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1 Thue equations
1.1 Introduction

A Thue equation is a Diophantine equation of the form F(x,y) = m, where F €
Z[X,Y] is a given homogeneous polynomial in two variables (i.e. a binary form) of
degree d with integer coefficients, m is a given non zero integer while the unknowns
x,y take their values in Z. Is the set of such (x,y) finite or infinite? If it is finite,
can we get an upper bound for the number of its elements? (Such an upper bound is
a qualitative statement). Can we get an upper bound for the height of its elements?
(Such an upper bound is a quantitative statement).

A Thue—Mahler equation is an exponential Diophantine equation of the form
F(x,y) = p}'--- p% where F is a given binary form, pi,..., p, are given prime num-

Michel WALDSCHMIDT

Sorbonne Université, CNRS, Institut de Mathématiques de Jussieu — Paris Rive Gauche, IMJ-PRG, F —
75005 Paris, France

E-mail: michel.waldschmidt@imj-prg.fr

http://www.imj-prg.fr/~michel.waldschmidt


http://www.imj-prg.fr/~michel.waldschmidt

2 Michel Waldschmidt

bers, the unknowns are x,y,z1,...,z; where x,y take their values in Z and z1, ...,z in
Z>o.
We denote by f € Z[T] the polynomial defined by f(T) = F(T,1):

F(T)=agT 4+ a1 T '+ 4 ag_ T +ay,
F(X,Y)=aoX’+ai XY+ 4 a,_1 XY +a,v7,

Notice that ap = 0 is equivalent to saying that F(X,0) is the zero polynomial. We
assume ag > 0, so that f has degree d.

For m = 0, the set of (x,y) # (0,0) in Z? such that F(x,y) = 0 is empty if f has
no rational root, while, if f has rational roots, then this set is the set of (x,y) with
y # 0 such that x/y is a root of f.

From now on we assume m # 0.

When d = 1, we have F(X,Y) = apX + aY; the solution of a linear equation
apx+ a1y = m is given by Bézout’s Theorem. The computation of the gcd of ap and
ay is done efficiently via the Euclidean algorithm, which is nothing else than the
continued fraction expansion algorithm applied to a; /ay.

Assume d = 2. The quadratic equation agx? + a;xy +ayy> = m may have no so-
lution or finitely many solutions: one among many examples is for (ag,a1,az) =
(1,0, 1) with the equation x% +y* = m. It may have infinitely many solutions; this is
the case for (ag,a1,a2) = (1,0,—D) and m = 1, where D is a positive integer which
is not a square, with the Brahmagupta—Fermat—Pell equation x> — Dy*> = 1. The gen-
eral solution of the quadratic equation (not necessarily a Thue equation) is due to
Lagrange [Mo 1969\[F 1991].

Assume now d > 2. If f is a reducible polynomial in Z[X], then solving the equa-
tion F(x,y) = m, where the unknowns x,y take their values in the set of rational
integers, amounts to solving finitely many equations F;(x,y) = m; with m; a divisor of
m and F;(X,Y) an irreducible factor of F(X,Y) in Z[X,Y]. For this reason we assume
now that f is irreducible in Z[X].

1.2 Positive definite binary forms

Assume first that the polynomial f has no real root (hence its degree d is even).
Then for each m € Z, m # 0, the set of (x,y) in Z* such that F(x,y) = m is finite.
To study the Diophantine equation F(x,y) = m means to study the representation of
integers by the definite form F. Let us quote the following elementary lemma 2.1
from [FLW 2018].

Lemma 1 Let f € Z[T| be a nonzero polynomial of degree d which has no real root.
Let g(T) =T f(1/T). Assume that the leading coefficient of f(T) is positive, so that
the real number, defined by

}/:min{ inf f(r), inf g(t)}

—1<<1 —1<t<1
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is > 0. Let F(X,Y) be the binary form Y f(X /Y) associated with f. Then for each
(x,y) € Z2, we have

F(x,y) = ymax{|x*,[y|}.
Moreover, for any real number ¢ with ¢ > v, there exist infinitely many couples (x,y)
in 72 satisfying

F(x,y) < emax{[x|’,|y|*}.

