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Abstract

In 1985, L. D. James and G. A. Jones proved that the complete graph K, defines a clean
dessin d’enfant (the bipartite graph is given by taking as the black vertices the vertices of
K,, and the white vertices as middle points of edges) if and only if n = p®, where p is a
prime. Later, in 2010, G. A. Jones, M. Streit and J. Wolfart computed the minimal field of
definition of them. The minimal genus g > 1 of these types of clean dessins d’enfant is
g = 7, obtained for p = 2 and e = 3. In that case, there are exactly two such clean dessins
d’enfant (previously known as Edmonds maps), both of them defining the Fricke-Macbeath
curve (the only Hurwitz curve of genus 7) and both forming a chiral pair. The uniqueness
of the Fricke-Macbeath curve asserts that it is definable over @@, but both Edmonds maps
cannot be defined over Q; in fact they have as minimal field of definition the quadratic
field Q(v/—7). It seems that no explicit models for the Edmonds maps over Q(y/—7) are
written in the literature. In this paper we start with an explicit model X for the Fricke-
Macbeath curve provided by Macbeath, which is defined over Q(e%i/ 7), and we construct
an explicit birational isomorphism L : X — Z, where Z is defined over Q(ﬁ ), so that
both Edmonds maps are also defined over that field.
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1 Introduction

A dessin d’enfant D on a closed orientable surface is given by a bipartite map on it (vertices
will be colored black and white). The dessin d’enfant is called clean if the white vertices
have all valence 2.

A Belyi curve is an irreducible non-singular complex projective algebraic curve (i.e. a
closed Riemann surface) S admitting a non-constant meromorphic map 3 : S — C with
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at most three branch values; which we assume to be inside the set {c0, 0, 1}; we say that
(S, B) is a Belyi pair. Two Belyi pairs (S1, 51) and (S, B2) are called equivalent, denoted
this by the symbol (S1, 31) = (Sa, B2), if there is an isomorphism f : S; — Ss so that
B2 o f =P

A subfield K of Q is called a field of definition of a Belyi pair (.5, 3) if there an equiva-
lent Belyi pair (§ , E ) where S and B are both defined over K. As a consequence of Belyi’s
theorem [1], the field of algebraic numbers Q is a field of definition of every Belyi pair.

Each Belyi pair (S, 3) defines a dessin d’enfant on S by taking the edges as the com-
ponents of 371((0, 1)), the black vertices as the points in 371(0) and the white vertices as
the points in 3~%(1). Conversely, as a consequence of the uniformization theorem, every
dessin d’enfant on a closed orientable surface induces a (unique up to isomorphisms) Rie-
mann surface structure (being a Belyi curve) and a Belyi map so that the original dessin
d’enfant is homotopic to the one associated to the Belyi pair [11, 15].

A field of definition of a dessin d’enfant is a field of definition of the corresponding
Belyi pair.

As there is a natural (faithful) action of the absolute Galois group Gal(Q/Q) on the
collection of Belyi pairs [13], it also provides a (faithful) action on dessins d’enfant. This
action may help in the study of the internal structure of the group Gal(Q/Q) in terms of
combinatorial data.

Let us consider a dessin d’enfant D, which is defined by the Belyi pair (.S, 5). By Be-
lyi’s theorem, we may assume that both S and f3 are defined over Q. The field of moduli of
D is then defined as the fixed field of the subgroup {o € Gal(Q/Q) : (S, 8) = (57, 37)}.
The field of moduli of D is always contained in any field of definition of it, but it may be
that the field of moduli is not a field of definition of it. Both, the computation of the field of
moduli of a dessin d’enfant and to decide if the dessin d’enfant can be defined over it, are
in general difficult problems. If the dessin d’enfant is regular, that is, the Belyi map [ is a
Galois branched cover, then J. Wolfart [19] proved that D can be defined over its field of
moduli. Also, if the dessin d’enfant has no non-trivial automorphisms, then it is definable
over its field of moduli as a consequence of Weil’s descent theorem [16]. So, the prob-
lem to decide if the field of moduli is a field of definition appears when it has non-trivial
automorphisms but it is non-regular.

