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Pencils of cubic curves and rational elliptic surfaces®

Yuki Kurumadanif

In this paper, we study rational elliptic surfaces f : S — P! over a field k, which is algebraically closed
and of characteristic 0. We always assume that f is relatively minimal and has a section. We denote by
T the direct sum of root lattices of type A, D, E corresponding to all reducible fibers of f. T is called
the trivial lattice of f and has a natural embedding into Eg. The rational elliptic surfaces are classified
in terms of the lattice embedding T"— FEg by Oguiso-Shioda[5].

It is well known that almost all pencils of cubic curves give rational elliptic surfaces by blowing up the
projective plane P? at nine base points. Conversely any rational elliptic surface arises in this way ([4,
Section 2]). Naruki[4] gave explicit equations over Q of such pencils for each rational elliptic surface of
Mordell-Weil rank r = 0. Our first result is to generalize his result to the case of r = 1 (Theorem 2.1),
which are classified into 19 types in [5]. Moreover, we give a 1-parameter family over Q of pencils of cubic
curves (Corollary 2.2). In order to find the equations of pencils of cubic curves, we completely determine
the configurations of rational curves of negative self-intersection number on such rational elliptic surfaces
(Theorem 1.1). In principle, we can find all pencils of cubic curves by this method.

In the final section, we show Theorem 3.1 which generalizes both Naruki’s result and our Theorem
2.1. Namely for every primitive embedding T' C T” between trivial lattices of rank 7, 8, we give explicit
specializations/generalizations between corresponding pencils of cubic curves of Mordell-Weil rank r =
1, 0.

1 Configurations of rational curves on rational elliptic surfaces
The main result in this section is as follows.

Theorem 1.1. When r = 0, 1, configurations of singular fibers and sections on rational elliptic surfaces

are as below (see Table 1, 2). In particular, their dual graphs are unique.

Note that we define the label of irreducible components in Kodaira fibers as follows :

* This paper is based on my master thesis[2] except for Theorem 3.1.
T Research Institute for Mathematical Sciences, Kyoto University, Kyoto 606-8502, Japan,
email: kuru@kurims.kyoto-u.ac.jp



Figurel I, Figure2 Ij Figure3 IIT* Figure4 IV*

In the following table, P = [i1,i2,...] means that the section (P) passes the irreducible component
with label 4;, in the k-th reducible fiber.

Tablel case of r =10

No.
. maximal disjoint configurations of sections disjoint from (O)
(—1)-curves [ ] of generators of E(K)
B(K)
62
0
Eg
{0}
63
(P 2P}
As
P =13]; order 3
7/3z
64 2 0
{P}
Ds
P =11] ; order 2
7)27
(P)
5
65
_— {r}
Er @ Ay
- - P =11,1] ; order 2
7)27




66
- 5o {P 2P 3P 4P 5P 6P}
As @ Ay ® Ay
_ P=11,1,1] ; order 6
7.)6Z
(0)
67
n {P 2P 3P 4P 5P}
A2
P =11,2]; order 5
VALY
(0)
P 2P
QR P+Q 2P+Q
2 P+2 2P +2
68 VAT N, s P @ 20 +2Q
A2@4 ()
(Z/32)? =
P =11,1,1,0] ; order 3
Q=1[0,1,1,1] ; order 3
0
| 0)
69
_ , 0 {P 2P}
E6 @AQ | ®)
_ P=1]1,1] ; order 3
7/3Z | y
70
_ {P 2P 3P}
A d Aq
_ P =12,1] ; order 4
YAZYA




Lo ria)

71
Dg @ A1€92
2
(Z/22) P =11,1,0] ; order 2
Q=1[2,1,1] ; order 2
(0)
72 o
— =0 (P 2P 3P}
D5 @ Az
S — of o P =11,1] ; order 4
7/AZ
1 3
P
QR P+Q
73
D,®?
2
(Z/22) P =]1,1] ; order 2
Q =1[2,2] ; order 2
P 2P 3P
Q P+Q 2P+Q 3P+Q
74
(As @ Ap)®?
7/AZ.&TL)2L

[1,1,1,0] ; order 4

P =
Q =1[0,2,1,1] ; order 2




Table2 case of r =1

P=[3]; (P, P)

No.
. maximal disjoint configurations of sections disjoint from (O)
(—=1)-curves [ ] of generators of E(K)
E(K)
43
—-2P —P P 2P
Er { 1}
1 P=(1)s (P, P)=
2
-P P
" 9P+Q -P+Q Q P+Q 2P+0Q
A7
()
1
: P=[2 ; (P P)=3
Q=1[4] ; order2
45
{-3p —-2P —P P 2P 3P}
Aq

1

8

{-2Pp —P P 2P}

pP=[]; (P, P)

1

4

|



47

As ® Ay

(1)

-P 2P 3P —4P
P 2P 3P 4P

|

P=[21] ; (P, P)= -

14
{ —2P -P P 2P }
48 -P+Q Q P+Q
D¢ ® A4
e
P=1021 ; (P, P)=
Q=11,1 ; order2

49

Es @ Ay

)

50

D5€BA2

(&)

