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ABSTRACT. We describe the group generated by the Weierstrass points in the
Jacobian of the curve X4 +Y4 4+ 2443 (X2Y2+X2224+Y?2Z2) = 0. This curve
is the only curve of genus 3, apart from the fourth Fermat curve, possessing
exactly twelve Weierstrass points.

Let C be a smooth projective curve of genus g. For D a divisor, let [D] be its
class in Pic’(C). Let J be the Jacobian of C which we identify with Pic®(C). We
choose a Weierstrass point oo as base point for the Abel-Jacobi map

. C - J
75 p o [P -

which can be extended linearly to divisors Div(C).

We study the structure of the group W generated by the images under j of
Weierstrass points in the Jacobian of C. This structure does not depend on the
Weierstrass point chosen as base-point for the map j and thus provides an inter-
esting geometric invariant.

The simplest case is the case of a hyperelliptic curve, where it is easy to see that
W = (Z/27)% = J[2] (see, for instance, [H]).

For non-hyperelliptic curves of genus 3 — that is, plane quartics — some particular
cases have already been considered. Each of these curves has a large automorphism
group. More precisely, for the Klein curve (given by X3Y +Y3Z + Z3X = 0), with
168 automorphisms, W = (Z/2Z) x (Z/77Z)?3 [6]. For the Fermat quartic (given by
X4+Y* = Z%), with 96 automorphisms, W = (Z/4Z)? x (Z/2 Z) [7]. For the Picard
curve (given by Y3Z+Z* = X*), with 48 automorphisms, W = (Z/4Z)? x (Z/3 Z)®
[2]. Finally, in [I], a family of smooth curves of genus 3 is determined for which
W =7* x (Z/3Z)°.

In this note, we consider the smooth curve C of genus 3 given by the following
equation:

X 4 v + 24+ 3(X2Y2 + X222+ Y?Z%) = 0.
This curve has 24 automorphisms [4]. We prove the following result:

Theorem 0.1. Let W be the group generated by the images of the Weierstrass
points in the Jacobian J of C. Then W = (Z/AZ)®.
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This curve possesses exactly 12 Weierstrass points, each one of weight 2. There
are only two smooth curves of genus 3 with exactly 12 Weierstrass points, the
Fermat quartic and the one we are considering [4].

In order to prove Theorem [I.T] we use geometric arguments to reduce the number
of generators of W. Then, since the Jacobian of this curve is isogenous to the
product of three copies of the same elliptic curve &, the study of the images of
those points in £ under the three morphisms from C to £ enables us to determine
exactly the structure of W.

1. COMPUTATION OF THE WEIERSTRASS POINTS

In the case of a smooth quartic, the Weierstrass points are its flexes. They are
the zeroes of the Hessian H given by

H(X,Y,Z)=2X°+ (32°+3Y*) X"+ (8Y*Z*+32" +3Y") X?
+275 42V 4322 +32%74,;

hence the zeroes of (X2 + Y?2)(Y2 + Z2)(Z? + X?). The Weierstrass points are
thus the intersection points of the curve with the 6 lines given by the following
equations: Ly : X =14Y, Lo : X ==Y, Ls:Y =iZ, Ly Y = —iZ, Ly : Z =X,
Lg : Z = —iX. More precisely, the Weierstrass points are distributed on the L;’s
as follows:

On L1 IP171=(Z.,1,1),P12 ( 1, ,1) 3:(—171',1),P174=(1,—Z',1).

On L2 . P2’1 :(—i,l,l) P22: (Z, ,1) 3:(1,i,1), P2’4: (—1,—i,1).

On L3 : Pi3, P23, P33 = (—i,i,1), P34 = (i,1,
On L4 : P1’4, P2’4, P4’3 = (—i, —Z, 1), P 4,4 = i, —i, 1)

On L5 : PLQ, P2717 P3737 P473.

On Lg: P11, Payo, P34, Pyy.

Moreover, the curve meets the tangent line at any of those points with intersection
multiplicity equal to 4. This immediately yields relations between the images of
Weierstrass points in the Jacobian J. Let’s choose the point P33 as base point for
the Abel-Jacobi map. The embedding j in the Jacobian is P — [P — P33]. By
abuse of notation, we denote in the same way a point and its image under j. That
means that we will denote by D = 0 the fact that a divisor class [D] is in the kernel

P

~—

of j.