A class of definite forms F' (namely, forms which are associated with a polyno-
mial f without real root) is given by the norm over Q of a CM field. Recall that a
subfield K of C is a CM field if it is a number field which satisfies the following
equivalent conditions:

() K is totally imaginary and is a quadratic extension of a totally real field.

(ii) There exists ¥ € K such that K = Q(7) and 7? is totally real with all conjugates
negative.

(iii) K is not real and the complex conjugation z — 7 commutes with every embedding
of KintoC: foro: K — Cand o € K,

Theorem 1 (K. Gyory, [G 1977]) Let K be a CM field of degree d over Q. Let oo € K
be such that K = Q(a); let f be the irreducible polynomial of a over Q and let
F(X,Y) =Yf(X/Y) the associated homogeneous binary form. Set ay = F(1,0),
ay = F(0,1). For (x,y) € Z* we have

<29 F(x,y) and ¥ <2%ad7VF(x,y).

Recall that the leading coefficient ag of the irreducible polynomial of « is posi-
tive. The assumption implies that ¢ is totally imaginary, hence a; > 0 and F(x,y) > 0

for (x,y) # (0,0).
Proof Let «y, ..., be the roots of f in C, so that

F(X,Y) = ao(X — (XIY) s (X — (XdY).
For 1 < j < d, the number ¢; is not real (since K is totally imaginary) and we have

lx—oay| = [Sm(a;)yl.

Since K is a CM field, @ is in K and 2i3m(a) = o — @ is a nonzero element in K its
conjugates in C are a; — @;. Moreover, ag(0 — ) being a nonzero algebraic integer,
its norm is a nonzero rational integer, of absolute value > 1. Therefore

Zdagle(x,y) :deK/Q(ziaogm(a)) > yd.

The same argument gives the upper bound for x“. ]
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In the special case where « is a unit in K, we have agp = a; = 1 and the conclusion
can be written

(1) max{|x|, [y|} < 2F(x,y)"/<.

Examples of binary forms satisfying the assumptions of Theorem 1| with ag =
ayg = 1 are given by the cyclotomic binary forms, which we define as follows.

For n > 1, denote by ¢,(T) the cyclotomic polynomial of index n and degree
¢(n) (Euler’s totient function). The cyclotomic binary form ®,(X,Y) is defined by
@,(X,Y)=Y?"¢,(X/Y). In particular, we have @, (x,y) > 0 for n > 3 and (x,y) #
(0,0).

An example showing that the estimate @) is optimal is given by the form F(X,Y) =
P, (X —7,Y) of degree d = ¢(n), where n > 3 is not of the form p” nor 2p” with p
prime. This condition on n implies ¢,(1) = ¢,(—1) = 1, hence for y € Z we have

F(2y,y) =yF(2,1) = y'9,(1) = y“.

The irreducible polynomial of the unit o = 1+ &, is ¢,(+ — 1) and the field Q(a) is
the CM field Q(&,).
In the special case of cyclotomic binary forms, Theorem [I] gives

max{|x|,|y|} < 2|m‘1/(0(n)

for the integral solutions (n,x,y) of &,(x,y) = m. An upper bound for n can be de-
duced only if max{|x|, [y|} > 3.
In [FLW 2018|], the refined estimate

2
V3

has been proved for the integral solutions (n,x,y) of ®,(x,y) = m satisfying n > 3
and max{|x|,|y|} > 2. Therefore

max{|x], [y} < —=|m|"/#"

o(n) < ilogm.
V3

See [[OEIS, |A296095, A299214, A293654,|A301429 and A301430].

1.3 Thue equation and Diophantine approximation

We now come back to the general case where f € Z[T] is irreducible over Q of degree
d > 3 and may have real zeroes. Write

f(T) = ao(T— (X])(T— (X2)~--(T—(Xd).