-P 2P 3P
P 2P 3P

P=[1,1] : (P, P>:%




-P-Q -Q P-Q

|

-P P 2P
ol “P+Q Q P+Q
As ® Ay
1
<2>@Z/3Z
1
=1[3,0] ; <P7P>:§
=[2,1] ; order3
—2P —-P P 2P
5 —2P+Q —-P+Q @ P+Q 2P+Q
Ds @ A, #?
1
<>@Z/2Z
4 1
P:[val] ) <P,P>:Z
Q=1[2,1,1 ; order2
-3P -2P -P P 2P 3P
53 —2P+Q -P+Q Q P+Q 2P+Q
Az © A ®?
1
<6>EBZ/2Z
P=[2,0,1 ; (P, P)=-
) Q=1[3,1,0] ; order?2
—2P -P P 2P
- P+Q -P+Q Q P+Q 2P+Q
{ ()
D4@A3 N \H’)\
oz TS
Q=1[2,2] ; order2

}



P 2P 3P 4P 5P
55 -P 2P 3P —4P -5P
(P)
Ay @ As
]. 40
(3 |
(0) P:[271] 5 <P7P>:%
P 2P 3P 4P 5P 6P
o6 -P —-2P -3P —4P -5P —6P
A4@A2@A1
1
30 .
P=[111] ; P P)=_—_
[? b ] 9 < ) > 30
—2p -p P 2P
-P+Q Q P+Q
-P+R R P+R
o7 -P+Q+R Q+R P+Q+R
D4 EBA1€B3
1
<2> @ (Z/27)%? 1
pP=00,1,1,1 ; (P, P):5
Q=1[1,1,1,0] ; order 2
R=1[2,1,0,1] ; order 2
—2P —-P P 2P
-P+Q Q@ P+Q
58 (2Q) —P+2Q 2Q P+2Q
4 —-P+3Q 3Q P+3Q
A3@2 @ A / (30)
1 [
<2> DZL/AL K\
1
P=12,0,1 ; (P, P>:5
Q=[1,1,1 ; order4

}



P P P P P 3 4P
-3P+Q -2P+Q -P+Q Q P+Q 2P+Q 3P+Q
59
Az @ Ay & A%
1
(LY oz
P=1,1,0,1 ; (P, P)=-—
Q=12,0,1,1] ; order 2
) -p P 2p
PrQ @ P+Q
-P+R -P+R R P+R  2P+R
60 . -2P+Q+R -P+Q+R Q+R P+Q+R 2P+Q+R
Az A4 f- @
1 S e e
(eerar 515
* ° P=11,1,0,1,0] ; (P, Py=-
0
Q=10,1,1,1,1] ; order 2
R=12,0,0,1,1] ; order 2
-3p 9P -P P 9P 3P
“P+Q -P+Q Q P+Q 2P+Q
61 9P+9Q -P+2Q 20 P+2Q 2P+2Q
I ,0 < o
A2®3®A1 (0)
1 ©
(Yo
® P=10,2,1,1 ; (P, P)==
Q=11,1,1,0] ; order3




1.1 Specialization map of Mordell-Weil group

A rational elliptic surface f : S — P! is identified with its generic fiber E which is an elliptic curve
over the function field K := k(PP'), and also the Mordell-Weil group MW (f) is identified with the group
E(K) of K-rational points of the generic fiber E. We denote by (P) the section corresponding to a
rational point P € E(K).

S%:={x €S| f:smooth at x} and (jf*1(1)))ﬁ == f~1(v) N 8% It is well known that f*:S* — Cis a

group scheme.

E(K) % (7 ()

w w
P — (P)NfH(v)

This homomorphism satisfies the important property as follows.
Proposition 1.2. The restriction of sp, to E(K ) is injective.
Proof. See [3, Proposition 8]. O
Let (f_l(v))g be the neutral component, and G, := (f_l(v))ﬁ/ (f_l(u))g be the group of connected
components of (f’l(v))ﬁ. We denote the composite

EE) % [[ ¢ @) - T[]

veP! veP!
\

w
P — ((P)Nf 1),

by $p. This homomorphism also satisfies the important property as follows.
Proposition 1.3. The restriction of 5p to E(K )¢, is injective.

To prove this, we need the height formula. In general, the Mordell-Weil group E(K) is equipped with
a natural Z-valued bilinear pairing ( ,) called the height pairing. The height pairing can be expressed

more explicitly as follows.

Proposition 1.4 (Height Formula). (1) (P, P) =2+ 2(P). (O) — Z contr,(P) where R is the set
vER
of v € P! whose fiber f~1(v) is reducible singular fibers, and contr, is the local contribution of

P at v (see AppendixA).
(2) Any two torsion sections of f do not intersect each other. In particular we have

VP € E(K)ior — {0}, > contr,(P) =2.
vER

Proof. (1) See [6, Theorems8.6].
(2) Tt follows from Proposition 1.2.
O
Proof of Proposition 1.3. Assume that P € E(K )i, and 3p(P) = 0, then we have Z contr,(P) = 0,

vER
which proves that P = O by Proposition 1.4(2). O
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1.2 Label

We define the label of irreducible components in Kodaira fibers (see Figurel-Figure4 below Theorem

1.1) so that the group structure of G, is compatible with that of E(K) when cyclic.

A

Figureb I Figure6 I Figure7 III* Figure8 IV*

For type I¥ (n : even), G, is (Z/2Z)%2, but we give the same labeling as type I’ (n : odd) for which
G, is Z/47Z. When n is even, the group structure of G, = {0,1,2,3} is given as follows :
1+41=0 2+2=0 3+3=0

1+42=3 243=1 34+1=2
We now make the following definition. For every rational point P € E(K), let 3Sp(P) = [i1,42,...] be

the label of irreducible component through which the section (P) passes. If sp(P) = [i1,i2,...], then
we call iy the ig-th component of P, [i1,42,...] the coordinate of P. For convenience, we denote it by

P = i1, i2,...]. By definition, we have P = [0,0,...,0] <= P € E(K)j.

