEMMA 5.9. A regulator datum w induces for every cosimplicial object X* in
Smy and i > 0 a homomorphism

reg; () : 7;((Ba Xae,) a(ED)(X®) — H 1 (mf([H(X*) — T(a(X")))).

Proof. The desired homomorphism reg; (w) is the composition
7;((Be Xap,) a(E:))(X*))
—> H;(Z[diag(B, X4, a(E))(X*)]) Hurewicz
= H; (Tot Z[(B. X a8,y a(E))(X*)]) by Eilenberg—Zilber
S HP S mE(T(X®) — Ta(X*)))) by (5.8). [

We record the following naturality properties which are easily established. They
will be used in the comparison of the relative with the syntomic Chern character in
the next section. Consider two regulator data w = (S, E, — B,, [y — I oa,c)
and ' = (S, E, — B,, Iy — I'/ od’, ¢’) with the same E, — B,.

Assume, moreover, that we have a functor b: S — S’ such that b o a = d/,
natural transformations Iy — I, I'T — I ob, and a natural homotopy / between
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the compositions [y — [y — [{oa'and [y = [T oa — [Joboa=1TI]oa'
For every map Z — Y in Smg, these induce a map mf(]'b(Y) — I (a(Z))) —
mf (Iy(Y) — I7(a'(Z))) (see 5.2).

LEMMA 5.10. If ¢ maps to ¢’ by the map H*'(mf(Iy(B,) — I(a(E,)))) —
H*(mf(I'j(B,) — I'/(a'(E.)))), then for every X* the diagram

reg; (w)

7 ((Be Xa(z,) a(ED)(X®)) ———— H* 1 (mf(IH(X*) — [ (a(X*))))

7 ((Be Xa s, a'(E))(X*)) H* (mf(I5(X*) — I7(a'(X*)))

reg; (')
_—

commutes.

We now consider regulator data w = (S, E, — B,, I, — I o a,c) and
o' = (S,E, - B.,, Iy = I oa,c’) with the same category S and complexes
Iy, I'l, and assume that we have a commutative diagram of simplicial objects in
Smg:

E,—FE

b

B, — B,

LEMMA 5.11. If ¢ € H*™(mf(I'y(B.) — I (a(E.)))) maps to the class ¢ €
H>(mf(Iy(B,) — T(a(E,)))) by the induced map, then for every X* the
diagram

7 ((Be Xacp,) a(E.))(X*)) 7;((B, Xay) a(E))(X*))

k Lreg,» (@)

H> (mf(Iy(X*) — IN(a(X*))))

commutes.

We now construct a regulator datum ., that produces the relative Chern
character. Let Smfy be the category of smooth weak formal R-schemes. Let
a: Smp — Smf; be the weak completion functor X ~> X, let I v be given
by X — F"RIR(Xg/K), let I be given by 2" +— RIR(Zx/K), and let
the natural transformation Iy — I o a be given by (5.1). For E, — B,, we
take £, GL, — B,GL,. As cosimplicial object in Smy we will always take
X* = X xg A% = Spec(A[A*]) for some affine X = Spec(A) in Smg.
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With these choices we have

(Be Xaes,) a(E))(X®) = F.(A), see (3.5), (5.12)
mf([y(X*) — I(a(X*))) = RIa(X xg A%, n) by Definition 2. (5.13)

For the equality (5.12) we use that GL, (X) = Homgpn, (X, GL,) = GL, (A). To
get a regulator datum, we need to specify the class c. This is accomplished by the
following.

LEMMA 5.14. For eachr > 1, the natural map

H* (mf(F"RIw(B.GL,x /K) — RTw(E.GL, x/K)))
— H*”(F"RIw(B,GL, ¢ /K)) = F'H;?(B,GL, ¢ /K)

is an isomorphism.

Proof. This follows from the long exact sequence for the cohomology of a cone
together with the fact that E,GL, ¢ is a contractible simplicial dagger space, and
hence has no cohomology in positive degrees (see [Tam10, Lemma 2.11]). [

In particular, there is a unique class

Chrel

n,(r

, € H*(mf(F"RI(B.GL,x /K) = RIw(E.GL, ¢/K))  (5.15)

which is mapped to the degree 2n component chgir) € F'"H}?(B,GL, ¢ /K) of

the universal Chern character class in de Rham cohomology. Since the chf'f(r) are
compatible for varying r > 1, so are the ch)(, .
We also need the following lemma. At this point it is crucial to work with

dagger spaces.

LEMMA 5.16. The natural map RI(X,n) — RI4(X X At ,n) Is a quasi-
isomorphism for any X € Smpg.

Proof. 1t suffices to check this for both components of the cone separately. We
first show that RFdR(S(\K/K) — RFdR(f(\K X Z;(/K) is a quasi-isomorphism.
By construction, RFdR(ff\ kK X Zk /K) is the direct sum total complex of
a double complex in the second quadrant. The filtration by columns gives a
convergent spectral sequence in the second quadrant (see [Wei94, 5.6.1] for the

dual homological case),

EM = HL(Xx x A" /K) = H'(RTp(Xx x A%/K)).
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The differential d; is induced from the cosimplicial structure of A} The
homotopy invariance of de Rham cohomology of dagger spaces [GK99,
Proposition 5. 8] implies that d{"? is the identity if p is even and zero if p is
odd. Hence EY? = HR(XK/K) EY? = 0if p < 0. It follows that the edge
morphism E b HgR(XK/K) — H‘f(RFdR(S(\K x A® */K)) is an isomorphism.

