Saint Petersburg State University
Ignat Sokolov

Graduation qualification thesis

About conservativity of pure and
weight-exact functors

Bachelor’s program
“Mathematics”
Specialization and code: 01.03.01 "Mathematics"
Cipher of the EP: SV.5000.2016

Thesis supervisor:

Professor,

Department of Mathematics and Computer Science,
Saint Petersburg State University,

Dr. Sc. (Phys.-Math.),

Mikhail V. Bondarko

Thesis reviewer:

Professor,

Department of Mathematics,
Massachusetts Institute of Technology,
Ph.D.

Gongalo Nery Tabuada

Saint Petersburg
2020



Abstract

In this paper we construct families of weight-conservative functors re-
lated to localizations of triangulated categories; in particular, our motivic
functors are conservative and weight-exact with respect to the correspond-
ing Chow weight structures. Families of this sort were shown to be useful
in papers of T. Bachmann, M. Bondarko, and G. Tabuada, where they
were applied to the study of Picard groups of (motivic) triangulated cat-
egories.
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Introduction

In [BoT17] and [Bac16] certain functors from triangulated categories were shown
to be useful for the study of their Picard groups. All the categories considered
in these papers were endowed with so-called weight structures (as independently
define by M. Bondarko and D. Pauksztello), and the ("pure") homological func-
tors constructed there killed all objects of strictly negative and strictly positive
weights. The advantages of functors of this type is that they have a simple
description in terms of the heart Hw of the corresponding weight structure w
(see Theorem 2.1.2 of [Bonl8|); their properties imply that the corresponding
group Pic(C) is isomorphic to Pic(Hw) @ Z if w is bounded, the tensor product
of C restricts to Hw, and Hw is semi-simple and local with respect to the tensor
product (see Theorem 1.1 of [BoT17]).

The case where Hw is not semi-simple is more complicated (in general).
To deal with it, in the current paper we construct certain pure functors corre-
sponding to additive subcategories of Hw; they are closely related to Verdier
localizations. In some cases we also construct closely related exact functors F;
that are weight-conservative, i.e., their exists a weight structures v on the target
such that the "w-range" of an object M of C equals the v-range of ([ F;)(M)
(cf. Deﬁnition below; note that this assumption is stronger than conserva-
tivity if v is non-degenerate). It often happens that F; respect tensor products;
thus they can be used for the calculation of Picard groups.




These families of weight-conservative functors exist for certain subcategories
of Voevodsky motives. As a particular case of this formalism, we recover the
"fixed point functors" from Artin motives that were originally introduced in
[Bacl6].

Now we describe the contents of this text.

In §1 we recall some of the theory of weight structures, and use it for the
construction of certain pure and weight-conservative functors corresponding to
subcategories and localizations.

In §2 we demonstrate that our theory can be applied to (geometric) Voevod-
sky motives over a field; the corresponding adjoint functors come from base
field extensions. In particular, we obtain certain "fixed point functors" from
the subcategories of effective geometric Voevodsky motives whose dimension is
bounded by some constant. We obtain an especially nice result in the dimension
0 case, i.e., for derived categories of Artin motives.

1 General weight structure theory

In this section we recall some of the theory of weight structures on triangulated
categories. Moreover, we prove that certain (pure) homological functors can
be used to calculate the weights of objects, and discuss the relation of this
statement to weight-conservativity.

1.1 Some categorical notation and lemmas

e Given a category C' and X,Y € ObjC we will write C(X,Y) for the set
of morphisms from X to Y in C.

e For categories C',C we write C/ C C if C” is a full subcategory of C.

e Given a category C and X,Y € ObjC, we say that X is a retract of Y if
idx can be factored through YE|

e A (not necessarily additive) subcategory H of an additive category C is
said to be retraction-closed in C' if it contains all retracts of its objects in

C.

e For any (C, H) as above the full subcategory Karc(H) of C whose objects
are all retracts of (finite) direct sums of objects H in C will be called
the retraction-closure of H in C; note that this subcategory is obviously
additive and retraction-closed in C.

e The symbol C below will always denote some triangulated category; usu-
ally it will be endowed with a weight structure w. The symbols C’ and D
will also be used for triangulated categories only.

o We will write K(B) for the homotopy category of (cohomological) com-
plexes over B. Its full subcategory of bounded complexes will be denoted
by K*(B). We will write M = (M?) if M? are the terms of the complex
M.

1Clearly, if C is triangulated or abelian, then X is a retract of Y if and only if X is its
direct summand.




e We will say that an additive covariant functor from C into A is homological
if it converts distinguished triangles into long exact sequences.

For a homological functor H and ¢ € Z we will write H; for the composition
H o [—i].

e We call a category % the factor of an additive category A by its full
additive subcategory B if Obj(%): Obj A and

()(X,Y) = AX,Y)/ (X zeonj 5 AZ,Y) 0 A(X, 2)).
It is easily seen that % isomorphic to ﬁ

e For a small additive category H we will write Pshv(B) for the category
of additive contravariant functors from H into abelian groups.

e For an arbitrary small additive category A denote by Y4 : A — Pshv(A)
the Yoneda embedding. Certainly, Y4(X)(Y) is the functor A(Y, X).

We have an obvious

Proposition 1.1.1. (The universal property of factor category) For an arbi-
trary additive category A and full subcategory N C A take the obvious quotient
functor F : A — A/N. Assume that G : A — B is an additive functor into
another additive category B that maps every object of N to 0.

