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Abstract

Let R be a regular local ring, containing a finite field. Let G be a reductive
group scheme over R. We prove that a principal G-bundle over R is trivial, if it is
trivial over the fraction field of R. In other words, if K is the fraction field of R,
then the map of non-abelian cohomology pointed sets

Hélt(R’ G) - Hélt(K’ G)’

induced by the inclusion of R into K, has a trivial kernel. If the regular local ring
R contains an infinite field this result is proved in [FP]. Thus the conjecture holds
for regular local rings containing a field.

1 Main results

Let R be a commutative unital ring. Recall that an R-group scheme G is called reductive,
if it is affine and smooth as an R-scheme and if, moreover, for each algebraically closed
field 2 and for each ring homomorphism R — €2 the scalar extension Gg is a connected
reductive algebraic group over 2. This definition of a reductive R-group scheme coincides
with [SGA3, Exp. XIX, Definition 2.7]. A well-known conjecture due to J.-P. Serre and
A. Grothendieck (see [Se, Remarque, p.31], [Grl, Remarque 3, p.26-27], and [Gr2, Re-
marque 1.11.a]) asserts that given a regular local ring R and its field of fractions K and
given a reductive group scheme G over R, the map

Hy (R, G) = Hy (K, G),

induced by the inclusion of R into K, has a trivial kernel. The following theorem, which
is the main result of the present paper, asserts that this conjecture holds, provided that

R contains a finite field. If R contains an infinite field, then the conjecture is proved in
[FP].

*The author acknowledges support of the RNF-grant 14-11-00456.



Theorem 1.1. Let R be a reqular semi-local domain containing a finite field, and let
K be its field of fractions. Let G be a reductive group scheme over R. Then the map

Hét<R7 G) — H;t(Ka G)7

induced by the inclusion of R into K, has a trivial kernel. In other words, under the above
assumptions on R and G, each principal G-bundle over R having a K-rational point s
trivial.

Theorem 1.1 has the following
Corollary 1.2. Under the hypothesis of Theorem 1.1, the map

Hét<R7 G) — H;t(Ka G)7

induced by the inclusion of R into K, is injective. FEquivalently, if G1 and G are two
principal bundles isomorphic over SpecK , then they are isomorphic.

Proof. Let G; and Gy be two principal G-bundles isomorphic over Spec K. Let Iso(91, G2)
be the scheme of isomorphisms. This scheme is a principal AutGs-bundle. By Theorem 1.1
it is trivial, and we see that G; = Gs. O

Note that, while Theorem 1.1 was previously known for reductive group schemes G
coming from the ground field (an unpublished result due to O.Gabber), in many cases the
corollary is a new result even for such group schemes.

For a scheme U we denote by A}, the affine line over U and by P}, the projective line
over U. Let T be a U-scheme. By a principal G-bundle over T" we understand a principal
G Xy T-bundle. We refer to [SGA3, Exp. XXIV, Sect. 5.3] for the definitions of a simple
simply-connected group scheme over a scheme and a semi-simple simply-connected group
scheme over a scheme.

In Section 2 we deduce Theorem 1.1 from the following three results.

Theorem 1.3. Let k be a field. Let O be the semi-local ring of finitely many closed
points on a k-smooth irreducible affine k-variety X and let K be its field of fractions.
Let G be a simple simply connected group scheme over O. Let G be a reductive group
scheme over O. Let G be a principal G-bundle over O which is trivial over K. Then there
ezists a principal G-bundle Gy over O[t] and a monic polynomial h(t) € O[t] such that
(i) the G-bundle G, is trivial over Olt],
(i) the evaluation of Gy at t = 0 coincides with the original G-bundle §.

If the field k is infinite this result is proved in [PSV, Thm.1.2].

Theorem 1.4. Let k be a field. Let O be the semi-local ring of finitely many closed
points on a k-smooth irreducible affine k-variety X. Set U = SpecO. Let G be a
simple simply-connected group scheme over U. Let &, be a principal G-bundle over
the affine line A}, = SpecO[t], and let h(t) € O[t] be a monic polynomial. Denote by
(A})n the open subscheme in A}, given by h(t) # 0 and assume that the restriction of
& to (AL)n 1s a trivial principal G-bundle. Then for each section s : U — A}, of the
projection A}, — U the G-bundle s*&; over U is trivial.



If the field k& is infinite this result is proved in [FP, Thm.2].

Theorem 1.5. Let k be a field. Assume that for any irreducible k-smooth affine variety
X and any finite family of its closed points x1,xo,...,x, and the semi-local k-algebra
O = Ox 4, 29,..5. and all semi-simple simply connected reductive O-group schemes H the

pointed set map
Hélt<o7 H) - He1t<k<X)7 H)7

induced by the inclusion of O into its fraction field k(X), has trivial kernel.
Then for any regular semi-local domain O of the form Ox uy 4s...2, above and any
reductive O-group scheme G the pointed set map

.....

Hé1t<ov G) — Hélt(Ka G)7
induced by the inclusion of O into its fraction field K, has trivial kernel.

Theorem 1.4 is an easy consequence of Theorem 1.6 proven in section 3 and of Propo-
sition 4.2 proven in section 4.

Theorem 1.6. Let k be a finite field. Let R, U, and G be as in Theorem 1.4. Let
Z C P}, be a closed subscheme finite over U. Let Y C Py, be a closed subscheme finite
and étale over U and such that

(i) Gy == G xy Y is quasi-split,

(i) YNZ=0and Y N{occ} xU =0=2ZnN{oo} xU,

(iii) for any closed point u € U one has Pic(P: —Y,) =0, where Y, :=P.NY.

Let G be a principal G-bundle over P}, such that its restriction to Py, — Z is trivial. Then
the restriction of G to IP’%] — Y s also trivial.

In particular, the principal G-bundle G is trivial locally for the Zarisky topology.

If the field k is infinite then a stronger result is proved in [FP, Thm.3]. Proof of
Theorem 1.3 is given in Section 5. Proof of Theorem 1.5 is given in Section 8.

The article is organized as follows. In Section 2 Theorem 1.1 is reduced to Theorems 1.4
and 1.3. In Section 4 Theorem 1.4 is proved. In Section 5 two major technical theorems
(Theorems 5.1 and 5.2) are stated and Theorem 1.3 is reduced to those two theorems. In
Section 6 a purity theorem is stated and it is reduced to Theorem 5.2. In Section 7 one
more purity theorem is stated and it is reduced to Theorem 5.2. In Section 8 Theorem 1.5
is reduced to Theorem 5.2. The strategy of the proof of Theorems 5.1 and 5.2 is described
in Section 9. Theorems 5.1 and 5.2 are proved in Section 15 after preliminary work which
is done in Sections 10 to 14. Finally, in Sections 16 to 18 few technical results are proved.
We refer to those results reducing Theorems 6.1 and 1.5 to Theorem 5.2.

The history of the topic is described in [FP].

The author thanks J.-P.Serre, A.Suslin, A.Merkurjev, V.Chernousov, J.-L.Colliot-
The'l‘ene, Ph.Gille, R.Parimala, A.Stavrova, B.Totaro, C.Voisin, R.Fedorov and many
other mathematicians for their interest to the topic of the present article. I would like to
thank A.Stavrova for drawing my attention to B.Poonen’s works on Bertini theorems for
varieties over finite fields.



2 Reducing Theorem 1.1 to Theorems 1.3, 1.4, 1.5.

If the regular semi-local domain contains an infinite field, then such a reduction is given
in details in [FP, Section 3]. This is why we give here just a short sketch of the reduction.
So, suppose that Theorems 1.3, 1.4 and 1.5 are true.

Theorems 1.4 and 1.3 yield Theorem 1.1 in the simple simply-connected case, when
the ring R is the semi-local ring of finitely many closed points on a k-smooth variety (the
field k is finite). Indeed, let k be a field and let O, G and G be as in Theorem 1.3. Assume
additionally that the group scheme G is simple and simply-connected. Take G; from the
conclusion of Theorem 1.3 for the bundle &; from Theorem 1.4. Then take h(t) from the
conclusion of Theorem 1.3 for the bundle €; from Theorem1.4. Finally take the inclusion
ip : U — U x A! for the section s from the Theorem 1.4. Theorem 1.4 with this choice of
&+, h(t) and s yields triviality of the G bundle § from Theorem 1.3.

Now standard arguments (see for instance [PSV, Thm.11.1]) show that Theorem 1.1
holds for the ring R as above in this section and for arbitrary semi-simple and simply-
connected group scheme G over R. (Note that to use those arguments it is necessary to
work with semi-local rings).

Now Theorem 1.5 yields Theorem 1.1 for the ring R as above in this section and for
arbitrary reductive group scheme G over R.

This latter case implies easily Theorem 1.1 for arbitrary reductive group scheme over
a ring R, where R is the semi-local ring of finitely many arbitrary points on a k-smooth
irreducible affine k-variety (see [FP, Lemma 3.3]). Auguments using Popescu’s Theorem
completes the proof of Theorem 1.1 (see [FP, Proof of Theorem 1]). Those arguments
runs now easier since Theorem 1.1 is established already for semi-local rings of finitely
many arbitrary points on a k-smooth variety (with a finite field k).

3 Proof of Theorem 1.6

Proof. Let Y be a semi-local scheme. We will call a simple Y’-group scheme quasi-
split if its restriction to each connected component of Y’ contains a Borel subgroup
scheme. Let Y be a semi-local scheme. We will call a simple Y-group scheme isotropic,
if its restriction to each connected component of Y contains a proper parabolic subgroup
scheme.

Since Gy := G Xy Y is quasi-split it is isotropic. For any of the closed point u € U
the residue field k(u) is a finite field. Hence the reductive k(u)-group G, = G Xy u is
quasi-split. Thus it is isotropic. The finite étale U-scheme Y does not satisfy (in general)
the condition that for any of the closed point w € U there is a k(u)-rational point as
required by the assuptions of [FP, Thm.3]. However for any of the closed point u € U
one has Pic(PL—Y,) =0, where Y,, :== P. NY. The G,-bundle G, is trivial over AL —Z,,.
Thus, by [Gill, Corollary 3.10(a)] it is trivial locally for Zariski topology on PL. And
again by [Gill, Corollary 3.10(a)], it is trivial over P —Y,. Now one can repeat literally
the proof of [FP, Thm.3] and conclude Theorem 1.6.

O



4 Proof of Theorem 1.4.

Theorem 1.4 in the case of an infinite field & is proved in [FP, Thm.2]. So, we prove the
remaining case, when the field k is finite.

Let k, U and G be as in Theorem 1.4 and let the field k be finite. Let uq, ..., u, be all
the closed points of U. Let k(u;) be the residue field of w;. Consider the reduced closed
subscheme u of U, whose points are uq, ..., u,. Thus

u = H Spec k(u;).

Set Gy = G xyu. By G, we denote the fiber of G over w;; it is a simple simply-connected
algebraic group over k(u;). The following lemma is a simple version of Lemma 13.4.

Lemma 4.1. Let S = Spec(A) be a regular semi-local scheme such that the residue
field at any of its closed point is finite. Let T be a closed subscheme of S. Let
W be a closed subscheme of the projective space P%. Assume that over T there exists a
section 6 : T — W of the projection W — S. Suppose further that W is S-smooth and
equidimensional over S of relative dimension r. Then there exists a closed subscheme S
of W which is finite étale over S and contains 6(T).

Proof. Since S is semilocal, after a linear change of coordinates we may assume that o
maps 7' into the closed subscheme of P% defined by X; = --- = Xy = 0. For each closed
fibre P? of P4 using repeatedly [Poo, Thm.1.2], we can choose a family of homogeneous
polynomials Hi(s),..., H.(s) (in general of increasing degrees) such that the subscheme
Y (s) of P4(s) defined by the equations

Hi(s)=0,...,H.(s)=0
intersects W (s) transversally and contains the point [1 : 0 : -+ : 0]. By the chinese
remainders’ theorem there exists a common lift H; € A[X,,..., X ] of all polynomials

H;(s), s € Max(A). We may choose this common lift H; such that H;(1,0,...,0) = 0.
Let V be the closed subscheme of P defined by

H,=0,....H =0.