Recall our assumption ag > 0. Assume m # 0 is fixed while x,y are rational integers
with F(x,y) = m. Let us show that, as soon as max{|x|,|y|} is sufficiently large, x/y
is close to one of the roots ¢; of f and is not close to any other root (since f is


https://oeis.org/A296095
https://oeis.org/A299214
https://oeis.org/A293654
https://oeis.org/A301429
https://oeis.org/A301430
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irreducible, the roots @; are distinct). For i = 1,...,d, define B; = x — o;y. Label the
roots of f so that

1B1| = lrggdlﬁil'

From agf; - - - B4 = m we deduce

m
Bl < 2,
ap
which means
1/d
) ’al X g Iml
y /d
ay M

We may notice that if o is not real, then we get immediately a sharp upper bound
for |y|:

|m|1/d

Iy < o ——.
ay/*|3m(ay)]

We now sharpen the upper bound (2)). If

| < 2|m|'/4
N=Ta . ’

a,’” min |o; — oy |
2<i<d

then the relation x = oy + ) implies the upper bound

‘m|1/d

2] 4

min |0 — o 1/d ’
2§i§d| i o a

x| <

which shows that |x| and |y| are bounded. Assume now

N
a(l)/d min | — o |
2<i<d

Fori=2,...,d, we have f; = (o — a;)y + B, hence

|Bi| = [x— oy > |(0; — o)y| —

which implies

_ 1 d
|m| = laoBi -+ Bal > [y|* 1\ﬁ1|2471aoH|a,-—a1|
i=2

and therefore we deduce the following improvement of the upper bound (2)):
X

K
a | < 1(f)d|m\
y Iyl




6 Michel Waldschmidt

with

with some explicit constant k»(f); this does not give any information on the Thue
Diophantine equation, but any non trivial improvement of Liouville’s estimate gives
a non trivial information on the equation F(x,y) = m (see [W_1986.[LW 2011]]). The
work by Thue in 1914 culminated with the proof by Roth in 1955 of the following
result:

Theorem 2 (Thue, Siegel, Roth) If o is an algebraic number of degree d > 2, for
any € > 0 there exists a positive constant k(o €) such that, for any rational number
p/q with g > 0, we have
k(o €)

q2+e

a_P\>
q

From the previous argument we deduce

Corollary 1 (A. Thue) Let F € Z[X,Y] be an irreducible binary form of degree d >
3. Let m € Z. Then there are only finitely many (x,y) in Z X Z such that F (x,y) = m.

One main drawback of this argument is that the proof following the original ap-
proach by Thue does not produce an effective value for the constant x(a, &) when
€ is less than d — 2. As a consequence, Corollary [1| is not effective; as a matter of
fact, upper bounds for the number of solutions (x,y) to the Diophantine equation
F(x,y) = m (qualitative statements) can be derived from the proof, but no upper
bound for max{|x|,|y|} can be obtained (quantitative statements). We will discuss
below (see another approach which has been suggested by A.O. Gel’fond and
worked out by A. Baker, involving lower bounds for linear forms in logarithms - and
it is effective.

An illuminating presentation of Thue’s method is given by D.W. Masser in [M 2016]],
Chap. 12, where he starts with x> —2y*> = m and goes on by explaining some of the
main ideas behind Thue’s proof, building upon Newton’s method.

1.4 An example: x> —2y3 =m

Let us consider the special case of the cubic Thue equation x> —2y* = m (see [W_1986]).
Let y be a positive real function which satisfies

%_P’ > V’(;I)
q q
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for each ¢ > 0. Let m € Z, m # 0 and let (x,y) € Z? satisfy x* —2y* = m. Assume x
and y are positive (this is no loss of generality). Write

=2y = (x— V2y) (7 + V2xy + V4y?)

and observe that x> + v/2xy + v/4y? > y?. We deduce that any solution (x,y) in posi-
tive integers of the equation x> — 2y® = m satisfies

3) v(y) < |ml.

If y(g) tends to infinity with ¢, then we get an upper bound for y, while x is bounded
by

x < V2max{/|m|,V2y}.

In the other direction, let ¥ be a positive real function such that any solution (x,y)
in positive rational integers of x> —2y> = m satisfies

v(y) < |ml.
We write

P’ 24| =

V2- 2’ (P*+V2pq+V4q*)q.

If p < (3/2)q, we have p*> + v/2pq + V/4¢> < 64> and we deduce

S P >‘I’(‘I).
q| =~ 643

If p > (3/2)q, then we have the sharper estimate

3 1
V2-Bl>2_v2s <
q 2 5
Liouville’s estimate

@) o

1
gle">
q

follows by taking for y the constant function y(y) = 1, while any upper bound for
the solutions (x,y) of x> —2y3 = m implies the validity of (3) with a function w(y)
tending to infinity with y, and this yields an improvement on Liouville’s estimate (@).

