CYCLIC COVERS ON RULED SURFACE AND REID CONJECTURE

62MO037-1  HARER (EF5EE)

1. INTRODUCTION
Y Z#EEHIR C ED nonsingular irreducible surface & U, £ ® d(= 2) {X (branched)

cyclic cover
d—1

fu: Xq = Spec(@ Oy(—iD)) —— Y
i=0
& LT 515 nonsingular irreducible surface Xy 2525, ZOL & X, BED LS 7
HIE 22 2 22\ D 2 &R IER IR WRIET H 5,

% ZT By~dD % f; ® branch divisor £ 3% &, IROKEREES,

Proposition 2.13

(1) pu(Xa) = 3R, Oy (K + (d — 1)D) — iD))
(2) py(Xa) = %(d _1)@D*® + (3Ky — D)Dd+ 12— 12(Y)) +dp, (V) +

Z h(Y, Oy (—iD))

(3) ¢(Xa) = q(Y) + > _ h'(Y,Oy(=iD))
i=1
(4) Ky® = d(Ky + (d — 1)D)?
(5) K(Xy) 20 D& E, ROFMRFREE 25,
(a) Ky + (d — 1)D & numerically effective
(b) X4 & minimal,

KfZ, Y 3 genus g D nonsingular irreducible curve C' _EIZ31F 5 invertible sheaf @
EHNZ & > TED 517z decomposable ruled surface

p:Y =P(Oc ®Oc(e)) — C

(e 12 C kD divisor T degpe £ 0) DR, Xy ZED KD BRI E0%2FE X5, D=
aCoy+0F & UL &, g,e,a,b,d DIEIZE D X, 27359 % & Theorem 4.5 %155,

RIZ, ERRDIGHE LT, (Y, D) Z2EEL, TARKEVWETD d 12X U nonsingular 7%
Y E® d ik (branched) cyclic cover Xy 255 H%2FE A5 &, IROFERE1ED,
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Theorem 5.7
FHRREVWETD d 12 LT (Y,D) @ d IR cyclic cover Xq HHUE T Z,
SHIMEREDOHRE I e N IZH L

rY(Y,Oy(—iD)) =0, D* >0
L5 E Xy, O minimal model 2 Xy £ 95&, d= N ﬁ%li\KdeQ >
Apy(Xy) — 12 X722 BRI N DEIET 5,

ZDOZEeMSH d= N DEE, canonical 1D k(Xy) =2 75 X, 12X LT Read ¥4
(5.6) IFIELWIZ EAVRE N5, KT Y 2 rational ruled surface D& Eld N =9, &5
1= X, A minimal A N =6 L TE 3 (5.8), (5.9).

DA, BEMARIZET C 2L, LB TO@EYEDS (S 1E nonsingular irreducible
surface, D & S E® divisor),
[ J hZ(S, Os(D)) = dlmc HZ(S, Os(D))
o Kg: S @ canonical divisor (15 Og(Kg) = wg = A*Qyg)
e p,(S):=h°(S,0s(Kg))---S D geometric genus
e p,(S) :=h(S,05(nKg))---S @ pluri-genus
e ¢(S):=h'(S,0Of) S D irregularity
e Pc(€): nonmsingular irreducible curve C' 0 rank2 locally free sheaf & 2VED %
ruled surface
e p: Po(E) o C ~D projection
o . :=P(Op1 @ Opi(—e)) rational ruled surface
o k(S): S D/INFEIRIT
e ~: linearly equivalent
e =: numerically equivalent
e CI(S5): S ® divisor class group
e Num(S): S @ numerically equivalent class group
o |D|: (D DEDHB) complete linear system
o ¢ := —degc(N2E): ruled surface Po(E) D e-invariant
e Cp: ruled surface P (£) ® minimal section (Cy* = —e)
e F: ruled surface Po(€) IZ&1F % projection p D fiber



2. CycLic COVERS ON ALGEBRAIC SURFACE
IHDIT cyclic cover IZDWT, EHJRKLPEARNLRIERZ BB

Proposition 2.1. Y % nonsingular irreduclble surface £ U, D % Y E® divisor, d %
2L EOERE LT B, dD ~ 0, . locally free Oy
d—1

-module @(’)Y —iD) 12X LT, BRIZ Oy -algebra DREEN AL, £ T

d—1
X, := Spec(@ Oy (~iD)) = v
=0

&9b&, fo ldTHE By ET branch § 51X d @ flat finite morphism & 785, ZD&
E Xy KO fal ’ﬁbfl«l?@%fﬁﬁﬁb YASN

1 fd*OXd @Oy ZD

(2) Kx, ~ fda" (Ky + (d — 1)D) (ramification formula)
(3) By »% nonsingular irreducible curve D & &, D ZFD & ZIZPRD X, 1 nonsingular
irreducible surface,

Proof. [3] 1. Lenmal7.1 {2 & %,
0J

Definition 2.2. (2.1) T By # nonsingular irreducible curve ® & Z{Z13 5412 (nonsin-
gular irreducible) surface X,; % (Y, D) @ (d X branched) cyclic cover &\ 5,

Cyclic cover Xg DMFONBHE, Xy BWED K S5 R IZ7 B 2 TN 5 L, BAETITW
ODDIEEME (P, py,q, K2 k) 1IZDWT, BHAEPHEEZESHZ S,

IRDIZHEf & U CUL N ORER 2R T,

Lemma 2.3. (2.1) ZBWVWT, FED 1 <i<d— 112U, hOY, 0y (—iD)) = 0,
Proof. H % Y E® ample 7 divisor €95 &, FED 1<i<d—11ZxfL
i(By.H)

7 <0

(—iD).H = —
KoT |—iD|=¢ 270 hO(Y,Oy(—iD)) = 0,

Xq @ pluri genus £, A TFOFEREZHANWCTETTE S,

Proposition 2.4 (p, of cyclic cover) (2.1) IZHENWT,

Zho (Y, Oy (n(Ky + (d — 1)D) — iD))
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Proof. projection formula & T* (2.1) &

fa.0x,(nKx,) = fa.(fa" (Oy (n(Ky + (d = 1)D))))
= (f0.0x,)®0, Oy (n(Ky + (d — 1)D))

T Oy(ﬂ(KY + (d — 1)D) — ZD)
d—1

&> T py(Xg) =Y hO(Y, Oy (n(Ky + (d — 1)D) —iD)) O

F#1Z geometric genus (£, A TFNOFERZHANWTHEETE 5,

Proposition 2.5 (p, of cyclic cover). (2.1) (ZHWT

py(Xa) = E(d— 1)(2D*d*+ (3Ky — D)Dd+12—12¢(Y')) +dpy (V) + i h'(Y, Oy (—iD))
Proof. (2.4) &0
po(Xa) = IV, Oy (Ky + (d— i~ 1)D)
= 1O(Y, Oy (Ky)) + 2 hO(Y, Oy (Ky + iD))

i=1

BN, AEED 1 £ i < d— 112X LT Riemann-Roch OEH ([1] V.Theorem 1.6) K&
0 (23)12&D
WY, Oy (Ky +iD)) =h'(Y, Oy (—iD)) — h°(Y, Oy (—iD))

