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Introduction

This is a summary of the forthcoming lecture note [T]. All details and
proofs of the theorems will be given in [1], and are omitted here.

§0-1. The problems. Let G =PSL,(R) x PSL,(k;), where R and %, are the
real number field and a p-adic number field with Np=gq respectively, and
PSL,=SL,/+1. Let I" be a torsion-free discrete subgroup of G with compact
quotient, having a dense image of projection in each component of G. Our
subject is such a discrete subgroup [I'. This study was motivated by the
following series of conjectures which were suggested by our previous
work [27*. Since our group [ is essentially nonabelian (see §1-5, pro-
perty (iv)), the readers will see that, by our conjectures, I" would describe a
“non-abelian class field theory’ over an algebraic function field of one variable
with finite constant field F,. We would like to call the problems of deter-
mination of the validity of these conjectures, the congruence monodromy
problems.

Conjectures**., With each [, we can associate an algebraic function field
K of one variable with finite constant field F, and with genus g= 2, and a
finite set &(K) consisting of (¢—1)(g—1) prime divisors of K of degree one over
F ., satisfying the following properties. Here, the elements of &(K) are called
the exceptional prime divisors, while all other prime divisors of K are called
the ordinary prime divisors.

CONJECTURE 1. The ordinary prime divisors P of K are in one-to-one cor-
respondence with the pairs {yi'}y of mutually inverse primitive elliptic conjugacy
classes of I' (see §1 for the definitions).

CONJECTURE 2. The finite unramified extensions K’ of K, in which all
(q—D(g—1) exceptional prime divisors of K are decomposed completely, are in

* The proofs of results stated in [2] will also be given in [T]. There is some
overlap between a part of §2 of and §1 of this paper.
** See also §3.
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one-to-one correspondence with the subgroups I'” of I with finite indices. More-
over, this one-to-one correspondence satisfies the Galois theory.

CONJECTURE 3. The law of decomposition of ordinary prime divisors P of
K in K’ is described by the corresponding {y3'}p and I''. Namely, decompose
the I'-conjugacy class {yp}p into a disjoint union of I"’-conjugacy classes:

{reyr=Are Y - IAreddr
and for each i, let f; be the smallest positive integer such that yji. is contained
in I'’. Then we have ﬁfi:(]“ '), and our conjecture asserts that the decom-
position of P in K’ is 10} type:
P=P{P}- P,

where P, (1 <i<t) are prime divisors of K’ with relative degrees f; 1=1=1)
respectively.

§0-2. Results. Now, our results, summarized in §1 and §2, are still
far from the solution of the problems, but seem encouraging.

In §1, we shall define primitive elliptic conjugacy classes P of I, their
degrees deg P, and the { function Cr(u):fg(l—udegf’)‘], where P runs over

the pairs of mutually inverse primitive elliptic conjugacy classes. Then, the

result of the computation of {p(u) is given in [Theorem 1, which states that
{p(u) is a rational function of u of the form:

f[ A—a;uw)(A—aju)
Crw = J‘:lz’l*:_j)’(l‘;’qzuy = X A—uwyaneE-n,

where a,ai=¢> for 1<1<g, and g (=2) is the genus of a certain algebraic
function field L, of one variable over the complex number field C. This agrees
with conjecture 1, because if conjecture 1 is true, then {p(u) must be of this
form, with the first factor equal to the congruence ¢ function of K over F 2

Now, we expect that the questioned field K is obtained by some “reduc-
tion mod P of the function field L, (the definition of L, is given in §2-1),
and so, our first problem is to lower the field of constants of L,, However,
we find that it is more essential to consider some infinite extension L of L,
on which the group G,=PSL,(k,) acts as an automorphism group over C, and
to lower the field of constants of L. Thus, in § 2-1, we shall define what we
call a Gy-field: Roughly speaking, it is a field, one dimensional and infinitely
generated over its constant field, on which the group G,=PSL,(k,) acts as an
automorphism group. Then, we shall show that G,-fields over the complex

number field C are in one-to-one correspondence with the group I" (Theorem 2).
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Now, our main result is that a G,-field over C is always the constant field
extension of some G,-field over an algebraic number field of finite degree, and
that if the former is irreducible (see § 2-2), then the latter is essentially unique
(Theorem 4). Thus, it seems that our problems are reduced to some “arith
metic theory ” of Gy-fields over algebraic number fields.