For F"RFdR(XK/K) — F"RIR(Xg x AS /K) we argue similarly, using in
addition that Hjy (Xx/K) — Hjx(Xx xx Ag”/K) is an isomorphism by the

homotopy invariance of de Rham cohomology; hence so is F"Hj;(Xg/K) =4
F'"Hj (Xk xx A"/K) by strictness (see 4.3). O

DEFINITION 4. Let X = Spec(A) be a smooth affine R-scheme of finite type.
Let a)ffl(r) be the regulator datum (Smfz, E, GL, — B,GL,, F"RIR(()g/K) —
RIr(Ok/K), chf:l(r)). By 5.9, this gives homomorphisms
' 5.1

reg; (wy,): T (F(A)) > H" ' (RLa(X x A*,n)) =
which are compatible for varying r > 1. The relative Chern character is defined

to be the colimit

4
HZ (X, n),

rel

lim reg; (!} ")

ch®: K*(X) = lim 7; (F, (A)) =, H¥ (X, n).

n,i rel
r

We use Jouanolou’s trick to extend this definition to all schemes in Smp.
According to Jouanolou and Thomason [Wei89, 4.4], such a scheme X admits

a Jouanolou torsor W & X , 1.e., W is affine and p is a torsor for some vector
bundle on X.

LEMMA 5.17. In the above situation, the map p*: Rl (X,n) = RIq(W,n) is
a quasi-isomorphism.

Proof. Tt is enough to show that p induces a quasi-isomorphism on both
components of the cone. We show that RFdR()A( x/K) z, RFdR(VT/K /K) is a
quasi-isomorphism. Using again that p*: Hj; (Xx/K) — HjRp(Wg/K) is strict
with respect to the Hodge filtrations (see 4.3), the proof for F” R [y is similar.
Choose a finite open covering X = |J,., U, such that p~ (U, — U, is
isomorphic to a trivial vector bundle A;, — U,. Let U, — X be the Cech
nerve of this covering, and denote by p 1(U ) — W its base change to W. Since
(T, )K}%A is an admissible covermg of Xk, it follows that RFdR(XK/K) —
RFdR((U )x/K) and similarly RFdR(WK/K) — RIR(p~ 1(U )x/K) are quasi-
isomorphisms. Hence we are reduced to the case that W — X is of the form
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A’ — X. Then the claim follows from homotopy invariance for the de Rham
cohomology of dagger spaces [GK99, Proposition 5.8] O

DEFINITION 5. Let X be in Smy, and choose a Jouanolou torsor W 5 X. We
define the relative Chern character to be the composition
| p* ) ch‘n"l, i (pH~! i
K(X) = K"(W) — H~'(W,n) — H_ (X, n).

rel rel

One checks that this does not depend on the choice of W — X using the fact
that, for two Jouanolou torsors W — X, W' — X, the fibre product W x y W' —
X is again a Jouanolou torsor.

6. Comparison with the rigid syntomic regulator

The main technical problem in the construction of the rigid syntomic regulator
is the construction of functorial complexes computing rigid and rigid syntomic
cohomology. This was solved by Besser [BesO0b]. An alternative construction
of the regulator using cycle classes and higher Chow groups instead of K-theory
is given in [CCM13]. We recall Besser’s construction with some improvements
from [CCM13]. As in [HK11], the systematic use of dagger spaces simplifies the
construction a little bit.

Let R be as before, and assume moreover that the residue field k of R is perfect.
Let Ko € K be the field of fractions of the ring of Witt vectors of k.

6.1. Rigid cohomology. We consider the category Sch, of separated schemes
of finite type over k which admit a closed immersion in a flat weakly formal R-
scheme % with smooth special fibre %;. For X € Smy, the special fibre X, is in
Schy, as we can take the closed immersion of X; in the weak completion X of X.

Let X be in Sch;, and choose an embedding X < % as above. The rigid
cohomology of X with coefficients in K is by definition the de Rham cohomology
of the tube | X[#:= sp~'(X) C % (see 2.2) of X in ¥

[Ber97], [GK99, Proposition 8.1]. Up to isomorphism this is independent of the
choice of %'
Following Besser, we define

RIGiy(X/K)y == RIr(1X[2/K).
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This complex is functorial only in the pair (X, % ). To obtain complexes
functorial in the k-scheme X, we proceed as in [Bes00b, §4]. Define the category
of rigid pairs R'P: objects are pairs (X, j: X < %), where X and j are as above.
We will often abbreviate such a pair as (X, ¢'). Morphisms (X', #") — (X, %)
are pairs of morphisms (f: X' — X, F: |X'[#+—1X[a) such that the diagram

1X'[o —=1X[»

spl jsp

X' X

commutes. The category R'P substitutes Besser’s category RT of rigid triples.
Note that there is a natural functor Sm; — RP taking X to the pair (X, X ).

With this replacement, Besser’s construction [Bes0Ob, Proposition 4.9,
Corollary 4.22] goes through word by word and yields the following.

PROPOSITION 6.1. (i) There exists a functor RIi (., /k): Sch;” — Chg 1o
the category of complexes of K -vector spaces such that H*(RI;,(X/K)) =
H (X/K) functorially. If K is absolutely unramified, i.e., K = Ko, and
o is the Frobenius on K, there exists a natural o-semilinear Frobenius-
endomorphism ¢ on RI%,(X/Ky).

