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ZETA FUNCTION AND CRYPTOGRAPHIC EXPONENT OF
SUPERSINGULAR CURVES OF GENUS 2

GABRIEL CARDONA AND ENRIC NART

ABSTRACT. We compute in a direct (not algorithmic) way the zeta function
of all supersingular curves of genus 2 over a finite field k, with many geometric
automorphisms. We display these computations in an appendix where we
select a family of representatives of all these curves up to k-isomorphism and
we exhibit equations and the zeta function of all their k/k-twists. As an
application we obtain a direct computation of the cryptographic exponent of
the Jacobians of these curves.

INTRODUCTION

One-round tripartite Diffie-Hellman, identity based encryption, and short digital
signatures are some problems for which good solutions have recently been found,
making critical use of pairings on supersingular abelian varieties over a finite field
k. The cryptographic exponent c4 of a supersingular abelian variety A is a half-
integer that measures the security against an attack on the DL problem based on
the Weil or the Tate pairings. Also, it is relevant to determine when pairings can
be efficiently computed. Rubin and Silverberg showed in that this invariant
is determined by the zeta function of A.

In this paper we give a direct, non-algorithmic procedure to compute the zeta
function of a supersingular curve of genus 2, providing thus a direct computation of
the cryptographic exponent of its Jacobian. This is achieved in Sect. [l For even
characteristic the results are based on [MNO6|] and are summarized in Table 2} for
odd characteristic we use results of Xing and Zhu on the structure of the group of
k-rational points of a supersingular abelian surface and we almost determine the
zeta function in terms of the Galois structure of the set of Weierstrass points of the
curve (TablesBl M]). In the rest of the paper we obtain a complete answer in the case
of curves with many automorphisms. In Sect. [2] we study the extra information
provided by these automorphisms and we show how to obtain the relevant data to
compute the zeta funtion of a twisted curve in terms of data of the original curve
and the 1-cocycle defining the twist. In Sect. Blwe select a family of representatives
of these curves up to k-isomorphism and we apply the techniques of the previous
section to deal with each curve and all its k/k-twists. The results are displayed in
an Appendix in the form of tables.

In what cryptographic applications of pairings concerns, curves with many au-
tomorphisms are interesting too because they are natural candidates to provide
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distortion maps on the Jacobian. In this regard the computation of the zeta func-

tion is a necessary step to study the structure of the endomorphism ring of the
Jacobian (cf. [GPRS06]).

1. ZETA FUNCTION AND CRYPTOGRAPHIC EXPONENT

Let p be a prime number and let & = F; be a finite field of characteristic p.
We denote by k, the extension of degree n of k in a fixed algebraic closure k,
Gr = Gal(k/k) is the absolute Galois group of k, and ¢ € G}, the Frobenius
automorphism.

Let C be a projective, smooth, geometrically irreducible, supersingular curve of
genus 2 defined over k. The Jacobian J of C' is a supersingular abelian surface over

k (the p-torsion subgroup of J(k) is trivial). Let us recall how supersingularity is
reflected in a model of the curve C:

Theorem 1.1. If p is odd, any curve of genus 2 defined over k admits an affine
Weierstrass model y*> = f(x), with f(x) a separable polynomial in k|x] of degree 5
or 6. The curve is supersingular if and only if MP) M = 0, where M, M®) are the
matrices:
p p
Cp—1 Cp—2 C, _ C, _ _ :
M=|C P )7 M(p)_(pl p2), f(z)P=D/2 = ol .
(C2p—1 Cop—2 oyt Chpo (=) JZ:O g
If p =2 a curve of genus 2 defined over k is supersingular if and only if it admits

an affine Artin-Schreier model y?> +1y = f(z), with f(x) an arbitrary polynomial in
klx] of degree 5.

For the first statement see [Yui78|] or [IKOS86|, for the second see [VV92].

For any simple supersingular abelian variety A defined over k, Rubin and Silver-
berg computed in [RS04] the cryptographic exponent c4, defined as the half-integer
such that ¢4 is the size of the smallest field F' such that every cyclic subgroup of
A(k) can be embedded in F*. This invariant refines the concept of embedding de-
gree, formerly introduced as a measure of the security of the abelian variety against
the attacks to the DLP by using the Weil pairing [MOV93] or the Tate pairing
[FR94] (see for instance [Gal01]).

Let us recall the result of Rubin-Silverberg, adapted to the dimension two case.
After classical results of Tate and Honda, the isogeny class of A is determined by
the Weil polynomial of A, fa(z) = z* + ra® + s2? + qrx + ¢® € Z[z], which is
the characteristic polynomial of the Frobenius endomorphism of the surface. For A
supersingular the roots of f4(z) in Q are of the form /g ¢, where /g is the positive
square root of ¢ and ¢ is a primitive m-th root of unity.

Theorem 1.2. Suppose A is a simple supersingular abelian surface over Fq and
let £ > 5 be any prime number dividing |A(F,)|. Then, the smallest half-integer ca
such that ¢°4 — 1 is an integer divisible by £ is given by

or— m/2, if q is a square,
A= m/(2,m), if ¢ is not a square .

In particular, the cryptographic exponent c4 is an invariant of the isogeny class
of A. The complete list of simple supersingular isogeny classes of abelian surfaces
can be found in [MNO2, Thm. 2.9]. It is straightforward to find out the m-th root
of unity in each case. We display the computation of ¢4 in Table [T}
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TABLE 1. Cryptographic exponent c4 of the simple supersingular
abelian surface A with Weil polynomial fa(x) = z* + r2® + sz +

qrx + q2
(r,s) conditions on p and ¢ ca
(0,—2q) | ¢ nonsquare 1
(0,2q) q square, p =1 (mod 4) 2
(24/4,3q) | q square, p =1 (mod 3) 3/2
(—2v/4,3q) | q square, p =1 (mod 3) 3
(0,0) (¢ nonsquare, p # 2) or (g square, p Z 1 (mod 8)) 4
(0,9) ¢ nonsquare 3
(0,—q) (¢ nonsquare, p # 3) or (g square, p Z 1 (mod 12)) | 6
(Va,q9) | gsquare, p# 1 (mod 5) 5/2
(—v/4,9) | g square, p # 1 (mod 5) 5
(+£4/5¢,3q) | ¢ nonsquare, p =5 5
(£v/2q,q) | g nonsquare, p = 2 12

Therefore, the computation of the cryptographic exponent of the Jacobian J of
a supersingular curve C' amounts to the computation of the Weil polynomial of J,
which is related in a well-known way to the zeta function of C'. We shall call f;(x)
the Weil polynomial of C' too.

