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ABSTRACT 

Let C = C(C, P, k) be the coordinate ring of the affine curve obtained by 

removing a closed point P from a (suitable) projective curve C over a 

finite field k. Let SL2(C,q) be the principal congruence subgroup of 

SL2(C) and U2(C,q) be the subgroup generated by the all unipotent 

matrices in SL2(C, q), where q is a C-ideal. In this paper we prove that, 

for all but  finitely many q, the  quotient  SL2(C, Q)/U2(C, q) is a free group 

of finite, unbounded rank. 

Let C(SL2(A)) be the  congruence kernel of SL2(A), where A is an ari th- 

metic Dedekind domain with only finitely many units. (e.g. A -- C or Z) 

and let G be any finitely generated group. From the  above (and previous 

results) we deduce tha t  the  profinite complet ion of G, G, is a homomor-  

phic image of C(SL2(A)).  This is related to previous results of Lubotzky 

and Mel'nikov. 

In t roduc t ion  

Let R be an integral domain and let q be an R-ideal. We put SLn(R, q) = 

Ker(SLn(R) --* SLn(R/q)), where n _> 2. A subgroup S of SLn(R) is called a 

congruence  subgroup  iff S _> SLn(R, qP), for some non-zero qP. Let U2(R, q) 

be the subgroup of SL2(R) generated by the unipotent matrices contained in 

SL2(R, q). It is clear that U2(R, q) _> NE2(R, q), where NE2(R, q) is the normal 
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subgroup of SL2 (R) generated by the elementary matrices contained in SL2(R, q). 

We put U2(R, R) = Us(R)and NE2(R, R) = NE2(R). 

Let C be a smooth projective curve over a finite field k, which is absolutely 

connected, and let P be a closed point of C. We denote by C = C(C, P, k) 

the coordinate ring of the affine curve obtained by removing P from C. See 

[19, p.96]. (The simplest example is C = k[t], the polynomial ring over k.) In 

this paper we begin with the following decomposition theorem for SL2(C, q). 

THEOREM A: For all but finitely many q, 

SL2(C, q) = V(q) �9 F, 

where 

(i) F is a free, non-cyclic group of finite (unbounded) rank, 

(ii) V(q) is a subgroup of U2(C, q) generated by infinitely many elements of 

order p, where p = char k, 

and 

(iii) the normal subgroup of SL2(C,q) generated by V(q) is U~(C,q). 

The following consequence is immediate. 

COROLLARY B: For all but finitely many q, SL2(C,q)/U2(C,q) is a free, non- 

cyclic group of finite (unbounded) rank. 

Our proof based on a special case of a fundamental theorem of Serre [19, 

Theorem 10, p. 119]. Serre's theorem (which generalises an earlier result of 

Nagao [13] for the case C = k[t]) is one of the first important applications of 

the Bass-Serre theory of groups acting on trees and enables him to solve the 

congruence subgroup problem for SL2(C). (See [19, Theorem 12, p.!24].) Radtke 

[16], [17] has provided a more elementary proof of this special case. The above 

corollary extends two previous results of the author. For the simplest case C = k[t] 

the corollary is proved in [7, Theorem 1.3]. (We note that since k[t] is a principal 

ideal domain, U2(k[t], q) = NE2(k[t], q).) In addition it is known [8, Corollary 2.3] 

that, for all but finitely many q, the group SL2(C, q)/NE2(C, q) has a free, non- 

cyclic quotient. The existence of subgroups finite index in SL2(C) (like SL2(C, q)) 

with free quotients was first proved by Lubotzky [6]. However Lubotzky's results 

make no mention of unipotent matrices. 

It is of interest to compare the above with other corresponding results in the 

-class of groups SLn(A), where A is a Dedekind ring of arithmetic type [2, p.83] 
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and n _> 2. By a classical theorem of Dirichlet it follows that A*, the set of 

units of A, is finite if and only if (i) A = C, (ii) A = Z, the ring of rational 

integers, or (iii) A = (9, the ring of integers of the imaginary quadratic number 

field Q(x/---d), where Q is the set of rational numbers and d is a square-free 

positive integer. The groups SL2(A), where A = Z, (9 or C, have a completely 

different normal subgroup structure from that of SLn(A), where n _> 3 or A* 

is infinite. From results of Bass, Milnor and Serre [2], together with those of 

Liehl [5] and Vaserstein [20] it follows that, when A* is infinite or n > 3, every 

