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Abstract

In this paper we prove the analogue of Artin’s primitive root conjecture
(1927) for Drinfeld module of rank r ≥ 2. Artin’s conjecture states that,
for any integer a 6= ±1 or a perfect square, there are infinitely many primes
p for which a is a primitive root (mod p), and an asymptotic formula for
such primes is satisfied. This conjecture is not known for any specific a
(not even the infinity part of Artin’s conjecture is known for any specific
a).

We remark that, under GRH, Artin’s primitive root conjecture (1927)
for abelian varieties over Q was proved in:

[V1] C. Virdol, The strong form of Artin’s primitive root conjecture for
abelian varieties under GRH, submitted. http://web.yonsei.ac.kr/virdol/

2010 Mathematics subject classification: 11G09, 11G15.
Keywords: Drinfeld modules, Artin’s conjecture, primitive-cyclic points.

1 Introduction

Let Fq be a finite field, let A = Fq[T ], let Q = Fq(T ), let F be a finite extension
of Q, and let FF be the constant field of F . For ℘ a prime of F , we denote by
F℘ the residue field at ℘. Let φ be a Drinfeld A-module over F of rank r. For
all but finitely many primes ℘ of F , φ has good reduction at ℘, and we denote
by Pφ the set of primes ℘ of F of good reduction for φ. For ℘ ∈ Pφ, let φ̄ be
the reduction of φ at ℘.

We have that φ̄(F℘) ⊆ φ̄[m](F̄℘) ⊆ (A/mA)r, for some m ∈ A with m 6= 0,
where φ̄[m](F̄℘) is the set m-division points of φ̄ in F̄℘. Hence

φ̄(F℘) ' A/w1A×A/w2A× · · · ×A/wsA, (1.1)
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where s ≤ r, wi ∈ A− Fq, and wi|wi+1 for 1 ≤ i ≤ s− 1. Each A/wiA is called
a cyclic component of φ̄(F℘) (thus when r = 1, φ̄(F℘) is always cyclic). If s < r,
we say that φ̄(F℘) has at most (r − 1) cyclic components.

Assume that a1, . . . , ag ∈ φ(F ), where g ≥ 0 is an integer, are linearly
independents points (so in particular a1, . . . , ag have infinite order, and if g = 0,
then the set {a1, . . . , ag} is empty). Let āi, for i = 1, . . . , g, be the reduction
of ai(modulo ℘), and let 〈ā1, . . . , āg〉 be the subgroup of φ̄(F℘) generated by

ā1, . . . , āg. From above we know that
φ̄(F℘)
〈ā1,...,āg〉 has at most r cyclic components.

We call a := (a1, . . . , ag) a primitive-cyclic tuple for ℘ if
φ̄(F℘)
〈ā1,...,āg〉 has at most

r − 1 cyclic components.
For x ∈ N, define

fφ,a,F (x) = |{℘ ∈ Pφ|degF ℘ = x,

φ̄(F℘)

〈ā1, . . . , āg〉
has at most (r − 1) cyclic components}|,

and
f ′φ,a,F (x) = |{℘ ∈ Pφ|degF ℘ = x, φ̄(F℘) = 〈ā1, . . . , āg〉}|,

where degF ℘ = [F℘ : FF ]. Throughout this paper, in order to simplify the
notations, each polynomial m ∈ A, m 6= 0, is assumed to be monic. We denote
by F (φ[m]) the field obtained by adjoining to F the m-division points φ[m] of
φ, and by F (φ[m],m−1a) := F (φ[m],m−1a1, . . . ,m

−1ag) the field obtained by
adjoining to F the m-division points φ[m] of φ, and m−1a1, . . . ,m

−1ag ∈ φ(F̄ ).
Define ra,m := [F (φ[m],m−1a) ∩ F̄F : FF ], dF := [FF : Fq], and let πF (x) be
the number of primes of F of degree x. Let E :=EndF (φ) ⊗ Q. Then E is
commutative, and if e = [E : Q], there exits an integer h such that r = he.