1
+ §iD(KY +iD) +1—q(Y) +py(Y)
1

:§D2i2 +5(Ky.D)i+1—q(Y) +py(Y) + W'Y, Oy (—iD))
o> T

Pe(Xa) = py(Y) + %d(d —1)(2d — 1)D* + %d(d — 1)(Ky.D)

(=)0 = (V) + p(0)) + YR, Op(~iD)

E(d — 1)(2D*d* + (3Ky — D)Dd + 12 — 12¢(Y))
d—1

+ Y BN (Y, Oy (—iD))

=1

+dpy(Y)



X4 D irregularity (%, MU TFOFEREZHNTHEETE 5,

Proposition 2.6 (g of cyclic cover). (2.1) IZEWT
d—1

¢(Xa) = q(Y) + > h}(Y,Oy(—iD))

i=1
Thbb, FED1SiSd—11T/HU. WY, 0y(—iD)) =0 %2 51F ¢(Xq) = ¢(Y)s
Proof. fq 1% finite TH D720, (2.1) &V
H'(X4,0x,) = H'(Y, f1.0x,)

d—1

~ P H'(Y,0y(~iD))

=0

£-oT
d—1

q(Xa) = h' (X4, 0x,) = q(Y) + Z h' (Y, Oy (—iD))

i=1
Ktz D 78 ample DGEIZIX, I TOMEEI B LN,

Corollary 2.7. D ¥ ample 72 & &, {EED 1<i<d— 112U h(Y, Oy (—iD)) = 0,

Proof. fEED 1 < i < d— 11U, iD % ample TH B2, /NEDOHEREH ([1]
[IT.Remark 7.15) & n

HY(Y,Oy(Ky +iD)) = H'(Y, Oy(—iD)) = 0

7. qY) =0 OBEIIE. UFDOZENER B,

Proposition 2.8. fEED 1 < i < d— 112U, [iD] # irreducible curve Z## 5,
qY)=00D&&
hY(Y,Oy(—iD)) =0

Proof FED1<i<d ﬁb C; € |iD] % irreducible curve £ 3% &, (2.3) &V
HO(Y, Oy (— )):H(YOY( D)=0THhbhH, THIT
0 — Oy (—C;)) — Oy — O¢, — 0
£0



272570
0 = h2(Y, Oy (=C;)) — R(Y, Oy) + h°(C;, Oc,) — h* (Y, Oy (=C)))
=0—1+1—h'(Y,0p(-C))

FbB W (Y, 00 (—iD)) = h' (Y, Oy (—C})) = 0.
O

Cyclic cover Xy E® divisor D55, f; (2D Y 25 pull back LTHESNZEDIZ
XU TIE, IROFERVEANLT B,

Lemma 2.9. Y EDOEED divisor C, E IZX U, (f4°C).(f4"F) = d(C.E),
Proof. [4] Prop.2.3 1IZ& %,

UJ
IhED K2 lZ20WT, IROERVELND,
Proposition 2.10 (K? of cyclic cover). (2.1) iZ8WT Ky? = d(Ky + (d — 1)D)?
Proof. (2.9) &0 Ky* =d(Ky + (d — 1)D)?
U

RIZY 55O pull back (Z & Y 15547z divisor A% numerically effective & 7225728 D
Hleikz 52 &5,

Lemma 2.11. Y E® divisor £ 12X U, E % numerically effective 72/, 72 DZ D& &
RO f3"(E) 1% numerically effective,

Proof. (=)
Xy EDEZED irreducible curve C IZH LT C':= fy(C) £ 95& C' %
irreducible T® v

(fa"(E).C) = deg(falo)E.C" 20
X o> T f;*(F) 1% numerically effective,

C MY LD effective divisor D, f;*(C) 1% Xy ED effective divisor ([4]
LW)v%étwggy;oagzﬁdg%zﬁﬁio



ERE D Xy MUNER NS 72 DHELEPF SN D,

Proposition 2.12. k(X,) =2 0 O, AT OSEMBIEFEETH 5,

(1) Ky + (d — 1)D (& numerically effective,
(2) X4 & minimal,

Proof. (2.1) (2) &9 Kx, ~ fi"(Ky +(d—1)D) TH 57, (2.11) &P
Ky + (d — 1)D (& numerically effective < Ky, (¥ numerically effective
& Xy 13 minimal,

O
BLE, cyclic cover Xy I2DWT, Do/l xedbERDEI IR 5,
Proposition 2. 13 ( 1) OFHETIZBWT, U FDOHEI LD LD,
) pu(Xy) = Zho (Y, Oy (n(Ky + (d — 1)D) —iD))
(2) p,(Xq) = 1—12(d — 1)(2D*d*> + (3Ky — D)Dd + 12 — 12q(Y)) + dp,(Y) +
di h'(Y, Oy (—iD))

i=1
d—1

(8) a(Xa) = q(Y) + Y _h'(Y, Oy (=iD))
i=1
(4) Ky* = d(Ky + (d — 1)D)?
(5) K(Xg) 20 DEE, ROFMITFE L 725,
(a) Ky + (d — 1)D I numerically effective
(b) X, I& minimal,

RIZ surface D/NFEIRTTIZD W T OEARM i@l 2 2B 1T TH L,

Lemma 2.14. S % nonsingular irreducible surface & 3% &, PARDEHK D LD,

(1) k(S) = —c0 & fERED n e NIZX U p,(S) =0,

(2) k(S)=0my|n DEE p,(S)=1,metn DEZ p,(S)=0&72% mye NN
FAES 5,

3) k(S)=1ea,>0 KV myeN T, fEED N> 012U, aN < pun(9)
BN 725 DBEFHET B,

(4) k(S) =2 a,>0 KUV myeNT, FFED N> 01ZHL. aN? < pp,n(9)
BN? 7256 DDIFIET 5.

