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AROUND THE GYSIN TRIANGLE I

FREDERIC DEGLISE

ABSTRACT. We define and study Gysin morphisms on mixed motives over a
perfect field. Our construction extends the case of closed immersions, already
known from results of Voevodsky, to arbitrary projective morphisms. We prove
several classical formulas in this context, such as the projection and excess
intersection formulas, and some more original ones involving residues. We
give an application of this construction to duality and motive with compact
support.

INTRODUCTION

Since Poincaré discovers the first instance of duality in singular homology, mathe-
maticians slowly became aware that most of cohomology theories could be equipped
with an exceptional functoriality, covariant, usually referred to as either transfer,
trace or more recently Gysin morphismﬂ. In homology, this kind of exceptional func-
toriality exists accordingly. The most famous case is the pullback on Chow groups.
Motives of Voevodsky are homological: they are naturally covariant. As they mod-
eled homology theory, they should be equipped with an exceptional functoriality,
contravariant. This is what we primarily prove here for smooth schemes over a
field. Further, we focus on the two fundamental properties of Gysin morphisms:
their functorial nature and their compatibility with the natural functoriality, corre-
sponding to various projection formulas. The reader can already guess the intimate
relationship of this theory with the classical intersection theory.

The predecessor of our construction was to be found in the Gysin triangle defined
by Voevodskyﬂ for motives over a perfect field k: associated with a closed immer-
sion ¢ : Z — X between smooth k-schemes, Voevodsky constructs a distinguished
triangle of mixed motives:

M(X — Z) — M(X) 5 M(Z)(n)[2n) 225 M(X — 2)[1).

The arrow labelled i* is the Gysin morphism associated with the closed immersion 3.
Because this triangle corresponds to the so-called localization long exact sequence in
cohomology, fundamental in Chow and higher Chow theory, it has a central position
in the theory of mixed motives. In [Dég04] and [Dég08H], we studied its naturality,
which corresponds to the projection formulas mentionned in the first paragraph,
for the Gysin morphism ¢*. Interestingly, we discovered that these formulas had
counterpart for the residue morphism Ox z appearing in the Gysin triangleﬁ. The
main technical result of this article (see Theorem ) is the functoriality property

Date: 2005 - last revision: 04/2011.

Partially supported by the ANR (grant No. ANR-07-BLAN-042).

1 The term transfer is more frequently used for finite morphisms, trace for structural morphisms
of projective smooth schemes over a field, and Gysin morphisms for the zero section of a vector
bundle, usually understand as a part of the Gysin long exact sequence.

2See [, chap. 5, Prop. 3.5.4].

3The reader is referred to section E for a summary of these results.
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2 FREDERIC DEGLISE

of the Gysin morphism ¢*. But, as in the case of projection formulas, this comes
with new formulas for the residue morphism. Let us quote it now:

Theorem. Let X be a smooth k-scheme, Y (resp. Y') be a smooth closed sub-
scheme of X of pure codimension n (resp. m). Assume the reduced scheme Z asso-
ciated with Y NY’ is smooth of pure codimension d. PutYo =Y - Z, Y] =Y'—-Z,
Xo=X-YUY"

Then the following diagram, with 1,j,k,l,i’ the evident closed immersions, is com-
mutative :

- @ e ) @) I
M(Y)(n)[2n] —— M(Z)(d)[2d] —— M(Yo)(n][2n + 1]
\LBY’,Z (3) \Laxmyo

M(Yg)(m)[2m + 1] ——— M(Xo)[2).

- XO,Y(;

This theorem can be understood as follows: the commutativity of square (1) in fact
gives the functoriality of the Gysin morphism (take Y’ = Z) ; the commutativity
of square (2) shows the Gysin triangle is functorial with respect to the Gysin mor-
phism of a closed immersion. Finally the commutativity of square (3) reveals the
differential nature of the residue morphism: it can be seen as an analogue of the
change of variable theorem for computing the residue of differential forms.ﬂ

More generally, our Gysin morphism is associated with any morphism between
smooth k-schemes. We go from the case of closed immersions to that of projective
morphisms by a nowadays classical methodﬂ. Using the projective bundle formulas
for motives, one easily defines the Gysin morphism for the projection of a projective
bundle. As any projective morphism f can be factored as closed immersion i
followed by the projection of a projective bundle p, we can put: f* = p*i*. The
key point is to show this definition is independant of the factorisation. Taking into
account the theorem cited above, this reduces to prove that for any section s of
a the projection p, the following relation holds: p*s* = 1. When the definition is
correctly settled, the main properties of the general Gysin morphism follows from
the particular case of closed immersions. Let us summarize them for the reader:

e functorial nature (Prop. R.9),

e projection formula in the transversal case (Prop. R.1()),

e excess intersection formula (Prop. R.13),

e naturality of the Gysin triangle with respect to Gysin morphisms (Prop.
R13).

To end this description of the motivic Gysin morphism, we come back to the
point of view at the beginning of the introduction. It was told that the existence
of this exceptional functoriality was a consequence of Poincaré duality. In the end
of this work, we go on the reverse side: Poincaré duality is a consequence of the
existence of the Gysin morphismﬁ. In fact, we use the tensor structure on the
category of mixed motives and construct duality pairings for a smooth projective
k-scheme X of dimension n. Let p : X — Spec(k) (resp. § : X — X xj X) be

4n fact, one can show that the residue morphisms of motives induces the usual residue on
differential forms via De Rham realization.

5A model for us was the pullback on Chow groups as defined by Fulton in [ .
6Though stated in a different language, this was already observed and used in , XVIII].



AROUND THE GYSIN TRIANGLE I 3

the canonical projection (resp. diagonal embedding) of X/k. We obtain duality
pairings (cf Theorem P.1§)

0272 M(X)(—n)[=2n] 25 M(X)(—n)[-2n] @ M(X)
e M(X)® M(X)(—n)[-2n] =5 M(X) 2 7.

which makes M (X)(—n)[—2n] a strong dual of M(X) in the sense of Dold-Puppe
(see Paragr. for recall on this notion). This result implies the usual formula-
tion of Poincaré duality: the motivic cohomology of X is isomorphic to its motivic
homology via cap-product with a homological class, the fundamental class of X/k.
But this duality result holds more universally: any motive defines both a cohomol-
ogy and a homology ; the previous duality statement is valid in this generalized
setting.

The morality of this result is that the existence of the Gysin morphism is es-
sentiallty equivalent to Poincaré duality when one restricts to projective smooth
schemes over k (we left the precise statement to the reader).

Brief description of the organization of the paper. Section 1 is concerned with the
Gysin triangle associated with a closed immersion. Sections 1.1, 1.2 and 1.3 contains
reminders on the articles [[Dég04] and [[Dég08SH], concerning both the definitions and
the results. Section 1.4 contains the proof of the main theorem of this paper, as
stated above.

In section 2, we develop the general Gysin morphism: section 2.1 contains es-
sentially the proof that the definition explained above is independant of the choice
of the factorization, section 2.2 states and proves the properties listed above. In
the end of section 2.2, we also relate our Gysin morphism in the case of finite étale
covers with the transfers one gets using the theory of finite correspondences (see
Prop. R.1§). Section 2.3 explores duality as explained above, and shows how one
can deduce a natural construction of a motive with compact support.

Further background and references. Gysin morphisms for motives were already con-
structed by M. Levine within his framework of mixed motives in ]ﬂ The
treatment of Levine has common feature with ours. In comparison, our principal
contribution consists in the formula involving residues, together with the excess
intersection formula. The construction of Gysin morphism on cohomology — which
follows from its existence on motives through realization — was also treated directly
by Panin in the setting of oriented cohomologies. In his setting, Panin does not
consider residue morphisms.

This work has been available as a preprint for a long time.ﬂ It has been used in
IBVKOY by Barbieri-Viale and Kahn about questions of duality. Ivorra refers to
it in [[vol(] mainly concerning motivic fundamental classes (Def. here). Our
initial interest for the Gysin morphism was motivated by the some computation in
the coniveau filtration at the level of motives ; we refer the reader to [Dégll] in
this book for this subject.

