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Abstract. We go back and forth between, on the one hand, presentations of arith-
metic and Kac-Moody groups and, on the other hand, presentations of profinite groups,
deducing along the way new results on both.

Introduction

In recent years several papers have been dedicated to showing that finite simple
groups or arithmetic groups have presentations with bounded number of generators
and relations [KL06], [GKKLO07], [GKKLO08], [GKKL11], [Capl3]. This paper is
about such quantitative results for some classes of profinite groups.
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More precisely, we will give essentially optimal bounds on the size of the presen-
tations of maximal compact subgroups and of maximal pro-p subgroups of simple
Chevalley groups over local fields. These results can be also expressed as bounds
on 2-cohomology groups —see below.

Let G be a simple, simply connected, Chevalley group scheme of Lie rank [
and let ¢ be a power p* for some prime p and some exponent ¢ > 1. The non-
Archimedean Lie group G(Fq((t))) acts simplicially on its Bruhat-Tits building
[Tit79]. In this action, each facet stabilizer is an extension of a finite group of Lie
type by a pro-p group. Combining this with a non-positive curvature argument
implies that maximal pro-p subgroups in G(Fq((t))) are all conjugate to one an-
other [Rém04, 1.C.2] (while this is not the case for maximal compact subgroups);
we henceforth call a pro-p Sylow subgroup a maximal pro-p subgroup of G (Fq((t)))
If P is such a subgroup then, up to conjugating it, we can assume that we have
P < G(F,[[t]) < G(Fy((t)). The group G(F,[[t]) is a special maximal compact
subgroup.

Theorem 1. There exists a constant C' > 0 such that for any simple, simply
connected, Chevalley group G of rank > 2 and for any prime power ¢ = p® > 4, the
group G = G(F[[t]) admits a profinite presentation X(G), with Dy, ) generators
and Ryq) relations, satisfying

Dy + Ry < C.

For a group X, let d(X) (respectively r(X)) denote the minimal number of gene-
rators (respectively relations) of X in any of its profinite or discrete presentations
(depending on whether X is a profinite or a discrete group). Then Theorem 1
implies that in particular

dG@)+r(G) < C.

Theorem 1 is proved by combining the results of [Capl3] on bounded presen-
tations of the discrete Kay-Moody group G(F,[t,t7']), with the fact that it has
the congruence subgroup property. It is important at this point to note that the
above uniformness statement is not true globally, that is for abstract presenta-
tions of arithmetic groups obtained by replacing the local rings F,[[¢]] by rings of
integers of global fields (see §3 below).

Now, P as above is a subgroup of index ¢°(*) of G(F,[[t]]), from which one
deduces, using the Reidemeister—Schreier theorem, that P has a presentation X(P)
satisfying

2
Dsypy + Rypy < ¢°4).

By different methods, we obtain a presentation of the pro-p group P with much
better bounds. A word of explanation is needed here. Let r,(P) be the minimal
number of relations needed to define P as a pro-p group. In [Lub01, Cor. 5.5] it is
shown that we have:

r(P) = max{d(P),r,(P)}.

Theorem 2. Let G be a simple, simply connected, Chevalley group scheme of
rank . Let P be a Sylow pro-p-subgroup of G = G(Fq((t))) where ¢ = p®. Then at
least for | > 3 and q > 16, we obtain that d(P) = a(l + 1), so in particular d(P)
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is linear in a and in l. On the other hand, r,(P) = r(P) is bounded from below
and from above by polynomials of degree 2 in a and in l; these polynomials do not
depend on p.

The precise formula on the number of generators is deduced from Kac—Moody
theory [CR14, Cor. 2.5]. The lower bound on the number of relations is derived
from the Golod-Shafarevich inequality while the upper bound is again deduced
from the theory of Kac-Moody groups. More precisely, a discrete Kac—-Moody
group 'y is chosen carefully so that P is equal to the pro-p completion of a well-
understood subgroup I" of I'g. The presentation of I in the discrete category serves
also as a presentation for P in the pro-p category.

The method of the proof enables us to go also backward and to deduce from
the Golod—Shafarevich inequality that the stated presentation of I' is essentially
optimal (see Corollary 15).

Recall that for a profinite group the number of relations is expressed by the
dimensions of the 2nd cohomology groups of various modules [Lub01, Cor. 5.5,
5.6]. It gets a particular nice form for a pro-p group P, where

rp(P) = dimg,,zH*(P, Z/pZ).

Thus combining Theorems 1 and 2 we obtain

Corollary 3. Let G be a simple, simply connected, Chevalley group scheme of
rank 1. Let P be a Sylow pro-p-subgroup in G = G(Fq[[t]]) with ¢ = p®. Then the
following conditions hold:

(1) Ifl > 2 and q > 4, then there is a constant C such that dimp H?(G, M) <
C - dimg, M for every simple F[G|-module M and every prime s.

(2) Ifl >3 and q > 16, then dimg,z H?(P, Z/pZ) is bounded from below and
from above by polynomials of degree 2 in a and in l; these polynomials do
not depend on p.

Theorems 1 and 2 suggest that similar results are valid also in characteristic 0,
but our methods are not that efficient there (see §3). There are two main differences
between the characteristic zero case and the positive characteristic case.

The first one is that in characteristic p all local fields are obtained as completions
of one global field F,(t), while in characteristic 0, there is no such global field. In
our method of proof, which goes from global to local, this difference is crucial: we
prove a uniform result for all groups defined over a given global field k& (Theorem
16), but there is no uniform result over all global fields (see Remark 3). Our uni-
form result for local fields in characteristic p uses substantially the fact that they
all are completions of one global field.

Secondly, the pro-p Sylow subgroup of G(Fq((t))) is the pro-p completion of
a suitable subgroup of a Kac-Moody group (see Lemma 7 below for the exact
result) and we are making a crucial use of this fact. No such result is known to us
in characteristic 0.

Still one has good reasons to believe that results like Theorem 0.1 and Theorem
0.2 are valid also in characteristic 0. In Section 3, we sketch a few partial results
in this direction.
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The structure of the paper is as follows. Section 1 deals with uniformly bounded
profinite presentations of maximal compact subgroups of non-archimedean Cheval-
ley groups in characteristic p. Section 2 investigates more carefully the maximal
pro-p subgroups of these groups. Section 3 goes back to the questions of §1 in
the characteristic 0 case. The proof for the global case is given in §4 and uses
K-theory.

Acknowledgements. The authors would like to thank the anonymous referee for
her/his detailed comments that helped to improve the paper. The third author
would like to thank Amaury Thuillier for many useful discussions.

1. Presentations of F,[[t]]-points of split simple groups

Let ¢ = p® with p a prime and a > 1. Let G be a simple, simply connected,
Chevalley group. In this section we are interested in controlling presentations of
the virtually pro-p groups G(F[[t]) for arbitrary exponent e > 1. The general
idea of this section is that G(F4[[t]]) appears as a factor of the profinite completion
of G(F,[t,t7!]) and that a presentation of the latter discrete group naturally gives
a profinite presentation of this completion.