In 1985, L. D. James and G. A. Jones [10] proved that the complete graph K,, defines
a clean dessin d’enfant (the bipartite graph is given by taking as the black vertices the
vertices of K,, and the white vertices as middle points of edges) if and only if n = p°,
where p is a prime. Later, in 2010, G. A. Jones, M. Streit and J. Wolfart [12] computed
the minimal field of definition of such clean dessins d’enfant. The minimal genus g > 1 of
these types of clean dessins d’enfants is ¢ = 7, obtained for p = 2 and e = 3. In that case,
there are exactly two (non-equivalent) such dessins (previously known as Edmonds maps),
both of them defining the Fricke-Macbeath curve (the only Hurwitz curve of genus 7) and
both forming a chiral pair. The uniqueness of the Fricke-Macbeath curve asserts that it is
definable over Q, but each of the two Edmonds maps cannot be defined over Q; they have
as minimal field of definition the quadratic field Q(\/j7 ) [12]. No explicit models for the
Edmonds maps over Q(1/—7) seems to be written in the literature.

In Section 2 we recall an explicit model X for the Fricke-Macbeath curve provided
by Macbeath, which is defined over Q(ez’”/ 7), and describe both Edmonds maps. We
also provide (as matter of interest for specialists) two different equations, over Q, for the
Fricke-Macbeath curve which were independently obtained by Bradley Brock (personal
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communication) and by Maxim Hendriks in his Ph.D. Thesis [7]. In Section 3 we provide
an explicit birational isomorphism L : X — Z, where Z is defined over Q(1/—7). In this
model we obtain that the two Belyi maps defining the two Edmonds maps are defined over
Q; in particular, this provides explicit models for both Edmonds maps over Q(1/—7) as
desired. In Section 4 we provide an explicit birational isomorphism L:X — W, where
W is defined over Q. Unfortunately, the explicit equations over Q are not very simple
(they are long ones) and they can be found in [9]. In Section 5 we construct a generalized
Fermat curve S of type (2, 6) [5] that covers the Fricke-Macbeath curve and we provide a
description of the three elliptic curves appearing in the equations of X given by Macbeath.
Another model of the Fricke-Macbeath curve is also described.

2 Macbeath’s equations of the Fricke-Macbeath curve and the two
Edmonds maps

In this section we recall equations of the Fricke-Macbeath curve, obtained by Macbeath in
[14], and we describe both Edmonds maps discovered in [12]. As a matter of interest to
specialists, we also describe two different models over @, one obtained by Bradley Brock
(personal communication) and the other by Maxim Hendriks in his Ph.D. Thesis [7].

2.1 Hurwitz curves

It is well known that |[Aut(.S)| < 84(¢g—1) (Hurwitz upper bound) if S is a closed Riemann
surface of genus g > 2. In the case that |Aut(S)| = 84(g — 1), one says that S is a Hurwitz
curve. In this last situation, the quotient orbifold S/Aut(S) has signature (0;2, 3, 7), that
is, S = H?/T’, where T is a torsion free normal subgroup of finite index in the triangular
Fuchsian group A = (x,y : 22 = y3 = (zy)” = 1) acting as isometries of the hyperbolic
plane H?2.

Wiman [17] noticed that there is no Hurwitz curve in each genera g € {2,4,5,6} and
there is exactly one Hurwitz curve (up to isomorphisms) of genus three, this being Klein’s
quartic 23y + y®z + 23z = 0; whose automorphisms group is the simple group PSL(2, 7)
(of order 168).

2.2 Macbeath’s equations of the Fricke-Macbeath curve

In [14] Macbeath observed that in genus seven there is exactly one (up to isomorphisms)
Hurwitz curve, called the Fricke-Macbeath curve; its automorphisms group is the simple
group PSL(2, 8), consisting of 504 symmetries. In the same paper, Macbeath computed
the following explicit equations over Q(p), where p = e2 /7 for the Fricke-Macbeath
curve (involving three particular elliptic curves):

yi = (z = D(x - p*)(z — p°)(z — p°)
X =3 y5=(x—p)(z—p"(x—p°)(z-p°) pcCh @.1)

yi = (z = p)(x = p*)(x — p*)(z — p°)

In Section 5 we provide a rough explanation about the elliptic curves in the above
equations (different from the approach given in [14]) in geometric terms of the highest
regular branched Abelian cover of the orbifold X /G of signature (0;2,2,2,2,2,2,2).
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Another interesting fact on the Fricke-Macbeath curve is that its jacobian variety is
isogenous to E7 where E is the elliptic curve with j-invariant j(E) = 1792 (E does
not have complex multiplication); see, for instance, [2]. There are not to many explicit
examples of Riemann surfaces whose jacobian variety is isogenous to the product of elliptic
curves (see [6]).