(ii) There exists a functor RP® — Chg, (X, %) ﬁrig(X/K)@/ together
with R'P-functorial quasi-isomorphisms

RI(X[w/K) = RTwy(X/K)y < RTuy(X/K)a = RIu(X/K).

6.2. Rigid syntomic cohomology. Recall that the homotopy pullback of a
diagram of complexes A EN c £ Bis by definition the complex Ax¢B =

Cone(A &® B I8 C)[—1]. It fits in a diagram

|

A——C

which is commutative up to canonical homotopy, given by the projection to the
C-component of the cone. If f is a quasi-isomorphism, so is f.
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6.2. Let X be in Smy. Then 1X;[3= ?K C Xj,'(, and we have natural maps of
complexes, functorial in X,

n (5.1) > o~ ~
F'RIgR(Xg/K) —> RIwR(Xi[z/K) < Rrrig(Xk/K))? - RFrig(Xk/K)~

Define F"RT g (X /K) to be the homotopy pullback of the left two arrows above,
a complex quasi-isomorphic to F" RIyr (X g /K), which admits a natural map

F"RT (X/K) > RTsy(Xi/K)z. (6.3)

On RT};,(X,/Kp), we have the Frobenius ¢ and the natural map to R[5, (X /K).
We define the complex

@ (n)(Xy) := Cone(R Ty (Xi/Ko) = RIGie(Xi/Ko) @ RIGi(Xi/K)),

where the map is given by w — ((1 — (¢/p"))w, ). This complex is functorial
in the k-scheme X}, and there are natural maps

RTo(Xi/K)z = RTig(Xi/K) — @ (n)(X,). (6.4)

Consider the composition
n o 63) == (6.4)
F'RI'(X/K) —> RIse(Xi/K)z —> P (n)(X). (6.5)

DEFINITION 6. We define the syntomic complex of X twisted by n:

RIyn(X, n) = mf(F"RT g (X/K) =223 @ (n)(X,).

Its cohomology groups will be denoted by Hg, (X, n).
REMARK 6.6. Writing down the iterated cone construction explicitly, one sees
that R, (X, n) is isomorphic to the complex

Cone(R Iy (Xy/Ko) ® F"RT ar(X/K) — RIp(Xi/Ko) ® RIig(Xe/K)I—1],

where the map is given by (x, ¥) — ((1 — (¢/p"))x, x — y). From this one sees
that the fundamental Proposition 6.3 of [Bes00b] also holds for our definition
of rigid syntomic cohomology. Hence all further constructions of [Bes00b] work
equally well in our setting. In particular, there are natural maps

H: (X,n) - F'Hjy (Xx/K). (6.7)

syn

In fact, it is possible to construct a natural chain of quasi-isomorphisms
connecting our version of the rigid syntomic complex with Besser’s. But since
we do not need this we omit the lengthy and technical details.
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We now give Besser’s construction of the rigid syntomic regulator [Bes00b,
Theorem 7.5] in the set-up of the present paper. By [Bes00b, Proposition 7.4] and
the discussion following it, for all positive integers n, r there exists a class

ch)i, € Hot(B,GL, g, 1), (6.8)
the universal nth syntomic Chern character class, uniquely determined by the fact
that it is mapped to the degree 2n component ch;“,{(r) of the universal de Rham
Chern character class in F"Hy (B, GL, x /K) under (6.7). These are compatible
for varying r.

Let a = (.);: Smzp — Sch; be the special fibre functor. We define the
syntomic regulator datum

syn id np - —(6.5) syn
2%, = (Schy, B.GL,g > B,GL, x. F'RTa(. /K) ~ & (n)((.)0). ch},).

Now, let X = Spec(A) be an affine scheme in Smyg, and as always X* = X xp
A%. With these choices, we have

(B, GL,.g X (s, GL,,R)a(B. GL, ))(X*) = B,GL, r(A[A®]),
mf(F"RT g (X*) — @ (n)(X})) = RIyn(X X g Af, 1),
mf(F"RT g (B, GL, z) — @ (n)(B.GL,)) = RI\yn(B,GL, £, n).

Similarly as in Lemma 5.16, one shows that RI,,(X,n) — RI (X xp A%, n)
is a quasi-isomorphism.

DEFINITION 7. Fori > 1, the syntomic Chern character or regulator is given by

lim reg; (w;{l"’))

chy’}: Ki(X) = lim7;(B.G L, (A[A*])) ————

H? ' (RIyn(X Xg A% n)) = Hon ' (X, n).

Using that the natural map B, GL(A) — diag B, GL(A[A®]) induces an
isomorphism in homology with Z-coefficients (see the proof of Lemma 7.14),
it is easy to check that this construction is equivalent to Besser’s in the affine
case.

Again, this is extended to all schemes in Smp using Jouanolou’s trick
(see Definition 5).
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6.3. The comparison.

LEMMA 6.9. There exist complexes ﬁ“rel(X, n), functorial in X € Smyg,
together with maps

RIa(X,n) < RT (X, n) — RLyu(X, ),
the left-pointing arrow being a quasi-isomorphism. These induce natural maps
Hy (X, n) — Hg, (X, n) (6.10)

which are isomorphisms if X is proper and x & {2n,2n + 1, 2n + 2}.