Then there exists a unique additive functor H : A/N — B such that G =
HoF.

The following statement is crucial for the weight-conservativity statements
below.

Lemma 1.1.2. Let H be a small additive category and N C H be a full additive
subcategory of H. Consider the quotient functor F : H — H/N = H' and the
restriction functor R : Pshv(H) — Pshv(N) that comes from the embedding
N — H, and take the following composite functors:

A=Yy oF :H — Pshv(H')

and
B=RoYy:H — Pshu(N).

Then for any morphism ¢ : X — Y in H the following conditions are equiv-
alent:

(i) there exists £ : Y — X such that ¢ o £ = idy

(ii) the morphisms A(¢) and B(¢) are epimorphic.

Proof. The implication (i) = (i7) is obvious. Let us prove that (ii) implies (i).
Let F(¢) = ¢' : X’ — Y’ be the image of ¢ under the quotient functor. By
condition (iz), A(¢) = Yu/(¢’) is a surjection. Since a morphism of presheaves
is epimorphic if and only if it surjective on the level of objects, Vg (¢')(Y”) is
surjective as well. The morphism Vg (¢')(Y') : H'(Y', X') — H'(Y',Y") is just
the composition map w — ¢’ o w. Hence there exists § € H'(Y’, X’) such that

¢ 06 =idy . (1.1.1)



Thus the first condition (A(¢) surjective) implies that ¢’ is splits. To prove
that ¢ splits as well we consider t = Coker Yy (¢) : Yu(Y) — T. Here T is
a presheaf on H and ¢ is a natural transformation. The restriction functor R
respects cokernels; thus T'|y = R(T') = R(Coker Vi (¢)) = Coker(RoYVy(¢)) =
Coker(B(¢)) = 0, since B is a surjection by our assumptions. By Proposition
T factors through H', i.e., there exists S € Pshv(H') such that T = SoF.

The image of ¢ under the quotient functor splits, and its image under T
also does. A bit more precisely, idpyy = T'(idy) = S(F(idy)) = S(idpy)) =
S(idy+). Hence by gb, idryy = S(idyr) = S(¢' 0 0) = S(0) o S(¢)) =
S(0) o T(¢). Thus T(¢) is injective. Since the morphisms in Pshv(H) are
natural transformations, we have the following commutative diagram:

HY,X) 22 [gyy) 2 1(y)

l l&m(@ lT(qa) (1.1.2)

H(X, x) 229 Hg(x,y) 2 7(x)

Now our statement can be easily verified by diagram chasing.

We want to prove that there exists £ € H(Y, X) such that ¢ o £ = idy,
or equivalently idy = Yu(¢)y(§). It means just that idy € ImYVu(¢)y =
Kerty, since ty is the cokernel of Vi (¢)y. Since T(¢) is injective, Kerty =
KerT(¢)oty = KertxoYVu(Y)(¢). Now we have idy € Kertx oYy (Y)(¢) <~
Yu(Y)(¢)(idy) € Kertx and Y (YV)(¢)(idy) = ¢ = Vu(¢)x (idx) € Im Vi (¢)x =

Kertx, and we are done. O
Below we will also apply the following simple abstract nonsense lemma.

Lemma 1.1.3. Let A be an additive category and F : A — A be an additive
functor. Suppose we have an adjunction (¢,n) : F' = F. Then for any objects

A A(X,Y
X,Y € A we have F;A(X, Y)= —EYFAYE:‘X,F?Y)TIX-

Proof. Obviously,

eyFAFX,FY)nx C > A(Z,Y)o A(X,Z).
Z€cObjFA

Now consider the composition X % FZ ¥ Y. The counit-unit equation
says that idpz = epz o Fnz = Fezonpz. Hence pop =1oepz o FnzoFezo
NFz o ¢. Since € and 7 are natural transformations, we have Y oepy = ey o F2y)
and npz o¢ = F2¢ponx. Thus oo = ey o F2po Fnz o Fey o F2pony €
ey FA(FX,FY)nx. Hence

> A(ZY)oA(X,Z) C ey FA(FX,FY)nx,
ZeObj FA

and we are done. O
Corollary 1.1.4. In the notation of previous lemma we have %(X, Y) =

AX,Y)
ey A(X,F2Y)



1.2 Weight structures: basics

Definition 1.2.1. A pair of subclasses C,, <o, C,,>0 C ObjC will be said to
define a weight structure w on a triangulated category C if they satisfy the
following conditions.

(i) Cp>p and C,, < are retraction-closed in C (i.e., contain all C-retracts of
their objects). N

(ii) Semi-invariance with respect to translations.

Cuy<o C Cyeoll] and Cy5o[1] € Cyxp-

(iii) Orthogonality.

QwSO 1 szo[l]'

(iv) Weight decompositions.

For any M € Obj C there exists a distinguished triangle

LM — M — RM—LM][1]

such that LM € C,,<q and RM € C,,~,[1].
If C is endowed with a weight structure then we will say that C' is a weighted
category.

We will also need the following definitions.

Definition 1.2.2. Let i,j € Z; assume that a triangulated category C is en-
dowed with a weight structure w.