Proof. [2] Def.0-3-1 IZ & %,

[IA

A

O



—7Ji |D| # ¢ D& Z. cyclic cover D pluri-genus p,(Xg) (XU T RDOHEI LD LD,

Lemma 2.15. (2.1) DEMEFIZBWT, [D|#£¢ DEE
a(n) = h°(Y, Oy (n(Ky + (d — 1)D)))
Ldse, REOBEHAE ne NITHL
(1) a(n) = pa(Xa) = da(n)
@) P < o) < p,(x)
A
Proof. n e N ZLEDOHRKE TS, 0Si<d—11ZxL
ai(n) := h2(Y, Oy (n(Ky + (d — 1)D) — iD))
d—1
YEBL (24) & p,(Xg) =) ain) THY, £/ |D|#£¢ THBD
=0
a(n) =aop(n) 2 ar(n) 2 --- 2 ag_2(n) 2 ag_1(n)

ERAYPR5)

a(n) < pa(Xq) < da(n)
Thbh, £/~

2K < o) < pu )

O

bbb, cyclic cover (2D a(n) ZHWNERITGOHERERE LT, BUFOREE
2135,

Proposition 2.16. (2.1) OFRMAETIZEWT, [D|£¢ DEE
a(n) = hO(K Oy(n(Ky + (d — 1)D)))
L3be, LFNOHMKD LD,
(1) K(Xy) = —0c0o & EED n e NIZHU a(n) =0,
(2) K(Xg) =0 mg|n DEZ aln) =1,mytn DEZaln) =0 &7%% my e N»
FES %,
(3) k(Xy) =1 a,>0 KU myeN T, fEED N> 0L, aN < a(moN) <
BN 725 DWFHET 5,
(4) K(Xy) =2 a,B>0 KV mg € N T, fEED N> 0L, aN? < a(moN)
BN? 7253 DDFET B,

A



Proof. (1 ) (:>)
O EED n e NIZHU p,(Xyg) =0 725728 (2.15)(2) &£

)= af;af:&; (215)(1) &9 pa(Xa) =0, ko

EED neNIZ a(n
< (214)(1) & ) ﬁ( )

2) (=)
&% BRE me e N ITH U,
mo | n = pu(Xa) =1, mofn = p,(Xaq) =0
B, my|n DEZE (215)(2) £b
e <1
2%z an)=1THYH, mptn DEEZIF a(n) =0,

(2) (<)
mo|nD&E aln)=1THd7=H (2.15)(1) £
—0

£, TDXIBEMEDED SEDDIF k(Xy)

W(X) < do (2.14)

Nl
>3
S

Na

1

D

3) (=)

H5a,f>0 LKOEARE mee NIZRHL, N>00DL &
alN é pmoN(Xd) é BN

EBM, ZDEE (215)(2) &b

N
== S a(mN) £ N

3) (<)
(2.15)(1) &0 2 a,>0 ROHRB mp e NIZHL, N>0D& &
alN é pmoN(Xd) é dﬁN
EoT (214)(3) £V k(Xy) = 1o

H5 a,f>0 KOCEHARB mee NIZXHFL, N>0D& &
OCNQ épmoN(XcD g BNQ

LIRBMN, DL E (2.15)(2) &b
2
N < a(myN) £ BN?

(4) (<)
(2.15)(1) &0 2 a,8>0 ROCEHRE mye NIZHL, N>00D& &
O./N2 é pmoN(Xd) § dﬁNQ

EoT (2.14)(4) &b K(Xy) = 2



3. CycLic COVERS ON RATIONAL RULED SURFACE

C % genus g @ nonsingular irreducible curve £ 9%, ZD & &, C EO ruled surface
p:Y =POc(€) — C

(€ 1% C E®D rank 2 locally free sheaf) %% Z %, ruled surface Y @ e-invariant |& nor-
malized 7 € (h9(C, 06(€)) £ 0, degal < 0= hO(C,O0(E ® L)) = 0) ZHERZ &T

e 1= —dego(A*(E))
CEHFETE D, £/, Cy & Opey(1) =2 Oy (Cy) &72% section £ 95 &
CIY) = ZCy @ p*Cl(C) = Z @ CI(C)
Num(Y)=ZCy @ ZF =Z S L
TH-o>T, Y LD intersection theory (&
Co?=—e, Cp.F =1, F? =0
THEZ61% ([1] V.2), ruled surface Y (IZD2WT, WL D0 fi#ZZEIFTE I,

Lemma 3.1. ¢ 2 0 £725 ruled surface Y E® divisor D = aCy + bF € Num(Y) 12X}
U. ANOHEDPED LD,

(1) D %% Cy, F P D irreducible curve D & & a > 0,0 = ae,

(2) a>0,b>ae DEE, PDOETDEEIZIRY D i ample,

B)az0,b=ae D& E, PDOEZDELEFIZRY D & numerically effective,

Proof. (1),(2) [1] V.Prop.2.20 IZ & %,

3) (=)
E=dCy+VF D Cy, F LAMA®D irreducible curve D & Z, (1) &b

a >0,b >de ¥2lEd >0V =de,e>0
B0,
D.E = —ade+ab +d'b= —ad'e+ad'e+a'b=dae =0
DCy=b—ae=0
DF=a2>0
I 74205 D i numerically effective,

(3) (<)

D % numerically effective 72 & &
a=D.F=20b—ac=D.Cy=0
O]

PRIz, ruled surface % decomposable, 75 £ A2 DD invertible sheaf DEFI &
LTRINBIGEEZE R D, £ D normalized 72 & &

EZO0c® Oc(e)
(e 12 C ED divisor) &720, e = —degqe = 0,

flof



Lemma 3.2. Y % decomposable 7% ruled surface & U, D ~ aCy + bF € Cl(Y) &
5He
0 (a<0D&Z)

0 _ a
PO D) =4 S 00(0, 0 ke +8) (020 D)
k=0
Proof. Y =P(Oc & O¢(e)) &H < & [1] IL.Prop.7.11 £ b
0 (a<0D&X)
S €= Oc(ke) (az0D&E)

k=0

p*OY(CLC()) = p*OIP’(S) (CL) =

& > T projection formula & 9
2.0y (D) = p.Oy (aCy + bF)
= p«(Oy (aCo)®o, p* (b))
= p, Oy (aCh)®0.0c(b)
0 (a<0D&X)

P Oclke+b) (a20D& )
k=0

1

0 (a<0DEE)
(Y, Oy (D)) = h°(C,p.0y (D)) = S R(C,Oc(ke+ b)) (aZ0 D)
k=0

O

Decomposable ruled surface D¥fH]7%54E & LT, Y 2 rational ruled surface F, =
P(Op @ Opi(—e¢)) DGEEZ R D, ZDHE equiv & sim FAMEZ 2D, THhEXTED
LIS ITHRWEERVBES NS,

Lemma 3.3. Rational ruled surface Y =F, E® divisor D ~ aCy + bF € Num(Y') (Zxf
U, ROEMFRFEETH S,
(1) |D| 1% nonsingular irreducible curve % #§2,
(2) |D| 1% irreducible curve %z £fD,
B)a=1,b=0F7lFa=0,0=1F%lEa>0,b>ae £72lF a>0,b=ae,e>0,

