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Problem:

Let p be any point in the moduli space of genus-two curves M5 and K its
field of moduli.

Lemma
There is a genus 2 curve C corresponding to p and defined over a quadratic
extension of K.

Problem
Determine a universal equation for C (i.e. an equation that will work for any
p e Msy).

More precisely,
Problem

Given the generic moduli point p = [}, 2, j3, 1] € Mo, find a universal
equation for C in terms of jy, jo, J3.



Preliminaries

For C, over a field k, char k = 0, we can assume that its equation is given by
y2Z* = f(x, 2)

where f(x, z) is a binary sextic defined over k given by

f(x,2) = ax’ + ax’z+ - + a2’ = (21X — x12)(22X — X22) . .. (26X — X52)

A covariant / of f(x, z) is a homogenous polynomial in x, z with coefficients
in k[ao, ..., as]. The order of / is the degree of / as a polynomial in x, z and
the degree of / is the degree of / as a polynomial in k[ao, . . ., as]-

An invariant is a covariant of order zero. The binary form f(x, z) is a
covariant of order 2g + 2 and degree 1.

For any two forms f and g the r-transvection is given by an operation called
‘Uberschiebung’

(f,g)f =



Invariants and covariants via transvections
Consider the following covariants

A:((f7 f)47(f7 f)4)27 Y1 :(fv(f7f)4)47 y2:((f7f)4:Y1)27 YB:((f: f)47y2)2
The Clebsch invariants A, B, C, D are defined as follows
A= (f’ f)67 B= ((f7 f)47(f7 f)4)47 C= ((f7 f)47A)47 D= (y37y1)2 (1)

see Clebsch [2] or Bolza [1, Eq. (7), (8), pg. 51] for details.
Some other invariants are

A = (Yi,Y))e, (1<i,j<3)

Clebsch [2] showed that A; and a;x can be expressed as

A11=20—|—1AB,

3
Apn=Ais=D,

1 2
A33=§BD+§C(B +AC), 2)
A23:%B(BZ+AC)+%C(2C+%AB),

2
A12:§(BZ+AC).



Igusa-Clebsch invariants are

h=—120A,

Iy = — 720 A2 + 6750 B,

ls = 8640 A% — 108000 A B + 202500 C
lho = — 62208A° + 972000A°%B + 16200004 C — 3037500AB% — 60750008C — 45562500

The Igusa functions (i.e., GL(2, C)-invariants) are defined as

Y - S N
h=5 = B=F
ho ho ho

A moduli point is a projective point given by p = [j1, j2, /3, 1]

Lemma
Two genus two curves are isomorphic over C if and only if they correspond to
the same moduli point.



Conic
For X = [Xi : X2 : X3] and some symmetric M the conic C/Aut(p) is
3

Q: X'M-X=) a;XX=0
ij=1
We want to determine M. Notice that under the operation
f(x) — F(x) = f(—x)
the quadrics y;(x), i = 1,2, 3 change according to
yi(x) = ¥i(x) = yi(=x).

Hence, they are not invariants of the sextic f.
The coefficients a; = A; and are invariant under the operation
f(x) — f(x) = f(—x), and the locus D = 0 is equivalent to

D=0 < (y1ys)2=(y2y2)2=0. 3)

We define R to be 1/2 times the determinant of the three binary quadrics y;
for i = 1,2, 3 with respect to the basis x2,x, 1. If one extends the operation of
Uberschiebung by product rule [3, p.317], then R can be re-written as

R = —(y1y2)1 (Y2y3)1 (Yay1)1, (4)



It is then obvious that under the operation f(x) f(x) = f(—x) the
determinant R changes its sign, i.e., R(f) — R(f) = —R(f).
A straightforward calculation shows that

1 A Az Ass
R? = > Az Ax Axs |, %)
Az Az Ass

Like the coefficients Aj, R? is invariant under the operation f(x) f(x) and
must be a polynomial in (b, ls, Is, l1o).

Lemma
We have the following statements:

1. R? is a order 30 invariant of binary sextics expressed as a polynomial in
(ko s, I, ho) as in[4, Eq.(17)].

2. The locus of curves p € M> such that V4 — Aul(p) is a two-dimensional
irreducible rational subvariety of M given by the equation R> = 0 and a
birational parametrization given by the u, v-invariants as in[4, Thm.1].