1. The full subcategory Hw of C whose objects are C',_q = C\,>0 N C\<p
is called the heart of w.

2. C

Cy>i (resp. O, <, resp. C,,_;) will denote the class C,~[i] (resp.
QwﬁO“]’ resp. Qw:O[i])'

3. Qb C C will be the category whose object class is Ui,jeZQ[w']-

We will say that its objects are the w-bounded objects of C.

4. Moreover, the elements of U;ezC >, (resp. of UjezC,,<;) will be said to
be w-bounded below (resp. above).
We will say that (C,w) is bounded (resp. bounded below, resp. above) if
all objects of C are w-bounded (resp. bounded below, resp. above).

5. Let C’ be a triangulated category endowed with a weight structure w’; let
F : C — C' be an exact functor.
Then F is said to be weight-exact (with respect to w,w’) if it maps C', <o
into Q;,SO and sends €'~ into QL}’ZO'

6. Let D be a full triangulated subcategory of C.

We will say that w restricts to D whenever the couple (C',,<oNObj D, C',,>oN
Obj D) is a weight structure on D.

Remark 1.2.3. It is easily seen that the notion of a weight structure is self-dual,
i.e., for w as above and D = C°? (so, Obj D = Obj C) there exists an (opposite)
weight structure w’ on D such that D, <o = C,,>¢ and D,5¢ = Cyy<p-



Lemma 1.2.4. Let C be a weighted category with heart H, and H C H an
additive subcategory. Let C’ be the thick triangulated category generated by H’'
in C (that is, the smallest full thick triangulated subcategory of C' containing
o),

Then the weight structure of C restricts to C’.

Proof. The statement easily follows from Corollary 2.1.2 of [BoS18§]. O

1.3 Pure functors

Let us define an important class of (co)homological functors from categories
endowed with weight structures.

Definition 1.3.1. Assume that C is endowed with a weight structure w.

We will say that a (co)homological functor H from C into an abelian category
A is w-pure (or just pure if the choice of w is clear) if H kills both C,, ~; and
Qw<—1' -

To ensure that the pure functors we need exist, we recall the following state-
ment.

Proposition 1.3.2. The correspondence sending a pure functor H : C — A
into its restriction to Hw gives an equivalence of the (not necessarily small)

category of pure functors of this sort with the category of additive functors
Hw — A.

Proof. Immediate from Theorem 2.1.2 of [Bon1§]. O

Inverting this correspondence (cf. Proposition below), for an addi-
tive functor F' : Hw — A we will denote by H FC = A the corresponding
pure (homological) functor.

1.4 Weight structures in localizations and detecting weights

Proposition 1.4.1. 1. Let D C C be a triangulated subcategory of C; suppose
that w induces a weight structure on D (i.e., ObjDNC,, <o and ObjDNC <
give a weight structure on D). We denote the heart of the latter weight structure
by HD.

Then w induces a weight structure on C/D (the localization, i.e., on the
Verdier quotient of C by D). Being more precise, the retraction-closures of
C <o and C,~( in C/D give a weight structure on C'/D (note that ObjC =
objC/D).

2. The heart H(C/D) of this weight structure is the retraction-closure of
% in C/D.

3. If C', w is bounded above, below, or both, then C'/D is so as well.

Proof. See Proposition 8.1.1 and Remark 8.1.3(5) of [Bonl0)]. O

Definition 1.4.2. Let F : C — C’ be a weight-exact functor, where C’ is a
triangulated category endowed with a weight structure w’.

We will say that F is right (resp. left) weight-conservative if given X € C
with F(X) € C,, 50 (tesp. F(X) € C}«) we have X € O, (resp. X €



C<o)- A family of functors will be said to be right (left) weight-conservative
if its product is.

We say that F' (or a family of functors) is weight-conservative if it both right
and left weight-conservative.

Note that a functor F is right (left) weight-conservative if and only if the
corresponding functor F°P : C°P? — DP is left (right) weight-conservative (with
respect to the opposite weight structures; see Remark [1.2.3]).

Definition 1.4.3. We will say that a functor F' : C' — D detects sections if a
C-morphism f: X — Y admits a section whenever F'(f) does.
We say that a family of functors detects sections if its product does.

We need the following lemma.

Lemma 1.4.4. Let F; : C' — D, be a set of weight-exact triangulated functors,
and that the weight structure w on C'is bounded below.

Then {F;} is right weight-conservative if and only if (the family of) the
restrictions of F; to Hw is detects sections.

Proof. This is Corollary 5.15 in [Bacl6]|; One can also prove this statement
similarly to Proposition 2.2.3(1) of [BonI§|. O

Theorem 1.4.5. Let C be a small triangulated category equipped with a weight
structure w, N C Hw is an additive subcategory. Take Hw' = Hw/N and
denote by F : Hw — Hw' the obvious factorization functor. Consider the
following Yoneda-type functors:

A: Hw — Pshv(N)

A— (B— Hw(B,A))

and
B: Hw — Pshv(Huw')

A — (B — Huw'(B,F(A))).

Then for any M € Obj(C) and n € Z we have the following: M is w-bounded
below and HA(M) = HB(M) = 0 for all i < n if and only if M € C

w>=n"
Proof. This is an easy combination of Lemmas and O

Now we study a setting where these pure functors come from certain weight-
exact ones.

Theorem 1.4.6. Let w be a bounded below (resp. above) weight structure
on C and let fF : C — D, be a family of weight-exact functors. Suppose that
fis i Dy — C (resp. fus : D, — C) are weight-exact functors left (resp. right)
adjoint to f¥ for all s. Denote by C’ the thick triangulated subcategory of C
generated by Us fis f2C.,_o (resp. by Usfus f2C_o), and let F: C — C/C’ be
the Verdier localization functor.