In this direction, the sharpest known estimates are due to M. Bennett [Be 1997a]:

1
\3/5_2‘>4q25 and |x3—2y3|2ﬁ

See also [Be 1997b] for similar results concerning other algebraic numbers than v/2.
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2 Solving Thue equation using Baker’s method
2.1 References

Here is a selection of books having a section devoted to Baker’s method for solving
Thue equations.

e [Ba 1975]] Chap. 4 (Diophantine equations) §2 The Thue equation - proof using
lower bounds for linear forms in logarithms.

o [SVTS 1977] Main results arising from Baker’s method in 1977, with proofs using
lower bounds for linear forms in logarithms.

o [ST 1986] Chap. 5 (The Thue equation) proof using lower bounds for linear forms
in logarithms. Includes effective estimates.

o [Sp 1982]] Chap. IV (The Thue Equation).

o [BW 2007] Chap. 3 (Diophantine problems) §3 The Thue equation - sketch of proof
using lower bounds for linear forms in logarithms.

e [G 2002] Survey of some important applications of Baker’s theory of linear forms
in logarithms to Diophantine equations.

o [EG 2015] Chap. 9 (Decomposable forms equations) §9.6 (Effective results) §9.6.1
(Thue equations) Explicit results.

o [Bu 2018]] Chap. 4 §3 (The Thue equation).

2.2 Thue equation and Siegel’s unit equation

We explain some of the basic ideas behind the reduction of the Diophantine equation
F(x,y) = mto Siegel’s unit equation.

Assume for simplicity agp = 1, a; = +1, m = 1, so that the polynomial f can be
written

M) =T+ T+ da,  TE1=(T—0y)--- (T —0g)
where o, ..., are units of degree d. The numbers ;i =x— oy (i =1,...,d) are
also units of degree d, since they are algebraic integers satisfying B;---B; = 1. If

i1,i2,13 are distinct indices in {1,...,d} (recall d > 3), eliminating x and y among the
three relations

Bil :X—ai1y7 ﬁiz ZX—OCizy7 ﬁi3 :X—ai3y

shows that the determinant

1 — 0, ﬁil
1 — 0, ﬁiz
1 — s ﬂiz

is 0. This yields the so—called Siegel unit equation

Bil (aiz - Ot,'3) +Bi2(ai3 — O ) +ﬁi3 (ail - aiz) =0.
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The main result on Siegel’s unit equation is that given 91,7 in K*, the set of pairs
(u1,up) of units in a number field K satisfying yju; + Yup = 1 is finite. In homoge-
neous form, the result is the following: if 1,72, 73 are in K*, if we consider the equa-
tion yiu1 + Yauz + y3uz = 0, then the set of (u)/us,us/u3) is finite. Baker’s method
gives an effective upper bound for the heights of the solutions.

Once we know that the set of numbers

[))il (051'2 - 051'3)
Bir (0t — 0iy)’

for (x,y) solution of F(x,y) = m, is finite, we deduce that the set of quotients 3;, /B;,
is finite, hence x/y belongs to a finite set E; if y = vx with v € E, then F(x,y) =
x?F(1,v) and the equation x?F(1,Vv) = m yields the desired upper bound for |x|.

2.3 Lower bounds for linear forms in logarithms and Siegel’s unit equation

Let ¢y,..., o, be nonzero algebraic numbers and by, ..., b, be rational integers such
that
bl bn
oo # 1

Define B = max{2,|bi|,...,|b,|}. A “trivial” estimate “a la Liouville” is
‘af’l __.a,ll?n —1|> e CiB,

where C is an explicit constant depending only on a,...,0,. Methods from tran-
scendental number theory involving the quantity 8 log o + - - - + B, log o, yield the
refinement

) oo — 1] > B,

where C; is also an explicit constant depending only on ..., o,. This estimate is
optimal as far as the dependence on B is concerned (but optimal estimates for C; have
not yet been achieved).