In this paper we prove the following results (for the case r = 1 see [H1] and
[H2]; see also [V2] which considers the case a = 0 (we remark that throughout
[V2], with the notations in [V2], because we are in the generic characteristic we
have D = E and d = 1)):

Theorem 1.1. Let φ be a Drinfeld A-module over F of rank r ≥ 2. We
write r = he, where E := EndF (φ) ⊗ Q, and e = [E : Q]. Assume that
a1, . . . , ag ∈ φ(F ), where g ≥ 1 is an integer, are linearly independents points.
Define a := (a1, . . . , ag). Then, for x ∈ N, we have

fφ,a,F (x) = cφ,a,F (x)πF (x) +O(q
r2+gr+2r+g

2r2+2gr
dF x),

where

cφ,a,F (x) =
∑
m∈A

m is monic

µq(m)ra,m(x)

[F (φ[m],m−1a) : F ]
,

where µq(·) is the Mobius function of A and

ra,m(x) =

{
ra,m if ra,m|x,
0 otherwise.
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Also from [V2], and Theorem 1.1 of [V2] one can deduce the following result:
assume that a1, . . . , ag ∈ φ(F ), where g ≥ 0 is an integer, are linearly indepen-
dents points. Then, for x ∈ N, with the same notations as above we have

fφ,a,F (x) = cφ,a,F (x)πF (x) +O
(
(qdF x)

r+3
2r+2

)
.

Theorem 1.2. Assume that F = Q, D = A and we are in the geometric
case for φ and a, i.e., ra,m(x) = ra,m = 1 for all m ∈ A − {0}, and thus
cφ,a,F := cφ,a,F (x) is independent of x. Then cφ,a,Q is positive if and only if
Q(φ[q], q−1a) 6= Q for all primes q ∈ A. Moreover, if Q(φ[q], q−1a) = Q for
some prime q ∈ A, then the function fφ,a,Q(x) is bounded.

Let a ∈ Z, a 6= 0. Assume that a is linearly independent in the multiplicative
group Q×, i.e. that a 6= ±1. For x ∈ R, define

fa(x) := |{p| p ≤ x, 〈ā〉 = F×p }|.

Note that Theorem 1.1 and 1.2 are precise analogues of the following two theo-
rems, due to Hooley [HO]:

Theorem 1.3. Let a ∈ Z, a 6= 0. Assume that a is linearly independent in
the multiplicative group Q×, i.e. that a 6= ±1. Assume that the Generalized
Riemann Hypothesis (GRH) holds for the Dedekind zeta functions of the fields
Q( m
√

1, m
√
a) for all positive integers m. Then

fa(x) = cali x+O(
x log log x

log2 x
),

where

ca =

∞∑
m=1

µ(m)

[Q( m
√

1, m
√
a) : Q]

.

Theorem 1.4. Under the same assumptions as in Theorem 1.3, we have that
ca 6= 0 if and only if a 6= a perfect square, or equivalently if and only if
Q(1[2], 2−1a) 6= Q. Moreover if Q(1[2], 2−1a) = Q, then the function fa(x)
is bounded.

We prove also this theorem:

Theorem 1.5. Assume that F = Q, D = A and we are in the geometric case
for φ and a. If Q(φ[q], q−1a) = Q for some prime q ∈ A, then the function
f ′φ,a,Q(x) is bounded. Hence if Q(φ[q], q−1a) = Q for some prime q ∈ A, the
set NΓ(x) that appears in [KT] has zero density, and thus the constants Cφ,Γ(i)
that appear in Theorem 2 of [KT] are zero in this case (the authors of [KT] as
well as the authors of [GM] are unaware of this fact, in particular Theorem 5
and its Corollary of [GM] are false, and Theorems 2, 3, and 4 of [GM1] are also
false.
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We remark that Theorems 1.1 and 1.2 correspond EXACTLY to Theorems
1.3 and 1.4. Theorems 1.1 and 1.2 are the right generalization of the classi-
cal Artin’s primitive root conjecture, in the context of Drinfeld modules (the
Kummer splitting fields F (φ[q], q−1a), for q rational prime, that appear in the
statement of Theorems 1.1 and 1.2 are the analogous of the Kummer splitting
fields Q( q

√
1, q
√
a) of xq − a = 0 which occur in the classical Artin’s conjecture

(see [HO])).
The infinity part of Artin’s primitive root conjecture (1927) for abelian vari-

eties was proved in [V], and the strong form of Artin’s primitive root conjecture
(1927) for abelian varieties under GRH was proved in [V1].