EE) 2 [ @) - 11, Go
W ! W W
P — ((P)ﬂf_l(’l}))v — @(P): [il,ig,...]

11



1.3 Proof of Theoreml.1

What we have to do is as follows:

(D to compute the coordinate [iy, 42, .. .,] of section P (especially coordinates of generators),
(2) to find all sections which are disjoint from (O),

(3 to find maximal disjoint configurations &’ of (—1)-curves.
For the case of r = 0,

e (2) is equivalent to find all non-zero sections.
e (3) & coincides with E(K)

by Proposition 1.4(2). As for (I), we prove it in the case No.74. Other cases are similar.

Example 1.5 (No.74 (A3 ® A1)®? E(K) X Z/AZ & 7./27).

The Mordell-Weil group E(K) is generated by a section P of
order 4 and @ of order 2. For a suitable choice of labeling,
the coordinates of P and @ are [1,1,1,0] and [0, 2, 1, 1], respec-
tively.

11 o 1 2 3 19 o 1 2 3 i3 0 1 14 0 1
contr | 0 3/4 1 3/4 | contr | 0 3/4 1 3/4 1| contr | 0 1/2 || contr | 0 1/2

Proof. By symmetry, we can assume that the coordinate [i1, 2, i3,14] of P satisfies 0 < i; < ip < 2 and
ig > i4. Moreover, since P is of order 4, we have (i1,42) = (0,1), (1,1),(1,2). However by Proposition
1.4(2), we only have P =[1,1,1,0].

By symmetry again, we can assume that the coordinate [i1,is,43,14] of @ satisfies 0 < iy < iy < 3.
Moreover, since @ is of order 2, we have (i1,i2) = (0,0), (0,2), (2,2). However by Proposition 1.4(2), we
have @ = [0,2,1,1] or [2,2,0,0](= 2P). However @ = 2P would contradict how we choose P and Q,
hence we have @ = [0,2, 1, 1]. O

12



For the case of » = 1, we need the following lemma.

Lemma 1.6. A section (P) is disjoint from (O) if P attains the minimal height among all non-torsion

sections.

Proof. This is implicitly proved in [5, Section 5]. O
As a sample, we prove the case No.59. Other cases are similar.

Example 1.7 (No.59 A3 @ As & A1®2).

The Mordell-Weil group E(K) is generated by a section P of
height 1/12 and @ of order 2. Note that section (P) does not

intersect the zero-section (O) by Lemma 1.6. For a suitable

choice of labeling, we have

B(K)or = {[0,0,0,0], [2,0,1,1]},
P+ E(K)or = {[17 1,0,1],[3, 1, 1,0]}.

(2) The sections which are disjoint from (O) are as follows.

S = J P=0200 3P=[001  P=pL00  -P=(20]] P=(11,0,1]  2P=[2200]  3P=[3,001 4P=[0,1,0,0]
o 3P+Q=[30100 -2P+Q=0.L11 -P+Q=[L210] Q=[20.L1 P+Q=[110 2P+Q=[0.211 3P+Q=[L0.10] '

O = [0,0,0,0] P = [1, 1,0, 1] 2P = [2,2,0,0} 3P = [3,0,0, 1]

Q:[za()?]-v]'] P+Q:[371a150] 2P+Q:[0727171] 3P+Q:[1707170}

@6/: or

0 =10,0,0,0] P=11,1,0,1] 2P =1[2,2,0,0] 3P =13,0,0,1] 4P =10,1,0,0]
P+Q=[3,1,1,00 2P+Q=10,2,1,1] 3P+Q=1[1,0,1,0]

11 0 1,3 2 19 0 1,2 13 0 1 o 0 1
contry, | 0 3/4 1| contry, | 0 2/3 || contr,, | 0 1/2 || contr,, | 0 1/2

Proof. (1) coordinate of E(K ) : By Proposition 1.4(2), we have

0=2- Z contr, (Q).

vER

Therefore,

(contrv1 (Q),contrvz(Q),contTUB(Q),contrv4(Q)) = (17 0, %7 1)

It follows that E(K);r = {[0,0,0,0], [2,0,1,1]} (@ = [2,0,1,1]).

coordinate of P+ E(K )i : Since (P, P) =1/12 and (P).(O) = 0 by Lemma 1.6, we have

1
— =2- Z contr, (P)

12
veER

13



by Proposition 1.4(1). Hence we have

2 1 3 2 1
(comﬁrv1 (P),contrv2(P),contrv3(P),contrM(P)) = (4, 3 3 O) , <4, 3 0, 2).

Therefore P+ E (K )ior C {[1 or3,1or2,1,0], [1or3,1or2,0, 1]} Since the order of P+ E(K)ior

is 2, we have
P+E(K)m:{[1,1,1,0], [3,1,0, 1]}, {[1,1,0, 1], [3,1,1,0]},
{[1,2,0, 1], [3,2,1,0]}, {[1,2,1,0], 3,2,0, 1]}

By symmetry, without loss of generality, we may assume that the right-hand contains [1,1,0, 1].
It follows that P + E(K )y = {[17 1,0,1],[3, 1, 1,0]} (P =[1,1,0,1]).