Therefore, in the first half of the argument we are only interested in G (F,[t,t1).
Usually, the main viewpoint on the group G(F,[t,t7!]) is as an S-arithmetic group
[Mar91]. It provides a lot of information (cf. [PR94]), but another possibility is to
see it as a (split) Kac—Moody group of affine type. This gives additional informa-
tion of combinatorial nature. Indeed, this group acts on a product of two twin
buildings [Rém02, 12.6.3] and using the action on a single building, we can de-
duce from this a suitable amalgamation theorem for G(F[t,t71]). We use here a
combination of the two viewpoints.

1.1. Bounded presentation for affine Kac—Moody groups over finite
fields

To begin with, let us recall that by [Capl3, Thm. 2.1] there exists a so-called
bounded family of presentations for affine Kac—-Moody groups (with the exception
of A; and *A;). In particular, we have:

Theorem 4 ([Capl3]). There exists a constant C > 0 such that for any sim-
ple, simply connected, Chevalley group scheme G of rank > 2 and for any prime
power q > 4, the group G = G(F,[t,t']) admits a presentation X(G) with Dsa
generators and Ry q) relations satisfying

Dy + Ry < C.

1.2. Bounded presentation for profinite Chevalley groups in
characteristic p

We can now turn to completion processes. The following proposition provides

a relationship between presentations of G(F,[t,t71]) and of G(F,[[t]]); it is a

quantitative version of a method already used in [Lub05].

Proposition 5. Assume that the rank of the simple, simply connected, Chevalley
group G is > 2 and that the arithmetic group G(F,[t,t™']) has a presentation
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with d generators and r relations. Then for any e > 1, the group G(F[[t]]) has
a profinite presentation with d generators and r + 1 relations.

Proof. Set A = F,[t,t~!] and denote by A the profinite completion of this ring.
Let P be the set of monic irreducible polynomials in F[t] and P, those of degree e.
The prime ideals in A = F[t][1/¢] are parametrized by P \ {t}, so by the Chinese
remainder theorem, we have

A =ep gy AY
where Af = lim A/(f™) is isomorphic to Fyacs(s [[2]]. Using P = [ | 5, Pe, we
see therefore that
A = (Fy[[t)])71 X TLoso (Fye (L) #P-.
Vﬁzﬁt S = {0;00}. The group G(A) is thus an S-arithmetic group. We denote

by G(A) its profinite completion and by G(A) its S-congruence completion. The

canonical map 7 : G(A) — G(A4) is a continuous group homomorphism restricting
to the identity map of the dense subgroup G(A); as a consequence, 7 is surjective.
Since there is no place of F,(t) at which G is anisotropic and since G is simply
connected, strong approximation [Pra77] implies that the S-congruence completion
G(A) is described by means of the S-adeles Ag of Fy(t). One therefore deduces:

G(A) = G(A) = G(F [t x [Toso G(Fqe [[E]) 77
For further use in the paper, let us quote a precise statement on the solution

to the congruence subgroup problem (see [Rag76], [PR83] and [Mar91, VIII.2.16
Thm.]).

Theorem 6. Let G be a simply connected Chevalley group, let k be a global
field and let S be a finite set of places of k. Let A denote the ring of S-integers
in k and for each v € S, let k, be the corresponding completion of k. We set
tks(G) = >, cgtke, (G) and assume that tks(G) = 2. Then the kernel of the

——

map 7 : G(A) — G(A) is cyclic; it is even trivial whenever S contains a non-
Archimedean place.

In our case, where G has rank > 2 and all places are non-Archimedean, the

-~

map 7 is an isomorphism : E(I) >~ G(A). This implies that for any fixed e > 1,
one can write G(A) as a product:

G(A) = G(Fge[[t]]) x M
where M is a product of infinitely many groups of the form G(F[[t]]) with finite

multiplicity for each exponent s > 1.
By our group-theoretic hypothesis, the abstract group G(A) has a presentation

—

with d generators and r relations, therefore so does G(A) as a profinite group.

Now, notice that M, as a normal subgroup of E(I), is generated by one ele-
ment! Indeed, every factor of the direct product M, say G(F,:[[t]]), has no non-
trivial abelian quotient; moreover it admits a semi-direct product decomposition
G(F4:) x Q where @ is a pro-p group [RR06, 1.C]. The semi-direct product decom-
position implies that G(F4:[[t]]) has a unique maximal normal subgroup. Indeed,
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let 7 : G(Fg[[t]]) — S be a quotient map to a simple (necessarily non-abelian)
group. The group @ is normal in G(F=[[t]]), therefore 7(Q) is a normal p-group
in S, hence is trivial. This implies that 7 factorizes through the homomorphism
G(F4:[[t]]) = G(F4=), whose target group has a unique simple quotient.

Pick then g € M such that each one of its coordinates is outside that max-
imal normal subgroup; it is not difficult to see that the normal closure {(g)) s
of g in M is M itself. Thus we get a profinite presentation for G(Fy[[t]]) =

—

G(A)/({1} x {g))ar) which has d generators and r 4 1 relations. O

Proof of Theorem 1. This statement is now a consequence of the combination of
Theorem 4 and Proposition 5. [

Remark 1. In Theorem 0.1 we assume that [ > 2. We believe it is also true for
1 =1, i.e., for SLao(F,[[t])-

2. Sylow pro-p-subgroups of Chevalley groups over F4((t))

The other type of compact subgroups we consider in this paper is given by the
maximal pro-p subgroups of G(Fq((t))). To prove Theorem 0.2 we will use again
Kac—Moody theory, but in a different way than in Theorem 1.

The idea is to see the pro-p group we are interested in as the full pro-p com-
pletion of a suitable arithmetic group, which can itself be seen as a subgroup of
a Kac-Moody group over a finite field. Again we use the fact that a presenta-
tion for a discrete group naturally leads to a profinite or pro-p presentation of the
corresponding completion.

2.1. The pro-p completions

Let ¢ = p* (a > 1) and G be a simple simply connected Chevalley group scheme
of rank [ > 3. Take A = F[t] and consider I'y := G(A). Suppose further that
I = (f(t)) is an ideal of A generated by an irreducible polynomial f(¢) and B is
the completion of A with respect to I. Let P be a pro-p-Sylow subgroup of G(B).
Then P is an open maximal pro-p subgroup of G(B). Now consider a very special
case: f(t)=t,s0 B 2 F([[t]]. Set T =ToNP=G(A)NP.

Lemma 7. The group P is the pro-p completion of T.

Proof. By the affirmative solution of the CSP (the congruence subgroup problem)
for T'g (see Theorem 6), its profinite completion 6(-/1\) is equal to [ [y G(Y"), where
Y runs over all the completions of A (one of which is B). As I is of finite index
in Ty, the profinite completion of I' can be easily read from that of I'g: T =
[Ty.p G(Y) x P when this time Y runs over all of the completions of A except for
B. The completion B contributes the factor P. Now, the pro-p completion of a
group is equal (by abstract nonsense) to the maximal pro-p quotient of its profinite
completion. But for Y # B, the group G(Y) has no non-trivial p-quotient and so
the maximal pro-p quotient of Tis only P. This finishes the proof. O

In what follows, we sum up the lemma by writing P =T'; (i.e., I'; henceforth
denotes the pro-p completion of a discrete group I').
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2.2. Presentations of Sylow p-subgroups of SL3(F,) and Sp,(Fg)

As a preparation for proving Theorem 0.2, we will now produce presentations of
Sylow p-subgroups of SL3(F,) (i.e., A2(q)) and Sp,(F,) (i-e., C2(q)), with ¢ = p®.
We single out these p-groups because, as we will see in the next section, they will
turn out to be building blocks of " from Lemma 7.