Also Artin’s primitive root conjecture is THE INFINITE VERSION OF
RIEMANN HYPOTHESIS as it was proved in [V3] (see Theorems 1.1 and 1.2 of
[V3] and the last paragraph of the Introduction of [V3]). Also Artin’s primitive
root conjecture works for ARBITRARY NUMBER FIELDS: see Remark 4.1 of
[V4], and also the Introduction of [V1].

So Emil Artin has two conjectures: Artin’s Holomorphy Conjecture on Artin
L-functions (which is THE INFINITE VERSION OF CHEBOTAREV DEN-
SITY THEOREM; because if you prove Riemann Hypothesis you CANNOT
prove Artin’s conjecture because of the zeros on the critical strip) and also
Artin’s primitive root conjecture (which is also THE INFINITE VERSION OF
CHEBOTAREV DENSITY THEOREM! as it was proved in [V3]). So indeed
what we study in this paper is ARTIN’S PRIMITIVE ROOT CONJECTURE!
There are no two RH, there are no two BSD, there are no two Artin’s primitive
roots conjectures!

What we do in this paper is WORD FOR WORD: Artin’s primitive root
conjecture!: one cannot just say: Let’s say that there are two RH and then WE
WILL TRY TO FIX IT!, because obviously: IT DOES NOT WORK!

So what the authors of [KT] are studying is not Artin’s primitive root con-
jecture: they cannot even state it in the form with if and only if as Hooley and
us do in Theorems 1.2 and 1.4 above!

We remark that for all CM elliptic curves over Q, the strong form of Artin’s
primitive root conjecture was prove for ALL a 6= ±1 or a perfect square in [V5].

2 Drinfeld modules

For F a finite extension of Q, we define GF := Gal(F sep/F ), where F sep is
the separable closure of F inside a fixed algebraic closure F̄ of F . Let φ be a
Drinfeld A-module over F of rank r. For m ∈ A with m 6= 0, we denote by φ[m]
the m-division points of φ in F̄ . Assume that a1, . . . , ag ∈ φ(F ), where g ≥ 0 is
an integer, are linearly independents points. Throughout this paper we denote
a := (a1, . . . , ag), and F (φ[m],m−1a) := F (φ[m],m−1a1, . . . ,m

−1ag). We have

φ[m] ' (A/mA)r.
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If F (φ[m]) is the field obtained by adjoining to F the elements of φ[m], then we
have natural injections

Φm : Gal(F (φ[m])/F ) ↪→ Aut(φ[m]) ' GLr(A/mA),

and

Φa,m : Gal(F (φ[m],m−1a)/F ) ↪→ Aut(φ[m])n(φ[m])g ' GLr(A/mA)n((A/mA)r)g.

Let
Gm := Φm(Gal(F (φ[m])/F )),

and
Ga,m := Φa,m(Gal(F (φ[m],m−1a)/F )).

Define
n(m) := |Gm| = [F (φ[m]) : F ],

and
na(m) := |Ga,m| = [F (φ[m],m−1a) : F ].

For a rational prime l, let

Tl(φ) = lim
←−

φ[ln],

and Vl(φ) = Tl(φ)⊗Q. The Galois group GF acts on

Tl(φ) ' Arl ,

where Al is the l-adic completion of A at l, and also on Vl(φ) ' Qrl , and we
obtain a continuous representation

ρφ,l = lim←−
n

Φln : GF → Aut(Tl(φ)) ' GLr(Al) ⊂ Aut(Vl(φ)) ' GLr(Ql).

If ℘ ∈ Pφ, let p = ℘ ∩ A, let p ∈ A be the prime such that pA = p, and
let l ∈ A be a prime satisfying (l, p) = 1. Then F (φ[l∞])/F is unramified
at ℘, and let σ℘ be the Artin symbol of ℘ in Gal(F (φ[l∞])/F ). We denote
by Pφ,℘(X) = Xr + ar−1,φ(℘)Xr−1 + . . . + a1,φ(℘)X + a℘p

m℘ ∈ A[X], where
a℘ ∈ F∗q and m℘ = [F℘ : A/p], the characteristic polynomial of σ℘ on Tl(φ).

Then Pφ,℘(X) is independent of l. One can identify Tl(φ) with Tl(φ̄), where φ̄ is
the reduction of φ at ℘, and the action of σ℘ on Tl(φ) is the same as the action
of the Frobenius π℘ of φ̄ on Tl(φ̄).