We claim that the subscheme S =V N X has the required properties. Note first that
X NV is finite over S. In fact, X NV is projective over S and every closed fibre (hence
every fibre) is finite. Since the closed fibres of X NV are finite étale over the closed points
of S, to show that X NV is finite étale over S it only remains to show that it is flat over
S. Noting that X NV is defined in every closed fibre by a regular sequence of equations
and localizing at each closed point of S, we see that flatness follows from [OP2, Lemma
7.3].
O



Proposition 4.2. Let Z C A}, be a closed subscheme finite over U. There is a closed
subscheme Y C A}, which is étale and finite over U and such that

(i) Gy == G xy Y is quasi-split,

(ii)) Y N Z =10,

(1ii) for any closed point u € U one has Pic(PL —Y,) =0, where Y, :=P. NY.

(Note that Y and Z are closed in P}, since they are finite over U).

Proof. For every u; in u choose a Borel subgroup B,, in G,,,. The latter is possible since
the fields k(u;) are finite. Let B be the U-scheme of Borel subgroup schemes of G. It is
a smooth projective U-scheme (see [SGA3, Cor. 3.5, Exp. XXVI]). The subgroup B,, in
G, is a k(u;)-rational point b; in the fibre of B over the point w;. Now apply Lemma
4.1 to the scheme U for S, the scheme u for T', the scheme B for W and to a section
0 : u — B, which takes the point u; to the point b; € B. Since the scheme B is U-smooth
and is equidimensional over S we are under the assumption of Lemma 4.1. Hence there
is a closed subscheme Y’ of B such that Y’ is étale over U and all the b;’s are in Y
To continue the proof of the Proposition we need the following

Lemma 4.3. Let U be as in the Proposition. Let Z C A}, be a closed subscheme finite
over U. Let Y' — U be a finite étale morphism such that for any closed point u; in
U the fibre Y, of Y’ over u; contains a k(u;)-rational point. Then there are finite field
extensions ki and ko of the finite field k such that

(i) the degrees [ky : k] and [ky : k| are coprime,

(i) k(u;) @k ky is a field forr =1 and r = 2,

(iii) the degrees [ky : k] and [k : k] are strictly greater than any of the degrees [k(z) : k| ,
where z runs over all closed points of Z,

(iv) there is a closed embedding of U-schemes Y" = ((Y' @y k1) [1(Y' @y ko)) = AL,

(v) for Y =i(Y") one has Y N Z = (),

(vi) for any closed point u; in U one has Pic(P, —Y,,)=0.

To prove this Lemma note that it’s easy to find field extensions k; and ko subjecting
(i) to (iii). To satisfy (iv) it suffices to require that for any closed point u; in U and for
r = 1 and r = 2 the number of closed points in Ylji Qi k, 1s the same as the number of
closed points in Y , and to require that for any integer n > 0 and any closed point u; in
U the number of points y € Y, with [k(y) : k(u;)] = n is not more than the number of
points x € A} with [k(z) : k(u;)] = n. Clearly, these requirements can be satisfied, which
proves the item (iv).

The condition (v) holds for any closed U-embedding i : Y < A}; from item (iv), since
the property (iii). The condition (vi) holds since the property (i).

Now complete the proof of Proposition 4.2. Take the U-scheme Y’ C B as in the
beginning of the proof. This U-scheme Y’ satisfies the assumption of Lemma 4.3. Take
the closed subscheme Y of A as in the item (v) of the Lemma. For this Y the conditions
(ii) and (iii) of the Proposition are obviously satisfied. The condition (i) is satisfied too,
since already it is satisfied for the U-scheme Y. The Proposition follows.

O



Proof of Theorem 1.4. Set Z :={h =0} Us(U) C A};. Clearly, Z is finite over U. Since
the principal G-bundle &, is trivial over (Af;)y, it is trivial over Aj; —Z. Note that {h = 0}
is closed in P}, and finite over U because h is monic. Further, s(U) is also closed in P},
and finite over U because it is a zero set of a degree one monic polynomial. Thus Z C P},
is closed and finite over U.

Since the principal G-bundle &, is trivial over (A};);, and G-bundles can be glued in
Zariski topology, there exists a principal G-bundle G over Pf; such that

(i) its restriction to A}, coincides with &;;

(ii) its restriction to P}, — Z is trivial.

Now choose Y in A}, as in Proposition 4.2. Clearly, Y is finite étale over U and
closed in P};. Moreover, Y N{ooc} x U =0 = ZN{ooc} x U and Y N Z = (). Applying
Theorem 1.6 with this choice of Y and Z, we see that the restriction of G to IP’%] —Yisa
trivial G-bundle. Since s(U) is in Aj; — Y and G| coincides with &;, we conclude that
s*&; is a trivial principal G-bundle over U. O

5 Reducing Theorem 1.3 to Theorems 5.1 and 5.2

Theorem 5.1 is a purely geometric one. Theorem 5.2 contains additionally group scheme
data in its condition and contains additional equating results concerning those group
scheme data in its conclusion. Reducing Theorem 1.5 to Theorem 5.2 is in Section 8. Let

k be a field.

Theorem 5.1. Let X be an affine k-smooth irreducible k-variety, and let xq,xs,..., T,

-----

vanishing at each the point x; there is a diagram of the form

Al x U <2 X——=X (1)
pry quBA can
U

with an irreducible scheme X, a smooth morphism qu, a finite surjective morphism o and
an essentially smooth morphism qx, and a function f' € q%(f )k[X], which enjoys the
following properties:

(a) if Z' is a closed subscheme of X defined by the principal ideal (f'), the morphism
oly 1 Z— A x U is a closed embedding and the morphism qu |y : Z' — U is finite;

(@) quo A =idy and qgx o A =can and o o A = iy;

(c
(d) Do :=0"1({0} x U) = A(U) ] Diy scheme theoretically and Dy Z' = ;

)

(b) o is étale in a neighborhood of Z''U A(U);
) o Y o(Z) = Z' ] 2" scheme theoretically and Z"' N A(U) = (;
)



(e) for Dy =0 ({1} x U) one has D1 NZ =0.
(f) there is a monic polinomial h € O[t] such that (h) = Ker|O[t] oo, (X, 0x)/(f)]-

Theorem 5.2. Let X, {x1,22,...,2,} C X, U = Spec(Ox (2, 2,...0n}), and f € k[X] be
as in Theorem 5.1. Let G be a reductive X -group scheme and Gy := can*(G). Let C be
an X-tori and Cy := can*(C). Let p: G — C be an X-group scheme morphism smooth
as a scheme morphism. Let py = can*(p) : Gy — Cy.

Then there exists a diagram of the form (1) with an irreducible scheme X, a smooth
morphism qu, a finite surjective morphism o and an essentially smooth morphism qx,
and a function ' € g% (f )k[X], which enjoys the conditions (a) to (f) from Theorem 5.1,
and additionally there are X-group scheme isomorphisms

®:qp(Gu) = ¢x(G) and ¥V q;(Cy) = ¢x(C)
such that A*(®) = idg,, A (V) =idc, and ¢x(p) o ® =V o g ().

The proof of these two theorems we postpone till Section 15. Right now we formulate
its first consequence (see Corollary 5.3). To do that note that using the items (b) and (c)
of Theorem 5.1 one can find an element g € I(Z") such that

(1) (f) + (9) = T'(X, Ox),
(2) Ker((A)7) + (9) = T'(X, Ox),
(3) 04y = 0lx, : Xy — A} is étale.

Corollary 5.3 (Corollary of Theorem 5.1). The function f" from Theorem 5.1, the poli-
nomial h from the item (f) of that Theorem, the morphism o : X — A}, and the function
g € T'(X, Ox) defined just above enjoy the following properties:

(i) the morphism o4 = olx, : Xy — At x U is étale,

(ii) data (O[t], 0 : O[t] — (X, Ox)y, h) satisfies the hypotheses of [C-T/O, Prop.2.6],

i.e. T(X, (")xgg is a finitely generated as the Ot]-algebra, the element (o4)*(h) is not
a zero-divisor in I'(X, Ox), and O[t]/(h) = I'(X, Ox),/hI'(X, Ox), .

(iil) (A(U)UZ)Cc X, andogoA=1iy:U — A x U,

(iv) Xgn € Xgpr € Xpr € Xy

(v) O[t]/(h) = T(X, 0x)/(f') and hT'(X, Ox) = (f")NI(Z") and (f')+1(Z") = I'(X, Ox).

The same properties holds for the function f' from Theorem 5.2, the polinomial h from
the item (f ) of that Theorem, the morphism o : X — A}, and the function g € T(X, Oy)
defined just above.

Before proving this Corollary let us make one remark



Remark 5.4. The item (ii) of this corollary shows that the cartesian square

xyh L xg (2)

(Al x U), — 2~ Al x U

can be used to glue principal G-bundles for a reductive U-group scheme G. The items (i)
and (ii) show that the square (2) is an elementary distinguished square in the category
of smooth U-schemes in the sense of [MV, Defn.3.1.3]. The item (iv) guaranties that
a principal G-bundle on X, which is trivial being restricted to Xg: (s is trivial being
restricted to Xgp,.

Proof of Corollary 5.5. We will use notation from Theorem 5.1. Since X is a regular affine
irreducible and o : X — A}, is finite surjective the induced O-algebra homomorphism
o* : Oft] — T'(X, Ox) is a monomorphism. We will regard below the O-algebra O[t] as a
subalgebra via o*.

The assertions (i) and (iii) of the Corollary hold by our choice of g. The assertion
(iv) holds, since ¢*(h) is in the principal ideal (f’) (use the properties (a) and ( f) from
Theorem 5.1). It remains to prove the assertion (ii). The morphism o is finite. Hence
the O[t]-algebra I'(X, Ox), is finitely generated. The scheme X is regular and irreducible.
Thus, the ring I'(X, Ox) is a domain. The homomorphism ¢* is injective. Hence, the
element h is not zero and is not a zero divisor in I'(X, Ox),.

It remains to check that O[t]/(h) = I'(X, Ox),/hI'(X, Ox),. Firstly, by the choice of h
and by the item (a) of Theorem 5.1 one has O[t]/(h) = T'(X, Ox)/(f"). Secondly, by the
property (1) of the element g one has I'(X, Ox)/(f') = I'(X, Ox),/f'T(X, Ox),. Finally,
by the items (c) and (a) of Theorem 5.1 one has

L', 0x)/(f") x T(X, 0x)/1(2") = T'(X, Ox)/ (h). (3)
Localizing both sides of (3) in g one gets an equality
F(xa Ox)g/flr(xv Ox)g - P(xv Ox)g/hr(xa Ox)g?

hence O[t]/(h) = T'(X, Ox)/(f") = T(X, Ox),/f'T(X, Ox)y = T'(X, Ox),/hT (X, Ox),.
Whence the Corollary.
O

Reducing Theorem 1.3 to Theorem 5.2. The k-algebra O is of the form Ox (4 20,00}
where X is a k-smooth irreducible affine variety. We may and will assume in this proof
that the reductive group scheme G and the principal G-bundle G are both defined over
the variety X. Futhermore we may and will assume that there is given a non-zero func-
tion f € k[X] such that the G-bundle § is trivial on X¢ and the function f vanishes at
each point z; in {z1,29,...,2,}. By Theorem 5.2 there is a diagram of the form (1)
enjoying the properties (a) to (f) from Theorem 5.1. Moreover there is a X-group scheme



isomorphisms @ : ¢f;,(Gy) — ¢%(G) such that A*(®) = idg,. Let f', h, o and g be as in
Corollary 5.3.

Given a G-bundle § over X, which is trivial on X; take its pull-back ¢% (9) to X. Using
the isomorphism ® we may and will regard the ¢% (G)-bundle ¢%(9) as a ¢j;(Gy)-bundle,
t.e. as a Gy-bundle. We will denote that Gy-bundle by ,¢%(9).