We have extended the considerations of the present paper in a more general
setting in [Dég08a): the base can be arbitrary and we work in an abstract setting
which allows to consider both motives and M G L-modules — the latter corresponds
to generalized oriented cohomologies, see loc. cit. for details. The present version

"Recall Levine showed an equivalence of triangulated monoidal categories between his category
of mixed motives and the one of Voevodsky under the assumption of resolution of singularities.
8 It first appears on the preprint server of the LAGA in 2005.
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is still useful as the proof are much simpler. Let us mention also the fundamental
work [] of Ayoub on cross functors. It yields Gysin morphisms through a
classical procedure (dating back to ) However, one has to take care about
questions of orientation which are not treated by Ayoub (aka Thom isomorphisms).
This is done in [CDO9H]. On the other hand, the excess intersection formula, as well
as formulas involving residues do not follow directly from the 6 functors formalism
but from the analysis done here.

A final word concerning Poincaré duality: it was well known that strong duality
for motives of smooth projective k-schemes was a consequence of the construction
by Voevodsky of a ®-functor from Chow motives to geometric motives (see [FSV00,
chap. 5, 2.1.4]). On the other hand, our direct proof of duality shows the existence
of this functor (see Remark P.19) without using the theory of Friedlander and
Lawson on moving cycles ()ﬁ Let us mention also that the new idea in our
definition of the motive with compact support of a smooth k-scheme is that the
Gysin morphism of the diagonal allows to construct a comparison functor from
the motive with compact support to the usual motive (see property (iv) after Def.
D.21]) — this idea was already used in F3D09a]. Compared to other versions of motive
with compact support, one by Voevodsky in [FSVO0(, chap. 5, §4] and the other
by Huber-Kahn in [HKO0M, app. B], ours allows one to bypass the assumptions of
resolution of singularities for some of the fundamental properties.
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NOTATIONS AND CONVENTIONS

We fix a base field k which is assumed to be perfect. The word scheme will
stand for any separated k-scheme of finite type, and we will say that a scheme is
smooth when it is smooth over the base field. The category of smooth schemes is
denoted by .#m(k). Throughout the paper, when we talk about the codimension
of a closed immersion, the rank of a projective bundle or the relative dimension of
a morphism, we assume it is constant.

Given a vector bundle E over X, and P the associated projective bundle with
projection p : P — X, we will call canonical line bundle on P the canonical invert-
ible sheaf X\ over P characterized by the property that A C p~}(E). Similarly, we
will call canonical dual line bundle on P the dual of \.

We say that a morphism is projective if it admits a factorization into a closed
immersion followed by the projection of a projective bundle.B

We let DMg,(k) (resp. DME}f(k)) be the category of geometric motives (resp.
effective geometric motives) introduced in [FSVO(Q, chap. 5]. For the result of
section 1, we work in the category DM, ;,J;f (k). If X is a smooth scheme, we denote

9Explicitly: the iroof of Prop. 2.1.4 of [7 chap. 5] refers to []?SVO , chap. 4, 7.1] which

uses in particular [FSVO0(, chap. 4, 6.3] whose proof is a reference to [FL9{].
10Beware this is not the convention of ] unless the aim of the morphism admits an ample
line bundle.
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by M(X) the effective motive associated with X in DMgIf(k). From section 2 to
the end of the article, we work in the category DM,(k). Then M (X) will be the
motive associated with X in the category DMg,(k) (through the canonical functor
DME(K) = DMon(k).

For a morphism f : Y — X of smooth schemes, we will simply put f. = M(f).
Moreover for any integer r, we sometimes put Z((r)) = Z(r)[2r] in large diagrams.
When they are clear from the context (for example in diagrams), we do not indicate
twists or shifts on morphisms.
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1. THE GYSIN TRIANGLE
1.1. Relative motives.

Definition 1.1. We call closed (resp. open) pair any couple (X, Z) (resp. (X,U))
such that X is a smooth scheme and Z (resp. U) is a closed (resp. open) subscheme
of X.

Let (X, Z) be an arbitrary closed pair. We will say (X, Z) is smooth if Z is
smooth. For an integer n, we will say that (X, Z) has codimension n if Z has
(pure) codimension n in X.

A morphism of open or closed pairs (Y, B) — (X, A) is a couple of morphisms
(f, g) which fits into the commutative diagram of schemes

B~Y

o
A X.

If the pairs are closed, we also require that this square is topologically cartesianH.
We add the following definitions :

e The morphism (f, g) is said to be cartesian if the above square is cartesian
as a square of schemes.

e A morphism (f, g) of closed pairs is said to be excisive if f is étale and g,eq
is an isomorphism.

e A morphism (f,g) of smooth closed pairs is said to be transversal if it is
cartesian and the source and target have the same codimension.

1 e. cartesian as a square of topological spaces ; in other words, Byreq = (A Xx Y)red-
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We will denote conventionally open pairs as fractions (X/U).

Definition 1.2. Let (X, Z) be a closed pair. We define the relative motive Mz(X)
— sometimes denoted by M(X/X — Z) — associated with (X, Z) to be the class
in DM;Lf(k) of the complex

w2 02X -Z] 5 [X]>50— ...
where [X] is in degree 0.

Relative motives are functorial with respect to morphisms of closed pairs. In
fact, Mz(X) is functorial with respect to morphisms of the associated open pair
(X/X —Z). For example, if Z C T are closed subschemes of X, we get a morphism
MT(X) — Mz(X>

If j: (X — Z) - X denotes the complementary open immersion, we obtain a
canonical distinguished triangle in DM, ;j;f (k) :

(1.2.a) M(X - Z) 25 M(X) = Mz(X) = M(X — Z)[1].

Remark 1.3. The relative motive in DM grflf (k) defined here corresponds under the

canonical embedding to the relative motive in DM//(k) defined in [Dég04, def.
2.2].

The following proposition sums up the basic properties of relative motives. It
follows directly from [Dég04} 1.3] using the previous remark. Note moreover that in
the category DM, ;,{lf (k), each property is rather clear, except (Exc) which follows
from the embedding theorem , chap. 5, 3.2.6] of Voevodsky.

Proposition 1.4. Let (X, Z) be a closed pair. The following properties of relative
motives hold:

(Red) Reduction: If we denote by Zy the reduced scheme associated with Z then:
Mz(X)= Mz, (X).

(Exc) Excision: If (f,g) : (Y,T) — (X, Z) is an excisive morphism then (f,g)« is
an tsomorphism.

(MV) Mayer-Vietoris : If X = U UV is an open covering of X then we obtain a
canonical distinguished triangle of shape:

M(ju)—M(j
Mzauav(UNYV) ) M), Mzau(U) @ Mzav (V)
A, My (X) — Mzewny (UNV) (1],

The morphism iy, iv, ju, jv stands for the obvious cartesian morphisms
of closed pairs induced by the corresponding canonical open immersions.

(Add) Additivity: Let Z' be a closed subscheme of X disjoint from Z. Then the
morphism induced by the inclusions

MZI_IZ’(X) — Mz(X)@MZ/(X)

is an isomorphism.
(Htp) Homotopy: Let m : (AL, AL) — (X,Z) denote the cartesian morphism
induced by the projection. Then m. is an isomorphism.
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1.2. Purity isomorphism.

1.5. Consider an integer i > 0. Recall that the i-th twisted motivic complex
over k is defined according to Voevodsky as Suslin’s singular simplicial complex of
the cokernel of the natural map of sheaves with transfers Z'" (A} — 0) — Z' (A),
shifted by 2: degrees on the left (cf [FVO(] or [FSV0(]). Motivic cohomology of
a smooth scheme X in degree n € Z and twists ¢ is defined following Beilinson’s
idea as the Nisnevich hypercohomology groups of this complex which we denote
by H%,(X;Z(i)). Moreover, there is a natural pairing of complexes Z(i) ® Z(j) —
Z(i+j) (cf ]) which induces the product on motivic cohomology.
Recall there existsE a canonical isomorphism

(1.5.a) ex 1 OH'(X) == H3(X; Z(i))

which is functorial with respect to pullbacks and compatible with products.
According to [FSV0(, chap. 5, 3.2.6], we also get an isomorphism

(1.5.b) Hj (X5 Z(i)) =~ HomDMgegﬁLf(k)(M(X) , Z(i)[n])

where Z(i) on the right hand side stands (by the usual abuse of notation) for the
i-th Tate geometric motive. In what follows, we will identify cohomology classes in
motivic cohomology with morphisms in DM, ge,flf (k) according to this isomorphism.