In §3, our conjectures are repeated a little more precisely, and in §4-1,
some examples of /', which are obtained from certain quaternion algebra, are
given. For these [, the fields L, belong to those classes of function fields
which have been studied in detail by G. Shimura [3], but even in these cases
neither of our conjectures have been proved*. The only example for which
our conjectures are partly proved is given in §4-2.

The author would like to express his hearty thanks particularly to Pro-
fessor G. Shimura, and to Professors A. Weil and R.P. Langlands, for their
interest in this subject and valuable discussions with the author during his
stay in Princeton in 1965-1967.

Throughout the following, for any element y of any group I', {7}, will
denote the conjugacy class of /" containing 7.

§1. Group I" and its ¢ function

§1-1. Let R be the field of real numbers, and put Go=PSL,(R)=SL,(R)/+1.
Let, on the other hand, &, be a p-adic number field with the ring of integers
op and the maximal ideal p of o, with Np=g, and put Gy =PSL,(ky)=SL,(ky)/+1.
We form the direct product G = Gz X Gy, and consider it as a topological group
in a natural manner. For any subset S of G, we denote by S resp. S, the
images of the set-theoretical projections of S to Gy resp. Gy. Thus in parti-
cular, for any element x of G, xp resp. x, are the real resp. p-adic components.
of x; x=2xg X xy.

Now, let I'" be a subgroup of G satisfying the following conditions.

(I'l) The projection maps I' =Ty, I' -1, are injective, and the images
Iy, I'y are dense in Gg, Gy respectively.

(I'2) I is discrete in G, and the quotient G/I' is compact.

Actually, these conditions are not independent; in fact by the simplicity of
the groups Gz, Gy, we can show easily that the injectivities of the projection
maps I'— 1"y, I'— 1", are the consequences of the rest of the conditions in (/1)
and (['2). By this remark, it becomes clear that if /' is a subgroup of G satis-
fying (I'1) and (I'2), then subgroups I/ of G which are commensurable with

* But we get some useful informations from his results [3], which are very en-
couraging. See §4-1.
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I’ also satisfy (I'1) and (I'2).

Put
Uy = PSLy(0y) = SLy(0p)/ 1,

I'""=I"N(Gg x Uy),

and let I'% be the projection of I to Gp.
Then, under (I'1), the condition (/'2) is equivalent to the following:

(I'2") I'Y is discrete in Gp and the quotient Gp/I'% is compact.
Moreover, for the sake of simplicity, we assume throughout §1 that:

(I'3) I is torsion-free; i.e., I' has no elements of finite order other than
the identity element I.

It can be shown that a subgroup [ of G satisfying (I'1) and (I'2) contains
a subgroup with finite index which is torsion-free (cf. [1]).

§1-2. Now, the group Gp=PSL,(R) acts on the complex upper half plane
)={zeC|lmz >0} as:

az+b

czid ).

a b
GRBgR:i<C d): hoz—gp-z=

For each ze), put
I={rell-z=2}.

PROPOSITION. [If z& Y is such that I',+ {I}, then I', is an infinite cyclic
group. Moreover, if yel',, y+1I, and if +{A, &'} are the eigenvalues of
7o € Gy =PSL,(ky), then 2y, A3 belong to ky, and do not belong to the group of
p-adic units of. In particular, they are distinct.

In fact, put G, r={gz € Gr|gr-2=2}. Then, G, is isomorphic to the
one-dimensional real torus group 7, and hence is abelian. Now we have
I Dr=T,={",), canonically, and since [, {I} and I, is torsion-free, it is
infinite. So, (I,)r is an infinite subgroup of G, =T, and hence is abelian (and
dense in G, ). But ', as a subgroup of I, must be discrete in G, and so (since
(') is dense in the compact subgroup G,z of Gg), (I',), must be discrete in
Gy. Therefore, (I',), is a torsion-free, discrete abelian subgroup of G,. Now
our proposition follows easily from this. g.e.d.