From now on we will denote /g := R®.



Cubic

Similarly, there is also a cubic curve given by the equation

T: ) axXiXX=0,

1<ij,k<3
where aji are of order zero, invariant under f(x) — f(x), and given by

aj = (f,yi)2 (f,¥)2 (f,yk)2 - (6)
The coefficients aj are given explicitly as follows:

36a411 = 8(A2C — 6BC + 9D),

36 ay1p = 4(28° + 4ABC + 12C? + 3AD),

36 ar13 = 36 ar = 4(AB® +4/3 A2BC + 4B2C + 6AC? + 3BD),

36 a1p3 = 2(28* + 4AB?C 4 4/3 A2C? 4 4BC? + 3ABD + 12CD),

36 argg = 2 (AB* + 4/3 A2B2C + 16/3 B°C + 26/3 ABC? + 8C° + 382D + 2ACD) ,

36 appo = 4(3B* + 6AB2C + 8/3 A2C? + 2BC? — 3CD),

36 appy = 2(—2/3B°C — 4/3 ABC? — 4C® + 982D + 8ACD),

36 apss = 2(B° + 2AB®C + 8/9 A2BC? + 2/3 B2C? — BCD + 9D0?),

36 ags3 = —2B*C — 4AB?C? — 16/9 A2C® — 4/3 BC® + 9B°D + 12ABCD + 20C?D.
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Mestre’s method

The intersection of the conic Q with the cubic 7 consists of six points which
are the zeroes of a polynomial f(t). Hence, the affine equation of the curve
corresponding to p is given by y? = f(1).

Lemma
There exists a model of C defined over k if Q(k) # 0.

If @ has a rational point over k, then this leads to a parametrization
(hs(1), ha(1), ha(1))
Substitute X1, X2, Xs by hi(t), h2(t), hs(t) in the cubic 7 and we get the
degree 6 polynomial f(t). However, if the conic has no rational point or
R? = detM = I3 =0

the method obviously fails. This locus is parametrized by dihedral invariants u
and v. In this case the equation of the curve is given in [5, Lemma 4] and
[6, Thm. 3]



A universal curve

We start with p = [j1, j, 3, 1]. The plane conic Q is
A1 XF + Ao X5 + Ass X5 + 2A12 X4 Xo + 2A13 X X3 + 2A3 Xo Xa =0 . (8)
Over the field extension Q[d], where d is given by
d? = =2 Axp R? = —Agp detM, (9)
we can re-express Aq1 in terms of d and the other coefficients as

Ay = — d* + AfyAss — 2A12A13A03 + A2 Az (10)
(Ax2Ass — A2;) Axe A Ass — A2, ’

A rational point [X1(°) : X2(0) : Xéo)] of the conic Q over Q[d, A, B, C, D].
X = Azo(AzoAss — Ass) |
X = FAzd — Az (Ai2Ass — ArsAzs) (11)
Xéo) = Ao (£d + A12Ax — A13A2) .



We substitute
XX = X0 X5 + t (XOX; — XV Xs) (12)
into Equation (8). One of the roots of this quadratic, since it must be satisfied
if (X Xo - Xa] = [X© : X{¥ - X{”]. The second root is given by
Xi =A3,(AzoAgs — Asy)? 12 + 2A12A5, (Ao Ags — ASy) t + Aza(Az2Ass — A3s)
(A$2A22A33 — 2A10A13A00A03 + Ay A%, £ 2(A12A2s — A1aAx) d + dz) ;
Xo =A3,(A35 — AooAgs)(Ar2As2Azs — Ar3AonAos £ Aoz d) 12 + 2A0n(AnoAgs — AS3)
(—A2,A00Az3 + A1pA13AnAss F ArgAnd + d?) t
+ (A12A22A53 — ArgAz2Azs + Apsd) (—Afp Ao Ags + 2A12A13 Ao Ang — Afg A3, + dP),
X3 =A% (AszAzs — AS3)(Ar2Azs — AraAzo £ d) 12 + 2A12A%, (A Ags — A33)(Ar2Azs — A13Azo
— Ao (A12Ass — A1aAo £ d) (A2, AgaAgs + 2A12A13A00 A0s — A2, A2, + dP).