2.3 Equations over (Q of the Fricke-Macbeath curve

The uniqueness up to isomorphisms of the Fricke-Macbeath curve asserts that its field of
moduli is the field of rational numbers Q. As quasiplatonic curves can be defined over their
fields of moduli [19] and Hurwitz curve are quasiplatonic curves, it follows that the Fricke-
Macbeath curve can be defined over Q. When the author put a first version of this paper in
Arxiv [9] we didn’t know of explicit equations of the Fricke-Macbeath curve over Q. Later,
Bradley Brock sent me an e-mail in which he told me that, using some suitable change of
coordinates on the above equations for X, he was able to compute a plane equation for X
over Q, with some simple nodes as singularities, given as

1+ Tzy + 212%y% + 352°%y° + 28z%y* 4+ 227 + 247 = 0.

An automorphism of order 7 is given by b(z,y) = (px, p~'y) and one of order two is

given by a1 (z,y) = (y, ).
The following model over Q, for the Fricke-Macbeath curve, was recently computed
by Maxim Hendriks in his Ph.D. Thesis [7]

—T1T2 + T1T0 + T2Te + T3T4 — T3T5 — T3To — TeTe — T5T6 = 0,
123 + T1T6 — :Lé + 2z9x5 + T2x9 — .L% + T4 — TaTo — 1% =0,

2?2 — 2123 + 13 — Tomy — Tox5 — T2T0 — 5 + 2336 + 22570 — 2% = 0,
T1xy — 22125 + 20100 — Take — T3Ty — T3Ts + TsTe + TeTo = 0,

22 — 2113 — 23 — Towy — XoT5 + 2T2T0 + X3 + X376 + T4T5 + 2F — 25T — 22 =0,
T1To — T1T5 — 201T0 + 2X2x3 — T3Tg — T5T6 + 2x6x9 = 0,

=219 — 124 — X125 + 20170 + 22003 — 22320 + 20506 — Texo = 0,

222 + 173 — T1T6 + 3T2T0 + TaT5 — TaTo — T2 + 32 — 3% =0,
223 — xy 13 + 176 + 3 + X2x0 + 25 — 2T376 + T4T5 — T4T0 + T — 2570 + 22 + 22 =0,
Tf + x1T3 — x1T6 + 22215 — 3270 + 2T3T6 + Tﬁ + z4r5 — x40 + Té + 3’1‘(2) =0

C PS.

In Section 4 we provide an explicit birational isomorphism L:X — W, where W is
defined over Q. The explicit form of L may be used to compute explicit equation for W
this can be done with MAGMA [3].

2.4 A description of the two Edmonds maps
In the above model X of the Fricke-Macbeath curve it is easy to see a group Z3 = G =
<1417 Ag, A3> < Aut(X) where

Al(xu Y1, Y2, 1114) = (JJ, —Y1,Y2, y4)7

Aa(w,y1,Y2,94) = (T,91, —Y2, Ya),
A3(x7 y17y2ay4) = (xvyla Y2, *94)

The quotient Riemann orbifold X /G has signature (0;2,2,2,2,2,2,2), that is, is the
Riemann sphere with exactly 7 cone points of order 2.
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An automorphism of order 7 of the Fricke-Macbeath curve is given in such a model by

2 2 2 Y1Yy2
B(x7y17y27y4) <p$,p Y2, 0 Y4, P (.1'—[)5)(37—06)) .

The automorphism B normalizes G and it induces, on the orbifold X/G = ((AI, the
rotation T'(x) = px. Moreover, X/(G, B) has signature (0;2,7,7), that is, the group
(G, B) defines a regular dessin d’enfant (X, 3), where 3(z, y1, y2,y4) = «7 (this is one of
the two Edmonds maps, but is defined over Q(p)).

We may also see that X admits the following anticonformal involution

L y1 p°yz P°Ua
r X '

J(@,y1,92,Y1) = (a 220 =2 =

It can be seen that JBJ = B and JA;J = A;, for j = 1,2,3. In this way, one
gets another regular dessin d’enfant (X, §), where 6(z, y1, y2,y4) = 1/27 (this is the other
Edmonds map, again defined over Q(p)).

As § = C o foJ, where C(x) = T, we have that the two regular dessins d’enfant
described above are chirals.

3 An explicit model of the Edmonds maps over Q(1/—7)

In this section we will construct an explicit biregular isomorphism L : X — Z, where Z
is defined over Q(v/—T7), so that both Edmonds maps are defined over such a field.

Note that Q(v/=7) = Q(p + p? + p*) since p + p? + p* = 1(v/=7 — 1). Most of the
computations have been carried out with MAGMA [3] or with MATHEMATICA [20].