Also for each rational prime l, one has a representation

ρφ,a,l := lim←−
n

Φa,ln : GF → Aut(Tl(φ)) n (Tlφ)g ' GLr(Al) n (Arl )
g.

We know (see Lemma 3.2 of [V2] and also the remark after it; so in [V2]
because we are in generic characteristic, with the same notations as in [V2], we
have D = E and d = 1):
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Lemma 2.1. Let φ be a Drinfeld A-module over F of rank r. Assume that
EndF (φ) = EndF (φ). We write r = he, where E := EndF (φ) ⊗ Q, and
e = [E : Q]. Then, for m ∈ A a monic polynomial, we have

|(OE/mOE)∗|qe(h
2−1) degm � |Gm| ≤ |(OE/mOE)∗|qe(h

2−1) degm < qeh
2 degm,

and hence from above we get trivially that

|(OE/mOE)∗|qe(h
2−1) degm � |Ga,m| < q(eh2+rg) degm.

Lemma 2.2. Let F/Q be a finite extension, and φ be a Drinfeld A-module over
F of rank r ≥ 2. If ℘ ∈ Pφ, let p = ℘ ∩ A and let p ∈ A, be the monic rational
prime satisfying pA = p. Assume that a1, . . . , ag ∈ φ(F ), where g ≥ 0 is an
integer, are linearly independents points, and let a := (a1, . . . , ag). Let q 6= p be

a monic rational prime. Then
φ̄(F℘)
〈ā1,...,āg〉 contains a (q, . . . , q)-type subgroup (q

appears r-times), i.e. a subgroup isomorphic to A/qA× . . .×A/qA, if and only
if ℘ splits completely in F (φ[q], q−1a).

Proof : Since ℘ ∈ Pφ, and p 6= q, we know (see for example Proposition 9
of [LTA]) that ℘ is unramified in F (A[q], q−1a). Then if

π℘ : φ̄(F̄℘)→ φ̄(F̄℘),

is the Frobenius endomorphism, we have that

Ker(π℘ − 1) = φ̄(F℘).

But
φ̄(F℘)
〈ā1,...,āg〉 contains a (q, . . . , q)-type subgroup if and only if φ̄(F̄℘)[q] ⊂ φ̄(F℘),

and there exists a b̄i ∈ φ̄(F℘), for i = 1, . . . , g, such that q · b̄i = āi. Hence we

get that
φ̄(F℘)
〈ā1,...,āg〉 contains a (q, . . . , q)-type subgroup if and only if φ̄(F̄℘)[q] ⊂

Ker(π℘ − 1) and ℘ has a first degree factor in F (q−1a), which is equivalent to
the splitting of ℘ in F (φ[q], q−1a). �

Lemma 2.3. Let F/Q be a finite extension, and φ be a Drinfeld A-module
over F of rank r ≥ 2. If ℘ ∈ Pφ, let p = ℘ ∩ A and let p ∈ A, be the monic
rational prime satisfying pA = p. Assume that a1, . . . , ag ∈ φ(F ), where g ≥ 0
is an integer, are linearly independents points, and let a := (a1, . . . , ag). Then
φ̄(F℘)
〈ā1,...,āg〉 contains at most (r − 1)-cyclic components if and only if ℘ does not

split completely in F (φ[q], q−1a) for any monic rational prime q 6= p.

Proof : We know that φ̄(F℘) ⊆ φ̄(F̄℘)[m] ⊆ A/mA × . . . × A/mA (A/mA
appears r-times) for any m ∈ A− {0} such that |φ̄(F℘)||m. But the p-primary
part of φ̄(F̄℘)[m] has at most (r − 1)-cyclic components. Hence, we get that
φ̄(F℘)
〈ā1,...,āg〉 is has at most (r − 1)-cyclic components if and only if it does not

contain a (q, . . . , q)-type (q appears r-times) subgroup for any monic rational
prime q 6= p. From Lemma 2.2, we deduce that this is equivalent to the fact
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that ℘ does not split completely in F (φ[q], q−1a) for any monic rational prime
q 6= p. �

We know (see Proposition 5.1 of [AG]):

Lemma 2.4. Let F/Q be a finite extension, and φ be a Drinfeld A-module over
F of rank r ≥ 2. Assume that a1, . . . , ag ∈ φ(F ), where g is a positive integer,
are linearly independents points. For each positive integer l ≥ 1, define

Sl := |{℘ ∈ Pφ| |〈ā1, . . . , āg〉| ≤ ql}|.

