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On Even Algebraic Surfaces of General Type

MK - #HE 4% —F (Kazuhiro Konno)

0. Introduction.

ALE (19904F) ST IRIC & > TARO— AT O Fast & 12 B~ S EE
LM OEINT: :

{1] Notes on canonical surfaces (to appear in Tohoku Math. I.)

[2] Deformations of sextic surfaces

BEATID DI (1] 134 & A I LI RDBRN SN T Do Z0D85 13 Even

algebraic surfaces, or semi-canonical surfaces’ 75 3RECH B, =T T2¥LI /37

NMEZZEAD even surface &{3, T DFE 2 Stiefel-Whitney class wo 230 EWH T &

THb, FE->THIZ x(0), K2 E WS IcAZBEHNIE L TH even L HDEFH TRV D
DIFHE FE-BINRITZ, BTN ODEY 2 5/ EMIIZH DB, §5 Bt
HTN 10 ITEETHES> TV B HODBNSN TV REROEEWII Z OFH» 5723 T
LIEETE 5 LB S5, 5 (2] D 6 (xS even surface TH AT HAEL T
L #iE- T 6 IREHEIDZEICIE » TOBHIHEIZ T Tp, = 10, ¢ = 0, K? = 24 %7
723 even surfaces ThH 5, FEE 2] TIRTNONTERICHHIN. TOHEREI 25
A ZEEOBIHATRENT VWS,

C O/NED BRNI—ERID even surfaces IEDHFERTH S (1, §5] DFER A0 -
L. ¥5i1Tp, =7, ¢=0, K? = 16 73 even surfaces DRFFE BB 2 & TH 3,
PUTIHBWT, SiZ—RID even surface &F 5, w, = 01Z0 S ZDEER KIZ2 T
O s05 K =20 LB I EICT B, 2DEE SIMBRANTEVNTH 5, Kid
nef XOTL b nef ThH B,
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1. The case where L? < 2h°(L) ~ 4.
AH & RHETTI (1, §5) OSSR (TD Theorem 1.3 & Theorem 2.3) IZABA%E 52X 5,
LemMa 1.1. L HoFEINSFEERS OGO MEL S5I1F

(1.1) L?* > 2h0(L) -4

AEBRIZ b 50 L —RAVSERE T [ RDiR
[3] Algebraic surfaces of general type with small ¢?. I, Ann. of Math. 104 (1976),
357-387

DYTITEVTH B9 UTOFOERE LT Jitbicd,
PROOF oF LEMMA 1.1. ¢ :5 — S% |o"L| DTJENERST | M| A free i2ti B Kk 513
BREOTO—7 v TDOERET B, —HED C € | M| IZIFFRBHITH D

(1.2) W (Mlc) 2 h%(M) —1=h"(L) - 1
—J5 Clifford DFEE L

(1.3) M? > 2R%(M|g) — 2

¥/

(1.4) PP=M+(M+c"L)Z > M*

ZZICZiE ot L| DREEERDTH B JE-T (1.2), (1.3), (1.4) £V (1.1) 2B3, qed.

XTL? <2h°(L) -4 ELTHAES, Lemma 1.1 12 kAUFO, DBITIHHETH 5,
CDEER(L) <n+11KB3HBERHniICk->T L =nD + ZCGHENRR) &5
75, ST DIROLO—ET 7 A /3—TH B, IRELD n 2> 2, [P < 2n—27hD
[*=nLD+LZ >nlDXY LD =01, L LD =075 KD = 0 HDT
D3 (—2)curve i >TLEWFE, > TLD =1ThB, cDEE1=LD =
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nD?+ DZ > nD*3DTD?*=0&73, ThoDI ELDPLIL genus two fibration
252 32 0005,

TueoreM 1.2. (Horikawa) Even surface 4% genus two fibration 28Tl K? =
2pg -4+ 4?%%7‘:—5—0
ARHIRR Y 7 A = EABETES X 04 U3 OICRIFHIAERT TN
EERICEPER OGN R DX