Proof. [1] V.Cor.2.18 IZ & %,
U
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EE2 & D, rational ruled surface E® cyclic cover IZXf L Tlk, IRDAER %2155,

Corollary 3.4. Rational ruled surface Y = F, X divisor D ~ aCy + bF € Num(Y) Z
XU, ROEHEZFRETH 5,
(1) 5 d=2 128U (Y,D) @ d X cyclic cover Xyq DM o515,
(2) FERED d 2212/ U (Y, D) @ d X cyclic cover Xg o5,
B)b=2a>0,e=0 F£/zld a>0,b=ae,e>0
Proof. (2) = (1) I3HH,
(1) = (3)
(21) &b, B d =2 T LT |dD| & nonsingular irreducible curve By
2RO, 37205 (3.3) &b
da > 0,db > dae £721% da > 0,db = dae,e > 0
Sa>0,b>0e=0F7=Xa>0,b=ae,e>0
BN, e=0DEEIXTF, =P x P! THB7-8, projection D& D
ZED Co, F BANEZDZENTELOD, b=2a>0LTRW, T
OB (3) DY ALD,
(3) = (2)
(3) DK VILDEE (33) &0, EED d = 21T LT |dD| % nonsingular
irreducible curve By #fiD2728, (2.1) &b (Y, D) ® d X cyclic cover Xy
PESND,
U
Lemma 3.5. Rational ruled surface Y = F, E® divisor D ~ aCy + bF € Num(Y') (Z5}
U (Y, D) @ d X cyclic cover Xq Mo d & &, AROHENHKD LD,
(1) [D] # ¢
(2) D*>0
B)EED1Zi<d-11ZxUL, h(Y,0p(—iD)) =0
Proof. (3.4) 0. b2a>0,e=0 £7lF a>0,0=ae,e> 0,
(1) (3:3) £9 |D[ # ¢o
2)e=0D&&E D*=2ab=2a*>0. e>0 D& E D? =a(2b— ae) = a*e > 0,
3)q(Y)=0TdHbH, 33) KVWEED 1<i<d—111Z/U |iD| IZ irreducible curve
2RO, (2.8) &0 AN Y, Oy (—iD)) = 0, O
Lemma 3.6. Rational ruled surface Y = F, E® divisor D ~ aCy + bF € Num(Y) (Z
PV
0 (a<0FhFb<0DEE)
RO(Y, Oy (D)) =< (a+1)(b+ 1) (@z0,b=0,e=00D& )
T(M+1)(20+2—Me) (a20,620,e>0D&Z)

(7272U M := min(a, [g}))
THYH, IOY,0¢(D) =0 DL E, POZDL IR a<0 F2lEkb<0 &R,
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Proof. (3.2) &0 a<0&5E h(Y,0¢(D))=078DTaz=0&d5L

hO(Y, 0y (D)) =Y  h°(P', Opi (b — ke))

k=0
1Jo<0DE&E
HEDOS kS alZf LT b—ke<0 &%578 h(Y,0y(D)) =0
2] b>0 DL X

WY, Oy (D)) = Z hO(PY, Opi (b — ke))

k=0
> hO(PY, Opi (b))
=b+1>0
THBHED, WO(Y,04(D) =0 DEE, HOTDEEIZED a<0 7
&b <0,
(a)e=0D&E
hO(Y,0y(D)) =Y 1P, Op (b)) = (a+1)(b+1)
k=0
(b)e>0 D& &

EWZDOWTODOAREN D —ke 20 2 L k< H ZZT
(&

Lgde

RO(Y, Oy (D)) = za: RO(P', Op1 (b — ke))
k=0

= WP, Opi (b — ke))

0

B
Il

M-

(b+1— ke)
0

+1)(M+1) - %M(MJF le

I
—~ -l
S

(M +1)(2b+ 2 — Me)

N | —

flgf



DL EDFER % FIZ, rational ruled surface @ cyclic cover (2B d 2IRDAER %155,

Proposition 3.7. Rational ruled surface Y = F, & divisor D ~ aCy + bF € Num(Y)
XU (Y, D) @ d IR cyclic cover Xy DMFoNsd & &, LNDOHEDED LD,
(LH)ye=0D&&E

(a) K(Xs) = —00 & a < —2—

d—21
(c) K(Xd)zl(:)a:dgl,b>d_1
(d) H(Xd)22<:>a>ﬁ
(2)e>0DEE
2 e+2
X)) =— —F72Z
(a) k(Xy) oo(:)a<2d_1i l 2b<d_1
e+
= > =
(b) k(Xq) O<:>a:d51,b d—%
e+
(c) R(Xd)—1<:>a—d_1,b>d_1
e+2

2
(@) KX =2 a> == b> ==

Proof. (3.5) (1) &Y |D|# ¢ £Z T a(n):=h°(Y,0y(n(Ky + (d—1)D))) T 5 &,
n(Ky +(d—1)D) ~n(a(d—1) =2)Co+n(b(d—1) —e — 2)F
THo7H (3.6) £V

0 (a < 25 £z b< £2)
a(n) =14 ((a(d—1) =2)n+1)((b(d — 1) = 2)n + 1) (e=0b2az %)
M) +1)2(b(d—1)—e—=2)n+2—M(n)e) (e>0,a=35b=<2)

(b(d—1)—e—2)n

(&

(7272U M(n) := min((a(d — 1) — 2)n,

THY )
e+

d—1

a(n)=0@a<%if:¢ib<
(HYe=0D&&E

(a) (<)
K(Xy) = —00 725 2 1% (216)(1) K OEEDn € N ITXHL

aln) =0 LB I EFAMETHY, THDL a< 2785
e (bzals

d—1
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(b) (=)
(2.16) (2) £ 0. BB EHRE mo 1K L
n|my=a(n)=1
IROLHLAEEDOERE 0’ € NITHLU
((a(d—=1) = 2)men” + 1)((b(d = 1) = 2)men’ + 1) =1
2
AN —bh= "
LB, a=b 71
(b) (<)
AEOHARE n e NIZHLU a(n) =1 &&5728, (2.16) (2) &£
D K(Xd) =0,

(©) (=) ‘
(2.16) 3) &b, % a,>0 LU my e NIZHL, N>0D

L&
aN < a(moN) = ((a(d — 1) = 2)moN + 1)((b(d — 1) — 2)moN + 1) £ BN

2
XoTb>a=—

d—1
(¢) (<)
EEOEARE n e NITHU an) = (b(d—1) —2)n+1 &5
728
(b(d—1) —2)n < a(n) £ 2(b(d—1) — 2)n