For all m € Z, if there exists an element in mP + E(K ), which does not intersect (O), then

=92 <
B 2 UEZRcontry(mP) <2

by Proposition 1.4(1). Therefore m = 0,+1, +2, +3, +4, and we have

S c { HP=0200  3P=[L001  P=RL0Y  -P=B20]) P=[L,101]  2P=P200  3P=[3001  4P=]1,010]
= A4P+Q=211 -3P+Q=B010 -2P+Q=01L1] -P+Q=[1210 Q=R0L1 P+Q=[3,110 2P+Q=[0211 3P+Q=[1L010 4P+Q=111 [~

More precisely, £4P + @ are not contained in &. In fact, as for —4P + Q = [2,2,1,1],

C s aartQuo)-1-2-1 -1

by Proposition 1.4(1). Therefore we have (—4P + Q). (O) = 1. Other sections in the right-hand

are contained in & by similar argument. Hence, we have

S — { ~P=[02,00 -3P=[10,01]  -2P=P100  -P=[3,20,1 P=[L101  2P=P200  3P=[001 4P=[0,100] }
- 3P+Q=B.0,L0 —2P+Q=DLL1] -P+Q=[1210 Q=[011 P+Q=B1L10 2P+Q=02L1 3P+Q=[10,10] :

By using (2), we see that (Q) intersect (4P). In fact, considering translation by —@Q, what we have

to show is equivalent to the fact that (O) intersects (4P — Q) = (4P + @), which we already have

proved it in (2). By this argument, we have that &’ is one of the following modulo translation.

O =[0,0,0,0] P=[1,1,0,1] 2P =[2,2,0,0] 3P =[3,0,0,1]
Q=102011 P+Q=[3,1,1,00 2P+Q=1[0,2,1,1] 3P+ Q =1,0,1,0]
6 = or
O =1[0,0,0,0] P=11,1,0,1] 2P =[2,2,0,0] 3P =[3,0,0,1] 4P =[0,1,0,0]
{ P+Q=103,1,10 2P+Q=1[0,2,1,1 3P+Q =1[1,0,1,0] }

O

14



2 Determinations of pencils of cubic curves

It is well known that almost all pencils of cubic curves*' A induce the following diagram :

S
¥ f : rational elliptic surface,
€
€ : blowing-up nine times.
IP)Q - A > ]P)l

More precisely, if we blow up the ambient plane P? at the nine points of intersection of any two distinct
members of the pencil, we obtain a rational elliptic surface. In other words, there exists a correspondence

® between pencils of cubic curves and rational elliptic surfaces.

D {almost every cubic pencil on IP’Q} — {rational elliptic surfaces}
w w

A — f:8—P!
Conversely, any rational elliptic surface with a section arises in this way, that is, ® is surjective.
The structures of dual graphs in Theorem 1.1 tell us ®~! explicitly, that is, for a given rational elliptic

surface S, we obtain pencils of cubic curves by blowing S down nine times. To sum up, we obtain the

following :

Theorem 2.1. When r = 0, 1, some examples of pencils of cubic curves corresponding to each rational

elliptic surface are as follows (see Table 3, 4).

*1 More precisely, generators C, C’ of A satisfy the condition :

vp € C N C’,min {mult,C, mult,C") } = 1.

15



Each figure in Table 3, 4 is drawn based on one of the four patterns (i)-(iv).

(i)

(iii)

C:y?z—a?

A=(-1:0:1)

—222=0

O=(0:0:1): node

0o =(0:1:0) : inflexion

P=(a?-1:a(a®>—-1):1) oo # oo : inflexion

L:2=0
S:x—y=0
U:z=0

Q:2+zy=0
B=(1:-1:1)
E=(1:-1:-1)
M:z—2=0
T:y=0
W.x—y+2z=

0

U:2=0
PP:xz—a?y+2az=0

R:y=0
T:z4+2=0

PP:(3a®> —1)x —2ay — (a*> = 1)%2=0

C:y’z—a3—222=0 0=(0:0:1)

A=(-1:0:1)
L:z=
T:242z=0

B=(1:0:1) oc0o=(0:1:0):
R:y=0 S:zx—2=0
U:z=0

C:2%y+y?2+2%2—-3ryz=0 A=(1:0:0): order 9

—2A=(0:1:0)
L:z=0

16

4A=(0:0:1)
M:y=0

L:z+y=0 A=(0:1:0)
C=(0:0:1) D=(1:0:0)
F=(1:-1:0) P=(-a%:1:a)
N:z4+2=0 S:x=0
Vie—y—2z=

inflexion

N:2=0



Table3 case of r =0

No.62 Ejg No.63 Ag No.64 Dsg
(i) (iv)
00 3L
C
No.65 B; & Ay
(i) (i) (ii)
2L L
C C Q
T RN
No.66 As & Ay @ Ay
() (i) (i)
L L
C M
No.67 A,®? No.68 A,
(ii) (i)
L 9
1
L/ /




No.69 Eg & A,
(i) (i)

2L L
C
Z % ’ <
No.70 A7 D A1
(1) (i)

B&

NO71 D6 EB A1®2

(ii) (iii)
No.72 D5 (§5) A3
(i) (ii)
L L
[
< <




No.74 (A3 S5 A1)€92
73 D42 )
1(\10) ' (iii) (ii)
iii
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Tabled case of r =1