Proof. Consider the following diagram of complexes:

F"RIw(Xx/K) <—— F"RT (X/K) F"RT w(X/K)
\L(S.l) l(es) l—(o‘s) (6.11)

RIg(Xx/K) RT 4 (Xi/K)g —— = & (n)(X,)

~

The left square commutes up to canonical homotopy (see 6.2); the right
square strictly commutes. We set RIw(X,n) := mf(F"RI'w(X/K) —
RTI'y(X/K)z). The desired maps are induced by the maps in the diagram
together with the homotopy which makes the left-hand square commute (see 5.2).

The second statement follows from weight considerations, as in the proof of
[Bes00b, Proposition 8.6]. I

We can now formulate the main result of this paper.
THEOREM 6.12. For every X in Smy and i > 1, the diagram

KF(X) ————— Ki(X)

rel syn
chy® L jch”

n—i (6.10) n—i
H2 (X, n) H2 (X, n)

commautes.

Proof. By construction of the maps in the diagram, we may suppose that
X = Spec(A) is affine. Write Ay = A ®g k, so X, is isomorphic to Spec(A;).
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We split the diagram up into the following smaller diagrams, and show that
every single one of them commutes.

Kr\(X) Ki(X, Xy) Ki(X)
i) i
oh} oh,; (6.13)
H ™ (X, n) <= H"/(RT (X, m)) — > H2y (X, n)

Here, K; (X, Xk) = JTI'(B. GL(A[A.]) X B, GL(A¢[A®*]) E, GL(Ak[A.])) Since
AA*] = AT(A*)' @ k, the map K*'(X) — K,(X) factors through K; (X, X;).

All vertical (respectively, diagonal) maps are induced by a compatible family
of maps for each finite level r. We can thus restrict consideration to a fixed
finite level r. To ease notation, we write E, := E, GL, ¢, B, := B, GL, . The
diagonal maps arise as follows: since the left-hand square in (6.11) commutes up
to canonical homotopy, we are in the situation of Lemma 5.10. In particular, we
have a natural isomorphism (see (6.11))

H>(mf(F"RT sx(B./K) — RTsg(Ev/K)z.))

> H¥(mf(F"RIw(B.GL,x /K) — RIw(E.GL, x/K))),
and we define c~h:,e‘l(r)
isomorphism. We let éfl;ell be induced by the regulator data @)°,, = (Smf, E, —
B., F"RT & (./K) = RTus(()i/K)Gy, Gl ). Then it is clear from Lemma 5.10
and the constructions that the left triangle commutes.

The map chflyj.l is induced by the regulator datum @, ., = (Schy, E, — B.,

— —(6.5) ~
F'RIw(./K) — @ (n)(()x), ch
have a commutative diagram

to be the class mapping to chfl(r) (see (5.15)) under this

syn

n.(r)» Where ch';y?r) is defined as follows. We

—_—

B
l/id
B

id
. >

E
B
which induces a map

H}'\(B,,n) = H>*(mf(F"RT r(B./K) = @ (n)(B. 1))
— H”(mf(F"RT @ (B./K) — ®(n)(E.;))).

syn

and Efl;y?)) is by definition the image of ch, ) (see (6.8)) by this map. It is then
clear from Lemma 5.11 that the right triangle in (6.13) commutes.
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It remains to show that the middle parallelogram in (6.13) commutes. For this,

we apply Lemma 5.10 to the regulator data a)rel and @™ the special fibre functor
FACE

Smy — Sch;, factors naturally as Smy il SmfR Sﬂ]k. Moreover, we
have a natural transformation between functors Smfy — Ch, RI" i, ((.)x/K)() —
@ (n)((.)x) given by —(6.5). Since

F'RT w(X/K) == F"RT (X/K)
63 i_(ﬁj)

RT (X1 /K)g —~ & (n)(X,)

commutes for every X € Smyg, we have a natural map

H>(mf(F"RT s (B./K) = RT 4,(Evr/K)z,))
— H”(mf(F"RT (B./K) — ®(n)(E.))). (6.14)

If we show that under this map c~h (- Maps to chn (> then Lemma 5.10 implies
the desired commutativity. But, indeed (6.14) fits in a commutative diagram

H>(mf(F"RT 4 (B./K) — RT yiy(Evr/K)z,)) —— H*(F"RT s (B./K))

@19} _— ||

H? (mf(F"RT v (B./K) — ®(n)(E.1))) F"Hg (B,GL, ¢ /K)

where the two isomorphisms are established as in Lemma 5.14 and, by the
dR . .
constructions, both chn ) and chn (» map to ch, ", on the right-hand side. O

6.4. Applications. In this section, we assume that the residue field k£ of R is
finite.

Let X be a smooth and proper R-scheme. The étale Chern character class
induces a map ché‘ : Ki(X) — H 271Xk, Q »(n)). It follows from the crystalline
Weil conjectures [CLS98] and Faltings crystalline comparison theorem [Fal89]
that H_/ 2 (X, Q,(n))¢* = 0 fori > 0, where K denotes an algebraic closure
of K and Gx = Gal(K/K). Hence the Hochschild—Serre spectral sequence
for Xg — Xy induces an edge morphism H." ' (Xg, Q,(n)) = F'H." (X,
Q,(n)) - H(Gg, H," (X%, Q,(n))), and the composition

el

L Ki(X) —> H}''(Xk, Q,(n)) —

edge

— H'(Gg, Hy'""' (X%, Q,(n) (6.15)

is the étale p-adic regulator.
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According to the de Rham comparison theorem [Fal89], we have an
isomorphism of filtered vector spaces

