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Introduction

The syntomic cohomology for smooth varieties of finite type over a DVR of mixed character-
istic with perfect residue field was defined by Besser in [?] by gluing the rigid cohomology of
the special fiber with the de Rham cohomology of the generic one. We want to develop the syn-
tomic cohomology as a cohomological theory equipped with a definition of cohomology with
compact support allowing to construct the Poincaré duality and the Gysin morphism. A pos-
sible way to obtain a functorial association between those varieties and complexes calculating
their syntomic cohomology is working in the category of diagrams. For this purpose we will
define the category pHD of p-adic Hodge diagrams similar to that studied first in [Bei86] (to
glue Betti and Hodge cohomologies for varieties over C) and then in [Hub95]. The syntomic
diagram and the syntomic diagram with compact support will be defined as p-adic Hodge dia-
grams in order to get a pairing between them. The construction of the category pH D is modeled
on the work of Bannai [Ban02]: as in our case, he wants to relate the rigid cohomology and the
de Rham cohomology of the two fibers, the main difference being that in our hypothesis the
comparison maps are not necessarily quasi-isomorphisms (we do not require the variety to be
proper). The possibility of regarding the category pHC as a gluing of categories (construction
developed in [Hub95, §4]) will allow us to compare our work with that of Bannai [Ban02]:
Bannai’s category of p-adic Hodge complexes will be a subcategory of ours, as expected.

The cohomologies involved in the construction of the syntomic theory are equipped with
additional structures: in the case of the special fiber, its rigid cohomology has a canonical
Frobenius endomorphism while, in the characteristic zero framework, the de Rham cohomol-
ogy of a smooth scheme is a filtered vector space. In the first part of chapter 1 we will deal with
the algebraic stuctures in which the previous objects live in order to find the suitable definition
for the categories of diagrams. The category of filtered vector spaces with strict morphisms is
abelian, as this would be an advantage because we could construct the derive category of it.
The problem with this approach is that the complex RI'¢g is in general not functorial on this
category, i.e. the image by RI'4r of a morphism of smooth varieties over K is not in general
a strict morphism of filtered vector spaces, hence this is not the good category to deal with.
Following the results of [Hub95], we will see that the non abelian category of filtered K-vector
spaces with compatible morphisms can be endowed with a structure of exact category (the def-
inition of exact sequences will be related to strict morphisms), and consequently with a notion
of acyclicity and quasi isomorphism that will allow us to generalize the construction of derived
category in this non abelian setting. The following step will be the definition of the category
pHD of p-adic Hodge diagrams, containing as objects the syntomic diagrams, as the derived
category of a very exact category H, a category of diagrams of objects, inheriting its very ex-
actness structure by that of its specializations. One thing we would like to stress concerning
the category pHD is that the natural compatibility requirement for homotopies and quasi iso-
morphisms between complexes of objects in A will not allow us to get as specializations the
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derived categories obtained by the process of derivation of each specialization of pHC (the rea-
son is that the multiplicative system by which we localize and the set of homotopies by which
we quotient is smaller in the case of diagrams). Anyway, what is essential is that the prop-
erty of the de Rham complexes to be strict [PSO8] will allow the syntomic diagrams to have a
good notion of cohomology, i.e. the cohomology of each specialization will coincide to what
we expect if we don’t consider the compatibility requirement due to the diagram construction.
This is because for a complex of objects of a very exact category, the naive cohomology co-
incides with the cohomology defined by the #-structure, as in the abelian case. In the last part
of chapter 1 we solve the problem that dealing with the various objects and morphisms for the
construction of the syntomic cohomology as a functor at level of complexes, we first obtain a
diagram made up by many complexes: thanks to proposition 1.2.26, we can define a functor
from large diagrams to smaller ones (i.e. p-adic Hodge complexes) that preserves cohomology
and the tensor product. Using this functor we will be able to define our syntomic diagram as a
more manageable object still preserving the cohomological structures and informations needed
to develop the syntomic theory (the approach will be the same also for the compact support
case).

The first step in the construction of the syntomic diagrams will be the construction of a serie
of complexes of sheaves (whose hypercohomology is the desired one), and maps between those
complexes. In order to compute their hypercohomology by keeping the structure of diagrams
we will need a functorial flasque resolution for complexes of sheaves over topos. Generalized
Godement resolution [?] is flasque if made with respect to a conservative family of points of
the topos (i.e. a set of points that distinguishes sheaves). The conservative family for the topos
of rigid analytic spaces will be made of prime filters (van der put scnheider..)



Chapter 1
Categories of diagrams

1.1 Preliminars

1.1.1 Exact categories

For first we recall some definitions concerning a generic category (see fo example [Freyd03]).
Definition 1.1.1. Let C be a category. Let f : A — B be a morphism in C. We will say that

e fis a monomorphism if the only pairs x : C — A,y : C — A of maps in C such that
f ox = foyare the obvious ones: x = y. We will also say that f is left effaceable.

e f is an epimorphism if the only pairs x : B — C,y : B — C of maps in C such that
xo f =yo f are the obvious ones: x = y. We will also say that f is right effaceable.

e fis an isomorphism if there are maps x : B — A,y : B — A such that f o x and y o f are
identity maps.

Definition 1.1.2. Let C be a category and let A, A, be objects of C. We say that
e an object P is the product of A and A, if there exist maps p; : P - Ajand p, : P — A,

such that for every pair of maps p| : X — A; and p), : X — A, there is a unique
u : X — P such that the diagram

commutes.

e an object S is the sum of A; and A, if there exist maps s; : Ay — Pand s, : A, — S such
that for every pair of maps 57 : Ay —» X and s} : A, — X thereisauniqueu : § — X
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such that the diagram

commutes.
In the category of k-vector spaces, product and sum are given by the direct sum.

Definition 1.1.3. Let C be a category, let f : A — C and g : B — C be morphisms in C. The
pullback of f and g consists of an object P and two morphisms p; : P — A, p, : P — B such
that the diagram

p-2sn

1l

commutes, and (P, py, p») is universal with respect to this diagram.

Definition 1.1.4. Let C be a category, let f : C — A and g : C — B be morphisms in C. The
pushout of f and g consists of an object P and two morphisms iy : A — P, i, : B — P such
that the diagram

P<"" 4

4

B <T C
commutes, and (P, iy, i) is universal with respect to this diagram.

A zero object is an object with precisely one map to and from each object. If the category
C has a zero object, we define the zero map A — B to be the unique map A — 0 — B for any
A,BinC.

Let C be a category with a zero object, let f : A — B be a morphism in C.

e The kernel of fisamapi: K — A such that the diagram
N
A-—L-p
commutes, and for all i’ : K’ — A such that

Kl



commutes, there exists a unique u : K’ — K such that
KI
7
1
K—sA
commutes.

e The cokernel of f is amap p : B — C such that the diagram

A-—L-p

N

C

commutes, and for all p’ : B — C’ such that

A—L-B
L
C/

commutes, there exists a unique u : C — C’ such that

B
C

commutes.

e If the map f has a kernel i : K — A admitting a cokernel, the cokernel of i is called the
image of f.

o If the map f has a cokernel p : B — C admitting a kernel, the kernel of p is called the
coimage of f.

Before giving the definition of abelian and exact category we recall when a category is said
to be additive.

Definition 1.1.5. A category C is additive if

i)There exists a zero object.

ii)For every A, B in C the set Hom¢(A, B) has an addition endowing it with the structure of an
abelian group and such that the composition is bilinear.

ii1)There exist finite sums and products.

In an additive category we can define the cone of a morphism between complexes.

Definition 1.1.6. Let C be an additive category, let A* — B® be a map of complexes of objects
in C. The mapping cone of f is the complex MC(f) = A*[1] @ B* with differentials defined as

dgmf) AT @B - A @ B, (a,b) - (=d' (), dp(b) — f(a)).



exactcat

The definition of mapping cone endows the homotopy category K(C) with a structure of
triangulated category.

Definition 1.1.7. A category A is abelian if

AO0. A has a zero object

Al. For every pair of objects there exists a product and
Al*. a sum.

A2. Every map has a kernel and

A2*. a cokernel.

A3. Every monomorphism is a kernel of a map.

A3*. Every epimorphism is a cokernel of a map

If A is an abelian category, there is a notion of naive cohomology of a complex A*® defined
as
H'(A®) = kerd’; /Imd’y".

If we consider A® as an object of the category K(:A) then we can define the cohomology of A® as
its image by the cohomological functor existing for the triangulated structure of the homotopy
category K(A). The two definitions are equivalent by definition of truncation functors'. Fur-
thermore, the cone of amap f : A* — B*® is acyclic if and only if f is a quasi isomorphism (con-

sider the long exact sequence of cohomology associated to the triangle A® EA B* - MC(f) —
in K(A)).

Now we are going to give the definition of exact category. It can be considered as a gener-
alization of the concept of abelian category.

Definition 1.1.8. An exact category is an additive category & equipped with a family E of
sequences of the form

0-C5che 5o (1.1)

called the short exact sequences of C, such that
1)Any sequence in & isomorphic to a sequence in E is in E. For any C’, C” in & the sequence

, (id0) ’ n P2 "
0-C—0CoC"—>C">0

is in E. For any sequence 1.1 in E, i is a kernel for j and j is a cokernel for i in the additive
category &.

i1)The class of admissible epimorphisms (i.e. of maps that occurs as second arrow of an exact
sequence 1.1) is closed under composition and under pullback by arbitrary maps in &. Dually,
the class of admissible monomorphisms (i.e. of maps that occurs as first arrow of an exact
sequence 1.1) is closed under composition and under pushout by arbitrary maps in &.

ii1)Let C — C” be a map possessing a kernel in &. If there exists a map D — C in & such
that D — C — C” is an admissible epimorphism, then C — C” is an admissible epimorphism.
Dually for admissible monomorphisms.

Every abelian category A is obviously exact if we take as E the set of exact sequences of
A.

referenza?
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Definition 1.1.9. An exact functor F : & — &' between exact categories is an additive functor
carrying exact sequences in & into exact sequences in &'.

We recall the construction of the derived category of an exact category (see [Hub95, 2.1]
and [Lau]).

Theorem 1.1.10. Let & be an exact category. There exists an abelian category ¥ (&) and a fully
faithful functor
h:8 - F&)

making & a full subcategory of (&), stable by extension, such that a sequence
0O—>E -E—>E" -0
of & is exact if and only if its image by /4 is an exact sequence of ¥ (&).
Proof. See [cf. [Lau, 1.0.3]]. O
We stress the fact that the functor /4 canonically extends to the category of complexes C(E).

Definition 1.1.11. A complex E* of objects of an exact category & is said to be acyclic in
degree n if h(E*®) is acyclic in degree n. If E® is acyclic in any degree, we will simply say that
E* is acyclic. We say that a morphism f in C(&) is a quasi isomorphism if MC(f) is acyclic.

Remark 1.1.12. Let & be an exact category. In addition, we assume that all morphisms in &
have kernel and cokernel and that for u : E — F the sequence

0> keru » E — Coimu — 0

18 exact.

Remark 1.1.13. In chapter 2 of [Hub95] Huber defines a morphism in an exact category to be
strict if its image and coimage are isomorphic (by remark 1.1.12, we can always speak about
the strictness of a morphism in an exact category, because we suppose that every map has image
and coimage). We want to verify that Huber’s definition of strict epimorphism (i.e. a map right
effaceable in which image and coimage are isomorphic) is equivalent to 1.1.8. Let

0-ESELE -0

be an exact sequence. We want to show that p is epimorphic and that Imp ~ Coimp. For 1)
of definition 1.1.8, we have p = cokeru, hence p is epimorphic by proposition 4.34 of [Kn07].
For the second claim, by remark 1.1.12, the sequence

0 — ker p - E — Coimp = ker Cokerp — 0

is exact hence, by i) of definition 1.1.8, the second piece of the sequence is the cokernel of
the first one. Viceversa, let p : E — F be an epimorphism such that Imp ~ Coimp. By the
assumption in remark 1.1.12, the sequence

0O—-kerp—>E—->Imp—0

is exact. Every exact category is balanced, hence by proposition 10.2 of [Mit65] F is the image
of the epimorphism p.



Huber also defines a complex E*® in K(&) to be acyclic in degree n if "' : E"~! — ker(d")
is a strict epimorphism, i.e. (just seen) if there exists a short exact sequence in &

n—1

0 E — E™" 2 kerd" — 0. (1.2)
The image of 1.2 by the exact functor 4 is a short exact sequence

mn—1
0 — h(E) — hE™") 22, hkerd™) — 0

in the abelian category ¥ (&), hence

Imh(d™™") ~ h(ker d").
By definition of hE = Homg(—, E) and by the universal property of the kernel in & (the kernel
always exists by the assumption in remark 1.1.12) we have

ker h(d") = {f € Homg(—, E")|d" o f = 0} = Homg(—, kerd") = h(kerd")

and we can conclude that Huber’s definition of acyclicity is equivalent to definition 1.1.11.

localizzare| Proposition 1.1.14 (Corollary 1.2.5 of [Lau]). The full subcategory K%(&E) of K(E) whose ob-
jects are the acyclic complexes is epaisse ([Verd], §2 definition 1.1).

By the previous proposition, we can consider the derived category
D(E) = K(&)/K*(E).

We can similarly define D*(E).

Remark 1.1.15. In the notations of [Verd, §2], the multiplicative system ¢(K?(E)) is equal to the
set of quasi isomorphisms of K(&). This shows that D(&) can be also constructed by localizing
K (&) with respect to the multiplicative system of quasi isomorphisms, as in the case of abelian
categories. This holds more generally for any triangulated category (loc.cit.).

Remark 1.1.16. There are canonical truncation functors on C(&): for a complex E*® in C(E) let
T (E) =[...E™? 5 E"' S kerd" — 0...];

Ton(E®) =[...0 = Coim(d") — E" — E"' .. ].

They induce functors on the homotopy category which commute with quasi isomorphisms.
Hence they give functors on the derived category. By [Lau] 1.4.2 they define a non-degenerated
t-structure on D(&). Its heart is an abelian category & equivalent to the full subcategory of D(E)
of complexes of the form

d
..o 0-K'S5K >0...
where d is a (not necessarily strict) monomorphism.

The problem with complexes of exact categories (that are not abelian) is that we cannot say
that the naive cohomology is isomorphic to the cohomology of the ¢-structure of D(E). To solve
this problem we need to introduce the definition of very exact category.

10
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Definition 1.1.17. An object of C(&) is strict if all differentials are strict morphisms, i.e. each
factors as a strict epimorphism followed by a strict monomorphism”. The full subcategory of
strict complexes is denoted by Cy(E).

Let C(8E) be the full subcategory of Cy)(E) where only those morphisms are used which
are strict on the naive cohomology objects (the naive cohomology of a complex E*® in C(E)
exists, even if it does not induce a functor on the derived category).

We will also use the notations Dy, and Dy for the image of the categories of complexes
under the canonical functor.

Definition 1.1.18 (cf. [Hub95, 2.1.2]). The category of complexes is called derivabily strict if
the following conditions hold:
1. Strictness of complexes is invariant under quasi isomorphisms.
2. Let f : E — F be a morphism between strict complexes which induces strict morphisms on
all naive cohomology objects. Then the cone of f is also a strict complex.

An exact category is called very exact if all morphisms have a kernel and a cokernel and its
complex category is derivably strict.

Proposition 1.1.19. If & is a very exact category, on the full subcategory of strict complexes
C(&) the naive cohomology objects agree with the cohomology objects of the canonical #-
structure.

Proof. See proposition 2.1.3 of [Hub95]. O

1.1.2 Filtered objects of an abelian category
Let A be a fixed abelian category. We recall the definition of filtered objects of A.

Definition 1.1.20 (cf. [Del71, 1.1]). A (decreasing) filtration F of an object A of A is a family
of subobjects
{FnA}nGZ

such that F"A C F"A for every n < m. A filtered object is an object provided with a filtration.
A (compatible) morphism from a filtered object (A, F) to a filtered object (B, F) is a map
f A — Bsuchthat f(F'A) C F"B for every n € Z.

The category F A of filtered objects of A and compatible morphisms is not abelian. To
show this it is sufficient to find a morphism that is both monomorphic and epimorphic without
being an isomorphism (see [Freyd03], theorem 2.12). Consider for example A an object in A
different from the zero object, two filtrations F, F on A defined by

..=FPA=F'A=0cA=FA=...
..=FPA=0cA=F'A=F'A=...

and let f : (A,F) — (A, F) be the compatible morphism of filtered spaces induced by the
identity on A. The map f is clearly monomorphic and epimorphic, but it is not an isomorphism:
in fact ever compatible morphism x : (A, F) — (A, F) such that f o x = id4 ) should be the
identity at level of A, then we would have x(F'A) c 0, i.e. x(F'A) = 0 whence f(x(F'A)) =
0#A=F'A

2Huber’s definition of strict monomorphism coincides with Lamon’s one, the proof is similar to that in the first
part of remark 1.1.13
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strictness

Definition 1.1.21. A morphism f : (A, F) — (B, F) is strict if the canonical arrow
Coimf — Imf
is an isomorphism of filtered objects.
Remark 1.1.22. In a module category’, a morphism f is strict if and only if
f(F"A) = f(A)NF"B

for every n € Z (see [Del71] after proposition 1.1.11%).

Proposition 1.1.23. Let K be a field. The category Vg‘ of filtered K-vector spaces with strict
morphisms is abelian.

Proof. The zero object (0, F) is obviously defined.