[4] On algebraic surfaces with pencil of curves of genus two

L OPES, FEEE [4] Tl genus two fibration DIFRT 7 4 /3—5H3(0) B~ (V) Bl 6 55
oHRIN TV AL, (0)BIDAD T 7 4 ~—ITidECR S -1 0RFIEEATH
%o - Teven surface |3 (0) BID T 7 A/ X— LA BEEV, JOBEK? = 2p,—4+4¢
1273 233 [4, Theorem 3] 1ZdH 3,

£-T

THEOREM 1.3. —HlAY even surface SR DIy L HY L2 < 2h°(L) — 4 %G
f= 8L Si3 genus 2 fibration %85 K? = 2p, — 4 + 49 TH 3,

=073 HDITTNTBITEVTH B3, Ticg> 00/%52 3,
ExaMpLE 1.4. CZEREE OISR E L TP-KR
T W=POc®0c(A) »C

A2EZ D, TZITAlddegA =4k (k> q+1)1LBHEFTH B, WD minimal section
AATET, U CLOWREL 6k + 2(q¢ — 1) DETF A% 34 & 24, - 2K 08RG
{BIZIEB R DICEB, TDEE Bs[SA+ 2r7(A+ A1 — Ke)| = 0 THB, —fED
BelA+2m(A+ A — Ko)| 2EZB&E

BA = (2deg(A; — Kg) —3deg A) —deg A= —4k <0

DT B = A+ By, By € |5A +27°(A + A1 — K¢)l|, 725% Bold IR E LT XL
BoA = 013D T BLIEFRTH B, BTHEKTZWHO_EHFHEE f: S - WEd53
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& S OFEREEIIA + A XD EHEINS, Al branch locus D—ESDT f~A = 27
EBIIB, oTHob U A ~ 24A,(BRIEE &L755X51C ABBATHIHL,
K~ 27 +2f m A 5D T Sideven 1o78%, L=[Z + frm A EBL &

P=2242Zf 1A, = ---;—degA +deg A; = 4k +2(g — 1)
% #- Riemann-Roch OEE L O
RY(L) > h%(C,0(A3)) > deg A, + 1 — g =3k
w->T
L —(2R°(L)—4) <4k +2(q—1)—6k+4=2(q+1—-k)< O

2182, Lemma 1.1 X9 ®l3 genus 2 pencil 252 3,

2. The case where L? = 2h°(L) — 4.

CORITIE K =20 733 iU L2 = 2R%(L) — 4 DKL L. D2@ iz 0BV
M _Ei< generically finite Tdh 3 LARET 5o

KL =n+1&HL, L2=2n-2TdH B, (1.2), (1.3), (1.4) ITBVWTTNTES
DAL L T B0 5 | L] {3 free TED—RST CIIERENNIDD 10(Llc) = nTH B, F
1L X DFBINBIEAERE f: S - VETHIL

2n—2=L? > (deg f)(deg V) 2 (n—1)deg f

Ko deg f < 2TH B0 CIIEEANKEDINS deg [ = 1£3EDFF, #-T
deg f=2,deg V=n—-1&715,

LEMMA 2.1. A1(L) =0, ¢(S) =0, p,(S) = 3n

ProoF. K = 2L 73T Ramanujam O7HHEERE XY H!(3L) = H(K + L) = 0%
B35, BHSHMIC h2(3L) = hY(~L) = 075D T Riemann-Roch OFER L 1

3
RBL)= 5L +1-q+p;=3n—2+p;—¢g
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—HV C P* 3ikEIn— 1 OBIESD T hY(V,0(3)) = 6n—2 TH 5, RE-ThAY(3L) >
hO(V,O(3)) £D Pg—4q 2> 3n %?Ef%o
¥ Riemann-Roch OFEH L O

1
(2.1) 2k%(L) — AY(L) =—§L2+l—q+pg

3185 A (L) = 3n—p, +q E153B, hY(L) > 0 255 p,— g =3n o hY(L) = 0
TIRFHUTE SN, TSI T—DCel|L|icxdLT

0— 05 — Os(L) — Oc(L'c) -0

£ D18 5N B cohomology long exact sequence & X 5 & h°(L|c) = h%(L) -1 #2» 7=
NS hY(L)=0XD q=h{(0s)=0HH3, qed.

