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1 2-pretheories

1.1 Basic definitions

Definition 1.1.1 [2pr] A 2-functor H : Sch/'/S — Cat is called a 2-
pretheory if the following conditions hold:

1. H(D) is equivalent to the point category and for any X, Y over S the
functor

H(ix) x H(iy) : H(XHY) — H(X) x H(Y)
s an equivalence

2. for any smooth morphismp : X — 'Y the functor H(p) has a left adjoint
H,(p) and for any pull-back square

X 5 x
v Ip
y' 5oy

such that p is smooth the l-exchange morphism H;(p')H (fx) — H(fy)H(p)
s an isomorphism

3. for a closed embedding i : Z — X the functor H(i) has a right adjoint
H,(i) and for any pull back square

7z 15z
i i
X X x

the r-exchange morphism H(fx)H,(i) — H.(i')H(fz) is an isomor-
phism.
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Lemma 1.1.2 ftriviall/ For any 2-pretheory H and any X the category
H(X) has initial and final objects and finite coproducts. The functors H(f)
take final objects to final objects, initial objects to initial objects and finite
coproducts to finite coproducts.

Proof: For any X the morphism e : ) — X is a smooth morphism and
a closed embedding. By 1.1.1(1,2,3) it implies that the canonical functor
H(X) — pt has both left and right adjoints i.e. H(X) has initial and final
objects.
The morphism p : X [[X — X is smooth and one verifies easily that
if (F,G) is an object of H(X []X) corresponding to a pair of objects F,G
of H(X) by 1.1.1(1) then H,(p)(F, Q) is a coproduct of F' and G in H(X).
Functors H(f) preserve coproducts by the second part of 1.1.1(2) applied to
the square
XX = XIIX

! !

x 4 o x
and initial and final objects by the second parts of 1.1.1(2,1) applies to a
similar square for e : ) — X.

Let Sm/X be the category of smooth schemes over X wich we consider as
a symmetric monoidal category with respect to the direct products. The for
any 2-pretheory H the category H(X) has a module structure

S:Sm/X — Funct(H(X), H(X))

over Sm/X defined as follows. For a smooth scheme p : U — X over X
denote by S(U) the functor H;(p)H (p) : H(X) — H(X). For a morphism of
smooth schemes f : Uy — U, over X let S(f) be the natural transformation
l-adjoint to

H(py) = H(f)H(po) """ H(f)H (ps) Hi(ps) H (p2) = H (p1) Hi(ps) H (p2)

where a : Id — H(py)H;(p2) is the adjunction. One can verify that for a
composable pair of morphisms of smooth schemes g, f one has S(go f) =

S(g) o S(f).

For a pair of smooth schemes p; : Uy — X, ps : Uy — X we have a
canonical isomorphism S(U; xx Us) — S(Uy) o S(Us) given by

Hi(p12)H (p12) = Hy(p1)Hi(pri) H (pro) Hi(p2) — Hi(p1)H (p1) Hi(p2) H(p2)
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where p1o = ps o pro = p1 o pry is the morphism U; xx Uy — X and the
middle arrow is the l-exchange isomorphism of 1.1.1(2). These isomorphisms
are compatible with the associativity isomorphisms for direct products and
composition of functors and one can check that they are natural in both Uy
and UQ.

Definition 1.1.3 [additive/ A 2-pretheory is called additive if all the cate-
gories H(X) are additive.

Lemma 1.1.4 [addO/ If H is an additive pretheory then the functors H(f),
H,(p) and H,(i) are additive.

Proof: Follows from Lemma 1.1.2

Consider a pull-back square

Zy X X
pzd (1)
Zy 5 Y

such that p is smooth and 7 is a closed embedding. Define the Ir-exchange
morphism H;(p)H,(iy) — H,(ix)H;(pz) as the r-adjoint to the composition

H(ix)H(p)H,(iy) — Hi(pz)H (iy)H,(iy) — Hi(pz)

where the first arrow is the inverse to the l-base change morphism which
exists by 1.1.1(2) and the second is given by the adjunction.