Let (A, F),(Ay, F)in Vs then A; @A, is a product in the category Vectg, i.e. for any vector
space X, for any p’;, : X — Ay, p’, : X — A, there exists a unique u : X — A; @ A, such that
the diagram

A (1.3)
pi1
P1
X—5%A 0A,
) ll’z
P2

commutes. We define a filtration F on the product by setting F"(A; ® A;) = F"A, & F"A,. The
projections p; : (A} ® Ay, F) — (A;, F) are strict by definition, so they are morphisms in VIP;
Let (X, F) be a filtered vector space. To show that the object (A; @ A,, F) is a product in V?‘ we
must verify that u : (X, F) — (A; ® A,, F) is strict. Let u(X) = A} ® A),, we must prove that

u(F"X) = F'(A; ® Ay) N (A @ A)) (1.4)

for every n € Z. The first member of the previous equality can be written as u(F"X) =
p1(u(F"'X)) ® pr(u(F"X)) = p|(F"'X) & p,(F"X) by definition of projection in Vectx and by
the commutativity of the diagram 1.3. On the other hand F"(A; ® Ay) N (A1 ® A) = (F"A; N
A @ (F"Ay N A)). The strictness of p; implies that p(F"X) = F"A; N p;X = F"A; 0 pi(u(X)) =
F"A; N pi(A] © AY) = F"A; N A7 whence the result.

The existence of the sum can be similarly shown.

Now we must prove that if f : (A, F) — (B, F) is a morphism in VI?‘ we can define the
kernel of f by i : (ker f, F) — (A, F) where ker f is the kernel in Vecty endowed with the
filtration induced by the filtration on A and i is the canonical injection. The map i is strict by
definition of induced filtration, and the composition f o i is clearly the null object. We must
prove that for every i’ : (K, F) — (A, F)in VI?' such that foi” = 0 the unique mapu : K — ker f
such that the diagram

K (1.5)

3definizione?
“dove per non dimostrato!
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commutes is strict with respect to the filtrations just defined, i.e. that u(F"K) = F" ker f Nu(K).
By the strictness of i’, the left side can be written as i/(F"K) = i’(K) N F"A, and the second
term is i(u(K)) Ni(F"A) = by the injectivity of i in Vectg and the commutativity of the diagram
1.5.

The existence of cokernel in VI?' analogously follows by the existence of it in Vectg and the
definition of filtration on the quotient.

The fact that every monomorphism i : (K, F) — (A, F) is the kernel of a morphism f; :
(A,F) > (B,F) in V,i“ follows by the same statement in Vectg if we prove that the map f;
is strict. It is sufficient to consider B = A/K endowed with the quotient filtration. A similar
argument shows that every epimorphism is the cokernel of a morphism. O

In order to define the category of p-adic Hodge diagrams we would like to deal with abelian
categories because we need to derive each of them. The problem with the category V? is
that we cannot be sure that the de Rham cohomology (as defined in 3.2) will be functorial if
considered with values in the category VI?'. The solution is endowing the non abelian category
F'Vectg with the structure of an exact category (definition 1.1.8), in order to be able to derive it.

Definition 1.1.24. A sequence
0>ASB LA C—-0

in FA is called short exact sequence if a is a strict monomorphism and b a strict epimorphism
with kernel a [Hub95, 3.1.1].

Proposition 1.1.25. The category FA (with the previous definition of exact sequence) is very
exact.

Proof. By [Hub95, 3.1.2] we can say that F‘A (with the previous definition of exact sequence)
is exact. By proposition 3.1.7 and 3.1.8 of [Hub95] we can conclude. |

Motivations for these constructions: a jump to next chapters. We will not consider
directly the abelian category of filtered complexes with (compatible differentials and) strict
morphisms because we cannot be sure that the de Rham complex is functorial with this category
as target. By [Hub95] (proposition 7.1.2) we will only know the de Rham complexes to be a
functor with values on the category Cy,(FVectg,) (strict differentials and maps that are strict
on the naive cohomology).

1.1.3 Frobenius structure

Definition 1.1.26 (Frobenius morphism). Let k be a field of characteristic p. The Frobenius
endomorphism of k is the following map

o k—>k o ad.

If o is an automorphism, the field k is said to be perfect. Let V be the ring of Witt vectors of
a perfect field k, and let K be the fraction field of V. There exists a unique homomorphism
o’V — V such that the diagram

Yy

]

(o
[
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commutes (see [Se], or also theorem 1.2 of [RabO7] for a more update reference). By con-
struction, the map o~ is bijective, hence it is an automorphism of V. This implies that also the
extension of ¢~ to the fraction field

o’ K- K

is an automorphism.

Notation. Throughout this work V is a complete discrete valuation ring with maximal ideal p,
quotient field K and residue field k of characteristic p. We assume k is perfect and we denote
Vo C V the Witt ring of &, K its quotient field and o : Ky — K|, the isomorphism which is the
lifting in characteristic zero of the Frobenius automorphism on k.

If C is an abelian category, we will denote by C(C) the category of complexes of objects in C,
K(C) the category C(C) where morphisms are considered modulo null homotopic maps, D(C)
the derived category of C.

We use X,Y... for k-schemes; X,Y,... for K-analytic spaces; X,Y,... for K-schemes;
X, % ... for V-schemes.

1.2 Diagrams

1.2.1 The category pHC of p-adic Hodge complexes

Definition 1.2.1. Let C be a category and let F : C — C be a covariant functor. The pair
category of C with respect to the functor F' is the category Cr defined as follows:

e an object in Cr is a pair (M, ¢) where M is an objectof Cand ¢ : M — F(M) is a
morphism in C

e a morphism in Cr from (M, ¢) to (N,¢) is map f : M — N in C such that the diagram

M—5 F(M)

lf lF(f)
4

N ——F(N)
commutes.

Lemma 1.2.2. Let C be a category and let F,G : C — C be covariant functors such that GF' =
FG = idc. The category (Cr)°" is equivalent to the pair category (C)g.

Proof. The equivalence of categories is given by the functor
a: (Cp)? = (C7)c
which sends an object (M, ¢) to (GM, G¢) and a morphism f to Gf. O

Lemma 1.2.3. Let C be a category and let f : (M, ¢) — (N, ) be a morphism in Cp.
DIf f is a monomorphism in C then f is a monomorphism in Cr.
i)If C is abelian and f is a monomorphism in Cp, then f is a monomorphism in C.

14



CFabelian

Proof. The first part of the lemma is trivial by definition of monomorphism.
Suppose that for any g1, g, : (M’,¢’) = (M, ¢) in Cr such that f o g, = f o g, we have
g1 = &. The category C is abelian, hence it is equivalent to prove that the kernel of f : M — N
is equal to zero (see 2.17" of [Freyd03]). Let g, : (ker f, ¢jxerr) — (M, ¢) be the morphism in
Cr induced by the inclusion of ker f into M, and let g, : (ker f, ¢jer ) — (M, @) be the zero
morphism. The composition f o g; equals f o g, (because both equal zero). Hence we can
conclude that the inclusion g; is the zero map, i.e. that ker f = 0.
O

Proposition 1.2.4. If C is an abelian category and F,G : C — C are covariant functors such
that GF = FG = id¢, then the pair category Cr is abelian.

Proof. We must verify that Cr has a null object, that it has pullbacks and pushouts and that
every monomorphism (resp epimorphism) is a kernel (resp cokernel) of some morphism.

The object 0 of C provided with the null endomorphism is clearly an initial and terminal
object of CT.

Let {f; : (M;, ;) = (N, ¢)}ic; be a family of morphisms in Cr. Consider a pullback (P, p;)
of the family {f;} in C (where p; : M; — N are the projections). The functor F is an equivalence
of categories, hence (F(P), F(p;)) is a pullback of F(f;) in C. The big diagram

P Di Mi
Pj ﬁ
¢ F(M)
FUD
FM;) — " F(N)

commutes because its componing smaller diagram commutes; by the universal property of the
pullback F(P) there exists a unique

W P— F(P)

in C such that the diagram
P—"~F(Pp)

ll’i J/F(Pi)

M; —>~ F(M;)

commutes for every i € I. This shows that (P,) is an object of Cr and that the maps p; are
morphisms in Cr from (P, ¢) to (M;, ¢;) for every i € I. Furthermore, (P, ) makes the diagram

(Py) —2~ (M}, ¢))

lm lfﬁ/

(M, @) ——= (N, ¢)

15



commute because of the properties of P as a pullback in C. Let (P',y’) and p; : (P',¢') —
(M;, ¢;) in C such that

Py e (M)

ll’ﬁ lf.}'

(M, ¢;) —— (N, ¢)

commutes. By the properties of P as a pullback in C there exists a unique u : P — P such that
the diagram

P ——P (1.6)

P l
pi

M;

commutes for every i € I. We must prove that u is a morphism in Cp, i.e. that the diagram

P’ P 1.7)
ok
A 0)
F(P") — F(P)

commutes. For every i € I we set «; = F(p;) o ¢ o u. The diagram
Pl
aj

F(P) "2 F(M,)

lF(Pi) lF(fj)
FMy) 22 F(N)

commutes by definition. By the commutativity of 1.6 and the fact that p; and p; are morphisms
in Cp, also the diagram

P

(Zj
F(m F(p;
o\ FP)—=FM))
lF(Pi) lF(f/)

F(My) 22 F(N)

/

commutes hence, by the properties of F(P) as a pullback, we can conclude that you = F(u)oy’.

Let f : (M,¢) — (N,y) be a monomorphism in Cr. By lemma 1.2.3, f : M — Nisa
monomorphism in the abelian category C, so there exists amap g : N — N’ such that f is a
kernel of gin C,i.e. g : N — N’ is a cokernel of f. The fact that F(g)oyo f = F(g)oF(f)op =
F(fg) o ¢ = 0 implies, by the universal property of N as a cokernel of f in C, the existence of

16



aunique ¥’ : N” — FN’ such that the diagram
N/

A

M _—N

v
F(g)o
0

FN’

’

commutes, whence g : (N,¢¥) — (N’,¢¥’) is a morphism in Cr. The composition g o f is
obviously zero also in Cr. It remains to verify that ((M, ¢), f) satisfies the universal property of
the kernel of g. Let f" : (M’,¢") = (N, ¥) in Cr such that g o f* = 0. By the universal property
of (M, f) as kernel of g in C there exists a unique u : M’ — M such that f ou = f’. We must
prove that i is a morphism in Cp, i.e. that the diagram

M’ —* M
o L
, F(u)
FM'—FM
commutes. In the diagram

/ ) $> |

M’ 4 v
F F
¢ FM-L N
o
F(f")

FM

we have F(g) o [F(f") o ¢'] =0, and the map F(u) o ¢’ is the unique map a such that

F(fyoa=F(f)oy¢ (1.8) | forthekerne

(by the universal property of (FM, F(f)) as a kernel of F(g)). But also ¢ou satisfies the property
1.8, whence the result.

A category has pushouts if and only if its opposite category has pullbacks, and we have just
proved that (C’?)s admits pullbacks, hence we can conclude by lemma 1.2.2. We can use the
same strategy to say that Cr has cokernels.

O

Definition 1.2.5. Let S, be the category of pairs (M, ¢), where
1) M is the tensor product M, ®k, K for some object M, in Vect,.
i) (Frobenius structure) ¢ : (M) — M, is a Ky-linear morphism.
The morphisms (M, ¢) — (N;¢) in S, are morphisms in Vectg, compatible with respect to

17



the Frobenius structures, i.e. the Ky-linear maps f such that the diagram

MJ > M,

rl

N§ ——No
commutes.

Proposition 1.2.6. The category S, is abelian.

Proof. Let
o : Vecty — Vecty

be the equivalence of categories that to every vector space M associates M7 and let o' be
its inverse. The category S, is clearly equivalent to the pair category (Vectg,),-1. The result
follows by proposition 1.2.4. O

Definition 1.2.7. To uniformize the notation, let S ¢ be the category Vectx of K-vector spaces,
and let S 4r be the category F'Vecty of filtered K-vector spaces with compatible morphisms. We
consider S 4r with its structure of very exact category (proposition 1.1.25).

The category pHC will be a category of complexes of a very exact category H, so for first
we must give the definition of H.

[H| Definition 1.2.8. Let H be the category defined as follows:

e An object is a system M = (Mg, Mg, Mg, c, s) where
1) (Mg, ¢) is an object of S,
11)(Mgr, F) 1s an object of S 4
1i)Mk is an object of Sk
iv)The map ¢ : My, — Mk (resp. s : Mgr — Mk) is a morphism in S x. We will call ¢, s
the comparison morphisms of M.

Notice that the morphisms c, s give a diagram in S

Mg = My & Mgg. (1.9)

e A morphism f : M — M’ in H is given by a system f = (fig, far, fx) Where fo : My —
M’5 1s a morphism in S i, S 4r, S k, for 7 = rig, dR, K respectively, and such that they are
compatible with respect to the comparison morphisms. i.e. such that the diagram

Mrig £ Mg : Mgr

lfrig lfk J{de

’ c K
M rig M,K M/dR

commutes.

The category H inherits the structure of additive category by the categories S» for ? =
rig, K, dR in the following sense.

18



Definition 1.2.9. A sequence
M/ N M N M/I

in H is exact if M; — M, — MY is exact for every ? = rig, K, dR.

Remember that in the abelian specializations exact sequences are the usual exact sequences,
while for the rigid side we deal with a filtered category of an abelian category, hence we refer
to definition 1.1.24. We stress the fact that there can be some exact sequence M; — M, — MY
in some specializations ? = rig, K, dR that does not extend to an exact sequence in H because
for morphisms in H we have a request of compatibility. Anyway the following result holds.

Proposition 1.2.10. The category H is very exact.

Proof. 1t is easy to verify the axioms of definition 1.1.8 for the family of sequences just de-
fined. The very exactness of H (definition 1.1.18) is induced by the very exactness of the
specializations. O

Notation. We will denote C% := C*(S,) for any ? = rig, K, dR.

Definition 1.2.11. The category of p-adic Hodge complexes pHC is the complex category
CP(H).

_def_of_pHC| Remark 1.2.12. It is useful to write an explicit description of the category pHC:

e An object of pHC is a system M = (M®_, M}

ne> Migs M3, c, s), where

i) (M, ¢) is an object of Cfig.

ii) (M3, F) is an object of C%.

iii) My, is an object of Cy and ¢ : M,
C’,’(. We will also call ¢, s the comparison morphisms of M.

— My (resp. s : M3 — Mjp) is a morphism in

Notice that the morphisms c, s give a diagram in C%
M= My & M. (1.10)

e A morphism of p-adic Hodge complexes is given by a system f = (fig, far, fx) Where
f>: M3 — M’ is a morphism in Cfig(K), Ch.(K), CP(K), for ? = rig, dR, K respectively,
and such that they are compatible with respect to the comparison morphisms. i.e. such
that the diagram

My —e My~ M,

J{frig lfk lf&k
M, ¢ M’y 2 M’ G

commutes.
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1.2.2 The category pHD of p-adic Hodge diagrams

The category pHC is a category of complexes of objects in the additive category H, hence
the definition of homotopy and of the homotopy category pHK := K(pHC) follows. From
the exactness of H, we have the definition of acyclic object of pHK and that of quasi isomor-
phism between complexes of pHK (see definition 1.1.11), and we can localize pHK by quasi
isomorphisms (see proposition 1.1.14) and finally give the following definition.

Definition 1.2.13. The category pHD of p-adic Hodge diagrams is the derived category of the
very exact category H.

It is easy for us to find the heart of the category pH D: thanks to the point of view of deriving
the exact category H, we can simply refer to remark 1.1.16 and say that the heart of pHD is an
abelian category (A equivalent to the full subcategory of pHD of diagrams of the form (explicit)

—1

-1 drig 0
0 Mrig Mrig 0
T
0 My My 0
S0 R a0
0 Mg Myg —=0—"--

where d is a monomorphism (and all squares must commute because d~! is a morphism in #).

We can also directly start from the definition in remark 1.2.12 an make an explicit (step by
step) construction of pHD.

Definition 1.2.14. Let M, M’ be objects of pHC. An homotopy of p-adic Hodge complexes
from M to M’ is a system of homotopies h; compatible with the comparison maps. The category
pHK is defined as the category pHC modulo morphisms homotopic to zero. We say that a
morphism f = (fg, far, fx) in pHC (or pHK) is a quasi-isomorphism if every f, is a quasi-
isomorphism. Finally we say that an object M in pHC (or pHK) is acyclic if H/(M>) = 0 for
any ? =rig,dR, K.

We stress the fact that the definition of homotopy is the usual one for any ? = rig, K, dR (the
requirement to be additive is enough to define homotopy), while when we speak about quasi
isomorphisms in the framework of the very exact category FVecty (i.e. for ? = dR) we refer to
definition 1.1.11.

Lemma 1.2.15. 1) The category pHK is a triangulated category.
i1) The localization of pHK with respect to the class of quasi isomorphisms exists. This
category, denoted by pHD, is a triangulated category.

Proof. 1) For any morphism f : M — N in pHK we define the (mapping) cone MC(f) to be
the object made of complexes MC(f>), ? = rig,dR, K, and the natural comparison maps. Then
a triangle in pHK 1is a triple isomorphic to (M, N, MC(f)) as above. The axioms of a triangu-
lated category ([KS90, Ch.I, §1.5]) are easily verified by the componentwise construction (by
component we mean the complexes involved in the diagram).
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i1) According with [KS90, Ch.I, Prop.1.6.7] it is enough to prove that the subcategory of
acyclic objects is a null system. In particular it is sufficient to note that the cone MC(f) of
a morphism f : M — N between acyclic objects is acyclic too. By definition of cone in the
category pHK, this can be proven on each of the complexes M3, N; for ? = rig, K, dR. Consider
the distinguished triangle

M35 — N3 — MC(f). (1.11)
In the case ? = rig, K the associated long exact sequence

o= H(M3) — H' (N3) —» H(MC(f)) —» H' (M3) — ...,

and the fact that H'(M3) = H'(N;) = 0 imply H'(MC(f)) = 0. In the case ? = dR we can
conclude by iii) of lemma 1.2.3 of [Lau].
O

1.2.3 Comparison with other constructions
Glueing of categories

We recall some definitions and results developed in [Hub95, §4].

Let A, B, C be very exact categories, and let F : A — C, Fg : 8 — C be good comparison
functors, i.e. left exact functors such that F, =~ HOF. » for some exact functor F. , 17 = C2(0)
(in particular, a comparison funtor is good if it is exact).