XTV i P HOB/INKE n — 1 OB OTROWENDITH S FZITIRD
TKEEEDR

[5] On rational surface I, Mem. Coll. Sci. Univ. Kyoto, Ser. A 32 (1960), 351-370
ZR&)o

(7) P*(n=2)

(A€) Veronese surface ~ P? (n = 5)

() Hirzebruch surface £ % |Ag+ ((n — 1+ d)/2)T| THEHHIAAFHD, {BLA,
{3 minimal section, T {37 7 £ /X—T d {3 n— 3+ d DIEEEHE S BIEEENTTH S
(n>3)

() "Ein—1 OFEEHER D cone (n > 3)
n=215\fLemma 21k p,=6,9=0 K2=8 o BlicBNTH B, K
Tan2>23&75,

(1) DIFE P LOEEE ¢ EBLEL = 2fY ThHbB, H>T K = 4f*,
f*Kp: = =3f*¢ 1ZH°5 f @ ramification divisor R (3 7f*¢ &Mlﬁjﬁﬁo #7iZ branch
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locus B = f.R i3 14 IR TH %, £-T[3, Lemma 1.3 X B OFRSIIS~
simple triple points T %, Wiz 4 simple triple points LAME7/2734> 14 (Rithi#g B %
E0D, B THKT 3 P 0EFE S' % 74 OhicERT S L ThiiscFE_EHA
LB B850, #0 dualizing sheaf ws I3 Kp: + B/2 ~ 4 HoFHINBDT
Ro(ws) = h%(P?,0(4)) = 15=3n, h'(ws) =0
W2, =2(40)?=32=8n—8

& B, I TS O minimal resolution 2& X 5 &, THUIAFINALZRBEZFD
BA 2 HMT even surface 12733,

() DA : L= f(Do+((n—1+d)/2)T) HOT K = f*(280 + (n— 1 +d)T)
TH B, TaDBER|Z 200 — (d+2)T THZ 5NB0 5. fO ramification divisor (3
f*(408¢+ (n+1+42d)T) & branch locus Bl 84¢+2(n+ 1+ 2d)T & &~ $ERIEHAEIC
755, 12D [3, Lemma 1.3] £ ¥ BldfE4 simple triple points UL ARz T EORE
9o TDX 578 BOBIERBARDTH B, 9 BIZERERSEZR¥aDT BA, > —d
b b 3d < 2n + 2 BWETH %, BICFHITHRE L O, ZOEHDOT THEELR
1880 + 2(n + 14 2d)T| O—f5T B 12X LIRHRALT B,

o 2d < n+1735f B I33HEREH

02d>n+1,3d <2n+27% 5T B lho+ B XAEDEHZERFT By €
{700 +2(n+ 1+ 2d)T| IZFESRBEI. AoBo=2n+2-3d TH5

X T4 simple triple points LAH 7213\ B 205 & Kg,+B/2 ~ 280+ (n—1+d)T
BXU

(280 + (n = 1+ d)T) = 3n

(280 +(n—1+d)T)? =4n—4
& B THlgd 2 _EHERE S I LT A (wh) =3n, k' (ws) =0, wd =8n— 8 215
Bo n—14+d 3EXIZ-7:H 5 S D minimal resolution {FHEH T even surface {T73
bo ZORID S (3 genus 3 ORERFMRIEER | f°T| 8-> T\ 3,
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(=) OFE . kofEERAVWIUTE (Y) E[ERETd 5%, branch locus {ZxHd 3
FELD n<s E18B,