Thus cup-product on motivic cohomology corresponds to a product on mor-
phisms that we describe now. Let X be a smooth scheme, § : X — X x; X be the
diagonal embedding and f : M(X) — M, g : M(X) — N be two morphisms with
target a geometric motive. We define the exterior product of f and g, denoted by
fRxg or simply f®g, as the composite

(1.5.c) M(X) 25 M(X) @ M(X) L2 Mo N.

In the case where M = Z(i)[n], N = Z(j)[m], identifying the tensor product
Z(i)[n] ® Z(j)[m] with Z(i + j)[n + m] by the canonical isomorphism, the above
product corresponds exactly to the cup-product on motivic cohomology.
According to the isomorphism ([L.5.4), motivic cohomology admits Chern classes.
Thus, applying the isomorphism ([L.5.1), we attach to any vector bundle E on a
smooth scheme X and any integer i > 0, the following morphism in DM ;,{lf (k)

(1.5.d) G(E) : M(X) — Z(i)[24]

which corresponds under the preceding isomorphisms to the i-th Chern class of FE
in the Chow group. For short, we call this morphism the i-th motivic Chern class
of F.

Remark 1.6. According to our construction, any formula in the Chow group involv-
ing pullbacks and intersections of Chern classes induces a corresponding formula

for the morphisms of type ()

1.7. We finally recall the projective bundle theorem (cf [[ESVOQ, chap. 5, 3.5.1]).
Let P be a projective bundle of rank n over a smooth scheme X, \ its canonical

12 Following Voevodsky, this isomorphism is obtained from the Nisnevich hypercohomology
spectral sequence of the complex Z(i) once we have observed that HY(Z(i)) = 0 if ¢ > ¢ and
H*(Z(4)) is canonically isomorphic with the i-th Milnor unramified cohomology sheaf IC%”. The
compatibility with product and pullback then follows from a careful study (cf for example ,
8.3.4]).
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dual line bundle and p : P — X the canonical projection. The projective bundle
theorem of Voevodsky says that the morphism

Sicn 1V EPx ,
(1.7.a) M(P) == (B M(X)((4))
i=0
is an isomorphism.
Thus, we can associate with P a family of split monomorphisms indexed by an
integer r € [0,n] corresponding to the decomposition of its motive :

(1.7.b) [(P): M(X)(r)[2r] = ®i<nM(X)(7)[2i]] > M(P).
The following lemma will be a key point in the theory of the Gysin morphism:

Lemma 1.8. Consider the notations introduced above.
Let x € CH™(P) be a cycle class and z; € CH" (X)) be cycle classes such that

n

(1.8.a) x = Zp*(mi).cl()\)i.

=0
Consider an integer i € [0,n] and the following morphisms in DM;TJ;f(k)
r: M(X)— Z(n)[2n)]
i M(X)— Z(n—19)2(n —1)]
associated respectively with = and x; through the isomorphisms ([L5.4) and (L.5.1).
Then we get the equality of morphisms M (X) (i)[2i] — Z(r)[2r] in DM I(k):
roli(P) = ri(1)[2d].
Proof. Taking care of Remark E, the equality () induces the following equality
of morphisms M (P) — Z(r)[2r]:

T

r= Y aE(Eop.) = Yo, [m(0)[21] 0 (A iEp..

=0

The second equality follows from the definition of the exterior cup product (formula
(I.5.H)). Thus, the definition of [;(P) and the formula (JL.7.4) for the projective

bundle isomorphism on motives allow to conclude. (I

Remark 1.9. Note in particular that we deduce from the preceding lemma the fol-
lowing weak form of the cancellation theorem of Voevodsky : for any smooth
scheme X and any non negative integers (n,4) such that ¢ < n, the morphism

HomDMgefnf(k) (M(X),Z(n—1)[2(n —1)]) — HomDM;,fnf(k) (M(X) (¢)[21], Z(n)[2n]),
¢ = ¢(i)[2i]
is an isomorphism.

Lemma 1.10. Let X be a smooth scheme and E/X be a vector bundle. Consider
the projective completion P of E/X, the closed pair (P, X) corresponding to the
canonical section of P/X and the complementary open immersion j : U — P.
Then the distinguished triangle ([1.2.4) associated with (P, X)

(1.10.a) M(U) L5 M(P) 22 Mx(P) — M(U)[1]
1s split.
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Proof. Recall P =P(E®AL). Let v : P(E) — P be the embedding associated with
the monomorphism of vector bundles E — E®AL.. The closed immersion v factors
through the open immersion j : U — P. Let us denote finally by L the canonical
line bundle on P(F) and by sg its zero section. Then, according to , §8],
there exists an isomorphism of schemes € : L — U such that the following diagram
commutes:

L——U
4]
P(E) 2= P.
Thus the morphism j, is isomorphic in DM, ge,flf (k) to the morphism
ve: M(P(E)) - M(P)

which is a split monomorphism according to the respective projective bundle iso-
morphisms for P(E)/X and P/X. O

1.11. Consider a smooth closed pair (X, Z). Let Nz X (resp. BzX) be the normal
bundle (resp. blow-up) of (X, Z) and PzX be the projective completion of Nz X.
We denote by Bz(Ak) the blow-up of Al with center {0} x Z. It contains as a
closed subscheme the trivial blow-up AL = Bz(AL). We consider the closed pair
(Bz(AL),AL) over A}. Its fiber over 1 is the closed pair (X, Z) and its fiber over
0is (BzX U PzX,Z). Thus we can consider the following deformation diagram :

(1.11.a) (X,7) L5 (Bz(AL),AL) &2 (P, X, 7).

This diagram is functorial in (X, Z) with respect to cartesian morphisms of closed
pairs. Note finally that, on the closed subschemes of each closed pair, 5o (resp. 1)
is the O-section (resp. l-section) of AL /Z.

The existence statement in the following proposition appears already in [,
2.2.5] but the uniqueness statement is new :

Proposition 1.12. Let n be a natural integer.
There exists a unique family of isomorphisms of the form

p(x,2) : Mz(X) = M(Z)(n)[2n]
indexed by smooth closed pairs of codimension n such that :

(1) for every cartesian morphism (f,g) : (Y, T) — (X,Z) of smooth closed
pairs of codimension n, the following diagram is commutative :

(f.9)«

Mr(Y) Mz(X)
Py, 1) lp(x,z)
M) () 2n] L2 (2 () 20).

(2) Let X be a smooth scheme and P be the projective completion of a vector
bundle E/X of rank n. Consider the closed pair (P, X) corresponding to
the 0-section of E/X. Then p(p, x) is the inverse of the following morphism

M(X)(n)2n] = M(P) T2 My (P).

where 1,,(P) is the monomorphism of (I.7.1) and wp is the epimorphism
of the split distinguished triangle (L.10.q).
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Proof. Uniqueness : Consider a smooth closed pair (X, Z) of codimension n.
Applying property (1) to the deformation diagram ([L.11.d), we obtain the com-
mutative diagram :

M(X,7) —Z5> M(Bz(AY),AL) <<~ M(P;X, Z)

P(x,2) P(By L) al) jp(sz,z)

v
M(Z)(n)[2n] —"— M (AL)(n)[2n] <—— M(Z)(n)[2n]

Using homotopy invariance, sg. and s, are isomorphisms. Thus in this diagram,
all the morphisms are isomorphisms. Now, the second property of the purity iso-

morphisms determines uniquely p(p, x, z), thus p(x, z) is also uniquely determined.
For the existence part, we refer the reader to [[Dég08H], section 2.2. O

Remark 1.13. The second point of the above proposition appears as a normalization
condition. Tt will be reinforced later (cf Remark R.J).

Definition 1.14. Let (X, Z) be a smooth closed pair of codimension n. Denote
by j (resp. i) the open immersion (X — Z) — X (resp. closed immersion Z — X).

With the notation of the preceding proposition, the morphism px, z) will be
called the purity isomorphism associated with (X, 7).

Using this isomorphism, we deduce from the distinguished triangle ([.2.d) the
following distinguished triangle in DM grflf (k), called the Gysin triangle of (X, Z)

j i o
M(X - Z) 2 M(X) = M(Z)(n)[2n] —5 M(X - Z) [1].

