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6. Topological Milnor K -groups of higher local fields

Ivan Fesenko

Let FF = K,,...,Ko =F, bean n-dimensional local field. We use the notation of
section 1.

In this section we describe properties of certain quotients K '°P(F) of the Milnor
K -groups of F' by using in particular topological considerations. This is an updated
and simplified summary of relevant results in [F1-F5]. Subsection 6.1 recalls well-
known results on K -groups of classical local fields. Subsection 6.2 discusses so
called sequential topologies which are important for the description of subquotients of
K'™©P(F) in terms of a simpler objects endowed with sequential topology (Theorem 1
in 6.6 and Theorem 1 in 7.2 of section 7). Subsection 6.3 introduces K'°P(F), 6.4
presents very useful pairings (including Vostokov’s symbol which is discussed in more
detail in section 8), subsection 6.5-6.6 describe the structure of K'°P(F) and 6.7 deals
with the quotients K (F')/I; finally, 6.8 presents various properties of the norm map on
K -groups. Note that subsections 6.6—6.8 are not required for understanding Parshin’s
classfield theory in section 7.

6.0. Introduction

Let A beacommutativeringandlet X bean A-module endowed with some topology.
A set {x;};c; of elements of X is called a set of topological generators of X if
the sequential closure of the submodule of X generated by this set coincides with X.
A set of topological generators is called a topological basis if for every j € I and
every non-zero a € A ax; doesn't belong to the sequential closure of the submodule
generated by {z;}iz;.

Let I beacountableset. If {z;} isset of topological generatorsof X then every
element = € X can beexpressed asaconvergentsum > a;z; withsome a; € A (note
that it is not necessarily the case that for all a; € A thesum > a;x; converges). This
expressionisuniqueif {x;} isatopologica basisof X; then provided additionin X
is sequentially continuous, we get > a;z; + > bix; = (a; +b;)x;.
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Recall that in the one-dimensional case the group of principal units Uy r is a
multiplicative Z,-module with finitely many topological generators if char (F)) = 0
and infinitely many topological generatorsif char (') = p (seefor instance [FV, Ch. |
§6]). Thisrepresentation of U  and acertain specific choice of its generatorsis quite
important if one wants to deduce the Shafarevich and Vostokov explicit formulas for
the Hilbert symbol (see section 8).

Similarly, the group Vx of principal units of an n-dimensional local field F' is
topologically generated by 1+ 0tir ... 4", 6 € p,_1 (see subsection 1.4.2). This
leads to a natural suggestion to endow the Milnor K -groupsof F' with an appropriate
topology and use the sequential convergenceto simplify calculationsin K -groups.

On the other hand, the reciprocity map

Wpi K, (F) — Ga(F®/F)

is not injective in general, in particular ker(Wr) D ﬂl>1lKn(F) Z 0. So the Milnor
K -groups are too large from the point of view of class field theory, and one can pass
to the quotient K,,(F)/ (1,51 K (F) without loosing any arithmetical information

on F. The latter quotient coincides with K P(F) (see subsection 6.6) which is
defined in subsection 6.3 as the quotient of K,,(F) by the intersection A,,(F) of al
neighbourhoodsof 0in K, (F) withrespecttoacertaintopology. Theexistencetheorem
in class field theory uses the topology to characterize norm subgroups Ny, K, (L) of
finite abelian extensions L of F as open subgroups of finite index of K,,(F) (see
subsection 10.5). Asacorollary of the existencetheoremin 10.5 one obtainsthat in fact

[ HEn(F) = An(F) = ker(Wr).
1>1
However, the class of open subgroups of finiteindex of K,,(F) can be defined without

introducing thetopology on K,,(F'), seethepaper of Kato in thisvolumewhich presents
adifferent approach.

6.1. K-groupsof one-dimensional local fields

The structure of the Milnor K -groups of aone-dimensional local field F' iscompletely
known.

Recall that using the Hilbert symbol and multiplicative Z,-basis of the group of
principal unitsof F' one obtains that

Ko(F) ~ TorsKo(F) & mKo(F), where m = | Tors F*|, TorsKx(F') ~ Z/m

and m K>(F) isanuncountableuniquely divisiblegroup (Bass, Tate, Moore, Merkur’ ev;
seefor instance[FV, Ch. 1X §4]). Thegroups K,,(F) for m > 3 areuniquely divisible
uncountable groups (Kahn [Kn], Sivitsky [FV, Ch. IX §4]).
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Part . Section 6. Topological Milnor K -groups of higher local fields 63

6.2. Sequential topology

We need dlightly different topologies from the topology of F and F™* introduced in
section 1.