3.1
Let N = Gal(Q(p)/Q(v/=T)) = (1) = Z3, where 7(p) = p?. If we set

T = (1‘1756'2,1'37.’174) = (xaylay27y4)a

then it is not difficult to check that {f. = I, f,, f,2} is a Weil datum (i.e., they satisfies
the Weil co-cycle condition in Weil’s descent theorem [16]) with respect to the Galois
extension Q(p)/Q(+/—7), where I denotes the identity and

f(@) = (I7y1ay47 W}ﬂ;h) ;

Fo@) = (aom )
3.2

Let us consider the rational map
) : X »C™2
(iE, Y1,Y2, y4) — (fa U_ja 17),
where
W= (wi, w2, ws,ws) = fr(Z),
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U= (vla v27U37U4) = sz(f)
We may see that ®; produces a birational isomorphism between X and ®4(X) (its
inverse is just the projection on the Z-coordinate). Equations defining the algebraic curve
®(X) are the following ones

a3 = (r1 — 1)(z1 — p°) (21 — p°)(z1 — p°)

a3 = (v1 — p?)(x1 — p*) (@1 — p°)(z1 — p°)
3, (X) = a3 = (v1 — p) (@1 — p*)(x1 — p*) (21 — p°) B
T34

(21— pY)(z1 — p°)’

Wy = &1, W2 = T2, W3 = T4, W4 =

3Ty
(1 —p*) (21— p°)’

V1 =71, V2 = T2, V3 = Vg = T3

3.3

We consider the linear permutation action of N on the coordinates of C!? defined by
O4(7) (&, W, V) = (W, 0, T).

Let us notice that the stabilizer of ®; (X), with respect to the above permutation action,
is trivial since

{neN:0:1(n)(21(X)) =1(X)} ={neN: X"=X}={e}.
34
Each 6 € Gal(C) induces a natural bijection
6:C? -2 (W1, y12) = (0(y1), -, 0(y12)).-
It is not hard to see that 6(X) = X°.

3.5

If 0 € Gal(C/Q(v/—7)), then we denote by 6 is projection in N. With this notation, we
see that the following diagram commutes (see also [8])

X 8 (X

Loy 11 (on)
X063 (6)(@1(X) = Y (X) = @y (X)° .2
ot 1o

X B (X
and, for every 71,0 € Gal(C/Q(v/=T7))), that

() O1(nn) ol =000:(ny).



R. A. Hidalgo: Edmonds maps on the Fricke-Macbeath curve 281

3.6

A generating set of invariant polynomials for the linear action ©1 (V) can be obtained with
MAGMA as

1 = mptwi+v, t2 = z2twetuv
la3 = xz3twstws, ta = zT4t+wstus
ts = x%+w%+v%, te = x§+w§+v%
tr = m%—}—w%—i—vi tg = :EZ—Fwi—i—vE
to = 34w +vd, tip = 23+ wi+vs
ti1 = a3 +wd+vi, tin = zi+wi+o}

The map
v, (Clz — (C12
(SE", ’LU7 17) — (tl, ey tlg)
clearly satisfies the following properties:
WY =y, =012
3.3
‘1/1 O@1(Tj) = \111, j = 0,1,2.

Also (as we have chosen a set of generators of the invariant polynomials for the action
of ©1(N)), it holds that ¥, is a branched regular cover with Galois group N. It turns out
that, if we set Z; = U(®1(X)) and L; = ¥y o &4, then

Ll X — Z1
is a birational isomorphism (since the stabilizer of ®;(X) is trivial).

3.7
If n € N, then

Z) = Li(X)" =LY (X") = U] 0 ®](X") = Uy 0 O1(n)(P1(X)) =
\I/l ] q)l(X) = Ll(X) = Zl,
s0 Z; can be defined by polynomials with coefficient over Q(+/—7).

3.8

Next, we proceed to compute explicit equations for Z; and the inverse L1_1 17y — X.
The following equalities hold:

t t
zl—gl, 1’2252, ty =13
(%) 24 = (ts — 23)(3 = p")(3 — 0°)

w3+ (% — ") (F —p)
t7 t3
ts=5, te=-, ts=tr
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(34) 22 = (t7 — 23) (% — p*)2(4 — p°)?
2=
a3+ (B — p*)2 (% —p°)?
3 13
tg = 51, tio = 52, t12 = t11
(e w) 2 = (117 wgt)(% - p4):’(% -p°)?
w3+ (=) (3 = p°)?

Equality (*) permits to obtain x4 uniquely in terms of ¢; and x5 and the equation
w3 = (21 = 1)(21 = p°) (w1 = p°) (21 — p°)

provides a polynomial equation (relating ¢; and t5) given by P (t1, ta,t3,t7,t11) = 0,
where
Pl(t17t27t37t77t11)

I
—814+27(1+(p+p*+p")) 11 +967 =3(p+p*+p )t} —t1+9t5 € Q(V=T)[t1, ta, t3, b7, t11].