Let 71,7 be non zero elements in a number field K. Let &1,. .., & be a basis of the
group of units of K. Let (u1,u,) be two units in K such that

Nur+pur =1.
We write "
b] b
— =Ce}t ... e
P G
where { is a root of unity in K and by, ..., b, are rational integers. Set
-né
Yo = :
Y2

We use the fundamental Diophantine estimate (3 to obtain a lower bound for the
modulus of any complex conjugate of the left hand side of

—1
Toe;" "'d”*lZ%
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An auxiliary lemma (e.g. Lemma 5.1 of [ST 1986|] or Lemma 5 of [LW 2016]) shows
that one can choose such a complex embedding for which the modulus of the right
hand side is small, so that we end up with an upper bound for the heights of u; and
u.

Essentially, the three statements:
o finiteness of the set of solutions to Thue equations
o finiteness of the set of solutions of the unit equation
e non trivial refinement of Liouville’s Theorem
are equivalent. An upper bound for the number of exceptional solutions for one of
these statements implies such an upper bound for the two others; an effective result
on one of them (upper bound for the exceptional solutions) yields an effective result
on the two others. See [W_1986LLW 2011]].

An effective result on the Thue equation is the following: let F € Z[X,Y] be an
irreducible binary form of degree > 3; let (x,y) € Z? and let m = F (x,y). Then

max{[x], [y} <m",

where K is a positive effective absolute constant depending only on F’; explicit formu-
lae are available (see for instance [EG 2015]). At the early stages of Baker’s method,
such constants were huge; drastic improvements have been achieved; nowadays these
estimates are good enough for solving explicitly Thue equations with coefficients
which are not too large. Algorithms using this approach are implemented in compu-
tation packages.

3 Families of Thue equations
3.1 Historical survey

Given a family F;(X,Y), r € I of binary forms of degree > 3, the first goal is to prove,
under suitable assumptions, that for all m > 0 there are only finitely many (¢,x,y) €
I X 7 x Z satisfying F;(x,y) = m. Sometimes some subsets of (¢,x,y), corresponding
to “trivial solutions”, are excluded. The second goal is to give an upper bound for the
exceptional solutions.

A survey on these questions is [H 2004]. Further results can be found in [EG 2015]).
See also [AMZ 2017] for another approach (the family x> — (3 — 1)y? = 1 is quoted).

3.2 Idea of the proof
Let f € Z[T] be an irreducible polynomial of degree d > 3 and let

F(X,Y)=Y%f(X/Y) € ZX,Y].

Denote by o a root of f, by K the field Q(@) and by v a unit in K of infinite order.
For a € Z we denote by f, the irreducible polynomial of azv“. We assume that f, has
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degree d. Let F, be the binary form Y¢f,(X/Y), so that fy = f and Fy = F. Given
m € Z, m # 0, we consider the set of triples (x,y,a) in Z> such that

F(/l('xay) =m.
Let 61, ...,0, the embeddings of K in C. We define
(X,':Gi(()t)7 ‘l)i:O'i(‘l)) (izl,...,d),

so that

Let m be a nonzero integer and (x,y,a) be a solution of F,(x,y) = m with Q(av?) =
K.Fori=1,...,d, set i = x— 0;0f'y. We have

apPy -+ Pa =m.

Eliminating x and y among three equations f8; = x — o;vf'y for i = iy, i, i3 yields the
unit equation

a a a a a a _
[3[1 o, ‘L)l-2 — Bil Qi ‘l)l-3 + ﬁ,’z aj, ‘Ui3 — ﬁ,’z o vil + ﬁi3 o Uil - ﬁi3 o, viz =0.

A first approach is to use Schmidt’s Subspace Theorem and its consequence on the
generalized S—unit equations: given a finite set of places S of a number field K and an
integer n, the set of nondegenerate solutions (uj,...,u,) in S—units of the equation

up+--4u,=1

is finite. Nondegenerate means that no nontrivial subsum of u; + - - - + u,, vanishes. A
technical difficulty is that we need to deal with degenerate solutions. This approach
yields strong general but ineffective results [LW 2012].

Another approach, which is effective, is to use Baker’s method. This is efficient
as soon as two of the six terms on the left hand side have a size which is much larger
than the sum of all other four terms (besides, these two terms should not yield a zero
subsum). So far, this has been achieved only in special cases [LW 2013bLLW 2013c|
LW 2015allLW 2015b LW 2016LLW 2017].