The morphism J(x,zy (resp. i*) is called the residue (resp. Gysin morphism)
associated with (X, Z) (resp. 7). Sometimes we use the notation 9; = Jx,z).

Example 1.15. Consider a smooth scheme X and a vector bundle E/X of rank n.
Let P be the projective completion of E, X be its canonical dual invertible sheaf and
p: P — X be its canonical projection. Consider the canonical section s : X — P
of P/X.

We define the Thom class of E in CH™(P) as the class

HE) =Y p*(en—i(E)).c1(N)".
i=0

It corresponds according to paragraph [L.§ to a morphism t(E) : M(P) — Z(n)[2n].

Consider the notations of Lemma together with the definition of the exterior
product ([.5.). By definition of Chern classes, the restriction of the class ¢(E) to
P(E) is zero. Because the canonical map P(F) — U is a homotopy equivalenceﬁ,
we get that j*(¢(E)) = 0. Thus, as the triangle ([[.10.d) is split, the morphism

t(E)Rpps : M(P) = M(X) (n)[2n]
factors uniquely through 7p:
M(P) =55 Mx(P) <% M(X) (n)[2n].

Because the coefficient of ¢;(A\)™ in ¢(E) is 1, we deduce from Lemma [.§ that
€po p&,l X) = 1. Thus, according to the previous definition, we obtain the following

13gee the argument in the proof of Lemma .
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formulaﬂ:

(1.15.a) s* = H{(F)Rppx.

Remark 1.16. Our Gysin triangle agrees with that of , chap. 5, prop.
3.5.4. Indeed, in the proof of 3.5.4, Voevodsky constructs an isomorphism which he
denotes by o (x,z). He then uses it as we use the purity isomorphism to construct
his triangle. It is not hard to check that this isomorphism o (x,z) satisfies the two
conditions of Proposition and thus coincides with the purity isomorphism from
the uniqueness statement.

1.3. Base change formulas. This subsection is devoted to recall some results we
obtained previously in [Dég04] and [[Dég08H] about the following type of morphism :

Definition 1.17. Let (X, Z) (resp. (Y,T)) be a smooth closed pair of codimension
n (resp. m). Let (f,g): (Y,T) = (X, Z) be a morphism of closed pairs.

We define the morphism (f, g): as the following composite :

p—l
M(T)(m)[2m] —22 M (Y, T) L2 M (X, 2) 2520 M(2)(n)[2n).

In the situation of this definition, let i : Z — X and k : T — Y be the obvious
closed embeddings and h : (Y —T) — (X — Z) be the restriction of f. Then we
obtain from our definitions the following commutative diagram :

MY = T) — M(Y) = M(T)(m)[2m] 2% MY —T)[1]

(1173.) \L f*l (1) (f::%q)l (2) \Lh*

- o
M(X — Z) —= M(X) ——= M(Z)(n)[2n] —% M(X — Z)[1]

The commutativity of square (1) corresponds to a refined projection formula. The

word refined is inspired by the terminology “refined Gysin morphism” of Fulton in

[Ful9q]. By contrast, the commutativity of square (2) involves motivic cohomology

rather than Chow groups.

1.18. Let T (resp. T”) be a closed subscheme of a scheme Y with defining ideal J
(resp. J'). We will say that a closed immersion ¢ : T — T is an ezxact thickening
of order v in Y if J' = J". We recall to the reader the following formulas obtained

in [Dég04, 3.1, 3.3] :

Proposition 1.19. Let (X, Z) and (Y,T) be smooth closed pairs of codimension n
and m respectively. Let (f,q): (Y, T) — (X, Z) be a morphism of closed pairs.

(1) (Transversal case) If (f,g) is transversal (which implies n = m) then
(f;9)r = g«(n)[2n].
(2) (Excess intersection) If (f,g) is cartesian, we put e = n —m and £ =
g*NzX/NrY. Then (f,g)1 = ce(§)Rr g« (m)[2m].
(3) (Ramification case) If n = m = 1 and the canonical closed immersion
T — ZxxY is an exact thickening of order r in'Y, then (f, g)1 = r.g.(1)[2].

Note that each case of the above proposition gives, via the commutative Diagram
(), two formulas: one involving Gysin morphisms and the other one involving
the residues. When we will apply this proposition, we will always refer to one these
two formulas.

14 This is the analog of the well-known formula in Chow theory: for any cycle class = €
CH*(2), 5. (x) = t(E) p* ().
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Remark 1.20. In the article [Dég08al 4.23], the case (3) has been generalized to
any codimension n = m. In this generality, the integer r is simply the geometric
multiplicity of Z xx Y — when assumed to be connected.

Corollary 1.21. Let X be a smooth scheme such that X = X3 X5. Consider the
open and closed immersion v; : X; — X fori=1,2.

Then the isomorphism (v1x,ve.) @ M(X1) ® M(X2) — M(X) admits as an
inverse isomorphism the map (vi,vs) : M(X) — M(X1) ® M (X2).

Proof. In fact, according to the first point of the above proposition, we get the
following relations for ¢ = 1,2: v}v;, =1, v5_,v; = 0. This, together with the fact
(Y14, V24) 18 an isomorphism, allows to conclude. O

Another application of the preceding proposition is the following projection for-
mula:

Corollary 1.22. Let (X, Z) be a smooth pair of codimension n and i: Z — X be

the corresponding closed immersion.
Then, (1zRzis) 0t* =i*Rxlx : M(X) - M(Z) @ M(X) (n)[2n].

Proof. Just apply point (1) of the proposition to the cartesian morphism (X, Z) —
(X x X,Z x X) induced by the diagonal embedding of X. The only thing left to
check is that (i X 1x)* =¢* ® 1, which was done in [Dég08H, 2.6.1]. O

Remark 1.23. In the above statement, we have loosely identified the motive M (Z)®
M(X) (n)[2n] with (M(Z) (n)[2n]) ® M(X) through the canonical isomorphism.
This will not have any consequences in the present article. On the contrary in
[Dé208H], we must be attentive to this isomorphism which may result in a change
of sign (cf remark 2.6.2 of loc. cit.).

Another corollary of the preceding proposition is the following analog of the
self-intersection formula:

Corollary 1.24. Let (X,Z) be a smooth closed pair of codimension n with nor-
mal bundle Nz X. If i denotes the corresponding closed immersion, we obtain the
following equality:

151, = Cn(NzX)lZlZ 17..
Indeed it follows from the transversal case of the preceding proposition applied to

the cartesian morphism (i,17) : (Z,Z) — (X, Z) and from the commutativity of
square (1) in diagram ([L.17.4).

Example 1.25. Consider a vector bundle p : £ — X of rank n. Let sg be its
zero section. According to the homotopy property in DM, ;,{lf (k), we get spups = 1.
Thus, the preceding corollary applied to sy implies the following formula:

(1.25.a) 56 = cu(p ' E)Rppa.
Moreover, the Gysin triangle associated with sg together with the isomorphism sq.
gives the following distinguished triangle:

n(BE)Rx 1 x4
_—

M(E*) — M(E) M(X)(n)[2n] 222220 Ar(EX) (1]

where E* is the complement of the zero section. Following a classical terminology,
we call it the Buler triangle of E/X [

15 It is the analog of the Euler long exact sequence associated with E/X in cohomology.
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Definition 1.26. Let (X, Z) be a smooth closed pair of codimension n and i : Z —
X be the corresponding closed immersion. Let 7 : Z — Spec(k) be the structural
morphism of Z.

We define the motivic fundamental class of Z in X as the following composite
map:

nx(Z) : M(X) — M(Z) (n)[2n] = Z(n)[2n].

Example 1.27. Let X be a smooth scheme and p: E — X be a vector bundle of
rank n. According to formula ([[.25.d), the motivic fundamental class of the zero
section of E/X is:

(1.27.a) ne(X) = c,(p~tE).

Let P/X be the projective completion of E/X. According to formula ([.15.4), the
motivic fundamental class of the canonical section of P/X is:

(1.27.b) np(X) =tE).

Remark 1.28. If we use the cancellation theorem of Voevodsky (see [Voe0d] or use
more directly Remark ), the Gysin map ¢* induces a canonical pushout|}:
it Hy(Z,Z(1) — HJPP (X Z(t + n)).

Then, through the isomorphism ([.5.), we get the equality nx (Z) = i.(1), where 1
stands for the unit of the (bigraded) cohomology ring H},(Z;7Z(x)). This motivates
our terminology.