No.43 F; No.44 A,
(i) (i)
L
No.45 A7 No.46 D7
(i) (i)
No.47 Ag d Ay
(i) (i) (iv)
I L
Q
P :2P

(X
NO48 D6 D A1
(i) (ii)




NO49 E6 @ Al 3
(i) (ii)

No.50 D5 © A2
(1) (i)
P
i c %
No.51 A5 © A2
(ii) (iv)

0 ‘D
Q

No.52 Ds @ A; 2
(ii) (i)
L

W

No.53 A5 @ A1®2

21




No.54 D, & As

g (i (i)
2
No.55 A4 ©® A3
(i) (ii)
L
Q
/|
Q
No.56 A4 & As & Ay
(i) (i) (i)
L
Q
/]
Q
No.57 D4 D A1@3 No.58 A3€B2 5> A1
(iid) (id) (ii)
L
bi Vv

22



No.59 A; @ Ay @ A2 No.60 A & A, %4
(ii) (ii) (ii)
L L L

NO.61 A2®3 PH Ay
(i)

00 L
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Corollary 2.2. For each class of rational elliptic surface of Mordell-Weil rank 1, we obtain a 1-parameter

family defined over Q.

The existence is already proved in Shioda [7], but explicit equations are not given there.

2.1 Proof of Theorem 2.1 : the construction of pencils of cubic curves

In this section, we explain the way of constructing pencils of cubic curves from the dual graphs which

are determined in Theorem 1.1.

Example 2.3. (1) &~ 1(Eg) = {(C, 3L)}

R Re Ry

9 blow-downs

Figure9 graph of Fg Figurel0 pencil of cubic curves of Eg

2) & Y(Ey) = {(Q 3L), (C, 2L+T>}

Ry (0)

9 blow-downs
E—

P
R

Re—] (7)

Figurell dual graph of E~ Figurel2 <C, 3L> Figurel3 <C, 2L +T>

Proof. (1) Considering the self-intersection number of irreducible components, we can blow down in the

order
(O) =Ry —+Ry—R3s =Ry —Rs =+ Rs =+ Rs = Ry

nine times and there is no other way (L corresponds to R; (multiplicity 3)).

(2) (i) When we contract only one section,

it is easy to see that we cannot blow S down nine times.

(ii) When we contract two sections,

In the following figures, ( ) denotes the self-intersection number of corresponding curve.

24



C 9

3 blow-downs /—Nw
%
Re

(1)

Ry (0)

6 blow-downs
—_—

)

Rg

Rg—

It is easy to see that if both (P) and (—P) are contracted, we cannot blow .S down nine times,
so we can assume that both (O) and (P) are contracted. Moreover by symmetry, we can assume

that we contract five sections (O), Ry,..., R4, and the section (P).
(O) — Ry — Ry — R3 — Ry — (P).
We have to blow S down three more times, but the way to blow down is only as follows :
Rs — Rs — Ry

(L corresponds to Rg).

(iii) When we contract three sections,

R Ra (-2)

Ry R ¢ Re R (1) R () C(s)
& ) R c3 e
Rs
3 times 4 times C(7) 2 times 3
Re —— — Re—— Re /'\ —_— “5)
Ry Ry (-2) e ] R
[3:) s
Re Re Ry (0)
Rg— 7) Rg — (-2)

(0)

First, we contract three sections (O), (P), (—=P) :
(0) — (P) — (=P).
Secondly, four sections Ry,..., Ry :
Ry — Ry — R3 — Ry.

Finally, two sections Rg, ..., R7 :
R¢ — Ry

(L := Rs, T := Rg, Rs is the tanengt line at the inflexion point of C).
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2.2 Proof of Theorem 2.1 : verification with Magma

In the previous subsection 2.1, we gave how to obtain pencils of cubic curves, but they give little
information on other singular fibers. Now we prove Theorem 2.1 with the computational algebra system
Magma*?. For every pencil of cubic curves (C,C’), Magma tells us the Weierstrass equation, Kodaira

symbols and Bad places of the rational elliptic surface corresponding to the pencil of cubic curves :

(D Give a equation of C, C’ which are generators of the pencil of cubic curves.

C : g(r,y,2) =0
C' i h(x,y,2)=0

(2) Find a k(t)-rational point on the elliptic curve g + th = 0. (¢ is a parameter in P!)
(3) Input in Magma*? as follows.

> Q1 := RationalField();

> Q2<a> :=FunctionField(Q1,1);

> R<t> := FunctionField(Q2);

> P<x,y,z> := ProjectiveSpace(R,2);

> C := Curve(P, g + th =0 ); %input g, h

>pt :=C![, , 1; %input a k(t)-rational point

> E := EllipticCurve(C, pt);

> E; %output Weierstrass equation of the elliptic curve C
> KodairaSymbols(E); %output Kodaira Symbols of the elliptic curve C

> BadPlaces(E); %output the point t in P~1 whose fiber is singular

We prove Theorem 2.1 in the case No.62, 43 as a sample. Other cases are similar.
Example 2.4. We verify the pencils of cubic curves obtained in Example 2.3

(1) The pencil of cubic curves (i) (C, 3L) corresponds to Eg(No.62).
(2) The pencil of cubic curves (i) (C, 3PP) corresponds to E7(No.43).
(3) The pencil of cubic curves (i) (C, 2L + oo, P) also corresponds to E7(No.43).

o~ 3L
C
Figureld (i) (C, 3L) Figurel5 (i) (C, 3PP) Figurel6 (i) (C, 2L + oo, P)

*2 [1]
*3 http://magna.maths.usyd.edu.au/calc/
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Proof. (1) We give equations of this pencil of cubic curves as follows.