3.3 Joint papers with Claude Levesque

We give here a summary of the results in a sequence of joint papers with C. Levesque,
which was initiated during our visit to IMPA in Rio de Janeiro in 2010. The initial
goal, which was to solve the family of equations obtained from Thomas equations
(see [H 2004]) by including powers of units, has been achieved in [LW 2015b].
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In [LW 2011]], we work out equivalence statements between assertions dealing
with several Diophantine questions: Thue—-Mahler equations, S—unit equation, inte-
gral points on P! (K) minus three points.

Our first results [BLW 2011, LW 2012/[LW 2013al] were based on Schmidt’s sub-
space Theorem and therefore were not effective - but they were very general. We
obtained families of Thue—-Mahler equations having only finitely many solutions and
we gave upper bounds for the number of solutions; but we were not able to give upper
bounds for the solutions themselves, hence we could not solve the equations.

Our first main new results were proved in [LW 2012]]. Some consequences on
Diophantine approximation were given in [LW 2013a].

Here is a special case of Corollary 3.6 of [LW 2012] which deals with Thue—
Mahler equations.

Theorem 3 Let K be a number field and I a finitely generated subgroup of K*. For
y € I', denote by fy € Z[X] the irreducible polynomial of v and by Fy, € Z[X,Y] its
homogeneous version. Then the set of v € I satisfying [Q(7y) : Q] > 3 for which there
exists (x,y) € Z* with Fy(x,y) € I" and xy # 0 is finite.

Proof Since K has only finitely many subfields, it suffices to prove that the set of
y € T satisfying Q(y) = K for which there exists (x,y) € Z* with Fy(x,y) € I" and
xy # 0 is finite.

Assume y € I' satisfies Q(y) = K and assume that there exists (x,y) € Z> with
Fy(x,y) € I' and xy # 0. Let a € K with K = Q(«). Let S be a finite set of places
of K such that & € O et I' C Oy . Corollary 3.6 of [LW 2012] witht =0, € = v/«
yields the result. (]

By taking for I" the group of units Zg in K, we deduce the following result:

Corollary 2 Let K be a number field. The set of units € € Ly of degree > 3 for which
there exists (x,y) € 72 with Fg(x,y) = %1 and xy # 0 is finite.

Another result from [LW 2012] is the following. Let S = {p1,...,ps} be a finite
set of prime numbers, f € Z[X] an irreducible polynomial of degree d > 3, o, a root of
f» K the number field Q(), o1,...,0, the embeddings of K into C. For each S—unit
€ € Og, define F¢(X,Y) € Z[X,Y] by

Fe(X,Y)=ao(X — o1(ae)Y) (X — oa(@e)Y) -+ (X — o4(ae)Y).
Let m € Z\ {0}. Then the set of (x,y,€,z1,...,2s) in Z* x O x N satisfying
Fe(x,y) = mpi' - pg,
with xy # 0, ged(xy, p1 -+ - ps) = 1 and [Q(ae) : Q] > 3, is finite.
Theorem [3]implies finiteness results for families of Thue-Mahler equations. It is

not effective: upper bounds for the number of solutions could be deduced, but not
upper bounds for the heights of the solutions.
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In [BLW 2011], which is a joint paper involving also Yann Bugeaud, we obtained
an upper bound for the number of solutions of simultaneous Brahmagupta—Fermat—
Pell-Mahler equations: given rational integers aj, by, cy,as,b>,c; and prime numbers
P1,.-.,Ds, we considered the system of equations

a\X?+b\XZ+c1Z% = £p" - pits,
Y2 +bYZ+ 2% = £p|' - phh,

where the unknowns x,y,z,my,...,ms,ny,...,ns take their values in the set of rational
integers with my,...,mg,ny,...,ngnon negative.

Our more recent papers provide effective results for families of Thue equations
by means of Baker’s method. One main goal is to prove the following conjecture.