non-central normal subgroup of SLn(A) is of finite index. It follows that no 

non-central, normal subgroup N of such SLn(A) has a free (even infinite cyclic) 

quotient (since the abelianization of N is then finite.) For these cases SL~ (A) has 

only countably many normal subgroups. For SL2(A), when A = Z, (9 or C, the 

situation is completely different. The existence of subgroups of finite index with 

free, non-cyclic quotients ensures, by virtue of [14, Lemma], that SL2(A) is SQ- 

universal. (See [4], [6], [15].) Consequently ([14, p.4]) SL2(A) has uncountably 

many normal subgroups. Unlike the above Corollary the results in [4], [6], [15] are 

not concerned with unipotent matrices. Results corresponding to our Corollary 

for the modular group, SL2(Z), and the Bianchi groups, SL2((9), can be found 

in [9) and [11], respectively. 

The fact that SL2(A,q)/NE2(A,q), where A = Z, (.9 or C, has a finitely 

generated free quotient of unbounded rank has implications for the congruence 

subgroup structure of SL2(A). It is known [10, Theorem 3.6] that, for these 

cases, every finitely generated group G can be realised as a quotient C/S, where 

S is a subgroup of SL2(A) and C is the smallest congruence subgroup of SL2(A) 

containing S. (In [10] C is called the cong ruence  hull  of S.) Serre [18, p.491] 

has introduced a profinite group C(SL2(A)), called the cong ruence  kernel  of 

SL2(A), as a "measure" of the number of non-congruence subgroups in SL2(A) 

and he proves that  C(SL2(A)) is infinite if and only if A* is finite. 

Let F~ be the free profinite group on countably many generators. Lubotzky 

[6] and Mernikov [12] have proved that C(SL2(Z)) - F~ and Lubotzky [6] has 

proved that C(SL2(A)) has a closed subgroup isomorphic to F~, when A = (9 or 

C. From our results on congruence hulls we deduce the following. 

THEOREM C: Let G be any finitely generated group. When A -- Z, (_9 or C, 
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there exists a continuous epimorphism 

r C(SL2(R)) -* G, 

where G is the profinite completion of  G. 

When A = Z, Theorem C is implied by the results of Lubotzky [6] and 

Mel'nikov [12]. When A = O or C, Theorem C implies the results of Lubotzky 

[6], 

The author is grateful to Professor A. Lubotzky for a stimulating conversation 

which has led to much of this paper. 

1. Groups  act ing on  trees 

As stated above this paper is based on a decomposition theorem of Serre [19, 

Theorem 10, p. 119] whose proof depends upon the Bass-Serre theory of groups 

acting on trees. Consequently we require a number of results from this theory. 

For our purposes the most convenient reference is Serre's book [19]. 

We begin by recalling some basic definitions. Let Y be a connected, oriented 

graph with vertex and edge sets vert Y and edge Y, respectively. To each edge e 

there corresponds another edge~ (~ e), the so-called inverse  of e. Let (G, Y) 

be a g r a p h  of g roups  [19, Definition 8, p. 37]. This consists of the graph Y 

together with groups Gv and G~, for each v E vert Y and each e E edge Y. In 

addition, for each e E edge Y, Ge = Ge and there exist monomorphisms from 

G~ into G~ and G, ,  where u, v are the end-points of e. Associated with (G, Y) 

is its f u n d a m e n t a l  group,  7cl(G,Y,T) where T is a maximal subtree of Y. 

(See [19, p. 42].) It can be shown [19, Proposition 20, p. 44] that  ~h(G,Y ,T)  

is independent of the particular choice of T and consequently it is often simply 

denoted by 7rl(G, Y). We require a number of results for 7h(G, Y), where (i) Y 

is a finite tree or (ii) Y and all G,  are finite. 

Definition: Let H be a subgroup of a group K and let x, y E K. We put 

x y = yxy -1 and H ~ = x H x  -1. 

Let H K denote the n o r m a l  subgroup of K generated by H. 
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THEOREM 1.1: With the above notation, let T be a finite tree with V = vert T, 

E = edgeT, and let (G,T)  be a graph of groups. Let N be a normal subgroup 

of finite index in F = zrl(G, T) such that 

N A G~ = {1}, for alle E E. 