Dar (H{"™ ™ (X, Qp(m) = Hig ™' (Xx /K)(n),
where the twist by n on the right-hand side only shifts the filtration. Hence
Dar(HZ"™"' (X7, Q,(m)))/F* = Hyt '~ '(Xx /K)/F" = H3 ™ (X, n)

(see Remark 5.3(iii)). A In particular, the Bloch—Kato exponential for the
G g -representation Hézt”"_l(Xf, Q,(n)) is a map

exp: Hyg ™'~ (Xg/K)/F" — H'(Gx. H{'™ (Xg. Q, (),
and from Niziot’s work we get the following.
COROLLARY 6.16. For each smooth projective R-scheme X, the diagram

K{(X) K;(X)

l oh} L "p

H2 (X /K)/F" —=— H'(Gg, H' "' (X%, Q,(n)))

commutes.

Proof. 1t follows from Niziol’s work [Niz97, Niz01] and the comparison with
Besser’s syntomic cohomology [Bes00b, Proposition 9.9] that there is a natural
map HJ (X,n) — H;i(Xk,Q,(n)) which is compatible with Chern classes
[Bes00b, Corollary 9.10]. By [Bes00b, Proposition 9.11], the composition
Hg 7' (Xx/K)/F" — Hoo (X, n) — H'™'(Xg, Q,(n))

— H'(Gg, HY' (X%, Q,(n)))

is the Bloch—Kato exponential for He,zt"*"*1 (X%, Qp(n)). Hence the claim follows
from the comparison of the relative Chern character with the syntomic regulator
in Theorem 6.12. O

REMARK 6.17. By Calvo’s result (Lemma 3.8(ii)), we have an isomorphism
thé(X ) = K;(X;). For X; smooth and projective, these groups are conjectured
to be torsion (Parshin’s conjecture). This would imply that K{el(X ) —> K;(X)
is rationally an isomorphism. It follows from [Har77] and [Qui72] that this
conjecture is true for dim X; < 1.
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From the previous corollary together with our earlier work [Tam12a, Tam10],
we get a new proof of the main result of [HK11]: Huber and Kings introduce the
p-adic Borel regulator rg, ,: K»,_1(R) — K by imitating the construction of the
classical Borel regulator for the field of complex numbers, replacing the van Est
isomorphism by the Lazard isomorphism.

COROLLARY 6.18 (Huber—Kings [HK11]). Let K be a finite extension of Q,,.

The diagram
K2, 1(R)
<<—1)"/(n—1>!>rso,pt z
K = Dgr(Q,(n) —> H'(Gx, Q,(n))
commutes.

REMARK. The factor (—1)"/(n — 1)! appears since Huber and Kings use Chern
classes in the normalization of both the étale and the p-adic Borel regulator,
whereas we used Chern character classes in the definition of the étale regulator.

Proof. Apply the previous corollary with X = Spec(R),i = 2n—1. As mentioned
in Remark 6.17, K 5;171 (R) = Kj,_1(R) is rationally an isomorphism. In Theorem
7.20, we will show that the present version of the relative Chern character
coincides with Karoubi’s original construction. For this we showed in [Tam10,
Corollary 7.23] that the diagram

K& (R) — K3, 1(R)

hre]
St l 1" /n=1)rpo,p

K

commutes. O

7. Comparison with Karoubi’s original construction

As before, R denotes a complete discrete valuation ring with field of fractions
K of characteristic 0 and residue field k of characteristic p > 0. In this section,
we compare the relative Chern character of Section 5 with Karoubi’s original
construction [Kar83, Kar87] in the form of [Tam10]. For any smooth affine

R-scheme X = Spec(A), this is a homomorphism
chi: K1(X) — H" 7 (X, 257 ) = H" 71 (2 7" (Xx)).
We recall the main steps in its construction.
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7.1. We begin with some preliminaries concerning integration (see also
[Tam12a, Appendix]). Consider the polynomial ring Q[A”] = Q[xo,...,

x,1/(Q_, x; — 1). There is a well-defined integration map f Ar- 82 [ arjQ > Q
sending an algebraic p-form o to the integral of w, considered as a smooth
p-form, over the real standard simplex A” := {(xo, ..., x,) € R?T'| Y . x; =1,

Vi : 0 < x; < 1} € RPH! with orientation given by the form dx; ---dx,. This
integral is in fact a rational number. It satisfies Stokes’s formula:

p
f dw:Z(—l)"/ ) w. (7.2)
AP

—1
i=0 ar

Similarly, one can define an integration map [, ,,: QQ?—AP]@)QQ[ aQ = Q.
again given by the usual integration over the product of real simplices A” x AY.
There is a canonical decomposition of A” x A? into copies of the standard
p + g-simplex A”*?, indexed by all (p, q)-shuffles (u,v) (see the proof of
Theorem 7.20 below). It follows from this and the analogous formula for smooth
differential forms that

/ o=y sgn(u,v) (w, v)*o, (7.3)
AP x A1

() AP+a
where the sum runs over all (p, g)-shuffles and (i, v)*w € .QQ[ arta)jq 18 the
pullback of w € .QQ[ AreqQiadyq to the simplex corresponding to the shuffle
(1, v).