We shall call an element y (1) of I' elliptic if it is contained in I', for
some z< Y. So, y = is elliptic if and only if y, has imaginary eigenvalues,
and for such 7, the point z =Y such that y €I, is unique. So, we may denote
such 7 also by y=7,. Since the ellipticity remains unchanged by taking I'-
conjugate elements, we shall call the [/'-conjugacy class {r}p containing y
elliptic if y is so. For any elliptic ['-conjugacy class {y};, we shall define its

degree, deg {r}p, by
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deg {rlp=1Vi(A)l,

where +{, A;'} are the eigenvalues of y,, and V, is the normalized additive
valuation of k,. Since 2, o}, deg {r}p is a positive integer, and it is clear
that for any integer r, we have deg {y"}r=|7|deg {y};. The following lemma
makes clear the relation between deg {7}y and the elementary divisors of Tpe
It is well-known in elementary divisor theory that for any x, € G,, there exist

Uy, uh = Uy =PSL,(0y) such that wuyx,uf{ is of the form i(g” a“(b with some
b

ay < ky, and that [(x,)=|V(ap)| depends only on x;, and not on the special
choice of u,, u} = U,.
LEMMA. Let {y}p be an elliptic I'-conjugacy class. Then, we have

deg {7} = Min I(9-179)) = Min I(x5'7x).

§1-3. Consider all points z <} such that ', # {I}. Such points will be
called I'-fixed points. Two ['-fixed points z, z/ will be called I"-equivalent if
there exists y & I such that z/=y;-2. We shall denote by B(I") the totality
of all ['-equivalence classes of all ['-fixed points. Then, it is clear that (")
can be identified with the totality of all I'-conjugacy classes of all subgroups
I',, where z runs over all ['-fixed points. We shall call an elliptic element
v =7, primitive if it generates [’,. Being primitive or not also remains un-
changed by taking [’-conjugate elements, and so we shall call {y}, primitive
if y is so.

PROPOSITION. Let {7} be an elliptic I'-conjugacy class. Then, {7y~ *}p#{r}p-

In fact, it is enough to show that yz' and y; are not conjugate in G =
PSL,(R). Suppose, on the contrary, that we had yz'=gz'7zgr With gz € Gz
Then, if z is the fixed point of yg gz'z is also fixed by 7z; hence gzlz=z,
and hence gz' commutes with y7,. So, we get yz'=rys which is impossible
since [’ is torsion-free. g.e. d.

So, there is a natural one-to-two correspondence between (/") and the
set of all primitive elliptic I"-conjugacy classes:

%(F)E {FZ}T(——'_){rz}I" {Tz_l}l’
Finally, for each P < ("), we put

deg P=deg {y}p=deg {y'}r,
where {y*'}, are the primitive elliptic /'-conjugacy classes which correspond
to P.

§1-4. Now we shall define the { function {,(u) of I" by
Crw=_T1I (1—wudsr)™,

reB(I)
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or, equivalently, by :
Er(0) =1
log {p(u)= Zz)leum/m ,
with
N,= 3 degP (m=1).
PeB ()
deg P|m

Then, we can prove that N,, are finite, and after some lengthy computation,
we get the following result.
THEOREM 1. Our { function {p(u) is a rational function of u of the form:

_ Qw I

Ep(u) = A=) X (1—u)@-Dee-n
where q= Np, g is the genus of the Riemann surface %/I'%, and Q(u) is a poly-
nomial of u of degree 2g with rational integral coefficients and with Q(0)=1,.
satisfying the functional equation

(quyQ(g~*u )= QW) ;
or equivalently, Q(w) is of the form:

Q)= 1T A—am)(l—afu), with aaj=g¢ 1=isg).
i=1

We also have an inequality:
lail, lafl=¢® anai=l, ¢ (1=i=g).

As for the proof, and for more explicit determination of Q(u), cf. [1].

REMARK. If we do not assume (I'3), then we must modify the definitions:
of P(I), Lp(u), etc. But under a suitable modification, our holds-
also for such general case.

§1-5. Some properties of I'. Here, we shall state, without proof, some:
simple properties of the group I satisfying (/'1) and (I"2). As for the proof,.
cf. [1]

(1). I’ is finitely generated and defined by a finite number of relations.