The ¢%(G)-bundle g% (9) is trivial on Xy r). Thus the Gy-bundle ,¢%(9) is trivial on
Xy (- By the property (iv) of the Corollary 5.3 it is also trivial on Xgp.

Take a trivial Gy-bundle over (Aj), and glue it with the Gy-bundle ,,¢%(9)|x, patch-
ing over Xy, (it can be done due to Remark 5.4). We get a Gy-bundle §; over A}, which
has particularly the following properties:

(a) the restriction of G; to (A}), is trivial (by the construction);

(b) the Gy-bundle o7(5;) is isomorphic to the Gy-bundle g% (9)|x, -

It remains to check that the restriction of the Gy-bundle G; to 0 x U is isomorphic to the
Gy-bundle can*(G). To do that note that the equalities gy o A = idy and gx o A = can
yield the equalities

Gy = A%(¢x(G)) and can”(§) = A%(¢x(9))-

There are two interesting Gy-bundles over U. Namely, the Gy-bundle can*(G) = A*(¢%(9))
and the Gy-bundle A*(,¢%(9)). They coincide since A*(®) = idg,,. Thus

can™(9) = A*(,qx(9)) = A"(0,(S)) = Geloxu-

The middle isomorphism is well-defined by the property (iii) of Corollary 5.3. The latter
equality holds also by the property (iii) of Corollary 5.3. Whence the Theorem 1.3.
O

Remark 5.5. Here is the motivic view point on the above arguments (in the constant
case). The distinguished elementary square (2) defines a motivic space isomorphism
X, /Xgn <= AL /(A xU);, (just a Nisnevich sheaf isomorphism), hence there is a composite
morphism of motivic spaces of the form

o ALJ(AY X U)y T Xy /Xgn — Xy /Xy 0 = X/ X

Let ip : 0 x U — A};/(A};)n be the natural morphism. By the properties (a’) and (d)
from Theorem 5.1 the morphism ¢ o iy equals to the one

U“ x5 X)X,

where p : X — X/X; is the canonical morphisms.

Now assume that Gy is a reductive group scheme over the field k. A Gy-bundle over
X, trivialized on Xy, is ”classified” by a morphism p : X/ Xy — (BGg)e in an appropriate
category. Thus the morphism p o ¢ ”classifies” a Gg-bundle §; over A}, trivialized on
(A{)n. The equality ¢ oig = p o can shows that the Go-bundles G;|oxrr and can*(§) are
isomorphic. This "proves” Theorem 1.3 in the constant case.

10



6 A purity theorem

Let k£ be a field.

Theorem 6.1. Let O be the semi-local ring of finitely many closed points on a k-smooth
irreducible affine k-variety X. Let K = k(X). Let

w:G—C

be a smooth O-morphism of reductive O-group schemes, with a torus C. Suppose addi-
tionally that the kernel of p is a reductive O-group scheme. Then the following sequence

{1} = C(0)/n(G(0)) = CUK)/mG(K)) == D C(K)/[C(0y) - p(G(K))] - {1}
p
(4)

is ezact in the middle term, where p runs over the height 1 primes of O and res, is the
natural map (the projection to the factor group).

Remark 6.2. After the proof of Theorem 1.1 will be completed it will have the following
corollary: the sequence (4) is exact. In fact, the exactness at the lefthand side term is a
direct consequence Theorem 1.1. The exactness at the righthand side term is proved in

[C-T/S].

Definition 6.3. Let a € C(k(X)). Its class a € C(k(X)) := C(K)/u(G(K)) is called
unramified at a height 1 prime ideal p of k[X], if the element a is in the image of the
group C(0,). Let S C k[X] be a multiplicative system The class a € C(k(X)) is called
k[X|s -unramified, if it is unramified at any codimension one prime ideal of k[X]s.

The following lemma is obvious.

Lemma 6.4. Let ¢ : Y — X be a smooth morphism of smooth irreducible affine k-
varieties. This morphism induces an obvious map @* : C(k(X)) — C(k(Y)), which takes
X -unramified elements to Y -unramified elements. If S C k[Y] be a multiplicative system,
then the homomorphism @* takes X -unramified elements to k[Y]s -unramified elements.

Reducing Theorem 6.1 to Theorem 5.2. Assume firstly that p is ”constant”, i.e there are
a reductive group Gy, a torus Cy over the field k£ and an algebraic k-group morphism
and U-group schemes isomorphisms

D : G07U = G(] X Spec(k) U—G and V: CO,U = Co X Spec(k) U— C

such that W o oy = ppo ®.

Let ax € C(k(X)) be such that its class in C(K) is O-unramified. Then there is a
non-zero function f € k[X] such that the element ay is defined over Xy, that is there is
given an element a € C(k[X]) for a non-zero function f € k[X] such that the image of
a in C(K) coincides with the element ay. Shrinking X we may assume further that f
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vanishes at each z;’s and the k-algebra k[X]/(f) is reduced. Shrinking X once again
we may and will assume also that a € C(k[X];) is k[X]-unramified. By Theorem 5.1
there is a diagram of the form (1) together with with the scheme X, the morphisms gy,
o and ¢y, and the function f’ € ¢%(f )k[X], which enjoys the properties (a) to (f) from
that Theorem. From now on and till the end of this proof we will use the notation from
Theorem 5.1.

The morphism o from that theorem is finite surjective and the schemes A}, and X are
regular. Thus by a theorem of Grothendieck [E] the morphism ¢ is flat and finite. Thus
any base change of ¢ is finite and flat. Set a := gj(a) € C(Xy) where gy : Xy — X is the
restriction of f to X and set

ay = No,ju(alp,) - Noyju(alo) ™ € C(U). (5)

Claim 6.5. Let ny : Spec(k(X)) — Spec(O) = U and n : Spec(k(X)) — Xy be the
generic points of U and X; respectively. Then nj;(day) = n*(a) € C(k(X)).

Since n*(a) = ag, this Claim completes the proof of Theorem 6.1 in the constant
case. To prove the Claim consider the scheme X and its closed and open subschemes
as U-schemes via the morphism ¢y. Set K = k(X). Taking the base change of X,
A}, and o via the morphism 7y : Spec(K) — U we get a morphism of the K-shemes
Al &5 Xg. Recall that the class @ € C(X;) is X-unramified. By Lemma 6.4 the
class @ € C(Xy) is X-unramified. Hence its image ax in C(K(Xf)) is Xg-unramified
too. The item (v) of Corollary 5.3 and Lemma 17.4 show that for the element g, :=
Ni @k ar)(ax) € C(K(1)) the class 3, € C(K(t))is Ak-unramified. By Theorem 18.4

the class (; is constant, t.e. it comes from the field K. By Corollary 18.5 its specializations
at the K-points 0 and 1 of the affine line A} coincide: so(5;) = s1(3;) € C(K). The
properties (d),(c) and (e) and the equality gx o A = can from Theorem 5.1 show that
D1k, Do i A(Spec(K)) C (Xy) k. Thus there is a Zariski open neighborhood V' of the K-
points 0 and 1 in A} such that W := (ox) "' (V) C (Xy)k. Hence for By := Ny v (alw),
one has the equality By = f; in C(K(t)). Thus one has equalities

B(1) = s1(B:) = s0(B) = B(0)

(see the remark at the end of Definition 18.1). By the properties ('), (ii') and (i) of
the norm maps (see Section 16) one has equalities

Np, /x(alp, ) = B(1) and B(0) = Nog /x(@]p, ) = Noy  src(@lpy ) - Afe (o)
By the base change property of the norm maps one has the equality
i (av) = No, e /x(@lp, ) - [Noy g(aloy )7
Hence A% (ag) = nj;(ay) in C(k(X)). Finally, the composite map Spec(K) 2x, (Xf)k —

Xy 2, X; coincides with the canonical map 7 : Spec(K) — X;. Hence A% (ax) = n*(a),
which proves the Claim. Whence the Theorem 6.1 in the constant case.
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In the general case there are two functors on the category of X-schemes. Namely,
C and yC. If r : Y — X is a scheme morphism, then C(Y) := C(Y)/(u(G(Y))) and
vC(Y) == vCY)/(u(yG(Y))). Here Y is regarded as an X-scheme via the morphism
gx o r and is regarded as an U-scheme via the morphism ¢y o r. The X-group scheme
isomorphisms ® and ¥ from Theorem 5.2 induce a group isomorphism

Wy yC(Y) = C(Y),

which respect to X-schemes morphisms. Moreover, if the scheme U is regarded as an
X-scheme via the morphism A, then the isomorphism Wy is the identity. And similarly
for any U-scheme g : W — U regarded as an X-scheme via the morphism A o g the the
isomorphism Wy is the identity.

Set a := gj(a) € C(Xy) where gf : Xy — X; is above in this proof. Let ,a € yC(X)
be a unique element such that Uy (,a) = a. Set

va:= Noyo((,0)ln,) - Noyyo((,@)loy) ™ € ,C(U) and ay := y(,a) € C(U)  (6)

We left to the reader to proof the following Claim

Claim 6.6. Let ny : Spec(k(X)) — Spec(0) = U and n : Spec(k(X)) — Xy be as above
in this proof. Then B
ni(av) = n"(a) € C(k(X))
Since n*(a) = ag, this Claim completes the reduction of Theorem 6.1 to Theorem 5.2.

0

7 One more purity theorem

In this section we reduce another purity theorem for reductive group schemes to Theorem
5.2. Let k, O and K be as in Theorem 6.1. Let G be a semi-simple O-group scheme.
Let ¢ : Z — G be a closed subgroup scheme of the center Cent(G). It is known that
Z is of multiplicative type. Let G’ = G/Z be the factor group, 7 : G — G’ be the
projection. It is known that 7 is finite surjective and strictly flat. Thus the sequence of
O-group schemes

(1} 525656 — {1} (7)

induces an exact sequence of group sheaves in fppt-topology. Thus for every O-algebra R
the sequence (7) gives rise to a boundary operator

Ser: G'(R) — H

fppt

(R, Z) (8)
One can check that it is a group homomorphism (compare [Se, Ch.II, §5.6, Cor.2]). Set
F(R) = Hpyp (R, Z) / Im (65, )- (9)

Clearly we get a functor on the category of O-algebras.
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Theorem 7.1. Let O be the semi-local ring of finitely many closed points on a k-smooth
irreducible affine k-variety X. Let G be a semi-simple O-group scheme. Let i : 7Z — G
be a closed subgroup scheme of the center Cent(G). Let F be the functor on the category
O-algebras given by (9). Then the sequence

F(O) = F(K) =2 @sr )/ Im[F(0,) — F(K)] (10)

is exact, where p runs over the height 1 primes of O and can, is the natural map (the
projection to the factor group).

Reducing Theorem 7.1 to Theorem 5.2. The group Z is of multiplicative type. So we
can find a finite étale O-algebra A and a closed embedding Z < Ra/0(Gyy, 4) into the
permutation torus T = Ra/0(Gy,, 4). Let Gt = (G x T")/Z and T = T /Z, where Z
is embedded in G x T diagonally. Clearly G*/G = T. Consider a commutative diagram

{1 {1}

y ad l
G ——G
s T+

j+

{1
with exact rows and columns. By the known fact (see Lemma 8.1) and Hilbert 90 for the

semi-local O-algebra A one has Hi, (0, T) = Hi (0, T") = Hi (A, Gy a) = {*}. So, the

latter diagram gives rise to a commutative diagram of pointed sets

prpt(o G/) prpt(o G/)

T xt
wh R A T
GH(0) L0 T(0) —2 HL,, (0, G) 2= Hi,L, (0,GF)
iiT idT ix iiT
TH(0) L= T(0) —2 H,, (0, Z2) ——— {}

Ox

a'(0)



with exact rows and columns. It follows that 7 has trivial kernel and one has a chain of
group isomorphisms

Hippt (0, Z) [ Im(0r,0) = ker(m.) = ker(j;) = T(0)/u* (G*(0)).

Clearly these isomorphisms respect O-homomorphisms of semi-local O-algebras.