Equation
a3 = (21— p?)(z1 = p*) (21 = p°) (21 — p°)

permits to obtain the new equation
(1) 23 = (t1 — 3p)(t1 — 3p")(t1 — 3p°) (11 — 3p°) /81,

and the equation
zf = (21— p)(a1 — p*) (@1 — p*)(x1 — %)

provides the equation
(2) 23 = (t1 — 3p)(t1 — 30%)(ts — 3p")(t1 — 30°) /S1.
In this way, by replacing the above values for 3 and x3 (obtained in (1) and (2)) in the
equality (), we obtain the polynomial equation Px(t1, o, ts, t7,t11) = 0, where
PQ(tla t27 t37 t77 tll)

27+ 27(p + p* + p') — 18t = 3(L+ (p+ p* + p"))t; — 267 — 1 + 27tz €
Q( \ 77)[t17t2at3at7at11]-

Now, if we replace, in equality (%), 23 by z3(z1 —p?)(z1—p*) (21— p°) (21— %) /81
and z3 by z4(t1 — 3p)(t1 — 3p®)(t1 — 3p?)(t1 — 3p°)/81, where x4 is given in (), then
we obtain a polynomial which is of degree one in the variable x3.

w3 = (=90 (=162t — 185 + 4t — 243(1 +t11) + t3(27 — 5dtg) + 6tits) + 3(729 +
181 — 613 —27t3 (—6+1t3) —t9(—2+1t3) +243t; (3+1t3) +81t3(2+t11 +1t3)) +p3 (2187 —
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tT 27t (—6+t3) + 965 (—3+t3) + 486315+ 81¢5 (1 +t3) + 729t (1+2t3)) + p° (2187 +
27t1 + 125 + 7 — 7291 (=1 + t11 — t3) + 729t3t3 + 815 (5 + t3) + 95 (1 + 2t3)) +
p(2916t + 3t — ] — 81¢3(—6 + t3) — 2187(—2 + t3) — 27t} (=2 +t3) + N3 (2 + t3) +
243t2(5+2t3)) + p* (2187 + ] — 7291 (=3 +t11 — 2t3) — 815 (—1+t3) + 27t (1 +t3) +
95 (—1 + 2t3) + 243t3(1 + 3t3)))/(9(t] — 243t11 + 27t3(—1 + t3) + 81t1t3 + itz +
3tits + p(3 + 1) (=81 + 18t — 9t3 + 2t + 2Tt1t3) + 27p%t1 (3 + 12 + t1(3 + t3)) +
p*1(243 + 385 + t1 + 93 (=1 + t3) + 2711 (3 + t3)) + po (=6t + 5 + 243(1 + t3) +
81t1(2+1t3) + 93 (2+t3) + 273 (3+t3)) + pPt1 (162 + 3617 + 65 + 2t1 4+ 27t1 (4 +3))))

Then, using (*), we obtain

xy = —((3p* — 1) (3p% — t1)(—p3(—2187 — 729¢t; + 1] + 243t3t3(2 + t3) + 95 (3 +
t3) +27t1(6+t3) +81t3(—1+3t3)) + p* (2187 + 27t} + 1] +9t5(—1 +t3) — 729t (—3 +
t11+13) — 2433 (—1+13) —81t3 (—1+¢3)) + p(4374+ 48615 + 54t + 3t —t] — 95 (—2+
t3) — 243t3(—5 +t3) — 729t (—4 — t3 +13)) — 3(t$(—2 + t3) + 3t3(2 + t3) — 729(1 +
tiits) — S1t2(2 + 1y + 2t3 — 12) + 9t} (=2 + £3) + 243t, (=3 — t3 + t2) + 273 (—6 +
t3+12)) — 9p? (45 — 243(1 4 t11) + 81ty (=2 + t3) + 6ty + 93 (—2 + 3t3) + 2712 (1 +
ts +13)) + p° (12t + 7 — 243343 + 95 (1 + t3) + 27t (1 + 2t3) — 81#3(=5 + t3 +
t3) — 2187(=1+t3 +t3) — 729t (=1 + t11 +t3 +13))))/(9(567t5 + 6t§ + T + p(—3 +
t1)(—54t3 + 1§ + 9td(—4 + t3) + 729(—2 + t3) + 243t (=2 + t3) — 81t2 (=2 + t3)) +
27tH (=T + t3) + 93 (—5 + t3) + 2187(2 + t3) + 243t3(—1 + 2t3) + 729¢1 (1 + 2t3) +
0% (2187 + 216t4 4 35 4 2tT 47291 t5 + 7292 (1 4 t3) 4+ 18t3(2 + t3) + 8113 (16 + t3)) +
POt (98] + 15 + 2783 (—4+t3) +9t1(3+t3) + 81t (5+t3) + 729(—5+2t3) + 243t (—3+
2t3)) + p* (2187 + 61§ + 2T — 813 (—14 + t3) + 18t7(—2 + t3) + 1458t1t5 + 27t1 (5 +
t3) +243t3(1+3t3)) — 9p%(—243 + 243t — 2713 + 13 — 5413 (—5+1t3) + 11 (—9+6t3)))).