Suppose also that w is bounded below (resp. above). Then the family
{f:} U{F} is right (resp. left) weight-conservative.



Proof. Tt is easily seen that the left weight-conservative version of our statement
(stated in brackets) is the dual to the right weight-conservative one (see Remark
1.2.3).

Thus it suffices to treat the functors fis;. Let us apply Lemma [1.4.4] We
set N = ®sfisfe Hw. Let ¢ : X — Y be an Hw-morphism. Suppose that the
morphisms F'(¢) and f¥(¢) admit sections.

Assume first that the category Hw is small. Consider the functors A and B
from Lemma[I.1.2] (for H = Hw). By this lemma it suffices to verify that both
A(¢) and B(¢) are epimorphic. Now, B(¢) epimorphic since F(¢) is. Next,
N generated by U fisf*H; hence to prove that A(¢) epimorphic it suffices to
check that A(¢)(T") epimorphic for T € Ug fis frH. Let T = fqo f2(M) for some
M € H. By adjunction we have the following commutative diagram:

Hrx) 220 gy

l l (1.4.1)
H(f:(M), (X)) —— H(fi(M), f;(Y))

Here the vertical arrows are isomorphisms and the bottom arrow is epimorphic
since f¥(¢) is. Hence the top arrow is epimorphic as well.

Lastly, if Hw is not small then it is easily seen that we can replace the
presheaf functors A and B by the corresponding collections of functors Ax =
H'(X,F(—)) and By = Hw(Y,—) for X running through C,,_, = Obj H' and
Y running through Obj N. Note however that we will not apply this case of our
theorem in the next section.

O

The following statement follows from our theorem immediately.

Corollary 1.4.7. Let the assumptions of Theorem holds; assume that
Hw C Karg N.
Then the family {f} is right (left) weight-conservative.

1.5 Weight complexes

Now we recall (a little of) the theory of so-called "strong" weight complex
functors.

Recall that the category of K®(Hw) endowed with a stupid weight-structure
w*t. A bit more precise we take K°(Hw),st<o (resp. K’(Hw),st>0) to be the
class of objects in K®(Hw) that are homotopy equivalent to those complexes
that are concentrated in degrees > 0 (resp. < 0). See also Remark 1.2.3.(1) in
[BoS18].

Proposition 1.5.1. Assume that C possesses an co-enhancement (see §1.1 of
[Sos19] for the corresponding references), and is endowed with a bounded weight
structure w.

Then there exists an exact functor t*¢ : C — K®(Hw), M ~— (M?), that
enjoys the following properties.

1. The composition of the embedding Hw — C with ¢*¢ is isomorphic to the
obvious embedding Hw — K°(Huw).



2. The functor t*! is weight-exact and weight-conservative, i.e., an object M
of C belongs to C,,,, (resp. to C,,,) if and only if t*(M) belongs to
K(Hw)yst<p (resp. to K(HW)yst>p).

3. If F: Hw — A is an additive functor as in Definition then the
corresponding pure functor H¥" can be computed as the functor that sends
M into the zeroth homology of the complex (F(M?)).

Proof. All the statements easily follow from Corollary 3.5 of [Sos19] combined
with Proposition 1.3.4 and Theorem 2.1.2 of [Bonl§|. O

Remark 1.5.2. To drop the assumption that C' possesses an oco-enhancement
(and w is bounded) one can consider the so-called weak weight complex functor
t:C — Kp(Huw) (see [Bonly]).

2 Applications to Voevodsky motives

In this section we apply the results above to Voevodsky motives (over a field).
Below we will always assume that the (coefficient) ring R is associative unital
commutative, and the exponential characteristic of our fields is invertible in R.

2.1 A reminder on motives and Chow weight structures

We recall some properties of the triangulated categories DM9™(k, R) of Vo-
evodsky’s motives over a perfect field k, where R is as above.

For X € Sm(k) we will write Mp(X) = M(X) € Obj DM9™(k, R) for the
motif of X.

Proposition 2.1.1. I.1. There exist an embedding Chow(k, R) — DM9™(k, R)
of category of Chow motives to DM9™(k, R) such that following diagram com-
mutes

SmProj(k) —— Sm(k)
lMChOW,R lMR (2.1.1)
Chow(k,R) —— DM (k, R),

where Mchow,r is the usual (covariant) Chow motif functor.

2. There exists a (unique) bounded weight structure w = wepew on DMI™(k, R)
whose heart equals Chow (k, R).

3. DM9™(k, R) is a tensor category, and for any pair X, Y of smooth schemes
over k the corresponding projections give an isomorphism M (X xY) ~ M(X)®
M(Y).

II. Let f : Spec(l) — Spec(k) be an algebraic extension, X € Obj DM9™(l, R),
and Y € Obj DM9™(k, R). Then the following statements are valid.

1. There is an exact functor f* : DM9™(k,R) — DM9™(l, R) such that
f*(M(Z)) =2 M(Z;) for any smooth variety Z/I. Moreover, for any morphism
g : Spec(l") — Spec(l) of perfect field spectra we have (fg)* = g*f*.