Definition 1.2.16. The glued exact category of (A, B via C will be the following: an object is a
tuple
(M?b MB’ MC7 mg, mB)

with M, € Ob(?) and m, : Fo(M,) — M morphisms in C. A morphism is a triple (fa, fs, fc)
of morphisms (f> in ?) which are compatible under the comparison morphisms.

The rigid glued exact category is the full subcategory of objects for which the comparison
morphisms are isomorphisms.

acca emark 1.2.1/. Let Fqr : Sqr — Sk an o - e — O g be the torgetful functors. € glue
R k1.2.17. Let Fgr = S S d Fig : Stg — Sk be the forgetful f The glued
exact category of S, S qr via S x coincides with the category H.

Definition 1.2.18. a) Let C*(A, B, C) be the glued complex category of (A, B via C. An object
is a tuple
(Mﬂ’ MB’ MC9 ma, mB)

where M, € ObC*(?) and m, : f7(M7) — M¢ morphisms in C*(C). A morphism is a triple
(fa, fs, fc) of morphisms (f; in C*(?)) which are compatible under the comparison morphisms.
b) The full subcategory C; (A, B,C) of objects where the comparison morphisms are quasi
isomorphisms will be called the rigid glued complex category.

¢) The canonical forgetful functors from C*(A, B, C) to the categories C*(A), C*(B),C*(C)

are called specializations functors (or specializations for short).

Notice that if we consider the very exact categories S g, S 1, and S g with the good compar-
ison functors Fgr : Sqr — Sk and Fyg : S f_’ig(K ) — Sk and we construct the glued complex
category, we obtain exactly the category of p-adic Hodge complexes, i.e.

C+(Srig’ SdR, SK) = pHC
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The reason is that the comparison functor are exact so F. s = F9, hence C*(S g, S ar, S k) coin-
cides with the complex category of the glued exact category, that is (by remark 1.2.17) with
pHC.

The definitions of mapping cone, homotopy category, quasi isomorphism for the glued
complex category ([Hub95, 4.1.5, 4.1.7]) coincide with those of 1.2.14 (for the definition of
homotopic category this follows once more by the exactness of the comparison functors) .
Huber defines the glued derived category D™ (S ;ig, S ar, S k) as we espect [Hub95, 4.1.7], so we
finally get

D+(Sriga SdRa SK) = pHD

We could also have directly justified the previous fact by remark [Hub95, p. 31]: the forget-
ful functors Fig, Fgr are exact, hence the glued derived category D*(S gr, Sig, S &), defined as
the localization of the glued homotopy category at acyclic objects, coincides with the derived
category of the glued exact category.

A subcategory of pHD

In the paper [Ban02] there is a construction of the category of p-adic Hodge complexes fitted to
the special case when X has a smooth proper compactification over V such that the complement
is a relative simple normal crossing divisor over ‘V (this hypothesis forces the comparison
morphisms to be quasi isomorphisms). We first recall some definitions.

Definition 1.2.19. [Ban02, 2.1] Let Crbig be the category defined as follows: an object in Cfig is
a pair (M*, ¢) where

i) My, = M; ® K for some Mg in Ct(Vecty,)

ii)(Mg)” — M is a quasi isomorphism in C*(Vect,).

The morphisms in this category are morphisms in C?(Vect,) compatible with .

We recall the definition of Cﬁl  considering [Ban02, remark 2.3].
Definition 1.2.20. [Ban02, 2.2] Let C%, .. be the category defined as follows

e An object consists of objects M3, in C’(S r), M, in C’(S1ig), My in C’(Sk) and a
diagram

MO

L] L]
g = Mg — Mg

of quasi isomorphisms, called comparison maps, in C?(S x).

e A morphism f is a set (f>) for ? € {rig, K, dR} of morphisms in the respective categories
which are compatible with the comparison maps.

In definition [Ban02, 2.2] Bannai gives the definitions homotopies, quasi isomorphisms
and acyclic maps between objects in C? .. with respect to specializations, and he proves that
the homotopic category K@F of Cﬁ” is triangulated. The problem arises in the proof of the
existence of the localization D% . of K? . by the subcategory of acyclic objects [Ban02, 2.6]:
to prove that the subcategory of acyclic objects is epaisse he cites the result 1.2.5 of [Lau], but
the category Cfig is not the category of complexes of any exact category (this implies that we
can neither see C% . as a glued category). Our idea is to subsitute the category C4 . with the
complex category of a very exact one. This will permit also to get the expected comparison
between Bannai’s and Huber’s constructions.
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Bannai should have defined C%,,. as a subcategory of the rigid complex category C; (S yig, S ar» S &)
this requirement satisfies the condition of quasi isomorphisms as comparison maps. For the
requirement of the Frobenius to be a quasi isomorphism in the rigid specialization, we can
substitute C%, . with the full subcategory

C;;o,B(S rig» SdR, S K)

of Ci (S+g,Sdr,S k) made by objects whose Frobenius in the rigid specialization is a quasi

isomorphism. Now we want to see how to construct D? .

KBannai | Proposition 1.2.21. The homotopy category K (S s, Sar, S k) of C (S tie, Sar, S k) 18 a tri-
iso,B g iso,B g
angulated category.

Proof. The rigid glued homotopy category K (S, S ar, S k) is triangulated (proposition 4.1.6

A

of [Hub95]) and the subcategory K;;(),B(S rig>» S ar, S k) 1s full, hence it is enough to show that if
A — B — Cis atriangle in K (S, Sar, S k) wWith A, B objects of KfU’B(Sﬁg,SdR,SK), then

Lso LS

also Cis in K p(S+g, S ar,S k). This is true by definition of Frobenius on the cone in the rigid

iso,

specialization as direct sum of the Frobenius of A, and B, that are quasi isomorphisms. O

Lemma 1.2.22. The set of quasi isomorphisms in K-

& 5(Srig» S ar, S k) 1s a multiplicative system.

Proof. By the proof of lemma 4.1.8 of [Hub95] the set of quasi isomorphisms is a multiplica-
tive system of K (S, Sar,Sk). The category K;O’B(S rig> S ar» S k) 1s a full subcategory of

A

K (S+g Sar, S k) hence, by definition of multiplicative system, it is enough to notice that for

aﬁy M in K7 p(S+ig, S ar. S k), if f: M — N is a quasi isomorphism in K7 (S g, S 4r, S ), then

iso,

N is in K;O’ 5(Srig>» S ar, S k). If the Frobenius ¢ of M;ig is a quasi isomorphism and M is quasi

isomorphic to N, then also the Frobenius s of N? . is an isomorphism in cohomology, because
for any i the diagram

HI(M;lg) H’(f) Hl(Nrolg)

Hi(@T H"(w)T

HM;, ") " NG

commutes, and we can conclude. O

Proposition 1.2.23. The category D (S, S ar, S k), obtained localizing K;ZU,B(S rig> S dr» S k)

iso,

by the system of its quasi isomorphisms, is a full subcategory of the rigid glued derived category
D} (Srig’ SdR’ SK)

Lso

Proof. By the previous lemma we can apply proposition 3.3 of [HartshRD]. O

By the fact that the triangulated structure of K ,(Sg,Sar,S k) is induced by that of

iso,

K (S+ig, Sar, S k) (see the proof of proposition 1.2.21), the cohomology induced by the ¢-

Lso

structure coincides with the naive one (see 1.1.19) also on the strict objects of D;O, 5(Srig> S ar, S k).

Thanks to the previous proposition, we can take the category Dj 5(Syig, Sar,Sk) as an
alternative definition for Bannai’s DY ...
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1.2.4 Tensor product in pHC

First of all we state a general result that will be useful to define the tensor product in the category
of p-adic Hodge complexes.

If V is a vector space over a field L and 7 : L — L is an automorphism, we will denote
by V7 the L-vector space whose additive group is the additive group underlying V and whose
multiplication is defined by

a v :=T1(a)y

where the second term is a multiplication in V. If V is a complex of L-vector spaces, we define
a complex V7 by setting . ‘
dy. = d,,.
altensortau| Proposition 1.2.24. Let V and W be vector spaces over a field L, let 7 : L — L be an automor-
phism. Then there is an isomorphism of L-vector spaces
VW' = (Ve W),
This result still holds in the case we consider V*, W* € C?(L).

Proof. We begin fixing some notations: the tensor products we consider are

VXW - Vew

and
VX WS VT W (1.12)

It is easy to verify that the map
B:VIXW - (VW), (vwrvew

is L-bilinear hence, by the universal property of the tensor product 1.12, there exists a unique
L-linear map

VW — (VW)
such that the diagram

VX W T W

T b

(Ve Ww)

commutes. If vi,...,v, is a base of V (hence’ of V7) and wy,...,w, is a base of W (hence of
W), then {v; ® w;}; ; is a base of V™ ® W7, and it is sent by f in a base of (V ® W)™ because of
the commutativity of the diagram and the definition of 8. Hence f is an isomorphism.

Let now V* and W* be complexes of L-vector spaces. By definition, the differentials of V**
are equal to the differentials of V*, hence the diagram

i

(V) @ (Wiy: (V@ WYy
ldfmwr id;‘w

(Vi+1)r ® (Wi+1)r L. ((V ® W)i+l)r

Sbecause 7 is an isomorphism
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k:enlarging
outquasiiso

commutes by definition of differentials on the tensor product. Hence f is an isomorphism also
in the category of complexes. O

Definition 1.2.25. Given two p-adic Hodge complexes M and M’ we define their tensor prod-

uct M ® M’ component-wise, i.e. (M7, ® M2, M3, ® M, My @ Mg, c®c’, s®s’). The tensor

product is an object of pHC endowed with the following structure
e By using the isomorphism of proposition 1.2.24, we can consider the map

e

(M@ M) =~ My” @ Mg®" — M§® Mg
as Frobenius structure on the tensor product.

e The filtration Fig on M3, ® M}, is defined by

FaMip ® Mjz) = > F'(M3) & F/I(Mj).

i+j=n

The natural definition of tensor product 1.2.25 on pHC extends to the category pHD, and
we denote by K the unit object:

. id . id _,
Krig — Ky « Kir
where

e K3 is equal to K concentrated in degree zero for every ? = rig, K,dR

o K3, is the object (K& 0) of Cfig(K)

o the filtration F on K is defined by F'(K3,) = K, for every i < 0, F/(K3;) = 0 other-
wise.

1.2.5 Shortening a diagram
The following procedure is a generalization of [Lev98, Ch. V, 2.3.3].

Proposition 1.2.26. Let A* s LA B* be a diagram of complexes in C’(K). Assume that one
between «, 8 is a quasi-isomorphism, then the quasi push-out complex P* = MC((a,f) : C* —
A* @ B®) ) is quasi-isomorphic to B*:

A'/P.\B'
N

(in the picture we have assumed the quasi-isomorphism to be a).
An analogous result holds for the quasi pull-back complex MC(a —f: A*® B* — C*)[-1]

of a diagram A*® 5 c £ B°.
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Proof. e quasi push-out
Let p : A®* X B* — A® be the canonical projection. By the octahedral axiom (see for
example remark 1.4.5 of [KS90]) there exist two dotted arrows

MC(a)[-1]
B N

— - . ~

— -

—

MC@AI-1]

~

S MC)-1]

|

and the upper part of this diagram is a distinguished triangle. It is sufficient now to notice
that MC(p)[—1] =~ B*® by definition and that MC(a)[—1] ~ 0 by hypothesis.

e quasi pull-back
Leti: A® — A® @ B® be the canonical injection. The diagram is the following

MC(a)[-1]
7 }\ ~

—~
—

MC@)[-1]

+1

A* @ B*

In this case the result follows by the fact that MC(i)[-1] ~ B* by definition.
O

Definition 1.2.27. Let pHC’ be a category of systems (Mr’ig, M3, M3, M35, M3, ¢, s, f,g) where
1) (Mr'ig, ¢) is an object of Cfig(K ) and H*(Mr'ig) is finitely generated over K.
ii) (M3, F) is an object of CSR(K) and H*(Mg3;) is finitely generated over K.
iii) M? are objects of C’(K) foranyi=1,2,3,c: Mr'ig — My s: My — My, f:, g:are
morphisms in C*(K).

Notice that an object in pHC’ is related to a diagram in C?(K) of the type

M3y M & M35 M3 & M3 (113) [diagranfort

Assume that c, s and one between f and g are quasi-isomorphisms. Via quasi push-out, we
can define a functor
F:pHC'" — pHC
(M35 M} & M35 My & M) - (M3, — P M)
compatible with tensor product.
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d quasi iso| Remark 1. By proposition 1.2.26, if we consider a diagram of the form
(Mng—>M — M; —>M <—M5R)

in pHC’, then we have
F(M') = (M, - P* M3p).

For the same reason we have
F((Mrlg N M; — M5 — M; - M) = (Mrlg — P« M3p).

We can clearly begin with a diagram of the form

5 (1.14)

B] B;
A7 A3

of objects and maps are in the category of complexes of an additive category, and then apply
the procedure of the quasi push-out to make the diagram smaller. We have just noticed how
quasi-isomorphisms “jump” by this procedure.

A.

n+l

1.2.6 Diagrams and cohomology

We recall a construction due to Bannai ([Ban02], proposition 2.16). For any pair M, M’ of
objects of pHC, let Dy be the following diagram (which is not in our categories because
Homyj, (M{, M{) has not a Frobenius structure)

Homy, (M, M}) Hom}(Myig, M/;) Hom$(Mgr, M (1.15)
w / Y / w
Hom, (Mo, M, Homj (My, M Hom}" (Mg, M)

where ho(xo) = xp 0 ¢ — ¢" o xJ , hi(xo) = ¢’ o (xo ® 1dk), ha(xk) = xg © ¢, h3(xg) = xg © s,
hy(xqr) = s’ o xgr. Then define the complexes of abelian groups I'o(M, M") :=direct sum of the
bottom row, I'{(M, M") :=direct sum of the top row. Consider the morphism

Y s To(M, M) — T1(M, M") (X0, Xk, Xar) +> (=ho(x0), hi(x0) — ha(x), h3(xk) — ha(xar))
ammafunctor | Definition 1.2.28. For any M, M’ objects of pHC, we define

(M, M) := MC(ry1)[-1]. (1.16)

We will sometimes also use the following more general notations (see 1.2 of [Bei86]).

Definition 1.2.29. Let D be a diagram of the form 1.14. Put T%(D) = P, Ar, T'(D) = P, B;.
One has two morphisms ¢y, : I°(D) — TX(D), ¢; = Zif;, @2 = Zig:. Put

(D) = MC(p; — ¢, : TU(D) - T (D))[-11.

Hence we will also use the notation F(Z)M, w) to indicate the complex 1.16.
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Definition 1.2.30. Let K(—n) be the Tate twist p-adic Hodge complex: K(—n)r'ig (resp. K(-n)3, K(-n)*)
is equal to K concentrated in degree zero; the Frobenius is ¢(1) := p"o(A); the filtration is
F' = K for i < n and zero otherwise. For any complex p-adic Hodge complex M and for any
integer n we denote by M(n) the p-adic Hodge complex M ® K(n).

Remark 1.2.31. The cone I'(K(—n), M) is quasi isomorphic to
MC(My® F"Mag = Mo ® Mi)[-11 (o, xar) = (¢(x0) — p"x0, (X0 ® idg) — 5(xar))

where X0 € My, xqr € F'"Mg.

Ext-formula | Proposition 1.2.32 (Ext-formula). With the above notation there is a canonical morphism of
abelian groups
Hom,,yp(M, M'[n]) = H"(T'(M, M")) .

Proof. By the octahedron axiom we have the following triangle in D?(Ab)
Keryyyy — T'(M, M’) — Coker ¥y pr[—1] 5.

Its cohomological long exact sequence is

2 H'(Kerp ) — H'(T(M, M')) — H"(Coker rp s [=1]) >

Note that by construction H"(Ker ;) = Hompux(M, M’[n]). Let I be the family of quasi-
isomorphisms g : M" — M”, then Hom,yzp(M, M’[n]) = h_r)nl Hom,yx(M, M"”[n]). Thus the
result is proven if we show that:

1) H'T(M,M")) = H"T' (M, M")) for any g : M’ — M" quasi-isomorphism.

ii) li_l’I)lI H"(Coker ¢y 7 [—1]) = 0.

The first claim follows from the exactness of I'(M, —) and the second is proven in [Bei86,
1.7,1.8] (and with more details in [Hub95, Lemma 4.2.8] or [Ban02, Lemma 2.15]) with the
assumption that all the gluing maps are quasi-isomorphisms, but this hypothesis is not neces-
sary. O

sonhomotopy | Lemma 1.2.33 (Tensor Product). Let M, N, I be p-adic Hodge complexes. For any a € K there
is a morphism of complexes

U, : T, M) ® T(I, N) — T'(I, M ® N).

All such U, are equivalent up to homotopy.

Proof. It is a particular case of the more general result [Bei86, 1.11] for diagrams. m|
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Chapter 2

Godement resolutions

Here we recall some facts about generalized Godement resolutions (see the construction of the
simplicial canonical resolution in 6.4 of [God58]). We need to verify that, under certain condi-
tions, the generalized Godement resolution of a complex of sheaves #* over some topological
spaces, or more generally of objects in some topoi, indeed provides a flasque resolution of ¥,
that is also in some sense functorial, in order to link the cohomologies of different complexes
of sheaves arising in the syntomic diagrams. Furthermore, we will also prove the compatibility
of Godement resolution with tensor product, needed to define the syntomic pairing.

We can also consider the generalized Godement resolution in the more general framework
of monads; we will introduce this concept in the last section, the reference for this part is
[Ivo05].

2.1 Topoi

In order to construct a Godement resolution for sheaves defined over a rigid analytic space, we
need to deal with the concept of topos. We recall here some definitions about the category of
topoi (see [SGAIV] and [Lev98]).