(ii). I' is residually finite, i.e., the intersection of all subgroups of I with:

finite indices is {I}.
(iii). I contains a subgroup I/ with finite index which is torsion-free.
(iv). The commutator subgroup [I', I'] of I is of finite index in I”, and’
if I" is torsion-free, then the group index (I": [I', I']) is a divisor of’
Q@)?, where Q(u) is the numerator of the main factor of {,(u) (see-:
[Theorem TI).

(v). I' has no non-trivial deformation in G.



The congruence monodromy problems 113

§2. Analytic theory of PSL,(k,)-fields

Throughout §2, I” is a subgroup of G = G, X Gy satisfying (I'1) and (I'2),
and Q resp. C are the fields of rational numbers resp. complex numbers.

§2-1. As before, let Uy =PSL,(0y), and put
Ur=U,  Uj={xeSLy)|x=+l(modp’)}/+1 (nz=1D).
So we have a descending sequence U)D UL D .- of open compact subgroups
of G, satisfying (OSOUﬁ'z{I}. Put
T AGaxUDY (=0).

Remark that I'° agrees with the previously defined one. So, we have a des-
cending sequence ', D'y D --- of discrete subgroups of G with compact quo-
tients, where each I';=(I""); is a normal subgroup of I'y with finite index,

and ﬁfﬁ:{] }. Now, let L, (n=0) be the field of automorphic functions
n=0

with respect to Iz, i.e, L, is the field of all meromorphic functions f(z)
on the complex upper half plane § which are invariant by the action of I'%
on ). So, we have an increasing sequence L,C L,C --- of algebraic function
fields of one variable over the complex number field C, where each L, is a
finite Galois extension of L,., We remark that we can take 7n,=0 such that
Uy (and hence a priori ') is torsion-free. So, for such n, and for any n=n,,
the extension L,/L, is unramified.

Now, put L= C) L,. Then G, acts effectively on L as a group of auto-
n=0

morphisms* of L over C in the following manner. Let g, G, and f(z)< L.
Take any n=0 such that f(z)e L,, and take any y=I' " (Gr X Ut g;") (+ ¢,
since [y is dense in G, by (I'1)). Then, f(yz - z) depends only on f(z) and gy,
and does not depend on the choices of n and y. So, put go(f(z))=f(yz - 2)-
Then, it can be checked immediately that for given g,, the map L = f(z)—
gy(f(2)) € L is an automorphism of L over C, that gy(hy(f(2))) = (gvh»)f(z) holds
for any gy, hy € Gy and f(2) € L; and that this action of G, on L is effective.
Moreover, it is clear that for each n=0, U? acts trivially on L,, that U7 is
the group of all automorphisms of L over L,, and that the only G,-fixed ele-
ments of L are elements of C.

In general, let 2 be a field, and let L be the union of an increasing sequence
L,cL,c--cL,c - of algebraic function fields of one variable** with the

* By this, we do not mean that Gy is the group of all automorphisms of L over C.
** By this, we mean that each L, is a regular extension of %2 (i.e., L, is finitely and:
separably generated over k, and & is algebraically closed in L)), and dim,L,=1.
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common constant field %, satisfying the following.

(L1) There exists ny=0 such that for any n=n,, L, is unramified over L,.

(L2) The group G,=DPSL,(ky) acts effectively on L as a group of auto-
morphisms of L over k in such a way that the Galois theory holds between L,
and U for each n=0; namely, Uy acts trivially on L,, and U% is the group
of all automorphisms of L over L,. Moreover, we assume that the only Gy-fixed
elements of L are elements of k.

Here too, we do not mean that G, is the group of all automorphisms of
L over k.

Now, such a pair {L/k, Gy} satisfying (L1) and (L2) will be called simply
a Gy-field over k. Two such {L/k, Gy} and {L’/k, G,}, with the common k and
G,, are called isomorphic if there exists an isomorphism of L onto L’ over R
that commutes with the action of G,.