2. If f is finite then there is a functor f. = fi: DM9™(l, R) — DM9™(k, R)
such that fi(M;(Z)) & My (Z); here Z is a smooth projective I-variety that we

10



consider as a k-scheme in the right hand side. Moreover, for any finite morphism
g : Spec(l') — Spec(l) we have (fg)1 = fig.

3. Moreover, in this case the functors f* and fi; are both left and right
adjoint to each other, and the projection formula fi(X @ f*(Y)) ~ A(X)®Y
holds.

In particular fif*(Y) = M(Spec(l)) ® Y.

III. The functors f* and f; are weight-exact.

Proof. Assertion 1.1 originates from [Voe00]; cf. [BeV0S§| for the general case.
The existence of wepey 1s given by Proposition 2.3.2 of [BoIl5]; see also Theorem
2.2.1 of [BonlI]. 1.3 is given by Proposition 2.1.3. of [Voe00].
Assertion IT easily follows from Theorem 3.1 and Corollary 3.2(2) of [CiD15].
Assertion III is given by Theorem 2.2.1(2) of [Boll15]. O

2.2 Some motivic notation

We fix some perfect field & (and suppose that is exponential characteristic is
invertible in R). We will write k* for the separable closure of k.

We choose a prime number p. k is said to be p-special if every finite extension
l/k is a p-extension.

We recall that for any field k and prime p there exists an extension k,/k
such that k), is p-special and every finite subextension k, of {/k has degree [l : k]
coprime to p. This fact easily follows from infinite Galois theory and is given
for example by Proposition 101.16. of [EKM].

Definition 2.2.1. Let S C SmProj(k) be a set of smooth projective schemes
over field k. We write D(S)M (k, R) for the thick triangulated subcategory of
DM9™(k, R) generated by S.

In this section we will deal with the following situation. For every algebraic
extension [/k we are given a set S; € SmProj(l). We will assume it is "func-
torial" in the following sense: for any morphism f : Spec(l’) — Spec(l) we have
fH(D{SHM(I,R)) C D(Sy)M(l',R). Moreover, if f is finite then we assume
H(D{Sy )M (', R)) C D(S;)M(l,R). We write D(S)M(l, R) for D{S;)M (I, R).
Note that the Chow weight structure on DM9™(k, R) restricts to D{(S)M (k, R)
by Lemmal[T:2:4] A special case of a family of categories of this sort is Artin mo-
tives; we will discuss it in Section [2.:4] below. More generally, one may take the
subcategory generated by motives of (smooth projective) varieties of dimension
at most d (for some d > 0).

For any extension [/k we will write f; : Spec(l) — Spec(k) for the corre-
sponding morphism of spectra and C; for the thick triangulated category of
D(S)M (I, R) generated by M ® Spec(l') for M € D(S)M (I, R)y=o and I'/l fi-
nite. Denote by F the localization functor D{(S)M (I, R) — D(S)M (I, R)/C| =
D(S)M'(l,R), and let &, = F, o ff. We will prove that the family {®;} is
weight-conservative (see Theorem and Theorem .

We will also consider a "relative" version of the functors ®;. For any exten-
sion K/k and its subextension [/k define C¥ to be the thick triangulated sub-
category of D(S)M (I, R) generated by M ® Spec(l’) for M € D(SYM (I, R) =0
and !’ /I being a finite subextension of K /I. The Chow weight structure restricts
to CK by Lemma Let F/X be the localization functor D(S)M(l,R) —

11



D(SYM(l,R)/C[ = D(S)Mj.(l, R). It is weight-exact with respect to the cor-
responding weight structure by Proposition Denote <I>ZK = FlK o fi*. We
will prove that for any K the family {®/} is conservative (see Theorem .

Note that Fj = F}" and ®, = ®". Also, ®X = fi. ®F is weight-exact as
composition of weight-exact functors. We recall that the functors FlK and f}'
are monoidal; hence all <I)lK also are.

2.3 Motivic "weight detection" statements

Theorem 2.3.1. Let f; : Spec(l;) — Spec(k) be a family of finite separable
extensions. Let C be the thick triangulated subcategory of DM9™(k, R) gen-
erated by M ® Spec(ls) for all M € D(S)M(k, R),—o and all s; consider the
localization functor F' : D(SYM(k,R) — D(S)M(k,R)/C. Then the family
{f#} U{F} is weight-conservative.

Proof. Recall that the Chow weight structure restricts to C' by Lemma [1.2.4]
Hence the functor F' is weight-exact with respect to the corresponding weight
structures according to Proposition We have adjunctions fis - f¥ and
f¥F fis. Note that the functors f; and fs are weight-exact. The composition
fsrfX(M) equals M ® M (Spec(l;)). Thus the statement follows from Theorem
11.4.6l O

Corollary 2.3.2. Let f, : Spec(l;) — Spec(k) be a family of finite separable
extensions. Assume that the greatest common divisor of degrees ds = [I5 : k] is
invertible in R. Then the family {f*} is weight-conservative.

Proof. Consider the transpose fI of f, given by the graph I'y. C Spec(ls) x
Spec(k) ~ Spec(k) x Spec(ls). The composite fsfl equals dsid. The greatest
common divisor of these degrees is invertible in R; hence there exist s1, ..., sy,

and ay, ..., a, such that t = 3 a;ds, is invertible in R. Let
i=1

h= i aife  M(Spec(k)) = @7 M (Spec(ls,)).
i=1

n

The composite LI, fs, oh equals Y- a;f, f1 = tid. Thus the motif M (Spec(k))

i=1
is a retract of @ ;M (Spec(ls,)). Next, M = M ® M (Spec(k)) is a retract of
M @ @ M (Spec(ls,)) = & fafr(M). Hence our statement follows from

Corollary [[.4.7] O

Let us recall some "continuity" properties of Chow weight structure (cf. §4.3
of [CiD19]).