Definition 2.1.1. Let C be a category. A Grothendieck pre-topology on C consists of giving,
for each object X of C, a collection of families of morphisms

CovX) ={fy : U, = X|a € A}}
satisfying the following axioms:

o If {f, : Uy, = X|a € A} is in Cov(X), and if Y — X is in C, then the fiber product
U, Xx Y exists for each a € A, and the family {p, : U, Xx ¥ — Y |a € A} is in Cov(Y)

o If {f, : Uy = X|a € A}is in Cov(X), and if {gg : Vo — U, |B € B,} is in Cov(U,,) for
each o € Athen {f, 0 gs: Vop = X|a € A,B € B,} is in Cov(X)

e The identity map idy : X — X is in Cov(X).

By abuse of notation, for us a Grothendieck site is a category with a Grothendieck pre-
topology.
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osimplicial

In the framework of sites we can define what is a presheaf, and the condition for which it is
a sheaf.

Definition 2.1.2. Let C be a Grothendieck site. A presheaf on C, with values in a category A,
is a contravariant functor ¥ : C — A; with morphisms of presheaves being natural transfor-
mations, this form the category of presheaves on C with values in A.

A presheaf ¥ with values in Sets is a sheaf if for each object U of C and each covering
family {f, : U, — Ula € A} in Cov(U), the sequence of sets

2 F(p1)
0— 7)) " [[Fw) = []FW. %0 Up)
o F(p2) o

is exact (where p; : U, Xy Ug — U, and p, : U, Xy Ug — Ug are the canonical projections).

Definition 2.1.3 (The category of topoi). Let C be a site. We will call C the category of
sheaves of sets over C. A topos T is a category which is equivalent to the category C for
some Grothendieck site C. A morphism of topoi u : T} — T3 is a triple consisting of functors
u,: Ty — Tr,u" : T, —» Ty, and a natural isomorphism (adjunction map)

HOI’IlT1 (u*(—), _) - HOH]TZ(—, I/l*(—)),

with the additional requirement that the functor u* is left exact, i.e. preserves finite projective
limits.

With its unique topology, the one-point category forms a site, and the category of sheaves
on this site is the same as the category of presheaves, which in turns is equivalent to the category
of sets; thus the category Sets is a topos.

Definition 2.1.4. Let 7 be a topos. A point on 7 is a morphism of topoi
p:Sets > T.

If # is an object of T', we will write ¥, for p*(F).

2.2 Cosimplicial objects

Let A be the category whose objects are the finite ordered sets [n] = {0 < 1 < --- < n} for
integers n > 0, and whose morphisms are the nondecreasing monotone functions. If C is any
category, a cosimplicial object of C is a covariant functor

B :A—C.

We write B” for B*([n]), and we denote the codegeneracy maps by o : B"*' — B" and the
cofaces by 6" : B* — B™! (see corollary 8.1.4 of [Wei%4]) . As in 8.2.1 of [Wei94], if the
category C is abelian we can associate to B* : A — C a complex C = s(B*) where C" = B" and
its boundary morphism 4" : C"* — C"*! is the alternating sum of the coface operators:

"= = e+ (=)
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2.3 Generalized Godement resolutions

Consider two Grothendieck sites $, X and a morphism u : ¥ — X. Let P (resp. X) be the
category of abelian sheaves on # (resp. on X). Then we have a pair of adjoint functors (u., u*)
where u. : X - P and u* : # — X. For any object ¥ of X we can define a cosimplicial object
B*(¥) : A — X in the following way. First let n : idy — wu.u* and € : u*u, — idp respectively
the unit and the counit of the adjunction. Define B"(¥) := (u.u*)"(¥ ) with co-degeneracy maps

o = () ueu (Y BNF) > BY(F) i=0,..,n-1
and co-faces
&7 = (wa)n(ua’Y™ : BY(F) —» BN(F) i=0,.n.

Lemma 2.3.1. With the above notation let sB*(F) be the associated complex of objects of 7.
Then there is a canonical map by : & — sB*(F) such that u*(br) is a quasi-isomorphism.
Moreover, if u”* is exact and conservative, then 7 is a quasi-isomorphism.

Proof. 1t is a particular case of lemma 2.4.2 of section 2.4. O

Definition 2.3.2. In the previous notations, let F be a sheaf ! in X. The Godement complex of
F with respect to £ (the morphism u being implied) is the complex of sheaves

GzF = sB*(F).
Remark 2.3.3. By lemma 2.3.1, in the case u" is exact and conservative, the complex Gz¥ is a

resolution of ¥ .

The following proposition will be crucial to define the maps involved the syntomic diagrams
we will construct in the next two chapters: in fact it justifies the needed functoriality of the
generalized Godement resolution.

Proposition 1. If

is a commutative diagram of topoi, F a sheaf in X, G a sheafin Y withamap a : G — f.F,
then there exists a morphism

GaG — f.GzF
such that the diagram
G——LF

lng if*(m‘f)

commutes.

lor a complex of sheaves
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Proof. We will just show that there is a canonical map S : v.v'G — fu.u*F lifting a. First
consider the composition G — f.¥ — f.u.u*F. Then we getamap a : G — v.g.u*F because
v.g« = f:u.. By adjunction this gives v'G — g.u"F. Then we apply v. and use the equality
v.g« = f.u, to obtain the desired map. Now that we have constructed S := v.(adj(@)), we must
show that the diagram

G——fF

i’?g if*(ﬂf)

v.VG £ fou u*F

commutes, i.e. that @ = (v.(adj(@))) o ng. By the construction of the adjunction isomorphism
for the couple of functors v*, v, by mean of the unit and counit maps, the second term of the
last equality is adj(adj(a@)) = a.

O

Now that we have solved the problem of G to be a functorial resolution, we see that, in the
case the topos % is related to some particular set of points of X, then the Godement complex is
even made of flasque sheaves.

Definition 2.3.4 (see 1.3.5 of [Lev98]). Let Xbea topos. We say it has enough points if there
is a set P of points of X such that a map f : £ — G is an isomorphism (resp. monomor-
phism, resp. epimorphism) if and only if the maps f, : ¥, — G, are isomorphisms (resp.
monomorphisms, resp. epimorphisms) for all p € P (see definition 2.1.4). A set P of points of
X which satisfies the above condition is called a conservative family of points of X. If C is a
Grothendieck site, we call a conservative family of points of C a conservative family of points
of C.

Example 2.3.5. Let X be a topological space. Then there is a canonical way to consider X as a
Grothendieck site Xy, and the set of points of X (i.e. the elements of X) forms a conservative

family of points of X\, (see example 1.3.4 and remark 1.3.6 in chapter IV of [Lev98]).

By the previous example, if X be a complex algebraic scheme, the classical site of the
analytic space X(C) has enough points. For the same reason, if X is a scheme over a field L,
the Zariski site of X, denoted by X*, has enough points. We are going to prove now that in the
case of L-varieties, i.e. for reduced separated L-schemes of finite type, it is enough to restrict
to closed points to separate sheaves. More precisely, we will see in proposition 2.3.11 that the
reduction assumption is not necessary. We will call P(X**) this conservative family of points
of the Zariski site X**" of the scheme X.

In order to prove a more general result about the set of closed points as a conservative
family for the Zariski site of a scheme, we first need to study the affine case.

Definition 2.3.6. A ring R is a Jacobson ring if every prime ideal of R is the intersection of
maximal ideals.

It is obvious that any field is a Jacobson ring. The following general form of the Nullstel-
lensatz shows in particular that any algebra over a field is a Jacobson ring.

Theorem 2.3.77. (cf. [Eis95], 4.19] Let R be a Jacobson ring. If S is a finitely generated R-
algebra, then S is a Jacobson ring. Further, if n C S is a maximal ideal, then m := ¢~ !(n) is a
maximal ideal of R, where ¢ : R — S is the canonical morphism.
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Proof. See theorem 4.19 of [Eis95].
O

Now we can state the conditions for an affine scheme to have the set of closed points as a
conservative family.

Lemma 2.3.8 (The affine case). Let A be a Jacobson ring and let X = SpecA. Let ¥ be an
abelian sheaf on X such that 7, = O for every m € MaxA. Then ¥ = 0.

In other words, for any Jacobson ring A, the set MaxA is a conservative family of points of
X = SpecA.

Proof. Recall that for any abelian sheaf # on a topological space X and for any point x € X
the stalk ¥, is zero if for any open U > x and for any section s of ¥ on U there exists an open
neighborhood V C U of x such that s,y = 0.

Now let p € SpecA and let U be an open neighborhood of p in Spec(A); so U has the form

U = D(a) :={q € SpecA|q ? a}

for some ideal a < A such that p » a. Moreover

b= ]

MaxA>mDp

because A is a Jacobson ring. Hence there exists a maximal ideal m > p such that mt 2 a, i.e.
such that U > m. This implies by hypothesis the existence, for any section s € ¥ (U), of an
open neighborhood V c U of m such that sy = 0. The open V is also a neighborhood of p:
we can suppose V = D(b) for an ideal b < A such that m » b, but m D p hence p 2 b as
claimed. O

Before proving an analogous of lemma 2.3.8 for a scheme that is not necessarly affine, we
need to state a general lemma about topological spaces.

Lemma 2.3.9. Let X be a topological space and let {U;} be an open cover of X. If F; is a family
of conservative points of U; for any i, then | J;.; F’ is a conservative family for X.

Proof. Let ¥ be a sheaf on X such that ¥, is zero for every x € | J;; F;. Then Fy, = O for every
i € I, whence the result.
a

Lemma 2.3.10. Let R be aring, let X be a separated R-scheme, let U = SpecA and V = SpecB
be open affine subsets of X. Then U NV = SpecC where C =~ (A ® B)/I for some ideal
I <A®gB.

Proof. By definition of separated scheme, the diagonal morphism A : X — X Xz X is a closed
immersion. The open subset U N V is affine (because X is separated, see [Shaf94], chapter V,
proposition 3) and it is clearly isomorphic to the image of the immersion Ay : UNV —
U xg V, i.e. to a closed subset of U x V = SpecA ®; B, whence the result.

O
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ate_zariski| Proposition 2.3.11. Let L be a field. For every separated L-scheme X locally of finite type, the
set
X .= {closed points of X}

is a conservative family for the Zariski site of X.

Proof. Consider an affine cover {U;} = SpecA; of X, where A; is a finitely generated L-algebra
for every i. By theorem 2.3.7 and lemma 2.3.8, the set U? = MaxA; is a conservative family
of U; for every i. Hence, by lemma 2.3.9, it is sufficient to prove that | J,,; MaxA; = X°/. By
definition of induced topology on a subset, we only need to show | J;.; MaxA; C X<,

Let x be a maximal ideal of A; for some j € I. For i = j and for any i such that U; # x, the
set U; \ {x} is clearly open in X. Consider i € I such that x € U;. The set {x} is closed in U}, so
{x}isclosed alsoin U;NU,. Leta : U; N U; — U, be the canonical inclusion. The scheme
X is separated, so the intersection of affine subsets is affine, and we call A;; the ring such that
U; N U; = SpecA;j. So we can consider the morphism

QD:Ai_)Aij

associated to «. The ring A;; is a finitely generated L-algebra by lemma 2.3.10, so A;; is finitely
generated also as A;-algebra. Hence, by theorem 2.3.7, the ideal ¢~!(x) is also maximal in A;,
1.e. {x} is closed in U, too.
Hence X \ {x} = U;e;(U; \ {x}) is open in X as claimed.
O

Now that we have found the conditions for closed points to be a conservative family in the
particular case of the Zariski site, we want to show that the existence of such a family for a
generic site allows the Godement complex to be made of flasque sheaves.

Remark 2.3.12 (see remark 1.3.6 of [Lev98]). Let P be a set of points of a topos X. The

collection of morphisms p : Sets — X for p € P defines the morphism of topoi

i: ]_[Sets—m?. 2.1)

pEP

In particular, for every set of points P of X we will call P the topos [[,ep Sets. Also, for any
¥ € X we will often simply write Gp# for the Godement complex of F with respect to the
morphism 2.1.

Proposition 2.3.13. Let X be a topos with enough points and let P be a family of conservative
points of X. For any ¥ € X, the Godement complex Gp¥ defined by the morphism of topoi i
of 2.1 is a flasque resolution of 7.

Proof. The functor i* is exact and conservative by definition. Hence, by remark 2.3.3, we must
only show that Gz is flasque. The first term of the Godement resolution is the product of the

direct image of sheaves over a point:
[ [r.7. (2.2)

peP

A sheaf over a point is clearly flasque, the direct image of a flasque sheaf is flasque (theorem
3.1.1 of [God58]) and the product of flasque sheaves is flasque, hence 2.2 is a flasque sheaf.
The other terms of the resolution are constructed with analogous procedure. O
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2.3.1 Compatibility with tensor product
__godtensor

In order to define a pairing in the framework of syntomic cohomology, we will need some
compatibilities between generalized Godement resolutions and tensor product.

Notation. If A® is a complex of abelian sheaves on a topological space X, then we denote by
GA"* the generalized Godement resolution with respect to the points of X (see example 2.3.5).

Lemma 1. Let )
f*g> v (2.3) [commutgodte

be a commutative diagram of topoi. For every F € Z there exists a map
@: g (LS (F) = fof (€F).

Proof. By the commutativity of the diagram 2.3 we have f,f*(g*F) = £.8°(f*F), so it is
enough to prove that there exists a map

§LG— 186
for every G € Y. Let U be an open of Y, we must construct a morphism

lim G(f'($) - lim G(M).

§2g(U) Mog(f~1(U))

By the universal property of the direct limit, it is sufficient to prove that S O g(U) implies
F71(S) 2 g(f~1(U)) and this easily follows by the fact that £~'(S) > f~'(g(U)) > g(f~'(U)).
O

Proposition 2.3.14. Let A® and B*® be two complexes of sheaves on a topological space X. There
exists a natural morphism of resolutions

fap: GA*®GB* — G(A* ® B®)
Proof. By [God58], chapter II, 6.4, we have
GA*®GB® — G(A*®B")

where the symbol ® denotes the total tensor product of the complexes A* and B* (denoted & in
[God58], chapter 11, 2.10), and A*®B"* is a complex of sheaves on X x X. Applying the functor
A*, where A : X — X x X is the diagonal map, we obtain the desired map as

GA® ® GB® ~ A*(GA*®GB®) — A (G(A*®B")) — G(A*(A*®B")) ~ G(A® ® B*)

The map a follows by the previous lemma” and the other isomorphisms are justified by the
example in 2.11. of [God58]. O

2

consider the diagram

P2, pxp

lu J{(u,u)

A
X — XxX.
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The last result still holds in the case of generalized Godement resolutions:

Corollary 2.3.15. Let X be a site and let P be a conservative family on X, then for any pair of
complexes ¥°,G* of sheaves in X, there is a canonical morphism

GpF*RGpG* — Gp(F*R®G").

2.3.2 Points on rigid analytic spaces

In order to define our syntomic theory, we must deal also with rigid analytic spaces. In par-
ticular we will need to apply the tool of Godement resolutions to sheaves on K-rigid analytic
spaces. One of the problem that arises in the developement of our construction is to find a
conservative family of points on a rigid analytic space: as a matter of fact, these spaces are
defined as Grothendieck sites, not simply as topological spaces (see [Bosch]), hence we can
not procede as in example 2.3.5 for the case of the Zariski site: in the rigid setting, the set
of classic points does not provide a conservative family, as shown in example 2.3.16 below.
We are going to use Van der Put and Schneider’s definition of prime filter [vdPS95], that will
provide a conservative family of points in the rigid analytic framework. The definition of filter
is inspired by the properties of the system of neighborhoods containing a point of a topological
space. This is the reason why the notion of filter is a generalization of the concept of point for
a Grothendieck site.

idononnullo | Example 2.3.16 (cf. [FresVdP04, 7.0.11]). A sheaf of Ox-modules with trivial stalks

Let K be a complete non archimedean algebraically closed field, let X = Sp(K(T)). One
considers the presheaf # on X defined for connected affinoid subsets U of X by:
(@) F(U) = 01if U is contained in a closed disk of radius < 1.
(b) If U is not contained in a closed disk of radius < 1, then #(U) = L where L is the comple-
tion, with respect to the spectral norm, of the field of fractions of K(T').
If U is the disjoint union U; U --- U U, of connected affinoids, then one defines F(U) =
FWU)S - -dF (Uy).

First of all we must verify that the presheaf ¥ is a sheaf. Let U be an affinoid subset of X,
let {V, W} be a covering of U made by affinoid subsets. We must prove that the sequence

0->FWU) —-FWV)sF(W)->F(VnW) (2.4) | sequencefor

is exact. Every affinoid subset is, in a unique way, the finite union of disjoint connected affinoid
subsets ([FresVdP04, 2.1.1]), so we can suppose U connected affinoid. If U is contained in
some closed disk of radius < 1 the same holds for V and W, so the sequence 2.4 is clearly exact
because all the terms involved are zero. Now suppose that U is not contained in any closed disk
of radius < 1. If exactly one between V and W 1is, then the sequence 2.4 is

0-L—08®L—0

so it is obviously exact. So suppose that V (resp. W) is not contained in any closed disk of
radius < 1. By 9.7.2 of [BGR] there exist by, ag, . . . , Apin, € X and So, 7, .. ., Fuyn € |K*|, less
or equal than 1, such that V = D*(ag, ro) \ UL, D™ (a;, r;) and W = D*(bg, so) \ U=, D™ (a;, 1;).
By our assumption, ay = by = 1, hence VN W = D*(x, 1) \ U™ D (a;, r;)) with x € VN W.
This means that V N W is not contained in any closed disk of radius < 1, so the sequence 2.4 is

O0-L—Lo®L—>L
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and it is clearly exact.

The case U not contained in any closed disk of radius < 1 and both V, W contained is not
possible, because V C D*(x,a) and W c D*(x,) (we can suppose both disks to have any
x € VN W as center) imply U € D*(x, max{a, 8}).

The fact that 7 is a sheaf of Ox-modules easily follows by the definition of L.

Now we must show that for any x € X the stalk F, is zero.