X 5T (2.16) (3) £ 9 k(X = 1.
(d) (&) (a)~(c) &P

2
K(Xd)22<:>a>ﬁ

2)e>0D&&E

(a) (<)
K(Xg) = —c0 %5 Z 21 (2.16)(1) & DD n € N IT/L

Mmzotté:ttﬁﬁﬁ%b\Tﬁb%a<g%1ikﬁ

b<e+2
d—1

(b) (=)
(2.16) (2) £ 0. HBBEBRE my XL

n|my=aln)=1
TROHEZRDERE n' e NITHU
1==(M(mon')+1)(2(b(d — 1) — e — 2)mon’ + 2 — M(mgn')e)
(b(d—1)—e— Q)mon’)e)

e
(bd—1)—e—2mon’ +1 THYH bld—1)—e—220

t ﬁ{[ﬁ-o

> ~(2(b(d— 1) — e — 2)mon’ +2 — (

NN~ DN~
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e+2 2
= > -
£oTh T 2 T
(b) (<)
AEOARE n e NIZHU a(n) =1 %5728, (2.16) (2) &£
O I{(Xd):()o
(© (=) \
(2.16) 3) V. % a,8>0 KRV my e NIZHL, N>0D
L&
aN = a(moN) < BN

—%. M(moN) = min((a(d—1)—2)mgN, (b(dfl)fefz)mozvb T

e

3
=
|

(M(moN)+1)(2(b(d —1) —e —2)moN + 2 — M(moN )e)

(b(d—1) —e—2)myN

af

v

(M(moN) +1)(2(b(d — 1) — e — 2)moN +2 — ( e)

(M(moN) 4+ 1)((b(d — 1) — e — 2)moN + 2)
e+2
d—1
BN, ZHIMREIIKRT S, £->Tb>

N =D = DN =

ZZT. b= 945 M(mgN)=0 &b a(mN)=1 &
e+ 2

d—1

THY

BN 2 a(moN) 2 S(M(moN) + 1)((b(d — 1) — ¢ — 2)moN +2)
FaDb MmgN) BHAEBBT, 0= "
(©) (<)
EEOHARBE n e NIZTHU a(n) = (b(d—1)—e—2)n+1 &%
5728
(bd—1)—e—=2n<a(n) £2(b(d—1)—e—2)n
£oT (2.16) (3) &V r(Xy) =1
(d) () (a)~(c) &P
e+ 2
H(Xd):2<:>a>ﬁ,b d—1
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WIZ, E2HOREREHWT ¢(Xa),p,(Xa), Kx,” 2R L. 72 Xy OR/NEZ TR
£

Proposition 3.8. Rational ruled surface Y = F, @ cyclic cover X  (ZXf U TIRD Z & H

ALY B,
ﬂ)dXdzol
(@pAX@:I?d—D@M%—a@f+%ﬁe—Zw+3%—6w—%m+1%
(3) Kx,* =d(a(d — 1) — 2)((2b — ae)(d — 1) — 4)
(4) K(Xy) 20 DEE, ROFEMBFFRMEE RS,
(a) e£0 Xzlde=1,b>a
(b) Xy (& minimal,
Proof. (3.5) &0, FED 1Si<d—11ZHUL, (Y,0y(—iD)) =0 TH 572
(1) (2. )ibﬂX@—QWJ 0
(2) (2.5) (1) &
;MX@:igd—DQDMW+@Ky—DﬂM+12—mqyw+@my)
:ﬁ%w—1xm@h—mm?+m%—2w+3w—ﬁw—%m+1m

(3) (2.10) &P
Kx,> = d(Ky + (d — 1)D)?
=d(a(d—1) —2)((2b — ae)(d — 1) — 4)
(4) K(X2) 20 TH Bt (37) £ a > dil’ b Zfi x50
Ky +(d—1)D ~ (a(d—1) = 2)Co + (b(d — 1) —e — 2)F
THhd720, Xyg P minimal TH5SZ &L (2.12) £ D
(3.1) bd—1)—e—2—(a(d—1)—2)e=(b—ae)(d—1)+e—220
L% Z & LR,
((a) = (b))
e=2726 (3.1) I3KALT 5,
e=1D&E, IRELD b>a THB7D
(b—ae)d—1)+e—2=(b—a)(d—1)—120
&R0 (3.1) IFEALT B,
e=0D&E, b(d—1)—220&%570 (3.1) 3K LT 5, LEXD X,

¥ minimal,
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((a) < (b))
ez22D&E, (31) IFHIT 5,
e=1D&&, (31) &b (b—
e=0D&Z, (31) BT 5,
AL

—

a)(d—1)=21 75728 b> a
PAEXD, e£0FEe=1,b>a

]
Cyclic cover Xy H3% 5 surface IZ birational 72/, birational morphism 1% 1 £ blow-up

KB ERMEDGKE LTRTZEATES ([1] V.Corollary 5.4), ZDEHE., GHL T
fEEUI AR DR Z W TRD S Z e N TE 5,

Lemma 3.9. Surface f]® birational morphism o : S’ — S 2% N fH®D 1 51 blow-up (Z
NRTEDH L E

N = K¢* — K¢?
Proof. birational morphism o % N fE® 1 5% blow-up
S,:SN—>SN_1—>"'—)81—>S():S
CHRLIZEE, F0Si S N-1IZNUT Kg,,,> = Ks,"~1 THB7ON = Ks*—Kg'%
0
Remark 3.10. (3.7) IZBWT, e,a,b,d 13T (3.4) DEMFZHT, €I T (Y,D), d
IZDOWTDERMEZFAN, ZNTNDEEITDOWT X, BED K S 72l iz E%#@8)B%
EHWTHRND &, RO LS ITHEIND,
(1) U FOWTINDRDED D& E, X, I rational ruled surface @ 2D? £ blow-ups
(0) Y 2P x P, D (1) (b= 1), d =2
b)Y 2F.(e>0), D~Co+bF (b=e), d=2
(2) LFOWTN2AHK D D& &, X, iF rational ruled surface @ 8 AL blow-up.
(a) Y 2 Fy, D ~2C,+2F, d =2
b)Y 2F, D~Co+F, d=3
DOWTNPD D DL &, X, 1F K-3 surface,
Y 2P x P!, D~ (2,2), d=2
Y =P x P!, D~ (1,1), d=3
Y ©F,, D~2C,+3F, d=
Y%JFQ, DN2CO—|—4F, d:
Y ©F, D~ Cy+2F d=3
DWTNPDE D LD L &, X, 1E K-3 surface D d s blow-up,
Y =T, D~3Cy+3F, d=2
Y 2F, D~Co+ F, d=4

—
~—

(3) £

o~ o~ >__
Q.o T W
7.{\_/\_/\_/\/\_/7.{

@D

(4) £

TE
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(5) UMFDOWETFNPHDED LD &, X, 1 k(X)) =1 @ minimal elliptic surface,
(a) Y=F,(e£2), D~2C,+bF (bze+ 3) d=2
b)Y =F, (¢ <2). D~ Co b bF (b2 2), d =3
(c) Y =F.(e23), D~2Cy+bF (b=2e), d=2
(d) Y =F.(e23), D~Cy+bF (b=e), d=3