Notation: For a group H and any a,b € H, denote [a,b] := aba~'b~! and a’ :=
bab~t.

In what follows we will need the following well-known result attributed to
P. Hall.

Lemma 8. Let G be a group that is an extension of H by N
l1-N—->G—H-—>1.
Suppose that N has a finite presentation
N={ny,...,n. | Ri(n1,...,n),..., Re(n1,...,n.))
and H has a finite presentation
H=(hy,....hg | Wi(hi,... hs),..., Wi(ha,..., hs)).
Then G has the following finite presentation

G = <n13"'7nmglv”'ags ‘ Rl(nlv“’nr)ﬂ"'7Rk(n1a"'7n7“)7
ginjg;1 = Vvij(nlw .. anr)v
gz_ln]gl = Uij(nlv"',n’r‘)a]- g 1 < S
1

1<j<r,

1)

VAN

Wi(gla s 798) - Wi(nlv s 7”1”)7

2

N

where w(g;) = h;, 1 < i < s, for the natural projection m : G — H and relations
Uij,Vij and W; are the obvious suspects.

The next statement is Theorem 2 of [BDO1].

Lemma 9. Let S be a Sylow p-subgroup of the finite group SLs(F,) where ¢ = p®
fora > 1. Then |S| = ¢® = p3®, the minimal number of generators of S is 2a, and
S has the following presentation on 2a generators and with 2a(a + 1) relations.

There are elements s1(vi), s2(vi) € S, 1 < k < a, that generate S and are
subject to the following relations:

(A1) (si(vp))P=1fori=1,2and1 <k <a,

(A2) [si(vg),si(vg)] =1 fori=1,2 and 1 <k <k < a,
(A3) [s1(v1), [s1(vk), s2(v1)]] = [s2(v1), [s1(vk), s2(v1)]] = 1 for 1 <k < a,
(A4) [s1(vn) 7, s2(0n) 7] = Ty cpecalsi (vr), s2(01)] R ") with some fized

ek, k', 1),...,c(k, k' a) €Z, for 1<k <aand2 <k <a.
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Proof. This is the proof of Theorem 2 of [BD01]. O

Remark that for odd p, the presentation of S given above has not only minimal
number of generators, but also minimal number of relations [BD01, Thm. 3].

Notice that under a natural identification of S with the unipotent radical of the
standard Borel subgroup of SL3(F,) (where the simple roots of Ay are denoted
by a1 and as), we may choose s1(v) and sa(vg) to correspond to z,, (vg) and
Zay(Vk), 1 < k < a, where vy, ..., v, are chosen to be some generators of F,, with
v = 1.

Sylow p-subgroup of Sp,(F,). We will now discuss presentations of Sylow p-sub-
groups of Sp,(Fy), ¢ = p*, a > 1. For our purposes either p is odd, or p = 2 and
g > 16. Let S be a Sylow p-subgroup of Sp,(F,).

On the one hand, as Sp, (F,) is identified with the universal version of the group
C3(q), it has a natural Steinberg presentation [GLS98, Thm. 1.12.1] and thus so
does S. Unfortunately, this presentation of S has 4(¢—1) generators and 16(q—1)?
relations.

On the other hand, as either p > 3, or p = 2 and ¢ > 16, [GLS98, Thm. 3.3.1]
(together with some additional calculations in the case when p = 2) implies that
in fact S has a minimal set of generators {x(v;),z5(v;) | 1 <14 < a} where v; =1
and v; (2 < ¢ < a) generate F, (here o and § are simple roots of Cs, with «
being a short root and 3 a long one). In particular, S is a group of order ¢* = p*®
with d(S) = 2a. We may now apply [LSe03, Prop. 3.4.1] to conclude that S has a
presentation with 2a generators and 8a? relations.

However, shorter presentations of S exist and would give more precise estimates
for us. The reader who is not concerned with this difference is welcome to skip the
rest of this subsection. We will now produce a presentation of S (in the case when
p is odd) on 2a generators and with (7a? + 13a)/2 relations. Using this technique,
one can also produce a shorter presentation in the case when p = 2. However, the
calculation is lengthy, and we decided to demonstrate how it can be done (and
get a good estimate) only for p > 3. The difference in those two cases happens
because of the redundancies in the commutator relations for p = 2.

a

Lemma 10. Let S be a Sylow p-subgroup of the finite group Sp,(F,) where ¢ = p
fora =1 andp is odd. Then |S| = ¢* = p*?, the minimal number of generators of S
is 2a, and S has the following presentation on 2a generators and with (7a® + 13a)/2
relations.

There are elements xo(vy),zg(vg) € S, 1 < k < a, that generate S. For
1<i<a, set

Tatp(vi) = [2p(v1), 20 (V)] | [ [7a(50k), [2s(v1), 2a(0)]]™ and

1
T20+6(vi) = [Ta(50i), Tars(v1)]

where for each i, the element x4 (3v;) = H§:1 To(v;)™0D with some m(j,i) € Z,
1<j<a

Then S has a presentation with the generators xq(vg), zg(vr) € S, 1 <k < a,
and the following relations:
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(C1) (za(vi)P =1, (zg(vg))? =1 and (zays(vp))P =1 for L < k< a;

(C2) [xa(v),za(v)] =1 for 1 <k <k <a;

(C3) [zp(vk),zg(vp)] =1 for 1 <k <k <a;

(C4) [zasp(vr);Tatp(vr)] =1 for 1<k <k <a

(C5) [za(v1), [alvr), Tarp(v1)] = [Tasrp(v1), [Ta(vk), Tatps(vi)]] =1 for
1<k<a; /

(€CO) [ra(v) 1, Tas s (v) Y] = Tl calta(t)s o a(01)JEF ) with some
fized c(k, k', 1),...,c(k, k' ,a) €Z, for I <k<aand2 <k <a;

(C7) [za+g(v1),x5(vi)] =1for1<i<a;
(C8) [za+p(vi),zp(v1)] =1 for 1 <i<a;
(C9) Taat+5(w) ™t =T1i— T2a+s(vk)"™* for all 1 <1< a wherer, € Z;
(C10) [w5(v1), a(0i)] = Tatp(vi)T20tp(v]) for 1 < i <a
(C11) [za(vy) Y za(vi) ] = 2ags(vi UJ)acgaHg(w 1=t for 1 <i,j < a, where
Ta+p(vivy) = [Tho 1xa+ﬁ(vk)d(i’j’k) and
f(i,5,k)

220+6(viv}) = [Tio) T20+6(vk)
with some d(i,j, k), f(i,j, k) € Z.
The rest of the section deals with the proof of Lemma 10.