Definition. Let X be a topological space with topology 7. Define its sequential
saturation A:
asubset U of X is open with respect to \ if for every a € U and a convergent
(with respect to 7) sequence X > «; to o admost al «; belong to U. Then
o — 0= Oy 7 Q.

Hencethe sequential saturation isthe strongest topology which has the same conver-
gent sequences and their limits as the original one. For avery elementary introduction
to sequential topologies see [S].

Definition. For an n-dimensional local field I denoteby )\ the sequential saturation
of the topology on F' defined in section 1.

The topology A is different from the old topology on F' defined in section 1 for
n > 2: for example, it F =T, ((t1)) ((t2)) then Y = F\ {tht;? +t,°t] 10,5 > 1}
is open with respect to A and is not open with respect to the topology of F' definedin
section 1.

Let A\, on F* be the sequentia saturation of the topology = on F* defined in
section 1. It isashift invariant topology.

If n =1, therestrictionof A\, on Vx coincides with the induced from .

The following propertiesof A (A, ) are similar to those in section 1 and/or can be
proved by induction on dimension.

Properties.
(1) a,Bi —0=a; -6 —0;
A A

2 B —1l=a8t— 1
\ \

* *

(3) forevery «; € Up, afi = 1;

(4) multiplication is not continuous in general with respectto \,;

(5) every fundamental sequence with respectto A (resp. A, ) converges,

(6) Ve and F*™ areclosed subgroupsof F* for every m > 1,

(7) Theintersection of all open subgroupsof finite index containing a closed subgroup
H coincideswith H.

Definition. Fortopological spaces X1, ..., X; definethe x-product topology on X x
.-+ x X; asthe sequential saturation of the product topology.
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6.3. K"%-groups

Definition. Let )\, be the strongest topology on K,,(F) such that subtraction in
K,,,(F) and the natural map

(28 (F*)m - m(F)7 QD(CM]_, cee 7am) = {(a17 v 7am}

are sequentially continuous. Then the topology \,, coincides with its sequential
saturation. Put

Am(F) = (") open neighbourhoods of 0.
Itis straightforward to seethat A,,,(F) isasubgroup of K,,(F).

Properties.

(1) A,(F) isclosed: indeed A,,(F) 3 z; — x impliesthat x = x; +y; with y; — 0,
S0 z;,y; — 0, hence x = x; +y; — 0, S0 z € A\, (F).

(2) Put VK,,(F) = {{Vr}  K,,_1(F)) (Vr isdefined in subsection 1.1). Since the
topology with V K ,,,(F) and its shifts asasystem of fundamental neighbourhoods
satisfies two conditions of the previous definition, one obtains that A,,,(F) C
VK, (F).

3) A1 =A..

Following the original approach of Parshin [P1] introduce now the following:

Definition. Set
K P(F) = K (F) /A (F)
and endow it with the quotient topology of A,, which we denote by the same notation.
This new group K}ﬁp(F) is sometimes called the topological Milnor K -group of
F.
If char (K, _1) =p then K1 = K;.

If char (K,,_1) = 0 then K(K) # K1(K), since 1+ Mg, (which is uniquely
divisible) is a subgroup of A1(K).

6.4. Explicit pairings

Explicit pairings of the Milnor K -groups of F' are quite useful if one wants to study
the structure of K'°P-groups.
The general method is as follows. Assume that thereis a pairing

(,):AxB—Z/m
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of two Z/m-modules A and B. Assume that A is endowed with a topology with
respect to which it hastopological generators «;; where ¢ runsover elementsof atotally
ordered countableset 7. Assumethat for every j € I thereisanelement 3; € B such
that

(aj, ;) =1 mod m, (0, B;) =0 modm forali>j.

Then if aconvergent sum > c;«; isequal to 0, assumethat thereisaminima j with
non-zero c¢; and deduce that
0= Zci<aiaﬁj> =¢j,

acontradiction. Thus, {«;} form atopological basisof A.

If, in addition, for every 5 € B\ {0} thereisan o € A suchthat («, 3) 70, then
the pairing ( , ) isobviously non-degenerate.

Pairings listed below satisfy the assumptions above and therefore can be applied to
study the structure of quotients of the Milnor K -groupsof F'.