Lemma 2.3.3. Let f : Spec(K) — Spec(k) be a separable extension of k,
and assume that K = lim k,, that is, the direct limit of some subextensions.
Then for any N € DM(k,R) we have f*(N) € DM(K,R)w>0 (f*(N) €
DM (K, R)w<o) if and only if for some s and ¢ : Spec(ks) — Spec(k) we have
g*(N) € DM(l, R)w>0 (9"(N) € DM(L, R)w<o)-

Proof. The proof is similar to that of [Bonl5, Theorem 2.3.1(V.4)]; cf. also
Lemma 2.2.4 of [BoIl5]. O
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Now we can prove an "infinite" version of Theorem [2:3.1}

Theorem 2.3.4. Let g : Spec(K) — Spec(k) be a separable extension. For
every finite non-trivial separable subextension {/k of K/k let D; be the thick
triangulated subcategory of D{S)M (k, R) generated by M ® Spec(l) for M €
D{(SYM(k, R)y=o. Consider the localization functor G; : D(S)M(k,R) —
D{(SYM(k, R)/D;. Then the family {G;} U {g*} is weight-conservative.

Proof. Let us prove that this family is right weight-conservative. It will be left
weight-conservative for the categorically dual reason.

Let N € D(S)M(k,R). Since g*(N) € D(S)M(K,R)y,>0, by Lemma
for some finite subextension f : Spec(l) — Spec(k) we have f*(N) €
D{(SYM(l, R)w>0- By Theoremthe family {Gj, f*} is right weight-conservative.
Hence N € D(SYM (k, R)w>o0- O

Next we will prove that the functors ®; from Section [2.2] form a weight-
conservative family. They are monoidal and their codomains are understandable
is some cases (see Corollarybelow). Hence they can be used for calculating
Picard groups (see [Bacl6]).

Theorem 2.3.5. The family {®X} K/i/k 15 weight-conservative, where [ runs
through subextensions of K/k. In particular the family {®,} is weight-conservative
if I runs through all separable extensions [/k.

Proof. Let us prove that this family is right weight-conservative. It will be left
weight-conservative for essentially the same reason.

Suppose that for some X € D(S)M (k, R) we have ®¥(X) € D(S)M}- (I, R)w>0
for any subextension K/I/k but X ¢ D(SYM (k,R)w>o0-

Let P be a set of subextensions K/I/k such that f(X) ¢ D(S)M(l, R)w>0-
Note that k£ € P, and therefore P is non-empty. This set is partially ordered
by inclusion. Let T' C P be a chain. We set F' = @Tl = Ujerl. By Lemma
2.3.3| we have f5(X) ¢ D(S)M(F, R)w>o; thus F € P is an upper bound for T'.
Hence by Zorn’s lemma P contains a maximal element .

Since [ is maximal, for every subextension gy : Spec(l’) — Spec(l) of
K we have g, (f (X)) = fi(X) € D(S)YM(',R)w>0. By our assumptions,
FE(f7 (X)) = B (X) € D{S)Mj (L, R)us0. The family {g}U{F/} is weight-
conservative by Theorem thus f(X) € D(S)M(l, R)>0 and we obtain
a contradiction.

O

Remark 2.3.6. By Corollary the functor ®f is zero if the extension K/I
contains a finite subextension whose degree invertible in R. In the general
case we can compute the hearts of the corresponding localizations by means of
Lemma since the functors — ® M (Spec(l)) are self-adjoint.

Corollary 2.3.7. Suppose R if of prime characteristic p, fy, : Spec(k,) —
Spec(k) is the structure morphisms. Then the functor f,jp is weight-conservative.

Proof. Let I/k be a subextension of k,/k. Suppose | # k,. Then there exists
E€ky\l. Let Q(t) =t"+t""'3,_1+--+ By € l[t] be the minimal polynomial
of £ over [. Denote k1 = k[Bo, ..., Bn-1] and ks = k1[].

k1 is a subfield of | and @ € k1[t]; thus @ is a minimal polynomial of £ over
k1. Hence [I[¢] : I] = n = [ka : k1]. Since k, is p-special, the degree [ka : k] is

13



coprime to p. Next, [ko : k] = [ko : k1][k1 : k] = [1[€] : I][k1 : k]; thus [I[¢] : {] is
coprime to p as well. Hence by Remark the functor CIDf” is zero. Thus the

only non-zero functor in the family {(I);c" } is the functor (IDkZ = f,;*p Thus f,;‘p is
weight-conservative indeed.
O

Recall also that our weight-conservative functors can be combined with the
corresponding weight complex functors.

Corollary 2.3.8. The family of functors
O =tt o ®; : D(SYM(k,R) — K*(D(S)M'(l, R)w—0o)
is weight-conservative.