According to the computations of the previous example, the following lemma is
a generalization of formulas ([L.15.4) and ([L.25.4):

Lemma 1.29. Let (X, Z) be a smooth closed pair of codimension n and i : Z — X
be the corresponding closed immersion. Assume that i admits a retraction p: X —

Z.
Then i* = nx (Z)Rx px.

Proof. Let m : Z — Spec(k) be the structural morphism. According to formula
(.5.d), we deduce that 7.8, 1z. = 1z.. The lemma follows from the following
computation:

e . . (2 "
i* 2 [rmz (pei)] 087 = (m © p)(1zeBzin) 08 2 (7, ©p) ("B 122)
= nx (Z)=x p.
where equality (1) is justified by the preceding remark and the relation pi = 1z
whereas equality (2) is in fact Corollary . O

Lemma 1.30. Let X be a smooth scheme and E/X be a vector bundle of rank n.
Let s (resp. sg) be a section (resp. the zero section) of E/X. Assume that s is
transversal to sog and consider the cartesian square:

7—=X

oo

50
X—F
Then the motivic fundamental class of i is:

nx(2) = en(E).

16 We prove in [Dég09, lem. 3.3] that this pushout coincides through the isomorphism ()
with the usual pushout in Chow theory.
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Proof. Let m (resp. 7') be the structural morphism of Z (resp. X). The lemma
follows from the computation below:

Nx(Z) = mei* = 7w ki* W 505 @ cn(p™tE) o s, ©) cn(E) opy o8 = cpn(E).

Equality (1) follows from Proposition [L.1d, equality (2) from Formula ([.27.d) and
equality (3) from Remark [L.6, O

Example 1.31. Let E/X be a vector bundle and p : P — X be its projective
completion. Let A be the canonical dual line bundle on P. Put F = A@pp~1(E) asa
vector bundle over P. According to our conventions, we get a canonical embedding
AV CpH(E@®AL). Then the following composite map

AV %p_l(E @Aﬁ() — p_l(E)

corresponds to a section o of F//P. One can check that o is transversal to the zero
section s{” of F//P and that the following square is cartesian:

X—=>P

I b

P—F
where s is the canonical section of P/X. Thus the preceding corollary gives the
following equality: 7p(X) = ¢,(F).[]

1.4. Composition of Gysin triangles. We first establish lemmas needed for the
main theorem. First of all, using the projection formula in the transversal case (cf
1.19) and the compatibility of Chern classes with pullbacks, we easily obtain the
following result:

Lemma 1.32. Let (Y, Z) be a smooth closed pair of codimension m and P/Y be
a projective bundle of dimension n. We put V=Y — Z and consider the following
cartesian squares :

PVL>P<LPZ

T

V——=Y<~—Z7

Finally, we consider the canonical line bundle \ (resp. Ay, Az) on P (resp. Py,
Py).
Then, for any integer r € [0,n], the following diagram is commutative

M (Py) —Z—s M(P) —— M (Pz)((m)) —2— M (Py) 1]

a1 (Av) By« 1 (A) "Ry c1(Az)"Bpza a1(Av) By [1]

| | | |

x i 9
M(V)((r)) == M(Y)((r)) —— M(Z)((r + m)) = M(V)((r))[1].
The following lemma will be in fact the crucial case in the proof of the next
theorem.

B oM fact, from the definition of the Thom class (Example )7 one can check directly the
equality ¢, (F) = t(E) in the Chow group CH"(P): the computation we get in this example shows
that our (sign) conventions are coherent.
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Lemma 1.33. Let X be a smooth scheme and E/X (resp. E'/X) be a vector
bundle of rank n (resp. m). Let P (resp. P') be the projective completion of E/X
(resp. E'/X ) and i (resp. ') its canonical section.

We put R = P Xx P’ and consider the closed immersions:

1: X —>Pj:P—>Rk=joz,
where j = P xx i and k = (i,7"). Then k* = i*j*.

Proof. We consider the following canonical morphisms:
R—>=p
,i N l /
q N
P—=X
According to Lemma , we obtain
it =np(X)=pp., j* =nr(P)RRE, K =nr(X)Rpm..

Applying the first case of Proposition to the cartesian morphism of closed
pairs (¢/,p’) : (R, P') — (P, X), we obtain the relation:

np(X) o ¢, = nr(P").
Together with the preceding computations, it implies the following equality:
5" =nr(P)Rpnr(P') & pm,.
Thus we are reduced to prove the relation:
(1.33.a) nr(X) = nr(P)Rrnr(F’).

Consider the notations of Example applied to the case of E/X (resp. E'/X):
we get a vector bundle F/P (resp. F'/P) of rank n (resp. m) such that:

np(X) = en(F),
resp. np(X) = ¢, (F').

Let o (resp. ¢’) be the section of F/P (resp. F’'/P’) constructed in loc. cit.
Consider the vector bundle over R defined as:

G=FxxF =¢ Y F)aq'(F).

We get a section (o0 x x o) of G/P which is transversal to the zero section s§ and
such that the following square is cartesian:

X—>R
\L \LG’XXG'/
SG

R—>G.

Thus, according to Lemma .30, we obtain:
UR(X) = Cner(G)-
The relation ([[.33.4) now follows from Remark [[.§ and the equality
Cntm(G) = ¢ (en(F)).q" (em (F"))

in CH™™(R). O
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Theorem 1.34. Consider a topologically cartesian square of smooth schemes

7Ly
ooy
Y =X
such that i,7,k,l are closed immersions of respective pure codimensions n, m, s, t.
Weputd=n+t=m+sandleti (Y -2)— (X-Y'),j: Y -2) - (X-Y)
be the closed immersion respectively induced by i, j.
Then the following diagram is commutative :

Proof. We will simply call smooth triple the data (X,Y,Y”) of a triple of smooth
schemes X, Y, Y’ such that Y’ and Y are closed subschemes of X. Such smooth
triples form a category with morphisms the commutative diagrams

ool

YC_> X <—)Y/

made of two cartesian squares. We say in addition that the morphism (f,g,g’) is
transversal if f is transversalto Y, Y’ and Y NY".

To such a triple, we associate a geometric motive M (X,Y,Y”) as the cone of the
canonical map of complexes of .#m°°" (k)

[ X-YUY]—[X-Y]— -

\ v

——[X -Y] [X]

where [X] and [X — Y] are placed in degree 0. This motive is evidently functorial
with respect to morphisms of smooth triples.

We will also use the notation M (%

more suggestive. By definition, it fits into the following diagram, with Q =Y UY":

) for this motive because it is

(D): M(X — ) — M(X - ) M($%) —M(X -]
J
M(X —Y") M(X) M(Xfy,) M(X —Y')[1]
M | @)
M())((_js/z/) M(X)EY) M(Xi(x//)f/;(}:sz) g M())((le/ll [1])
| ®)
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In this diagram, every square is commutative except square (3) which is anticom-
mutative due to the fact the permutation isomorphism on Z[1] ® Z[1] is equal to
—1. Moreover, any line or row of this diagram is a distinguished triangle.

With the hypothesis of the theorem, the proof will consist in constructing a purity
isomorphism p(x y,yry : M(X,Y,Y") — M(Z)(d)[2d] which satisfies the following
properties :

(i) Functoriality : The morphism P(x,v,y+) is functorial with respect to transver-
sal morphisms of smooth triples.
(ii) Symmetry : The following diagram is commutative :

M(X,Y,Y") M(X,Y'Y)

P(Xm mw,m
M(Z)(d)[2d]

where the horizontal map is the canonical isomorphism.
(iii) Compatibility : The following diagram is commutative :

M(32%) M(2y) — M(X,v,Y") —= M (325 ) 1]
p(xfyll,yfz) P(Xl,Y) P(x,v,v/") P(xfyf,lyfz)[l]

MY = Z)((n)) — M(Y)((n)) = M(Z)((d)) 2> M(Y ~ Z)((n))[1]

With this isomorphism, we can deduce the three relations of the theorem by con-
sidering squares (1), (2), (3) in the above diagram and applying the evident purity
isomorphism where it belongs.

We then are reduced to construct the isomorphism and to prove the above rela-
tions. The second relation is the most difficult one because we have to show that
two isomorphisms in a triangulated category are equal. This forces us to be very
precise in the construction of the isomorphism.