Tensoring the Q-linear integration map with K, we get [,,: 2% 4, K
K. More generally, for a K-algebra A, we define an integration map
Jar: 24uryx —> 24k using the decomposition 25\, x = Dy, 24k Ok
ictary/ k-

If A is a K-dagger algebra, one can show similarly as in [Tam12a, Appendix]
that by continuity this extends uniquely to a map

n—p
/ ‘QA(AI’ VKE T 24k

where the subscript f indicates that we consider differential forms for dagger
algebras (see 4.2). The analogues of (7.2) and (7.3) remain valid.

7.4. Let Y, be a simplicial dagger space. A simplicial n-form @ on Y, is a

collection of n-forms w, on ¥, x AK, > 0, satisfying (1 x @) 0w, = (Ppx x1)*w,
onY, x Aq for all monotone maps ¢ : [q] — [pl, ¢4, ¢x denoting the induced
(00)51mpllclal structure maps. We will often denote w,, by wly, . a7 .
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The space of all simplicial n-forms is denoted by D"(Y,). Applying the
wedge product and exterior differential componentwise makes D*(Y,) into a
commutative differential graded algebra.

For a K-dagger space X, we write £2*(X) for the complex of global sections
I'(X, 2% ). Define £2*(Y,) as the total complex of the cosimplicial complex
[p]l — £2*(Y,). By Dupont’s theorem [Tam10, Theorem 5.6],

I: D*(Y.) —> 2*(Y,), o> Z/ ly, 2t (1.5)
 Jak

is a quasi-isomorphism.

.. " ~ q
We have a decomposition 2wk = D,iyn 2

r.q p [

Xx A /K where ‘QxXE}'{/K =

pry 2%,k ® pry 2% - and hence the filtration F}g2*(X x A%) with respect to
K K

the first degree. This induces a filtration F* on D*(Y,), and [ is a filtered quasi-

isomorphism when £2*(Y,) carries the filtration given by F"2*(Y,) = 2>"(Y,).

7.6. Let X be an affine scheme in Smy with generic fibre Xg. Recall the
complexes F"RIg(Xg/K) from (4.6). Similarly as in (4.5), (4.7), there is a
natural map

F'RTw(Xx/K) = T'(Xk, Gdp, im0y Presi)s (1.7)

where the complex on the right computes the hypercohomology of Qf,? sk on Xg.
Since X is affine, the sheaves 2§ are acyclic, and hence the coaugmentation

>n >n
F(Xk, Gy oyt prixy Pier) < T (X 250 (7.8)

is a quasi-isomorphism. The maps (7.7), (7.8), and

>n
Xi/K

>n
)?K/K)

M(Xg, 25" %) — T'Xp, 227 ) — I'(Xg, 2

give a chain of morphisms connecting F"RIy(Xg/K) with I" ()A( K> .Q;’: / ),

where the arrow (7.8) pointing in the wrong direction is a quasi-isomorphism.
All these morphisms are functorial in X € Smg. We denote this by

F'RIw(Xg/K) —< I'(Xg, 22" ). (1.9)

If Y, is a simplicial smooth affine R-scheme, this and the quasi-isomorphism 7
from (7.5) give a natural chain of morphisms

F'RTr(Yx.o/K) — < F'"D*(Yx..). (7.10)
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We apply (7.10) to B, GL, ; to get a map
F"HX(B,GL,x /K) - H*(F"D*(B,GL, x)). (7.11)
Similarly as in Lemma 5.14, there is an isomorphism

H>(mf(F"D*(B.GL, x) — D*(E.GL,x))) > H”(F"D*(B.GLx)), (7.12)
and we define
ch¥ ¢ H(mf(F"D*(B,GL, x) — D"(E.GL,x))) (7.13)

to be the unique element whose image under (7.12) coincides with the image of
chiX,, under (7.11).

REMARK. Originally, Karoubi used Chern—Weil theory to construct the relevant
characteristic classes. This is the reason for the use of the differential graded
algebra D*(B.(/}i x)- One advantage is that it gives more explicit formulae for the
relative Chern character. For instance, these are used for the comparison theorem
in [Tam12a] and in the work of Choo and Snaith [CS11]. It was checked in
[Tam10, Proposition 5.13] that the present approach yields the same classes as
the Chern—Weil theoretic one.

To describe Karoubi’s version of the relative Chern character we first need a
lemma. Let X = Spec(A) be a regular affine R-scheme. We consider B, GL(A)
as a bisimplicial set which is constant in the second direction. Using this, we
define the bisimplicial set F”(A) := B, GL(A) X p, gLt (a0)) Eo GL(AT(A®)T),
and similarly F’(A) for every finite level r. These are bisimplicial subsets of
F(A) (respectively, F,(A)), from (3.4) and (3.5).

LEMMA 7.14. The induced map on complexes ZF"(A) — ZF(A) is a quasi-
isomorphism.

Proof. By the Eilenberg—Zilber theorem it suffices to show that Z diag F°(A) —

Z diag F(A) is a quasi-isomorphism. For this, it is enough to show that the map
diag F°(A) — diag F(A) is acyclic. By the definitions, we have a pullback square

diag F*(A) —— diag F(A)

¢ ¢ (7.15)

B.GL(A) — diag B, GL(A[A®])
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Since diag E, GL(A"(A*)") — diag B, GL(A(A*)") is a Kan fibration, so are the
vertical maps in (7.15). It thus suffices to show that the lower horizontal map is
acyclic (see [Ber82, (4.1)]).