Proof. The functor ¢*! is weight-conservative Proposition [1.5.1}[2)); hence the
assertion follows from Theorem immediately. O

2.4 The case of Artin motives

The category of mixed Artin motives DM A(k, R) is defined as the thick triangu-
lated subcategory of DM9™(k, R) generated by the motives of zero-dimensional
smooth k-schemes. The retraction-closure of the full subcategory of DM A(k, R)
containing the objects M (X) for smooth zero dimensional X/k is equivalent to
the category of Artin motives M A(k, R) (cf. §3.5 of [Voe0Q]), and the heart of
the Chow weight structure on DM A(k, R) equals M A(k, R).

In the notation of section 2.2 DM A(k, R) equals D(S)M (k, R), where S is
the set of all zero-dimensional smooth schemes over . Hence all the statements
of previous subsection can be applied to this setting. Denote DM A’(k,R) =
D(S)M'(k,R) and MA'(k,R) = D(S)M'(k, R)w=0. We also write DM A% (k, R)
for D(S)Mj (k, R).

In this particular case it is possible to compute the codomains of the functors
®; very explicitly (see Corollary below). More generally, one can compute

explicitly the quotient categories of the form 4; A(kf\}g?éﬁﬁépec(l). The specifics

of this answer allows to improve Theorem in this case (see Theorem [2.4.4]
below).

Proposition 2.4.1. Let Iy /k,l2/k,1/k be finite extensions (note that they are
separable). Consider the decompositions I} ® Iy = @;F; and F; ® | = @z Fys.
Then

MA(k, R) s R
NAGk R) @ M(Speoqr) (1 (pectln)), M(Spec(lz))) = & S [Fis: FJR’

Proof. First consider the case lo = k. In this situation we have F; = ;. Let
B = MA(k,R), F: B — B, be the functor F' : X — X ® Spec(l). We apply
Corollary for X = M (Spec(l1)), Y = M(Spec(l3)) = M (Spec(k)).

The module B(X, F?Y') is generated by the classes [L] of the components of
Spec(l1) xSpec(1)*2; hence ey B(X, F?Y') is generated by ey o[L]. The morphism
ey given by the diagonal A C Spec(l)*2. Hence ey o [L] is the pushforward of
Spec(L)NSpec(l;) x A € Chow(Spec(l1) x Spec(l)*?) under the projection pr :
Spec(l1) x Spec(l)*? — Spec(l;) by the definition of the category Chow(k, R)
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(see [Ful84], Chapter 16). Thus for an element u € Chow(Spec(l1) x Spec(l)*?)
given by Spec(L) N Spec(l1) x A we have ey o [L] = pri.(u). Since Spec(L)
is an irreducible component we have either v = 0 or v = [L]. If v = 0 then
ey o [L] = 0.

Otherwise Spec(L) should be in the image of diagonal embedding § : Spec(l1) x
Spec(l) — Spec(ly) x Spec()*?; thus u = 6.([Fs]) for some F;;. Hence
ey o [L] = pri.(u) = (pr1 o 6).([Fis]) = [FillFis © Fi] = [l][Fis : 1] since
pry o6 : Spec(ly) x Spec(l) — Spec(ly) is just the projection map.

In the general case we recall that the functor @ M (Spec(ly)) is self-adjoint;
thus

%(M(Spec(ll)), M (Spec(ls))) = %(M(Spec(ll 2 15)), M (Spec(k))).

Next,

D (M (Spec(F)), M(Spec(h))).

B M(Spec(ls ® 1)), M(Spec(k))) = S

FB
Hence our statement in this case follows from that in the previous one. O

Corollary 2.4.2. Suppose R is of prime characteristic p and k is p-special.
Then for any two extensions [ /k,l3/k we have

R ifli=01L=k

MA'(k, R)(M (Spec(l1)), M (Spec(l2))) = {0 otherwise

In particular if R is a field then M A’ (k, R) is equivalent to the category of finite
dimensional R-vector spaces.

Proof. If for some i we have I; # k then Spec(l;) becomes zero in M A’(k, R);
thus M A’ (k, R)(M (Spec(ly)), M (Spec(l2))) = 0.
If Iy =I5 = k then by Proposition we have
, R
MA'(k, R)(M (Spec(l1)), M (Spec(lz))) = SUHR R.

1/k
O]

Corollary 2.4.3. Suppose R is a field of characteristic p and k is p-special.
Then DM A'(k, R) ~ K°(R). Here K°(R) is a category of bounded complexes
of finite-dimensional R-vector spaces.

Proof. Tt is easily seen that Proposition 3.4.1 in [Voe00] yields that the weight
complex functor ¢ : DM A'(k, R) — K°(MA’(k, R)) is an equivalence. Next,
the category M A’(k, R) is equivalent to the category of finite-dimensional R-
vector spaces by the previous corollary. O

Now we establish an improvement of Theorem [2.3.5]

Theorem 2.4.4. Suppose k is p-special and R is of characteristic p.
Then the family {®,;} is weight-conservative, where [ runs through all finite
extensions [/k.
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Proof. We will prove that this family is right weight-conservative. It will be left
weight-conservative for essentially the same reason.