Using A3 = Az and d? = —2 A, R? the point [X; : Xz : X3] is easily shown to
be equivalent to

Xi = Aso(Az2Ass — Ass)? ¥ + 2A12A22(Az2Ass — Abs) t

— A1 A% Ass + At1 AgoAsy + 24T, Avo Ags — 4A12A%Acs

+2 (AroAzs — Ase) d,

Xo = —Azz(Ar2Az2Ass — AdoAzs £ Assd) 1

— 2A20(Ai1AzoAss — Av1Ads + ArzAza Aoy — A3y £ Anod) t

— At1(A12A22As3 — Ao Ans + Asd),

Xz = A% (Ar2Azs — A2 + d) 2 + 2A12A00(A12Azs — AZp = d)

+ A11A2(A12A2 — Az + d).

Equations (13) give for any t € Q a rational parametrization of the conic Q
over Q[d, A, B, C, D].



Similarly, associated to the coefficients (&) in Equation (7) is a plane cubic
curve 7 in the variables [X; : Xz : X3] € P° given by
an Xi + @22 X5 + asas X5 + 6 @123 Xi Xo X
+3a112 XP Xo + 3 a3 XPXs + 3 @122 Xi X5 + 3 @03 X5 X (14)
+3a13 X1 X5 +3ams Xe X5 =0.
Substituting the rational parametrization of the conic Q from Equations (13)

into the cubic 7 in Equation (14), one obtains the ramificattion locus of sextic
curve. The ramification locus is equivalent to

SYPPYEY L5t ] |2 | g =22 41 ) ¢
0=>) 18"1% )k (6(54D)' 2/ £54.30 2 s ¢ (54D)2) d) ¥,

i=0

=5,
(15)
where d;, €; are irreducible polynomials in Z[A, B, C, D] and x; = 1,12,15B,

360, 15, 12,1 for i = 0,...,6 such that af ; € Q[d, A, B, C, D].



(A, B, C, D) are given as polynomial in terms of the invariants (k, s, fs, o).
Thus, we can express all coefficients of the sextic as polynomials in
Q[d, b, Iy, I, /10], and we have

i

2 _
d 211327530

(912+7OOIZI4 3600/22/6—12400/212+480001416+10800000110).

(16)
Notice that d? has two significant factors: one is /2, which correspond exactly
to the locus of the curves with extra involutions, and the other one is the

Clebsch invariant D. Next we have our main result:

Theorem
For every point p € M» such thatp € Mo(k), for some number field K, there
is a pair of genus-two curves C* given by

6

£

=2 a.x,
i=0

corresponding to p, such that a,.i € K(d),i=0,...,6 as given explicitly in
Equation (45).



Corollary
Let ji, o, j» be transcendentals. There exists a pair of genus-two curves C*
defined over Q(j, j», j3)[d] such that

M) =i p(CF) =l j(CF) = s,
where d? is given in terms of (ji, j2, j3) in Equation (44).
Computing expressions for & € K[d] = Q(ji, j2, j3)[d] is straightforward.
Corollary
The following are true:

1. If|Aut(p)| > 2, then the curve of defined over the field of moduli.

2. If the Clebsch discriminant D = 0, then the curve of defined over the
field of moduli.



The universal equation

5 APPENDIX
In Equations (45) we will display the polynomials d;,¢; for i =0,...,6 that determine the pair of genus-two curves C*
] L] 3 3 iy i i {
(43) V= ad et =30 18 ks (5 (54p) ) 250 3T ¢ sap) | ) o
=0 i=0
where (A, B,C, D) are the Clebsch invariants and #; = 1,12, 153,360, 15,12,1 for i = 0,...,6, The Clebsch invariants as
polynomial in terms of (Iz, I, Is, I10) in Equations (17). The square d® is given in terms of (i, ja, 7a) by

1T - 2097654551+ ATIn2 fedla] - )

= TTA6 A 4 870012 53505

ji 8045 ~ 384 3y — 972337 + 5HO2 jujag] ~ HT18
7~ AMT2 ) + 2196 3] + 19245600 23, — 1049TEO00 145,

(44)

i+ J!.’:HTI2E)E)E)E)EU]‘) (N 3 T00 gad) — B600 fafy ~ 12400 53 + 4BOOO fads + luﬁu{lililtlj.).