Now let Sv be a (finite) system of left coset representatives for F / N .  Gv, where 

v E V, and let 

N(v) = * ( g  n Gv) g. 
gES~ 

Then 

where 

(i) F is a free group of finite rank, 

and 

(ii) (N(v) )  N = ( Y  n G,)  r, 

for all v E V. 

Proof'. It is part of the basic theory of groups acting on trees that F (and hence 

N) acts (without inversion) on a tree X, where 

ver tX -- U (F/Gv) and edgeX = U (F/Ge). 
vE I/ eE E 

(In X the edge "gG~" joins the vertices "gG~," and gG, ,  where u, v E V are the 

end-points of e E E.) See [19, Theorem 12, p. 52]. Let Xo be the quotient graph 

N \ X .  Then it is clear that 

vertXo = U ( F / N . G , ) a n d  edgeXo = U ( F / N . G ~ ) .  
v E V  eEE 

By one of the fundamental theorems of the theory of groups acting on trees [19, 

Theorem 13, p. 55], 

N = 71l(N*, Xo), 

where N* assigns to the vertex "gN.  G,"  (resp. the edge "gN �9 G~") the group 

(N fq G, )  9 (resp. N M (Ge)g), where g E F. (We note that N fq (G,)g (resp. 

N N (Ge) g) is the stabilizer in N of the vertex "gG~" (resp. edge "gG~") in X.) 

From the above hypothesis, we have 

NM (G~) g = (N M Ge) g = {1}, for all e E E and all g E F. 
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It follows from the definition [19, p. 42] of r l (N*,  Xo) that 

where F is the fundamental group (in the usual sense) of the (connected) graph 

Xo. Since Xo is finite, F is a free group of finite rank. Part (i) follows. 

For part (ii) it suffices to show that gng -1 E (N(v) )  N, for all g E F and all 

n E N F ) G , .  Now 

g ---- n l g l X ,  

for some nl E N, gl E S ,  and x E G, .  Then 

gng -1 = n l ( g l ( x n x - 1 ) g ~ l ) n l  I E (N(v ) )  N, 

since x n x  -1 E N N G, .  I 

Remarks: (i) From the proof of Theorem 1.1 it follows that the rank of F is 

1 1 
1 + ~ledgeXol - I vertXoI = 1 + ~ ~ IF: Y .  GeI - ~ IF: g . v ,  I. 

eEE vEV 

(ii) Theorem 1.1 is also valid if T is a finite graph. 

THEOREM 1.2: Let Y be a finite connected graph and let (G, Y) be a graph of 

groups such that G ,  is finite, for a / /v  E vert Y. Let N be a normal subgroup of  

finite index in F = 7rl(G, Y) ,  such that 

N N G,  = { 1}, for all v E vert Y. 

Then N is a free group of  finite rank. 

Proof'. By the hypothesis, 

N M ( a . )  g = ( N N G , )  g = {1}, 

for all g E F. The result follows from [19, Lemma 8, p. 121]. 

Remark: 

where p = ]F: N], 

I 

By [19, Exercise 3, p. 123] it follows that the rank of N is 

# 

eEE vEV 

E = edge Y and V = vert Y. 
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2. Principal results 

Some preliminaries are required before describing Serre's theorem [19, Theorem 

10, p. 119]. We shall make use of some results from Radtke's simplified proof 

[16]. 

We can represent (uniquely) the elements of the projective line P1 (K), over K, 

where K is the quotient field of C, by pairs (1,0) and (s,1), where s = a/b, with 

a, b e C, b # 0. Clearly GL2(C) acts on PI(K). Let Fo~ and Ps be the stabilizer 

of (1,0) and (s, 1) in GL2(C), respectively. 

LEMMA 2.1: (i) 

(ii) 

r~={[ ~+sxz 

r ={[Oo b] } 13 : a , ~ E k * , b E C  . 

(~--;)__Ssx S2X ]: a,~ E k* , 

e C N (C8 -1 )  N (68 -2  --[- (/3 -- 0 / )8 -1)} .  x 

Proof: See [17, Lemma 2 (ii), (iii)]. I 

Let I(C) be the ideal class group of C. It is well-known that I(C) is finite, of 

order h + 1, say, where h >__ 0. The following result is an immediate consequence 

of the theory of ideals in Dedekind rings. (See [17, Lemma 2(i)].) 

LEMMA 2.2: There exist bijections 

p I ( K ) \  SL2(C) ~ PI(K) \  GL2(C) ~ I(C). 