(6) BARAEL D ZD & F, X, IE minimal TZR\ surface of general types
(a>Y~F1,D~a(CO+F>,a>i

d—1
(7) AROWT DAL D LD &, X, IE minimal 7 surface of general type,

2
(@) Y P! x P! D~ (a,b) (b2Za>—-)

d—1
2
(b)Y Fl,DNCLCO+bF<b>CL>F)
2
(C) Y%JFe(eiQ),DNaCO—I—bF( >dT b_ae)
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4. CycrLic COVERS ON RULED SURFACE WITH IRREGULARITY g > 1
AREFiTIX, Y % genus 1 BL_E®D nonsingular irreducible curve C _EIZE5 1) % decompos-
able 7% rank2 locally free sheaf IZ & > TE®D 545 ruled surface
p:Y =P(Oc® Oc(e)) —— C

(e 12 C kD divisor T degre £ 0) DEHEEF A D,
PR, D=aCy+bF € Num(Y) & U. D (& ample 7*D |D| # ¢ LIRET S, TD&
Z(3.1)(2) &Y a>0, b>ae DEDILD,

a(n) == h°(Y,Oy(n(Ky + (d — 1)D))) IZ2WTFHARZ &, UTFORER1EESNS,

Lemma 4.1. Genus ¢ = 1 ® nonsingular irreducible curve C' ® decomposable ruled
surface

p:Y =P(Oc® Oc(e)) — C
K'Y @ ample 22D |D| # ¢ £ 785 divisor D ~ aCy+ bF € CI(Y) XL, (Y,D) ®
d X cyclic cover Xy BMEoN s & Z, a(n) :=h(Y,0y(n(Ky + (d—1)D))) £$ 5 &

0 (a< 5 DEZE)
(a(d=1)—2)n

afn) = Y hCOc(ke +n(Ko+e+(d—1b) (a2 OLE)

k=0

x50, ai%@t% T::2g—2—|—(b—%ae)(d—1) YFBE. T>0THY

n>0=an)=((a(d-1)—-2)n+1)(Tn+1-yg)

Proof. n(Ky + (d —1)D) ~n(a(d —1) = 2)Cy+n(Kc+e+ (d—1)b)F TH D79 (3.2)
(1) &0

0 (a< 2 DEEF)
CL(TL) _ n(a(d—1)—2)
> WAC,Oclke+n(Ko+e+(d—1)b) (a= % OLX)
k=0
0> % DY E. FEED 0< k< nlald—1)—2) 12X L. Riemann-Roch ®5EH ([1]

IV.Theorem 1.3) & 9

hO(C, Oc(ke + n(KC +e+ (d - 1)5))
= hO(C, Oc<KC — ke — n(KC +e+ (d — 1)5))
+ ndego(ke + Ko +e+(d—1)b)+1—g
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BN, b=degb £ T B L
dego (Ko — ke —n(Ke +e+ (d—1)b))
=29—2+ek—(29—2—e+bld—1))n
<2g—2+(a(d—1)—2)en—(2g—2—e+b(d—1))n
=29—-2—-(29—-2+(b—ae)(d—1)+e)n

ZZT.29—24+(b—ae)(d=1)+e>0ThHddbn>00DLE

dego(Ke — ke —n(Ke+e+(d—1)b)) <0
£oT
hO(C, Oc (ke +n(Ke + e+ (d —1)b)) = kdegoe + ndeg(Ke +e¢+ (d—1)b) +1—g
=29—2—e+bd—1)n—ek+1—g
LIRB7H

an)= Y ((29—2—e+bd—1))n—ek+1-g)

— (ad=1) = 2n+1)((2g =2 — e+ b(d — 1))n — %(a(d ) —2en+1—g)

= ((afd—1) = 2n + 1)((2g 2+ (b~ gae)(d —~ D)n+1 - g)
ZIZTT:=29-2+(b—3ae)(d—1) &52¢ T>zae(d—1)=20THDY
a(n) = (n(a(d—1)—=2)+1)(nT+1—g)

EREVUTORMRPF/ONS,

Proposition 4.2. Genus g > 0 @ nonsingular irreducible curve C' E® decomposable
ruled surface

p:Y = ]P)(OC ) Oc<2)) — C
K'Y @ ample 222 |D| # ¢ &£7% divisor D ~ aCy +bF € CI(Y) iZx L. (Y,D) D
d IR cyclic cover Xg o5 & &, LLFOHENK D LD,

(1) k(X)) = —00 < a <

2) (X)) #0 ol
(3) m(Xd)zl(:)a:%
(4) H(Xd):2<=>a>ﬁ

21—



Proof. a(n) :== h°(Y, Oy (n(Ky + (d — 1)D))) &3 5,
1) (=)
(2.16) (1) K DERED n e NITHU a(n) =0 L7250, (4.1) Kb Znn
&Dﬁowua<5%1®%é@&o
(1) (<)
(4.1) K DEED n € NITHL ay(n) = 0 £hb75 (2.16) (1) &
R(Xy) = —o0

3) (=)
(2.16) (3) &0, 2 a,8>0 KU mye NIZx L

N> 0= aN £ a(mogN) £ 5N
LRBMP, ZDEE (4.1) £
BN 2 a(moN) = ((a(d —1) = 2)moN + 1)(m¢TN+1—g), T >0

2
XoTa=——

d—1
(3) (<)
4.1) £V n>01ZWLan)=Tn+1—9g (T >0) £%257=®

1
§Tn < a(n) = dap(n) < dT'n

£oT (2.16) (3) £V k(X =1

(4) (=)
(2.16) (3) £ 0. 5 a,B8>0 KU my € NIZxtL,

N> 0= aN? < a(myN) < 3N?
BN, TOLEHA (4.1) £
aN? < a(moN) = ((a(d — 1) — 2)meN + 1)(m¢gTN +1—g), T >0

2
£oT —
D a>d

1

(4) (<)
(41) £V n> 012U a(n) = ((a(d—1) —=2)n+1)(Tn+1—g) (T > 0)
ALY 5]

a(d —1) —2)Tn* < a(n) £ 2(a(d — 1) — 2)Tn?