Proof. Let S be a Sylow p-subgroup of Sp,(F,), ¢ = p®, @ > 1 and p odd. Recall
that |S| = ¢* = p*® and in the Lie theoretic notation, S is a product of four root
subgroups X, Xg, X+ and Xan4p. Each root subgroup X, = (F,,+) and is
generated by root elements xy(vi) for some v;’s , 1 <7 < a.

First of all notice that S is a semidirect product of its normal subgroup Sy =
XaXatpXoayp of order ¢® and a subgroup S; = Xg of order q. The former one
is generated by z4(v;) and zq4s(v;) (for 1 < i < @) and is isomorphic to a Sylow
p-subgroup of SL3(F,). The latter one is a root subgroup of S generated by x(v;)
(for 1 <4 < a). To present S, we are going to use the presentation of Sy from
Lemma 9, then take an obvious presentation of S7 and finally use P. Hall’s lemma
(Lemma 8 above) to “glue” those two presentations together in order to obtain a
presentation of S. We will then add a few relations (that hold in S) and show that
some of the relations (in this newly obtained presentation) are redundant and can
be obtained as a consequence of other relations.

We begin by recording a combined list of generators and relations for a presen-
tation of Sy (given in Lemma 9) and for a presentation of S; = (Fg, +):

Generators: x4(vk), Tats(vk) and zg(vg) with 1 <k < a.
Relations:
(1) For 1 <k < a,
1. (@a(o0)? = 1, (25(u))? = 1, and
2. (Tara(vn))? = 1,
(2) [za(vg),za(vp)]=1for 1<k <k <a
(3) [zg(vk),zg(vi)] =1for 1 <k <k <a,
(4) [zat+s(vr), zasp(vp)] =1lfor 1<k <k <a
(5) [2a(01), Tas(01)]] = [2as (01, [2a(0), Tas (1)) = 1 for
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(6) [ra() " Fara(0) ) = icpcalFaltr), Far s (o)) 7 with some
fixed c(k, k', 1),...,¢c(k, k' ;a) € Z,for 1 <k <aand 2< kK <a.
Let us now introduce the following notation that will make the next step more
comfortable. It comes from the Steinberg notation. Let

Zoa+s(vi) = [:Ea(%w),xaﬂg(vl)] for 1<i<a

where a:a(%vi) = H?Zl xa(vj)m(j’i) for all 1 < 7 < a with some m(j,i) € Z,
I<j<a
To use P. Hall’s lemma, we need the following additional relations to hold:
(A) zg(vi) 'wa(vy)zp(vs) = Rj; which is equivalent to
[Ta(v) ™Y 25(vi) 7] = Tat s (vivy) 20+ (viv) ~ for 1 < i, j < a,
(B) 2g(vi)za(v;)zs(v;)~! = R;; which is equivalent to
[Za(vy) ™Y 2p(v5)] = Zayp(viv)) " a0t p(vivs) for 1 <4, j < a,
(C) 25(vi)Tats(v)wp(vi) ™" = Tasps(vy) for 1 <i,j <a,
(D) z5(vi) *@arp(vj)zs(vi) = Tatp(vy) for 1 <i,j < a.
In (A) and (B) above, 7445(vivj) = [[i—; Tats(ve)? %) and Toatp(viv) =
| x2a+5(vk)f(i’j*k) for all 1 < 4,j < a with some d(i, j, k), f(i, 7, k) € Z.
By Lemma 8, the group S has a presentation with 3a generators (listed above)
and in which the relations are given by (1)—(6) and (A)—(D).
Let us now observe that the following relations also hold in S. They are the

consequences of relations (C) and (D) and the Steinberg relations in Sp,(F,) (cf.
[GLS98, Thm. 1.12.1]):

(7) [@agp(v1),zp(v;)] =1for 1 <i<a,

(8) [Tatp(vi),zg(v1)] =1for 1 <i< a,

(9) T20+5) " =T11_, T20+5we)" D for all 1 <i < a where r(k,i) € Z,

(10) [z5(v1), Ta(vi)] = Ta+8(vi)T2a+5(v]) for 1 <i < a.

Consider the combined list of relations (1)-(10) and (A), (B), (C), (D). They all
hold in S and give a presentation of .S on the set of 3a generators given above. We
will now show that in fact we may reduce the list of generators and that relations
(B), (C) and (D) follow from (1)—(10) and (A).

In what will follow the following commutator identity will be very useful:

[a, bc] = [a, b][a, c]b. (%)

First of all, notice that (9) and (10) together with the identity (*) imply that
for 1 < j < a, we have:

zars () = [ea(01), 20 () [Ticy [2a (Fon): foaten), 2a(en)]] "

where for each k, the element z (5vy) is expressed in terms of 4 (v;)’s and 5 (v;)’s,
1 < i < a, as above. In particular, we may remove x,45(v;), 1 < ¢ < a, from the
list of generators.

Now, let us prove the following statement.
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Claim 11. The following relations follow from the relations (1)-(10) and (A):

(1) [zp(vy), x2a+8Wi)] =1 for all1 <i,j < a;

(2) [[za(vi), zp(vr)], 2p(v;)] = 1 for 1 <, j < a;

(3) [a+s(vi),zp(v;)] =1 for 1 <1i,j < a, i.e., relations (C) and (D);

(4) relations (B).
Proof. 1. Observe that [z2a+5(vi), 25(v;)] = [[a(30i), Tats(v1)],2s(v;)] for 1 <
1,7, < a. Recall now the Hall-Witt identity formulated for our definition of the
commutators:

—1

[z, 27"y~ =1

172 P L E T P

Let us apply it with y = z4(3v;), © = 2a45(v1) " and z = z(v;) "', First notice
that

e, 27y = [ass ()™ 2p(0)] w0 (30:) 7] = [Lza(3u:) '] =1

because of (7). Now,

HZ, y—le—l] = Hxﬁ(vj)ilvxa(%vi)_l]7Ia+,3(vl)]
= [[25(v;) " ITizy walor) O] 20 g (v1)]

by (2). Let us look more closely at [x5(v;) ™1, TI¢_ 24 (vg) ™ ®)]. Using repeat-
edly the commutator identity (*) together with relation (A) and the fact that
the subgroup Hy = (za48(v:),Z204+8(vi),1 < i < a) of Sy is normal in Sy,
we see that [25(v;)™!, 2a(3v;,)7!] € Hy for all 1 < 4,j < a. Now the struc-
ture of Sy tells us that Hy is abelian and as zq4p(v1) € Hp, we conclude that
[25(v;) 7", za(50) 7Y, Tagp(v1)] = 1.2 Finally, the Hall-Witt identity gives us
that [[za(3v:), zats(v1)],2(v;)] = 1 for 1 < i,j < a, which implies the desired
result.