From now on we represent the elements of I(C) by the pairs (1,0), (Sl, 1 ) , . . . ,  

(Sh, 1) and for simplicity we denote these by c~, s l , . . . ,  Sh, respectively, where 

8 1 , . . . , 8 h  E g .  
Let U be a unipotent matrix in GL2(C). Then t r U  = 2, de tU  = 1 and so 

either 
U = [  l + x s  -s2x  ] or U =  [ 1  y ]  

x 1 - xs 0 1 ' 

for some s E K,x  e C N (Cs -1) M (Cs -2) and y E C. 

LEMMA 2.3: Let 
U= [ l + xs -s2x ] 

x 1 - xs ' 
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as above, and let s = a/b, where a, b E C, b r O. 

(i) I f  aC + bC is a principal C-ideal, then 

U g E Foo, 

for some g E SL2(C). 

(ii) Otherwise, 

U g E Psi, 

for some unique i, where 1 < i < h, and g E SL2(C). 

Proof: Obvious from Lemmas 2.1 and 2.2. I 

We are now in a position to describe Serre's theorem. 

Notation: We put Fi = Fs,, where 1 < i < h. 

THEOREM 2.4 (Serre): There exists a finite tree T with h + 2 vertices, Vo, voo, 

V l , . . .  , V h and (oriented) edges eo~, e l , . . . ,  eh, where e~ begins at Vo and ends at 

va, (a E {oo, 1 , . . . ,  h}), together with a graph of groups (G,T)  such that 

GL2(C) = ~rl(G, T), 

with 

G,o = A ,  say, andG,~  = F ~  ( a E { o o , 1 , . . . , h } ) .  

In addition there exists a finite graph Y and a graph of groups (L, Y) ,  where 

each L ,  is finite (v E vert Y), such that 

A = 7rl (L, Y) .  

Moreover, for each a E { a, 1 , . . . ,  h }, 

Ge. = L , ,  for some v E vert Y. 

Proof: For the first part see [19, Theorem 10, p. 119]. (Radtke [16] has obtained 

a simpler proof.) 

For the second part the definition of A as the fundamental group of a graph 

of groups can be found in [19, p. 119]. By [19, Corollary 4, p. 108], Y is finite. 

Serre states [19, p. 124] that  each L ,  is finite. This follows from [19, Proposi- 

tion 2, p. 76], together with [1, Theorem 2, p. 230]. For the final assertion see 

[19, p. ns] .  . 



Vol. 91, 1995 CONGRUENCE KERNELS OF SL2 85 

Notation: Let Ft denote the free group of rank t, where t >_ 0. 

THEOREM 2 .5 :  

(a) For all but finitely many C-ideals q, 

SL2(C, q) = V(q) * Fr, 

where 

(i) V(q) is generated by infinitely many unipotent matrices each of order 

p = char k, 

(ii) (V(q)) s = U2(C,q), 

where S = SL2(C, q), 

(iii) r = r(q) is at least 2. 

(b) Let p be a prime C-ideal. Then 

r(p) --* cx~ as [C: p[ -~ 00. 

Proof" With the notation of Theorem 2.4, let S be the (finite) set of all matrices, 

apart f rom/2 ,  in L,,  where v 6 vert Y. For each A 6 S choose one non-zero 

entry a,  say, from those of A - / 2 ,  and let So be the set of all such a. Now let 

q ~ {0}, 

$1 = {q: q # {0} ,qn  So = 0}. 

Clearly $1 contains all but finitely many C-ideals. It is clear that  C ~ S1. 

Now choose q 6 $1. Then [ GL2(C): SL2(C,q)[ < c~ and 

SL2(C, q) N Ge = {1}, 

for all e 6 edge T, by Theorem 2.4. Let S~ be a system of left coset representatives 

for GL2(C)/SL2(C, q)-G,~, where/3 e {co, 0, 1 , . . . ,  h}. We put 

A ~ = hk (h N SL2(C,q))9, 
g6So 

and 

A~ = 96 (r~ N SL2(C,q))a (/3 6 {oo, 1 , . . . ,  h}). 
g6S~ 

Then, by Theorem 1.1 applied to Theorem 2.4, 

SL2(C,q) = ( ~ o A ~ )  * Ao * Ft, 

for some t. 
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Now A O SL2(C, q) is a normal subgroup of finite index in A and by our choice 

of q 

SL2 (C, q) n L~ = { 1 }, 

for all v E vert Y. We now apply Theorem 1.2 to Theorem 2.4 to conclude that 

A n SL2(C, q) is a free group of finite rank. It follows that 

for some r. 