6.4.1. “Valuation map”.
Let 9: K,.(K,) — K,_1(K,_1) be the border homomorphism (see for example
[FV, Ch.1X §2]). Put

0=0p Ko(F) 2 Ky 1(Kuo1) 2 ... 2 Ko(Ko)=Z, o({t1, ..., ta}) =1

for asystem of local parameters ¢4, ... ,t, of F'. Thevauation map v doesn't depend
on the choice of a system of local parameters.

6.4.2. Tame symbol.
Define

K (F) /(g — 1) x F*/F* 9 - Kpa(F)/(g — 1) — F} — pg-1, ¢ =Kol
by
Kpa(P)/(q -1 2 KoK /(g - 1) 2 .. 2 Ki(Ko) /(g — D) =F — pg1.

Herethemap F; — 1,1 isgiven by taking multiplicative representatives.
An explicit formula for this symbol (originally asked for in [P2] and suggested in
[F1]) is simple: let ¢4, ...,t, be asystem of local parameters of F and let v =

(v1, ...,v,) bethe associated valuation of rank n (see section 1 of this volume). For
elements aq, ..., a,4+1 Of F* thevalue t(aq, az, ..., a,+1) isequa tothe (g — 1)th
root of unity whose residue is equal to the residue of
b ¥
art.. nﬁll( 1)

in the last residue field Fy, where b =", vs(b;)vs(b;)b; ;, b is the determinant
of the matrix obtained by cutting off the j th column of the matrix A = (v;(c;)) with
thesign (—1)/~1, and b; ; isthe determinant of the matrix obtained by cutting off the
ithand jth columns and sth row of A.
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6.4.3. Artin—Schreier—Witt pairing in characteristic p.
Define, following [P2], the pairing
(, 1o Ku(B)/p" % Wo(F)/(F — YW, (F) — W, (F,) ~ Z/p"
by (F isthe map defined in the section, Some Conventions)
(CMO, vy Oy (ﬂ()? v 7ﬂ7")]7’ = TrKo/]Fp (707 ... 7’77")

wherethe i th ghost component v isgivenby resx, (6@ajtda A - Aaytday).
For its properties see [ P2, sect. 3]. In particular,
(1) for x € K, (F)

(z, V(Bo, - .-, Br-1)l+ = V(z,(Bo, - .., Br-1)lr—1
where asusual for afield K
VW, _1(K) — Wi(K), V(Bo, ...,8--1) =0, 5o, ..., B-1);
(2) for xz € K,,(F)
(z, A(Bo, - - -, Br)lr—1 = Alz,(Bo, -, B>
wherefor afield K
A:W(K) — W, 1(K), A(Bo, ---,Br-1,6:) = (Bo, - -+ Br—1)-
(3) If Tréo=1then ({t1,...,tn},60], =1. If i; isprimeto p then
({L+0t . 5t oty ot ), 0007 Y ] = 1

6.4.4. Vostokov’ssymboal in characteristicO.
Suppose that ji,- < F* and p > 2. Vostokov’s symbol

V( ) )’I": Km(F)/pr X Kn+1fm(F)/pr - Kn+1(F)/pr — Hpr
is defined in section 8.3. For its properties see 8.3.

Each pairing defined above is sequentially continuous, so it induces the pairing of
KSP(F).

6.5. Structure of K©P(F). |

Denote VK (F) = ({V¢} - K [(F)). Using the tame symbol and valuation v as
described in the beginning of 6.4 it is easy to deduce that

Kn(F) ~ VK, (F) & 20 & (Z/(q — 1))"™
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with appropriate integer a(m), b(m) (see [FV, Ch. IX, §2]); similar calculations are
applicable to KP(F). For example, Z(™ correspondsto &({t;,, ..., t;, }) with
1<p<--<jm<n

Tostudy V K,,(F) and VKtmOp(F) thefollowing elementary equality isquite useful

af «

1—a}+{1_ﬁ’1+ l—a}'
Notethat v(a5/(1 — «)) = v(a) + v(B) if v(a),v(5) > (O, ...,0).