2. Our proof follows a similar one in [BD01]. We have that

23(v))[xa(vi), 25(v1)]
= 2o (vi)25(v))2p(v;) " wa (Vi) T wp (V)T (Vi) T s (V1) Ta (vi) T 2 (01)
= za(vi)ap(v;)[ws(v;) ™ za(vi) " wp(vi)a(vi) Mwp(vr) T
Since [z5(v;) Y za(vi)7] = [@a(vi) Y za(vy) 17, usmg relations (A) to-
gether with part 1 and relations (8), we observe that [zg(v;) ™1, 24 (vi) " Hzp(v1) =

z5(v1)[ws(v;) "t o (v;) 7. As, furthermore, z5(vi) commutes with z5(v;), we
have that

25(vj)[xa(vi), 25 (01)]

-1

= zo(vi)ap(v1)Ts(v;)2s(v;) e (Vi) T @p(v)) 20 (vi)Ta (V) g (vr) T
= xa (v3)2p(v1)2a(vi) " @a(v))2s(v1)
= 2o (vi)2s(v1)Ta (Vi) s(v1) " ap(v))

[0 (i), 25 (v1)]es(v))-

2We may use the facts about the structure of Sy since Sy is given by relations (1),
(2), (4), (5) and (6), and (9) holds in Sp.
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3. From (10) and (9) we have

-1

Tatp(vi) = [28(01), Ta (vi)]T2045(0]) 7" = [25(v1), wa (V)] [Timy @206 (vr)" 0.

As [a, bc] = [a, b][a, c]®, we have

[1’5 (Uj)axoﬂ—ﬁ (Uz)}
= [25(v;), [£5(01), Ta (01)] T4 T2ar 5 (vi)"*D)]
= [25(v)), [25(v1), o (V)] [25(V;), [Tr— | T2arp(vg)"FDEav)za vl

Using Part 2, we see that [zg(v;), [2g(v1), za(v;)]] = 1, and from part 1 it
follows that the commutator [zs(v;), [[5_; T2a+s(vk)"*®?] = 1. This gives (C).
Now notice that (D) is an immediate consequence of (C).

4. Finally we observe that relations (A) together with Parts 1 and 3 imply that
zg(v;)~! commutes with [z (v;)~!, z5(v;)7!]. Therefore by [BDO1, Lem. 2] we

have:

[za(v) ™ wp(vi)] = [wa(vy) ™ 2p(0) 7Y,

which in turn (using the relations in Sp) implies relations (B). O

Thus we have shown that S has a presentation with the generators x(v)
and zg(vg), 1 < k < a, subject to the relations (1)—(10) and (A). Rename the
relations (1)—(10) into (C1)—(C10) and relations (A) into (C11). Finally, counting
the number of those relations, we obtain a presentation of S on 2a generators and
the promised number of relations. [

2.3. Kac-Moody groups: presentation of I' = U

Recall that G = G(Fq((t))) can be thought of as a topological Kac—-Moody group.
Since the rank of it as a Chevalley group is [, its Kac-Moody rank is [ + 1. Then
G(F,[[t]]) can be naturally identified with a maximal parahoric subgroup and P
with the pro-unipotent radical U, of the standard Iwahori subgroup B,. Thus
P = U, is the closure of Uy in G where U, is the subgroup of the corresponding
minimal Kac-Moody group G = G(F,[t,t~!]) generated by the positive real root
subgroups of G [RRO6, Thm. 1.C].

In the notation of §2.1, we apply Lemma 7 with I' = U, : this tells us that P is
the pro-p completion of the group U, which, in what follows, is better understood
than P thanks to a combination of §2.2 and of Kac—-Moody arguments which we
explain in the rest of the subsection. We will then deduce a presentation of P from
a presentation of I' = U, because P = I'.

Let us go first a bit deeper into Kac-Moody theory. Let A be the generalized
Cartan matrix of G and m = {ag, a1, ...,a;} be the set of its fundamental roots.
Corollary 1.2 of [DMO07] implies that if A is 3-spherical and ¢ > 16, then Uy is
an amalgamated product of the system {Xo,} U{Xa, o}, 0 < 4,5 < I, where
each X,, = (za,(c) | ¢ € Fy) = (Fy,+) is a fundamental root subgroup of G
and Xo, a; = (Xa;, Xo, | Rij) where R; ; comes from the rank 2 subsystem with
fundamental roots o; and «;. To simplify things, let us denote X; := X, and
Xij = Xa,,a, (in particular, remark that X; ; = X;; for all 0 <i,j <1). Thus
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in fact, U, is a group generated by the elements of the root subgroups X;’s for
1 =20,1,...,] and presented by the relations between those generators that hold in
X, ; for 0 <i,5 <! (we may let X;,; = X,).

Recall that the 3-spherical condition is relevant to generalized Dynkin diagrams
as obtained for instance in Kac-Moody theory. In our situation the Dynkin di-
agram of the (untwisted) affine Kac-Moody group G = G(F[t,t71]) obtained
from G, is the diagram obtained by adding suitably a single vertex to the (classi-
cal, i.e., spherical) Dynkin diagram of G. The resulting Dynkin diagram is called
the completed Dynkin diagram of G; the vertex and the edges emanating from it
are added in such a way that any subdiagram obtained by removing an arbitrary
vertex (and the edges emanating from it) is of finite type. Geometrically, this
corresponds to the fact that we pass from a finite Weyl group to an affine one
acting on a Euclidean tiling so that any vertex stabilizer is a finite Weyl group. In
other words, if G is a Chevalley group of rank [, then the Kac-Moody group G is
[-spherical.

Let us now discuss the tools we will need to obtain an explicit presentation of
Uy. Let vy,...,v, be generators of Fy with v, = 1. It is obvious that for each i,

<{'r0(i(vk’)}1§k<a ‘ xai(vk)p = 17 [zai(vk)?x@i(ka/)] = 1f01‘1 < k < k/ < CL>

is a presentation of X;. Therefore Uy is generated by elements {z,(vk)} 1 <k<a,0<i<!
and the following a(l + 1) + a(a — 1)(1 +1)/2 = a(a + 1)(I + 1)/2 relations must
hold:

(1) 2g,(vp)P =1for 1<k <aand 0<i< L.
(2) [za,(Vk), T, (V)] =1for 1<k <k <aand 0<i<I.

The remaining relations will come from the subsystems X; ; for 0 < ¢ # j < L.
Clearly, those depend on the type of X; ; which is determined by the type of root
system generated by o; and o . Let us discuss those case-by-case.

Suppose first that X; ; is of type Ay x A;. Then X; ; =2 X; x X; and we would
need the following additional relations to describe X; ; in this case:

(3) [zi(vk),zj(ve)] = 1 for 1 < k, k' < a. Thus for every subsystem X, ; of
type A1 x Aq, we will have a? additional relations.

(4) If X;; is of type Ag, then X;; is isomorphic to a Sylow p-subgroup of
SL3(F,), and so using Lemma 9, we notice that we need relations (A3) and
(A4) with s;(vi) = xi(vk), 1 < k < a. Thus for every subsystem X; ; of
type As, we will have 2a + a(a — 1) = a(a + 1) additional relations.