= BOTSEA000 33 47 + 2000520000 ja 4.

The irreducible polynomials &, ¢; in |4, B,C, D) for i =0,...,6 are given by
by = =2048 A" BC" —gr16 4 B 0 < 16128 A" BT C" < 13824 AT BCY < em2 AB" O —am2 B < ome A B C" < s6096 A" B O
— 80112 A7 B¢ — 20808 AB*CY — 6480 58'°C% — @012 A BCD — 35712 AP BPCHD — 13824 €A B - 56728 A B O D — asIBa O A" B0
— 84992 ABTCP D — 40248 C° ALY — 7776 B CD — 16652 0187 4 25020 AT BACU DY — 10368 A O D 4 54482 A B O DY — 00720 A*BACTD
— 60126 A% 4 37008 AB"C DY — 114048 AB' €D — 26020 CTAB" + 8748 B D — assso B D — 16a52 "B+ 136080 A% BC' D7
D7 < 108864 ABC" D 4 79704 BT DY — 77760 B0 D — 5184 C1 B 4 7776 AT O DY 4 a6656 ABTC DY 4 Lago6s AC" DY

+ 208008 AB"C
(45) £ 84092 8O0 4 116640 B O D — 62208 €7D - 62488 ABCD' — 10683 8" DY 4 28828 BC' DY — 130068 701,
26A8°C - s B” — At A B —sra ' AB” - N6 BP0 — 4B A'C D 4 0 AR O D

e = —128 A" BC" — 288 4%
— 2880 A+ 108 B'OD - 216 70" 4 824 ABCD” 4 248 B D" 4 288 BO D 4 86407 DY,

8y = 1024 APBECT o a0m2 AT BT 4 3456 ATBYCT 41728 AT B0 4 324 AB' 4 8061 AT BPC" 20852 478007 4 1808 AT O
crae ARG foraes’ —emeatBi et D - as0s6 A B0 D 4 20ma6 004" BT - s2sa2 A% B CT D 4+ asssn C® A" B - 18630 AB"CD

+2anad ' A"~ anss 8D 4 anse ' B 5184 A B O DY S T2 AYBO D < TrTe AT ODT < sesTe AT RO D 4 2160007 AT



— 2816 AB" D7 — 53784 AB O D 4 24624 CPABY — 16092 5707 D 4 6180 0" B° — 1888 4707 D7 — 46656 A7 B O DT — 11664 AT D
— 51030 AB*C? D% — 40824 AB®CTD 4 7776 0% A — 13608 BRCD? — 23328 B D 4 2502 07 BY 4 48600 ABC? DY 4 83835 AR CD?
— TET32 ABCT D 4 34992 B DY — 40572 B D — 11864 BO'D + 6561 AB" D' 1 96228 ACT DY 4 976se B'C7 DY — s2ass 07 D7
+ 41553 BOD' — TaTI2 DY,

e = 128 AP L 28R AT BT L 216 ABPC 454 8" £ 5T6 ATEYCY 864 ABTC® 4 324 BTCT £ 1286 A*BPCP D 4 052 ABYCP D
BB CTABT £ 810 BUCD £ 64801 B — 56 A° BOU DY — 5508 AR CD® a2 ABC D - 2187 B DY 2see B D 4 as2ct B
— 4860 AC® D¥ — 4050 B2 D® + 1044C°D — 243 BCD® 4+ 8748 DY,

8y = 2048 A"HAOT + 7168 ATBOC" 4 9984 AT BYCY + 6912 A BT 4+ 2376 A° B0 + 320 AR 4 15360 A BT < a0To4 A B O

wasos ' BTt 4 a2 A B Ct — e B0 - 20Tas A BT D - samz ' B O D s anamz AT B - wmsa At B D
+Be816 A0 BT - 149040 A* B'C7 D + 16416 A7 C° B — 66006 AB'"CD — 18144 AB C — 11664 B D — 7776 B9 — 5184 A" B0 D7