The computation of f(z) has deserved a lot of attention because for the crypto-
graphic applications one needs to know the cardinality |J(F,)| = f;(1) of the group
of rational points of the Jacobian. However, in the supersingular case the current
“counting points” algorithms are not necessary because there are more direct ways
to compute the polynomial f(z).

The aim of this section is to present these explicit methods, which take a different
form for p odd or even. For p = 2 the computation of f;(z) is an immediate
consequence of the methods of [MNOG], based on ideas of van der Geer-van der
Vlugt; for p > 2 we derive our results from the group structure of J(F,), determined
in [Xin96], [Zhu00], and from the exact knowledge of what isogeny classes of abelian
surfaces do contain Jacobians [HNROG]. In both cases we shall show that f(x) is
almost determined by the structure as a Galois set of a finite subset of k, easy to
compute from the defining equation of C.

1.1. Computation of the Zeta Function when p = 2. We denote simply by
tr the absolute trace try/r,. Recall that ker(tr) = {z + 2? | # € k} is an Fo-lincar
subspace of k of codimension 1.

Every projective smooth geometrically irreducible supersingular curve C' of genus
2 defined over k admits an affine Artin-Schreier model of the type:

C: PHy=ar®+bad+cx+d, ack’ b dek,

which has only one point at infinity [VV92]. The change of variables y = y + u,
u € k, allows us to suppose that d = 0 or d = dy, with dy € k\ker(tr) fixed. Twisting
C by the hyperelliptic twist consists in adding dy to the defining equation. If we
denote by J’ the Jacobian of the twisted curve we have f (z) = f;(—z). Thus, for
the computation of f;(x) we can assume that d = 0.

The structure as a Gg-set of the set of roots in k of the polynomial P(x) =
a’z® + b’z + a € k[z] almost determines the zeta function of C' [MNO6, Sect.3].
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TABLE 2. Weil polynomial 2% 4 723 4+ sx? + gra + ¢2 of the curve
y? +y = ax® + bx® + cx, for ¢ nonsquare (left) and ¢ square (right)

P(z) | N,M (r,s)
P(z) N, M (r,s) (5) (i\/av q)
D) [N =0 36,20 N=0] (0.-0)
N=1] (0,0 123 | N=1] (0.4
D) [ M =0 Ev%%,0) N =2 | (£2,4.30)
M=1 (0,9) M=0|(£2./2,29)
N=0|(£2/2¢ 49 W22 | M=1| (0,0
W@ | N=1] (0,2) M=2| (0,2
N=2 (0,0) N=1] (0,—29
N=3| (0,-2¢) 1)° | N=3| (0,29
N =5 | (+4,/g, 6q)

In Table Bl we write P(z) = (n1)™(n2)™ - (nm)™™ to indicate that r; of the
irreducible factors of P(x) have degree n;. Also, we consider the linear operator
T(z) := tr((c + b%a~1)x) and we define

N := number of roots z € k of P(x) s.t. T(z) =0,
M := number of irred. quadratic factors 2 + va + w of P(z) s.t. T'(v) =0 .

The ambiguity of the sign of r can be solved by computing nD in the Jacobian,
where n is one of the presumed values of |J(F,)| and D is a random rational divisor
of degree 0.

1.2. Computation of the Zeta Function when p is odd. Let A be a super-
singular abelian surface over k and let rky(A) := dimp, (A[2](k)).

The structure of A(k) as an abelian group was studied in [Xin96], [Zhu00], where
it is proven that it is almost determined by the isogeny class of A. In fact, if F;(x)
are the different irreducible factors of f4(x) in Zx]:

falz) = f[E(:c)e, 1<s<2 = A(k)~a;_,(Z/F,1)Z)",

except for the following cases:
(a) p=3 (mod 4), ¢ is not a square and fa(z) = (2% + ¢)?,
(b) p=1 (mod 4), q is not a square and fa(z) = (22 — q)*.
(c) q is a square and fa(x) = (2% — q)°.
The possible structure of A(k) in cases (a) and (b) is:
A(k) ~ (Z/F()Z)™" & (Z/(F(1)/2)Z & Z/2Z)" ,
where F(x) denotes respectively o2 + ¢, 22 — ¢, and m, n are non-negative integers
such that m 4+ n = 2 [Zhu00, Thm. 1.1]. In case (c) we have either:
A(k) = (Z/((a - 1)/2)2)* @ (2/22)* or
A(k) ~(Z/((q = 1)/2M)Z) & (Z/((q¢ — 1)/2")Z) & (Z/2" L),
where 0 < m, n < wvy(g — 1) [Xin96, Thm. 3]. In this last case we have rky(A4) > 1;
in fact, va(1 — \/q) + v2(1 + /q) = v2(1 — q) = (1/2)v2(F(1)) and we can apply
[Xin96l, Lem. 4] to conclude that A(k) has a subgroup isomorphic to (Z/27).
4
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TABLE 3. Weil polynomial 2% 4 723 4+ sx? 4+ gra + ¢2 of the curve
C when ¢ is nonsquare. The sign € is the Legendre symbol (—1/p)

w D rko(J) (r,s)
(D% or (1)*(2) 1,3 | (0,—2€)
(1)*(2)% or (2)° 2 (0, £2¢)
(1)3(3) 2 not possible
(1)(2) (3) p>3 1 not possible
=3 (£1/34,2)
(1)*(4) or (2)(4) 1 (0,0)
(1)(5) p ?é ) 0 not possible
p=5 (£v/54,39)
p =1 (mod 3) 0,9)
(3)? p=-1(mod3)| 0 (0, €q)
P = 3 not possible
(6) p=—1(mod3)| 0 (0, £q)
pZ —1 (mod 3) (0,q)

Consider now a supersingular curve C of genus 2 defined over k, given by a
Weierstrass equation y? = f(x), for some separable polynomial f(x) € k[z] of degree
5or 6. Let J be its Jacobian variety, W = {Py, P\, Py, P3, Py, Ps} C C(k) the set of
Weierstrass points of C, and W (k) C W the subset of k-rational Weierstrass points.
Our aim is to show that the structure of W as a G-set contains enough information
on the 2-adic value of |C(k)| and |.J (k)| to almost determine the polynomial f;(z) =
a2t +rad + s + qre + q2.

From the fundamental identities

Ck) =q+1+r,  [J(k)=fs(1)=(Z+1)+(¢+Dr+s,
and the free action of the hyperelliptic involution on C'(k) \ W (k) we get
(1) r = |W(k)| (mod 2), s=|J(k)| (mod 2) .

On the other hand, J[2] is represented by the classes of the 15 divisors:
P—F, 1<:<5, and Pi+Pj—2P0, 1§’L<]§5,
together with the trivial class.

Lemma 1.3. Let D = P, — P;, with i # j, or D = P, + P; — 2P, with 0, 1, j
pairwise different. Then, the class of the divisor D is k-rational if and only if P;, P;
are both k-rational or quadratic conjugate.