The morphism ™ : Gt — T is a smooth O-morphism of reductive O-group schemes,
with the torus T'. The kernel ker(u™) is equal to G and G is a reductive O-group scheme.
Now by Theorem 6.1 the sequence (4) is exact. Thus the sequence (10) is exact too.

O

8 Reducing Theorem 1.5 to Theorem 5.2

Reducing the semi-simple case of Theorem 1.5 to Theorem 5.2. Let O and G be the same
as in Theorem 1.5 and assume additionally that GG is semi-simple. We need to prove that

ker[H(0,G) — HL(K,G)] = *. (11)

Let G*¢ be the corresponding simply-connected semi-simple O-group scheme and let
7 : G*° — G be the corresponding O-group scheme morphism. Let Z = ker(m). It is
known that Z is contained in the center Cent(G*®) of G*¢ and Z is a finite group scheme
of multiplicative type. It is known that G = G*¢/Z and = is finite surjective and strictly
flat. Thus the sequence of O-group schemes

(32565 G- {1}, (12)
gives rise to an exact sequence of pointed sets
Hflppt<o7 Z)/@(G(O)) - Hflppt<o7 GSC) - Hflppt<o7 G) - Hf2ppt<o7 Z) (1?))

(here Hy (0,7)/0(G(0)) is the factor-group; compare ([Se, Ch.I,Sect.5, Prop.39 and
Cor.1 of Prop.40,Cor.2 of Prop.40])). By the Theorem 7.1 the functor
F(R) = H;

fppt

(R, Z)/Im(6x.r) = Hiyp (R, 2)/0(G(R)).

satisfies purity for the ring O. The following result is known (see [Gr3, Thm.11.7])

Lemma 8.1. Let R be a noetherian ring. Then for a reductive R-group scheme H and
forn = 0,1 the canonical map Hy(R, H) — Hy, (R, H) is a bijection of pointed sets. For
a R-tori T and for each integer n > 0 the canonical map Hy(R,T) — Hy (R, T) is an
1somorphism.

Lemma 8.2. For the ring O above the map H;,,(0,Z) — Hj,,

Proof. See [C-T/S, Thm.4.3]. O

(K, Z) is injective.
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Continue the proof of the equality (11). We have the exact sequence of pointed sets
Hflppt(o7 Z)/a(G(O)) — Hflppt(o7 GSC) — Hflppt(o7 G) — Hprpt((‘)? Z) (14)

and furthermore a commutative diagram with exact arrows

Hl

fppt

(0,2)/0(G(0)) “—H} (0,G%) "~ H} (0,G) —2~H2 (0, 7)

al ., lg vlo lg

Hflppt<oP7Z>/a<G<oP>> Z*—>H1 <OP7GSC>—>Hf1ppt< P7G>—>H2 (OP,Z)

fppt fppt

| :

H (K, 2)0(G(K)) = (K,G*) —— Hj (K,G)—>H1 (K, Z)

1
H fppt fppt fppt

(15)
Here p C O is a hight one prime ideal in O. The maps i, i’ and i/ are injective (compare
([Se, Ch.I,Sect.5, Prop.39 and Cor.1 of Prop.40])). Set ax = o, 0 a, fx = [, o [,
YK =Yp 07, 0 = 0y 0 0. By a theorem of Nisnevich [Ni2] and Lemma 8.1 one has

ker(By) = ker(,) = * . (16)

Thus ker(a,) = *. By the assumptions of Theorem 1.5 and by Lemma 8.1 one has
ker[Hi (0, G*) — Hi (K, G*)] = * . (17)

By Lemma 8.2 the map df is injective. As mentioned right above Lemma 8.1 the functor
F(R) = H%ppt(R, Z)/0(G(R)) satisfies purity for the ring O. Now we are ready to make a
diagram chaise.

Let & € ker(vyk), then 9(§) € ker(dx). By Lemma 8.2 one has ker(dx) = *, whence
(&) = x and § = m,(C) for an ¢ € H}(O,G*). Since vk (§) = * and ker(v,) = * we see
that v(¢) = . Thus 7,.(8(¢)) = * and B(¢) =i/ (e,) for an ¢, € Hflppt((‘)p, Z)/0(G(0y)). A
diagram chaise shows that there exists a unique element ex € Hg (K, Z)/0(G(K)) such
that for each hight one prime ideal p of O one has

ap(ep) = ex € Hyp (K, 2)/0(G(K)).
By purity Theorem 7.1 there exists an element € € Hy (0, Z)/0(G(0O)) such that ak () =
. The element ex has the property that i/ (ex) = Bx(¢). Whence Bk (i.(€)) = Bx(().
The map Br : HA(0,G*¢) — H (K, G*) is injective since by the hypotheses of Theorem
1.5 such a map has trivial kernel for all semi-simple simply-connected reductive O-group
schemes. Whence i,(¢) = ¢ and £ = i,(m.(¢)) = *. The semi-simple case of Theorem 1.5

is reduced to Theorem 5.2. O

Claim 8.3. Under the hypotheses of Theorem 1.5 for all semi-simple reductive O-group
scheme G the map H}(0,G) — HL(K,G) is injective.
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In fact, let £, ¢ € HL(O,G) be two elements such that its images g, (x in H (K, G)
are equal. Let (G, (G be the corresponding principal G-bundles over O and G(¢) be the
inner form of the O-group scheme G corresponding to ¢. The O-scheme Iso(:G, (G) is a
principal G({)-bundle over O, which is trivial over K. Since G(() is semi-simple reductive
over O, the O-scheme Iso(¢G, (G) has an O-point. Whence the Claim.

Reducing Theorem 1.5 to Theorem 5.2. Let O and G be the same as in Theorem 1.5.
Consider a short sequence of reductive O-group schemes

{1} = Guer > G 5 C — {1}, (18)

where Gy, is the derived O-group scheme of G and C' = corad(G) be a tori over O and
= fo (see [D-G, Exp.XXII, Thm.6.2.1]). By that Theorem the morphism p is smooth
and its kernel is the reductive O-group scheme Gg.,.. Moreover Gy, is a semi-simple
O-group scheme. By Claim 8.3 the map

Hélt(ov Gder) - Hélt(Kv Gder) (19)
is injective. We need to prove that
ker[H}(0,G) — H (K, G)] = . (20)

The sequence (18) of O-group schemes gives a short exact sequence of the correspond-
ing sheaves in the étale topology on the big étale site. That sequence of sheaves gives rise
to a commutative diagram with exact arrows of pointed sets

{1} —= C(0)/1(G(0)) —>— HL(O, Ger) ——= HA(0, G) —"—~ HL(0, C)

{ )

{1} —— C(0,)/1(G(0y)) L HL(Oy, Guer) > HL (04, G) —L~ HL(0,,C)

Y P

{1} —— C(K)/n(G(K)) =" H}(K, Gaer) —— HY (K, G) —— H},(K,C)
(21)
Here p C O is a hight one prime ideal in O. Set ax = oy o, Bx = By o B, Y7k = W 07,
dx = 0y 0 0. By a theorem of Nisnevich [Ni2] one has

ker(ay) = ker(B,) = ker(y) = * (22)

Let & € ker(yk), then pu(§) € ker(dx). By [C-T/S] one has ker(dx) = *, whence u(&) = *
and £ = i.(¢) for an ¢ € HL(0,Gyer). Since yi(€) = x and ker(y,) = * we see that
7(§) = *. Whence 7,(5(¢)) = * and 5(¢) = 0(e,) for an ¢, € C(O,)/pu(G(0,)). A diagram
chaise AND Lemma 17.2 show that there exists a unique element ex € C(K)/u(G(K))
such that for each hight one prime ideal p of O one has ay(€,) = ex € C(K)/u(G(K)).
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By purity Theorem 6.1 there exists an element € € C(0)/u(G(0Q)) such that ax(€) = ek.
The element ex has the property that d(ex) = Bi(¢). Whence Bk (9(€)) = Bk (¢). The
map [k is injective as indicated in the beginning of the proof. Whence d(¢) = ¢ and
¢ =1.(0(e)) = *. The reduction of Theorem 1.5 to Theorem 5.2 is completed.

U

9 The strategy of the proof of Theorems 5.1 and 5.2

A toy task: given a finite field k, a k-smooth irreducible affine curve Y, a k-rational point
yo € Y, a "bad” locus B C Y finite over Spec(k) and containing the point g, find a

diagram of the form A} <~ Y’ Y Y with an irreducible affine curve Y’ and a k-rational

point y € Y’ and a closed subset B’ of Y’ (a new "bad” locus) such that the morphism
0 is étale, 0(y,) = yo, 01 (B) C B" and B’ has the following properies hold:

(1) 7 is finite surjective,

(2) 7|p : B’ — A} is a closed embedding,

(3) 7 is étale at each the point of B,

(4) 771(0) = {y,} U D (scheme-wise) and D N B’ = (),

(5) T ()N B =0.

The following properties of the subset B’ are useful:

(1) the point yj € B’ is the only k-rational point in B';

(2') for any integer d > 0 the amount of the degree d points on the locus B’ is less or
equal to the amount of points of degree d on A}.

The toy task can be solved in two steps: (a) find appropriate an 6, ¢y’ and B’; (b) find the
required 7 (once the conditions (1’), (2') are full-filled it’s easy to find the required 7).

If G is a reductive Y-group scheme and Gy = G|, and Gpst = ¢*(Go), then one can
modify the toy task adding to the original one more conditions on Y’ and yj:

(6) there is a Y'-group scheme isomorphism @ : 0" (Gonst) — 07(G) such that |, = id.

To solve the modified task one can firstly find an étale morphism ¢” : Y — Y
(with an irreducible Y”) and a k-rational point y{ and a Y”-group scheme isomorphism
D" 1 (0") (Geonst) — (0”)*(G) such that 0”(yy) = y and ®”|,» = id. Once ¢", yg and ®”
subjecting these conditions are found the modified task is reduced to the orlgmal one for
a new data. Namely, for the data Y”, yj and B” := (8")~'(B).

Theorems 5.1 and 5.2 are proved in Section 15. One of the main idea is this: given a
non-zero function f € X shrink X and to make it a smooth relative curve over a smooth
affine base S equipped with a finite surjective S-morphism to the affine line A! x S and
such that the locus {f = 0} is finite over S. Then the fibre product U xg X is a smooth
relative curve over U, equipped with the section A, with a finite surjective U-morphism
to the affine line A' x U and such that the locus py'({f = 0}) is finite over U. It turns
out that with this relative U-curve one can work exactly as with the k-curve Y in the toy
task. This idea is inspired by one of the main idea from [Vo]. Here we refined that idea
following [PSV].
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10 Elementary fibrations
In this Section we extend a result of M. Artin from [A] concerning existence of nice
neighborhoods. The following notion is introduced by Artin in [A, Exp. XI, Déf. 3.1].

Definition 10.1. An elementary fibration is a morphism of schemes p : X — S which
can be included in a commutative diagram

X—7? Xt vy (23)
\i /

of morphisms satisfying the following conditions:

(i) j is an open immersion dense at each fibre of b, and X = X —Y;

(ii) P is smooth projective all of whose fibres are geometrically irreducible of dimension
one;

(iii) q is finite étale all of whose fibres are non-empty.

Remark 10.2. Clearly, an elementary fibration is an almost elementary fibration in the
sense of [PSV, Defn.2.1].

Using repeatedly [Poo, Thm.1.3] and [ChPoo, Thm.1.1] and modifying Artin’s ar-
guments [A, Exp. XI,Prop. 3.3], one can prove the following result, which is a slight
extension of Artin’s result [A, Exp. XI,Prop. 3.3].

Proposition 10.3. Let k be a finite field, X be a smooth geometrically irreducible
affine variety over k, x1,x9,...,x, € X be a family of closed points. Then there ex-
ists a Zariski open neighborhood X° of the family {xy,xs,...,7,} and an elementary
fibration p: X° — S, where S is an open sub-scheme of the projective space P4™X—1,

If, moreover, Z is a closed co-dimension one subvariety in X, then one can choose X°
and p in such a way that plzaxo : Z(X° — S is finite surjective.