Construction of the purity isomorphism for smooth triples :

Consider the deformation diagram ([l.11.4) for the closed pair (X,Y) and put
B = By(Ak), P = PyX. Put also (U,V) = (X —Y".Y — Z), By = B xx U and
Py = PxyV. Note that, because Z = (Y X x Y')peq, we get V=Y xx U ; thus By
is the deformation space of () for the closed pair (U, V). By functoriality of
the deformation diagram and of relative motives we obtain the following morphisms
of distinguished triangles :

M([i, V) M()j, Y) M(giﬁ_é) -
M(B?, A‘l/) —_— M(BT) A%/) M(B]jjlt\gUAi%/) =
M(Py,V) M(PY) M(P\Ij%z\jz/v) =

According to Proposition and homotopy invariance, the vertical maps in the
first two columns are isomorphisms. As the rows in the diagram are distinguished
triangles, the vertical maps in the third column also are isomorphisms.
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Using Lemma with P = P(Ny X @ Al), we can consider the following
morphism of distinguished triangles :

M(Py,V) M(PY) M(Pfﬁ;_yv) 1
|
M(LV) MIP) M(%) .
H H Tp(Pl,Pz)
M(Py) M(P) M(P7)((s)) —=
b 0P| {np2)

M(Y = Z)((n)) ——= M(Y)((n)) ——= M(Z)((d)) ——
The triangle on the bottom is obtained by tensoring the Gysin triangle of the pair
(Y, Z) with Z(n)[2n]. From Proposition [L.13, the first two of the vertical composite
arrows are isomorphisms, so the last one is also an isomorphism.
If we put together (vertically) the two previous diagrams, we finally obtain the
following isomorphism of triangles :

MU, V) —= M(X,Y) —= M(X,Y,Y") — MU, V) [1]

| |
Px—v’ v—2z) P(x,v) (*)
\i i ,

MY = Z)((n))= M(Y)((n) "> M(2)((d)) 2 M(Y — Z)((n)[1].

We define p(x y,z) as the morphism labeled () in the previous diagram so that
property (iii) follows from the construction. The functoriality property (i) follows
easily from the functoriality of the deformation diagram.

The remaining relation

To conclude it only remains to prove the symmetry property (ii). First of all, we
remark that the above construction implies immediately the commutativity of the
following diagram :

() ()

X-Y/X-YUY’ X—-Z/X-Y

P(x,}%k /@Y,Z)
M(Z)((d)),

where the horizontal map is induced by the evident open immersions.
Thus, it will be sufficient to prove the commutativity of the following diagram :

M(55) . M(E25E)
p(x,m ) /J(X,y,z)
M(Z)((n +m)),

where ax y,z denotes the canonical isomorphism.

From now on, we consider only the smooth triples (X,Y,Z) such that Z is
a closed subscheme of Y. Using the functoriality of p(x,y,z), we remark that the
diagram (x) is natural with respect to morphisms f : X’ — X which are transversal
toY and Z.
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Consider the notations of the paragraph and put Dz X = Bz(A%) for short.
We will expand these notations as follows :

D(X,Z)=DyzX, B(X,Z)=BzX ,P(X,Z) = P;X ,N(X,Z) = N;X.

To (X,Y, Z), we associate the evident closed pair (DzX, Dz X|y) and the double
deformation space
D(X,Y,Z)=D(DzX,DzX|y).

This scheme is in fact fibered over A?. The fiber over (1,1) is X and the fiber over
(0,0) is B(BzX U PzX,BzX|y UPzX|y). In particular, the (0,0)-fiber contains
the scheme P(Pz X, P;Y).

We now put { D=D(X,Y,Z), R=P(RzX,RzY)

D' =D(Y,Y,Z), P=RyY.

Remark also that D(Z,Z, Z) = A% and that R = P x5 P’ where P' = Py X|z[j
From the description of the fibers of D given above, we obtain a deformation dia-
gram of smooth triples :

(X,Y,Z) = (D, D', A%) « (R, P, Z).

Note that these morphisms are on the smaller closed subscheme the (0, 0)-section
and (1, 1)-section of A% over Z, denoted respectively by so and s;. Now we apply
these morphisms to the diagram () in order to obtain the following commutative
diagram :

My(X) —— MA2 (D) MZ(R)
aXYZ QR,P,Z
P(x, z) p(D A2) p(R z)
X Y, Z D D, AQ R P, Z
P(Xyz) /D D’ \Z) P(RPZ)
M(Z)((ner —>MA2 ((n+m)) n+m

One knows that every part of this diagram save the triangle ones are commutative.
As the morphisms s1, and sg, are isomorphisms, the commutativity of the left
triangle is equivalent to the commutativity of the right one.

Thus, we are reduced to the case of the smooth triple (R, P, Z). Now, using
the canonical split epimorphism M(R) — Mz(R), we are reduced to prove the
commutativity of the diagram :

]:{iR) \M( R/R—P )
R—-Z/R—-P
M(Z)((d)) < Paro /

where i : Z — R denotes the canonical closed immersion.
Using the property (iii) of the isomorphism p(g p,z), we are finally reduced to
prove the commutativity of the triangle

where j and k are the evident closed embeddings. This is Lemma [1.33. O

18The last property is equivalent to the identification: N(NzX,NzY) = NzY & Ny X|z.
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As a corollary (take j = iol, k = 1z), we get the functoriality of the Gysin
morphism of a closed immersion :

Corollary 1.35. Let Z Ly 4 X be closed immersion between smooth schemes

such that i is of pure codimension n.
Then, I* oi* = (iol)*.

As an illustration of the formulas obtained in the preceding theorem, we prove
the following result:

Proposition 1.36. Consider a smooth closed pair (X,Z) of codimension n and
v:Z — X the corresponding immersion.

Consider the canonical decompositions Z = U;erZ; and X = U7X, into con-
nected components. Put Zj = Z xx Xj. For any index i € I, let j € J be the
unique element such that Z; C X; ; we let Vf 1 Z; — X be the immersion induced
by v and we denote by Z! the unique scheme such that: Zj =Z;,UuZ.

Consider the following commutative diagram:

* 0x.,z

M(X) - M(Z)((n)) ’ M(X - 2)[1]

4 : T~

BjesM(X;) ——— Bt M (Z;)((n)) —— @jeJM(Xj - Zj) 1]

(Vji)jeaier (0ij)ierjes

where the vertical maps are the canonical isomorphisms.
Then, for any couple (i,j) € I x J,
(1) Zf Zi C Xj, Vj; = (l/zj)* and &-j == an*Z£7Zi7
(2) otherwise, vj; =0 and 0;; = 0.

Proof. We consider the following cartesian squares made of the evident immersions:

If Z; C X, otherwise,
vl TR TR
Zi— =X <7, Z; 0 Xj<——17; 0
R e N O
Zi v X 1 Z Zi Zz Zz 123 X v Z Zi Z'L

We also consider the open and closed immersion u; : (X; — Z;) = (X — 2).
According to corollary , we obtain the following equalities:

Vj; = Z;‘I/*SCJ'*, &-J = U;axyzzi*.
Then the result follows from the following computations:

(a) 4 @{(Vﬁ)* ifZiCXj,

* ok & X
ZiV Ty = VU Tj =

0 otherwise.
i (@) .
d S (), = s ; ;
u;0x, 7 %ix © Ox. 2.2} Zix @ )9y, 2, (2))« = Ox;-z1,2z, I Z; C Xj,
J»<a .
0 otherwise.

We give the following justifications for each equality:

(a) : Corollary 1.3 (v; = v o 2;).

(b) : Proposition [l.19 applied to the first square of the respective commutative
diagram of ) corresponding to the each respective case.
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(c) : Theorem [[.34 applied to the second cartesian square of ([L.36.4).
(d) : Proposition [L.19 applied to the third square of the respective commutative
diagram of ([1.36.4) corresponding to each respective case.

(e) : Proposition [L.19 O

2. GYSIN MORPHISM

In this section, motives are considered in the category DMgn(k).
2.1. Construction.

2.1.1. Preliminaries.

Lemma 2.1. Let X be a smooth scheme, P/X and Q/X be projective bundles of
respective dimensions n and m. We consider Ap (resp. Aq) the canonical dual
line bundle on P (resp. Q) and XNp (resp. Ag) its pullback on P xx Q. Let
p: P xx @Q — X be the canonical projection.