* (ol
to (2 16) (3) &1 w(X,) = 2.
) K(Xd) 7é 0

—29—



(3.8) LIAKRIZ, IRDZ EDFRALT B,
Proposition 4.3. (4.2) @ cyclic cover Xy (X U TIRD Z L DEIALT 5,
(1) q(Xq) = Q(f) =g
(2) py(Xa) = 15 —(d—1)(2a(2b— ae)d* + (a®e — 2ab + 3ae + 6ag — 6a — 6b)d + 12 — 12g)
(3) Kx,” = d(a(d — 1) = 2)((20 — ae)(d — 1) + 49 — 4)
(4) k(Xy) 20 D& E X, X minimal,

Proof. D 1% ample TH 5728 (2.7) K0EED 1< i <d—11Zx UL, RY(Y,0y(—iD)) =
0,

(1) (2.6) &9 q(Xa) =q(Y) =g

(2) (2.5) (1) &b

1
pe(Xa) = E(d — 1)(2D*d* + (3Ky — D)Dd + 12 — 12¢(Y)) + dp,(Y)
1
= E(d —1)(2a(2b — ae)d* + (a*e — 2ab + 3ae + 6ag — 6a — 6b)d + 12 — 12g)

(3) (2.10) &b
Kx,” =d(Ky + (d —1)D)?
= d(a(d—1)—2)((2b — ae)(d — 1) + 4g — 4)

(4) Ky + (d— 1) = (a(d—1)—=2)Co+ (b(d—1) —e+29—2)F TH Y. 7= k(Xy) 20
TH5d (42) &V a(d-1)—220, THhbH

(
(bd—1)—e+29g—2) 2 (a(d—1) —2)e
ZREIERWR
(bd—1)—e+29—2)—(a(d—1)—=2)e=(b—ae)(d—1)+29—2+e>0
0
Remark 4.4. (4.3) &0 X, PED XS LI 2R L &, UTO@Y &85,
K(Xq) = —o0 D& & X, & irregularity g @ ruled surface @ 4b — 2e &L blow-up.
K(Xy) 21 D&ZE X, i minimal,
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(3.10). (4.4) DfEREz L DB L. PTORIEOND,

Theorem 4.5 (Classification of cyclic cover on decomposable ruled surface). Genus g @
nonsingular irreducible curve C' £ ® decomposable ruled surface

p:Y =P(Oc®Oc(e)) — C

K'Y @ divisor D = aCy + bF € Num(Y) I8 L, g >0 D& & D & ample 22D
|D| # ¢ LIET B, (Y,D) @ d iR cyclic cover Xy g6 b2 &, (Y, D),d BET X,
WIRD XS ITHEHI NS,

(1) LFOWIT DD LD L &, X, 1 irregularity 2% ¢ &% U\ ruled surface @
2D? 5 blow-up,
()Y ]P’1><IP’1 D~ (L,b) (b2 1), d=2

(b)Y (e>O)D ~Co+bF (bze), d=2

(c) YV ]P’(OCEBOC( )) (g=1), DECO+bF (bze), d=2

(2) UMFDOWEFNPHDED LD L &, X, 1E rational ruled surface @ 8 £ blow-up.
(a) Y = Fy, D~ 2Cy+2F, d=2

)
(b)Y =F, D~Co+ F, d=3
(3) ARDOWTFNDAL VLD &, X, 1% K-3 surface,
(a) Y 2P x P! D~ (2,2),d=2
b) Y 2P x P!, D~ (1,1),d=3
() Y 2Fy, D~ 2Cy+3F, d=2
(A) Y 2 Fy, D~ 20, +4F, d =2
(€) Y 2 Fy, D~ Cy+2F, d=3
(4) LFOWTN2AHK D LD &, X, 1F K-3 surface D d & blow-up,
(a) Y = Fy, D~3Cy+3F, d=2
(b)Y =F,, D~Co+ F, d=4
(5) LFOWITNLLK D DL E, Xy 1k k(Xy) = 1 @ minimal 72 elliptic surface,
() Y =F, (e£2), D~2Cy+bF (b2e+3),d=2
b)Y =F. (e£2), D~Cy+bF (b=2),d=3
() Y =F, (e =3), D~2C,+bF (b= 2¢), d=2
() Y= (023) DGyt bl (620, d =3
(e) Y =ZP(Oc @ Oc(e)) (9 2 1), D 22C,+bF (b > 2¢), d=2
(f)Y%“IF’((’)C@Oc())( 1), D=Cy+bF (b>e), d=3
(6) ARA D LD & &, X, 1% ‘minimal T72\ surface of general type.

3
a Y:IFl, Na(CO+F),a>d—

—1
(7) LROWTNDAFL D LD &, Xy IE minimal 7 surface of general types,
2
(a) Yy =2 P! XIPl, DN((I,b) (bZa>ﬁ)

2
(b)YglFl, NCLC()+bF(b>CL>m)

2
(c) Y%Fe(eEQ),DwaCo+bF(a>dT, b 2 ae)

~—~
~—

(d) Y 2 P06 @ Ou(e)) (g = 1), D = aCy+bF (a > d% b> ae)

24—



5. THE GEOGRAGHY OF p, AND Kx? ror CycLic CCOVERS
Y % nonsingular surface & U, D % 5Aff
(5.1) d > 0 = |dD| & nonsingular irreducible curve By % §§D

Zii729 Y ED divisor £ 95, d>00D& &, (21) KO TE By ETbhranch 35 Y
E®D d ¥R cyclic cover
d—1
fa: X4 =Spec( Oy (—iD)) — Y
i=0

EEBZEMTES, FH2HOFERID, X, ITHUIRDZ EDKNLT 5,

Proposition 5.1. (Y, D) 7354 (5.1) 2z L. T OIMEROBARK i e N IZxH L
rY(Y,Oy(—iD)) =0, D* >0

LRHEE
d — 00 = Kx,> — 4p,(X4) — oo

Proof. (2.5), (2.10) &9
1

Kx,? — 4p,(Xa) :g(D2d3 + (3Ky — 3D)Dd* + (3Ky? — 3Ky D +2D* — 12 + 12¢(Y))d
+12 = 12¢(Y))

ThHO, D2>0ThHhd7Dd—>00 DEE Kx,> — 4p,(Xy) — 00,
O

ZDEIREMETTIEd = 00 DEE Ky,> — 00 £B720, d> 0 LTI
K(Xy) =2 8785, TIT. p,(Xy) ZMl. Ky,? ZHENCE - 72KIZB VT, X, B E
DESEAHTE0EEZ D,

S % rk(S) = 2 7% minimal 7% nonsingular irreducible surface £ 9%, ZD& &, S
IZHUTIRDZ EARED LD Z LA NT VWD,

Fact 5.2 (Noether D A5ER).
Kg? 2 2py(S) — 4

Proof. [5] X. Ex.1 IZ& %, O
Fact 5.3 (& M-Yau OAEFERX).