Now, using such values for 3 and x4, and replacing them in (1) and (2) above, we ob-
tain another two polynomials identities Ps(t1,ts,t7,t11) = 0 and Py(t1,ts,t7,t11) = 0,
where these two new polynomials are defined over Q(p) (see [9] for these long polynomi-
als). In this way, we have obtained the following equations over Q(p) for Z;:

ty =t3, 3ty =12, 3tg =13, tg =t
99 =13, W1g = 3, t1o =t
Pl(t17t27t37t7at11) =0
Pg(tl,tg,tg,t'r,tu) =0
P3(t1,t2,t37t7,t11) == 0
P4(t1,t2,t3,t7,t11) - O

Notice that, by the above computations, we have explicitly the inverse of L; given as

A cc?

Li':2, - X

(tl, ...,tlg) — (1'1,1'2, SU3,(£4),

where x1, T2, x3 and x4 are in terms of ¢1, to, t3, t7 and 7.
As the variables t1,..., t12 are uniquely determined only by the variables 1, to, t3, t7
and t11, if we consider the projection

7. C2 5P

(t17 "-at12) = (tlatQat3at77t11)a
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then
L=moli: X —Z7

LT(Z’,yl, y27y4)

I
32.3 Y2y 2. .2 y3y3 3. .3 A
TOYL Y2 Yt Gy Y T YT Gt e—mym Y2 T T Gy

is a birational isomorphism, where

Py(t1,ta,t3,t7,t11) =
Py(ty,to,t3, 17,111
Ps(t1,tg,t3,t7,t11
Py(ty,ta,t3,t7,t11

)=20
)=20 5
) =0 ccC
)=0

The inverse L~ : Z — X is given as

Lil(tla t?a t3a t7) tll) - (xlv xr2,x3, 1'4).

We have obtained equations for Z over Q(p). But, as Z = Z;, for every n € N, and
7 is defined over QQ, we may see that Z" = Z, for every n € N, that is, Z can be defined
by polynomials over Q(v/—7). To obtain such equations over Q(v/—7), we replace each
polynomial P; (j = 3,4) by the new polynomials (with coefficients in Q(+/—7))

Qi1 =Tr(P;), Qj2 =Tr(pP;), Qj.3 = Tr(p*F;)

that is
Pi(t1,ta,t3,t7,t11) =0
Py(t1,ta,t3,t7,t11) =0 .
P3(ty,ta,t3,tr, t11) + Ps(t1, ta, t3, tr,t11)" + Pa(t1,t2, t3, t7, t11)" =
P pPs(t1,ta, s, tr, tin) + PP P3(th, to, ts, tr, t11) " + p* P3(t1, to, ts, 7, t11)™ =0 .

PP P3(t1, to, ta tr, tin) + pAPs(tr, o, by, tr,t11)™ + pPs(ty, o, b, tr, t1)™ =
Py(t1,ta, ta,tr,t11) + Pa(ty, ta, ta, tr,t11)7 + Pa(ty, to, s, tr,t11)7 =

pPu(t1, b2, s, 7, 1) + p* Palty, ta, ts, b7, t11)" + ,04134(1517752,753715777511)702 =0

PP Py(ty, ta,ts, tr, b)) + pAPa(tr, o, by, tr,t11)™ + pPy(ty, o, ta,tr, t11)™ =0

We have obtained an explicit model Z for the Fricke-Macbeath curve over Q(v/—7)
together explicit birational isomorphisms L : X — Zand L~!: Z — X.

3.9

Finally, notice that the regular dessin d’enfant (X, ), given before, is isomorphic to that
provided by the pair (Z, 5*), WhCI'C ﬁ*(tl, tg, t3, t7, tll) = ﬁ o L_l(th t2, tg, t77 tll) =
(t1/3)7; that is, the dessin d’enfant is defined over Q(v/—7).



R. A. Hidalgo: Edmonds maps on the Fricke-Macbeath curve 285

4 An explicit isomorphism L : X — W where W is defined over Q

Next we explain how to construct an explicit birational isomorphism L:X — W, where
W is known to be defined over Q.