Let M be an object of DM A(k, R). It belongs to the subcategory of DM A(k, R)
generated by finitely many motives of spectra M (Spec(kq)), ..., M (Spec(k,)).
Let K be the normalization of the compositum of &y, ..., k,. Note that K/k is
finite and for any finite set of subfields Fy C K we have ®,F; C ;K = KWEI
since the extension K /k is Galois. Hence any component of ®;Fy is a subfield of
K. For a separable extension {/k denote by D; the subcategory of DM A(I, R)
generated by M (Spec(k;);) and let D] .- = FX(D;) and D] = Fy(D;). The
Chow weight structure on DM A(k, R) restricts to D; by Lemma (2.4 The
obvious localization functor G k : Dz/7 x — Dj is weight-exact with respect to
the corresponding weight structures by Proposition [1.4.1

Now recall that this functor is the identity on objects. We will prove that it
is bijective on morphisms. Since D; is generated by M (Spec(k;);), it suffices to
show that the homomorphism

g : DM Al (M (Spec(k;)1), M (Spec(k;);)) — DM A’ (M (Spec(k:);), M (Spec(k;)1))

induced by Gy k is bijective. Consider the decompositions Spec(k;); = U Spec(kiz)
and Spec(k;); = Us Spec(k;s). Then g is the direct sum of the homomorphisms

g”" : DM A% (M (Spec(kit)), M (Spec(k;s))) — DM A’ (M (Spec(kit)), M (Spec(k;s)))-

We will prove that it is bijective. Consider the decomposition k;;: ®; kjs = ©F.
Note that Spec(k;;) is a component of Spec(k;);; thus ki C k; ®j [. Similarly,
kjs C kj ® l. Hence for any r we have F,. C ki @ kjs C kj @il @1 ki @l =
kj @1l @ k;. Thus F,. embeds into K. By Proposition g>t is a direct
sum of projections of the form g5t : R/I — R/J. Here R/I and R/J are the
modules coming from the component Spec(F,.) C Spec(k;) x Spec(k;s).

Let us now describe ideals I and J explicitly. For every extension I’/ con-
sider the decomposition F, ® 1" = ®F,.,. Denote by I;: the ideal > [F,, : F.]R.
By Propositionwe have I = > Ijs, where I’ runs through all subextensions
of K/k and J =) I/, where I’ runs through all separable extensions of k.

Next let I’ be an extension of [ that does not embed into K. For any n the
field F;., an extension of !’; thus F,, does not embed into K as well. Hence
F, # F,, and the degree [F,., : F}] is divisible by p since k is p-special. Thus
[Frn @ F,JR =0 and Iy = 0. Hence I = J and g2 is bijective; thus Gy i is
fully faithful indeed. Hence G| i is an isomorphism of categories. In particular,
G,k is weight-conservative.

Now suppose ®;(M) € DMA'(k, R)w>o for every finite I/k. Since K/k is
finite, for every subextension [/k of K/k we have ®;(M) € DMA'(k, R)w>0.
Next ®;(M) = G x(®K(M)). Since Gk is weight-conservative, we have
(M) € DM A (k, R)wso. Thus M € DM A(k, R),y>0 by Theorem[2.3.5 O

Suppose k is p-special. A certain weight-conservative family ®%_ : DM A(k,Z/p) —
D(Z/p) for I running through finite (separable) extensions was defined in [Bac16]
(Section 5.2.3). Let us establish a connection between {®;} and {®}__}.

2Comparing the dimensions (over k) of left and right hand sides we obtain m = [K : k]971,
where ¢ is the number of multipliers in ®sK
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Proposition 2.4.5. Let F : K*(Z/p) — D?(Z/p) be the obvious equivalence,
and t; : DMA'(1,Z/p) — K®Z/p) be the equivalence from Corollary
Then <I>lBac = Fot o®,.

Proof. Recall that ®% (M (Spec(l))) = 0 if k # [ and ®%__(M(Spec(k))) =
Z/pl0]. ®%,. defined as the composite with base change DM A(k,Z/p) —
DMA(L,Z/p) — D(Z/p)~

Since ®; and ® Bac defined as the corresponding composites with base change
functors, it sufficient to verify that ®*% Tae = Fotyo®y,. For every extension I /k we
have @%ac( (Spec(l))) = 0. Therefore for any element X € DM A(k,Z/p)w=o0
we have ®%_ (X @ M(Spec(l))) = 0. Thus by the universal property of local-
izations (we recall that @y, is the Verdier quotient functor) there exists an exact
functor T : DM A'(k,Z/p) — D(Z/p) such that ®% = T o ®;. We should
prove that T = F o tg.

The equivalence DM A’ (k, R) ~ K°(Z/p) implies that DM A’(k, R) gener-
ated by Spec(k)[j] as additive category and DM A’ (k, R)(Spec(k)[i], Spec(k)[j]) =
0ifi # j. Therefore it suffices to verify that T'(M (Spec(k))) = F(tp(M (Spec(k))))
(since both functors are exact) and that T'(¢p) = F(tx(¢)) for any ¢ € DM A’ (k, R)(Spec(k)[i], Spec(k)[4])-

Now, we have T'(M (Spec(k))) = To®y (M (Spec(k))) = ®%_ (M (Spec(k))) =
Z/pl0]. Next it’s easily seen that t¢;(M (Spec(k))) = 7Z/p|0] and therefore
F(tx(M(Spec(k)))) = F(Z/pl0]) = Z/p[0] = T(M (Spec(k))).

Next let ¢ € DM A’ (k, R)(Spec(k)[i], Spec(k)[j]). If i # j then ¢ =
T(¢) =0 = F(tr(¢)). Ifi = j then ¢ = aid since DM A’(k, R)(Spec(k)[i ] ( )i =
Z/p. Therefore T(¢) = aid = F(tx()). O
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