We have shown that if I" is given, then we can construct {L/C, G}, a
Gy-field over the complex number field C. Conversely, we can show that
given any {L/C, G,}, a subgroup I" of G=Gz X Gy satisfying (I'1) and (I'2)
is defined ; and that in this manner subgroups I" of G satisfying (/'1) and
(I'2) are in one-to-one correspondence with all {L/C, G}, where [ are con-
sidered up to conjugacy in G, and {L/C, G,}, up to isomorphisms. Let us
sketch the proof. Given {L/C, G,}, consider the set ¥ of all non-equivalent
places of L over C. Then XY carries a natural complex structure, by which
Y is a one dimensional complex manifold, each connected component of which
is isomorphic to the complex upper half plane* §j). The group G, acts effec-
tively on 3 as a group of automorphisms in a natural manner, and hence acts
as a permutation group on the set of all connected components of Y. More-
over, for each n=0, U? acts transitively on the set of all connected com-
ponents of Y, and hence if we take any connected component %, of % and
put

v={@ e Gylgr- o= }**,

then I, is a dense subgroup of G,. On the other hand, I’y acts on Y,=Y as
a group of automorphisms, and hence can be identified with a subgroup I’y of
Ggr=PSL,(R) = the automorphism group of §. Let I’ be the subgroup of G=
Gg X Gy formed of all yz X y,, where yz, ry are corresponding elements of I'g,
I, respectively. Then, we can show that I' satisfies (/1) and (I"2), and that
this process of obtaining I from {L/C, G;} is the inverse of the process of
construction of {L/C, Gy} from I" described at the beginning of §2. We sum-

* It is easy to see that each connected component of ¥ is isomorphic to b/4, with
some discrete subgroup 4 of Gg; but it is less trivial to show that d={[}.

** So, there are as many connected components of 3 as Gy//I'y. Its cardinal number
is W -infinity.
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marize it in the following theorem.
THEOREM 2. Subgroups I' of G=GpX Gy satisfying (I'1) and (I'2) are in
one-to-one correspondence with Gy-fields L over C.

§2-2. Now let us fix I and the corresponding {L/C, G,}. Then, if 4 is
a subgroup of G containing I’ as a subgroup of finite index, and if {M/C, G}
is the G,-field which corresponds to 4, then we can regard M as a Gy-invariant
subfield of L containing C, where the action of G, on M coincides with the
restriction to M of the action of G, on L. We also have [L: M]=(4:1")<co.
Conversely, if M is any Gy-invariant subfield of L such that M 2 C, then we
can show easily that [L:M]< oo and that {M/C, G,} is a G,-field obtained
from some 4D with (4:I")=[L:M]<oo. So, we have:

PROPOSITION. Given I' and the corresponding {L/C, Gy}, subgroups 41T
of G with (4:I'Y< oo and Gy-invariant subfields M of L with M 2 C correspond
in a one-to-one manner.

We shall call I" maximal if there is no such 4 other than I itself, and
{L/C, Gy} irreducible if there is no such M other than L itself. So if I" cor-
responds to {L/C, G,}, then,

{L/C, Gy} is irreducible if and only if I' is maximal.

We remark that any I' is contained in a maximal one*. In fact, if 4D
and (4:1")<co, then, since I', is dense in G, we have 4,=47-Iy for any
n=0, and hence (4: )= (dy: I'y) for any n=>0. But [y is a discrete subgroup
of G with compact quotient, and hence (4%:7'%), and hence also (4:1I"), is
bounded. This also shows that if I'% is a maximal Fuchsian group, then I”
itself is maximal.

§2-3. Let {L/C, G,} be any G,-field over C, and let Aut(L/C) be the group
of all automorphisms of the field L which are trivial on C. Then, by the
definition of {L/C, G,}, the group G, is contained in Aut(L/C), but may not
coincide with the whole group Aut(L/C). The following theorem is basic for
our later studies (as for the proof, cf. [T].

THEOREM 3. The group Gy is a characteristic subgroup of Aut(L/C) with
finite index.

Here, the essential point is the finiteness of the group index (Aut(L/C):Gy);
that G, is a characteristic subgroup follows immediately from this and from
the simplicity of the group G,=PSL,(k;).

COROLLARY. The centralizer Z of Gy in Aut(L/C) is finite. If, moreover,
{L/C, Gy} is irreducible, then Z={I}.

* Actually, we can prove moreover that for given [, there are at most finitely
many 4. So, for given {L/C, Gy}, the number of M is also finite.
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In fact, Z G, is contained in the center of G,, and hence is trivial; and
since (Aut (L/C):Gy)<co, Z is finite. So, let M be the subfield of L corre-
sponding to the finite automorphism group Z. Then M is G,-invariant, and
obviously M22C. So, if {L/C, G,} is irreducible, we get M= L, and hence
Z={I}.