Let us consider the explicit model Z C C® over Q(v/—7) constructed above. Let
M = Gal(Q(v/~=7)/Q) = (n) = Z, where 7 is the complex conjugation. As already
noticed, since X admits the anticonformal involution J (defined previously), the curve Z
admits the anticonformal involution T = LoJo L™!. Itis not difficult to see that by setting

datum for the Galois extension Q(v/—7)/Q. Now, identically as done above, we consider
the rational map
@2 7 — (Clo

(tla t27t37t77t11) — (t17t27t37t77t117 S1, 52,53, 87, 811)

where g, (t1,t2,t3,t7,t11) = (51, 52, 53, 57, 511). We may see that ®, induces a birational
isomorphism between Z and ®5(Z). In this case,

®2(2) = Quiltyta, b3, b7, 01) = - - = Qua(ty, ta, b, 87, 811) = 0 c clo,
gn(t1, b2, 13, t7,t11) = (s1, 52, 83, 57, 511)

The Galois group M induces the permutation action O (M) defined as
O2(n)(t1, o, t3,t7,t11, 81, 52, 83, 57, 511) = (81, 52, 83, 57, 811, t1, L2, t3, 7, t11)
A set of generators for the invariant polynomials (with respect to the previous permu-
tation action) is given by
¢1 =11+ 81, g2 =12 + 52, g3 = t3 + s3,
Qs = tr 4 57, g5 = t11 + s11, g6 = £ + 53,
q7:t§+s§, qs =t§+s§, q9 :tg—i—s%,
G0 = 11, + 51,
Then the rational map
U, : CY — C'0
(t1,t2,t3,t7,t11, 81, 2, 83, 57, 511) > (41, G2, 43, G4, 45, 96, 475 48 49, G10)

satisfies the following properties:

\11727 = \IJQ'
' 4.1
{ \IJQO@Q(T]):\I/Q. ( )

There are two possibilities:

1. ®3(Z) = ©2(n)(P2(2)); in which case Z" = Z and Z will be already defined over
Q (which seems not to be the case); and

2. the stabilizer of ®5(Z) under O (M) is trivial.
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Under the assumption (2) above, we have that Uy : ®3(Z) — W = Uy(P2(Z2))
is a biregular isomorphism and that, as before, W is defined over Q. That is, the map
Ly =WUy0®,: Z — W is an explicit biregular isomorphism and W is defined over Q. In
this way, L = Ly o L : X — W is an explicit birational isomorphism as desired.

As Ry and Z are explicitly given, one may compute explicit equations for W over
Q(+/—T), say by the polynomials Ay, ..., A,, € Q(v/=7)[q1, .-, q10] (this may be done
with MAGMA [3] or by hands, but computatlons are heavy and very long). To obtain
equations over Q we replace each A; (which is not already defined over Q) by the traces
Aj + A;] and iAj — ZA;]

5 A remark on the elliptic curves in the model X
5.1 A connection to homology covers

Letusset Ay = 1, A2 = p, A3 = p?, Ay = p%, A5 = p*, X¢ = p° and A7 = p%, where p =

e>™/7_If S is the Fricke-Macbeath curve, then there is a regular branched cover Q : S — C

having deck group G = Z3 and whose branch locus is the set {\1, A2, A3, A4, As, A, A7}
Let us consider a Fuchsian group

D22 -
I'={(a,.,ar:a] =" =a7=ajaz---ar=1)

acting on the hyperbolic plane H? uniformizing the orbifold S/G.

If I denotes the derived subgroup of I, then I acts freely and S = H?2 /T is a closed
Riemann surface. Let H = I'/T’ =2 Z$; a group of conformal automorphisms of S.
Then there exists a set of generators of H, say ai,..., ag, so that the only elements of H
acting with fixed points are these and a7 = ajasasagasag. In [4, 5] it was noted that S

corresponds to the generalized Fermat curve of type (2, 6) (also called the homology cover
of S/H)

Az —1
A —1
R 1 24+zi+a2t = 0 )
S: CIED(C’
As —1
A — 1
<)\7_1>x%+x§+x$ ~ 0

that a; is just multiplication by —1 at the coordinate x; and that the regular branched cover
P : S — C given by
m% + m%

P : : : : : : = = =
([v1 : 20t 23wyt w5 2 26 2 27]) x%+)\7$§ Z

has H has its deck group and branch locus given by the set of the 7th-roots of unity

(A1, A7),
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By classical covering theory, there should be a subgroup K < H, K = 73, acting
freely on S so that there is an isomorphism ¢ : S — §/K with G¢~ ! = H/K.