Then, the morphism o : M (P xx Q) — @, ; M(X)(i+j)[2(i +j)] given by the
formula

o= > alp)®a (M) rp.
0<i<n,0<j<m

s an tsomorphism.

Proof. As o is compatible with pullback, we can assume using property (MV)
of Proposition @ that P and @ are trivializable projective bundles. Using the
invariance of ¢ under automorphisms of P or @), we can assume that P and @) are
trivial projective bundles. From the definition of o, we are reduced to the case
X = Spec(k). Then, o is just the tensor product of the two projective bundle
isomorphisms (cf paragraph @) for P and Q. (]

The following proposition is the key point in the definition of the Gysin morphism
for a projective morphism.

Proposition 2.2. Let X be a smooth scheme, p: P — X be a projective bundle of
rank n and s : X — P a section of p.
Then, the composite map M(X)((n)) P, M(P) LN M(X)((n)) is the iden-

tity[]

Proof. In this proof, we work in the category DM, ge,{lf (k).
Let np(X) be the motivic fundamental class associated with s (see Definition

[[:26). According to Lemma [[.2J, we obtain: s* = np(X)=pp,.

Let E/X be the vector bundle on X such that P = P(E). Let A be the canonical
dual line bundle on P. If we consider the line bundle L = s71(AY) on X, the section
s corresponds uniquely to a monomorphism L — FE of vector bundles on P. We
consider the following vector bundle on P:

F=\X®p Y(E/L).
Then the canonical morphism:

X = pH(E) = p T (E/L)

1y fact, this result holds in the effective category DMge,J;f(k) as the proof will show.
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made by the canonical inclusion and the canonical projection induces a section o of
F/P which is transversal to the zero section s{ of F'/P and such that the following
square is cartesian:

SF 7
P—>F
Thus, according to Lemma [[.30, we get: np(X) = ¢, (F).
The result now follows from the computation of the top Chern class ¢, (F) in

CH"(P) and Lemma [L§. O

X—P
!

Remark 2.3. As a corollary, we obtain the following reinforcement of Proposition
, more precisely of the normalization condition for the purity isomorphism :

Let X be a smooth scheme, P/X be a projective bundle of rank n, and s :
X — P be a section of P/X. Then, the purity isomorphism p(p s(x)) is the inverse
isomorphism of the composition

M(X)((n))

where (1) is the canonical map.

&)

[, (P
2B vy L My (P)

2.1.2. Gysin morphism of a projection. The following definition will be a particular
case of Definition 2.7

Definition 2.4. Let X be a smooth scheme, P be a projective bundle of rank n
over X and p: P — X be the canonical projection.

Using the notation of ([.7.H), we put:
p* = (P)(=n)[=2n] : M(X) — M(P) (=n)[-2n]
and call it the Gysin morphism of p.

Lemma 2.5. Let P, Q be projective bundles over a smooth scheme X of respective
ranks n, m. Consider the following projections :

¢ P__»
/
PxxQ T X
P
Then, the following diagram is commutative :

M(P xx Q)((=n—m))

Proof. Indeed, using the compatibility of the motivic Chern class with pullback (cf
[.5), we see that both composite morphisms ¢’*p* and p'*¢* are equal (up to twist
and suspension) to the composite

M(X)((n+m)) = EB M(X)((i +j)) = M(P xx Q),

where the first arrow is the obvious split monomorphism and the second arrow is
the inverse isomorphism to the one constructed in Lemma E (I
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2.1.3. General case. The following lemma is all we need to finish the construction
of the Gysin morphism of a projective morphism :

Lemma 2.6. Consider a commutative diagram

Y -~ " ~ X
]\ 0 ~7
where X andY are smooth schemes, i (resp. j) is a closed immersion of codimen-
sionn+d (resp. m+d), P (resp. Q) is a projective bundle over X of dimension
n (resp. m) with projection p (resp. q).
Then, the following diagram is commutative

e M)
(2.6.2)  M(X)((n+m)) MY)((n+m +d)).

Proof. Considering the diagonal embedding ¥ 2 P xx Q, we divide diagram
(R.6.q) into three parts:

\ q,*T @ i*
% M@(m)

The commutativity of part (1) is Lemma P.5 The commutativity of part (2) and
that of part (3) are equivalent to the case X = @Q, ¢ = 1x — and thus m = 0.

Assume we are in this case. We introduce the following morphisms where the
square (*) is cartesian and ~ is the graph of the X-morphism i:

’

0% PYLY

Y \il () ij
i P—pr—= X
Note that « is a section of p’. Thus, Proposition E gives: v*p'* = 1, and we reduce
the commutativity of the diagram (R.6.a]) to that of the following one:

1%

< M(Py)((d) <— M(Y)((n + d))

47/ A
M(Y)((n+d)) @ e (5) Tj*
X !

t M(P) ~—p"

M(X)((n))

Then commutativity of part (4) is Corollary and that of part (5) follows from
Lemma . (]

Let f : Y — X be a projective morphism between smooth schemes. Following
the terminology of Fulton (see , 86.6]), we say that f has codimension d if it
can be factored into a closed immersion Y — P of codimension e followed by the
projection P — X of a projective bundle of dimension e — d. In fact, the integer
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d is uniquely determined (cf loc.cit. appendix B.7.6). Using the preceding lemma,
we can finally introduce the general definition :

Definition 2.7. Let X, Y be smooth schemes and f : Y — X be a projective
morphism of codimension d.
We define the Gysin morphism associated with f in DMg,,(k)

[T M(X) = M(Y)((d))

by choosing a factorisation of f into Y 2 P 2 X where i is a closed immersion
of pure codimension n + d and p is the projection of a projective bundle of rank n,
and putting :

I (P)

[T =1M(X)((n)) M(P) 5 M(Y)((n+ d))| ((—n)),

definition which does not depend upon the choices made according to the previous

lemma.

Remark 2.8. In [Dég09, 3.11], we prove that the Gysin morphism of a projective
morphism f induces the usual pushout on the part of motivic cohomology corre-
sponding to Chow groups.

2.2. Properties.
2.2.1. Functoriality.

Proposition 2.9. Let X, Y, Z be smooth schemes and Z 5y i> X be projective
morphisms of respective codimensions m and n.
Then, in DMg(k), we get the equality : g* o f* = (fg)*.

Proof. We first choose projective bundles P, @ over X, of respective dimensions s
and t, fitting into the following diagram with R =P xx Q and Qy = Q Xx Y:

The prime exponent of a symbol indicates that the morphism is deduced by base
change from the morphism with the same symbol. We then have to prove that the
following diagram of DM,,,(k) commutes :

*M(Z) (0 +m)).

The commutativity of part (1) is a corollary of Lemma [L.33, that of part (2) is
Lemma R.3 and that of part (3) follows from Lemma P.§ and Corollary [.35. O
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2.2.2. Projection formula and excess of intersection. From Definition @ and Propo-
sition we directly obtain the following proposition :

Proposition 2.10. Consider a cartesian square of smooth schemes

(2.10.) 7%z
q¢f\[,p

Y =>X

such that f and g are projective morphisms of the same codimensions.
Then, the relation f*p. = q.g* holds in DMgm(k).

2.11. Consider now a cartesian square of shape () such that f (resp. g) is
a projective morphism of codimension m (resp. m). Then m < n and we call
e =n —m the excess of dimension attached with (P.10.4)).

We can also associate with the above square a vector bundle ¢ of rank e, called

the excess bundle. Choose Y - P = X a factorisation of f such that i is a
closed immersion of codimension r and 7 is the projection of a projective bundle
of dimension s. We consider the following cartesian squares:

TLQ% g
oy P

y+>P2X

Then NrQ is a sub-vector bundle of g~! Ny P and we put £ = ¢~ Ny P/N7Q. This
definition is independent of the choice of P (see [, proof of prop. 6.6).

The following proposition is now a straightforward consequence of Definition E
and the second case of Proposition :

Proposition 2.12. Consider the above notations.
Then, the relation f*p, = (¢c(£)Rqi((m))) o g* holds in D Mg (k).