LEMMA 2.2. (1) OL X fFIIERIBE RS — T, (T lift XN B,

PROOF. V O vertex 28 AWEED IS IEERE S 5| ERTIEICE-T3,
Lemma 1.5] 2BILE#EGHS L =[(n—1)D+ G| &3 b3, i |D| 138%
%975 pencil TH D G 13 vertex DR TH 5, |L| i3 free 725755 LG =0 TH B,
f-T2n~2=L"=(n-1)LD £ LD =2 %183,

2=LD=(n-1)D*+DG>(n—1)D?

XS 3 evenEDTHL D?>07k5IED2>2THbH, f-TD*=0,DG=2%
B2, VDvertex 7 0—~Fw I T5EE, i 0MBONG#07EDS FII S HoT.
~DOIERIER h ~Nift TN A*A) =G E785%, qed.

YLD (1, §5) DFHERTH 2IROERMB SN,

THEOREM 2.3. L? = 2h°(L) — 4 TP®p "% DBD ki generically finite 75 51,
K? = gpg ~8,9=0%37:9, ZOFEE S |3 minimal degree ORNE V O _HFET
&H->TZ D branch locus {3 (V D vertex 2D ZF %) 54 simple triple points LA¥FH
BIEV, E5IT VATP? EBGEAITIF UL (i h%(L) > 775 51F) S 133 o
MR ER,

REMARK 2.4.

(1) BT K2 = £p, — 8, ¢ = 0 735 even surface {3 FFED HDITR 3,

(2) (1] ITIEFFHINTWIWHDWTIZ deformation type DEHEZL THL & p,+ 3
DIDEHDEX2D, THTRNWEXIILDTH S, FHEY 254 LEHOKTIR
18n + 20 = 6p, + 20 T3 B,

(3) L? = 2h%(L) — 4 T®,, A% pencil 25X NULHIET LIGHEDEET S (3 genus two
fibration 25> T K? = 2p, — 4 + 4¢ 277D B, DX S 15ghEIOH]
I3, Example 14 Tk =q¢+1EBHIBRTZS EEEZ H%|L| OFEESRSHTIEB),
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3. The case where L% = 2h°(L) - 2.

IRICEEF &L L2 = 2h°(L) — 2 75 % even surfaces TH B, b L SHY genus two
fibration %4 TIf Theorem 1.2 X O ZOHEIIBHITH B2 E LT H-TEDT
BOEGES %o

RO 5E S & XS HEIRIERITDIV,, ERE RO OHMRATE 3,

LEMMA 3.1. A%°(L) > 3 T®; ' pencil 252 371 5T L genus 3 D linear
pencil TH 3, ZNDEE A(L) <5 THb,

ProrositioN 3.2. h%(L) > 5 TP, D3F DRV D LT generically finite 73 5{F
deg ®; =2 TV (ZA-genus < 1 DI CTH B, ZDEX AY(L) < 10{T78 3,

PrOOF oF LEMMA 3.1. §1ICHBIFBEERKCL =nD+Z EFL ER(L) < n+l
DT L2 < 2n &85,

90 > I*=nLD+LZ >nLD

D LD =1,2%185%, LD =173 5F§1 LERHT D 13 genus 21T78->TLE S, #E-
TLD=2,LZ=0,L%=2nTHb, BT h(L) =n+175DTP, i linear pencil %
Bz 3, n>2,dNE2=LD=nD>+DZ >nD?*X D?* =0 %18, D iI genus
3THB, XTKZ =2L7Z = 01505 Z DEEHIARSZ (—2)—<urve TH B, Zo %
DZy> 0753 Z DBHIBRADET B0 Zo DEMEEM ELZ=mZ0+ 2" EE,

0= L2y =nDZy—2m+ 2¢2', 2=DZ=mDZy+DZ'

XD nDZ, <2m m<2MBOTn<4%185, XOFHEILKRDEn=20D8IZ 122
DDRH ST (=2)-curves D1 Z = Zy+ 2, D FTcld Z2 =22+ Z' 155 n=3
OWHL Z =220+ 2" n=4155lE Z =27, TH B, qed.