Then, there exists a constant C depending only on φ and F such that

Sl ≤ C · ql(1+ r
g ).

3 Chebotarev density theorem

Let L/F be a Galois extension, G the Galois group of L/F , C a union of
conjugacy classes of G, rL := [L∩ F̄F : FF ], and FL the constant field of L. For
x ∈ N, define

πC(x, L/F ) = |{℘|degF ℘ = x, ℘ is a prime unramified in L/F, and σ℘ ⊆ C}|,

where σ℘ is the Artin symbol of ℘ in Gal(L/F ).
We know the following result (Theorem 6.4.8 of [FJ]):

Theorem 3.1. (Cheboterev density theorem) Let L/F be a finite Galois exten-
sion with Galois group G, and let C ⊆ G be a conjugacy class whose restriction
to FL is the a-th power of the Frobenius automorphism of FF . If x ∈ N, and
x 6≡ a (mod rL), then

πC(x, L/F ) = 0.

If x ≡ a (mod rL), and gL and gF are the genus of L and F , then

|πC(x, L/F )− rL
|C|
|G|

qdF x

x
|

≤ 2|C|
x|G|

((|G|+ gLrL)qdF x/2 + |G|(2gF + 1)qdF x/4 + gLrL + |G|∆F /dF ),

where ∆F := [F : Q], and dF := [FF : Fq].

Let πF (x) be the number of primes of F of degree x. Then from Theorem
3.1 with L = F , we get

πF (x) =
qdF x

x
+O(

qdF x/2

x
).

Also from Theorem 3.1, for C equal to the trivial element of Gal(L/F ), we
obtain
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Theorem 3.2. Let L/F be a finite Galois extension with Galois group G, and
let

π1(x, L/F ) = |{℘| degF ℘ = x, ℘ splits completely in L}|.

If x ∈ N, and rL - x, then
π1(x, L/F ) = 0.

If rL|x, then

|π1(x, L/F )− rL
|G|

πF (x)| � (
gLrL
|G|

+ 1)
qdF x/2

x
,

where the implicit constant depends only on F .

We know (Corollary 7 of [G], and Proposition 4.4.4 of [T]):

Lemma 3.3. With the same notation as in §2, for each m ∈ A− Fq, we have

ga(m) := gF (φ[m],m−1a) � D(φ, a) · [F (φ[m],m−1a) : F ] · degm,

where the implicit constant depends only on F , and the constant D(φ, a) depends
only on φ and a.

We know (see Lemma 3.2 of [D], Remark 7.1.9 of [GO], and [CW]):

Lemma 3.4. With the same notation as in §2, if φ is a Drinfeld A-module over
F , and Fφ,a is the field obtained by adjoining to F all division points of φ and
of a1, . . . , ag, then

E(φ, a) = [Fφ,a ∩ F̄F : FF ] <∞.

4 The proof of Theorem 1.1

From Lemma 2.3 we get

fφ,a,F (x) =
∑
m∈A

µq(m)π1(x, F (φ[m],m−1a)/F ),

where the sum is over monic square-free polynomials m of A. If ℘ splits com-
pletely in F (φ[m],m−1a), then, from Lemma 2.2 we obtain that mr|Pφ,℘(1).
Since degPφ,℘(1) ≤ dF degF ℘ = dFx, it is sufficient to consider square-free
polynomials m ∈ A with degm ≤ dFx/r.

If y = y(x) is a real number with y ≤ dFx/r (y will be chosen later), then

fφ,a,F (x) =
∑

degm≤dF x/r

µq(m)π1(x, F (φ[m],m−1a)/F )

=
∑

degm≤y

µq(m)π1(x, F (φ[m],m−1a)/F )+
∑

y<degm≤dF x/r

µq(m)π1(x, F (φ[m],m−1a)/F )

= main + error. (4.1)
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From Theorem 3.2, we obtain

main =
∑

degm≤y

µq(m)ra,m(x)

na(m)
πF (x) +

∑
degm≤y

O((
ga(m)ra,m(x)

na(m)
+ 1)

qdF x/2

x
),

and from Lemmas 3.3 and 3.4, we get∑
degm≤y

(
ga(m)ra,m(x)

na(m)
+ 1)�

∑
degm≤y

D(φ, a)E(φ, a) degm� xqy,

because degm ≤ y � x and the number of m ∈ A with degm ≤ y is � qy.
Thus

main = πF (x)(
∑

degm≤y

µq(m)ra,m(x)

na(m)
) +O(q(dF x/2)+y). (4.2)