(5) Finally, if X; ; is of type Ca, then X ; is isomorphic to a Sylow p-subgroup
of Spy(F). If p is odd, we may use the results of §2.2.1 telling us that we
need

241 2411
7a—|2—3a72a7a(a71):5a—;- a
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additional relations. These are relations (C4)—(C11) and some of relations
(C1). If p = 2, we use the result of [LSe03, Prop. 3.4.1] to say that X ;
requires 8a? additional relations.

Finally, notice that all of the above relations are products of p-powers and
commutators. Therefore, U /([Us,U4]UY) is an elementary abelian p-group of
order at most p?t1). To see that the exact order of this quotient is p®+1) | it is
enough to exhibit a quotient of U, which is an elementary abelian p-group whose
order is equal to this upper bound. This can be seen by considering the action of
U, on the set of alcoves sharing a codimension 1 face with the alcove ¢ stabilized
by U4. These alcoves are in one-to-one correspondence with the set of simple roots
of the Kac—-Moody group~C~¥ defined by ¢. Moreover, by the commutation relations
between root groups in G, each given simple root group acts simply transitively
on the alcoves sharing a given panel with ¢ (but # ¢) and acts trivially on the
remaining alcoves of the finite set under consideration. The image of U, for this
action is the desired quotient. Therefore we obtain that

Uy /([Uy, U4JUT) = FglHD

(see also Corollary 2.5 of [CR14]).
We can now summarise:

Proposition 12. Let G = G(F,[t,t71]) be a minimal affine untwisted Kac—Moody
group of rank { +1 > 4 defined over a field ¥, where ¢ = p®, a € N, ¢ > 16. Let

U, be the subgroup of G generated by the positive real root subgroups. Then the
the following conditions hold:

(1) U4 /(U4 U0Y) 2 FY | and so d(U,) = a(l+1).
(2) The group Uy has a presentation ({x;(vi) o<i<i,i<k<a | B) such that R are
as described in (1)—(5) above.

3)

(a+1)(1+1)
2

a )
r(Uy) < + { X, | Xij is of type Ar x Aq}| - a?

+ { X | Xij is of type As}| - a(a+1)
+ {Xi; | Xij is of type C2}| - |Re,|

where |Rc,| = (5a% + 11a)/2 if q is odd, and |Rc,| = 8a® if q is even.

We may now evaluate (U, ) in each case using Proposition 12. We then record
the datum and the outcomes of the calculations in Table 1. For groups of type
B, C,, and Fy, we only record the estimates for p odd (though all the estimates
appear in the next section). We do it because the bound for p = 2 is quite far
away from being sharp.
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TABLE 1.
Type| Kac-Moody HXi 3 | H X | HXi r(Uy) <
of G diagram for [{X; ;}|for [{X; ;}|for |{X; }| (* is given only
of G =A1xA; =As =Co for p > 3)
(&%)
A |G G W) 0 o2 (tH)*30(b41)
%
a, Qg Qg
2 2 Q.2 *
B, | % l(lgl) 1—1 1 a®(H1) +3a§l+1)+3a a

*
¢ Sl,%zéﬁ H{;ﬁé& 1(1-1) o ) a2(l+1)2+3a(21+1)46a2+16a

a, s

2 2
Dl A gy 7l (1) l 0 a(l—‘rl)-‘rgw

=6
E, 1(1-1) / 0 a2(l+1)2+3a(l+1)72a

Fql© ° %:‘ 1T 6=43 | 3=4-1 1 14a? + 11a *

2.4. Conclusion

The number of generators of P =T'; in its presentation coming from I is a(l + 1).
This is in fact a presentation with a minimal number of generators (by Proposi-
tion 12— see also [CR14, Cor. 2.5]). Moreover the generators can be chosen to be
2o(vg), ...,z (vg), 1 < k < a. Our discussion gives us that P has a presentation
(wo(vg), .. xi(vk), 1 <k < a|R) with |[R| < Ca?(l+1)? (with C an appropriate
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constant as calculated in the previous section). More precisely, this proves the
upper bound in the next theorem:

Theorem 13. Let G(Fq((t))) be a simple, simply connected, Chevalley group of
rank | over a field F,((t)) with ¢ = p* > 16, and let P be its Sylow pro-p-subgroup.
Then
a?(l+1)?
4
and the following upper bounds hold:

1. If G has type A; and | > 3, we h(werP) (a?(1+1)? + 3a(l + ))/2

2. For type B; and | > 3, we have r(P) < (a*(1 4+ 1)* 4 3a(l + 1) + 3a® + 7a) /2
forp =3, and r(P) < (a*(1 + 1) +3a(l—|— 1) + 14a? —4a)/2forp—2

3. For type C; andl > 3, we have r(P) < (a*(1+1)* + 3a(l + 1) + 6a® + 16a) /2
forp =3, and r(P) < (a*(1 +1)2 —|—3a(l—|—1) + 28a? — 6a) /2 for p = 2.

4. For type Dy and | > 4, we have r(P) < (a®(1+1)* + 3a(l 4+ 1) — 2a) /2.

For type E; and 1 € {6,7,8}, we have r(P) < (a®(1 +1)* + 3a(l + 1) — 2a) /2.

6. For type F4, we have r(P) < 14a® + 11a for p > 3, and r(P) < 15a® +4a for
p=2.

< r(P)

2

ot

Proof. It remains to prove the lower bound. For this we use the Golod—Shafarevich
inequalities as stated in the Propostion below, with @ = P and d(P) = a(l + 1).
O

Proposition 14. Let Q be a pro-p subgroup of G(Fq((t))) as in Theorem 13.
Then, with the obvious definitions for d(Q) and 7(Q), we have r(Q) > d(Q)?/4.

Proof. We follow the lines given by the proof of Proposition 5.4 and the discus-
sion after Proposition 5.5 in [LS94]. With the notation and terminology there, the
group @ is commensurable with an F[[t]]-standard group [loc. cit., Def. 2.1}, which
implies the subexponential growth of the sequence (7, ),>0 related to the powers of
the augmentation ideal A of the group ring F,Q (more precisely: r, is defined to
be dimg, (A" /A™+1) [loc. cit., p. 320]). Subexponential growth of (r5,)n>0 implies
the desired Golod—Shafarevich inequality. [

The equality P =I'; = (U;); was used to derive an upper bound on the number
of relations needed to present P as a pro-p group. But it can be also used to deduce
a lower bound on the number of relations needed to present I' = U, in the discrete
category.

Corollary 15. For ' = U, we have:
a’(l+1)? a?(l+1)?
— _—

dI)=a(l+1) and 1

< () <6.25-

Proof. The result on d(T") was shown above (Proposition 12) and so was the upper
bound on r(T") (in fact, slightly better bounds are given in Table 1). The lower
bound is deduced from the fact that r(I') > r,(I's) = r,(P) and the Golod-
Shafarevich inequality given in Proposition 14. [
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Remark 2. The last corollary is slightly surprising: usually the Steinberg type
presentations of groups are far from being optimal. In our case the Steinberg-like
presentations are essentially optimal.

3. The characteristic 0 case

Some results like Theorems 1 and 0.2 can be proved also in characteristic 0.
But our results in this case are weaker than the above theorems.