PROOF OF PROPOSITION 3.2. ZHUFF 2 03 ERL IO THIRDAICH
Db f:SoVES, DOFEINIFHERETSHE 2n = L? > (deg f)(degV) >
(n=1)deg fHDTn=275{Fdegf=2,3,4, n=37Slfdeg f <3, n>47&
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Sl degf <2THb, TITRIT f AEHET B & py = h%(2L) > 4h%(L) - 6T
& > TURRIEREEG L IR D 5, Castelnuovo-Horikawa DAGER

K’2> 3pg_71 1fq=0a
= | max(3p, — 7 +4q, 3x(Os)), if ¢>0

AT TH B, pp>in—2, K2 =8n ihon=3Tp,=10,¢=0, K* =24
DA (numerical sextic !) _Lb\ﬁl DBV, PE-Tn2>41iolddegf =2 TH B,
ZDEXdegV =n—-1%Ffcldn TH3,
degV = n DL Bs|L| = 0710582 EIZRERRDER T p, =3n+1, ¢ = 0 H%E
BITX 3%, ZOBE V IZARERELO0 O normal Del Pezzo surface 726 n <9 E18 5,
degV =n— 1 DB¥E Bs|L| # 0 IEDTEFINEFANBIMELND 5 :

LEMMA 3.3. deg V=n—108F|L| = M|+ Z (variable+fixed) &35 EIRDL
THhOPKIT 5,

(1) Z =0T |M| ® base points {2 2 [a]0D blowing up {2k - THHHI 1L 5,

(2) Bs|M|=0TLZ=MZ=1/D2Z2=0

(3) BsiM|=0TLZ=0,MZ=2,2%=-2.

PROOF. ¢ : S — S % |o*L| DOEJEIERSY | Mo| DY free iT/XB K 5T a—T v 7
DEBRDH>LBEDHDETE, HIPIART EICE>To'L ~ M+ E+0"Z &
B2, degV =n—1ROTM =2—-2TH53, &> T L =0"LMy+1LZ =
M2+ MoE + Moo*Z + LZ %1

%183, oicBi 3 base points DEEEE m; LiLTE ME = L m? THAFICHER
T3, £ LZ =My Z+2? TH5,

(3.1) XD, MyE = 27351 Meo*Z = LZ = 0> 2% = 0 L1353, TDE&
% Hodge index theorem &0 Z = 0 %83, Jhid (1) Th b, ME = 1735
IMoo*Z 4+ 2% = 115DT 22 133 Thid S Heven THEIHIIFIET 5, McE=0
KolFoEEERTHE-TMZ+LZ =255, MZ=0735F 22 =2iT18>T
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LE\ Hodge index theorem {ZFfFd 5, MZ=LZ =113 (2)  MZ=2,LZ =0
12 (3) TH5B, qed.

Vi3§2 D (7) ~ (x) THBHH, fibration ZFOMEICEIT 5 Xiao DEERB L
U1 canonical resolution Z{F5HT XK > TEF Lemma 3.3 D (1), (2) HEEZ S8
HE g =0HEATE B, (F: 2 T Xiao DFEREIR

[6] Fibered algebraic surfaces with low slope, Math. Ann. 276 (1987), 449466

@ Theorem 1, Theorem 3 DZ L TdH B, F 7 canonical resolution {Z2>\W\TI2HEI|K
O]
[7] On deformations of quintic surfaces, Invent. Math. 31 (1975), 43-85