Definition 1.1.5 Jexc]/ A 2-pretheory H is said to salisfy open excision
(resp. etale excision, smooth excision) if for any pull-back square of the
form (1) such that p is an open embedding (resp. an etale morphisms, a
smooth morphism) the lr-exchange morphism is an isomorphism.

Recall that a functor ¢ is called conservative if any morphism f such that
¢(f) is an isomorphism is itself an isomorphism.

Definition 1.1.6 /wd/ A 2-pretheory (or more generally a 2-functor) is said
to have weak Zariski descent (resp. weak Nisnevich descent, weak etale de-
scent etc.) if for any Zariski (resp. Nisnevich, etale etc.) covering {j; : Uy —
X }ier the functor TT H(j;) : H(X) — [1 H(U;) is conservative.
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Let p : P} — X be the canonical morphism and i : X — P} a section
of p.

Definition 1.1.7 /stable/ A 2-pretheory is called T-stable if for any X and
i as above the functor H)(p)H, (i) : H(X) — H(X) is an equivalence.

Let j : U — P% be the open embedding complimentary to 7 and py = po j.

Definition 1.1.8 /hi]/ A 2-pretheory is called homotopy invariant if for any
X and i as above the adjunction H)(py)H (py) — Idy(x) is an isomorphism.

Consider the sequence

H(pv)H (py) 5 H(p)H(p) = Hi(p)H, (i)

obtained from the sequence of adjunctions
Hy(j)H(j) — Id — H,(i)H (i)

by applying H(p) on the right and H;(p) on the left and using composition
isomorphisms.

Definition 1.1.9 [A] A 2-pretheory is said to satisfy axiom A if it is additive
and for any X and i as above the sequence

0 — Hi(pu)H(pu) = H,(p)H(p) = H(p)H, (i) = 0
18 split-exact.

For any 2-pretheory H the diagram

H(py)H(py) = H(p)H(p)
{ {
Id = Id

where the vertical arrows are the adjunctions commutes. Thus if H is a
homotopy invariant 2-pretheory then the composition of the right vertical
arrow with the inverse to the left one gives a canonical projection m; for ;. If
in addition H satisfies Axiom A there is a unique section \; : H;(p)H, (i) —
H,(p)H (p) of o; such that m; o A; = 0. One can easily see that for any other
point 7 of P} over X the composition

e = Hi(p) H, (i) 25 Hy(p)H(p) 7 Hi(p)H,(i")
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is an isomorphism. These isomorphisms satisfy the conditions ¢ = ¢5},

GirinGir = ¢Qyun. We will use them to identify the functors H;(p)H,. (i) for
different ¢’s and will denote them all by ¥ and call the suspension functor.
Similarly we will omit the index from the notations for 7 and A. Using
this terminology one can say that for any homotopy invariant 2-pretheory
satisfying Axiom A there is a canonical split-exact sequence

03D H(p)H(p) S Id— 0

and a point i : X — P of P! over X defines a section 7; for 7 and a
projection o; for A. It is easy to construct examples which show that o; and
n; actually depend on 1.

Lemma 1.1.10 /Sbch/ Let H be a homotopy invariant 2-pretheory which
satisfies Aziom A, f: X' — X a morphism and p : P — X, p/ : PL, — X’
the canonical projections. There is a unique isomorphism SH(f) — H(f)X
such that the diagram

SH(f) - H(f)%

{ {
Hi(pHP)H(f) — H(f)Hi(p)H(p)

where the lower arrow is obtained from the l-exchange isomorphism of 77 (2),
commutes.
Ifi: X — P% is a point of Pt over X and i’ : X' — PL, the corresponding
point of P! over X' then the diagram
H(p)H(p)H(f) — H(f)Hi(p)H(p)
1 \J
LH(f) — H(f)%

where the vertical arrows are given by o; and oy respectively commutes.