C:y?z—a—2%2=0
o0:=(0:1:0)
L:z=0

Q1 := RationalField(Q);

Q2<a> :=FunctionField(Q1,1);

R<t> := FunctionField(Q2);

P<x,y,z> := ProjectiveSpace(R,2);

C := Curve(P, y~2%z-x"3-x"2*%z+t*z"3);

pt := C![0, 1, 0];

E := EllipticCurve(C, pt);

E;

KodairaSymbols(E) ;

BadPlaces(E);

V V VvV VvV V V V V Vv VvV

Toto o Tots o To o o To o o To o o oo o To o o Fo o o Fo o o Jo o o Fo o o o o o
Elliptic Curve defined by y"2 = x"3 + x"2 - t over Univariate rational function
field over Multivariate rational function field of rank 1 over Rational Field

[ <II*, 1>, <I1, 1>, <I1, 1> ]

[
1/t,
t - 4/27,
t

]

(2) We give equations of this pencil of cubic curves as follows (a is a parameter).

C’:yQZ—zB’—xQz:O
P:=(a*-1:a(a®-1):1)
PP :(3a®> — 1)z — 2ay — (a*> — 1)22 =0

Q1 := RationalField();

Q2<a> :=FunctionField(Q1,1);

R<t> := FunctionField(Q2);

P<x,y,z> := ProjectiveSpace(R,2);

C := Curve(P, y 2xz-x"3-x"2*xz+t*((3*a"2-1)*x-2*xa*xy-(a"2-1) "2*z)"3);

pt := C!'[a~2-1, ax(a"2-1), 1];

E := EllipticCurve(C, pt);

E;

KodairaSymbols (E) ;

BadPlaces(E);

V V VvV VvV V V V V Vv VvV
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ToToto ol Toto o o To o 1o To To o o T To o o To o 1o o To Fo o o o To o o oo

Elliptic Curve defined by y"2 = x"3 + (9/16%a"4 + 3/8%a”2 + 1/16)/(a"18 - 6*a"16
+ 16xa”14 - 20*a”12 + 15*%a”10 - 6*a”8 + a"6)/t"2*x"2 + (-729/256*a"12 -
729/128%a”10 - 1215/256%a"8 - 135/64*a”6 - 135/256*a"4 - 9/128%a"2 -
1/256)/(a~30 - 9*%a~28 + 36*a"26 - 84*a"24 + 126%a”22 - 126*a"20 + 84%a”18 -
36*a”16 + 9*a”14 - a~12)/t"3*x + (729/4096*a"12 + 729/2048*a"10 +
1215/4096%a"8 + 135/1024*a"6 + 135/4096*a"4 + 9/2048*a"2 + 1/4096)/(a"42 -
12*%a~40 + 66*a~38 - 220*%a"36 + 495*%a~34 - 792%a~32 + 924%a~30 - 792%a"28 +
495%a~26 - 220%a”24 + 66%xa”22 - 12*xa”20 + a~18)/t"5 over Univariate rational

function field over Multivariate rational function field of rank 1 over Ratiomal

Field

[ <I1, 2>, <III%, 1>, <I1, 1> ]

[
t72 + (-1/108*a”12 + 1/54*a~8 + 13/81%a"6 - 17/108*a"4 + 19/243xa"2 -
2/729)/(a"18 - a~16 - 4/3%a~14 + 20/27*a”12 + 26/27*a"10 + 2/81%a"8 -
188/729*a~6 - 28/243%a"4 - 5/243*a”2 - 1/729)*t - 1/729/(a"18 - a"16 -
4/3*%a~14 + 20/27*a~12 + 26/27*a~10 + 2/81*a”8 - 188/729*a"6 - 28/243%a"4
- 5/243%a"2 - 1/729),
1/¢t,
t
]

(3) We give equations of this pencil of cubic curves as follows (a is a parameter).

C:y?z—23—2%2=0
P:=(a*>-1:a(a®>-1):1)
o00:=(0:1:0)

L:z=0

o, P:x—(a®>—-1)z=0

Q1 := RationalField();
Q2<a> :=FunctionField(Q1,1);
R<t> := FunctionField(Q2);

P<x,y,z> := ProjectiveSpace(R,2);

pt := C![0, 1, 0];
E := EllipticCurve(C, pt);
E;
KodairaSymbols(E);
> BadPlaces(E);
T I Tototo o oo T ToTo o to o o To ToTo o o o o o To To o o oo o o To T o o

Elliptic Curve defined by y™2 = x"3 + x"2 - t*x + (2”2 - 1)*t over Univariate

>
>
>
>
> C := Curve(P, y 2%z-x"3-x"2xz+t*(z"2*(x-(a"2-1)*2z)));
>
>
>
>
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rational function field over Multivariate rational function field of rank 1 over
Rational Field

[ <IIIx, 1>, <I1, 1>, <I1, 2> 1]
[

1/t,
t,

t72 + (-27/4*a"4 + 9%a”2 - 2)*%t - a”2 + 1
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3 Specialization and generalization
3.1 The main result

By Example 2.3, we see that pencils of cubic curves of E7 are generalized to that of Eg. This suggests
us that for trivial lattices T, T’ of rank 7, 8 respectively, if the diagram of trivial lattice T’ is contained
in that of T, there would exist specializations/generalizations between corresponding pencils of cubic

curves, which is true as follows :

Theorem 3.1. Let T, T’ be root lattices of rank 7, 8 respectively. If the diagram of T” is contained in
that of T C FEg, then there exist pencils of cubic curves A, A’ corresponding to T' C Eg, T" C Eg such
that A specializes to A’. Note that the diagram inclusion induces a primitive embedding T < T" of root

lattices.