§2-4. Let {L/C, Gy} be a G,-field over C. A subfield L, of L is called a
good subfield of {L/C, Gy} over k=L,C if L, is Gy-invariant and if L,-C
= L. In this situation, it follows easily that L, and C must be linearly dis-
joint over k. If L, is a good subfield of {L/C, G,} over k, then it follows
easily that {L,/k, Gy} is also a Gy-field over k; and for any &’ with kC k' CC,
the composite L, = L,-k’ is a good subfield of {L/C, G,} over k’. Now our
main theorem of § 2 runs as follows.

THEOREM 4. Let {L/C, Gy} be a Gy-field over C. Then, there exists an
algebraic number field k of finite degree over Q and a good subfield L, of
{L/C, Gy} over k. If, moreover, the centralizer Z of G, in Aut(L/C) is trivial,
then good subfields of {L/C, Gy} are essentially unique; namely, there exists a
good subfield Ly, over an algebraic number field k, of finite degree, such that
all other good subfields are those obtained by the composite Ly, -k of L., and
Jields B with ky,C k” C. (On the other hand, if Z =+ {I}, then good subfields are
not essentially unique.)

As for the proof, cf. [I]. Unfortunately, it is too lengthy to be reproduced
here. It is based on property (v) of §1-5 Theorems 2 and 3, and on some
group theoretical properties of G;.

By this, and by the corollary of Theorem 3, we get:

CoroLLARY 1. If {L/C, Gy} ts irreducible, then it has an essentially unique
good subfield Ly, over an algebraic number field k, of finite degree.

In short, any G,-field over the complex number field C is the constant field
extension of some G,-field over an algebraic number field; and if the former
is irreducible, then it is (essentially) uniquely so. It is a fundamental open
problem to determine the relation between this &, and k,.

So far, we defined good subfields L, over & to be G,-invariant subfields of
L satisfying L,-C=1L, L, C==F, and looked for “smallest possible” good
subfields. However, we can impose stronger conditions on the definition of
good subfields; for example, instead of Gy-invariance, we can impose Aut (L/C)-
invariance. With this definition, Theorem 4 is also valid, and the condition of
the triviality of the centralizer of G, in Aut(L/C) can be replaced by the
triviality of the center of Aut(L/C); and thus we get the essential uniqueness.
of good subfields for a wider class of {L/C, Gy}.

Finally, let Q be the algebraic closure of the field of rational numbers Q,
and let k' be any field with Qc kb’ C. Let {L/C, G,} be any G,-field over C.
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So, L can be considered as defined from [’ as in §2-1. Let the definition of
good subfields be either of the above defined ones. Then, by [Theorem 1|, there
is a good subfield L, over an algebraic number field %, and hence there is a
good subfield L, = L, -k’ over k/. On the other hand, we can show easily that
if L, is any good subfield of {L/C, G,} over k' with QC k' CC, then L, con-
sists of all f(z)e L such that the values of f at all ['-fixed points are con-
tained in k/\U {c0}. So, we get:

COROLLARY 2. If QC k' CC, then there is a unique good subfield L, of
{L/C, Gy} over k’. It consists of all f(z) e L whose values at all I'-fixed points
are contained in k’\J{oo}. (So, of course, L, = Lg-k')

§ 3. Conjectures (The congruence monodromy problems)

§3-1. Now, we are in the situation to state our series of conjectures
explicitly.

CONJECTURE 0. With each I' satisfying (I'1), (I'2) and (I'3), we can asso-
ciate an algebraic function field K of one variable with finite constant field F
and with genus g, satisfying the properties stated in the following conjectures.
Here, g= Np, and g is the genus* of 9)/[}.

CONJECTURE 1. Denoting by P(K) the set of all prime divisors of K over
F o, there exists a finite subset &(K) of P(K) consisting of (q—1)(g—1) prime
divisors of K of degree one over F, and a one-to-one correspondence between
B and PK)-S(K) which preserves the degrees of elements of B(I') and of
PE)—E(K) ;

PUO—S(K) — ),

and which agrees with the following conjectures.