In this section let k be a number field, O its ring of integers and V' the set of its
finite valuations. For v € V, let k, be the completion of k with respect to v, and
O, the closure of O in k,. For such a v, denote by F,«. the finite residue field of
k. Let G be a simple simply connected Chevalley group scheme of arbitrary rank
1 >1,1let G =G(O,) and let P be a Sylow pro-p, subgroup of G. Here is what
we can prove in this situation.

Theorem 16. There ezists a constant C1 = C1(k) such that for every v € V and
every G as above, G = G(O,) has a presentation ¥(G), with Dy, generators
and Ryyq) relations, satisfying

Dsq) + Ry < Ch1.

Theorem 17. With the notations as above, assume that the following conditions
hold:
(1) Ifl =1, then p, > 2.
(2) If Il = 2, then p, > 2 if G is of type Bo = Cy and that p, > 3 if G is of
type Gs.
(3) Ifl > 3, then one of the following conditions holds:
1. pS» > 16, or
2. if plv < 16, then p, > 2 if G is of type By, C; or Fy.
Then P is generated by at least a,l and at most a,(l + 1) generators. Moreover,
there exist absolute constants Co > 0 and C3 > 0 such that:

e the group P has a presentation with a,(l+ 1) generators and at most Cya?l*
relations;

e any presentation of P needs at least Csa

212 relations.

Theorem 16 can be deduced from the following result.

Theorem 18. There ezists a constant Cy = Cy(k) such that A = G(O) has a
presentation X5, with Dy, generators and Ry, relations, satisfying

Ds,, + Ry, < Cy.

Let us make the following remark.

Remark 3. (1) We believe that the lower bound in Theorem 17 above is sharp.
(2) We do not know if the constant Cy(k) in Theorem 16 really depends on k.
(3) On the other hand, Cy does depend on k, or at least on the degree [k : Q).

To see this, let k; be a sequence of number fields with [k; : Q] = n; — oo such
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that there exists a rational prime p which splits completely in all the k;’s. Then
by the Strong Approximation Theorem, the group G(O) is mapped onto G(F,)™
and since d(G(F,)™) grows logarithmically with n, [Wie74], d(G(O)) grows to
infinity with [k : Q].

Such a sequence of fields exists. For example, denote by {p;};en the sequence
of odd primes congruent to 2 = 32 modulo 7 : p; = 23, ps = 37, etc., and then
set ko = Q and then k;y1 = k;(y/Piy1). The polynomial 22 — p;y1 is irreducible
over k;, but reducible over F. Hence, if O; denotes the ring of integers of k;, we
should have 0;/70; = (Z/7Z)?".

Let us postpone the proof of Theorem 18 until Section 4. Instead now we show
how it implies Theorem 16.

Proof of Theorem 16. Let us first assume that G is of rank > 2. Then the group

~

G(0O) has the congruence subgroup property in the sense that G(O) — G(O) is
onto with a cyclic kernel (see Theorem 6). The presentation of G(O), promised

in Theorem 18, gives a profinite presentation of G(Q) and so, with one additional

-~

relation used to kill the cyclic kernel if needed, it serves as a presentation of G(O).
As in the proof of Proposition 1.2, since G(O) = G(O,) x M where M is normally
generated by one element, Theorem 16 is proved with C7 < Cy + 2.

The remaining case is when G = SLo. In this situation, we pick a prime vy
of O and work with the arithmetic group SL2(O[1/v0]) which enjoys the congru-
ence/s\ubgroup property: we can then use the surjective map with trivial kernel
SLa(O[1/v0]) = SL2(O[1/vo]) = [ 1,4, SL2(Oy) as before, in order to see that the
family {G(Oy)}ysty, is boundedly presented. Finally, the single remaining group
SL2(0O,,) does not cause any problem since it is analytic over k,, and therefore
finitely presented. [

In order to prove Theorem 17 we will need the following statement.

Lemma 19. Let G be a finite p-group that is an extension of U by N
1-=N—=-G—=U=1.

Suppose further that N is abelian, the action of U on N 1is fized, and let Gy be
such an extension that splits. Then d(G) < d(Gy).

Proof. The minimal number of generators of a p-group H is dim(H/[H, H|HP).
We can therefore assume that N is an elementary abelian p-group. Moreover, if
H is either G or Gy, we can factor out the subgroup [N, H], and so assume that
the action of U on N is trivial. In the split case we are looking now at N x U,
and so the number of generators is d(Gg) = d(N) + d(U). This is certainly an
upper bound for the number of generators of the non-split case. The latter will
indeed be smaller in general as can be seen easily in any non-abelian p-group with
elementary abelian centre where the number of generators of such H is strictly
less than d(Z(H))+d(H/Z(H)) since Z(H) has a non-trivial intersection with the
Frattini subgroup ®(H).

And now on with the proof of Theorem 17.
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Proof of Theorem 17. The group P is an extension of the Sylow p,-subgroup U
of G(F,ev) by the first congruence subgroup N := Ker(G(0,) — G(F,a)) of
G(O,). This group N is a uniform powerful group whose Frattini subgroup ®(N)
is equal to the second congruence subgroup of G(O,). In fact N/®(N) can be
identified with Lie(G)(Fpev) and G(O,)/N = G(F ) acts on N/®(N) by the
natural adjoint action of G(F,2v) on its Lie algebra Lie(G)(Fav) [Wei84, Lem.
5.2]. It follows that d(P) is equal to d(P/®(N)) and P/®(N) is an extension of
Lie(G)(F o) by U.

Now if P is the corresponding Sylow pro-p subgroup in the group G(F 2 [[t]])
over the characteristic p ring F,e. [[t]], then P is the split extension of U with
N, where N is the first congruence subgroup there, i.e., N = Ker (G(F e [[1]]) —

G(Fpgv)). Also there, the Frattini subgroup @(N of N is the second congru-

)
ence subgroup of G(F e [[t]]) and we have d(P) = d(]g/CI)(]\Nf)) In this situation
P/®(N) is also an extension of Lie(G)(F,2v) by U (via the adjoint action), but
this time the extension splits.
We may therefore apply Lemma 19 to deduce that

d(P) = d(P/®(N)) < d(P/®(N)) = d(P).

In §2, using the Kac-Moody methods, we showed that d(P) = a,(l + 1) for
I >3 and p > 16. But in fact, as was shown in [CR14, Cor. 2.5], this result is
true for all [ as long as p > 2 for G being Ay, B;,C; or F; and p > 3 for G = Gs.
Hence, under our hypotheses, d(P) < a,(l + 1). On the other hand, as P surjects
onto U, we have d(P) = d(U) = a,l.