Let (.)* denote Quillen’s plus construction. Then 7;(B, GL(A)™) = K;(A),
i > 1, are the Quillen K-groups of A. The map B, GL(A) — B,GL(A)" is
acyclic. We have a commutative diagram

B, GL(A) diag B, GL(A[A*])

acyclic l/ l o~

B.GL(A)t —— diag B, GL(A[A°*])"

where the lower horizontal map is a weak equivalence by the homotopy invariance
for K-theory of regular rings, and the right vertical map is a weak equivalence
since B, GL(A[A*®]) has the homotopy type of an H-space. Hence the upper
horizontal map is acyclic, as desired. 0

Karoubi’s relative Chern character chfjr is defined as the composition
K(X) — H;(diag F(A), Z) (Hurewicz)
= H;(diag F’(A),Z) (Lemma 7.14)
~1: (A b
= h_r)n H;(diag F/(A), Z)

— H" 1 (2"(Xx)) (using (7.17)),
where the last map is constructed as follows (see [Tam10, Remark 3.6(ii)]): an

i-simplex o in diag FrD (A) defines a pair of morphisms X K Y B; C/}ir, x and X x X
Z’K 2 E,-(/}i,, x such that

~ —~ o o~ o~ o~
Xg x Ay s E,GL,x and hence E,GL, x x A%
| J L
proj. 4 pxid i
~ o0 o~ ~ o~ oo xid i o~ ~
XK —— BiGLr,K X[( X AlK B,’GL,_[( X AlK

commute. We can write
ch) = (wo, wi) (7.16)
with w, € F"Dz"(B.éir,K), W, € Dz"(E,C/}i,,K) and dw; = p*wy. Then
(o9 x id1)*wy, (07, PrAf)*a)l)
= ((GO X idAi)*w0|E,»Gf4,.K><Z"I<’ (017 prAf)*wl |E,-Gi,-‘,(><2'k)

-~
l

is a cycle of degree 2n in mf(F)L}KQ*(f(\K x Al) — Q*(Xg x AL)). We now
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integrate along A’ and use the quasi-isomorphism mf (.Q >n ()? K) — SZ*()A( K)) >
£2<"(Xk)[—1] induced by the projection to the second component to get the map

Frb(A) 50 /_(Gl,prA,.)*wl I= Q<”(5(\K)2n7i—l‘
AI

This induces a well-defined homomorphism
Hi(diag F'(A), Z) — H*~1(2°"(Xx)) (7.17)

compatible for varying r.
To compare chfff}r with our version of the relative Chern character, we need the
following.

LEMMA 7.18. Let X be a smooth affine R-scheme. There is a natural map

HY (X, n) — H*(mf(27"(Xg) = 25(Xx)) = H'(27(Xk)). (7.19)

Proof. Wehave H? (X, n) = mf(F"RIr(Xx/K) — RFdR(ff\K/K)). Since X is
affine, we have the natural chain of morphisms F"RIj(Xx/K) — < Q>n (5(\ x)

from (7.9) and similarly RIr(Xx/K) < £2*(Xk). These together induce the
desired chain of maps,

mf(F"RIr(Xx /K) = RTw(Xx/K)) = < mf(2>"(Xx) — 2*(Xg)). O

THEOREM 7.20. Let X be a smooth affine R-scheme. The composition of the
relative Chern character Chfi of Definition 4 with the comparison map (7.19)

coincides with Karoubi’s relative Chern character Chf*jr.

Proof. Let X = Spec(A). Using the quasi-isomorphism ZF’(A) > ZF(A), we
can describe the composition

rul

Krel(X) H2n I(X )

rel

(7.19) H2n7i71(9<n(5(\K)) (721)

explicitly, as follows. We have a natural map (see the construction in Lemma 7.18)
H” (mf (F"RIw(B. GL,x /K) = RIw(E.GL, x)))
— H”(mf (27" (B.GL,.x) - 27(E.GL. ),
and we denote the image of ch’ () (see (5.15)) under this map by

~ rel

ch, ,, € H” (mf(£2>"(B, GL,x) — 2*(E.GL, x))).

n,(r
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As in (5.7), we have a map

H>(mf(2>"(B,GL, ) — 2*(E, GALrK))) )

H>»=i(mf(2>"(Xg) — 2*(Xx x A%)))
(7.22)

H;(TotZF’(A)) — Hom <

which we can compose with the evaluation eval G to get
e

H;(TotZF'(A)) — H* (mf(27"(Xx) — 2*(Xx x A%))). (7.23)

Since Xx x A? x 1s an affinoid dagger space, and hence the higher cohomology
of coherent sheaves on X Kk X A vanishes, the argument of Lemma 5.16 shows
that the coaugmentation £2* (X K) — 02 (X Kk X A %) 1s a quasi-isomorphism. It
induces an isomorphism

H"(mf(27"(Xg) — 2*(Xx x AY) = HY (2" (Xx)). (7.24)

Now (7.21) equals the composition of

Hurewncz

K[*(X) = 7;(F(A)) —— H;(Zdiag F(A))
7.14 Eilenberg—Zilber
= H;(Zdiag F’(A)) =~ H;(TotZF’(A))
= lim H; (TotZF’(A)) (7.25)
with the map induced on the direct limit by (7.23) and (7.24).
From the definitions of ch™ , in (5.15) and ch® in (7.13), it is clear that

n,(r n,(r)
chn =1 (chK(r)) where we still denote by / the isomorphism induced by 7 (see
(7.5)) on the cohomology of the respective mapping fibres.
Thus we have to show that