Conjecture 1 Let o be an algebraic number of degree d > 3 over Q. We denote by
K the algebraic number field Q(a), by f € Z[X] the irreducible polynomial of o
over Z, by Zy the group of units of K and by r the rank of the abelian group Z;.
For any unit € € Zg such that the degree 6 = [Q(og) : Q| is > 3, we denote by
Sfe(X) € Z[X] the irreducible polynomial of o.g over 7 (uniquely defined upon re-
quiring that the leading coefficient be > 0) and by Fg the irreducible binary form de-
fined by Fe(X,Y) =YO fe(X /Y) € Z[X,Y). Then there exists an effectively computable
constant Kk > 0, depending only upon o, such that, for any m > 2, each solution
(x,3,€) € Z* x Zy; of the inequation |Fe(x,y)| < m with xy # 0 and [Q(ae) : Q] >3
satisfies
max{|x|, |y, "} <m*.

In [LW 2013b], we prove conjecture [I| when the field K is a non totally real cubic
field. In [LW 2016]], we prove conjecture [I]in the more general case where the field
K has at most one real embedding. In [LW 2013c||, we prove conjecture [I| when one
requests the unknown € to belong to a subset of the group of units of K; we show that
this subset contains a positive proportion of all units as soon as the degree of K is at
least 4.

The papers [LW 2013blLW 2015allLW 2015blLW 2017] deal with the special
case where one restricts to a rank one subgroup of the group of units, namely when
e=0v"witha € Z.

The main result of [LW 2013b], which deals only with non totally real cubic equa-
tions, is a special case of the main result of [LW 2017]; the “constants” in [LW 2013b]]
depend on ¢ and v, while in [LW 2017] they depend only on the degree d. The main
result of [LW 2013c]|| deals with Thue equations twisted by a set of units which is not
supposed to be a group of rank 1, but it involves an assumption (namely that at least
two of the conjugates of v have a modulus as large as a positive power of [v]) which
we do not need in [LW 2017]. Our Theorem in [LW 2017]] also improves the main
result of [LW 2015al: we remove the assumption that the unit is totally real (besides,
the result of [LW 2015a] is not explicit in terms of the heights and regulator). We
also notice that part (iii) of Theorem 1.1 of [LW 2015b] follows from our Theorem
in [LW 2017]. The main result of [LW 2016] does not assume that the twists are done
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by a group of units of rank 1, but it needs a strong assumption which does not occur
in [LW 2017]], namely that the field K has at most one real embedding.

A very recent joint work with E. Fouvry and C. Levesque, already quoted in
deals with the family of cyclotomic binary forms [FLW 2018|]. One motivation came
from the fact that in [LW 2017], we needed an assumption that some number was not
a root of unity. It was a natural task to study the special case of roots of unity, which
gives rise to the sequence of cyclotomic binary forms.

4 A guide to further references

One of the main references is the classical paper of C.L. Siegel in 1929, which has
been recently translated into English. The reference [Z 2014] includes the English
translation On some applications of Diophantine approximations by Clemens Fuchs,
of the original text by C.L. Siegel in German Uber einige Anwendungen diophantis-
cher Approximationen, which is also reproduced in [Z 2014], together with comments
by Clemens Fuchs and Umberto Zannier Integral points on curves: Siegel’s theorem
after Siegel’s proof.

Another reference is [[£ 2009] Chap. 2 (Thue’s equations and rational approxima-
tions), where full proofs are given with lots of supplements.
There are many references on Diophantine geometry and Schmidt subspace Theorem,
including the following ones:
o [L 1983]], Chap. 7 (The Thue Siegel — Roth Theorem).
o [Se 1989], Chap. 7 (Siegel’s method), Chap. 8 (Baker’s method).
o [Sc 1991]], Chap. IIT (The Thue equation); also Chap. V (Diophantine Equations in
More Than Two Variables).
e [Z2003]], Chap. 1 (Diophantine Approximation and Diophantine Equations) §1.2
(From Thue to Roth); also Chap. II (Schmidt’s Subspace Theorem and S—unit equa-
tions) and Chap. III (Integral points on curves and other varieties).
e [Bu 2004], Chap. 2 (Approximation to algebraic numbers), §2.1 (Rational approx-
imation), §2.2 (Effective rational approximation).
o [HY 2008]], Chap. 6 (Roth Theorem); also Chap. 7 (Subspace Theorem) and Chap. 8
(Vojta’s conjectures)
e [C 2016], Chap. 3 (The theorems of Thue and Siegel); also includes results on
Hilbert Irreducibility Theorem and integral points on surfaces.
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