The following result is proved in [PSV, Prop.2.4].

Proposition 10.4. Let p: X — S be an elementary fibration. If S is a reqular semi-local
wrreducible scheme, then there exists a commutative diagram of S-schemes

X ! X i Y (24)

| ) |

Al x S o Pl x S : {0} x S

such that the left hand side square is Cartesian. Here j and i are the same as in Definition
10.1, while prg o ™ = p, where prg is the projection A x S — S.

In particular, m : X — Al x S is a finite surjective morphism of S-schemes, where
X and A' x S are regarded as S-schemes via the morphism p and the projection prg,
respectively.
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11 Nice triples

In the present section we recall and study certain collections of geometric data and their
morphisms. The concept of a nice triple was introduced in [PSV, Defn. 3.1] and is very
similar to that of a standard triple introduced by Voevodsky [Vo, Defn. 4.1], and was
in fact inspired by the latter notion. Let k be a field, let X be a k-smooth irreducible
affine k-variety, and let x1, 25, ..., 2, € X be a family of closed points. Further, let
O = Ox {21,20,....0n} D€ the corresponding geometric semi-local ring.

.....

Definition 11.1. Let U := Spec(Ox (s, .
following data:

2n})- A mice triple over U consists of the

-----

(i) a smooth morphism quy : X — U, where X is an irreducible scheme,
(ii) an element f € I'(X, Ox),

(i) a section A of the morphism qp,

subject to the following conditions:

a) each irreducible component of each fibre of the morphism qu has dimension one,

(a)

(b) the module I'(X, Ox)/f - I'(X, Ox) is finite as a I'(U, Oy) = O-module,
(c) there erists a finite surjective U-morphism 11 : X — Al x U,
(d) A*(f) # 0 e T(U, Op).

Definition 11.2. A morphism between two nice triples over U
(¢ : X' =U A= (¢: X = U, f,A)
is an étale morphism of U-schemes 0 : X' — X such that
(1) qu =quo¥,
(2) f'=0"(f)-h for an element h' € T'(X', Ox),
(3) A=0oA

Two observations are in order here.

e Item (2) implies in particular that T'(X’, Ox)/0*(f) - T'(X', Ox/) is a finite O-module.

e It should be emphasized that no conditions are imposed on the interrelation of IT’
and II.

After substituting k by its algebraic closure k in k[X], we can assume that X is a
k-smooth geometrically irreducible affine k-scheme. To simplify the notation, we will
continue to denote this new k& by k. Let U be as in Definition 11.1 and can : U — X be
the canonical inclusion of schemes.
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Definition 11.3. A nice triple (qu : X — U, A, f) over U is called special if the set of
closed points of A(U) is contained in the set of closed points of {f = 0}.

Remark 11.4. Clearly the following holds: let (X, f, A) be a special nice triple over U
and let 0 : (X', f', A") — (X, f, A) be a morphism between nice triples over U. Then the
triple (X', f’, A’) is a special nice triple over U.

Proposition 11.5. One can shrink X such that xi,2o,...,x, are still in X and X is
affine, and then to construct a special nice triple (qu : X — U, A, f) over U and an
essentially smooth morphism qx : X — X such that gx o A = can, f = q%(f).

Proof of Proposition 11.5. 1f the field k is infinite, then this proposition is proved in [PSV,
Prop. 6.1]. So, we may and will assume that k is finite. To prove the proposition repeat
literally the proof of [PSV, Prop. 6.1]. One has to replace the references to [PSV, Prop.
2.3] and [PSV, Prop.2.4] with the reference to Propositions 10.3 and 10.4 respectively.
O

Let us state two crucial results which are used in Section 15 to prove Theorems 5.1
and 5.2. Their proofs are given in Sections 12 and 14 respectively. If U as in Definition
11.1 then for any U-scheme V' and any closed point u € U set V,, = u xy V. For a finite
set A denote A the cardinality of A.

Definition 11.6. Let (X, f,A) be a special nice triple over U. We say that the triple
(X, f, A) satisfies conditions 13, and 27, if either the field k is infinite or (if k is finite)
the following holds

(1*) for any closed point uw € U, any integer d > 1 one has
t{z € Zu|deglk(2) : k(u)] = d} < t{z € A,ldeglk(2) : k(u)] = d}
(2%) for the vanishing locus Z of f and for any closed point u € U the point A(u) € Z,
is the only k(u)-rational point of Z,,.

Theorem 11.7. Let U be as in Definition 11.1. Let (q; : X' — U, f', A") be a special
nice triple over U subjecting to the conditions (1*) and (2*) from Definition 11.6. Then
there exists a finite surjective morphism

Al xU & X
of U-schemes which enjoys the following properties:

|2/

a) the morphism Al x U +=- 72 2 is a closed embedding;

(a)

(b) o is étale in a neighborhood of Z'U A'(U);

(c) o7 Yo(Z) =2 1] 2" scheme theoretically and Z" N A (U) = 0;
(d) o71({0} x U) = A(U) ][ D scheme theoretically and DN = B,
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(e) for Dy =0 ({1} x U) one has D1 NZ =0.
(f) there is a monic polinomial h € O[t] such that (h) = Ker|O[t] oo, L, Ox) /()]

Theorem 11.8. Let U be as in Definition 11.1. Let (X, f, A) be a special nice triple over
U. Let Gy be a reductive X-group scheme and Gy := A*(Gx) and Gonst = q;(Gr).
Let Cy be an X-tori and Cy := A*(Cx) and Cepnst == ¢;;(Cy). Let px : Gx — Cy be
an X-group scheme morphism smooth as a scheme morphism. Let uy = A*(px) and
teonst © Geonst —> Ceonst be the the pull-back of py to X. Then there exist a morphism
0:( X =U[f ,A)—= (¢: X = U,f,A) between nice triples over U such that the
triple (X', f', A") is a special nice triple over U subjecting to the conditions (1*) and (2*)
from Definition 11.6. And additionally there are X-group schemes isomorphisms

D 0" (Gonst) = 07 (Gx) and W : 0" (Cepnst) — 07 (Cx)
such that (A")*(®) = idg,,, (A)*(P) =idg, and
0" (pax) 0 @ = W 0 0 (ftconst)- (25)

Forgetting about group-schemes in the hypotheses and in the conclusion of Theorem
11.8 one gets the following result (we will not use this result in the present paper).

Theorem 11.9. Let U be as in Definition 11.1. Let (X, f,A) be a special nice triple
over U. Then there ezists a morphism 6 : (X', f', A") — (X, f, A) of nice triples over U
such that (X', f', A") is a special nice triple satisfying the conditions (1*) and (2*) from
Definition 11.6.

12 Proof of Theorem 11.7

Proof of Theorem 11.7. For any closed point u € U and any U-scheme V' let V,, = uxyV
be the scheme fibre of the scheme V' over the point w.

Step (i). For any closed point u € U and any point z € Z!, there is a closed embedding
2 — Al where z?) := Spec(I'(X], O, )/m?) for the maximal ideal m, C I'(X/, Oy, )
of the point z regarded as a point of X'. This holds, since the k(u)-scheme X! is equi-
dimensional of dimension one, affine and k(u)-smooth.

Step (ii). For any closed point u € U there is a closed embedding iy, : [[,cp 2* < A,
of the k(u)-schemes. To see this apply Step (i) and use that the triple (X, f, A) satisfies
the condition 1j; from Definition 11.6.

Step(iii) is to introduce some notation. Since (X', f/, A’) is a nice triple over U there

is a finite surjective morphism X' I A' x U of the U-schemes. Take the composite

X' % Al x U < P! x U morphism and denote by X’ the normalization of P! x U in the
fraction field k(X') of the ring T'(X’, Oxs). The normalization of A' x U in k(X') coincides
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with the scheme X', since X’ is a regular scheme. So, we have a Cartesian diagram of
U-schemes _ B
X' 2 X’ (26)

Al x U ne P! x U,

in which the horizontal arrows are open embedding.

Let X/ be the Cartie-divisor (IT)~*(co x U) in X'. Let £ := O (X)) be the corre-
sponding invertible sheaf and let sy € I'(X’, £) be its section vanishing exactly on X’_.
One has a Cartesian square of U-schemes

XL, 2 X (27)
X, J X,

which shows that the closed embedding in, : X, < X!, is a Cartie-divisor on X/,. Set
L, =j*(L) and so, = solz € D(X,, Ly).

Step (iv). There exists an integer n > 0 and a section s;,, € I'(X/,, £2") which has no
zeros on X, and such that the morphism

[387u DSt X, — PL

has the following two properties
(a) the morphism o, = s1,,/sf, : X, = A, is finite surjective,
(b) U“|Hzez; 2 =iy [Loeqy 2P <= A, where i, is from the step (ii); in particular, o, is
étale at every point z € 2.

Step (v). There exists a section s; € I'(X’, £&7) such that for any closed point u € U
one has 51|y, = 514.

Step (vi). If s; is such as in the step (v), then the morphism

o= (s1/sg,prv) : X' — A x U

is finite and surjective.

We are ready now to check step by step all the statements of the Theorem.

The assertion (b). Since the schemes X’ and A! x U are regular and the morphism o
is finite and surjective, the morphism o is flat by a theorem of Grothendieck.

So, to check that o is étale at a closed point z € Z' it suffices to check that for the
point u = ¢};(z) the morphism o, : X! — Al is étale at the point z. The latter does
hold by the step (iv), item (b). Whence o is étale at all the closed points of Z'. By the
hypotheses of the Theorem the set of closed points of A’(U) is contained in the set of the
closed points of Z'. Whence o is étale also at all the closed points of A’(U). The schemes
A'(U) and Z' are both semi-local. Thus, o is étale in a neighborhood of Z' U A'(U).
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The assertion (a). For any closed point v € U and any point z € Z! the k(u)-algebra
homomorphism o7 : k(u)[t] = k(u)[X] ] is étale at the maximal ideal m, of the k(u)-algebra
k(u)[X!] and the composite map k(u)[t] 7, k(uw)[X!] — k(u)[X]]/m, is an epimorphism.
Thus, for any integer r > 0 the k(u)-algebra homomorphism k(u)[t] — k(u)[X,]/m. is
an epimorphism. The local ring Oy, . of the scheme Z; at the point z is of the form
k(u)[X!]/m? for an integer s. Thus, the k(u)-algebra homomorphism

k)] 25 k(w)[X] — Oz ..

is surjective. Since 0“|LI e 2D = 1, and 1, is a closed embedding one concludes that the
2E5y

k(u)-algebra homomorphism

kw)[t] = [[ Oz- = T(20, 02,)

z/u

is surjective. Let u = [] Spec(k(u)) regarded as the closed sub-scheme of U, where u
runs over all closed points of U. Then, for the scheme Z| = u xy Z’ the k[u]-algebra
homomorphism

kul[t] = I'(Zy, 0z,) (28)

is surjective.

Since (X', f’; A’) is a nice triple over U, the O-module I'(Z', O/) is finite. Thus, the
k[u]-module I'(Z;,, O, ) is finite. Now the surjectivity of the k[uj-algebra homomorphism
(28) and the Nakayama lemma show that the O-algebra homomorphism O[t] — I'(Z', Oy/)
is surjective. Thus, o]y : 2 — A x U is a closed embedding.

The assertion (e). The morphism A’ is a section of the structure morphism ¢;; : X' —
U and the morphism o is a morphism of the U-schemes. Hence the composite morphism
to := 0 o A’ is a section of the projection pry : A' x U — U. This section is defined
by an element a € O. There is another section ¢; of the projection pry defined by the
element 1 —a € O. Making an affine change of coordinates on A}, we may and will
assume that to(U) = {0} x U and t;(U) = {1} x U. If the field k is infinite we can
choose a non-zero A\ € k such that for ¢ := \; one has: D** NZ' = () and
tgew = )\to = to.