Hence, the Galois structure of W determines rko(J) and this limits the possible
values of the zeta function of C. Our final results are given in Tables Bl where
we write W = (n1)™(n2)™ -+ (nm)™ to indicate that there are r; Gy-orbits of
length n; of Weierstrass points. If f(x) has degree 6 this Galois structure mimics
the decomposition f(z) = (n1)™(n2)™ - - (n;,)"™™ (same notation as in Sect. [L1]) of
f(z) into a product of irreducible polynomials k[z]. If f(x) has degree 5 then W =
(1)f(x), because in these models the point at infinity is a k-rational Weierstrass
point.

The proof of the content of Tables 3 and 4 is elementary, but long. Instead of
giving all details we only sketch the main ideas:
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TABLE 4. Weil polynomial 2% 4+ 723 4+ sx? 4+ gra + ¢2 of the curve
C when ¢ is a square

w 4 rka(J) (r,s)
(1)° 4 (0, —2q) or (£4,/q,6q)
M) 3 (0, —2¢)
(1)*(2)* or (2)° 2 (0, £2q)
(1)3(3) p >3 2 not possible

p=3 (£v4,0)

not possible

—~
—_
~—
—~
[\
~
—~
w
=
—_

(1)2(4) or (2)(4) p= 1 (mod 8) 1 not possible
p # 1 (mod 8) (0,0)
(1)(5) p= 1 (mod 5) 0 not possible
p Z 1 (mod 5) (£v/4,9)
(3)2 (07 Q) or (12\/67 3Q)
(6) p=5 (mod 12) 0 (0, £q)
pZ 5 (mod 12) (0,q)

(I) Waterhouse determined all possible isogeny classes of supersingular elliptic
curves [Wat69]. Thus, it is possible to write down all isogeny classes of supersingular
abelian surfaces by adding to the simple classes given in Table [ the split isogeny
classes. By [HNRO6] we know exactly what isogeny classes of abelian surfaces do
not contain Jacobians and they can be dropped from the list. By the results of Xing
and Zhu we can distribute the remaining isogeny classes according to the possible
values of rks.

(IT) Each structure of W as a Gj-set determines the value of rky and, after (1),
it has a reduced number of possibilities for the isogeny classes. By using () and
looking for some incoherence in the behaviour under scalar extension to ko or ks of
both, the Galois structure of W and the possible associated isogeny classes, we can
still discard some of these possibilities.

In practice, among the few possibilities left in Tables 3 and 4 we can single out
the isogeny class of the Jacobian of any given supersingular curve by computing
iterates of random divisors of degree zero. However, if C' has many automorphisms
they provide enough extra information to completely determine the zeta function.
This will be carried out in the rest of the paper. In the Appendix we display
equations of the supersingular curves with many automorphisms and their Weil
polynomial.

2. ZETA FUNCTION OF TWISTS

In this section we review some basic facts about twists and we show how to
compute different properties of a twisted curve in terms of the defining 1-cocycle.
From now on the ground field k will have odd characteristic.

Let C be a supersingular curve of genus 2 defined over k and let W C C(k)
be the set of Weierstrass points of C. We denote by Aut(C) the k-automorphism
group of C' and by Autz(C) the full automorphism group of C.
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Let ¢: C — P! be a fixed k-morphism of degree 2 and consider the group of
reduced geometric automorphisms of C"

Auth(C) == {u’ € Autz(PY) | ' ($(W)) = ¢(W)} .

We denote by Aut’(C) the subgroup of reduced automorphisms defined over k.
Any automorphism v of C' fits into a commutative diagram:

C—=C

Pl u%’ ]P>1
for certain uniquely determined reduced automorphism u’. The map u +— v’ is a

group homomorphism (depending on ¢) and we have a central exact sequence of
groups compatible with Galois action:

1 — {1,1} — Autg(C) -5 Auti(C) — 1,

where ¢ is the hyperelliptic involution. This leads to a long exact sequence of Galois
cohomology sets:

2) 1 {1,1} = Aut(C) 3 Aut'(C) > H' (G, {1,1}) = H(Gy, Aut(C)) —
— H'(Gy, Auti(C)) — H?*(Gy, {1,1}) ~ Bra(k) =0 .

The k/k-twists of C are parameterized by the pointed set H'(Gy, Autz(C))
and, since k is a finite field, a 1-cocycle is determined just by the choice of an
automorphism v € Autz(C). The twisted curve C, associated to v is defined over
k and is determined, up to k-isomorphism, by the existence of a k-isomorphism
f: C — C,, such that f=1f7 = .

For instance, the choice v = ¢ corresponds to the hyperelliptic twist C'; if C' is
given by a Weierstrass equation y? = f(x) then C’ admits the model y? = tf(x), for
t € k*\(k*)%2. We say that C is self-dual if it is k-isomorphic to its hyperelliptc twist.
If f;(x) is the Weil polynomial of C, the Weil polynomial of C’ is f; (z) = f;(—z);
in particular, for a self-dual curve one has fy(z) = 2% + 522 + ¢2 for some integer s.

It is easy to deduce from (2) the following criterion for self-duality:

Lemma 2.1. The curve C is self-dual if and only if | Aut'(C)| = | Aut(C)].

One can easily compute the data Aut(C,), Aut’(C,) of the twisted curve C,,, in
terms of Autz(C), Autz(C) and the 1-cocycle v.

Let f: C — C, be a geometric isomorphism such that f=1f° = v. We have
Autg(Cy) = f Autz(C)f~!, and the k-automorphism group is

(3) Aut(Cy) = {fuf ™" | u € Autz(C), uv =vu} .

Once we fix any k-morphism of degree two, ¢, : C,, — P!, it determines a unique
geometric automorphism f’ of P! such that ¢,f = f’¢. The reduced group of
k-automorphisms of C,, is

(4) Aut'(C) = {fW(f) | € Aut(C), u'v" =0 (u')7} .

In order to compute the zeta function of C, we consider the geometric isomor-
phism f:J — J, induced by f. We still have f~1f° = v,, where v, is the
7



automorphism of J induced by v. Clearly, m, f = f%n, where 7, m, are the respec-
tive g-power Frobenius endomorphisms of J, J,. Hence,

forimf = () f = v

In particular, m, has the same characteristic polynomial than v,7. From this fact
one can deduce two crucial results (cf. [HNROG, Props.13.1,13.4]).