D§2 2R SN\, T8 I ZFDENHD—F|%A7R3,) Lemma 3.3 D (3) DBAIC
{2 branch locus HNEAERRST 2 F5/- A & canonical resolution Z{F -~ 7-ikmHh o> n < 7
HIREN B,

ELEOER LD, Proposition 3.2 48 5.5,

DX HIT L? = 2h°(L) ~ 2 73 % even surfaces |3{Eh UHOFEE LIEVDIEA, BS
BRSEDEIARARTE TV EDITTIIIE, FHI®, 4% pencil 5.2 3154
IKIRENDEEANI SO TEENRIIADTH L,

Z I T SD7-¥ even surfaces DRFADI L 5 B 6 e A& 488 & hic
LTHL, SEp, =10, ¢=0, K? =24733 even surface ¢35, K =2L £HL &
L*=613DT(2.1) &

(3.2) pe = R°(2L) < 2R%(L) — 1

O RU(L) =4 F7U3 5 THBM, A%L) = 51851 L? = 2h°(L) — 4 £2h S FiE
FTIGEA L A BEZEZNIAEEBI SR TRRI DB, RE-TA(L) =41DT
L* = 2h°(L) - 2 %73, 6 REbEZOLAWERE 78 2R even surface TH 3,

BIRRICIROEITRNT B p, =7, ¢=0, K? = 16 133 even surface {3 (2.1) & (3.2)
&0 R(L) =3, [? = 2h°(L) — 2 2it=T 2 b B,
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4. Even surfaces with p; =7, ¢ =0 and K? = 16.

LERDOTREERAHD even surface & b & b & K? = 3p, — 5755 canonical surfaces
(THHLLEEERIWERERES5Z 5 D) OFRICBIE LI, £ canonical
image B Veronese surface |0 cone {ZA % H DT FDSEE TR (Ta), (Ib) icfENd 3,

PRI TR/ X D ITIRORILT B,

LemMMa 4.1. R%(L)=3,hY (L) =0

THEOREM 4.2. p,=7,¢=0, K? = 16 7% even surfaces |39 : S — P? OtZg
IZ& - TRD 6 FRRICAE NS, (ZFDLSIIATEIO®YD)

(Ta) @3 generically 4-to-1 holomorphic map

(Ib) Bs|L| i3—& TPl generically 3-to-1 map

(I1) ®.id generically 2-to-1 map ( |L] {3 Lemma 3.3, (3) D)

(I11) @ .I13FEBREMIAYS genus 3 fibration 252 5, (|L| PEESSIOFACL T
X Bz (Ila): Z = Zo + Zy, (Ib): Z =220 + Z'D 2 FEKEIZ VLB

(IV) ® L |3#BFEMRY7S genus 3 fibration 252 3 (Z = Z,+ Z1) o
ZIT(IV) B | L| OBELERSIHN 220 + Z' ORATIE 0 B WFHTAEE L TR L,

—55 (1) BUCI3EZ /A SOEMMARN TS, Z0H7-DICHEBFMEREL0
EFZDTIEOEDDEODH S5DONTVWBADTHS,

X TEAMITIT half canonical ring ®HO(mL) 2FF B2 LIl k- T type ORHE
DEBHEREES LIP3 ENTE B, (ETT—HIE LT (V) RIS ENT 5,

(Ia), (Ib), (II) ENZ P(1,1,1,2,3) D weighted complete intersection T3H B,
degz; = 1,0 <7< 2, degu =2, degw = 3 &L Aj, Bl zo, 71, 220D jIR[EKE
HRXERTHDET B,