Since Dy and Z' are semi-local, to prove the assertion (e) it suffices to check that D,
and Z' have no common closed points. In the infinite field case this is checked just above.
It remains to check the finite field case. Let z € D; N Z' be a common closed point.
Then o(z) € {1} x U. Let u = q};(2). We already know that ol is a closed embedding.
Thus deg|z : u] = deglo(z) : u| = 1. The triple (X, f, A) satisfies the condition 27, from
Definition 11.6. Thus, z = A’(u). In this case o(z) € {0} x U. But o(z) € {1} x U. This
is a contradiction. Whence D; NZ/ = (.

The assertion (c). The finite morphism o is étale in a neighborhood of Z' by the item
(b) of the Theorem. By the item (a) of the Theorem oy is a closed embedding. Thus,
the morphism o~ 1(c(Z')) — o(Z') of affine schemes is finite and there is an affine open
sub-scheme V of the scheme 07! (¢(2')) such that the morphism V' — o(Z’) is étale. Since
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ol is a closed embedding there is a unique section s of the morphism o~*(c(2')) — o(Z')
with the image Z’ and this image is contained in V. By [OP1, Lemma 5.3] the scheme
o~ o(Z')) has the form o= (o (2))) = Z' ][ Z".
By a similar reasoning the scheme o' ({0} x U) has the form A'(U)][[D. The triple
(X, f,A) is a special nice triple. Thus all the closed points of A'(U) are closed points of
Z/ and Z'NZ" = 0. Thus, A'(U)NZ" = 0.

The assertion (d). It remains to show that D NZ' = (). Recall that o is étale in a
neighborhood of Z’UA'(U). It’s easy to check that o|;/ a/ () is a closed embedding.
Thus arguing as above one gets a disjoint union decomposition

o N o(Z UNU))) = (ZUANU)UE

for a closed subscheme E in X'. It’s checked already that A'(U)[[D = (. Thus,
D CE. Hence DNZ' =10 .

The assertion (f). Recall that X’ is affine irreducible and regular. So, the principal
ideal (f’) has the form pi'ps?---pl», where p;’s are hight one prime ideals in I'(X’, Oy/).
Let Z; be the closed subscheme in X' defined by the ideal p;. Let q; = O[t] N p;. The
morphism oy : Z' — A' x U is a closed embedding by the item (a) of Theorem 5.1. This
yields that oy @ 2] — Al x U is a closed embedding too. Thus p; is a hight one prime
ideal in O[t]. So, it is a principal prime ideal. Since Z’ is finite over U the scheme Z! is
finite over U too. Hence the principal prime ideal p; is of the form (h;) for a unique monic
polinomial h; € O[t].

Set h = R'h}.. k. Cleatly, h € Ker[O[t] =< (X!, 0x)/(f")]. Since the map
O[t] oo, L(X, Ox/)/(f") is surjective, to prove the assertion (f) it suffices to check that
the surjective O-module homomorphism

00" O[t]/(h) = (X', 0xr) /(")

is an isomorphism. Both sides are finitely generated projective O-modules. It remains to
check that both sides have the same rank as the O-modules. For that it suffices to know

that O[t]/(h;) and T'(X', Oy:)/p; are of the same rank as the O-modules. This is the case
since they are isomorphic O-modules. Indeed, the composite map

Oft] 2% T(X', 0x)/(f') — T(X, Oxr) /s

is an O-algebra epimorphism and the kernel of this epimorphism is the ideal g; = (h;).
Whence the assertion (f) and whence the Theorem.

13 Equating group schemes

Theorem 13.1 is proved in the present Section.
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Theorem 13.1. Let S be a regular semi-local irreducible scheme. Let py : G; — Cy and
te : Go — Cy be two smooth S-group scheme morphisms with tori Cy and Cy. Assume
as well that G1 and Gy are reductive S-group schemes which are forms of each other.
Assume that Cy and Cy are forms of each other. Let T C S be a connected non-empty
closed sub-scheme of S, and ¢ : Gi|lr — Galr, ¥ : Ci|lr — Cs|p be S-group scheme
isomorphisms such that (ps|r) 0@ =¥ o (ui|r). Then there exists a finite étale morphism
S 5 S together with its section & : T — S over T and S-group scheme isomorphisms
d:7mG, = Gy and ¥ 7Cy — 7*Cy such that

(i) 0"(®) = ¢,
(i) 6°(¥) = ¢,
(7ii) 7™ (o) o ® = Won*(uy) : 7(Gy) — 7*(Cy)
() the scheme S is irreducible.
We begin with the following result which extends [PSV, Prop.5.1].

Theorem 13.2. Let S be a reqular semi-local irreducible scheme. Assume that G and G
are reductive S-group schemes which are forms of each other. Let T' C S be a connected
non-empty closed sub-scheme of S, and ¢ : Gy|p — Ga|r be S-group scheme isomorphism.
Then there exists a finite étale morphism S = S together with its section 6 : T — S over
T and S-group scheme isomorphisms ® : Gy — 7*Gs such that

(i) 0°(®) = o,
(ii) the scheme S is irreducible.

Proposition 13.3. Theorem 15.2 holds in the case when the group schemes G and G,
are semi-simple.

Proof of Proposition 13.3. The proof literally repeats the proof of [PSV, Prop.5.1] except
exactly one reference, which is the reference to [OP2, Lemma 7.2]. That reference one
has to replace with the reference to the following

Lemma 13.4. Let S = Spec(R) be a regular semi-local scheme. Let T' be a closed sub-
scheme of S. Let X be a closed subscheme of P% = Proj(S[Xo, ..., X4]) and X = X NAY,
where A% is the affine space defined by Xo # 0. Let Xoo = X \ X be the intersection
of X with the hyperplane at infinity Xo = 0. Assume that over T there exists a section
0: T — X of the canonical projection X — S. Assume further that

(1) X is smooth and equidimensional over S, of relative dimension r;

(2) For every closed point s € S the closed fibres of X and X satisfy
dim(X(s)) < dim(X(s)) =1
Then there exists a closed subscheme S of X which is finite étale over S and contains

5(T).
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If the residue field at any of closed point of the scheme S is infinite, then this lemma
is just [OP2, Lemma 7.2]. We give a proof of the lemma in the case when the residue
field at any of closed point of the scheme S is finite. The proof of the lemma in this case
is given below and repeats literally the proof of [OP2, Lemma 7.2]. The only difference
is that we refer below to a Poonen’s article [Poo] on Bertini theorems over finite fields
rather than to Artin’s result. We left to the reader the general case.

Since S is semilocal, after a linear change of coordinates we may assume that o maps
T into the closed subscheme of PdT defined by X; = --- = Xy = 0. For each closed
fibre P? of P4 using repeatedly [Poo, Thm.1.2], we can choose a family of homogeneous
polynomials Hi(s),..., H.(s) (in general of increasing degrees) such that the subscheme
Y (s) of P4(s) defined by the equations

Hi(s)=0,...,H(s)=0
intersects X (s) transversally, contains the point [1 : 0 : --- : 0] and avoids X..(s).
By the chinese remainders’ theorem there exists a common lift H; € R[Xy, ..., X4] of

all polynomials H;(s), s € Max(R). We may choose this common lift H; such that
H;(1,0,...,0) = 0. Let Y be the closed subscheme of P¢ defined by

H=0,... H =0.

We claim that the subscheme S =Y N X has the required properties. Note first that
X NY is finite over S. In fact, X NY = X NY, which is projective over S and such
that every closed fibre (hence every fibre) is finite. Since the closed fibres of X NY are
finite étale over the closed points of S, to show that X NY is finite étale over S it only
remains to show that it is flat over S. Noting that X NY is defined in every closed fibre
by a regular sequence of equations and localizing at each closed point of S, we see that
flatness follows from [OP2, Lemma 7.3].
O

Proposition 13.5. Theorem 13.2 holds in the case when the groups G and Gy are tori
and, more generally, in the case when the groups Gi and Go are of multiplicative type.

We left a proof of this latter proposition and the next one to the reader.

Proposition 13.6. Let T and S be the same as in Theorem 13.2. Let My and My be
two S-group schemes of multiplicative type. Let oy, oy @ My = My be two S-group scheme
morphisms such that aq|r = as|r. Then a; = as.

Proof of Theorem 13.2. Let Rad(G,) C G, be the radical of G, and let der(G,) C G, be
the derived subgroup of G, (r = 1,2) (see [D-G, Exp.XXII, 4.3]). By the very definition
the radical is a tori. The S-group scheme der(G,) is semi-simple (r = 1,2). Set Z, :=
Rad(G,) Nder(G,). The above embeddings induce natural S-group morphisms

I, : Rad(G,) xg der(G,) = G,
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with Z, as the kernel (r = 1,2). By [D-G, Exp.XXII,Prop.6.2.4] TI, is a central isogeny.
Particularly, TI,. is a faithfully flat finite morphism by [D-G, Exp.XXII,Defn.4.2.9]. Let
iy : Z, — Rad(G,) xg der(G,) be the closed embedding.

The T-group scheme isomorphism ¢ : Gi|r — Go|T induces certain T-group scheme
isomorphisms @ge : der(Ghlr) — der(Galr), ©raa @ Tad(Ghlr) — rad(Gs|r) and ¢y :
Zl|T — ZQ|T such that

(ILy) |7 © (@der X Yrad) = ¢ o (IL1)|r and i1 0 7 = (Prad X Pder) © i1

By Propositions 13.3 and 13.5 there exist a finite étale morphism 7 : S-S (with an
irreducible scheme S) and its section ¢ : T — S over T and S-group scheme isomorphisms

ey der (G 5) — der(Gy5) , Praa: Rad(G, g) — Rad(Gy5) and @z : 7, 5 — Z, 5

such that 0" (Puer) = Vder, 0 (Praa) = Praa and 0*(Pz) = 5.
Since Z, is contained in the center of der(G,) and is of multiplicative type Proposition
13.6 yields the equality

’i27§ o (I)Z = ((I)Rad X q)der) e} il,g : ZI,S' — Rad(ng) XS der(ng).
Thus (Prag X Pger) induces an S—group scheme isomorphism
D . GLg — GZS’

such that II, 5o (Praqg X Paer) =
() |7 0 6*(PRad X Paer) = 6*(P) 0

<H2>|T © (Qprad X deer) - 5*((1)) o (Hl)‘T

P oIl 5. The latter equality yields the following one
(I11)|7, which in turn yields the equality

Comparing it with the equality (I12)|7 © (@raa X @aer) = @ o (I11)|7 and using the fact that
(ITy)| 7 is strictly flat we conclude the equality 6*(®) = .

Proof of Theorem 15.1. By Theorem 13.2 there exists a finite étale morphism S5 s
together with its section 6 : T'— S over T" and S-group scheme isomorphisms

D : Gl’g — G2,§ and U : 01,5' — 02,5

such that 6*(®) = ¢, 0*(¥) = ¢. It remains to show that p, 50 ® = W o, 5. To prove
this equality recall that u, can be naturally presented as a composition

G, £ Corad(G,) 22 C,.

Since can, g o ® = Corad(®) o can, 5 it remains to check that fi, 5o Corad(®) = Vo i, 5.
The latter equality follows from Proposition 13.6 and the equality (fis|7) o Corad(y) =
o (fi1|r), which holds since (us|r)ow = o (u1|r) by the very assumption of the Theorem.

0
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14 Proof of Theorem 11.8

Let k be a field. Let U be as in Definition 11.1. Let S’ be an irreducible regular semi-local
scheme over k and p : 8" — U be a k-morphism. Let ¢ : 7" < S’ be a closed sub-scheme
of S” such that the restriction p|r : 7" — U is an isomorphism. We will assume below
that dim(T") < dim(S"), where dim is the Krull dimension. For any closed point u € U
and any U-scheme V let V,, = u X V be the fibre of the scheme V' over the point u. For
a finite set A denote A the cardinality of A.

Lemma 14.1. [If the field k is finite and all the closed points of S' have finite residue
fields. Then there exists a finite étale morphism p : S” — S’ (with an irreducible scheme
S") and a section 0" : T" — S" of p over T" such that the following holds

(1) for any closed point uw € U let v € T" be a unique point such that p(u') = u, then
the point §'(u') € Sl is the only k(u)-rational point of S,

(2) for any closed point w € U and any integer d > 1 one has

H{z € Sillk(2) : k(u)] = d} < t{z € A |[k(z) : k(u)] = d}

If the field k is infinite, then set S”" = S', p =id, and §' = 1.