Now we estimate the error. If ℘ splits completely in F (φ[m],m−1a), then

|〈ā1, . . . , āg〉| ≤ qdF x−r degm,

and from Lemma 2.4 we get

error�
∑

y<degm≤dF x/r

q(dF x−r degm)(1+ r
g )

� q(dF x−ry)(1+ r
g )+y. (4.3)

From above we get

fφ,a,F (x) =
∑

degm≤y

µq(m)ra,m(x)

na(m)
πF (x)+O(q(dF x/2)+y)+O(q(dF x−ry)(1+ r

g )+y).

We choose y such that (dFx/2) + y = (dFx− ry)(1 + r
g ) + y, i.e.

y :=
2r + g

2r2 + 2gr
dFx.

Then

fφ,a,F (x) =
∑

degm≤y

µq(m)ra,m(x)

na(m)
πF (x) +O(q

r2+gr+2r+g

2r2+2gr
dF x).

Since |(OE/mOE)∗| � qe degm/ log degm, from Lemma 2.1, and Lemma 3.4
we get ∑

degm>y

µq(m)ra,m(x)

na(m)
�

∑
degm>y

log degm

qh2e degm
� log y

q(h2e−1)y
. (4.4)

Since y := 2r+g
2r2+2grdFx, we obtain

fφ,a,F (x) = cφ,a,F (x)πF (x) +O(q
r2+gr+2r+g

2r2+2gr
dF x),
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and the first part of Theorem 1.1 is proved.
We remark that in a similar way as in [V2] (see [V2] for the case g = 0, and

also the Introduction of [V1] for all the details), by using (4.1), (4.2) above, and
(5.3), (5.4), (5.5), and (5.6) from [V2], one can prove that

fφ,a,F (x) = cφ,a,F (x)πF (x) +O
(
(qdF x)

r+3
2r+2

)
,

and we are done with the proof of Theorem 1.1. �

5 The proofs of Theorems 1.2 and 1.5

If Q(φ[q], q−1a) = Q for some prime q ∈ A, then for all rational primes ℘ ∈ Pφ,

with p 6= q, we have φ̄[q](F̄℘) ⊂ φ̄(F℘)
〈ā1,...,āg〉 and φ̄[q](F̄℘) ' (A/qA)r, and thus

in this case fφ,a,Q(x) is bounded. Hence f ′φ,a,Q(x) is also bounded and we are
done with the proof of Theorem 1.5.

So if Q(φ[q]) = Q for some prime q ∈ A, then for all rational primes ℘ ∈ Pφ,
with p 6= q, we have φ̄[q](F̄℘) ⊂ φ̄(F℘) and φ̄[q](F̄℘) ' (A/qA)r, and hence in
order to have f ′φ,a,Q(x) not bounded we must have the inequality g ≥ r which
is a serious restriction and thus this, i.e. fφ,a,Q(x) replaces by f ′φ,a,Q(x) cannot
be considered as the right formulation of Artin’s primitive root conjecture (for
example we have Birch and Swinnerton-Dyer conjecture for abelian varieties of
arbitrary dimension d and rank r; to say that we have Birch and Swinnerton-
Dyer conjecture or Artin’s primitive root conjecture for abelian varieties only
when r ≥ 2d will be a very big restriction and VERY STRANGE TO SAY THE
LEAST!; so what the authors of [KT] are studying IS NOT Artin’s primitive
root conjecture; see also the Introduction to [V1] for many other reasons why
our formulation of the strong form of Artin’s primitive root conjecture in this
paper and [V1] IS CORRECT: There are no two RH, there are no two BSD and
there are no two Artin’s primitive roots conjectures!).

Now if Q(φ[q], q−1a) 6= Q for all primes q ∈ A, then one can prove by a
similar method as in the proof of Theorem 3 of [KL], by using this time the
open image theorem for Kummer Galois representations associated to Drinfeld
modules i.e. Theorem 1.6 of [P], that cφ,a,Q is positive, and we are done with
the proof of Theorem 1.2. �
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