Lemma 1.1.11 /Slbch/ Let H be a homotopy invariant 2-pretheory which
satisfies Aziom A, q : X — Y a smooth morphism and px : Py — X,

py : P{ — Y the canonical projections. Then there is a unique isomorphism
Hi(q)X — X H(q) such that the diagram

Hi(q)% — Y Hi(q)

{ {
Hi(q)Hi(px)H(px) — Hi(py)H (py)Hi(q)

where the lower arrow is obtained from 1.1.1(2) commutes.
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Proof: Follows from the fact that H;(¢)H;(px)H (px) = Hi(py)H (py)Hi(q)
fits into a commutative diagram

Hi(q)Hi(px)H(px) — Hi(py)H (py)Hi(q)
{ {
H(q) = Hi(q)

where the vertical arrows are morphisms 7 i.e. the adjunctions.

Let now H be a T-stable homotopy invariant 2-pretheory which satisfies
Axiom A. The ¥ is an equivalence and we denote by 2 the right adjoint
to X which then an inverse equivalence. Lemmas 1.1.10 and 1.1.11 formally
imply:

Lemma 1.1.12 [Obch/ Let H be a T-stable homotopy invariant 2-pretheory
which satisfies Axiom A. Then for any morphism f : X' — X there is a
unique isomorphism H(f)Q — QH(f) such that the diagram

SH(HQ — SQH(f)

NS e
H()XQ —  H(f)

where the lower horizontal arrow is obtained from the isomorphism of Lemma
1.1.10, commutes.

For any smooth morphism q : X —'Y there is a unique isomorphism H;(q)Q —
QH;(q) such that the diagram

Hi(q) — H(qQx

{ {
O¥H(q) — QH|(q)%

where the lower horizontal arrow is obtained from the inverse to the isomor-
phism of Lemma 1.1.11, commutes.

Lemma 1.1.13 Jcoml/ Let H be a T-stable homotopy invariant 2-pretheory
which satisfies Aziom A and q : X — Y a smooth morphism. Then the
following diagram where the upper line consists of isomorphisms of Lemma
1.1.12 and the vertical arrows are obtained from the adjunctions, commutes

Hi(q)H(q)Q? — Hi(q)QH(q) — QH(q)H(q)

1 +
Q = Q



The following lemma is an immediate corollary of Lemma 1.1.13.

Lemma 1.1.14 /com2/ Let H be a T-stable homotopy invariant 2-pretheory
which satisfies Aziom A. Then there exists a unique isomorphism € : ¥ —
O3 such that the diagram

30 = Q¥

{ {
Hi(q)H(q)Q — Hi(q)QH(q) — QH(q)H(q)

commutes.

1.2 Duality theorem for the projective line

In this section we prove that for an additive T-stable homotopy invariant 2-
pretheory H satisfying Axiom A the functor H;(p)Q2 where p is the canonical
morphism P} — X is right adjoint to H(p). Consider the square

PL xx P, & Pl
prid br
PL 50X

and let A : PL, — PL xx P be the diagonal. Define two morphisms
B:H(p)H (p)? = Id and ¢ : Id — H,(p)QQH (p) as follows:

[ is the composition
H(p)Hi(p)Q2 — H,(pra) H(pr1)$2 — Hy(pro) H,(A)2 = £Q — Id

where the first arrow is the inverse to the l-exchange isomorphism of

1.1.1(2) and the second morphism is obtained from the r-adjoint to
H(A)H (pry) — Id.

¢ is the composition
Id — %0 '~ H(p)H(p)Q — Hy(p)QH (p)

where the first arrow is the inverse to the adjunction, the second one is
obtained from A and the third one is the isomorphism of Lemma 1.1.12.

Theorem 1.2.1 [Pdual/ The morphisms B and ¢ define on Hy;(p)Q the
structure of a right adjoint to H(p).



Proof: By [] we have to verify that the compositions

H(p) "% H(p)Hi(p)2H (p) =5 H(p)

and
Hy(p) 22 Hy(p)QH (p) Hi(p)Q 225 H,(p)02

are identities.