— 51840 4% BCY D — 12060 A7 B O D¥ — 194400 APB?C D 4+ 48384 AT BC® — 10692 A BTOD? — 272160 A* B CU D 4 8640 ARICT

— 2816 AB" 0¥ — 168480 ABTC" D — 62208 AB"C" — 38880 570D — 31104 570" — 10368 407 DY — 81648 4B CD® — 31104 4% D
— 141912 47 B P DY 93312 A" B0 D 4+ 20736 € A7 — 128 ABTCT DY — pam2 AR ' D — sT024 0% ABY - 17496 BUOD? — 31104 BT D

— 51840 C7 B + 132192 AT BCED® + 360360 AT BACTD® — 139968 A°BOT D + 344088 AB°CD® - 221616 AB*CUD? + 104076 BTD®

— 81648 8707 DY — 91104 €7 B + 236608 A% 07 D® 4 6561 AR D + 501652 AB° 0 D® — 130068 ACT DY 4 268272 B ¥ DY — 138068 5R 07 D*

+ 52488 ABC D' 4 91854 BUCDY — 69984 BC' DY — 200052 ACD — 236106 BYD°

er=—128 A*BYCY — 288 AP B0 — 216 ATETC — 54 AB” + 576 AP BCY + 864 ABYCT + 324 B°C — 1584 AYBCU D - 3924 A*B*CD

4864 ATBOT — 3318 ABTCD + 2376 AB®CY —9m2 87D 4 1206 B°CY 4 aza A B 0D - 2160 A°C D 4 2aa AR D7 - 20 AB G D

8B4 C7A — 1080 B'CTD + 1206 €7 B £ 972 ABCT D? £ 486 BYOD7 41206 BC' D 4 3888 ACD + 4372 B DY,

by = —512 APR*C® — 3436 A B C® — 8864 AT BOCY — 11464 AP B0 — 8028 ATR"C? — 2016 4B C — 432 8" £ 384 AR C'D

— 1636 A" BCT + 864 A' B C D - 11901 4 50" £ a8 A" BTO" D — 28320 A°B 0" £ 162 AP B CD — 29976 AP BTC" — 14832 AB"C"
2808 B 0% 1924%C"D L a4 AT BTO D - 1152.470° L 120 AR BT D - 16416 AP BT CT 4 aTes AT B O D — assse AT IO

4T ABCT D - 21036 AB°CY - a4 BECY 4 202 4 BO DY £ 11 AT B DY £ 10220 A BCD 20431 AT BT CT DT L 1m2 AT BCTD

— 12960 A4° BOY £ 16848 ABTCD® 4 3024 AR C'D - 22464 AB'CT 43888 B DY 360 870D —wsoa B C" — a2 Aot p?



+ 6048 ATCTD® — 728 AT BAOD? + 44388 A° BCU D + TTT6 A*CT D + 58968 AB*CP D7 - 2592 AB®CUD — 5184 ACY + 21600 B°C° D
— 5181 B'C D - 5184 BPC" - 14680 AT BCUD® — 15552 ABTCT DY 4 3902 ABCT D7 — asss BP0 4 2ms0 B DY - 1178 BCTD
— 3888 A*CP D" — 16767 AGCC D" — 29160 AG DY — 8748 BT D' — 20412 B 07 D° 4 11664 C°D? — 24786 BC?D® + 17496 G D°

ey = 5124787t — 1536 AT RCY 1728 AP BTC? — 864 A7 BT — 162 AR — 2304 APCT

? 16 A% B - 2160 A0 BS 4 324 AT Y

+324 08" — 1728 A" BO' D — 8064 A B0 D — 3456 A BC® — 12636 A 50T D — 1728 A 5P 0% — 8262 ABTOD + 3240 ABC — 1944 5°D
+ 1044 BTO% 4 1206 A7 BP0 DY — 2302 AP0 D 4 1044 AT BT ODT — 14004 AT BFCPD — 1728 0T AT £ To0 ABT DY _1aTe2 AR O D
+ 3888 CUAB® — 6804 BOCTD 4 3888 C° B 4 12636 ATBCUD? 4+ 17082 ABPCTD® - 9T20 ABCD + 6318 B'CD® — 7776 B D + 2602 BCT
+agss A*CT DY £ 1aa00 ABTOD 4 17406 ACT D® 4 8748 B D® 4 14580 BP0 D7 — 3888 0D 4 16038 BOY DY — 17486 ODF,

dy = 6144 AT B % + 23552 A BP0 + 36096 A° B 4 27648 AT BOCT 4 10584 AP B'IC + 1620 AT B < 39936 A°C°B® 1 80640 A% B C®
— 17858 AT BTC* — 168432 4% BYC” — 168048 A* B 07 — 68688 ABC — 10368 B'° —