Proposition 2.2. Suppose q is a square. Let C' be a supersingular genus 2 curve
over k with Weil polynomial (xz + \/6)4 and let v be a geometric automorphism of
C,v#1, . Then, the Weil polynomial z* +rx> +sx?+rx+q? of C, is determined
as follows in terms of v (in the column v% =1 we suppose vZ # 1, v3 # 1,1):

2 3 4

v v2=1 [ vi=. =1 V=1 vE=1 =1 =1 [ 8=

1
(r;5) | (0,=29) | (0,2¢) | (=2v/4,39) | (2v/4,39) | (0,0) | (=v/2,9) | (V@ 9) | (0,9)

Proposition 2.3. Suppose q is nonsquare. Let C be a supersingular genus 2 curve
over k with Weil polynomial (z2 + €q)?, ¢ € {1,—1}, and let v be a geometric
automorphism of C. Then, the Weil polynomial 2* + ra® + sx® 4+ rz + ¢* of C,, is
determined as follows in terms of the order n of the automorphism vv° :

n 1 2 3 4 6

(Ta S) (07 ZGQ) (07 _2€q) (07 _Eq) (07 O) (Oa Eq)
In applying these results the transitivity property of twists can be helpful.

Lemma 2.4. Let u,v be automorphisms of C and let f: C — C, be a geometric
isomorphism with f=1f° = v. Then the curve C,, is the twist of C, associated to
the automorphism fuv='f~' of C,.

For a curve with a large k-automorphism group the following remark, together
with Tables 3] and [ determines in some cases the zeta function:

Lemma 2.5. Let F C C(k) be the subset of k-rational points of C that are fized
by some non-trivial k-automorphism of C. Then,

|C(k)| = |F| (mod |Aut(C)|) .
Proof. The group Aut(C) acts freely on C'(k) \ F. O

Note that F contains the set W (k) of k-rational Weierstrass points, all of them
fixed by the hyperelliptic involution ¢ of C.

In order to apply this result to the twisted curve C, we need to compute the
Gy-set structure of W, and |F,| solely in terms of v.

Lemma 2.6. (1) For any P € W the length of the Gi-orbit of f(P) € W, is
the minimum positive integer n such that vv? -- ~v"n71(P"n) = P. In particular,
(W (k)| = {P e W | v(P7) = P}|.

(2) The map f~1 stablishes a bijection between F, and the set
{PeC(k) | v(P7)=P=u(P) for some 1 #u € Autz(C), s.t. uv=vu}.

3. SUPERSINGULAR CURVES WITH MANY AUTOMORPHISMS

For several cryptographic applications of the Tate pairing the use of distor-
tion maps is essential. A distortion map is an endomorphism 1 of the Jacobian
J of C that provides an input for which the value of the pairing is non-trivial:
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eo(D1,%(D3)) # 1 for some fixed ¢-torsion divisors Dj, Dy. The existence of
such a map is guaranteed, but in practice it is hard to find it in an efficient way.
Usually, one can start with a nice curve C' with many automorphisms, consider
a concrete automorphism u # 1, u # ¢, and look for a distortion map % in the
subring Z[m, u,] € End(J), where 7 is the Frobenius endomorphism of J and u, is
the automorphism of the Jacobian induced by u. If Z[r, u.] = End(J) it is highly
probable that a distortion map is found. If Z[r, u.] # End(J) it can be a hard
problem to prove that some nice candidate is a distortion map, but at least one is
able most of the time to find a “denominator” m such that ma lies in the subring
Z[m, uy]; in this case, if £ 4 m one can use m as a distortion map on divisors of
order ¢. Several examples are discussed in [GPRS06].

The aim of this section is to exhibit all supersingular curves of genus 2 with
many automorphisms, describe their automorphisms, and compute the character-
istic polynomial of 7, which is always a necessary ingredient in order to analyze
the structure of the ring Z[r, u.]. Recall that a curve C is said to have many auto-
morphisms if it has some geometric automorphism other than the identity and the
hyperelliptic involution; in other words, if | Autz(C)| > 2.

Igusa found equations for all geometric curves of genus 2 with many automor-
phisms, and he grouped these curves in six families according to the possible struc-
ture of the automorphism group [Igu60], [IKO86G]. Cardona and Quer found a faith-
ful and complete system of representatives of all these curves up to k-isomorphism
and they gave conditions to ensure the exact structure of the automorphism group
of each concrete model [Car(03], [CQ06]. The following theorem sums up these
results.

Theorem 3.1. Any curve of genus 2 with many automorphisms is geometrically
isomorphic to one and only one of the curves in these siz families:

Equation of C Autz(C) | Autz(0)
y? = 2% +azt +b2? + 1 a, b satisfy (3) Cs Co x Oy
=2 +23 +ax a#0,1/4,9/100 Cy x Oy Dg
v =a+23+a p#3, a#0,1/4, —1/50 S D1
yr=axb + a2t + 22 +1 p=3,a#0 S3 D12
y? =a"—1 p#3,5 D1 2Dy
y=a"—z p#5H Sa 51
p= 5 PGLQ(FE)) §5
y =2’ —1 p#5 Cs Cio

(5) (4c® —d?)(c* —4d+18¢c—27)(c* —4d —110c+1125) # 0, ¢ := ab, d := a® +b>.

Ibukiyama-Katsura-Oort determined, using Theorem [[LIl when the last three
curves are supersingular [IKO86, Props. 1.11, 1.12, 1.13]:

y? = 25 — 1 is supersingular iff p = —1 (mod 3)
y? = 2% — x is supersingular iff p =5,7 (mod 8)
y? = 2% — 1 is supersingular iff p=2,3,4 (mod 5)

It is immediate to check that y? = az® + z* + 22 + 1 is never supersingular if
p = 3. One can apply Theorem [[.I] to the other curves in the first three families to
distinguish the supersingular ones.



Theorem 3.2. Suppose q is a square and let C' be a supersingular curve belonging
to one of the first five families of Theorem[3dl Then there a twist of C' with Weil
polynomial (z + \/5)4, and this twist is unique.

Proof. Let E be a supersingular elliptic curve defined over F,. By [IKO86, Prop.
1.3] the Jacobian J of C' is geometrically isomorphic to the product of two supersin-
gular elliptic curves, which is in turn isomorphic to E x E by a well-known theorem
of Deligne. The principally polarized surface (J, ©) is thus geometrically isomorphic
to (E x E,)\) for some principal polarization A. Since E has all endomorphisms
defined over Fp2, (E x E,\) is defined over F,> and by a classical result of Weil
it is Fp2-isomorphic to the canonically polarized Jacobian of a curve Cy defined
over Fp2. By Torelli, Cy is a twist of C. The Weil polynomial of Cy is (z + /g)*
because the Frobenius polynomial of E is 22 + p. The fact that Cy and C}, are the
unique twists of Cy with Weil polynomial (z + ,/g)* is consequence of Proposition
2.2 O O

Corollary 3.3. Under the same assumptions:

(1) The Weil polynomial of C is (x + /q)* if and only if W = (1)°.