For £, € Vr one can apply the previous formulato {e,n} € KEO'D(F) and using
the topological convergence deduce that

{5777} = Z {piati}

with units p; = p;(e,n) sequentially continuously depending on ¢, 1.
Therefore VK. }SP(F) is topologically generated by symbols

{1-a,1-8}={a,1+

{1+ttt Y € g1

In particular, K'%,(F) = 0.
Lemma. (51 K (F) C Ay (F).
Proof. First, IK,.(F) C VK,,(F). Let x € VK,,(F). Write

T = Z{aj,tjl, e ,tjm_l} mod A, (F), «ay € Vp.
Then

pra=d {oh b {ty, ot b A A € A(F).
It remainsto apply property (3) in 6.2. O

6.6. Structureof K©P(F). 11

This subsection 6.6 and the rest of this section are not required for understanding
Parshin’s class field theory theory of higher local fields of characteristic p which is
discussed in section 7.

The next theorem relates the structure of VKfifp(F) with the structure of asimpler
object.

Theorem 1 ([F5, Th. 4.6]). Let char (K,,_1) = p. The homomorphism
g: HVF - VKm(F)7 (6J) = Z {ﬁJvtjlv s 7tjm_1}
J

J:{jlw--ujrm—l}
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induces a homeomor phism between [T Vi/g~ (A, (F)) endowed with the quotient of
the x-topology and V K ﬁ,olp(F); g~ Y\, (F)) isaclosed subgroup.

Since every closed subgroup of Vi isthe intersection of some open subgroups of
finiteindex in Vi (property (7) of 6.2), we obtain the following:

Corollary. A,,(F) =) open subgroups of finiteindexin K,,(F).

Remarks. 1. If F isof characteristic p, thereisacomplete description of the structure
of K }SP(F) in the language of topological generators and relations due to Parshin (see
subsection 7.2).

2. If char (K,,_1) = 0, thenthe border homomorphismin Milnor K -theory (seefor
instance [FV, Ch. 1X §2]) induces the homomorphism

VKm(F) - VKm(Kn—l) b VKm—l(Kn—l)‘

Its kernel is equal to the subgroup of V K,,,(F) generated by symbols {u, ...} with
u inthegroup 1+ Mg whichisuniquely divisible. So

VEP(F) = VP, 1) & VK (K, 1)
and one can apply Theorem 1 to describe V K1oP(F).

Proof of Theorem 1. Recall that every symbol {a1, ...,a,} in KP(F) can be
written as a convergent sum of symbols {3;,t;,, ...,t; _,} with 3; sequentially
continuously depending on «; (subsection 6.5). Hence thereis a sequentially continu-
ousmap f:Vp x From-1_, 1, Ve suchthat its composition with g coincides with
the restriction of themap : (F*)™ — KoP(F) on Vp & F*®m-1,

So the quotient of the x-topology of [[; Vr is < A, asfollowsfromthe definition
of A,,. Indeed, the sum of two convergent sequences x;,y; in [[, Vr/ g YN, (F))
converges to the sum of their limits.

Let U beanopensubsetin VK,,(F). Then ¢g~(U) isopeninthe x-product of the
topology []; V. Indeed, otherwise for some J there were asegquence af}) ¢ g~ XU)
which convergesto a; € g~(U). Then the properties of the map ¢ of 6.3 imply that
the sequence go(af})) ¢ U convergesto p(a;) € U which contradicts the openness of
U. O

Theorem 2 ([F5, Th. 4.5]). If char (F) = p then A, (F) is equal to (51 1K (F)
and isadivisible group.

Proof. Bloch-Kato—Gabber’stheorem (see subsection A2 in the appendix to section 2)
shows that the differential symbol
do do,y,

d: K, (F)/p — QF, {ag, ...,apm}r— — A - A
a1 A
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is injective. The topology of QY% induced from F' (as a finite dimensional vector
space) is Hausdorff, and d is continuous, so A,,,(F) C pK,,(F).

Since VK,,(F)/N\(F) ~ ][] £, doesn’t have p-torsion by Theorem 1 in subsec-
tion 7.2, A\, (F) = pA\,, (F). O

Theorem 3 ([F5, Th. 4.7]). If char(F) = 0 then A,,(F) is equal to (5 L (F)
and is a divisible group. If a primitive /th root (; belongsto F, then leifp(F) =
{G}- K2 o (F).

Proof. Toshow that p"V K,,,(F) D A,.(F) it sufficesto check that p"V K,,,(F) isthe
intersection of open neighbourhoods of p"V K, (F).

We can assume that 1., iscontained in F' applying the standard argument by using
(p, |F(up) : F|) =1 and [-divisibility of V K,,(F) for [ primeto p.