Let x € X. By definition of direct limit and by definition of the sheaf ¥, it is enough to
verify that for every affinoid subset U > x of X there exists an affinoid subset U O V 5 x such
that V € D*(a, ) for some a € X and some @ < 1. Let x € X such that |x| # 1, and let U > x
be an affinoid subset. There exists 0 < @ < 1 such that x € D*(x, @) € X (we can think of «
as the distance |x — n| where n is the nearest point of the boundary of X). Then we can take
V = U N D*(x,a). We stress that the disk D*(x, @) is rational’, hence affinoid (see [Bosch],
proposition 11 of 1.6). We can conclude V is indeed an affinoid subset because the intesection
of two affinoid subsets is an affinoid subset (see [Bosch], proposition 14 of 1.6).

If |x| = 1 then, for any 0 < @ < 1 such that @ = [y’| for some y’ € X, the disk D*(x, @) C
D~(x,1) C X C X is an affinoid subset containing x*, and we can procede as before.

Definition 2.3.17. Let X be a rigid analytic space over K. We recall that a filter f on X is a
collection (U, ), of admissible open of X satisfying:
DXef,o¢f,
i) if Uy, Ug € fthen U, N Ug € f;
iii) if U, € f and the admissible open V contains U,, then V € f.
A prime filter on X is a filter p satisfying moreover
1v)if U € p and U = UV, 1s an admissible covering of U, then V;, € p for some iy € /.

Let P(X) be the set of all prime filters of X. We can give to P(X) a Grothendieck topology
and define a morphism of sites o : P(X) — X [vdPS95, §4]. Also we denote by P#(X) with the
set of prime filters with the discrete topology. Let i : Pt(X) — P(X) be the canonical inclusion
andé =0 ol
__ Itis possible to associate to every filter f on the rigid analytic space X a point of the topos
X (in the sense of definition 2.1.4): consider P(X) as the topos associated to the topological
space P(X), then a point f € P(X), i.e. a filter, corresponds to a morphism of topoi

Sets — f/’(\X/)

so we can consider its composition with o to obtain a point of the topos X.

Lemma 2.3.18. With the above notation the functor & : Sh(X) — Sh(Pt(X)) is exact and
conservative. In other words the set P#(X) is a conservative family of points for the site X.

Proof. See [vdPS95, §4] after the proof of the theorem 1. O

The previous result allows to get a functorial flasque resolution also in the rigid analytic
setting.
Notation. If X is a rigid analytic space (resp. X a K-scheme), and ¥ is an abelian sheaf over X

(resp. over X), when the underlying space will be clear by the context, we will denote also by
G (resp. G,,F) the Godement resolution Gp,x\F (resp. Gpx)F).

3define y’ = x — n, we can write D*(x, @) as {y € X; 1) < [foO)|} where fo =y, fi=x-T €K <T >.
4the second inclusion follows by [Bosch], proposition 2 of 1.1
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2.4 Monads

The natural framework of Generalized Godement resolutions is the more general theory of
monads. We recall here some definitions and results of [Ivo05].

Definition 2.4.1. Let C be a category. A monad over C is the data of
e an endofunctor M : C — C
e a natural transformation u : MM — M
e a natural transformation np : id - M

such that the diagrams

and

commute.

Once we have fixed a monad (M, u, n7) in C, we can find a way to associate to every object
C of C a cosimplicial object B*(M, C) of C with a coaugmentation C — B*(M, C): we define
the objects in degree n + 1 as M"C, the codegeneration maps as

ol = MgM" T MIC > M'C i=0,...,n—1
and the cofaces as
o= MluM™  M"C - M™'C i=0,...,n.

The coaugmentation is given by 0 — C S B(M,C) = MC.

Suppose now that A and B are abelian categories, FF : A — Band G : B — A adjoint
functors. As before, we will call 7 and e respectively the unit and the counit of the adjunction. In
this setting is always possible to define a monad (M, u, ) of A where M := GF and u := GeF.
By the previous construction we can associate to every object A in A the cosimplicial object
B*(M, A). This object gives us a complex sB*(M, A) of objects in A, as explained in 2.2, with
a coaugmentation

AL sB*(M,A). (2.5) [coaugmentat

gmentatioqi| Lemma 2.4.2. With the above notation, the map F(1,) is a quasi-isomorphism. In particular, if
F is exact and conservative, the coaugmentation 7, is a quasi-isomorphism.

Proof. See [Ivo05, Ch. III, Lemma 3.4.1]. O
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omicdiagram

Chapter 3

The syntomic diagram

For any smooth V-scheme 2~ we want to define a p-adic Hodge complex RI'(Z") computing
its syntomic cohomology (defined in [Bes00]). We will call RI['(Z") the syntomic diagram of
Z . The tool of generalized Godement resolutions, developed in chapter 2, will be crucial
to define the morphisms arising in the diagram. On the other hand, those morphisms will
be all quasi-isomorphisms but one, that is the specialization morphism defined by ? in [?]:
this permits the compatibility with the syntomic theory developed by [Bes00]. Another crucial
result we want to stress is the existence of a V-compactification generically smooth and normal
crossing: in the construction of the diagram, it will allow to relate the rigid and the de Rham
setting by mean of functoriality.

3.1 Besser’s complexes

Let X be a k-scheme. We want to associate to X a complex of K-vector spaces, whose cohomol-
ogy is the rigid cohomology defined by Berthelot, in a functorial way (in a suitable category).
It turns out that the definition of a functor RI';,(-) : Sch, — Comply is not enough for our
purpose of defining a syntomic diagram, because we need something more to compare the rigid
setting with the characteristic zero one. Similarly to Besser’s situation [Bes00], we will need
to construct three rigid functors, and obtain

REjie(X) « RTig(X)x . = RE5e(X)5 5 (3.1)

where X is a compactification of X and & a p-adic formal ‘V-scheme which is smooth in a
neighborhood of X. In order to associate a canonical resolution to a complex of sheaves we
use generalized Godement resolutions, as developed in chapter 2, instead of the techniques of
[SD72]. This represents the main difference of our approach with respect to Besser’s definitions
[Bes00].

3.1.1 The functor '

Definition 3.1.1. Let V be a strict neighborhood of |X[4 in 1X[». We define the functor jI,
from the category of sheaves over V to itself by

.+ BT .
Jy(F) = l%nju*JU ¥,
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blemorphism

where the direct limit is over all U which are strict neighborhoods of X[ in 1X[» contained
in V and jy : U < V is the canonical embedding.
We will simply write j' instead of j]TY[ . Explicitely, j' is defined for every sheaf F over
:@

1X[» as
4 T . .1
J'F) = h_lr])n]U*JU ¥,

where lhe direct limit is over all U which are strict neighborhoods of ]X[4 in 1X[» and ju
U —]X[» is the canonical embedding.

3.1.2 The complex RT,;,(X)5 ,

We introduce the definition of some categories that will be necessary to construct the main of
Besser’s rigid complexes.

Definition 3.1.2. A rigid triple is a system (X, X, &) where:
e X is a k-scheme;
e j:X — X is an open embedding into a proper k-scheme;

e X — 2 is a closed embedding into a p-adic formal V-scheme &2 which is smooth in a
neighborhood of X.

Definition 3.1.3. [Bes00] Let (X, X, 2), (Y,Y, 2) be two rigid triples and let f : X — Y be a
morphism of k-schemes. Let U Cc]X[ % be a strict neighborhood of |X[» and F : U — 2 be
a morphism of K-rigid spaces. We say that F' is compatible with f if it induces the following
commutative diagram

X[y —— 1¥[o

ls,, l‘”’

XLY.

We write Hom (U, 2) for the collection of morphisms U — 2 compatible with f.
If we set

Hom((X, X, 2),(Y,Y, 2)) = {(f, F)If € Homgy, (X,Y),F € lim Hom (U, 2)},
U

the collection of rigid triples forms a category, denoted it by RT .

Definition 3.1.4. Let (X, X, &) be a rigid triple, we define the rigid complex associated to the
triple (X, X, &) as
Rl (X)x 5 = im I(U, Grw)jyGray Q)
U

where the direct limit is over the strict neighborhoods of the tube ] X[ 4 (with respect to inclu-
sion).
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Remark 2. Let U’ fi> U be an inclusion between strict neighborhoods of ]X[p. Consider the
canonical map Q7, — 1,7, and apply proposition 1 to get

Gr)Qy — LG Qyy
Then apply the functor jL and proposition 5.1.13 of [LS07] to obtain

jLGPt(U)Q;] - jLi*GPz(U')Q;Jf = i*jL/GPt(U’>Q;J/-
By proposition 1 there exists a a map
Gruw)JyGein Sy = .G piwn 1 G
hence we have the corresponding map at level of global sections
LU, Gru jb, Genn Q) = T, i.Gpyvny by Genwn Q) = TWU', Gy jiy G Q).
This shows that the direct limit of definition 3.1.4 is well defined.

Lemma 2. Let A be a filtered category, A a ring and consider a functor

C': A—-CMody), awr C:.

If for any i) B € Mor(A) the map Ciisa quasi-isomorphism, then the complex

lim C*
—
€A

is quasi-isomorphic to each term of the limit.

Proof. The result follows by the exactness of the functor hm . Fet(A,Mod,) — Mod, (see
proposition 3.3.3 of [SHO7]). |

Proposition 2. The assignment
(X’ )_(’ <@) = Rrrig(X)Xy

defines a functor from RT to Complk. Furhermore the cohomology of the complex RI',;o(X)x 5
is the rigid cohomology of X.

Proof. Let (f,F) : (X,X, %) — (Y,Y,2) be a morphism in RT, and also call F : U — 2
a representative of the germ F. Let V D]Y[o a strict neighborhood, we must find a strict
neighborhood U’ C]X[% and a map I'(V, Gpt(v)]vat(V)Qv) - (U, Gp,(U,)]U Gprun€2},). By
Lemma 4.3 of [Bes00], F~!(V) = U’ is a strict neighbordood of 1X[ », hence we can consider
Fy := F : U — V and the map F~'Q;, — Q,. Now we use proposition 1 and apply the
functor ]L to obtain
S Gran %y = 1, Grwn QL
Composing with the canonical morphism constructed in proposition 5.1.14 of [LS07] we finally
obtain
F LGy — i, Grun 2y,

e

J'DF_IGP«V)Q;/
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SET

By adjunction there exists a map
NGrmn QY = Fojy,Gran
whence, by applying proposition 1, the desired map
Grn JYGrn @y = F.Grwn y Genw Q-

By [Berth86], the cohomology of every complex in the direct limit is the rigid cohomology
of X, hence by lemma 2 also the cohomology of RI',;,(X)x 5 is the rigid cohomology of X. O

3.1.3 The complex RI',;,(X)

Now that we have the building block of the construction we can apply the same procedue as in
[Bes00] to get the other two functors that we need.

Definition 3.1.5. Let X be a k-scheme.

e The category of rigid data for X, denoted RD(X), is the collection of all triples (X', X, &)
with X = X, with morphisms whose first component is the identity map of X.

e The set PTy is the set of all pairs (f, (Y, &)) where f + X — Y is a morphism of
k-schemes and (Y, &?) € RD(Y). The subset PT)(} contains all pairs where the first com-
ponent is the identity map of X.

e The category S ETYy is the category whose objects are all finite subsets of PTx and whose
morphisms are inclusions. We denote by S ETY the full subcategory whose objects are
all subsets with a non-empty intersection with PT.

Remark 3. The category RD(X) is not filtered. For this reason, in order to define a complex
that is independent from auxiliary data and computes the rigid cohomology we can not simply
take the direct limit
li_r)n IRFrig (X )X P
(X.X,2)eRD(X)

because this complex could not be quasi isomorphic to the complexes RT';,(X)5 -

We recall, as in lemma 4.12 of [Bes00], that to every A € SET 9( we can associate a rigid

triple (X, X4, P4):
Xf—>l_lXaf—>n)_(af—>f@A ::n,@a,

acA acA acA

where X, is the closure of X in [],c4 X.. We stress that the first inclusion is closed because
there is some a € A such that X, = X. Furthermore X is locally closed in [, X, and that
means that X is an open of XA. For that reason, (X, XA, Z,) is arigid triple.

From now on we will denote elements of PTx by letters like a and the associated auxiliary
datum by (f,, (Ya, 20).

To simplify notation, we will now define

Fx(A) = RT(X)x, .,

This is then a contravariant functor S ETY — Comply, and all morphisms of complexes one
obtains are quasi-isomorphisms.

42



Definition 3.1.6. We define the rigid complex

Rrrig(X) = ll_I)l’l ?X(A)

AeSETY
Proposition 3. The assignment X — RI,;,(X) defines a contravariant functor Sch, — Compl.
Proof. [Bes00], proposition 4.14. m|

Proposition 3.1.7. There exists a canonical o-linear endomorphism of RI',;,(X/Kj) inducing
the Frobenius on cohomology.

Proof. [Bes00], corollary 4.22. O

3.1.4 The complex @“rig(X)y P
’

We recall the result explained in section 4 of [BesOO]. Suppose there are sets PT, and PTO'
with a projection map IT: PT;, — PTx sending PT0 to PTY. Then for a € PT; we can deﬁne

X, = XH(a)’ P, = Wn(a), and define X, and 2, for A’ C PT# in the same way as before.
We obtam a functor

%x : SET)({ — Comply,, A’ RFrig(X)yA,,?;:A,

as before, where SET)({ denotes the obvious construction. For A’ € SET)({, the canonical
projection IT : A” — TI(A”) induces canonical maps Ay : (XH(A/), L) = (X4, P4) which
induce a quasi-isomorphism

RIig(Ax) : Fx(A") = Fx(TI(A")
by proposition 4.7 of [Bes00]. Going to the limit we obtain a map

lim Fx(A) - lim FI(A)

A’eSETY A’eSETY

which is again a quasi-isomorphism as in both limits all maps are. Composing with the canon-

ical map _
lim  F(TIA) - lim Fx(A)
A€SETY A€eSETY

we obtain

A lim Fi(A) - lim Fx(A).

A’eSETY A’eSETY

In our specific case, for every fixed rigid triple (X, X, ) consider the set PTy% 5 of all mor-
phism of rigid triples from (X, X, 2?) to another rigid triple and the subset PT0 cons1st1ng
of the identity morphism. There is a canonical forgetful projection

Il: PTy% » — PTx

0 0
and [(PTY ) € PTY.
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rhamcomplex

Definition 3.1.8. For every rigid triple (X, X, &) we define

LX) = lim - Fx(A).

A’eSETY

Proposition 4. The assignment X +— Iiﬁ",,-g(X)X » defines a contravariant functor RTx —
Comply.

Proof. See lemma 4.15 of [Bes00]. O

3.1.5 Natural transformations between rigid complexes

Now we are ready to describe the rigid part of the syntomic diagram, introduced in 3.1. The
natural transformation to the complex RI',;,(X) is an immediate consequence of lemma 4.15 of
[Bes00].

Now we must construct the map ¢. For the universal property of the direct limit, it is enough
to have, for every A" € 887'?&’@, a map
Fx(A") = Rrrig(X)YA/,ﬁ?’A/ - RFFig(X)Y,??'

This means that we must find a map (X, X, ) - (X, Xu, Z,) in the category where the
functor RI',;,(—)- - is defined, i.e. in R7 (see proposition 2). This map is the projection.
Naturality is clearly verified.

3.2 The de Rham cohomology and the complex RI ;z(X)y

We must then compare the previous rigid setting with the characteristic zero one, i.e. with the
de Rham cohomology of the special fiber. We recall here a variation of Huber’s definition of
de Rham complex ([Hub95], chapter 7). We need to know not only a complex computing de
Rham cohomology, but also complexes computing all the filtered parts. Here K can be any field
of characteristic zero. Let X be a smooth K-scheme. A de Rham datum for X is an injection
i: X < Y where Y is a smooth and proper K-scheme and D := Y \ X is a divisor with normal
crossing. We denote by Qy(D) the de Rham complex of Y with logarithmic poles along D (in
the Zariski topology) (See [Jan90, 3.3]).

Definition 1. 70 a de Rham datum (Y) and to every k € Zsy we associate a complex, called
k-th filtered part of the de Rham complex of X with respect to the datum (Y), defined by

FRIC(X/K)y = T(Y, G2, Q8 (D).

We will write RTUr(X/K)y for FPRTr(X/K)y and we will call it the de Rham complex of X
associated to the de Rham datum Y.

Remark 3.2.1. Even if it is not necessary for our purpose, we want to recall here that is also
possible to give a definition of such a complex that does not depend on the de Rham datum (see
definition 5.1 of [Bes00]): the k-th filtered part of the de Rham complex of X is defined by

F'RIar(X/K) := lim FREw(X/K)y
Y
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nctoriality

dRstrict

where the limit is over all de Rham data. According to this definition the F*, in spite of their
name, are not subcomplexes of RI'4r(X/K) but there are natural maps

FRTr(X/K) = RIw(X/K),

obtained by appliyng the (right exact) functor li_r)nY to the injective map FFRT gz (X/K)y —
RT4r(X/K)y. We stress the fact that by using definition 1 we obtain instead a filtered complex.

Definition 3.2.2. The De Rham cohomology groups of X are
Hx(X) := H'(Y, Q3(D)).

These are filtered K-vector spaces and the Hodge filtration is

FIHR(X) == HI(Y,Q7(D))

Remark 3.2.3. Using the same argument of [Del71, 3.2.11] we get the functoriality of H'(X)
(as filtered K-vector space) in X and the independence of the choice of Y. Moreover if 7 :
K — Cis an embedding we get an isomorphism of filtered vector spaces H'(Y, Qy(D)) ®x C =
H' (Y™, Qya(D)) by GAGA. Hence the above definition is compatible with Hodge theory as
developed in [ElZein].

We stress the fact that, from the cohomological point of view, our definition of de Rham
complex is equivalent to definition 5.1 of [Bes00] and 7.1 of [Hub95] : they all compute the de
Rham cohomology because they are all defined by mean of acyclic or injective resolutions of
the complex of sheaves Q5 (D).

Proposition 3.2.4. The filtered complex RI 4r(X) is strict.