Under this convention, we have
e 4P; ; = 0.

e Pli+Pio+Ps+Pa=0.
e Po1+Poo+Pag+ Py=0.
e Pig+Pos+ P33+ P34=0.
e Piy+Pos+Pis+Pra=0.
e Plo+P1+Pss+ Py3=0.
e PLi+Po+Paa+Pra=0.

These results enable us to write P14, P24, P34, Py3 and Py 4 in terms of P 1,
Pio, P13, Po1, Pyo, Ps3 and P33 (which is zero in J). Moreover, by Lemma 4.1 in
Section 4, we have the additional relation Py o+ Poo — P11 — Po1 =2P; 3 — 2P 3.
Therefore, we can also express P59 in terms of P 1, Pj 2, P13, Po1 and P 3. We
can thus conclude that

Proposition 1.1. W is a quotient of (Z/AZ)5.
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We will show that W is isomorphic to this group; that means that there are no
relations between the Weierstrass points other than the ones we already found. The
proof will rely on the fact that the Jacobian is isogenous to the product of three
copies of the same elliptic curve [3].

2. STRUCTURE OF THE JACOBIAN OF C

Let D be the affine curve given by the equation 2* +4% +1+3(2?y + 2% +y) = 0.
There is a birational map from this curve to the elliptic curve £ given by the affine
equation v? = u(u — 1/4)(u — 5/4). This morphism, denoted by 1, is given by

ldy+11a?+22+11 1(m—1)(4y+11x2+2x+11))
== JU= —— .

4 (z+1)° 4 (z+1)°
Let ¢1, ¢2 and ¢3 be the three morphisms from C to D given by

o1 (XaYa Z) = (%a (%)2)5

(z,y) = (u

¢2 : (XaYa Z) = (%a (%)2)7

¢3 : (Xa Ya Z) = (%a (%)2)
Proposition 2.1. The Jacobian of C is isogenous to € x € X &.

Proof. When w is a nonzero differential form on D, it’s easy to check that wy =
¢7(w), wa = ¢5(w) and w3z = ¢5(w) are independent differential forms on C. More
precisely, if

B dz
then
dz
IR EE )
oy — cl(%)2 _ xdy—yd[a: 1 dx
(32+3%+5 1+t +ar® vy tgrtg
and ws = dé) = —dy == do
(£ 435 +5  22+302+5  yyP+ a4+
since y (2y% + 322 + 3)dy + x (222 + 3y? + 3)dx = 0. O

3. IMAGES ON THE ELLIPTIC CURVE

The image of a Weierstrass point under each of the three maps 1 o ¢; is among
the following points on the elliptic curve &:

11 1 1 1 1 1 1
A= (2 — i —=—2§), B=(=4=i—=+—i). C=(5/4.0
(=303 7" (+3h—3+ 7 (5/4,0),
1 1.1 1 1 1.1 1
R T N N U P
(=303t (7+3hg 79

where oo denotes the point at infinity, which we take as identity element for the
group law.
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Elementary computations give us the following relations between these points
on the elliptic curve &:

20=A+D=B+E =0,
24 =2B =2D =2E = (3,0),
A+B=D+E=C,
A+ E=B+D=(0,0),
C'+(0,0) = (,0),
2(0,0) =2(5,0) =2(5,0) = oo.

It will be useful to know from which Weierstrass points each of these particular
points arises.

Since ¢, is a map of degree 2 and P;; and P>3 have the same image on the
curve D, namely the point (4,1), whose image under ¢ is A, we get () o ¢1)*(A) =
P11+ P, 5. Similar computations yield the following table:

[P [ (o) (P) ]| (o) (P) | (¢pos)*(P) ]
Pii+ P | Pos+ Poy | Pag+ Paa
Pio+ Py | Pis+ Pia | P33+ Pyy
Piao+ Pos | Psa+ Pas | Pia+ P
P33+ Py3 | Pii+ Pip | Pig+ Pojs
Psas+ Pia | Por+ Poo | Pla+ Poa
Pis+ Poy | Pss+ Pya | Pio+ P

B ISR

4. PROOF OF THE MAIN RESULT
Lemma 4.1. The divisor Py o+ Poo— P11 — P> 1 —2P 34+2P> 3 on C is principal.
Proof. Since the divisor A + D — 200 on £ is principal, the divisor
(o))" (A+D —200)=Pi1+ Poo+ P33+ Pyg—2P 3 —2P;4

on C is also principal. The lemma follows from the relations in Section 1, since the
latter divisor is linearly equivalent to Py o + Poo — P11 — Po1 —2P1 3+ 2P 3. [

Lemma 4.2. For distinct Weierstrass points P, Q, R on C, 2[P + Q — 2R] # 0.