If » =1 then one can use Bloch—Kato's description of

Usz(F) +me(F)/Ui+1Km(F) +me(F)

in terms of products of quotients of Qﬂn_l (section 4). Q}(H_l and its quotients are

finite-dimensional vector spaces over K,,_1/K” ,, so the intersection of al neigh-
borhoods of zero there with respect to the induced from K, _; topology is trivial.
Therefore the injectivity of d implies A,,,(F) C pK,,.(F).

Thus, the intersection of open subgroups in V K,,(F) containing pV K,,(F) is
equa to pV K,,(F).

Induction Step.

For afield F' consider the pairing

()i Kn(F)/p" x H' S, pn ™) — HYNE, g

given by the cup product and the map F* — H(F, ppr). 1f p,r C F, then Bloch—
Kato's theorem shows that ( , ), can beidentified (up to sign) with Vostokov’s pairing
V().

For x € H™=™(F, p3"~™) put

Ay ={a € Kn(F): (o, x)r =0}

One can show [F5, Lemma4.7] that A, isan open subgroup of K,,(F).

Let o belong to the intersection of all open subgroups of V K,,,(F) which contain
p"VEK,(F). Then a € A, forevery y € H™1=(F, u5"~™).

Set L = F(u,-) and p® = |L : F'|. From the induction hypothesis we deduce that
a € pVK,,(F) and hence o = N, 3 for some 8 € VK,,,(L). Then

0=(a,X)r.r = (NL/rB:X)r.Fr = (B,ir/LX)r L

where i/, isthe natural map. Keeping in mind the identification between Vostokov's
pairing V.. and ( , ), forthefield L weseethat 3 isannihilated by ir/r, Kp+1—m(F)
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with respect to Vostokov's pairing. Using explicit calculations with Vostokov’s pairing
one can directly deduce that

ﬂ € (U - 1)Km(L) +pr_siF/LKm(F) +pr m(L)v
and therefore o € p" K,,,(F), asrequired.
Thus p” K,,,(F) = () open neighbourhoods of p"V K, (F).
To prove the second statement we can assumethat [ isaprime. If [ # p, then since
K }SP(F) is the direct sum of several cyclic groupsand V K }SP(F) and since [-torsion

of KiP(F) is p-divisibleand N,p"V KP(F) = {0}, we deduce the result.
Consider the most difficult case of I = p. Usethe exact sequence

RXn

0= ppl" — oty — pp™ — 0

p

and the following commutative diagram (see also subsection 4.3.2)

pp @ Ky 1(F)/p —— K (F)/p® P . m(F)/ps+l

! l l

HNF &™) s H™(F, &™) ——— H™(F, 7).

Wededucethat pz € A,,,(F) implies pr € N p" K(F), 0 2 = {¢}-a,_1+p" " 1b, 1
for some a; € K\ ,(F) and b; € K, P(F).

Define ¢: K'P | (F) — KxP(F) as ¢(a) = {¢,} - a; it isacontinuous map. Put
D, = z/;—l(pTKfifp(F)). The group D = ND,. isthe kernel of . One can show
[F5, proof of Th. 4.7] that {a,} isaCauchy sequencein the space ngﬁl(F)/D which

is complete. Hencethereis y € () (a,_1+ D,_1). Thus, = {¢,} -y in Kl (F).
Divisibility follows. O

Remarks. 1. Compare with Theorem 8in 2.5.

2. For more properties of K1oP(F) see[F5].

3. Zhukov [Z, §7-10] gave a description of K °P(F) in terms of topological
generators and relations for somefields F' of characteristic zero with small vz (p).

6.7. Thegroup K,,(F)/I

6.7.1. If aprimenumber [ isdistinct from p, then, since V is [-divisible, we deduce
from 6.5 that

Kn(F)/l ~ KP(F) /1 = (/1) & (Z/d)"™)
where d = ged(qg — 1,1).
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6.7.2. Thecaseof | = p ismoreinteresting and difficult. We use the method described
at the beginning of 6.4.

If char (F) = p thenthe Artin—Schreier pairing of 6.4.3 for = 1 helpsoneto show
that K P(F)/p hasthe following topological Z/p-basis:

{140ttt o )
where p t gcd(ia, ... ,0,), O0<(i1,...,i,), (=min{k:ptix} and  runs
over all elements of afixed basisof Kg over F,,.