Proof. By 3) of lemma 4.9 of [PS08] and theorem 3.18 of [PS08]', the spectral sequence related
to Q3 (D) with respect to the trivial filtration degenerates at £,. By definition of Godement
resolution as total complex associated to a double complex formed by injective resolutions,
also the spectral sequence related to RI 4r(X) with respect to the trivial filtration degenerates at
E, whence the result. O

3.3 Existence of a V-compactification with generic normal
crossings

We recall that we consider V a discrete valuation ring of mixed characteristic (0, p), we denote
by K its fraction field and by & its residue field. Let .2 be a smooth V-scheme.

Now that we have defined the rigid complexes for a k-scheme and the De Rham complexes
for a K-scheme, we would like to apply these constructions respectively to the special fiber 2
and to the generic fiber 2k of 2, in order to be able to define a p-adic Hodge diagram that
relates the two settings. For this purpose we need to fix a compactification

X - %

Iparla di C..22222?
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ctification

of the variety 2" such that the generic fiber % is smooth and the complement %% \ 2% is a
normal crossing divisor’. The following results guarantee the existence of such an embedding.

Lemma 3.3.1. Let 2" be a smooth V-scheme and let Z C Z% be a closed subscheme of the
generic fiber. There exists a unique 2 C 2" closed subscheme which is flat over V and such
that Zx = Z. The scheme % is called the Zariski closure of Z.

Proof. See 2.8.5 of [EGAIV]. O

We recall a very important result by Hironaka (see [Wlod05]).

Theorem 3.3.2 (Canonical Resolution of Singularities). Let Y be an algebraic variety over a
field of characteristic zero. _

There exists a canonical desingularization of Y that is a smooth variety Y toghether with
a proper birational morphism resy : Y — Y which is functorial with respect to proper mor-
phisms. For any smooth morphism ¢ : Y’ — Y there is a natural lifting ¢ : Y’ — Y whichis a
smooth morphism.

In particular resy : Y — Y is an isomorphism over the nonsingular part of Y.

Moreover resy commutes with (separable) ground field extensions.

Proof. See [Wlod05]. O

Proposition 3.3.3. Let 2" be a smooth V-scheme. There exists a compactification
X -

such that the generic fiber %% is smooth and the complement %% \ Z% is a normal crossing
divisor.

Proof. By Nagata (see [Conr91]) there exists an open embedding
Zx =Y

where Y is a proper K-scheme. By the Hironaka resolution theorem 3.3.2, we can assume that
Y is smooth and that Y \ Z% is a normal crossing divisor.

Now we have to find a model % of Y over V. Let & be the glueing of the schemes Y
(considered as a V-scheme) and 2" along Zx. We have #¢ = Y. The problem is that &
could not be proper. The V-scheme &7 is separated and of finite type, hence by Nagata (see
[Conr91]) there exist a proper V-scheme % and an open embedding

P -,
There is a composition of open immersions
X -

hence 2 is dense in %" so % is dense in %. But the fact that X is dense also in Y implies
% =Y. So The V-scheme ¢ is the model we were looking for. O

2we need a compactification over V because two of the rigid functors are defined over RT so we need a

compactification over k and then a formal scheme, that will be the formal completion of % (compactification over
V) along its special fiber.
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3.4 Specialization

Let 2 be a smooth variety over V. We fix once for all
g X -
a compactification with generic normal crossing divisor D (see proposition 3.3.3). Let
Wi Y — Y
be the canonical map, considered as a morphism of topoi, i.e.
u': Shyge — Shygen

u, . Sh/oyém d Sh/@[‘éar,

The specialization map links the de Rham complex of Z% and the rigid complex of Z;.
The "heart’ of this morphism is the canonical map

Ji M- ™M

where M is a Oy -module.
First we recall the construction of this canonical map.

3.4.1 The functor ;7 and the canonical map

icaljdagmap

Let N be an Oy-module. Consider the direct image j, and the inverse image j;;' as adjoint
functors:
Hom(M, jy,N) = Hom(j;' M, N).

If we choose N = j;;! M, we can consider « as corresponding to the identity morphism by the
identification Hom(M, jy, j;' M) = Hom(j;' M, j;' M). Then the canonical map we are looking
for is the composition
a . ._1 . . ,_1 _ 'T
M = ju.ju M — hFI),nJU’*JU’M =J'M.

. . an . . ._1 _ ._1 _ . _
If Wis an openin Z¢", then a(W) : M(W) — (ju.j; M)W) = j; M(WNU) = h_n>1T3jU(WmU) M(T) =
M(W N U). That means that we simply restrict the sections over W to the strict neighborhood
U (then we take the direct limit over all U).

3.4.2 The construction of sp

Notation. Let u : P > Xbea morphism of topoi and consider a complex of sheaves 7 °
in X (same situation of definition 2.3.2). We will denote by G?ﬂ‘" the complex of sheaves
Gp(GH(T*)).

At level of sheaves, we can construct the specialization map by applying the functorial
Godement resolution to the following canonical morphism

G puany Q2 (DY = G pyayan 25, (D)™,
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obtaining the map
2 ) sp . .
Gp,(gy;n)QgK<D>a" — GPt(“J,?”)]TGPt(?}/K“")Qg/K<D>[m-

Classically’ the specialization morphism of a smooth variety links de Rham cohomology
of its generic fiber with the rigid cohomology of its special fiber. We stress the fact that this
is the case, even more, that simply the cohomology of the global sections of the complexes of
sheaves involved computes what we expect:

e The cohomology of the complex of vector spaces F(%",G%t(gy;n)Q;yK<D)“”) is the de

Rham cohomology because of the coherence of the sheaves and the compactness of %
(GAGA).

e The fact that the cohomology of I'(%,", G pyayen) jTGpt(@KH")Q;]K<D>an) is the rigid coho-
mology defined in [Berth97] follows by 2.5 of [Berth86] (£ " is a strict neighborhood,

hence Q:g{’?n computes the rigid cohomology and it is isomorphic to QF, (D)*" at level of

overconvergent sections).

3.5 Other maps

In order to define the sintomic diagram of the variety .2 we need some more complexes and
morphisms.

3.5.1 Link between Besser’s complexes and the de Rham analytic

The construction of a map that links the de Rham side to the rigid one reduces to the following
proposition.

Proposition 5. With the above notations we have the following diagram of complexes of vector
spaces

(%", Gan jTGanQ;;,,K(DV") — (2", sz(%;")jTGPz(%;")Q}g}gn) = RUi( 20 5

where % is the p-adic completion of %'. We denote by a the composition of these maps.

Proof. By definition 3.1.4 we have

R ig( Z0) oy 9 = li_n}l“(U, G i) G puwy )
U

where the limit is over the strict neighborhoods of the tube of 2. We know that 2" is one of
such strict neighborhoods, hence the map on the right comes from the universal property of the
direct limit.

For the map on the left consider the canonical inclusion

Q3 (D)™ = gy

3referenza? Baldassarri Cailotto Fiorot dicono Hartshorne "On the de rham...". io non trovo.
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comparison

and apply proposition | to the diagram

g
an an
X ———

|

PI(Z &™) — PHZE™)

to obtain

an ]
GPz(??/,g") — 8. GPt(%,g")Q Zgn

Now we can apply j' and proposition 5.1.13 of [LS07]:
j?Gpt(@Iém) — jTanGPt((Q”[?”)QTQfI?" >~ ginj?GPt(%Iém)Q:@lg"’

We use once more proposition 1 to obtain the result. O

3.5.2 Link with the algebraic setting

To link the analytic side of the diagram with the algebraic setting we must prove the following
result.

Proposition 6. Let Y be a proper K-scheme. Let u : Y™ — Y be the canonical map from
the rigid analytic site to the Zariski site of Y. Then for any Zariski sheaf & on Y*“ there is a
diagram

Gp(Yzar)j(T — Gpt(Yan)up(Ym)T - M*Gpt(Yan)(l/l*Y:).

If X — Y is a smooth compactification with normal crossing divisor (in the category of K-
schemes) and we consider F = Q5 (D), then the diagram is functorial with respect to the pairs
(X,Y). The same holds true with G% instead of G.

Proof. The first claim follows from proposition 1 applied to the following commutative dia-
gram of sites

Pi(Y™) —> Pt(Y™) Ll P(Y*") <— P(Y*")

| | |

yan Yzar Yzar
w id

with respect to the canonical map ¥ — w.u*F . We recall that the Zariski points of Y** provide
a conservative family of the Zariski site (see section 2.3 after example 2.3.5), hence a fortiori
Pt(Y“") U P(Y*") is a conservative family too.

The second claim follows from the functoriality of the complex Q3(D). O

Notation. In the situation of proposition 6 we will denote by G,,+..,F the Godement resolution
G prcyemuipeyzan (F).
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3.6 Syntomic diagram and syntomic cohomology

syntdiagr

Now we put together all we have done getting a diagram RI”(Z") in the category pHC’ (see
definition 1.2.27)

RTio( 24/ K) RUio(Zi/K) g T, G5, (DY) T(%, G, 25, (D))
ay [0%) a3 4 a5 [0 73 a7 asg
RUig(2i/Ko) RUug(2i/K)y 5 T GR10Q (D)) T( P, G2y 2 (D)) T(Zk, G2, (D))
where a1, as, ag are the identity maps; a;,, a3 are the maps of 3.1; @4 is the composition a o sp
(see proposition 5 and 3.4.2); g, @7 are defined in 6. Notice that all @; but @4 are quasi-

isomorphisms. By applying repeatedly the quasi push-out construction we obtain a diagram of
the following shape

RUio(2 [Ko) = RTx(Z) & RU(Z) (3.2)

as explained in remark 1.

omicdiagram| Definition 3.6.1. We define the syntomic diagram of 2~ as the object of pHD corresponding
to the diagram 3.2. We will denote it by RI['(Z").

Notice that the previous diagram is indeed a p-adic Hodge complex whose cohomology in
the specialization is the expected one by proposition 3.2.4.

nfunctorial | Proposition 7. Let Sm/V be the category of smooth V-schemes. The previous construction
induces a contravariant functor

RT(-) : Sm/V — pHD.

Proof. Let f : 2 — 2 be a morphism of smooth V-schemes. By proposition 6 and the
definition of the rigid part of the syntomic diagram (section 3.1), to get the functoriality of
RI'(-) it is enough to show that we can find two generic normal crossing compactifications
g: Z > %andg : 27 »> ¥ andamap h : ¥ — %’ extending f, i.e. such that
hg = g’ f. We argue as in 3.2.11 of [Del71]. Fix two generic normal crossing compactifications
l: 2 - Zand g : Z’ — %’. Then consider the canonical embedding 2" — 2 x %"
induced by /and g’ f. Let 2" be the closure of 2" in 2" X %’. We can take % as a generically
resolution of singularities of 2. O

Remark 3.6.2. We need the first piece of the rigid side to be a complex functorial over the
category of smooth schemes, i.e. independent from the compactification, in order to define a
Frobenius morphism on it (proposition 3.1.7). It will be the same also for the compact support
case, developed in chapter 4.

Definition 3.6.3. Let 2" be a smooth algebraic scheme over V. For any n, i integers we define
the (rigid) syntomic cohomology groups of 2
Hg, (2, 1) == Hom,up(K, RT(Z)()[n]) = H'T'(K, RT(2)()))

syn

(last equality holds by proposition 1.2.32).
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Proposition 8. The definition 3.6.3 of syntomic cohomology coincides with the definition 6.1
of [Bes00)].

Proof. We have I'(IK, RT'(Z)(i)) ~ T'(K(-i), RT'(Z)), therefore we can conclude by remark
1.2.31.

O
Corollary 3.6.4. There is a long exact sequence
= HE (20 /Ko) @ F'H(2k/K) — H (23 Ko) @ Hi (2 /K) —
— H, (2 ,1) —
— H!\ (2i/Ko) ® F Hlp( 2/ K) = H (21 Ko) ® HY (2i/K) = -+
Proof. See the proof of proposition 6.3 of [Bes00]. m|
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cdiagramwcc

BCC

Chapter 4

The syntomic diagram with compact
support

In this chapter we will adapt the construction of chapter 3 for syntomic cohomology with
compact support. The definition of the syntomic diagram with compact support R[.(:Z") of a
smooth V-scheme 2~ will be completely analogous to that of syntomic diagram. The notions
of syntomic cohomology with compact support and of syntomic homology will consequently
follow.

4.1 Besser’s complexes with compact support

We want to repeat the construction of section 3.1 for rigid cohomology with compact support.

4.1.1 Rigid cohomology with compact support

We recall here the construction of the rigid cohomology with compact support for a scheme X
defined over the field k [Berth8_6]. _ _
Consider a rigid triple (X, X, &?) and let i :]X \ X[»—]X[» be the open inclusion. For

every abelian sheaf E over | X[ » we define the left exact functor
L y((E) := ker(E — i.i"E).

Proposition 9. If E is coherent, the derived functor RLy E is isomorphic, in derived category,
to the complex [E — i,i"E].

Proof. Consider the short exact sequence
0->TyE—->E—ifE—O0
in the category of complexes. In derived category this corresponds to the triangle
ROE — E — ii'E 5
because of the exactness of the functor i.i* on coherent sheaves. O
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The rigid cohomology with compact support of X is defined as in 3.3 of [Berth86]

H{(X) := H (X[, R Q).

We can prove that these cohomology groups are independent from the choices, contravariant
with respect to proper morphisms and covariant with respect to open immersions [Berth86].

4.1.2 The complex R, (X)x

We introduce a variation of the category RT (definition 3.1.2) in order to define the suitable

category on which RI';, .(X)x 4 will be a functor.

rictdiagram| Definition 4.1.1. In the same situation of definition 3.1.3, we say that a morphism F compatible

with f is strict if there is a commutative diagram

where V is a strict neighborhood of ]Y[ 4 in 1Y[2

and

X[ U U\IX[»
E I
1Yo 14 V\IY[2

We defined R7* as the category in which objects are rigid triples and morphisms are couples
(f, F) € Mor(RT) with F germ of strict morphism compatible with f.

Remark 4. We must check that the composition in R7 ™ is well defined. Let (f, F) : (X, X, P) >
(Y,Y,2) and (g,G) : (Y,Y,2) — (Z,Z, %) be morphisms in R7T*. We willcall F : U - V
and G : V' — W the representatives of the respective germs too (U D]X[», W D]Z[4 and
V, V' D]Y[ 2 are strict neighborhoods). By definition, the diagram

sp

U r 1%
U\IX[» ——= V\IY[2
Y s Z

sp

sp

Yo —— 1%

V/

w

VA\IY[o —— W\IZ[»
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commute. If weset V" =V NV, F = F g1y and G = Gy, the diagram

X ! Y : w
sp sp sp
1XIp 1Yo 1Zl%

F—l (V//) F V// G w

F'V'N\X[p ——= V'\IY[2 — W\IZ[»

commutes (we only restrict to smaller neighborhoods, so the complement of the tube always
maps to the complement of the tube). Therefore, if we define H as the germ of G o F and
h = g o f, the morphism (f, F)) o (g,G) := (h, H) is in RT".

rcc| Definition 4.1.2. Let (X, X, &) € RT*, we define the rigid complex with compact support
associated to this triple as

R yig o(X)x, 5 = Bm (U, Gy G puw)€2)
U

where the direct limit is over the strict neighborhoods of the tube ] X[ 4 (with respect to inclu-
sion).

Remark 5. To show that the direct limit of definition 4.1.2 is well defined, we can procede as
in remark 2, applyng the functor 'y, instead of ;" and using proposition 5.2.15 of [LS07].

RCC| Proposition 10. The assignment
(X, )_(, @) = Rrrig,c(x)iy}

defines a functor from RT* to Comply. Furhermore the cohomology of the complex RT iy (X)3 5
is the rigid cohomology with compact support of X.

Proof. Let (f,F) : (X,X,P) — (Y,Y,Q) be a morphism in RT*, and also call F : U — Q
a representative of the germ F such that for some V D]Y[p the map F : U — V makes the
diagram of definition 4.1.1 commute.
Let V' D]Y[ 2 be a strict neighborhood, we must find a strict neighborhood U’ D]X[ % and
a map
LV, Gpyn DG pivyQy) = T, GpyunlixiG ey Q)

For this purpose, by proposition 1 it is sufficient to find U’" D]X[p, F : U’ — V' and an arrow
r]y[Gpt(V/)Q;/, - F*F]X[Gpt(Uf)Q;],. (41)

By definition of direct limit, nothing is lost assuming that V' C V, so we can define U’ as
F~'(V") and
F F v - U —-V.
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The map F is strict (because is the restriction of a strict map), so by proposition 5.2.17 of
[LSO7] there exists a morphism

F TGy Q- F Gy Q. (4.2)
By adjunction, the morphism 4.1 is equivalent to the composition of 4.2 with a map
TixiF'Gv Q= TG Q-
This follows by applying the functor I'jx; to a morphism
F'Gy QY — Gpun 2,

that can be easily obtained using the result of proposition 1.

All maps in the direct limit are quasi-isomorphisms, for proposition 6.4.1 of [LS07], hence
we can apply lemma 2 to conclude that Ry o(X)5 5 indeed computes the rigid cohomology
with compact support.

m]

4.1.3 The complex RI'yig (X)

roperstrict Lenlma 3. Let (X, X, ), (Y, Y, Q) be rigid triplg, and let U be a strict neighborhood of 1X[ »
in X[ and V a strict neighborhood of Y[ 9 in Y[ 9. Suppose there is a commutative diagram

X X P
I N [
Y Y 2

with g proper, and suppose G := (gK)|U : U — V. Then G is compatible with g, and G is
strict. Therefore (g, G) is a morphism in RT* (here by G we mean the corresponding germ of
morphism).

Proof. The fact that G is compatible with g immediately follows from the commutativity of the
previous diagram.