Observe that N is a powerful uniform group on a,-dim(G) generators and hence
can be presented by C’a? dim(G)? relations [DDMS99, Thm. 4.35]. The group U
has a presentation with a,l generators and at most C" a2I? relations. Indeed, U
is a Sylow p-subgroup of G(Fa.). But the latter group is a special case of Kac—
Moody group, namely a Chevalley group over a finite field. Thus in particular,
U = U, for this class of groups and so if [ > 3, Proposition 12 holds for U implying
the desired estimate. If [ < 2, then U is a group on la, generators and of order
p&v™ with m < 6 by [GLS98, Thm. 3.3.1]. Now [LSe03, Prop. 3.4.1] implies that
U has a presentation on those generators with at most 12a? relations. Thus for all
l, U has a presentation with a,l generators and at most c’ a21? relations. Now we
may use P. Hall’s lemma to glue together the presentations of N and U to obtain
a presentation of P. As a result we conclude that P has a presentation with at
most a, (I + 1) generators and at most Cza2l* relations, as claimed.

The lower bound on the number of relations now follows from the Golod—

Shafarevich inequality [LS94, Prop. 5.4]. O

4. Characteristic 0: the global case

In this section, we prove Theorem 18. The proof follows the line of [Capl3]
where Theorem 1.1 is proved. Some results from K-theory are needed along the
way.
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4.1. Definitions and facts from K-theory

In what follows, ® is a reduced, irreducible root system and R a commutative unit
ring. We denote by Stg (R) the Steinberg group of type ® over R, which is a group
defined by a presentation based on the root subgroups and commutator relation
between them.

If G4 is the simply connected Chevalley group scheme of type ®, there is a natu-
ral group homomorphism Stg (R) — Go(R) whose image is precisely the subgroup
Eg(R) generated by the root groups U,(R), a € ®, with respect to the standard
maximal split torus. By the very definition of the low-degree K-groups of a root
system and a ring, we have an exact sequence:

1 — Ky(®, R) — Sto(R) — Go(R) — K1 (®,R) — 1, (1)

where (the image of) Ko(®, R) is central in Ste(R). Roughly speaking, K; (P, R)
measures the failure for G¢(R) to be generated by its unipotent elements. When
K;(®, R) is trivial, the group Ste(R) is a central extension of the Chevalley group
Go(R).

In the proof below, an important argument is the fact that the Steinberg ver-
sion of a celebrated theorem of Curtis and Tits holds over rings. This result was
announced almost 40 years ago by R.K. Dennis and M.R. Stein [DS74, Thm. BJ.
Our reference is D. Allcock’s recent paper [All13] which contains a vast generaliza-
tion of Curtis-Tits amalgamation theorem to Steinberg groups associated to some
classes of Kac—-Moody groups.

Theorem 20. Let ® be a reduced irreducible root system of rank | > 2 with 11 =
{a1,..., a1} a system of simple roots in ®. For each pair of integers {i,j} with
1< 4,7 <1, denote by ®;; the subsystem of ® spanned by o; and o;. Let R be a
commutative ring with 1, and define X(®, R) to be the group with generators x4 (t)
for ao € |J®;; and t € R subject to the relations:

1. zo(s)za(t) = za(s+1), a € P4y, s,t € R,

2. [2a(s), 25(t)] = [] Zaa+bs(Nagabst’)
forall o, B € ®;; for some 1 < 4,j <1 such that oo+ B # 0, where the product and
the integers Nogap are as in (R2) of [Ste7l, 3.7]. Then 3(®, R) = Sta(R).

4.2. Proof of Theorem 18
The proof of Theorem 18 is now as follows.

Step I: The groups G4 (O) are all arithmetic groups and hence are finitely presented
[Rag68]. So in particular the groups Gg(O), for ® of rank [ < 5, are all presented
by at most C(k) generators and relations. As there are only finitely many roots
systems of bounded rank, we have to deal from now on only with those of degree
at least 6.

Step II: Recall that Sym(n) and Alt(n) have presentations with a bounded number
of generators and relations independent of n [GKKLO07]. This was used (together
with the fact that SL4(Z) is finitely presented) in [GKKL11] to show that the
groups SL,(Z), for n > 6, are boundedly presented. The proof works word to
word to show that Sta,(O) are boundedly presented for [ > 6.
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Step III: We now show that every Dynkin diagram & of rank at least 6 can be
covered by three subdiagrams ®; (for i = 1,2, 3) such that:

(1) each ®; has at most two connected components, and every connected com-
ponent is either of type A; (for I > 2) or of rank at most 5;

(2) every two nodes of ® belong to at least one of the ®;’s; and

(3) each intersection ®; N ®; (for i # j) has at most two components, each
either empty or of type A; (for [ > 2), B3 or Cs.

Let us list explicitly ®;, ¢ = 1,2, 3, in each particular case:

for B;, [ > 6, take &1 = A;_1, P = B3 LU A;_4 and &3 = &;

for Cl, l 2 6, take (pl = Al—la (I)Q = C3 (] Al_4 and @3 = @;

for Dy, I > 6, take ®; = A;_1, P53 = A;_; (different from ®;) and &5 = Ag
(the one containing the “fork”);

for E;, 1 € {6,7,8}, take &1 = A;_1, Po = A4 (the one containing one of the
end-nodes and the vertex missed by ®;) and ®3 = A;_» (the one containing
the other end-node and containing the vertex missed by ®1).

Step IV: Given ® = Ule ®; as in the previous step, the Curtis—Tits Theorem
guarantees that a presentation for Stg(O) is obtained by taking the union of the
presentation of Ste,(O) and gluing them along the intersections. As we have
arranged that all the Ste,(O) as well as their intersections have bounded presen-
tations, the same now applies to Ste (O).

Step V: We now use the stability results to deduce that by adding a bounded num-
ber of relations to the presentation of Stg (), we obtain a bounded presentation
for G4 (O) as promised, where the bound depends on O only.

First of all notice that by the results of Mennicke, Bass—Milnor—Serre and Mat-
sumoto (cf. Theorem 7.4 of [Spl86]), the group K1 (®, Q) is trivial when ! > 2, and
therefore definitely in our case.

Thus in view of (1) and the result just obtained in Step IV, to finish our proof
it remains to show that for all ® of rank at least 6, the corresponding family of
groups {K2(®,0)}s is boundedly generated.

To do that, let us recall the stability results of Dennis, Van der Kallen and Stein
that are summarised in [Spl86, Thm. 7.5] and in the example following it. Applied
to our situation they imply that for [ > 6 and ®; = A;, B;, C; or D;, the maps

K3 (®6,0) — K2(9,0)
are surjective, as well as for [ = 6,7, 8, are the maps

KQ(AG, O) — KQ(E[, O)
It follows that Ko(®;,0), I > 6, is boundedly generated provided we can show
that K3(®g, O) are finitely generated. But this follows immediately as St (O) is
boundedly presented (as we showed in the previous step) while Gg,(O) is finitely

presented (as an arithmetic group): this implies that Ky(®g, O) is finitely gener-
ated as a normal subgroup; being central, it is also finitely generated as a group.
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Remark 4. As pointed out above in Remark 3, the constant C4(k) in Theorem 18
does depend on k. In fact we observed there that there exist sequences of fields k;
with |k; : Q| — oo such that Cy(k;) > colog |k : Q| for some absolute constant cg.
One can carefully analyse the proof of Theorem 18 to deduce that Cy(k) <Co|k: QJ?
(when [ > 6).
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