4560 A° GO D — 114048 AT B*C D 4 96768 A

— 120100 A*B°CPD - 78032 A% B 0" — Te184 A°B°C*D - Taasas A" B CT — 13ss2 AT E YO0 — em1ane A*B 0 - slasos B’ C?
— 97200 8¢ —a62a8 A" B O DT — 93312 A" BO'D — 80352 A B CP DY 4 75168 A" 51O D + 103680 A 0" B — s9ze2 4B O D’

+ 803520 A*

FOtD - 675648 AT BCT — 14580 A* B D® 4 1143072 AP BTCRD — 1820052 A" BRCY 4 632448 ABC?D — 1425600 ABTC
+124416 B D — 357696 570" — 20736 "7 D — 423792 A B ' D® — e2208 A*CT D — Tavee4 A°B YD 4+ 1041984 A°B "D

+a1a72 AYCY — 434808 AT B0 DY 4 2700360 AT BP OO D — 1104192 A7 BPC — 81648 ABCD 4 2m1TME AB C'D — 1TI0T20 AR CT
+ 622080 BYCO D — 642816 B°C 4+ 206608 A BOP DY + 412128 ATEYCT DY - 855360 A®BCT D 4 163206 A B C DY — 146406 A B D*

+ 1390680 C7 D 4 128304 AR O

+ 2426112 AB*C°D — 746496 ABC 4 150408 B'C* D? 4 1026432 B°C' D - s39sT2 B C”

5288 AT BFCD 4 419900 AMCT D% 4 32805 A7 B DY 1539618 AP BPCTDY — 600810 AP C7 D - 2030328 AR CFD® 4 asvsss AR OO DF
+ 559872 AC® D — 1119744 BYO DY + 620856 B*C* D7 + 559872 B0 D — 186624 €7 + 1364688 A° BOY D* + 1768348 AR C D

— 1100040 ABC* DY 1 620856 5D — 3agezaz 507D 4 839808 BC DY 419904 A°C D" + 2510420 AC® DY 4 1810836 0 D*

— 1679616 G° D + 2519424 BOD® — 1889568 D,

e = 128478707 L 288 AT BRCY £ 216 4% 870 £ 54 AR ¢ 11s2.4% 0 BT 2112470 B 41220 4707 B L 216 ACE® —a026 4" B D

— 5868 A B 07D + 2592 470" B — 3564 A B 0D + 1944 470 B° — 648 ABTD — 864 AC"B" — 618 BT — 320 4B 0D —az20 4% C'D

— 243 A% B DY 4 11664 AT HCD 4 1728 AT O 4+ 24624 AR O D - 2502 ACT BT 4 9936 BYOD - 2002 B 0 — 13608 AT BOY DY



— 20412 AB OO0 4 34092 ABC D — 7776 BY DY 4 27216 B0 D — 2502 BO® 4 7776 AT O D® 4 2006 AT D7 — 23328 AC DY — 20412 B O DY
+ 18862 C° D — 20160 BOD® 4 34002 D%,

8 = —1024 A7 BC* — 3072 A°B%C7 — 3456 A" B0 — 1728 A* B0 — 320 A BY £ 3072 ATC" B 4 31104 A"BC" + 120384 A° BT C*

it

200496 AT BC" 4 181764 AT B 07 4 TT36 AP BV C 4 12060 B A + 414724 B ' D 4 82044 A°CT BT 4 1am61 A" B°CTD

+ 705024 A" BY 4+ 153360 A BYC7 D + 2112480 407 BY £ 70866 A B CD + 2975832 A" B " + 1555247 8" D 4 2151144 47 B0

4 TT2416 ABYE0? 4 108864 B1AC 4 38016 APBOTD 4 5184 AT BRCP D? 4 352080 ABBIC° D 4 228006 ACY B 4 TTT6 A' BT OD?

+ 456840 A" B°C'D 4 2178144 A'CT BT 4 2916 47 B DY — 246456 A" BT 0 D 4 5903280 A B 07 — 771876 A7 BYC7 D < 6724944 AT BT C0