If x € V\]X[ &, that is sp(x) € X \ X, then g(sp(x)) = sp(G(x)) belongs to Y \ Y, because g
proper implies g strict (lemma 15.2.3 of [Hub95]). Equivalently G(x) € V\]Y[ 2. O

To simplify the notation, we define
T;(A) = Rrrig,c(X)YA,yA-

If A C B, the natural projections Xz — X4 and Py — P, induce a map of rigid data
(Xp, P5) — (X4, P,), that is strict by lemma 3 (in this case the proper map g is the identity
over X). The induced morphism

Fx(A) — Fx(B)
is a quasi-isomorphism because of Berthelot’s results concerning the independence of rigid co-
homology with compact support from the auxiliary choices. Hence ¥/ (A) is a covariant functor
SS‘T?( — Compl, and all morphisms of complexes one obtains are quasi-isomorphisms.
Now we can define
Rljgo(X) = lim F(A).
AeSETY,
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Proposition 11. The assignment X +— R, (X) defines a contravariant functor Sch] —
Comply, where Schy is the category of schemes over k with proper morphisms. In particu-
lar, by functoriality, there exists a canonical o-linear endomorphism of RT',;, (X/Ky) induced
by the Frobenius morphism on X.

Proof. Let g : Z — X a proper morphism of k-schemes. The idea is to follow Besser’s proof of
proposition 4.14 [Bes00]. The existence and uniqueness of a map g* : RI'ig o(X) — RlI'ig(Z)
follows immediately if we show that there is a map g. making the following diagram commute

. " & . ¢ o
lim F4(B) —— h_r)n(A’B) F, (AU g°(B))

—(A,B)
(A,B)t—)Bl (A,B)HAUg"(B)J
. c g : ¢
_
i, 75 i, 75(4)

(where one takes the limits over A € SET ) and B € SET %) and that the left vertical map
is an isomorphism (not just a quasi-isomorphism). We need this construction because, given
B e 887'9(, then g°(B) € SET 7 \ SET 2 so we can’t directly define g*.

To define g we must exhibit, for every A, B, a map (Z, 2Aug0(3), Pavee) — (X, Xz, P5)
in the category for which RI;,.(—)-_ is a functor, i.e. a morphism in R7™, in other words,
a couple (g,G) where g is a morphism of k-schemes and G is a germ of strict compatible
morphism V — (Z,)k. Consider the commutative diagram

Z — Zyugm —— Pavgm

(| | al
X — YB — Py

where the last two vertical maps are the projections. Because of the properness of the morphism
g, we can conclude by using lemma 3. To show that for any two composable morphisms

w LA X 5 Y we have (gh)" = h™ o g* see Besser’s proof of 4.14 of [Bes00].
|

Remark about properness. What is the importance of properness for the functoriality of
RIigc(X)? The functor Rl (X) is defined on the category of schemes over k, but by mean
of RIig,c(X)x 5, that is a functor defined for strict morphisms. We can’t directly ask anything
over F (characteristic zero), because it doesn’t make sense to speak about F' (characteristic
zero) when we deal with morphisms in Sch;. Anyway, we need some requirements on f that
force a "potential" F to be strict. This requirement is properness.

4.1.4 The complex ﬁrig,c(x)i,@

In the notations of subsection 3.1.4, once we have fixed a rigid triple (X, X, ?), we can define
a functor

Fi : SET 5 ) — Comply, A" R0 (X, o,

‘We can now set _
’ b
A'eSET &
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This is a contravariant functor for proper morphisms of rigid triples, i.e. for (f, F) such that f
is proper (because we forget, the construction is as RI'ig o(X) (see proposition 11)):

Proposition 12. The assignment (X, X, P) @F,,Q,C(X)X  defines a contravariant functor
RT? — Comply, where RT " is the category of rigid triples with morphisms of rigid triples
(f, F) with f proper.

Proof. Let (g,G) be a morphism in R7”. Here we consider (8,G)° : PT yx5 — PT ;7.0
as the composition with (g, G). The idea of the proof is the same of proposition 11, the only
difference here is the definition of the functor (g, G)°, but essentially we don’t care about the
germ G, we forget it. . .

The existence and uniqueness of a map (g,G)" : RINigc(X)5 » — Rlyige(Z)z o follows
immediately if we show that there is a map (g, G): making the following diagram commute

. —~ 8.6 .. —~
lim FX(B) — lim TS(A U (3.G)(B))

(A" B %

(A’,B’)HB’l (A’,B’)HA’UF’(B’)l
im’ FeB) -2, lim’ FE(A")
—5B X —A Z

(where one takes the limits over A” € SET gz P and B’ € 887'(;(Y t@), and that the left vertical

map is an isomorphism (not just a quasi-isomorphism). We need this construction because,

given B’ € 887';?’ P then (g,G)*(B") € SET ,7 5 \ SET g,Z 5 SO We can’t directly define
(8.G)".

To define (g, G); we must exibit, for every A’, B’, a map
Z, ZA’U(g,G)C’(B’)» P avecredy) = (X, Xg, Py)

in the category for which RI',;,.(—)__ is a functor, i.e. a morphism in R7™, in other words,
a couple (f, F) where f is a morphism of k-schemes and F is a germ of strict compatible
morphism V — (£24)k. Consider the commutative diagram

Z —— Zpyueorm) —— Pauecrsd)

S g

X — YBI — @B’

where the last two vertical maps are the projections. Because of the properness of the morphism
g, we can conclude by using lemma 3. About the compatibility of this construction with the
composition see again Besser’s proof of 4.14 of [Bes00].

O

We have defined the functor f&?rig,c(X)ig, over the category R7”, but we must construct
a natural transformation to the functor RI'ig(X). For this purpose we should think about the
functor @"rig,c(X)x@ as restricted, at the level of morphisms, to the morphisms (f, F) where F
is strict. ~

Anyway, we can also define the functor RT'ig¢(X)5 5 in a more intrinsic way with respect
to strictness, as follows.
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Fix a rigid triple (X, X, ). Consider then the set PT % P

triples from (X, X, 2) to another rigid triple, and the subset P7" ?{% P consisting of the identity

of all strict morphisms of rigid

morphism. As before, we can define the category SE7%% . Now define
XX,

%};Y : SS‘T?{’%N@ — Comply, A" RlYige(X)x,, 5, (4.3) I@
and ~ —
RTi0e(X)gp = lim  F'(A). (44) [tildecomodc
AeSETYS

XX,

To prove functoriality we can do as in the previous proposition, the only thing we remark is that
we can apply the functor 7 to (A" U (g, G)°(B’)) because the composition of strict morphisms
is strict.

The advantage of definition 4.4 is that there will be no need to restrict the set of morphisms
when we deal with natural transformation in section 4.1.5.

4.1.5 Natural transformations between rigid complexes with compact sup-

port
sformations

The first "piece” of the syntomic diagram with compact support is
J = q
Rrrig,c(X) — Rrrig,c(X)igz - Rrrig,c(X)ng-

We will construct the natural transformations, and show that they induce quasi-isomorphisms.
For A" € S&T ?{Y » the canonical projection IT : A” — II(A’) induces a canonical map,
diagonals on identical elements, Ay : (YH(M, Prany) — ()_(A/, P4). This map is strict for
lemma 3, hence it induces a quasi-isomorphism

.S A RI'rig.c(Ax’) c,s ’

Fi'(A) = RligoX)5, o, — RligoX)g, s = T AIAN).
Going to the limit we obtain a map, which is again a quasi-isomorphism as in both limits all
maps are _

A 1i_n)17’§’s(A’) - li_n)l?‘}?’s(H(A’)).
A A

By the composition with the map

li_r)n Fy dI(A")) = h_r)n Fy'(A)

A A
we obtain a quasi-isomorphism p : ]FRT“HQ,C(X)X 2 — Rligc(X). It is easy to verify that p is a
natural transformation between functors, i.e. that for every morphism (X, X, &) — (Y, Y, 2) in

RT " the diagram -
RI—‘rig,c(Y) W Rrrig,c(Y)?,g

! l

R jigo(X) —— RIge(X)x
pX) ’
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dRcstrict

commutes. We remark that also in this case we must change the class of morphisms considered
for the functoriality of RI'gc(X): this functor must be considered over the category C whose
object are schemes over k and Hom¢(X, Y) = Homgrr((X, X, 2),(Y,Y, 2)). Obviously the
action of the functor RI'jg o(X) on a morphism (f, F) : (X, X,?)—> (L,Y,2)inC only depends
on the proper map f.

Now we must construct the map g. For the universal property of the direct limit, it is enough

to have, for every A’ € 88‘7'())(’3Y ,, amap

%}?S(A,) = Rrrig,c(X)YAf,WA’ - Rrrig’C(X)Y’y.

This means that we must find a map (X, X, P) - (X, YA/, Z,) in the category where the
functor RI',;, .(—)- - is defined, i.e. in R7 " (see proposition 10). This map is the projection
(identity is proper, Lemma 3). Naturality is clearly verified.

4.2 The de Rham cohomology with compact support and the
complex RI'4r (X/K)y

In the notations of 3.2, consider a smooth K-scheme X and a de Rham datum (Y) for X, and let
I C Oy be the defining sheaf of ideals of the related normal crossing divisor D.

Definition 4.2.1. Consider a smooth K-scheme X. To a de Rham datum (Y) and to every
k € Z, we associate a complex, called k-th filtered part of the de Rham complex with compact
support of X with respect to the datum (Y), defined by

F*RTar o(X/K)y = T(Y, G2, 193 (D).

zar

We will write Rl 4g (X/K)y for F'RI 4 .(X/K)y and we will call it the de Rham complex with
compact support of X with respect to the datum (Y).

Definition 4.2.2. Consider a smooth K-scheme X. In the notations of section 3.2, the i-th de
Rham cohomology with compact support of X is

Hig (X) := H'(Y,1Q(D)).
These are filtered K-vector spaces and the Hodge filtration is defined as
FIH!, (X) := H(Y, IQ7(D)).

Remark 4.2.3. The functoriality of HQR’C(X) is justified as in remark 3.2.3 if we consider only
proper maps using [Hub95, Lemma 15.2.3]. For the compatibility with the definition of de
Rham cohomology with compact support defined in [PSO8] see [PS08, Part II, Example 7.25].

Proposition 4.2.4. The filtered complex RI'4r (X/K)y 18 strict.

Proof. We can procede as in the proof of proposition 3.2.4 simply by using the fact that the
spectral sequence associated to the complex of sheaves Q3 (D) with respect to the trivial fil-
tration degenerates at £, by [PS08, Part II, Example 7.25]. O
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squeacyclic

4.3 Cospecialization

We refer to the setting of section 3.4.
The cospecialization map is the following morphism

° an cosp ° an
G puayen 122G puaygn 1825, (D) —> Gfm/,gnﬂ Q3 (D)
that is obtained by applying the Godement resolution to the canonical map
[12:0G praem 1Q5, (D) — G pyayen1Q3, (D)™

As in section 3.4, the global sections of the complexes of sheaves involved in the cospecial-
ization morphisms do compute the "expected" cohomologies:

e The cohomology of the complex of vector spaces
G i 11230G puaem 1Q5, (D)™

is the rigid cohomology with compact support defined in [Berth97] because of an excision
argument and proposition 13 below.

Lemmad. If f : A* — B°® is a surjective morphism of complexes, then there exists a
quasi isomorphism ker f= Cone(f).
Proof. Let K* = ker f and C* = Cone(f). The morphism
a:K[1]'=K*" > C' =A""@B, aw (a,0)
induces an injective morphism of complexes
a:K°[1] - C°.
Let Z* = cokera. The map f is surjective, hence
7i — (Ai+1/Ki+1) oB ~ B gB
and the differential is defined as d(b"™!,b") = (=d(b'*"), b + d(b')). In the homotopy
category id; = 0, by mean of the chain homotopy
B2 @B - B eB b)) - b, 0),
because dl — ld = idz. Therefore Z* = 0 in the derived category.

O

q.i.

1

Proposition 13. If ¥° is a complex of flasque sheaves over %", then RI'q;,F*
FJ%[T‘.

Proof. Leti : X\ 2 [— %" be the open inclusion. We must construct a quasi-
isomorphism

ker(F* 5 i.i'F*) & Cone(F* L i.i'F*).
It is easy to prove that f is surjective (because by hypothesis it is surjective on each open
set), hence the result follows from lemma 4.

O

e The global sections of Gf,t(,ﬂ/an)
“K

pact support because of GAGA results.

1Q5, (D)*" compute the de Rham cohomology with com-
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4.4 Other maps

Also in the case of compact support we need some more complexes and morphisms to define
the whole diagram, as we did in section 3.5.

4.4.1 Link with Besser complexes with compact support via cospecializa-
tion

We must link on the left of to the rigid part of the diagram described in section 4.1. In 10 we
have defined
ang,e(«%c)gyk,g? = h_r)n LU, Gpyvyl'1.2:0G panQ2y)
U
where the limit is over the strict neighborhoods of the tube. We know that X3 is one of such
strict neighborhoods, hence the construction of the map reduces to the following proposition.

@ Proposition 14. With the above notations, there exists a map
L(ZE", Gl 2,1 Gan w195, (D)) = T(Zk™, Ganl' 241 Gan€Yyan) = RUrig o( 21/ K)oy 5 -
We will call it b.

Proof. As in the proof of proposition 5, considering the functor I} »;; instead of j' and applying
proposition 5.2.15 of [LSO7].
O

4.4.2 Link with the algebraic setting

comparison

The construction that links the analytic part of the diagram with the algebraic de Rham setting
is completely analogous to the construction of 3.5.2: in the proof of proposition 6 we consider
the functorial complex ¥ = IQ3(D).

4.5 The syntomic diagram with compact support

Similarly to 3.6, we can consider the p-adic Hodge complex RI'.(.:2") associated to the diagram
RI(Z") defined as follows

RTyig (23/K) RUyig(2i/K) 5 T, Gou 19, (DY) T(Pk, G 1, (D))

B B B3 Ba Bs Be B Bs
Rrrig,c(%{/[{()) Rrrig,c(«%/k/K)%’g r(@ém, Ganr],%([Ganu*IQ;yK (D)) I'(%k, G§n+zarIQ;yK<D>) I'(%k, G2 IQ;]K@

zar

where 31, Bs are the identity maps; 3, 83 are the maps of 4.1.5; 5, is the map b of proposition 14;
Bs = cosp of 4.3; B, 57 are defined in 4.4.2. Notice that all 5; but 85 are quasi-isomorphisms.
By applying repeatedly the quasi pull-back construction we obtain a diagram of the following
shape

RUyig (2 [Ko) = RUk (2) < RUr (Z) (4.5)

as explained in remark 1.
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Definition 4.5.1. We define the syntomic diagram with compact support of .2~ as the object of
pHD corresponding to the diagram 4.5. We will denote it by R['.(Z").

Notice that the previous diagram is indeed a p-adic Hodge complex whose cohomology in
the specialization is the expected one by proposition 4.2.4.

Proposition 15. Let Sm./V be the category of smooth V-schemes with proper morphisms.
The previous construction induces a contravariant functor

RU.(-):Sm./V — pHD.

Proof. We can argue as in the proof of proposition 7 to obtain two generic normal crossing
compactifications g : & — ¥, ¢ : &7’ — %" and an extension of the map f. If we further
assume f to be proper, then the square

xS

”

:%'/ s gl

is also cartesian by lemma 15.2.3 of [Hub95]. From this fact, the result of subsection 4.4.2 and
the definition of the rigid part of the syntomic diagram with compact support (section 4.1), we
can conclude. O

Definition 4.5.2. Let 2" be a smooth algebraic scheme over V. For any n, i integers we define
the (rigid) syntomic cohomology with compact support groups of 2

Hy (27, 1) := Homup(K, RT(2)(D)[n]) = H'(T(K, RT(2)(1)))

(last equality holds by proposition 1.2.32).

Definition 4.5.3. Let 2" be a smooth scheme over V. For any n, i integers we define the (rigid)
syntomic homology groups of X

H"(Z,i) := Homup(RT(27), K(=D)[-n]) = H'(T(RT(Z"), K(-i)))

(last equality holds by proposition 1.2.32).
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Chapter 5
The syntomic pairing and the Gysin map

ynt_pairing

We are going to work in the category of diagrams as we developed in chapter 1. We have
constructed a diagram RI'(:Z") computing the syntomic cohomology of 2~ (definition 3.6.3)
and a diagram RI.(Z") defining in the same way the compact support cohomology of 2
(definition 4.5.2).

In section 5.1 we will show that these diagrams have been defined in order to have a pairing

RIZ)®RI(Z) = RI(Z). S.D

The advantage of working in the category of diagrams is that I'(K, —) is a functor in the derived

category pHD (see proposition 2.16 of [Ban(02]), hence from the pairing 5.1 we can deduce a
1

map

I'XK,(RI(Z) @RI A1) — T(E, RI(Z)3)).

We can finally compose the last map with the morphism
I, RI(Z)(0) @ TEK, RT(27)() — TE, RI(2)() @ RT(27)())

due to Beilinson [Bei86], to obtain the desired syntomic pairing.

In section 5.2 we will show that the syntomic theory is a Poincaré duality theory with
support, and we will consequently be able to prove that for any proper morphism of smooth
“V-schemes there exists a map in the same direction between the respective syntomic coho-
mologies: the so called Gysin morphism.

5.1 The syntomic pairing
omicpairing
ol cpatring| We want to prove that there is a morphism of p-adic Hodge complexes

RU(Z)®RU(Z) = RT(Z).

This is what we need in order to have a pairing at the level of the complexes computing syn-
tomic cohomology. The key point is the compatibility of the De Rham and rigid pairings with
respect to the specialization and cospecialization maps.

lin the derived category
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k:dRpairing | Lemma S. There exists a pairing
Prig © J' Qe (Dg)™" ® L, 1Q5, (D)™ — L. 1O, (D)™
Proof. The wedge product of algebraic differentials induces the following pairing
Par : Q3 (D) ® 1€, (D) — 1Q5, (D). (5.2)
The analytification of pgr gives a pairing
Q3 (DY" ® 195, (D)*" — 1Q3, (D)™,
Hence by [Berth97, Lemma 2.1] we get the result. O

The following proposition, crucial for the purpose of constructing the syntomic pairing,
solves the problem of the compatibility between the de Rham and the rigid pairings, at level of
sheaves, with respect to specialization and cospecialization.

ixedpairing| Proposition 16. The following diagram commutes

an

Gan (€, (DY™) ® G2, (D)™) —* G195, (DY™)
Tlmw pT
Gan(Q3, (DY) ® GanL| 5, Gan(IQ, (D)™) — Ganl) 3 Gan (I3, (DY™)
J{ﬂ@l l 1
GanJ' Gan(Q, (DY™) ® Ganl) 5 Gan (125, (D)™™ Ganl) 3 Gan (I, (D)™

where m := pyj,0( j'®1) by definition, cosp is defined in section 4.3 and j' is the canonical map
described in subsection 3.4.1 (where the complex of sheaves involved is clear by the context).