Proof. See Table 5. O

How to read Table 5

e Asfor C,L,Q,S, A, B, ..., see the figures (i)-(iv) below Theorem 2.1.
e We give some examples.
(1) (C, 3PP« (see No.62 and No.43 in Table 5.)
This means that the pencil of cubic curves <C’, 3ﬁ> corresponds to the rational elliptic sur-
face whose trivial lattice T is F7(No.43), and as P — oo along C, its limit (C, 3L) corresponds
to the rational elliptic surface whose T is Eg(No.62), where PP is the tangent line of C at P.

— oo 3L
3PP
P — oo
—_ C
Figurel7 (i)(C, 3PP) Figureld (i)(C, 3L)

(2) (Q+L, S+ (A,P+C,P),) (see No.65 and No.47 in Table 5.)
This means that the pencil of cubic curves <Q +L, S+A P+ W> corresponds to the
rational elliptic surface whose trivial lattice T is Ag® A1 (N0.47), and as P — A along the conic
Q, its limit (@ + L, 3.5) corresponds to the rational elliptic surface whose T'is E7 ® A;(No.65).

P— A

Figurel9 (ii)(Q+L, S+ A, P+C,P) Figure20 (ii)(Q + L, 35)
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Tableb specialization and generalization

pencil of cubic curves

r=20 No. r=1 (see the figures (i)-(iv) below Theorem?2.1)
Eg 43  E; (i) (C, 3P, P.)

45 Aq (i) (C, L+ (0,P+PP)_)

46 Dy (i) (C, L+200,P)

AT A5 A (i) (C, L+ (00,—2P+P.P)_)

49 Eg® A (i) {(C, 300,P)

50 D5 @ Ay (i) (C, L+2P,P_)

55 A, ® As (i) (C, (P,P+4P,4P+ —5P,—2P)_)

56 Ay ® A0 A (i) (C, L+ (P,P+—2P,—2P)_)
As 45  Ag (iv) (C, (P,P+—2P,—2P + P,4P) )

47T Ag® A (iv) (C, (P,P+—2P,—2P +4P,4P) )

51 A5 @ Ay (iv) (C, L+ M +A,P,)

55 Ay @ As (iv) (C, (P,P+4P,4P + —5P,—2P) ,)
Dy 4 A (i) (C, L+T+4A,Py)

45 Az (i) (C, L+ (o0, P+P,P),)

46 D (i) (C, L+200,P,)

48 D@ A, (i) (C, L+T+00,Py,)

50 D5 @ Ay (i) (C, L+2P,P,)

53 As @ A (i) (C, L+T+P,Py)

54 Dy@ Ay () (C, L+24,P,)

55 Ay @ Az (i) (C, (P,P+1P 4P+ —5P,—2P) )
Er & A 43 Er (i) (C, 3P, Py)

47T Ag @ Ay (i) (@+L, S+ (A P+C,P),)