— 474336 AR CD + 3446004 AB"C —9amz B D 4 e5072 B! 07 — 260496 A° 871 D¥ 4 82044 ARCTD - 972000 A' B O D

+ 382320 A B COD 4 165888 ACY — 1404054 AP BICT D — 1236736 AT BUCTD 4 2744028 ACUB® — 896184 A°BOCD” - aTa2848 A B°CD

+B7aT44 AR B T - 209952 AR D7 — 2978856 AB"C° D 4 5632416 AR C" — Ta1680 B0 D 4+ 1531872 B CT - 220302 4% B O% D*

— 1482002 A'BC'DF — anoauT APBRCD? - 5704002 A BC DY 107661 AT BCT D — 13owes A7 D®  Teseuze AT B0 DF

— 4210704 A* B30 D + 1866240 A” BCY — 4537206 ABTCP D7 — 5668704 ABTO7 D < 2779136 AB°CY - 886464 BYOD® - 2072804 6T D
+imeer2 B0 - 130988 40U D® — aaer A’ B DY Tossss A' B C®D® - 1810584 APCUD® 4 1010381 A% 8P C7D® — s2rsens A% B 00 D7
— 419904 A C% D 4 2239488 ABC DY — 9710280 AB ¢ D? — 2720376 AB°CT D + 653184 ¢'° A + 839808 5% D — 2289248 BYCC D*

ABPC DR

— 1959552 B*CY D 4 839808 7 B® 4 1390680 A BO? D 4 2464749 A B O D 4 1994544 AT BO' D® 4 1102248 AB®D* 4 72695

0% — 3s6a208 B0 DT — 419904 BC™ D + 314928 A" 57 D" 4 3569184 A°C° D" 4 5616216 AB O DY

— 4304016 ABC" D 4 4199040 B
+a044304 ACT D £ 1784502 BPoD' 4 5196312 B0 DY — 1880568 €7 DY — 47282 ABC D" — 1888568 B D° 4 1405008 BC' DY

— 1886668 AD" - 2834352 C7 D,
10
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An implementation in Sage

f=t"6-5%t"4+2%t"2-1; Info(f)

Initial eguation of the curve
£76 - 5*t"4 4+ 2*£72 - 1

Clebsech invariants [A, B, C, D] are:
[-10/3, 1894/1125, -1534/1875, -220634944/56953125]

Igusa-Clebsch invariants as in Magma [I2Z, I4, I6, I10] are:
[6400, 861184, 493191168, 5223B21082624]

Igusa invariants ([J 2, J 4, J 6, J 10] are:
[400, 3364, 120408, 4981824)

The moduli point for this curve p=(J2, il, i2, i3)
(-1, 7569/2500, -3322269/125000, 18915363/80000000000)

The Automorphism group is isomerphic to the group with GapId
[4, 2]

The invariants u and v are:
[10, 133]




396628968144113651737631646937691984596072287764174691981328384 / 19842454463334970038435045580627047456800937652587890625
-
30573250572833626471373749387359269206167271106404793194643456 / 264566059511 132933845800607741693966090679168701171875
B+

983366934423174559240120128021417225682613660058706272845824 / 3527547460148439117944008103222586214542388916015625 %
-
84341674113646761568160038456190944145520379601772471123968 / 235169830676562607862933873548172414302825927734375
[

4063108061290504034427672421740525379005211941861758861312,/ 15677988711770840524195591569878160953521728515625%

12 —20819767415096954598228565325389778874548957158366511104 / 209039849490277873655941220931708812713623046875

t + 73776744988999047290470748077270101837883013580455936 / 4645329988672841636798693798482418060302734375



The universal curve over K is:

396628968144113651737631646937691984596072287764174691981328384/198424544633349"
The moduli point matches that of £
(-1, 7569/2500, -3322269/125000, 18915363/80000000000)
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