Proof. The bottom square commutes by construction. Also we get p;0(j ®1) = Pig restricted
to Qé,K(DY‘" ® E]%k [(IQ‘Q,K<D>"‘“) by construction of the canonical map j'. O

Before proving the whole pairing at level of diagrams we need the following result.

directlimit| Remark 5.1.1. Let I be a filtered category and let {A;};c; and {B;},c; be direct systems. If for
each i there is a pairing A; ® B; — B; such that for every i, j € I the diagram

Ai ® Bi‘>Bi
4 booh

commutes, then there exists a canonical pairing

limA; ® lim B; — lim B;.

1 1 1
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orp:pairing| Proposition 17. Let 2" be an algebraic V-scheme. Then there exists a morphism of p-adic
Hodge complexes

7 :RU(Z)®RI(Z) — RT(X)

which is functorial with respect to 2" (as a morphism in pHD). Moreover taking the cohomol-
ogy of m (at level of each complex) we get the following compatibility

Hy (2x) ® Hyp, (Zx) —— H"(Zk)

id@cT T

Hi(Z) ® HYy (23) — HI(257)

rig,c rg,c

s®id \L id i

H: (Z)® H (X)) —— H"(Z0)

rig rig,c rig,c

Remark 5.1.2. Here by s and ¢ we mean the cohomology of the maps s and ¢ involved in the
definitions of syntomic diagrams (see the diagrams 3.2 and 4.5).

Proof. 1t is sufficient to provide a pairing of enlarged diagrams (see 1.2.5). Thus we have to
define a morphism of diagrams

7 :RU(Z)®RU(Z) > RU(Z)
(where RI"(Z") and RI".(Z") have been defined respectively in section 3.6 and 4.5).
e Rigid side (maps «;,[; for i = 1,2, 3). For first we must construct a pairing
RUig( 209 59 @ RUvig ( 21y 9 = RUyig (21 gy - (5.3) |pairingprin
Consider the pairing
Gani' GanQy ® Ganl1 24 GanQy = Ganl'12,1Gan 2y (5.4)

following from the canonical pairing Q7, ® Q;, — Q7, lemma 2.1 of [Berth97] and the
compatibility of the Godement resolution with the tensor product (see subsection 2.3.1).
To simplify the notations, let ¥ = G, jTGanQ;J and G}, = Gul2Gan€2],. We can
consider the pairing 5.4 at level of global sections 2, to get

[(U,F5) 8 T, Gy) = T(U, Gy). (5.5)

*formally: applying the global section functor we have

L', fv®Gu) — I'(U,Gu)

and composing to the left with the canonical map of a presheaf into its sheafification for the tensor product,
calculated at the level of global sections, i.e.

LU, 75T (U, Gy) = LU, F5 ® Gy

we finally obtain 5.5.
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By remark 5.1.1 we get

lim [(U,75) @ im (U, G) = lim (0. 6.

By definition of RI',;¢(X)z» and of RI';, (X)z » (see definitions 3.1.4 and 3.1.4), this is
the construction of the pairing 5.3.

In order to define the pairing

IRgl:rig(=%;c)0z]/’0j ® ﬁrig,c(%{)@’@ - Rgl:rig,c(%c)oy,gi- (56) pairingtilc

we can apply the previous procedure to the pairing 5.3 just constructed, by applying the
direct limit over the filtered category S E Tgip (see definition 3.1.5).

The compatibility between 5.3 e 5.6 is straightforward by the naturality of the construc-
tions (the natural transformations are described in subsections 3.1.5 and 4.1.5).

The same constructions lead to the definition of the pairing
Rrrig(%) ® IRlﬂrig,cQQ//‘) - I&1—‘rig,c(<%‘)
and its compatibility with 5.6.

e Mixed part (maps a;,B; for i = 4,5). It follows by proposition 16 (remember that there is
a canonical map

U, F5)®I'(U,Gy) - T'(U, 5 ® Gy)

for every complex of sheaves ¥, G}, involved, because of the definition of tensor product
of sheaves as a sheafification and the consequent canonical morphism).

e De Rham side (maps «a;, 5; for i = 6,7, 8): it follows by the de Rham pairing pz (see 5.2)
and by the functoriality of the map a (see proposition 5) for the i = 4 side.

Corollary 5.1.3. There is a functorial pairing (induced by 7 of the previous proposition)

H., (Z,i)® H,

syn syn,c

(2, ) » HW(Z i+ )). .

syn,c

Proof. Consider the pairing of the Proposition 17. It induces a morphism RI['(2")())®RI .(Z")(j) —
RU.(Z)(i + j) (more generally RT(Z")(i)[n] @ RTU (2 )(j)[m] — RUA(Z)(i + j)ln + m]). By
1.2.33 we get

(K, RU(Z)(D) © T(K, RTAZ)(j)) = T, RT(Z)0 + j))-

Then we can apply the functor H°. By the definition of syntomic cohomology (3.6.3) and that
of syntomic cohomology with compact support (4.5.2) we get the corollary. O
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5.2 Poincaré duality and Gysin map

We can now state a result of Poincaré duality for the syntomic theory with support. As an
immediate consequence of this result we will be able to prove the existence of the Gysin map.

Proposition 5.2.1. Poincaré duality
Let 2" be a smooth algebraic V-scheme of dimension d. For any n,i integers there is a
canonical isomorphism
H' (2 ,i)~H.' (2,d-i).

syn 2d-n
Proof. We must verify that
Hom,,;;p(K, RT(Z")()[n]) = Hom,yp(RL(2), K(i — d)[n — 2d])
(see definitions 3.6.3 and 4.5.3), i.e., by proposition 1.2.32, that
H'"TXK, RT(2)(0)) =~ H'T(RU(Z), K(i — d)[-2d])).
In the alternative notation of definition 1.2.28, we must show that

H n(i:(DK,Rr(,%))) ~ H n(i:(DRFC(%’),K(d)[—Zd]))-

First recall that FI:(Z)K,RF( 7)) 1s defined as

MC(RTyig(Z/Ko) ® RTg(Z) ® RUgr(Z) 2, RIio(Z/Ko) @ RUg(Z7) ® RTU g (Z)[—-1]

where Y¥/(xo, Xk, Xar) = (©(x0) — Xo, c(xo ® idg) — Xk, Xx — S(xqr)). In order to define the desired
map we need to modify this complex replacing R 'x(Z") by RI 4r(Z") as follows

MC(RT;ig(2/Ko) @ RUGR(Z) ® RTar(2) s RTig(27/Ko) @ RUk(27) ® R (2)[—1]

where /' (xo, Xz, Xar) = (¢(x0) — X0, c(xo ® idg) — s(xz), X}z — Xar). It is easy to see that this
new complex, call it M*, is quasi isomorphic to F(Z)K,Rr( 2))-

The cup product induces a morphism of complexes M* — f(@Rr( 2)1s0aRT(27)) Which is a
quasi isomorphism by the Poincaré duality theorems for rigid and de Rham cohomology” (see
[Berth97] and [Hub95]). Explicitly, this map is induced by the following commutative diagram

RUio(2/Ko) ® RTr(Z) ® RUr(Z") — Hopy, (No, T24No) @ Homy (NgT524Nk) © Hom}" (Nar, T224Nar)

- :

RIio(Z/Ko) @ RUg(Z2) ® RTgr(Z) —— Hfm;(O(Ng, T52aNo) ® Hom} (NyigT>24Ng) ® Homy (Nyr, T524Nk)
where N := R[ (%),
0(fo, fx> far) = (@c o fy — foo e, co(fo®idyx) — fr o, fx o s — 50 far);

a’(XO, x:jR’ de) : ()70, YK ydR) — (XO U Yo, S(xélR) U YK XdrR U )’dR)Q

B(xo0, Xk, Xar) : (Y0» Yrig> Yar) F> (X0 U @c(¥0), Xk U $(Vrig)s Xar U Yar)-

*homology as the dual of cohomology with compact support
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It is important to remark that the filtered complex R 4r (:Z") is strict (proposition 4.2.4), so
that the truncation 75,4RI 4r (:2") is the usual truncation of complexes of K-vector spaces (see
[Hub95, proposition 2.1.4]).

To conclude the proof it is sufficient to apply the exact functor Dgr (2 .- to the following
quasi-isomorphisms

T524RTA(2) — H*(RTAZ)) = K(-d)[-2d]

(the term in the middle is made of complexes concentrated in degree zero as the top cohomol-
ogy, so the first map is clearly q.i.; the second is because d is the dimension of X and the top
cohomologies of that degree (not syntomic: rigid and de Rham) coincide with K).

O

Corollary 5.2.2. Gysin map
Let f: 2 — % be a proper morphism of smooth algebraic V-schemes of relative dimen-
sion d 9~ and dy respectively. Then there exists a canonical map
foiH (2 i) — HX(% i+ c)

syn syn
where c = dy —d gy .

Proof. Proposition 5.2.1 and the functoriality of RI'.(—) with respect to proper morphisms jus-
tify the following: H”, (% ,i) ~ H,)' (2 ,dy — i) := Hom,up(RT(Z),Kln — 2d 41 -

syn 2d q —n

dy)) = Hom,yp(RT(#), Kln - 2d 4 1(i — d o)) =: H;Z’;{_n(gf, dy —i) =~ HWX(%,i+c). O

syn

70



Bibliography

ahMacdonald| [AtiyahMac] Introduction to Commutative Algebra

bannai:syn| [Ban02] Kenichi Bannai. Syntomic cohomology as a p-adic absolute Hodge cohomology.
Math. 7., 242(3):443-480, 2002.

on: abshodge | [Bei86] A. A. Beilinson. Notes on absolute Hodge cohomology. In Applications of algebraic
K-theory to algebraic geometry and number theory, Part I, Il (Boulder, Colo., 1983), vol-
ume 55 of Contemp. Math., pages 35-68. Amer. Math. Soc., Providence, RI, 1986.

berth| [Berth86] Pierre Berthelot. Géométrie rigide et cohomologie des variétés algébriques de car-
actéristique p. Mémoires de la S.M.F, 1986.

berthDual | [Berth97] Pierre Berthelot. Dualité de Poincaré et formule de Kiinneth en cohomologie rigide.
C.R.Acad.Sci. Paris Sr. I Math. 325, 493498 (1997)

[BesOO0] Amnon Besser. Syntomic regulators and p-adic integration. I. Rigid syntomic regu-
lators. In Proceedings of the Conference on p-adic Aspects of the Theory of Automorphic
Representations (Jerusalem, 1998), volume 120, pages 291-334, 2000.

BG

=

[BGR] BGR ?,.
Bosch| [Bosch] S. Bosch. Lectures on Formal and Rigid Geometry, .

[Conr91] Brian Conrad. Deligne’s notes on Nagata compactifications Mathematics Subject
Classification, 1991.

Del:The71| [Del71] Pierre Deligne. Théorie de Hodge. ii. Inst. Hautes Etudes Sci. Publ. Math., (40):5-57,
1971.

[ElZein] El Zein Hodge Theory?

andersuslin| [FrieSu02] Eric M. Friedlander; Andrei Suslin. The spectral sequence relating algebraic K-
theory to motivic cohomology,

[GM] Gelfand; Manin. Methods of Homological Algebra Springer

godement | [God58] Roger Godement. Topologie alégbrique et théorie des faisceaux, Publications de
IInstitut de Mathématique de I’ Université de Strasbourg. Hermann, Paris, 1958.

(2}

) tm 0

= = o

g N =]
) H

) K- [te)

=} =} —_

EGAIV| [EGAIV] Alexander Grothendieck. Elements de geometrie algebrique. 1V. Etude locale des
schemas et des morphismes de schemas. Ill. Inst. Hautes Etudes Sci. Publ. Math.. (28):225
1975.

71



bud : CommAlg | [Eis95] David Eisenbud Commutative Algebra with a View Toward Algebraic Geometry
Springer-Verlag, New York, 1995.

Freyd| [FreydO3] Peter J. Freyd Abelian categories Reprints in Theory and Applications of Cate-
gories, No. 3, 2003.

FresnelVdP | [FresVdP04] Jean Fresnel, Marius van der Put Rigid Analytic Geometry and its Applications
Birkhéduser, Boston, 2004.

HartshRD| [HartshRD] Robin Hartshorne Residues and Duality Lectures Notes in Mathematics, 1966.

[Hub95] Annette Huber. Mixed motives and their realization in derived categories, volume
1604 of Lecture Notes in Mathematics. Springer-Verlag, Berlin, 1995.

Rabinoff| [Rab(07] Joseph Rabinoff. The Theory of Witt Vectors. ?, 2007.

SGAIV| [SGAIV] Artin, Michael; Alexandre Grothendieck, Jean-Louis Verdier. Sminaire de Gomtrie
Algbrique du Bois Marie - 1963-64 - Thorie des topos et cohomologie tale des schmas -
(SGA 4) - vol. 1. Lecture notes in mathematics. 269. Berlin; New York: Springer-Verlag,
1972.

[Ivo05] Florian Ivorra. Réalisation l-adique des motifs mixtes. These de doctorat de
[’Université Paris, 6, 2005.

Jan:Mix90 | [Jan90] Uwe Jannsen. Mixed motives and algebraic $ K$ -theory, volume 1400. 1990. With
appendices by S. Bloch and C. Schoen.

chapira:som| [KS90] Masaki Kashiwara and Pierre Schapira. Sheaves on manifolds, volume 292 of
Grundlehren der Mathematischen Wissenschaften [Fundamental Principles of Mathemat-
ical Sciences]. Springer-Verlag, Berlin, 1990. With a chapter in French by Christian
Houzel.

Knapp | [Kn07] Knapp Advanced algebra. Birkhauser, 2007.
laumon | [Lau] G. Laumon. Sur la catégorie derivée des D-modules filtés.

stum:rcbook | [LSO7] Bernard Le Stum. Rigid cohomology, volume 172 of Cambridge Tracts in Mathemat-
ics. Cambridge University Press, Cambridge, 2007.

—
)
<
[
=
[
»
O
(o]

H jun}
< e
. (@) o
~ =
. (o] ==
Y »
%] %]

[oH

[Lev98] Marc Levine. Mixed Motives, volume 57 of Mathematical Surveys and Monographs.
American Mathematical Society, 1998.

Mitchell| [Mit65] Barry Mitchell. Theory of Categories. Elzevier, 1965.

-steenbrink | [PSO8] Chris A. M. Peters and Joseph H. M. Steenbrink. Mixed Hodge structures, volume 52
of Ergebnisse der Mathematik und ihrer Grenzgebiete. 3. Folge. A Series of Modern Surveys
in Mathematics [Results in Mathematics and Related Areas. 3rd Series. A Series of Modern
Surveys in Mathematics]. Springer-Verlag, Berlin, 2008.

[SD72] B. Saint-Donat. Techniques de descente cohomologique., Tome 2. of Théorie des topos
et cohomologie étale des schémas.. Springer-Verlag, Berlin, 1972.

72



corpslocaux | [Se] Serre Corps Locaux

Shafarevich| [Shaf94] 1. Shafarevich. Basic Algebraic Geometry, 2: shemes and complex manifolds.
Springer, Berlin, 1994.

[SHO7] P. Shapira Algebra and Topology

utSch:Poi95 | [vdPS95] M van der Put and Peter Schneider. Points and topologies in rigid geometry. Math.
Ann., 302(1):81-103, 1995.

[Verd] Jean-Louis Verdier. Catégories Derivées. Institut des Hautes Etudes Scientifiques.
1963?.

[Wei94] Charles A. Weibel. An introduction to homological algebra, volume 38 of Cambridge
Studies in Advanced Mathematics. Cambridge University Press, Cambridge, 1994.

[Wlod05] Jaroslaw Wlodarczyc.. Simple Hironaka resolution in characteristic zero. J. Amer.
Math. Soc.,. 18(4):779-822 (electronic), 2005.

73



	Categories of diagrams
	Preliminars
	Exact categories
	Filtered objects of an abelian category
	Frobenius structure

	Diagrams
	The category pHC of p-adic Hodge complexes
	The category pHD of p-adic Hodge diagrams
	Comparison with other constructions
	Tensor product in pHC
	Shortening a diagram
	Diagrams and cohomology


	Godement resolutions
	Topoi
	Cosimplicial objects
	Generalized Godement resolutions
	Compatibility with tensor product
	Points on rigid analytic spaces

	Monads

	The syntomic diagram
	Besser's complexes
	The functor j†
	The complex Rrig(X)X,P
	The complex Rrig(X)
	The complex R"0365Rrig(X)X,P
	Natural transformations between rigid complexes

	The de Rham cohomology and the complex RdR(X) Y
	Existence of a V-compactification with generic normal crossings
	Specialization
	The functor j† and the canonical map
	The construction of sp

	Other maps
	Link between Besser's complexes and the de Rham analytic
	Link with the algebraic setting

	Syntomic diagram and syntomic cohomology

	The syntomic diagram with compact support
	Besser's complexes with compact support
	Rigid cohomology with compact support
	The complex Rrig,c(X)X, P
	The complex Rrig,c(X)
	The complex R"0365Rrig,c(X)X, P
	Natural transformations between rigid complexes with compact support

	The de Rham cohomology with compact support and the complex RdR,c(X/K)Y
	Cospecialization
	Other maps
	Link with Besser complexes with compact support via cospecialization
	Link with the algebraic setting

	The syntomic diagram with compact support

	The syntomic pairing and the Gysin map
	The syntomic pairing
	Poincaré duality and Gysin map

	Bibliografia