(2) If C belongs to one of the first three families of Theorem[3], then it admits
no twist with Weil polynomial x* £ qx® + ¢ or 2* + ¢>.

(3) If any of the curves y* = x° + 23 + ax, y* = 25 + 23 + a is supersingular
then a € Fp2.

Proof. (1) By Table [l the set W, of Weierstrass points of Cy has Gp-structure
Wo = (1)° and Lemma shows that for all automorphisms v # 1,: one has
W, # (1)%; thus, only the twists Cp and C}, have W = (1)°.

(2) The geometric automorphisms v of Cy satisfy neither v® = 1, v? # 1, v® #
1,¢, nor v® = ¢, nor v* = ¢; thus, by Proposition 2.21the Weil polynomial of a twist
of Cy is neither 2* & g2 4 ¢? nor 2* + ¢°.

(3) The Igusa invariants of C take values in )2 and a can be expressed in terms
of these invariants [CQO5]. O O

1
1
)

In a series of papers Cardona and Quer studied the possible structures of the
pointed sets H'(Gy, Autz(C)) and found representatives v € Autz(C) (identified
to 1-cocycles of H'(Gy, Autz(C))) of the twists of all curves with many automor-
phisms [Car03], [CQ05], [Car06], [CQO6]. In the next subsections we compute the
zeta function and the number of k-automorphisms of these curves when they are
supersingular. A general strategy that works in most of the cases is to apply the
techniques of Sect. 2 to find a twist of C' with Weil polynomial (z £ ,/g)* (for ¢
square) or (224 ¢q)? (for ¢ nonsquare) and apply then Propositions2.2) 2:3]to obtain
the zeta function of all other twists of C'. The results are displayed in the Appendix
in the form of Tables, where we exhibit moreover an equation of each curve.

3.1. Twists of the curve C:y? = 25 — 1, for p # 0,1 (mod 5). We have
(W) = {00} U ps and Autz(C) ~ ps. The zeta function of C' can be computed
from Tables 3,4 and Lemma 25 applied to C ® ko. If ¢ £ 1 (mod 5) the only twists
are C, C'. If ¢ = 1 (mod 5) there are ten twists and their zeta function can be
deduced from Proposition Table Bl summarizes all computations.
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3.2. Twists of the curve C: y? = 2° — x, for p =5, 7 (mod 8). Now ¢p(W) =
{oo, 0, £1, £i}. If p = 5 we have Auti(C) = Aut(P"). If p # 5 the group Auti(C)
is isomorphic to Sy and it is generated by the transformations T'(x) = iz, S(x) =
;;;, with relations S% =1 = T4, ST3 = T'S?. For ¢ nonsquare the zeta function of
C' is determined by Table [B} since the curve is defined over F, we obtain the zeta
function of C over k by scalar extension.

In all cases we can apply Propositions and to determine the zeta function

of the twists of C. Tables [0l [7 B summarize all computations.

3.3. Twists of the curve C: y? = 25 — 1, for p= —1 (mod 3), p # 5. We have
d(W) = pe and Auti(C) = {+=z, :l:nx,:l:nza:,:t%,:tg,:t"—;}, where 7 € Fp2 is a
primitive third root of unity.

The zeta function of C' can be computed from Tables 3,4 and Lemma 2.5 applied
to C and C'® ky. The zeta function of all twists can be determined by Propositions
22 Tables [@, [0 summarize all computations.

3.4. Twists of the supersingular curve C: y? = 2% 4+ 23 4 a, for p > 3. Recall
that a is a special value making the curve C supersingular and a # 0, 1/4, —1/50.

We have now
SOV = 10,00, 170, 5 05 P 5Y, AWL(C) = {a,ma, e, 2 0
where A, z, 0 € k satisfy A2 =a, 2°4+2+a=0, 6> = 2.
The Galois action on W and on Aut'E(C) depends on z and a/z being cubes or
not in their minimum field of definition £* or (k2)*. This is determined by the fact
that a is a cube or not.

b

Lemma 3.4. If a is a cube in k* then z, a/z are both cubes in k* or in (k2)*,
according to 1 — 4a € (k*)? being a square or not.

If a is not a cube in k* then z, a/z are both noncubes in k* orin (k2)*, according
to 1 —4a € (k*)? being a square or not.

Proof. Let us check that all situations excluded by the statement lead to W =
(1)3(3) or W, = (1)3(3) for some twist, in contradiction with Tables [3] 4l

Suppose ¢ = —1 (mod 3). If 1 —4a is a square then a, z, a/z are all cubes in k*.
If 1 — 4a is not a square then a is a cube and if z, z7 are not cubes in ks we have
0° = w(A/0), with w3 = 1, w # 1, and the twist by v = (w™!(A/x), Vay/z3) has
W, = (1)3(3) by Lemma 2.6l

Suppose g = 1 (mod 3). If 1 —4a is not a square we have 2(2°~1/3 = g(a=1)/3 4o
that a is a cube in £* if and only if z, 27 are cubes in k3. Suppose now that 1—4a is
a square. If exactly one of the two elements z, a/z is a cube we have W = (1)3(3);
thus z, a/z are both cubes or noncubes in k*. In particular, if ¢ is not a cube
then z, a/z are necessarily both noncubes. Finally, if ¢ is a cube and z, a/z are
noncubes in £*, Lemma shows that W, = (1)3(3) for the twist corresponding
to v = (nz,y). O O

For the computation of the zeta functions of the twists it is useful to detect that
some of the combinations a square/nonsquare and 1 —4a square/nonsquare are not
possible.

Lemma 3.5. Suppose ¢ =1 (mod 3).
(1) If ¢ = —1 (mod 4) then 1 — 4a is not a square.
11



(2) If q is nonsquare then a is not a square.
(3) If q is a square then a and 1 — 4a are both squares.

Proof. Let C, be the twist of C' corresponding to v(z,y) = (nz,y).

(1) Supose 1 — 4a is a square. If @ is a cube we have W = (1) and if a is not a
cube we have W, = (1)%; by Table B we get (r,s) = (0, —2 (%) q) in both cases.
On the other hand, Lemmas and applied to C' ®y k2 show in both cases that
s =1 (mod 3); thus, p =1 (mod 4).

(2) Suppose a is a square. If a is a cube (respectively a is not a cube) we
have W = (1)8 or W = (2)3 (respectively W, = (1)8 or W, = (2)3), according
to 1 — 4a being a square or not. In all cases we have (r,s) = (0,+2q) by Table
Bl and a straightforward application of Lemma and (2) of Lemma leads to
r = —1 (mod 3), which is a contradiction.