By Lemma 2.1, 

SL2(C, q) = (~>~#0 A~)  * F~, 

Foo n SL2(C,q) = 0 1 

and 

F~ n SL2(C,q)=  { [ l + q s ~  - s ~ q  
q 1 - qsi 

where 1 < i < h. Let 

: q E q n  (qs~ -1) n (qs~-2)}, 

V(q) = ~ o  AZ. 

Since SL2(C) is infinitely generated [19, Corollary, p. 119] so is SL2(C, q). Hence 

V(q) is infinitely generated. The rest of part(i) and part (ii) follows from Lemma 

2.3. 

It has been shown [8, Corollary 2.3] that there is a constant co such that, 

whenever ]C: q] > co, the group SL2(C,q) has a quotient F~, for some u _> 2. 

Clearly the set of ideals for which ]C: q] _< co is finite. Let T1 be the set of all 

ideals for which IC: q] > co and let To = T1 n $1. For each q E To, from the 

above, 

SLy(C, q) = V(q) * F~, 

and SL2(C, q) has a quotient F , ,  where u _> 2. Now V(q) is generated by element 

of finite order and so F,  maps onto F, .  Thus r > u > 2. Part(iii) follows. 

The remainder follows from part(iii) of the proof of [10, Theorem 3.6] where it 

is shown that SL2(C, p) has a free quotient of rank t(p) and that t(p) ~ co, as 

[C: p[ ~ co. It is clear that all but finitely many prime ideals p E $1. For any 

such p, from the above, 

SL2(C, p) = V(p) * Fro, 
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where ro = r(p) and ro > t(p). Hence ro ~ cr as IC: Pl ---* or | 

The following consequence is immediate. 

COROLLARY 2.6: For ali but l]n/tely many ideals q, 

SL2(C, q)/V~(C, q) -~ F~, 

where r > 2. Further, r is unbounded. 

As an illustration of our results consider the simplest case C = kit]. Now k[t] 
is a Euclidean ring and hence a principal ideal domain. In Theorem 2.4 the tree 

T has only two vertices with vertex groups 

A= S L2(k )  and F o ~ = { [  c~ a ] ]} 0 /3 : a , 1 3 E k * , a E k [ t  

and single edge group 

0 c~ -1 : ~ E k * ' 3 ' E k  . 

Serre's theorem is a generalisation of an earlier result of Nagao [13]. 

Since k[t] is a principal ideal domain, by Lemma 2.3(i), 

u2(k[t], q) = NE2(k[t], q), 

for all q. In the proof of Theorem 2.5 for this ease 

s l  = {q: q # {0}, k[t]}. 

In an earlier paper [7, Corollary 1.4] it is proved that  

SL2(k[t], q)/V2(k[t], q) ~ F,,  

where r _ 2, when q r {0}, k[t] and q is not generated by a polynomial of degree 

1. In the excluded cases SL2(k[t], q) = U2(k[t], q). This shows that Corollary 2.6 

does not always hold for all non-zero ideals. 

For some C, however, Corollary 2.6 can hold for all q r {0}. Serre [19, 2.4.2, p. 

113] gives an example for which SL2(C, q)/U2(C, q) maps onto F3, for all q r {0} 

(including q = C). 
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3. C o n g r u e n c e  kernels  

The congruence kernel was first introduced by Serre [18] as part of his global 

approach to the congruence subgroup problem for SL2(A), where A is a Dedekind 

ring of arithmetic type [2, p. 83]. Serre's method is based on the theory of profi- 

nite groups. We recall some basic definitions. The group SL2(A) is a topological 

group, where either (a) the normal subgroups of finite index or (b) the nor- 

mal congruence subgroups are bases for the neighbourhoods of the identity. Let 

SL2(A) and Sf~2(A) be the completions of SL2(A) with respect to the topologies 

(a) and (b), respectively. Then SI~2(A) and SL2(A) are profinite groups contain- 

ing an embedding of SL2(A). For each subgroup S of SL2(A) let 5' (resp. S) 

be the closure in SL2(A) (resp. SL2(A)) of the embedding of S in SL2(A) (resp. 

SL2(A)). 

There is a continuous epimorphism 

r SL2(A) ~ SL2(A). 