2.2.3. Compatibility with the Gysin triangle.

Proposition 2.13. Consider a topologically cartesian square of smooth schemes

T+

ooV
Z =X

such that f and g are projective morphisms, i and j are closed immersions. Put
U=X-2Z,V=Y—-T andlet h: V — U be the projective morphism induced by
f. Let n, m, p, q be respectively the relative codimensions of i, j, f, g.

Then the following diagram is commutative

j* Oy, T

MV)((p)) = M(Y)((p)) —— M(T)((m +p)) MV)((p)[1]

we 7 lo(nn) Pae
U

0x,z

M(U) ——= M(X) ——> M(Z)((n)) ——— M(U) [1]

where the two lines are the obvious Gysin triangles.

Proof. Use the definition of the Gysin morphism and apply Lemma , Theorem
134, O
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2.2.4. Gysin morphisms and transfers in the étale case.

2.14. In [, paragraphs 1.1 and 1.2 we have introduced another Gysin mor-
phism for a finite equidimensional morphism f : Y — X. Indeed, the transpose
of the graph of f gives a finite correspondence !f from X to Y which induces a
morphism *f, : M(X) — M(Y) in DMg(k).

Proposition 2.15. Let X and Y be smooth schemes, and f : Y — X be an étale
cover.

Then, f* =1f,.

Proof. Consider the cartesian square of smooth schemes

Y xxY %2y

R T

Y — X.

We first prove that ! f f* = g*tf.. Choose a factorisation Y’ %P X of fintoa
closed immersion and the projection of a projective bundle. The preceding square
can be divided into two squares

Yxy Y 2PxyvY-2y
f/\l/ ' f”\l’ \l’f
Y > p—">X.

The assertion then follows from the commutativity of the following diagram.

M(Y xx Y) < M(P xxY) << M(Y)
e @ g @
MY) <——— M(P) <—— M(X)

i P

The commutativity of part (1) follows from [[Dég08H], prop. 2.5.2 (case 1) and that
of part (2) from , prop. 2.2.15 (case 3).

Then, considering the diagonal immersion Y 5y x x Y, it suffices to prove
in view of Proposition @ that 6* o tfl = 1. As Y/X is étale, Y is a connected
component of Y xx Y. Thus, M(Y) is a direct factor of M(Y xxY). Then,
according to corollary , 0* is the canonical projection on this direct factor. One
can easily see that ! f/ is the canonical inclusion and this concludes. ([

2.3. Duality pairings, motive with compact support.

2.16. We first recall the abstract definition of duality in monoidal categories. Let
% be a symmetric monoidal category with product ® and unit 1. An object X of
%€ is said to be strongly dualizable if there exists an object X* of € and two maps

N:1->X"®0X, e: XX =1

such that the following diagrams commute:

X® ®RX*
XA XX eX X*EA X X ®X*
1x l@X Ty lx*&

X*
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The object X* is called a strong dual of X. For any objects Y and Z of ¥, we then
have a canonical bijection

Homg(Z ® X,Y) ~ Homg (Z, X*®Y).

In other words, X* ® Y is the internal Hom of the pair (X,Y) for any Y. In
particular, such a dual is unique up to a canonical isomorphism. If X* is a strong
dual of X, then X is a strong dual of X*.

Suppose ¥ is a closed symmetric monoidal triangulated category. Denote by
Hom its internal Hom. For any objects X and Y of & the evaluation map

X ®Hom(X,1) > 1
tensored with the identity of Y defines by adjunction a map
Hom(X,1)® Y — Hom(X,Y).
The object X is strongly dualizable if and only if this map is an isomorphism for

all objects Y in €. In this case indeed, X* = Hom(X, 1).

2.17. Let X be a smooth projective k-scheme of pure dimension n and denote by
p: X — Spec(k) the canonical projection, § : X — X X, X the diagonal embedding.
Then we can define morphisms

022 M(X)(—n)[=2n] 25 M(X)(—n)[-2n] ® M(X)
e M(X)® M(X)(—n)[-2n] =5 M(X) 2 7.

One checks easily using the properties of the Gysin morphism these maps turn
M (X)(—n)[—2n] into the dual of M (X). We thus have obtained :

Proposition 2.18. Let X/k be a smooth projective scheme.
Then the couple of morphisms (n,€) defined above is a duality pairing. Thus
M(X) is strongly dualizable with dual M (X )(—n)[—2n].

Remark 2.19. Using this duality in conjunction with the isomorphism (|L.5.4), we
obtain for smooth projective schemes X and Y, d being the dimension of Y, a
canonical map:

CHYX xY) ~ Hom pyers gy (M (X) ® M(Y) , Z(d)[2d])
— Hompyy,,, k) (M(X) @ M(Y), Z(d)[2d])
= Hompyy,,, k) (M(X), M(Y)).
As the isomorphism ([L.5.4) is compatible with products and pullbacks, we check
easily this defines a monoidal functor from Chow motives to mixed motives obtain-
ing a new construction of the stable version of the functor which appears in [[FSV00),

chap. 5, 2.1.4]. Recall that the cancellation theorem of Voevodsky implies
this is a full embedding.

Note the Gysin morphism p* : Z(n)[2n] — M (X) defines indeed a homological
class nx in H3! (X) = Hompyy,, k) (Z(n)[2n], M (X)).
The duality above induces an isomorphism

Hj)\;lq (X) - Hﬁ?n,qfn (X)

which is by definition the cap-product by nx. Thus our duality pairing implies the
classical form of Poincaré duality and the class nx is the fundamental class of X.
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2.20. The last application of this section uses the stable version of the category of
motivic complexes as defined in [[CD094, 7.15] and denoted by DM (k). Remember
it is a triangulated symmetric monoidal category. Moreover, there is a canonical
monoidal fully faithful functor DMy,(k) — DM (k) (see [CDO9H, 10.1.4]). The
idea of the following definition comes from , 2.6.3]:

Definition 2.21. Let X be a smooth scheme of dimension d.
We define the motive with compact support of X as the object of DM (k)

M®(X) = RHom p vy 1) (M (X), Z(d) [2d]).

This motive with compact support satisfies the following properties:
(i) For any morphism f : Y — X of relative dimension n between smooth
schemes, the usual functoriality of motives induces:
fTiMe(X)(n)[2n] = ME(Y).
(ii) For any projective morphism f : ¥ — X between smooth schemes, the
Gysin morphism of f induces:
fe: ME(Y) —» M°(X).

(iii) Let ¢ : Z — X be a closed immersion between smooth schemes, and j the
complementary open immersion. Then the Gysin triangle associated with
(X, Z) induces a distinguished triangle:

Me(Z) 25 Me(X) L5 M) 222 vz,

(iv) If X is a smooth k-scheme of relative dimension d, p its structural morphism
and ¢ its diagonal embedding, the composite morphism

M(X)® M(X) S M(X)(d)[2d] 2> Z(d)[2d]
induces a map
ox : M(X) = M(X)
which is an isomorphism when X is projective (cf ) Moreover, for any
open immersion j : U — X, j* o ¢x o j. = ¢y (this follows easily from

D.10).

Remark 2.22. Note also that the formulas we have proved for the Gysin morphism
or the Gysin triangle correspond to formulas involving the data (i), (ii) or (iii) of
motives with compact support.

2.23. Consider a smooth scheme X of pure dimension d. According to Definition
R-21], as soon as M (X) admits a strong dual M (X)Y in DM (k), we get a canonical
isomorphism:

(2.23.a) Me(X) = M(X)"(d)[2d].

The same remark can be applied if we work in DM (k) ® Q. Recall that duality
is known in the following cases (it follows for example from the main theorem of

[Rio03)):
Proposition 2.24. Let X be a smooth scheme of dimension d.

(1) Assume k admits resolution of singularities.
Then M(X) is strongly dualizable in DMgm(k).
(2) In any case, M(X) ® Q is strongly dualizable in DMg.,(k) @ Q.
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Recall that Voevodsky has defined a motive with compact support (even without
the smoothness assumption). It satisfies all the properties listed above except that
(i) and (iii) requires resolution of singularities. Then according to the preceding
proposition and formula (), our definition agrees with that of Voevodsky if
resolution of singularities holds over k (apply , chap. 5, th. 4.3.7]). This
implies in particular that M¢(X) is in DMy,,(k) or, in the words of Voevodsky, it
is geometric. Moreover, we know from the second case of the preceding proposition
that M°(X) ® Q is always geometric.
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