(3) In all cases in which a or 1 — 4a are nonsquares we get (r,s) = (0,q) either
for the curve C or for the curve C,. This contradicts Corollary 3.3 O O

After these results one can apply the general strategy. The results are displayed
in Tables [T, 121 @31

3.5. Twists of the supersingular curve C: 3% = 2° + 2> +az. Recall that a is a
special value making C supersingular and a # 0, 1/4, 9/100. Given z € k satisfying

22+ 2+ a =0 we have (W) = {0, oo, +/z, £/a/z},
Autg(C) = {(&” oy f (LY =
utz(C) = {(wz,wy) | w* =1} 3 | w* =a

Lemma 3.6. If ¢ =1 (mod 4) then a and 1—4a are both squares or both nonsquares
in k*. If q is a square then necessarily a and 1 — 4a are both squares.

Proof. Ifa ¢ (k*)?, 1—4a € (k*)?, then W = (1)%(2) and (r, s) = (0, —2¢) by Tables
B4} this contradicts Lemma 2.5 because | Aut(C)| = |F| = 4 and r = 2 (mod 4).

Suppose now a € (k*)?, 1 —4da ¢ (k*)%. If a € (k*)* then W = (1)%(2)?
and (r,s) = (0,2£2q); this contradicts Lemma 25 because | Aut(C)| = 8, |F| =6
if ¢ =1 (mod 8) and |F| = 2 or 10 if ¢ = 5 (mod 8), so that r = 4 (mod 8)
in both cases. If a € (k*)* we get a similar contradiction for the curve C, for
v(z,y) = (—z,1y).

If a, 1 — 4a are nonsquares, then W = (1)?(4) and the Weil polynomial of C' is
z* 4+ ¢% by Tables Bl If ¢ is a square this contradicts Corollary [3.3 ([ ([

Lemma 3.7. If q is a square then a € (k*)* if and only if z € (k*)?.

Proof. Suppose a € (k*)*, z ¢ (k*)? and let us look for a contradiction. Consider
the k-automorphisms u(x,y) = (—z,iy), v(z,y) = (w?z, :—:y) of C, where w* = a.
By Lemma 26, W, = (1)¢ and C, has Weil polynomial (z & ,/q)* by Corollary
B3 since u? = ¢, the Weil polynomial of C is (2% + ¢)? by Proposition and
Lemma 24 The quotient F := C/v is an elliptic curve defined over k and the
Frobenius endomorphism 7 of E must satisfy 72 = —q. Since ¢ is a square, E has
four automorphisms and its j invariant is necessarily jp = 1728. Now, E has a
Weierstrass equation: Y2 = (X + 2w)(X? + 1 — 2w?), where X = (22 + w?)z 7!,
Y = y(x + w)r~? are invariant under the action of v. The condition jp = 1728 is
equivalent to a = 0 (which was excluded from the beginning) or a = (9/14)%; in
this latter case z is a square in Fj» and we get a contradiction.
12



Suppose now a & (k*)%, z € (k*)2. We have W = (1)® and C has Weil polynomial
(z + /q)* by Corollary B3l By Proposition 22, the Weil polynomial of C,, is

(2% 4¢q)?. For any choice of w = {/a, the morphism f(z,y) = (&2, %ﬁ)

sets a ko-isomorphism between C' and the model:

Cuty? = (@ — Dt +ba®+1),  b=(12/a—2)/@va+1),
of C,. The quotient of this curve by the automorphism (—z,y) is the elliptic curve
E:Y? = (X —1)(X?2+bX +1). Arguing as above, E has j-invariant 1728, and
this leads to @ = 0 (excluded from the beginning) or a = (9/14)%, which is a
contradiction since a would be a fourth power in 2. 0 0

After these results one is able to determine the zeta function of all twists of C'
when ¢ is a square; the results are displayed in Table [4l In the cases where the
Weil polynomial is (z — €,/q)*, e = £1, the methods of section 2 are not sufficient
to determine €; our computation of this sign follows from a study of the 4-torsion
of an elliptic quotient of the corresponding curve.

In order to deal with the case ¢ nonsquare we need to discard more cases.

Lemma 3.8. Suppose q nonsquare. If ¢ = —1 (mod 4) then a and 1 — 4a cannot
be both nonsquares.
If =1 (mod 4) and a € (k*)? then a € (k*)* if and only if z & (k*)2.

Proof. If a, 1 — 4a are both nonsquares the polynomial z* + 2% + a is irreducible
and the Weil polynomial of C is z* + ¢ by Table B} hence, the Weil polynomial
of C @y ko is (22 +¢*)2. If ¢ = —1 (mod 4) we have a € k* C (k3)* and this
contradicts Table [4

Suppose ¢ = 1 (mod 4) and a € (k*)?; by Lemma[3.6, 1 —4a is also a square and
z€k*. Ifae (k*)* and z € (k*)? we get W = (1)%, and (r, s) = (0, —2q) by Table
B we get a contradiction because the Jacobian J of C is simple ([MN02, Thm. 2.9])
and C has elliptic quotients over k because the automorphisms (w?/x, (w3y)/z3)
are defined over k. If a ¢ (k*)* and 2 ¢ (k*)? we get an analogous contradiction
for the curve C,, twisted by u(z,y) = (—x,iy). O O

The results for the case ¢ nonsquare follow now by the usual arguments and they
are displayed in Tables [I5]

3.6. Twists of the supersingular curve C: y? = 2%+ az? + bz? 4 1. Recall that
a, b € k are special values satisfying (B]) and making C' supersingular; in particular
p > 3. The curve C has four twists because Autz(C) = Aut(C) = {(£z,+y)}
is commutative and has trivial Galois action. The Jacobian of C is k-isogenous
to the product E; x E» of the elliptic curves with Weierstrass equations y? =
23+ ax? + br + 1, y? = 22 + bx? + ax + 1, obtained as the quotient of C by the
respective automorphisms v = (—z,y), v = (—z,—y). For ¢ nonsquare, these
elliptic curves have necessarily Weil polynomial 2 + ¢ and the Weil polynomial of
Cis (22 + q)°.

Lemma 3.9. If q is a square C has Weil polynomial (x + \/6)4.