Lemma 1.2.2 keyl/ The composition

Hp)s "% Hp)H(p)H(p)
1
Hy(pro)H(pri)H(p) — Hi(pro)H,(A)H(p) = XH(p)

1s the inverse to the canonical morphism of Lemma 1.1.10.

Proof: Follows from commutativity of the diagram

To prove that the first composition is identity consider the diagram

H(p) —» Hp)2Q "4 HE)H@H@Q  —  H(p)Hi(p)QH (p)

{ {
Hy(pro)H(pri)H(p)Q — Hz(pm)H(fﬁ)QH(p)
1
YH(p)Q — YQH (p)
{ {
H(p)xQ — H(p)



where the composition of upper horizontal and right vertical sides is by defini-
tion (SxId) o (Idx¢) Two upper squares are commutative because H(p)Q2 —
QH(p) is a natural transformation and the lower one is commutative by
Lemma 1.1.12. By Lemma 1.2.2 the composition of the second upper hori-
zontal arrow with the following three vertical arrows is identity which implies
that (BxId) o (Idx¢) = Id

Lemma 1.2.3 key2/ The composition ((Id* 3) o (¢ * Id)) * Idgy

H,(p)Q2H (p) il H,(p)QH (p) Hy(p)Q2H (p) "2 IdxB<1d

H,(p)2H (p)
s an isomorphism.

Proof: Using only Lemma 1.1.12 and Lemma 1.1.14 one can easily see that
it is sufficient to check that the following composition

SH(p)H(p) ™3 H(p)H(p)Hi(p)H(p) — H(p)H(pro)H(pri)H(p)

<—

where the second vertical arrow is Id * oa * Id, is an isomorphism. Denote
the composition of the second horizontal arrow with the two vertical ones
by 7. Let o : H(p)H (p)H,(p)H (p) — H,(p)H (p)H,(p)H (p) be the automor-
phism corresponding to the permutation of factors on P! x P! under the
isomorphism

Hy(p)H (p)Hy(p)H (p) = S(P")S(P') = S(P' x P')

let i : S(P' x P! — A(PY)) — H(p)H (p)H,(p)H (p) be the morphism corre-
sponding under the same isomorphism to the embedding P! x P! — A(P!) —
P! x P! and let

o0 : S(P' x P — A(PY)) = S(P' x P! — A(PY))

be the isomorphism corresponding to the permutation of factors on P! x
P! — A(P!). One can easily verify the following facts:



1. the sequence

0— S(P' x P! — A(PY)) 5 Hi(p)H (p) Hi(p)H(p) > Hi(p)SH(p) — 0

is split-exact
2. the sequences

0 — XH(p)H(p) =

0 — Hy(p)H(p)S "% Hy(p)H (p) Hi(p) H(p) "5 Hy(p)H (p) — 0

are split exact.

3. the diagram

S(P' x P! — A(PY)) —
JO~L
S(P' x P! — A(PY)) —

commutes

4. the diagram

Hy(p)H (p)H,(p)H (p)
ol
H,(p)H (p)H,(p)H (p)

commutes.

Therefore there exist isomorphisms

H,(p)H (p)H,(p)H (p)

H,(p)H (p)H,(p)H (p)

X Hy(p)H(p)
b1d
A Hy(p)H(p)

o' XH(p)H(p) — Hi(p)H (p)%
o’ Hi(p)XH(p) — H,(p)XH (p)

such that the diagram
S H,(p)H (p)
a’.L
Hy(p)H(p)%

Axld
=

ol
Idx\
=

Hy(p)H(p)H,(p)H(p) >

Hy(p)H(p)H,(p)H(p) >

H,(p)XH (p)

U//

H,(p)XH (p)

commutes. Observe now that the composition of lower horizontal arrows is
Id x 1) where 1) is the isomorphism considered in Lemma 1.2.2 and therefore
the composition of upper horizontal arrows is an isomorphism.
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