The kernel of r is called the c o n g r u e n c e  kerne l  of SL2(A) and is denoted by 

C(SL2(A)). Serre [18, Th4or~me 2, p. 498, Corollaire 2, p. 506] has shown that 

C(SL2(A)) is finite if and only if A* is infinite. (When A* is infinite, C(SL2(A)) 

is isomorphic to the (finite) group of roots of unity in A.) When A* is finite, i.e. 

when A = Z, (.9 or C, Mel'nikov [12] and Lubotzky [6] have thrown more light on 

the actual structure of C(SL2(A)). 

In this section we show how results like Corollary 2.6 and [10, Theorem 3.6] 

prove that C(SL2(A)), where A = Z, C-9 or C, has many infinite quotients. This 

approach to proving that C(SL2(A)) is infinite is different to that of Serre. In ad- 

dition our results provide an alternative proof of Lubotzky's results [6, Theorem 

B(ii)] for A = (.9 and C. 

THEOREM 3.1: Let A = Z, (9 or C. Let G be any finitely generated group. There 

exist subgroups S, T of SL2(A) with the following properties: 

(i) S <1 T; 

(ii) T = SL2(A) f3 S; 

(iii) T is a congruence subgroup; 

(iv) T / S  ~- G. 

Proof: The proof of this result is contained in [I0, Theorem 3.6]. For complete- 

ness we indicate how Corollary 2.6 implies the result for the case A -- C. For the 

cases A = Z and O, see [10, w 3]. 
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By Corollary 2.6 there exists a C-ideal q such that 

SL2(C, q) /S  ~ a,  

where S is a (normal) subgroup of SL2(C,q) containing U2(C, q). Since C is a 

Dedekind domain, the intersection of all congruence subgroups of SL2(C) contain- 

ing S is SL2(C, q) (the so-called c o n g r u e n c e  hull  [10] of S.) Take T = SL2(C, q). 
| 

Let H be any group. We denote by /2 / the  usual profinite completion of H, i.e. 

the completion of H with respect to the topology for which its normal subgroups 

of finite index form a basis for the neighbourhoods of the identity. 

THEOREM 3.2: Let G be any finitely generated group. When A = Z, (9 or C, 

there exists a continuous epimorphism 

~P: C(SL2(A)) --* G. 

Proof." We put C = C(SL2(A)). Let S, T be as in Theorem 3.1. We identify 

them with their embeddings in SI~2(A) and S[,2(A). By Theorem 3.1(ii), 

20. 

It follows that 

c. =c.20. 

By Theorem 3.1(iii) we have C <_ 20 and so 

c / c  n 20/ . 

Now ]S[,2(A): 201 < oe and so the topology induced on 20 by SL2(A) is the usual 

profinite topology on 20. By [3, Proposition 21, p. 234], 

c/cn  -d. R 

From Theorem 3.2 it follows in particular that C(SL2(A)), where A = Z, (9 or 

C, maps continuously onto Ft, the free profinite group on t generators, for all t. 

Let F~ denote the free profinite group on countably many generators. This 

is the completion of the free group of countably infinite rank with respect to 

the topology for which the basis for the neighbourhoods of the identity consists 
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of those normal subgroups of finite index which contain all but finitely many 

elements of a given free generating set. Mel'nikov [12] has proved that 

C(SL2(Z)) 

For the case A = Z, Corollary 3.2 is a consequence of this result. We conclude 

with an alternative proof of a result first established by Lubotzky [6, Theorem 

S(ii)]. 

COROLLARY 3.3: Let A = 0 or C. Then C(SL2(A)) has a c]osed subgroup 

isomorphic to F~. 

Proof." By Corollary 3.2 there is a continuous epimorphism 

r C(SL2(A)) --* F~, 

for all r. Since _~ is a free profinite group r splits and so there exists a closed 

subgroup N of C(SL2(A)) such that 

N --- _~. 

We now apply Lubotzky's result [6, Theorem 2.1(a)] to conclude that N and 

hence C(SL2(A)) has a closed subgroup isomorphic to Fo~. | 

ACKNOWLEDGEMENT: The referee has pointed out that  parts (a)(i) and (a)(ii) 

of Theorem 2.5 are a special case of a more general result of A. Lubotzky in 

Lattices in rank one Lie groups over local fields, Geometric and Functional 

Analysis 1 (1991), 405-431. (See Theorem 7.1, p. 427.) 
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