Proof. By Theorem and Proposition C has Weil polynomial (z £ ,/q)* or

(2% — ¢)*. In both cases the elliptic curves Ey, E; have Weil polynomial (z & \/q)?

and we claim that they are isogenous. Since E(k) ~ (Z/(1 £ \/q)Z)?* as an abelian

group, our elliptic curves have four rational 2-torsion points and the polynomial
13



TABLE 5. Twists of the curve y> = 2® — 1 for p = 2,3,4 (mod 5). The sign
e = %1 is determined by /¢ = € (mod 5). The last row provides eight inequivalent

twists corresponding to the four nontrivial values of ¢t € k* /(k*)®

Cy v (7, s) s.d. | [Aut(C,)]
g = +2 (mod 5) (0,0) 2
y?=2a%-1 (z,y) g = —1 (mod 5) (0,2q) no 2
g =1 (mod 5) (—4e+/q,69) 10
=
y2 =ta® -1, t & (k") (thx,y) g =1 (mod 5) (e+/q, q) no 10
TABLE 6. Twists of the curve y?> = #® — 2 when ¢ = —1 (mod 8)
Cy v (7, s) s.d. | [Aut(C,)]
y?=a’ —x (z,v) (0,2q) | yes 8
Y2 =a° +ta (iz, 1+2l y) (0,2q) yes 4
p s P T2
y® = (2= + 1)(z° — 2te — 1)(z” + $x — 1) 1y _
2 41g (k)2 (=% 75) (0,—2q) | yes 24
P p) T 3 P
y® = (2% + 1)(z" — 4tz” — 62° + 4tz + 1), i i1 §
241 ¢ (k)2 (m’ V323 U) (0,0) yes 4
T_ .6 5 oTt—5\ 4 3 -
y= =a° — (t+3)z° + 5(=5—2)z" + 5(s — 1)z z—i 2(1—i)y
+5(¥)x2 + (t — 3)x + 1 irred., s2 412 = -2 (er"“ (z+1)3 ) (0,9) no 6

23 + ax® 4+ bz + 1 has three roots e, es, e3 € k. Since ejeses = 1, either one or
three of these roots are squares. If only one root is a square we have W = (1)%(2)?,
W, = (1)*(2) and C, C, have both Weil polynomial (22 + ¢)?, in contradiction
with Theorem Hence, the three roots are squares, W = (1)%, and C' has Weil
polynomial (z £ /g)* by Corollary O O

The zeta function of the twists of C' is obtained from Propositions and
The results are displayed in Table [[71 For ¢ square the sign of (z & \/6)4 can be
determined by analyzing the 4-torsion of the elliptic curve y? = 23 + ax? + bz + 1.

Finally, there are special curves over k whose geometric model y? = 2% 4 az?* +
bx? + 1 is not defined over k (cf. [Car03, Sect.1]). It is straightforward to apply the
techniques of this paper to determine their zeta function too.

4. APPENDIX

In this appendix we display in several tables the computation of the zeta func-
tion of the supersingular curves of genus 2 with many automorphisms. For each
curve C,,, we exhibit the number of k-automorphisms and the pair of integers (r, s)
determining the Weil polynomial f; (r) = z* +ra® + s2? + qra + ¢* of C,. In the
column labelled “s.d” we indicate if C' is self-dual. For the non-self-dual curves we
exhibit only one curve from the pair C,, C..

We denote by 7, i € k a primitive third, fourth root of unity. For n a positive
integer and x € k* we define

vp(x) =1 if z € (K*)",

In all tables the parameters s, t take values in k*.

Un(xz) = —1 otherwise .

Conclusion. We show that the zeta function of a supersingular curve of genus two

is almost determined by the Galois structure of a finite set easy to describe in terms

of a defining equation. For curves with many automorphisms this result is refined

to obtain a direct (non-algoritmic) computation of the zeta function in all cases. As
14



. Twists of the curve y* = 2° — 2 when ¢ =5 (mod 8
TABLE 7. Twists of th 2 =2P h d

Cy v D (r, s) s.d. [Aut(C,)]
2 _ .5 p>5 o 24
yr=at - (zy) p=5 | (0:=20) | vyes 120
Y2 =ax° — 4z (—z,1y) (0, 2q) yes 8
Y2 =a° — 2z (iz, 1+21 y) (0,0) yes 4
i i p>5 4
% = (22 + 2)(z? — 1222 + 4) (£.555v) | bZ22 | 020 | ves 5
18T (5:—3
V¥ = S o) (T @) (23, 20=0u) | P>5 | (0 | MO 6
flt,2) =a® —ta® 4+ (t —3)z + 1 irred. = (o) p=>5 yes
y2=a° —x —t, trg mg (8) =1 (x+1,9) p=>5 (v/54,3q) no 10
2 _ 6 5 _ R 3 V2y _ _ ]
y* =z +te® + (1 —t)z + 2, irred. T i) ) p=>5 (0, —q) yes 6
TABLE 8. Twists of the curve y> = 2 — 2 when p = 5, 7 (mnod 8) and g is a
square. Here e = (—1/,/q) and € = (—3/,/q)
Cy v p (r, s) s.d. | [Aut(Cy)]
2 5 p>5 48
y =z’ —x (z,y) p=5 (—4€,/q,6q) | no 240
y =2 —t’x, t& k)’ (==, iy) (0, 2q) yes 8
=2 —tx, td& (k") (iz, 1—+27y) (0,0) no 8
z P T P s
y° = (z° — t)(a® + 6t~ + t°), i i1 p>5 B 4
t g (k)2 (327 Wy) p=5 (0, —2q) yes 12
p 3 3
y? = (2% — t) (2> — (15v/3 — 26)t), w—i 2(1—i)y p>5 , 6
b (k) (522 6508) | 525 | @¢vasa | no 12
y =a —z—t, trm(t) =1 (z+1,y) p=5 (V4 q) no 10
y2 =2 +ta® + (1 —t)z 4+ 2, irred. (34, (I\iﬁﬁg ) p=>5 (0, q) no 12
TABLE 9. Twists of the curve y? = 2% — 1 when ¢ = —1 (mod 3), p # 5. Here € = (—1/p)
Cy v (r, s) s.d. [Aut(C,)]
2 =2 -1 (z,y) (0, 2q) iffe=-—1 6 + 2¢
y?=a%—t, t¢g k)’ —z, —y) (0,2q) iffe=1 6 — 2e
y’ =az(@® —1)(=* -9) 1.3 [ (0,—2¢q) yes 12
P T 3 P
y° = (2% — 2stz® 4+ (7Ts + 1)az° + 2tsz + 1)- 1 iy
(@2 —dr—1), Praek \ (k) s =12+3 (=2>2%5) | (0,2¢q) yes 12
yz =20 + 6tx® + 155z + 20tsx> + 155112-% )
+6ts%x + 53, s =7 —4 ¢ (k)2 (%, 2%) (0, €q) yes 6
gcd(m(‘frm/3 — Lzl —te4+1)=1
y2 = 20 + 62° + 15527 + 20s2° + 155212+ )
+6s%2z 4+ 52, s =t2/(t2 +4) ¢ (k*)?, (—g,%) (0, —eq) yes 6
ged(z(@tD/3 41,22 —tx —1) =1