Proof of Theorem 11.8. We can start by almost literally repeating arguments from the
proof of [OP1, Lemma 8.1], which involve the following purely geometric lemma [OP1,
Lemma 8.2].

For reader’s convenience below we state that Lemma adapting notation to the ones of
Section 11. Namely, let U be as in Definition 11.1 and let (X, f, A) be a nice triple over
U. Further, let Gy be a simple simply-connected X-group scheme, Gy := A*(Gy), and let
Geonst be the pull-back of Gy to X. Finally, by the definition of a nice triple there exists
a finite surjective morphism IT : X — A! x U of U-schemes.

Lemma 14.2. Let Y be a closed nonempty sub-scheme of X, finite over U. Let V be an
open subset of X containing II7Y(I1(Y)). There exists an open set W C 'V still containing
qy' (qu(Y)) and endowed with a finite surjective morphism I1* : W — A x U (in general

#11).
Let IT : X — A x U be the above finite surjective U-morphism. The following diagram
summarises the situation:

Z

|

X-Zc X AlxU

N

U
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Here Z is the closed sub-scheme defined by the equation f = 0. By assumption, Z is finite
over U. Let Y = II"'(II(ZUA(U))). Since Z and A(U) are both finite over U and since II
is a finite morphism of U-schemes, Y is also finite over U. Denote by y1, ..., v, its closed
points and let S = Spec(Ox ;.. y.)- Set T'= A(U) C S. Further, let Gy = A*(Gx) be
as in the hypotheses of Theorem 11.8 and let Gt be the pull-back of Gy to X. Finally,
let ¢ @ Geonst|r — Gx|r be the canonical isomorphism. Recall that by assumption X is
U-smooth and irreducible, and thus S is regular and irreducible.

By Theorem 13.1 there exists a finite étale covering 6 : S” — S, a section § : T — S’ of
8y over T and isomorphisms @ : 05(Geonst,s) — 05(Gx|s) and Wg : 65(Ceonst.s) — 05(Cxls)
such that 6*(®g) = ¢, 6*(¥g) = ¢ and

93 (NDC|S) o (I)O = \IIO o ‘98<,Uconst,5) . ‘98<Gconst,5) — 93 (CJC‘S>

and the scheme S’ is irreducible. Replacing S’ with a connected component of
S"” which contains 7" := §(T) = 06(A(U)) we may and will assume that S’ is
irreducible.

Let p=quoby:S —U. Let 8", p: S”" = 5, and &' : T" — S” be as in Lemma
14.1. Recall that p : §” — S” a finite étale morphism (with an irreducible scheme S”)
and op=i:T" — 5. Set " =§0d:T — S"and 6] =0yop:S" — 5. We are also
given the S”-group scheme isomorphisms

p*(Po) : (05)"(Geonst,s) = (05)"(Gxls) and p"(Wo) : (05)"(Ceonst,s) — (65)"(Cxls)
such that (6")*(p"(®0)) = ¢, (0")*(p"(Wo)) = 1 and
(6")5 (1| s) 0 p*(Po) = p*(Wo) © (6")5(1const,s) + (0”)5(Geonst,s) — (07)5(Cxls)
We can extend these data to a neighborhood V of {y1,...,y,} and get the diagram

SI/C—> v/l (29)

AR

Tc Sc¢ V¢ X

where 6 : V' — V finite étale, and isomorphisms @ : 0*(Geonst,v) — 6*(Gx|v) and U :
0* (Ceonst,v) — 0*(Cx|y) such that one has the equality

9*(,MX|\7) oP=Voh* (,uconst,\?) : 0*(Gconst,\7) — 0" (CDC|\7) (30)

Since T isomorphically projects onto U, it is still closed viewed as a sub-scheme of
V. Note that since Y is semi-local and V contains all of its closed points, V contains
I 1TI(Y)) = Y. By Lemma 14.2 there exists an open subset W C V containing Y and
endowed with a finite surjective U-morphism II* : W — A! x U.

Let X' = 607Y(W), f'=0*(f), ¢y = qu o0, and let A’ : U — X' be the section of ¢},
obtained as the composition of 6" with A. We claim that the triple (X', f’, A’) is a nice
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triple over U. Let us verify this. Firstly, the structure morphism ¢}, : X’ — U coincides
with the composition

X LW X% U,
Thus, it is smooth. The element f’ belongs to the ring I'(X’, Oy/), the morphism A’
is a section of ¢q;;. Each component of each fibre of the morphism ¢y has dimension

one, the morphism X' 5 W < X is étale. Thus, each component of each fibre of the
morphism ¢, is also of dimension one. Since {f = 0} € W and 6 : X’ — W is finite,
{f' = 0} is finite over {f = 0} and hence also over U. In other words, the O-module
L(X, Ox )/ f - T(X', Oyr) is finite. The morphism 6 : X’ — W is finite and surjective. We
have constructed above in Lemma 14.2 the finite surjective morphism II* : W — Al x U.
It follows that IT* 0§ : X’ — A! x U is finite and surjective.

Clearly, the étale morphism 6 : X’ — X is a morphism between the nice triples

0: (X, f,A)) = (X, f,A) with h' =1

Denote the restriction of ® and of ¥ to X’ simply by ® and by W respectively. Thus, ®
is an X'-group scheme isomorphism 6*(Geonst) — 0*(Gx) and ¥ is an X'-group scheme
isomorphism 0*(Ceonst) — 0*(Cx). The equalities (A')*® = idg, and (A")*¥ = id¢,, holds
by the construction of the isomorphisms ® and W. The equality (30) yields the following
one

9*(,ux) oP =Voh* (,uconst) 0" (Gconst) — 9*(CX)

By Remark 11.4 the triple (X', f’, A’) is a special nice triple over U since the one
(X, f,A) is a special nice triple over U.

It remains to check that (X', f', A") is a special nice triple satisfying the conditions
(1*) and (2*) from Definition 11.6. To do this recall that all the closed points of the
sub-scheme {f = 0} C X are in S. The morphism 6 is finite and 6~1(S) = S”. Thus
all the closed points of the sub-scheme {f’ = 0} C X’ are in S”. By the above choice of
T" = §(A(U)) C S’ the scheme T" projects isomorphically to U. Thus in the case when k
is finite the properties (1) and (2) of the U-scheme S” show that the conditions (1*) and
(2*) are full filled for the closed sub-scheme Z' of X' defined by {f’ = 0}. If the field k&
is infinite, then by Definition 11.6 any special nice triple satisfies the conditions (1*) and
(2*). Theorem 11.8 follows.

]

15 Proof of Theorems 5.1 and 5.2

Clearly, Theorem 5.2 yields Theorem 5.1.

Proof of Theorem 5.2. By Proposition 11.5 one can shrink X such that xq,zs, ..., z, are
still in X and X is affine, and then to construct a nice triple (¢qy : X — U, A, f) over U
and an essentially smooth morphism ¢x : X — X such that ¢gx o A = can, f = g% (f) and
the set of closed points of A(U) is contained in the set of closed points of {f = 0}.
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Set Gy = ¢%(G), then A*(Gy) = can*(G). Thus the U-group scheme Gy from
Theorem 11.8 and the U-group scheme Gy from Theorem 5.2 are the same. By Theorem
11.8 there exists a morphism 0 : (X', ', A") — (X, f, A) such that the triple (X', f/, A)
is a special nice triple over U subjecting to the conditions (1*) and (2*) from Definition
11.6. And additionally there are isomorphisms

®: (qu 00)(Gu) = 0" (Geonst) = 07 (Gx) = (gx © 0)"(G)
and

U (qu 0 0)"(Cu) = 0 (Ceonst) = 67(Cx) = (gx © 0)"(G)
of X'-group schemes such that (A")*(®) = idg,, (A)*(P) = idg, and

0" (pax) 0 @ = W 0 0 (fteonst)- (31)

The triple (X', f/, A’) is a special nice triple over U subjecting to the conditions (1*)
and (2*) from Definition 11.6. Thus by Theorem 11.7 there is a finite surjective morphism
Al x U & X' of the U-schemes satisfying the conditions (a) to (f) from that Theorem.
Hence one has a diagram of the form

Al x U=—2 v x (32)
NGlBA/ can
U

with the irreducible scheme X', the smooth morphism ¢;; 06, the finite surjective morphism
o and the essentially smooth morphism gx o6 and with the function f’ € (gx 00)*(f)k[X'],
which after identifying notation enjoy the properties (a) to (f) from Theorem 5.1. The
isomorphisms ® and W are the required ones. Whence the Theorem 5.2.

]

16 Norms

In the rest of the paper we prove few results which we refer to reducing Theorems 6.1 and
1.5 to Theorem 5.2.

Let k C K C L be field extensions and assume that L is finite separable over K. Let
K*° be a separable closure of K and o; : K — K*? 1 < i <n the different embeddings
of K into L. Let C be a k-smooth commutative algebraic group scheme defined over k.
One can define a norm map

by Nk (a) = [, C(0:)(a) € C(K*P)3E) = C(K) ;. Following Suslin and Voevodsky
[SV, Sect.6] we generalize this construction to finite flat ring extensions. Let p: X — Y

be a finite flat morphism of affine schemes. Suppose that its rank is constant, equal to d.
Denote by S4(X/Y) the d-th symmetric power of X over Y.
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Lemma 16.1. There is a canonical section
Nyyy : Y — SYX/Y)
which satisfies the following three properties:
(i) Base change: for any map f:Y' — 'Y of affine schemes, putting X' = X Xy Y’ we
have a commutative diagram
! Nx'Y qdg s v
Y ——— 5S4 X'/Y")
f lsd(fdx xf)
N
—— SUX/Y)

(i1) Additivity: If f1: X1 =Y and fy : Xo — Y are finite flat morphisms of degree d;
and dy respectively, then, putting X = X1 [[ X, f = fill fo and d = dy + dy, we
have a commutative diagram

SU(X,/Y) x S%(Xy/Y) . SUX/Y)

le/yXNx2/y NX/Y

where o is the canonical imbedding.

(iii) Normalization: If X =Y and p is the identity, then Nx,y is the identity.

Proof. We construct a map Nx/y and check that it has the desired properties. Let
B = k[X] and A = k[Y], so that B is a locally free A-module of finite rank d. Let
B®* = B®4 B®y4---®4 B be the d-fold tensor product of B over A. The permutation
group &, acts on B®? by permuting the factors. Let S4(B) C B®? be the A-algebra of
all the Gy-invariant elements of B¥?. We consider B#? as an S4(B)-module through the
inclusion S4(B) C B®? of A-algebras. Let I be the kernel of the canonical homomorphism
B® — \%(B) mapping by @ - - @by to by A--- Abg. Tt is well-known (and easily checked
locally on A) that [ is generated by all the elements x € B®¢ such that 7(x) = z for some
transposition 7. If s is in S4(B), then 7(sz) = 7(s)7(x) = sz, hence sz is in S4(B) too.
In other words, I is an S%(B)-submodule of B¥?. The induced S4(B)-module structure
on \%(B) defines an A-algebra homomorphism

d

¢ S4(B) = Enda(/\(B)) .
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Since B is locally free of rank d over A, /\Z(B) is an invertible A-module and we can
canonically identify End4( /\Z(B)) with A. Thus we have a map

Q: Sj(B) — A
and we define
Nxpy 1Y = SUX/Y)

as the morphism of Y-schemes induced by ¢. The verification of properties (i), (ii) and
(i) is straightforward. O

Let k£ be a field. Let O be the semi-local ring of finitely many closed points on a
smooth affine irreducible k-variety X. Let C' be an affine smooth commutative O-group
scheme, Let p: X — Y be a finite flat morphism of affine O-schemes and f : X — C any
O-morphism. We define the norm Nx,y(f) of f as the composite map

Nx,y

y B gdx/v) s sdx) 229 a0y % o (33)

Here we write ” x 7 for the group law on C'. The norm maps Nx/y satisfy the following
conditions

(i’) Base change: for any map f : Y’ — Y of affine schemes, putting X’ = X xy Y’ we
have a commutative diagram

ox) Y oixry

NX/YJ« J/NX’/Y’

cy) L= cw

(ii’) multiplicativity: if X = X; II X, then the diagram commutes

ox) Y o(X) x O(Xy)
NX/YJ/ lel/yNXQ/Y
o) —= C(Y)

(ili’) normalization: if X =Y and the map X — Y is the identity then Nx,y = idc(x).