CONJECTURE 2. There exists a one-to-one correspondence between the set
of all subgroups I'’ of I' with finite indices and that of all finite extensions K’
of K satisfying the following conditions (i), (ii).

(i) K'/K is unramifild.

(i) All prime divisors of K belonging to &(K) are decomposed completely
i K.

Moreover, this one-to-one correspondence K'— [ satisfies the Galois theory.

REMARK. The constant field of K’ must also be qu, because of (ii).

Now let & be the union of all K’ satisfying (i), (ii). So, ® is the maximum
unramified extension of K in which all prime divisors P of K with P &(K)
are decomposed completely. Then, by the above conjecture 2, the Galois group

* Or, what is the same, the genus of the function field L,. Since I', and hence
I'Y%, is torsion-free, we have g=2.
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G =6G(R/K) of & over K can be identified with the projective limit of all finite
factor groups of I'. But we know that I is residually finite (see §1-5, (ii)),
and hence the natural homomorphism of /" into & is injective. So, we shall
consider ' as a (dense) subgroup of &. For each prime divisor P& L3(K)—
&(K), let {r3'}r =PU") be the corresponding mutually inverse pair of primi-
tive elliptic I'-conjugacy classes. Since [ is a subgroup of &, {y3'}, defines
a mutually inverse pair of @-conjugacy classes, which will be denoted by

{r3't.:. On the other hand, let < Qfﬁ) be the Frobenius substitution of P in

f/K. It is a conjugacy class of the Galois group & of {/K.
CONJECTURE 3*. The notations being as above, we have

(M5 Y =tr2s for all PesgO)—),

where the sign 41 is left as an ambiguity.
ReMARK. If Pe@(K), then, by conjecture 2, we have ( %/f )=1.

Finally, the notations being as above, K’ is the field associated with '’ ; S(K')
is the set of all prime divisors of K’ which lie on &(K); and by the notation
of §0-1, {y#/i}p is the mutually inverse pair of primitive elliptic conjugacy
classes of I'" which corrvesponds to P; (1 <1<t; where the suffices are assumed
to be suitably chosen). So, & (i.e., & for K') coincides with &.

§3-2. Connection with the results of §1. In §1, we defined the ¢ function

of I'; {p(w)= TI (1—udesP)"!, and asserts that it is of the form:
PEB(I)

=

11 (- @)l —afw)
0= " =)

X (1__u)((1-1)(g—1) ; aia;; -— q2 (lélég) .
This suggests the possibility that the first factor of {p(u), i.e,

T (a1 —aiu)
Caswa—gw

is a congruence { function of some algebraic function field K of one variable
with genus g and with the constant field F,. Now if it is so, then for each
n=1, we have:

* This is a stronger form of the conjecture 3 given in the introduction. It does
not contradict “Tschebotareff’s density theorem”. In fact, T’s density theorem “on I'-
side” can be proved by using Q(g1) #0 and its generalizations to L-func-
tions of I.



The congruence monodromy problems 119

the number of prime divisors of K with degree n

(¢—D(g—1--n=1.

Actually, this is not the original reason that motivated the author to enter-
tain conjectures 0, 1; but, in any case, this agrees with the conjectures 0, 1.
As conjectures 0, 1 were so, conjectures 2, 3 were also suggested by the elliptic
modular case (see §4-2, and [2]), and we cannot explain the reasonings of
conjectures 2, 3 only with the results of §1. The only thing we can say here
is this; if we assume conjectures 2 and 3, then the reason for “the existence
of (g—1)(g—1) prime divisors of K of degree one which do not correspond to
any {y#'}r=PU") (conjecture 1)” can be explained most clearly!

As for §1-5, we remark that it gives a pleasant exercise to interpret the
assertions of § 1-5 (ii), (iv) in view of our conjectures.

=the number of P P([") with degree n+

§3-3. Connection with the results of §2. This is more vague and incom-
plete. The motivation for the study of §2 lies in trying to obtain the ques-
tioned K out of I'. Our conjecture implicitly assumes that K is obtained by
“reduction mod $” of L,; and so, our study in §2 is the first thing that
should be done along this line. Our results seem encouraging.