Let us also observe that the rotation R(z) = pz lifts under P to an automorphism 7" of
S of order 7 of the form

T([xy - a7]) = [cr7 : camy : €32 : C4T3 & C5T4 & C6T5 © CrLg)

for suitable comples numbers ¢;. One has that TajT*1 = ajy1, for j = 1,...,6 and
Ta;T~' = a;. The subgroup K above must satisfy that TKT~! = K as R also lifts to
the Fricke-Macbeath curve (as noticed in the Introduction).

5.2 About the elliptic curves in the Fricke-Macbeath curve

The subgroup
* 3
K* = (ayazar, asaszas, ajasay) =2 7

acts freely on S and it is normalized by T'. In particular, $* = S /K™ is a closed Riemann
surface of genus 7 admitting the group L = H/K* = {e, a}, ..., a3} = Z3 (where a} is the
involution induced by a;) as a group of automorphisms and it also has an automorphism
T of order 7 (induced by T') permuting cyclically the involutions a}. As S*/(L,T*) =

~

S/{H,T) has signature (0;2,7,7), we may see that S = S* and K = K*.

We may see that L = (a7, a},a}) and af = aja3, af = alal, af = afalal and
a% = ajaj. In this way, we may see that every involution of H/K is induced by one of
the involutions (and only one) with fixed points; so every involution in L acts with 4 fixed
points on S.

Let a},a} € H/K be any two different involutions, so (a;,a}) = Z3. Then, by the
Riemann-Hurwitz formula, the quotient surface S/(a;, a}) is a closed Riemann surface of
genus 1 with six cone points of order 2. These six cone points are projected onto three of
the cone points of S/H. These points are \;, A; and A, where a;. = a;{‘a;‘?. In this way, the
corresponding genus one surface is given by the elliptic curve

v= I @-x
k¢{ij.r}

So, for instance, if we consider ¢ = 2 and j = 3, then » = 5 and the elliptic curve is
i = (z = 1)(x = p*) (& — p°) (@ — p°).

Ifi =1and j = 2, then r = 4 and the elliptic curve is
v = (x —p*) (& = p")(z — p°)(2 — p°).

If 7 =1and 7 = 3, then r = 7 and the elliptic curve is
yi = (@ = p)(z — p*)(x = p*)(z — p°).

We have obtained the three elliptic curves appearing in the Fricke-Macbeath equation
(2.1).
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5.3 Another model for the Fricke-Macbeath curve

The above description of the Fricke-Macbeath curve in terms of the homology cover S
permits to obtain an explicit model. Let us consider now an affine model of S, say by
taking z; = 1, which we denote by SY. In this case the involution a; is multiplication
of all coordinates by —1. A set of generators for the algebra of invariant polynomials in
Clz1, 22, x3, T4, x5, Tg) under the natural linear action induced by K is

2 2 2 2 2 2
t1 = x7,t2 = x3,t3 = 3, t4 = Xy, t5s = x5, t6 = T, b7 = T1X2T5,ts = T1T2, T3Te

tg = X124, 10 = X1X3L4T5,T11 = X2X4T5T6,L12 = TaL3T4, 113 = X3T5T6-
If we set
F:8°5¢ch
F(x1, 2,23, 24,5, x6) = (t1,t2, 3, ta, t5, ts, t7, ts, to, tio, ti1, t12, t13),

then F (§ 9) will provide a model for the Fricke-Macbeath (affine) curve S. Equations for
such an affine model of S are

t1+to+1t3=0
Az—1

N1 t1+to+t4,=0
ML)ty ity +15 =0
)\5 1

S )tittat+te=0
(2=t ti+ta+1=0
tetio = tot13, tetrtia = tsli1, stoti2 = tiot11
tsts = trt13, tsteli2 = t11l13, tats = tol12 cc
tat7t1z = tiot11, talety = tot11, t3t11 = ti2t13
tstety = tstis, tatsty = tiot1s, ttsts = tis
t3tatr = t1ot12, tatio = t7t12, tatoliz = tst11
totsty = trt1n, totatiz = ti1tia, totalsts = t3
tolste = tstia, totsts =13y, titiatiz = tstio
t1t11 = trtg, titeti2 = tsly, t1tstia = trtio
titat1s = tot1o, titate = 13, titstats = 3,
titatiz = trtg, titats = t3, titatsts = 13

Of course, one may see that the variables to, t3, 4, t5 and tg are uniquely determined by
the variable £;. Other variables can also be determined in order to get a lower dimensional
model.
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