17 Unramified elements

Let k be a field, O be the k-algebra from Theorem 6.1 and K be the fraction field of
O. Let p : G — C be the morphism of reductive O-group schemes from Theorem 6.1.
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We work in this section with the category of commutative Noetherian O-algebras. For a
commutative O-algebra S set

F(9) = C(5)/m(G(9)). (34)

Let S be an O-algebra which is a domain and let L be its fraction field. Define the
subgroup of S-unramified elements of F(L) as

Furs(L) =[] Im[F(S,) = F(L)], (35)
pESpec(S)(V)

where Spec(S)) is the set of hight 1 prime ideals in S. Obviously the image of F(S5)
in F(L) is contained in F,, ¢(L). In most cases F(S,) injects into F(L) and F,, s(L) is
simply the intersection of all F(S,).

For an element o € C'(S) we will write & for its image in F(S). In this section we will
write F for the functor (34). We will repeatedly use the following result due to Nisnevich.

Theorem 17.1 ([Ni2]). Let S be a O-algebra which is discrete valuation ring with fraction
field L. The map F(S) — F(L) is injective.

Proof. Let H be the kernel of p. Since p is smooth and C' is a tori, the group scheme
sequence
1-H—-G—-C—=1

gives rise to a short exact sequence of group sheaves in the étale topology. In turn that
sequence of sheaves induces a long exact sequence of pointed sets. So, the boundary map
0:C(S) — Hy (S, H) fits in a commutative diagram

C(9)/m(G(9)) —— C(L)/m(G(L))

| !

He (S, H)  ——  H(L, H).

in which the vertical arrows have trivial kernels. The bottom arrow has trivial kernel by
a Theorem from [Ni2], since H is a reductive O-group scheme. Thus the top arrow has
trivial kernel too.

0

Lemma 17.2. Let u : G — C be the above morphism of our reductive group schemes.
Let H = ker(p). Then for an O-algebra L, where L is a field, the boundary map O :
C(L)/u(G(L)) — H(L, H) is injective.

Proof. For a L-rational point ¢ € C'set H; = p~'(t). The action by left multiplication of H
on H, makes H, into a left principal homogeneous H-space and moreover d(t) € H}, (L, H)
coincides with the isomorphism class of H;. Now suppose that s,t € C'(L) are such that
J(s) = O(t). This means that H; and Hy are isomorphic as principal homogeneous H-
spaces. We must check that for certain g € G(L) one has t = su(g).
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Let L*°? be a separable closure of L. Let v : H;, — H; be an isomorphism of left
H-spaces. For any r € Hy(L*®?) and h € Hi(L*%) one has

(hr) = (hr) = v~ A= hap(r) = r = ().

Thus for any o € Gal(L**/L) and any r € H,(L**?) one has

r() = (7)) = 07N

which means that the point u = r~*)(r) is a Gal(L*®/L)-invariant point of G(L*"). So
u € G(L). The following relation shows that the ¢ coincides with the right multiplication
by u. In fact, for any r € Hy(L*?) one has 1 (r) = rr~'(r) = ru. Since 1) is the right
multiplication by w one has t = spu(u), which proves the lemma.

U

Let k£, O and K be as above in this Section. Let K be a field containing K and
r : K* — Z be a discrete valuation vanishing on K. Let A, be the valuation ring of .
Clearly, 0 C A, Let A, and K, be the completions of A, and K with respect to z. Let

: K — K, be the inclusion. By Theorem 17.1 the map F(A,) — F(K,) is injective. We
Wﬂl identify F(A,) with its image under this map. Set

Fo(X) = i (F(A)).

The inclusion A, — X induces a map F(A,) — F(K) which is injective by Lemma
17.1. So both groups F(A,) and F,(XK) are subgroups of F(X). The following lemma shows
that F,(X) coincides with the subgroup of F(X) consisting of all elements unramified at
x.

Lemma 17.3. F(A,) = F,.(X).

Proof. We only have to check the inclusion F,(X) C F(A,). Let a, € F,.(K) be an
element. It determines the elements a € F(X) and ¢ € F(A,) which coincide when
regarded as elements of F(X,). We denote this common element in F(X,) by a,. Let
H =ker(p) and let 0 : C'(—) — Hét( , H) be the boundary map.

Let & = 0(a) € Hy(K, H), £ = 9(a) € Hi(A,, H) and &, = 9(a,) € H(X,, H)
Clearly, f and & both coincide with fx when regarded as elements of Het(fo, H). Thus
one can glue £ and S toget a ¢, € Hé (A, H) which maps to £ under the map induced by
the inclusion A, — X and maps to 5 under the map induced by the inclusion A, — A,.

We now show that &, has the form d(a),) for a certain a), € F(A,). In fact, observe
that the image ¢ of ¢ in Hg, (X, G) is trivial. By Theorem [Ni2] the map

Het(As, G) = Hg (X, G)

has trivial kernel. Therefore the image ¢, of &, in Hg,(A,, G) is trivial. Thus there exists
an element a/, € F(A,) with d(a)) = &, € H (Ay, H).
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We now prove that a!, coincides with a, in F,(X). Since F(A,) and F,(XK) are both
subgroups of F(X), it suffices to show that a! coincides with the element a in F(X). By
Lemma 17.2 the map

F(K) > HE (5 H) (36)
is injective. Thus it suffices to check that d(a’,) = d(a) in H}, (X, H). This is indeed the
case because d(a},) = &, and d(a) = &, and &, coincides with & when regarded over X.
We have proved that a!, coincides with a, in F,(K). Thus the inclusion F,(K) C F(A,)

is proved, whence the lemma.
O

Let k, O and K be as above in this Section.

Lemma 17.4. Let B C A be a finite extension of K-smooth algebras, which are domains
and each has dimension one. Let 0 # f € A and let h € BN fA be such that the induced
map B/hB — AJfA is an isomorphism. Suppose hA = fAN J" for an ideal J" C A
co-prime to the ideal fA.

Let E and F be the field of fractions of B and A respectively. Let o € C(Ay) be
such that & € F(F) is A-unramified. Then, for B = Np/p(a), the class B € F(E) is
B-unramified.

Proof. The only primes at which @ could be ramified are those which divide hA. Let p
be one of them. Check that & is unramified at p.

To do this we consider all primes q1, qs, ..., q, in A lying over p. Let q; be the unique
prime dividing f and lying over p. Then

A®p By = Ay, x Hqu
i#1

with Aql = Bp. If F', E are the fields of fractions of A and B then

Fop By = Fyy x [[ B
i£1

and Fql = Ep. We will write F} for Fm and A; for flqi. Let
O[®1:(O[1,...,O[n) GC(Fl) X XC(Fn)

Clearly for i > 2 one has a; € C(A;) and a; = pu(m)o with o, € C(A;) = C(B,) and
1 € G(F1) = G(Ey). Now f® 1 € C(E,) coincides with the product

ar1Ng, g (a2) N i (an) = p(n) [0 Ng, 5, (a2) - N, g ().

Thus § ® 1 = a1 Ng, 5 (a2) -+ Ng, 5 (Bn) € F(B,). Let i : E < E, be the inclusion and

i : F(E) — F(E,) be the induced map. Clearly i,(8) = 3®1 in F(E,). Now Lemma
17.3 shows that the element 8 € F(E) belongs to F(B,). Hence [ is B-unramified.
U
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18 Specialization maps

Let k£ be a field, O be the k-algebra from Theorem 6.1 and K be the fraction field of O.
Let p : G — C be the morphism of reductive O-group schemes from Theorem 6.1. We
work in this section with the category of commutative K-algebras and with the functor

F:5 = C(9)/mG(S)) (37)

defined on the category of K-algebras. So, we assume in this Section that each ring
from this Section is equipped with a distinguished K-algebra structure and each ring
homomorphism from this Section respects that structures. Let S be an K-algebra which
is a domain and let L be its fraction field. Define the subgroup of S-unramified elements
Fnrs(L) of F(L) by formulae (35).

For a regular domain S with the fraction field X and each height one prime p in S
we construct specialization maps s, : F,, 5(X) — F(K(p)), where K is the field of
fractions of S and K (p) is the residue field of R at the prime p.

Definition 18.1. Let Ev, : C(S,) = C(K(p)) and evy, : F(S,) — F(K(p)) be the maps
induced by the canonical K -algebra homomorphism S, — K(p). Define a homomorphism
Sp + Tprs(K) = F(K(p)) by sp(a) = evy(&), where & is a lift of o to F(S,). Theorem
17.1 shows that the map s, is well-defined. It is called the specialization map. The map
evy 15 called the evaluation map at the prime p.

Obviously for a € C(Sy) one has sp(@) = Evy(a) € F(K(p)).

Lemma 18.2 ([?]). Let H' be a smooth linear algebraic group over the field K. Let S be
a K-algebra which is a Dedekind domain with field of fractions K. If € € Ho(K, H') is
an S-unramified element for the functor Hy(—, H') (see (35) for the Definition), then &
can be lifted to an element of Hs,(S, H').

Proof. Patching.
U

Theorem 18.3 ([C-T/O], Prop.2.2). Let G' = Gk, where G is the reductive O-group
scheme from this Section (it is connected and even geometrically connected, since we
follow [D-G, Ezp. XIX, Defn.2.7]). Then

ker[Hg(K[t], G') — Hy(K(t),G')] = * .
We need the following theorem.

Theorem 18.4 (Homotopy invariance). Let S — F(S) be the functor defined by the
formulae (37) and let Ty, (K () be defined by the formulae (35). Let K(t) be the
rational function field in one variable. Then one has

F(K) = T kg (K(1)).
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Proof. The injectivity is clear, since the composition
F(K) = For (K1) = F(K)
coincides with the identity (here s is the specialization map at the point zero defined in

4.6).
It remains to check the surjectivity. Let

Let a € Fn k(K (1)) and let Hx = ker(ug). Since p is smooth the K-group Hy is
smooth. Since Gy is reductive it is K-affine. Whence Hg is K-affine. Clearly, the
element 0(a) € HL(K(t),Hr) is a class which for every closed point x € AL belongs
to the image of H.(0O,, Hy). Thus by Lemma 18.2, £ := 9(a) can be represented by an
element & € H(K[t], Hk), where K[t] is the polynomial ring. Consider the diagram

I

at ,éa >

1 —— F(K[t]) " H(K[t], Hx) — HL(K[t], Gx)

|

L—— F(K (1)) = HA(K (), Hi) — HL (K (1), Gx)

€ p

%

al /fl > %

in which all the maps are canonical, the horizontal lines are exact sequences of pointed sets
and ker(n) = * by Theorem 18.3. Since ¢ goes to the trivial element in HY, (K (t), Gx), one
concludes that 77(5 ) = *. Whence ¢ = % by Theorem 18.3. Thus there exists an element
a € F(K[t]) such that d(@) = . The map F(K (t)) — HL (K (t), Hx) is injective by Lemma
17.2. Thus €(a) = a. The map F(K) — F(K[t]) induced by the inclusion K — K|t] is
surjective, since the corresponding map C(K) — C(K|t]) is an isomorphism. Whence
there exists an ag € F(K) such that its image in F(K(t)) coincides with the element a.
U

Corollary 18.5. Let S +— JF(S) be the functor defined in (34). Let
50,51+ Tpr xg (K () = F(K)

be the specialization maps at zero and at one (at the primes (t) and (t-1)). Then sy = s;.

Proof. 1t is an obvious consequence of Theorem 18.4. O
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