TABLE 10. Twists of the curve y?
is a square. Here € = (—=3/.,/q)

=2%—1 when p

= —1 (mod 3), p# 5 and q

Cy v (r, s) s.d. | [Aut(Ch)]
y? =a° — 1 (z,y) (—4e4/q,6q) | no 24
v =a' — >, t&(K)’ (=z,y) (0,-2¢) | yes 12
y? =a% — 17, t g (k%)° (nz, y) (2¢4/9,3q) no 12
vy =a%—t tg(KHTUE)Y) (=nz, —y) 0,9 no 12
P =@ TR+ L), () T T (0.2q) | yes | 4
y2 = a8 + 15t + 156222 + 3, t & (K*)2 (1,2 (0, —2q) yes 4
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TABLE 11. Twists of the supersingular curve y? = 2%+z%+a, a # 0,1/4, —1/50,

when ¢ = —1 (mod 3). Here € = v3(a) and A is the cubic root of a in k
Cy v (r, s) s.d. [ Aut(C,)]
v =2"+z>+a (z,y) (0, 2q) iffe=-—1 3+e¢
2=0"%(x - 6)° — g()® + ab’(x — 67 )C A Va F e =
g(m) m1n polyn. of 0 € ks \ k, ng L(0) = A1 (£,%5y) | (0,2¢q) | iffe=—1 9+ 3e
—G(w—n)F—Q(w)“ra@ (ﬂc—n)6 A va _
o) = 471, 0 ks \ ()%, Ny (@ =a | (T Y | O | mo 0
TABLE 12. Twists of the supersingular curve y? = 2%+z%+a, a # 0,1/4, —1/50,
when ¢ = 1 (mod 3) and q is nonsquare. Here A is a cubic root of a in k and n = 3,
if a € (k*)®, whereas A = a, n = 1, if a ¢ (k*)®
Cy v vs(a) (r, s) s.d. | Aut(C,)]
E 1 0,—2 yes
v =a®+a’ta DY R 6
pi 5 3 pi 3 —
y* =2a° +tz° +t%a, t & (k¥) a1 1 (0,q) no
y? = 2% + az® + o (t75 2,y) -1 (0, —2q) yes 6
TG 0 o) Fal (@ 67)" % v
g(z) min. polyn. of 8 € ka2 \ k, Ny, /5 (0) = ATt (=5 I_Sy) (0,29) yes 2
TABLE 13. Twists of the supersingular curve y? = 2%+z%+a, a # 0,1/4, —1/50,
when g is a square. Here € = (=3/,/q). Also, A is a cubic root of a in k and n = 3,
if a € (k*), whereas A =a,n =1, if a g (k*)>
Cy v vs(a) (7, s) s.d. | [Aut(Cy)]
2 _ .6 3 1 (—46\/_, Gq) 12
y =z’ +z" +a ay) -1 (26\/_,311) no 6
pi 5 3 pi 3 —
y* =2a° +tz° +t%a, t & (k¥) g-1 1 (2¢4/q,3q) 6
y2 = 2% + az® + o8 (t"3 z,y) 1 (_46\/—, 6q) no 12
TG 0 g(a) Fal(x —07)" % v
g(z) min. polyn. of 8 € ka2 \ k, Ny, /5 (0) = At (=5 I_Sy) (0, —29) no 4
. wists of the supersingular curve = + x° + azxz, a
TABLE 14. Twi f th persingul y? 5 3 ,
0,1/4,9/100, when g is a square. The last row provides two inequivalent twists
according to the two values of /a. Here ¢ = —(—1//q)va(z) and ¢ =
—(=1/+/q)va(tz), where 2> + z +a =0
Cy v v4(a) (r, s) s.d. [ Aut(C,)]
2 _ 5 3 1 (4e\/q,6q) no 8
Yo ="+ 2t fax (2,y) —1 (0,2q) yes 4
5 2 P g—1 1 0,2 yes 4
L S e I =
y? = g(x) (6%(x — 07)" + g(x)”+ 4~
+a0= 2 (@ — 0)*), Niyn(0) = va | (45, L&) (0, —2q) yes 4
g(x) min. polyn. of 8 € ko \ k
TABLE 15. Twists of the supersingular curve y? = z° 4+ z° + az, a #
0,1/4,9/100, when g is nonsquare and a & (k*)?
Cy v (—1/p) (r, s) s.d. [ Aut(C,)]
2 _ 5 3 1 (0,0) no 4
y’ =z’ +2° +az (z,9) 1 (0,2q) ves 9
y? = (2% — a) (9(1 —Va)T+ (27 —a)?+ (\/— \/ ) 1 (0,2q) yes 2
+ab Mz + Va)!), 0 € ka, Nyy/k(0) =a —1 (0,0) no 4
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TABLE 16. Twists of the supersingular curve y? = z° 4+ 2% + az, a #
0,1/4,9/100, when g is nonsquare and a € (k*)2>. Here ¢ = (—1/p). If
p = —1 (mod 4) we assume that \/a belongs to (k*)?

Cy v v4(a) (r, s) s.d. [Aut(Cy)]
2_ 5 3 1 (0,2q) iffe=-1 6 + 2¢
y° =z +z° +ax (z,y) 1 0, —2q) yos
2_ 5 3 2 *12 a—1 1 (0, —2¢q) yes
y? =x° + tx® + at’x, t g (k) (—z,t™ 1 y) 1 (0, 29) o
P P CAL P
y” = g(x) (0%(x — 07) + g(x)°+ 4
+a0~2(z = 0)*), Ny, k(0) = va (=, Vaty) (0,2q) iffe=1 6 — 2¢

g(x) min. polyn. of 8 € ko \ k

P P L p
y* =g(@) (0% (x - 07)" + g(x)°+ Yoy
+a0 =2z — 0)Y), Niyyn(0) = —va | (X%, V5 y) (0, 2¢q) yes
g(x) min. polyn. of 8 € ko \ k

TABLE 17. Twists of the supersingular curve y? = z® 4+ az* + ba? + 1 satisfying ()

C, v (7, s) s.d. | [Aut(C,)]
2 _ 6 4 2 q nonsq. (0,2q)
y° =z° +az® +bz° +1 (z,y) q square (+4,/3,69) no 4
P B T P "
y? = z° + atz® + btz® + ¢ o g nonsq. (0,2q)
t & (k)2 (== =9 | g square (0, —29) " :

an application one gets a direct computation of the cryptographic exponent of the
Jacobian of these curves. Also, the computation of the zeta function is necessary to
determine the structure of the endomorphism ring of the Jacobian and to compute
distortion maps for the Weil and Tate pairings.

Acknowledgement. It is a pleasure to thank Christophe Ritzenthaler for his help
in finding some of the equations of the twisted curves.
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