§4. Examples

§4-1. Let F be a totally real algebraic number field of finite degree, and
let B be a divison quaternion algebra over F, in which all but one infinite prime
of F are ramified. Let p be a finite prime of F which is unramified in B, and

let o be an order of B containing the maximal order of F. Put s® = Gp"”o,

n=0

and let I” be the quotient by the center of the group of all elements x of B such
that x 0®x=0® and that n(x) € R? F}. Let ¢, resp. ¢, be the embeddings of
F into R resp. F, defined with respect to the infinite prime of F unramified in
B resp. p, where F, is the p-adic completion of F. Then the tensor products
B@R resp. B(%)Fp, defined with respect to ¢ resp. ¢y, are isomorphic over R

resp. Fy to M,(R) resp. M,(F,); and by this, we can regard I” as a subgroup
of G=DPSL,(R) X PSL,(Fy). Now, it is a simple exercise in arithmetic of alge-
braic groups to check that " satisfies (I'1) and (I"2). On the other hand, up
to commensurability, these are the only examples of [I” satisfying (/'1) and
(I"'2) that we know so far. We do not know whether such I" satisfy *the
congruence subgroup properties”.

Now, for these [, the Fuchsian groups I'% belong to those classes for
which the quotients /' have been studied in detail by G. Shimura [3], where
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much of the deepest results on arithmetic of elliptic modular functions have
been generalized to these cases by using his theory of moduli of abelian
varieties. Although neither of our conjectures have been proved for these
cases, it is expected that the study of these cases will help us give a further
insight for the general case. The following is some information on these I’
which we get directly from [3]. Here, we assume that o is maximal.

(1) The { function. For such [I', it follows directly from the results of
[3] (and from our explicit formula for Q(u), cf. [1]) that the main factor

Quw

(1—w)1—q¢*u)

of {y(u) coincides with the congruence { function of some algebraic function

field K over F,, for almost all p. The field K is obtained by “reduction
mod P of L,.

(i) The field k, (in [Cheorem 4). Since o is maximal, I" is maximal in the
sense of §2-2, and hence we get an algebraic number field k,. It turns out
(by [3] that the composite k,-F is a class field over F, whose ideal class
group can be explicitly written down. (Added in proof. %, contains F. Cf. [1])

§4-2. Elliptic modular case (“ quasi-example ”)*. Let p be a rational prime
number other than 2 or 3, let Z be the ring of rational integers, and put

Z®={a/p"|la,nec Z}, I' =PSL(Z®).

Then I' can be considered as a discrete subgroup of G =Gz X G, where
Gr="PSLy(R), G,=PSLy(Q,), and Q, is the p-adic number field. Let Z, be the
ring of p-adic integers, put U,=PSLy(Z,), and put I"°=1"n(Gr X U,). Then
it is clear that I =PSL,(Z), and hence its projection [’} is a discrete sub-
group of Gg, but the quotient is not compact. So, the quotient G/I" is not
compact, but since Gg/I'% has finite invariant volume, we see easily that G/I"
also has finite invariant volume.

Now, since G/I" is not compact, we must modify our conjectures. The
modified conjectures are partly proved for the above I' and its congruence
subgroups, and the results are stated in [2]. As for the above "= PSL,(Z®P),
conjecture 1 (modified) is true for K=F p2(7'), the rational function field, and
here &(K) is the set of all supersingular moduli j. Namely, an element j of
a finite field of characteristic p is called supersingular, if the elliptic curve
with modulus j has no points of order p; and it is known that such j is con-
tained in F_, and hence defines a prime divisor of K=F pz(f) of degree one.
Conjecture 2 (modified) is proved only for the pairs of such [/ that contain

* As for the details of this section, cf. [2] for a rough sketch, and for more
detailed statements and proofs.
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some congruence subgroup of I and such K’ that are obtained by the division

of the elliptic curve with modulus ;. Whether they exhaust all I'* and K’ is
an open problem. Conjecture 3 is true for these I/ and K’. All these are
consequences of modern theory of elliptic curves (by M. Deuring, J. Igusa, etc.).

ADDED IN PROOF. After this paper was submitted, the author learned
that J. Mennicke and J.P. Serre had succeeded in proving the congruence
subgroup property for I' =PSL,(Z®) (cf. [4]). Mennicke has stronger results
on this group [, and Serre’s results are on more general SL, type groups.
However, the first idea is due to Mennicke (cf. [4], [5].
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