48 De® Ay (i) (Q+L,25+C,P,)

49  E¢® Ay (i) (Q+L,25+A,P,)

52 D5 @ A% (i) (Q@+L, 25+ P Py,)

53 A5 @ A% (i) (C, L+T+PP.)

56 A @A oA (i) (C, L+ (P,P+—-2P,—2P),)

59 As@ Ay A2 | (ii) <Q+L, S+ (P,P+(—P—C),(—P—C))A>
As @Ay @ Ay || 51 A5 Ay (i) (Q+L, M+S+C,Pp)

53 As ® A;P? (i) (Q+L, S+T+A,Pg)

56 A 0 A ® A (i) (Q+L, M+S+PPp)

59 Az A @ A% | (i) (Q+L, V+S+PPg)

61 A% oA (i) (C, L+S+PPy,)
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pencil of cubic curves

No. r= No. r=1 (see the figures (i)-(iv) below Theorem?2.1)
67 A*? 55 Ay @ As (i) (Q+L, M+S+E,Pg)
56 As® Ay A (i) (@Q+L, M+S+P,Py)
68 A% 61 A% o4 (i) (C, L+S+PP,,)
69 Fgd A, 49 FEgd Ay (i) (Q+L, 25+ A, Pp)
50 D5 @ A (i) (Q+L,25+B,P,)
51  As @ Ag (i) (Q+L, M+S+C,P,)
56 Ay ® Ay ® Ay (i) (Q+L, M+S+P,P,)
61 A, ¥ @A (i) (C, L+S+PP,)
0 A @A 44 A (i) (C, L+T+ A Py)
A7 As® A (i) (Q+L, S+ (A P+CP),)
53 As @ A P? (i) (Q+L, S+T+A,Pp)
56 As@dr@d | (1) (C, L+ (PP+0.P),)
58  As®? @ Ay (i) (Q+L, S+T+F,Pp)
71 Dg® A2 48 D@ Ay (i) (Q+L,25+C,Pp)
52 D5 @ A2 (i) (Q@+L,25+P,Pp)
53 As @ A,®? (i) (Q+L, S+T+AP,)
57 Dy@® A (iii) (C, T+U+B,P.)
59 Ay@AeA® | () (Q+L S+ (PP+(P-0),(-P-0)) )
60 Az @A, (i) (Q+L, S+T+PP,)
72 D5 ® As 50  Ds® Ay (i) (Q+L, 25+ B,Pp)
52 D@ A %2 (i) (Q+L, 2S+P,Pg)
54 Dy ® Az (i) (Q+L, V+2C,P,)
55 Ay @ As (i) (Q+L, M+S+APg)
58  AsPra@ Ay (i) (Q+L, V+S+C,Py,)
59 As@ Ao A% | () (Q+L, V+S5+PP,)
73 D2 54 Dy® As (i) (C, L+20,Pg)
57 Dy® AP (iii) (C, T+U+0O,P,)
74 (As@ A)P? || 58 A3sPra@ Ay (i) (Q+L, V+S+C,Pp)
59 As@ Ao A® | () (Q+L, V+S5+PPp)
60 Az @ A% (i) (@+L, S+T+P,Pg)
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Remark 3.2. In the case of A7 (No.44, 45), there exist exactly two inequivalent embeddings into Eg
modulo the action of the Weyl group W (FEg). One is primitive and the other is imprimitive. The former
is No.45 and the latter is No.44. The diagram of A7 is contained in that of Eg, Ag, Dg, A7 & A;.

Eg D A7(N045), Ag D A7(N045), Dg D A7(NOS.44, 45), A7 @ AL D A7(NO44)

(1) Es (E(K) ={0})

O @, i{ U U @, O A7 < Eg : primitive (No.45).

382 @, @, @ @ @ @ O A — Ag index Eg : primitive (No.45).
(3) A D Ay (E(K) = Z/4Z)
index 4 . e
A; - A; ® Ay —— Eg : imprimitive
O U U U U U O }XZ ! ! ! s

(No.44).

(4) Ds (E(K) = Z/22)

Lattice embeddings Dg < FEjg is obtained by ading
(£e1teq---teg)/2 to the Dg lattice. There are two

€7 €3
eg — €7 e1 — e such embeddings depending on the parity of numbers
esZes T esZes of “~" (negative sign). We fix the embedding by
er+e .
Tres adding (e —ea +e3—es+e5 —eg+e7 —esg)/2.
Dg contains two subdiagrams of type A~.
(i)
er —eg A7 — Dg — FEg : imprimitive (No.44). In fact,
eg — €7 €1 — €2
O O O O (e1 —ea+e3—es+es—eg+er—es)/2 € Eg does
€5 — €6 €2 — €3

not belong to A7, but its twice does.

(i)
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€6 — €7 €1 €2 c
O——O——O—O—0 A7 — Dg — Eg : primitive (No.45).
€5 — €6 €2 — €3

e7 + eg

3.2 Semi-Hesse pencil (another way to specialize 4,%* @ A;(No.61) to 4,%* (No.68))

According to the table in Theorem 1.1, the following nine sections on the rational elliptic surface type

of No.61 (A2@3 @ A;) are disjoint to each other :

0 =10,0,0,0] P=10,21,1] 2P = [0,1,2,0]
Q=[1,1,1,00 P+Q=I1,0,2,1 2P+Q=1/[1,2,0,0]
2Q = [272a2?0] P+2Q = [271707 1] 2P+2Q = [2?071a0}7

where P and @) generate E(K) and @ is a torsion of order 3. We obtain a canonical pencil of cubic curves
by contracting these nine sections. In this section, we find its equation, and show that it specializes to
Hesse pencil.

The pencil has four reducible members. Each of three members are composed of three lines (corre-
sponding to A2®3), and the rest is composed of a conic and a line (corresponding to A;). We call such

pencils of cubic curves semi-Hesse pencils.

Proposition 3.3. For a suitable choice of coordinate on P2, the equations of a semi-Hesse pencil is
ayl{e—y—(a-D}+t+ Dy -DE-y—a) =0

In fact, when t =0, —a/(a+ 1), oo, it is composed of three lines, and when ¢ = —1, it is composed of a

conic and the line at infinity.

Proof. Let mP + n@Q € P? be the base point in P? corresponding to the section (mP + m@). Three
points P, P+ @, P+ 2@ lie on the same line. In fact the fourth coordinate of these three points are all 1,
but that of the other six points are all 0. Then we introduce coordinate on P? so that this line is z = 0,
P=(1:0:0,P+Q=(1:1:0)and P+2Q = (0:1:0). For a suitable choice of affine coordinate,

the remaining six points are as follows. O

220 5‘_"_'.’,,,.._,.._:,;a(a4:)

(—190',' /,’ V x
H < ""p(a,0)

-
2P+ Q@
L-a)

When a is an imaginary cube root w of unity , the ellipse splits into two lines. Therefore the limit of

the semi-Hesse pencil is as a — w Hesse pencil.
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AppendixA  Table

group structure of
Kodaira type label contr,(P)

—1p0
(f'(v)
I, i(bl)_ ) G X Z/bZ
M\ 4/& 1(i=2) Ga X ZJAZ (b : 0dd)
Iz 1
’ o % b (1 =1,3) Ga x (Z)27)? (b : even)

I g Gq X Z/27

0 !

B
| 4

v* 3 Ga X Z/3Z

(o} 2
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