Ks* = 9(1 = q(S) +py(95))
Proof. [7] IZ& %, O
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X 517 canonical surface D &ZEFEZL & D,

Definition 5.4. S % nonsingular irreducible surface &9 %, S @ canonical divisor Kg
DE & % rational map
¢KS 0§ —— Pro(9-1
IZBWT, O, DIZDH Sy := P (S) ~ND birational map L7R>TWd & &, S &
canonical surface THHE VW5, ZD& &, LN k(S) =2,
Fact 5.5 (Castelnuo D AEX).
S /' canonical 2 minimal 72 & & Kg* > 3p,(S) — 7o

Proof. [6] Th.5.5 IZ & %, O

>C general type £ 725 Xy DIFL A EIXELR Ky,” = 2p,(Xa)—4, Kx,* = 3p,(X4)—
TEDRIZHD. Ky, =91 - q(Xa) +py(Xa)) 0BT FIZH S,

caconical surface IZDW T, T SHIZIROTEND 5,

Conjecture 5.6 (Reid $48). S % minimal canonical surface &3 %, S @ canonical
image & Sy CPrs)=1 2925 IROWTNHLLBKILT 5,
(1) K& 2 tp,(5) — 12
(2) Sy %5 Prs9)—1 N quadric hypersurface D0 D Q(S) (2B} 5 irreducible
component D55, Sy ZELHDDIRITIL 3,
ERLDFHEDY cyclic cover Xy IZR U T, HTIEE D0 E D DIFANFERIILLTO@ED
LB,

Theorem 5.7. T REVWRTD d IZH LT (V,D) D d X cyclic cover Xy DESFT &,
SSIMEROBEARE e NITHL

rY(Y,Oy(—iD)) =0, D* >0
L5 2 E X, O minimal model 2 X; £ 35&, d=> N ﬁélfKEQ > 4p,(Xy) — 12
LB ER N BEET 5,

Proof. (5.1) KU Kx,” < Kx;> 12& %, O

ThbbH d=N D& E, canonical 1D k(Xy) =2 £45 X, IZK LT Read FAULZIE
LW, ZZ T, RIZE 3HTHNZ Y 3 rational ruled surface DIGEFIZH T, N HE
BIZWL DI B B PFHRTA B,
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Example 5.8. Y % rational ruled surface F.. D =aCy+bF £ UL, a>0,b=ae,e >0
FlEb > a,e=0DWONDERET S, (3.4) &0 (Y, D) 13504 (5.1) 2z L,
(3.5) (1),3) & EFED 1Si<d—11THL

RY(Y,Oy(—iD)) =0, D* > 0

ZIZT f(d) :=3(Kx,>—4p,(Xy) +12) L7z &, d= N = f(d) =20 L2 HRK
N PV OmERD X,
(3.8) &b

f(d) =a(2b — ae)d® + (3a*e — 6ab + 3ae — 6a — 6b)d”
+ (—2a%e + 4ab — 3ae + 6a + 6b + 12)d + 48
=d(d —1)((2a(d —2) — 6)(b — ae) + a(a(d — 2)e —3e — 6)) + 12(d + 4)
f'(d) =3a(2b — ae)d* + (6a*e — 12ab + 6ae — 12a — 12b)d
— 2a*e + 4ab — 3ae + 6a + 6b + 12
f"(d) =6a(2b — ae)d + 6a*e — 12ab + 6ae — 12a — 12b

a(2b—ae) >0 TH O, f'(7) = (72a — 12)(b — ae) + a(36ae — 6e — 12) > 0 &2 D7
D, d>2TDEE f'(d) >0, £oT f/(d) I d=>7 THFAKME 2D

f(7) = (214a — 78)(b — ae) + a(10Tae — 39e — 78) + 12 > 0
TRbb f(d) B d =7 THIM,

e>0Dr X
f(9) = 72((14a — 6)(b — ae) + a(Tae — 3e — 6)) + 156
= 72((14a — 6)(b — ae) + a((7a — 3)e — 6)) + 156
?73357:&)\ fO) lEb=ae,e=1,a=1DERMEI2Z LD, £>T f(9) =20, &
> f(8) =56((12a — 6)(b — ae) + a((6a — 3)e — 6)) + 144
ERBMW, b=ae,e=1,a=1DLE f(8) =-24<0, T&DH
d=29= f(d) =0
e=0D&ZTb=>a &V
f(7) = 42((10a — 6)(b — a) + 10a*) + 132 > 0
(6) = 30((8a — 6)(b — a) + 8a*) + 120 > 0
(5) = 20((6a — 6)(b — a) + 6a*) + 108 > 0

0. D f(4) =12(da—6)b—a)+4a*)+ 96 Fa=1DLE b 00 T DL
f(4) = —0, T205

/
/
dz5= f(d) 20

UEXDH N=9,

f27f



Remark 5.9. (5.8) T, T 512 X, ' minimal &fKE L725A. (3.8) (4) £V e#1 %
7Zide=1,b>a, ZDHEIENZESIADAULNISBZ ENRTE S,
e=2DEE
f(7) = 42((10a — 6)(b — ae) + a((5ba — 3)e — 6)) + 132
= 42a(10a — 12) +132 248 > 0
f(6) =30((8a — 6)(b — ae) + a((4a — 3)e — 6)) + 120
> 30a(8a — 12) + 120 = 0

7RV, D f(5) =20((6a—6)(b—ae)+a((3a—3)e—6))+108 X b=uae, e=2,a=1
DEEFfB)=-12<0, T2bL

d>6= f(d)=0
e=1,b>aD&E
f(7) =42((10a — 6)(b—a — 1) +5a*> +a—6) + 132 2132 > 0
f(6) =30((8a —6)(b—a—1)+4a®> —a—6) + 120 = 90 > 0
(

a—
£V, D f(5) =20((6a—6)(b—a—1)+3a>-3a—6)+108 1Zb=2,a=1 D&
f(5)=—-12<0, T72bbH

dz6= f(d)=20
e=00D, XX (5.8 THARLEY d=5= f(d) =0,

UEXD N=6

ITEHE A Hi TR Y B genus 1 BA_E®D nonsingular irreducible curve C _EIZEH 1T 5
decomposable ruled surface DFEIZENWT, N DWW DIZRBEDEFARTHAS,

Remark 5.10. Y % genus g = 1 ® nonsingular irreducible curve C' _E® decomposable
ruled surface P(Oc & Oc(e))s D = aCy + bF (& ample 72D |D| # ¢ LIRET 2,

Bertini D ([1] IL.Theorem 8.18) &V d > 0 @ & & |dD| i nonsingular irreducible
curve ZFf D720 (Y, D) 154 (5.1) 27z L. (2.7) EVEED1ZiSd—-11T/L

h'(Y,Oy(—iD)) =0, D* >0

LU s, ZOEEIEETOD d= 2128 U T cyclic cover Xy DYHUE T & 2 RFEN
N7z, FHRER N OFEFODP>TWTH, BERMICEERD S Z R TER,

-2 8f
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