Eilenberg—Zilber

H;(Tot ZF’(A)) & H;(Z diag F’(A))
(7.22)1
H> (mf(22"(B,GL, k)= 2*(E.GL, £))),
H ( H2—i (227 (X )~ 2% (Xk x A%))) ) 71

eval I(ehkar) l

H>= (mf(2>"(Xx) = 2*(Xx x A X)) ———

(7.24)

H2n—i—l (Q<n (5(\1())
(7.26)

commutes. The following lemma shows that, on the level of complexes, (7.24) is
given by sending an element of the mapping fibre (179, ;) to the integral of 5,
along the simplex A°®.
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LEMMA 7.27. A quasi-inverse of .(2*(5(\1() > .(2*(5(\1( X Z;() is given by
integration over the standard simplices:

QP (X x AY) — 25(Xk), o> (_1)p<p1>/2/ o

AP

Proof. The integration map is obviously left inverse to the inclusion of .Q*()A( K)
as the zeroth column in the double complex £2*(Xx x A%). So we only have
to check that the integration indeed defines a morphism of complexes. This is

straightforward using the following relative version of Stokes’ formula,

P
/ dw:(—l)Pd/ w+2(—1)"/ 0w,
AP AP i—0 Ap—1

and keeping in mind that the total differential on £2¢ ()? K X Zﬁ) is given by w —
(=DPdo+ Y " (=)' w. O

To show the commutativity of diagram (7.26), we start with a bisimplex
o € F,,b(A),,.,z_p, so the degree of o in TotZFrb(A) is i. First, we compute its
image in £2<" ()? k) going counterclockwise. As before, o gives a commutative
diagram

~ o~ o P
XK X A; p—>EpGLr’K

The component of /(ch)y,) in simplicial degree p is given by ([, wo, [, ®1)
(see (7.16)). Hence the image of ¢ in the lower lefL corner of (126) }§ given by
(=D)E=PE=r=DR(gs [ wy, o7 [,, w1) € mi(R27"(Xg) > 2% (Xgx Ay ")>?,

and its image in .Q“’()?K) by

/ O’l*/ w1 :/ (0'1 X idAp)*(x)l.
Ai=p AP AP x AP

Note that there is no sign, because the signs introduced via (7.22) (see (5.6)) and
the integration map of Lemma 7.27 cancel out.

Next, we compute the image of o going through diagram (7.26) clockwise.
To do this, we use the shuffle map which is an inverse of the Eilenberg—Zilber
isomorphism (see [Wei94, 8.5.4]): recall that a (p,i — p) shuffle (u,v) is a
permutation ((y, (o, ..., p, Vi, ..., Vi—p) of {1,2,...,7} such that u; < u» <

- < pupand v, < --- < v_,. It determines a map w: [i] — [p] in the category
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A givenby = sM o s o... 0 s#! and similarly v: [i] — [i — p] such
that (u, v): [i] — [p] x [i — p] is a nondegenerate i-simplex of the simplicial set
AP x A'=P_ All such simplices arise in this way On any simplicial (respectively,
cosimplicial) object, we have induced maps u*, v* (respectlve Ly, fas V).

In partlcular we have u*: E, GL K — EGL,K, u*: B,GL, x — BGL,K,
and v,: Al — AL 7. Recall that we started with a (p,z — p)-simplex o in
F’(A). Then (i, v)*o is an i-simplex in diag F’(A). The shuffle map sends o to

Z sgn(u, v)(u, v)*o,
(w,v)

where the sum runs over all (p, i — p)-shuffles (u, v). Its image under the Karoubi
construction (7.17) is then given by

> sene, ) [ (v @) pra) o1l
(1,v)

Thus, to complete the proof, we have to show the equality
/ (01 X idar) o1l ey
11— [)XAP

—Z%WM/(WW@W%M%MM (7.28)

(1,v)

Describing the map that appears in the right-hand side of the formula more
explicitly, we have that for a (p,i — p)-shuffle («, v) the induced map X X

~ (o) - . .
Ay ——— E;GLg is given by u* o oy o (idg, xv,). Hence we have a
commutative diagram,
~ ~i—p -~ o1 xidp o~ ~
Xg x Ag " x Ay E,GL, x x Ay
idy xid i—p X/L*] ]idEpGL X [
~ Aiip /\l UIXidA,' _—~ /\l
Xg x A" x Ay E,GL, ¢ x A%
(idx xv*,prA,')] l#*XidAi
~ ~ (((,v)* ) 1,pr pi) —~ —~
Xi x Al = E:.GL, x x Al

The composition of the two left vertical arrows is idg, X (vs, u.). The map
(V4 i) 1s exactly the map corresponding to the shuffle («, v) in the standard
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decomposition of A=? x A into i-simplices. It follows (see (7.3)) that

/ =) seau,v) / (idy X (v, 1)) (). (7.29)
Ai=Px AP Al

(1,v)

Since w; € D**~'(E,GL, ) is a simplicial differential form, we have (u* x
id i) *w, |EGL, < 1, = (dg,6i, x XH) @1l E,GL, . < av - Hence we get

(idy x vy, ) (01 X idan) 1| g 0 = () O P @1 g pie

Setting (?) = (07 X idAp)*wllEpGAL,_KxA,, in (7.29), we get the desired equality
(7.28). O
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