If char (F) =0, ¢, € F*, thenusing Vostokov's symbol (6.4.4 and 8.3) one obtains
that K1 >P(F)/p has the following topological Z,-basis consisting of elements of two
types:

wo(j) = {1+ 0,apen/ 07D e/ )

where 1 < j < n, (e1, ...,e,) =vr(p) and 0, € p,_1 issuch that
1+0,45/®=D  per/®=1) goegrt belong to F*P
and

(140t 8t o, )

where p { ged(iq, ... ,4,), 0< (i1, ...,i,) <pler, ...,en)/(p— 1),
l=min{k:p1tiy}, where6 runsoverall elementsof afixedbasisof Ky over F,.
If ¢, & F*, then pass to the field F'(¢,) and then go back, using the fact that the

degree of F((,)/F is relatively prime to p. One deduces that KiP(F)/p hasthe
following topological Z,-basis:

(140t 8t o, )

where p { ged(ia, ... ,i,), 0< (i1, ..., 1) <plez, ..., en)/(p— 1),
l=min{k:p1tiy}, where6 runsoverall elementsof afixedbasisof Ko over F,.

6.8. The norm map on K'P-groups

Definition. Definethenormmapon K, P(F) asinducedby Ny, K, (L) — K, (F).
Alternatively in characteristic p one can define the norm map asin 7.4.

6.8.1. Put WUiq,... in = Ui17...,in/Ui1+1,...,in-

Proposition ([F2, Prop. 4.1] and [F3, Prop. 3.1]). Let L/F be a cyclic extension of
prime degree [ such that the extension of the last finite residue fields is trivial. Then
thereis s and a local parameter ¢, ; of L suchthat L = F(t, ). Let t1,...,¢,
be a system of local parameters of £, then ¢4, ...,t5 1, ...,t, iSa systemof local
parametersof L.
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Let [ = p. For agenerator o of Gal(L/F) let

O'tS7L

. :l+90t:1n"'tgfL“‘til+"'
S,

Then
@) if (41, ...,i,) < (r1, ...,7,) then

NL Pty i = Upig,...pia,..cpin, F

sends 0 € Ky to 67;
(2) if (ilv aZn) = (7"]_, s ,T‘n) then

NL Py, i = Upig,...sia,..cpin, F

sends 6 € Kg to 6P — 998_1;
(3) if (1, ..., jn) > O then

NL/F: uj1+7”1,...,pj5+rs,m,jn+rn,L - ujl+pT17"'1js+TS7"')j'rL+an1F
p—1
sends ¢ € Ko to —00, .

Proof. Similar to the one-dimensional case [FV, Ch. Il §1]. 0

6.8.2. If L/F iscyclicof primedegree | then

K'P(L) = ({L*} - gy K\ 4 (F))

where i, isinduced by theembedding F* — L*. For instance (we usethe notations
of section 1), if f(L|F) =1 then L isgenerated over F' by aroot of unity of order
primeto p; if e;(L|F) = [, then use the previous proposition.

Corollary 1. Let L/F beacyclic extension of prime degree [. Then
’K;OP(F) : NL/Fth@Op(L)’ =1
If L/F isasinthe preceding proposition, then the element
{1408 -t ] 1, S N
where theresidue of 6, in Ky doesn’t belong to the image of the map

607 —g00 1
Op ———— Of — Kp,

is agenerator of K P(F)/Ny pKnP(L).
If f(LIF)=1and ! #p, then

{9*7t13 af;a atn}
where 6. € ju,1\ pl_; isagenerator of KyP(F)/Np p KXP(L).
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If f(L|F)=1, then
{t1, ..., tn}

is agenerator of Ky °(F)/Ny/pKnP(L).

Coroallary 2. Ny, (closed subgroup) is closed and N / 1 (open subgroup) is open.
Proof. Sufficient to show for an extension of prime degree; then use the previous
proposition and Theorem 1 of 6.6. O
6.8.3.

Theorem 4 ([F2, §4], [F3, §3]). Let L/F beacyclic extension of prime degree [ with
a generator o then the sequence

KOP(F)/1 0 KP(L)/1 200 jelonry i M ey i
is exact.
Proof. Use the explicit description of K1 P/1 in6.7. O

This theorem together with the description of the torsion of K1P(F) in 6.6 imply:
Corollary. Let L/F becyclic with agenerator o then the sequence

Ktop(L) Ktop(L) Ktop(F)

iS exact.
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