Proof. Tt is well-known that on a smooth plane quartic the canonical linear series
is cut out by lines in P2. Since 4R is a canonical divisor on C, the existence of
a rational function whose divisor equals 2P + 2Q) — 4R would imply the existence
of a bitangent line through the two flexes P and @. This is impossible, since the
tangent line at P has contact of order 4 with C at P. O

Proof of Theorem 0.1. By Proposition 1.1, it suffices to show that 2 W is isomorphic
to (Z/27)°. Equivalently, we need to show that the divisor classes [2P; 1 — 2P; 3],
[2P172 — 2P373], [2P173 - 2P373]7 [2P271 - 2P373] and [2P273 - 2P373] are linearly inde-
pendent over Z/27Z. Suppose, on the contrary, that for some coefficents ¢y, co, cs,
¢4, ¢5 in Z/27 (not all equal to 0) we had

[261P171 + 262P172 + 263P1,3 + 2C4P271 + 2C5P273
—2(c1 +ea+c3+eqtc5)P33]=0.
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Let D denote the left-hand side of the latter equality. Looking at (¢ o ¢;)(D), for
1 <5 <3, and using the results in the previous section we get

1 1 1
(c3 + 05)(170) =(c1+cateztes+ 05)(170) =(c1+c2+ 64)(17
therefore ¢c3 = ¢5 and ¢ +ca+¢c4 = 0. If cg =c5 =0o0rcy = cg = ¢q4 = 0,
then exactly two of the coefficients c; are equal to 1, so, by Lemma 4.2, D # 0,
a contradiction. So we may assume that c3 = ¢5; = 1 and exactly one of the
coefficients c1, co, ¢4 equals 0. We have the following three cases to consider:

0) = 0;

Case 1. Suppose that ¢; = 0. Then, by the relations in Section 1, we get
0=D=_2Pi2+Pi3+ P+ Po3)—8P3] =[4P33 —2P3 4 — 2P, 3],
which contradicts Lemma 4.2.
Case 2. Suppose that ¢4 = 0. Then, by the relations in Section 1, we get
0=D=[2(Pi1+Pia+ Pzt P3)—8P33]=[2P3—2P 4],

which implies the existence of a morphism C — P! of degree 2, contrary to the fact
that C is not hyperelliptic.

Case 3. Suppose that co = 0. Then, by the relations in Section 1, we get
0=D= [2(P171 + P173 + P271 + P273) — 8P373] = [2P171 + 2P271 — 2P373 — 2P374].

Let f be a rational function on C such that div(f) = 2Py 1 + 2P2 1 — 2P3 3 — 2P3 4.
If E=2P;3+2P34 and K is a canonical divisor on C, note that E is not linearly
equivalent to K and deg(K — E) = 0. Therefore, the vector space L(K — E) is
zero-dimensional. Hence, by the Riemann-Roch theorem, the vector space L(E) is
two-dimensional. If co;, 1 < j < 4, are the four points of intersection of C with the
line Z = 0, then it is straightforward to show that

4

diV(X2 + y2 + 2) =2P33+2P3 4 +2Ps3+2Ps4 — Z 200,
j=1
4
le(y + 1) = P174 + P274 + P473 + P474 — Z OOj.
j=1

It follows that L(FE) is generated by the rational functions 1 and (y+i)?/ (22 +y%+2).

In particular, f can be taken to be of the form

a(@® +y? +2) + (y +9)?
2%+ y? +2

for some constant a € C. Since P ; is a zero of f, we must have a = —i. However,

for this choice of a, the point (iy/5, —1,1) is also a zero of f, a contradiction. [

f=

?
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