U2 + Al‘LU + A4 = 0
(Ia)

w2+B4u+BG=0

— 185 —
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Ajw+ Au+ Ay =0
(Ib)

w? + Bou® 4+ Byu? + Byu+ Bg = 0

Azu + A4 =0
(ID)

w? + Bou® + Byu? + Byu+ Bs =0
(Illa), (IIIb), (IV) BNZ P(1,1, 1,2,2,3) D weighted complete intersection T3
A, degz; =1,0<1i<2 degu=degv=2,degw=3& U 4;, Bj, C;id 20, 21, 22D
SRERERRAET DL B, A, B, bEKETH 5,
Ayw + Aguv + Aqgu+ Av+ A, =0
(Illa) w? + Bou® + Biv® + Byu? + Bjv? + Byu + By + Bs = 0

Cg=0

Ajw + Aol + Aqu+ Ay + A, =0
(IIb) w? + Bouv? + Bhv® + Byuv + Byv? + Byu+ Bjy + B = 0
Ca=0
uww + Au+ Ayw+ A, =0
(V) w? + Bou® + Byv® + Bg{ﬂ + Biv?* + Byu+ Bjy+ Bs =0
C;=0
IhoEBVNTIROEL DD S,

THEOREM 4.3. FEEOARZEERAFEFD even surfaces DE Y 25 4 ZEEHIEES (51
o) THb,

ERZ specialization diagram |3/ROBEIZTL 3,

- 186 —
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b — 11
/ N N
Ia — Illa = 1V
N
ITIb

FIZ 1L ¢t % parameter & LT, (IV) RIDHRERTC,=0%tv— C, = 0 CEEMZ /-
boEEZ L (I)—=(IV) D specialization 2§ 5N 5, fhbEHETH 5,

REMARK 4.4. 2GS OEHIL canonical surface Th 5, BHBESOREHOE
HEESI3IF DD LI generically 2-to-1 TH B, F/c Bs|K| =0 Th 3B,

5. Surfaces of type (IV).
SE (V) BIEFHUT (L] = |2D| + Z2TH B, i |D| 13FEEL 3 DiBigMthiRD
pencil T Z 133722 DA 5754 (—2)—urves 2o, Z; DFITH 5,

LEMMA 5.1. P.=DNZ; £ &, P & P, I3 conjugate (F7ibH P+ P, € g3)
123 EDB 5 b Welerstrass 5ATH B,

PROOF. K ~ 4D +2Z 13DT D OREERT Kpld 2Z L F¥EN 3B, $4b
H 2P + 2P, € |Kp| = 2} T&H B, Fy% P® conjugate £ 3 & 2P, ~ 2P &E78 5,
P, = P13 5lf Py & Pyld conjugate, P, # Py ol dim|2P] > 0 &k ¥ Pl Weierstrass
HTHbB, qed.

LeEMMA 5.2. Pl Weierstrass 5 Cdh 5, ¥ h%(D,0p(2)) = 1.

Proor. $ L P& P conjugate 73 HiE
0—-0O(L) > OBD+2)—0p(Z2)—0

ERNL)=0%D R(3D + 2) =5 %183, {E>T|3D+ Z| 12 P*HD cubic cone D |
A generically 2-to-1 HEE§A 5% B, (3D+2)*=8=2x3+2%Y Bs|3D+Z|
{Z Lemma 3.3 &[RIRICIRODWTIRNICIE B,

-~ 187 —
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(1) 13D + Z| (3 BEERD A= 3B 2 BlD blow up THIHINS

(2) 13D+ 2| =|M|+G LB EBs|M|=0TMG=1,G=0

(3) 13D+ Z|=|M|+G &BLEBsIM|=0TMG=2, G =-2

(1): 3D+ 2)Z; = 1 BOTESZ Z LD EDT2H 5, ThEBXQiET 5,
015 SAESDIBHEE L, E =073(Q:) &8, T Z:D proper transform %7,

L®L, |0 (3D + Z)| OUEIERSIL |30°D + Zo + Z,| 12D TZo + Z1H* cubic cone D
vertex DB TH %, {E-> TIEAIER f - S —= 3T f*Bo= Zo+ Z, 155 bDHYEE

43, f O ramification divisor R {3 f*(440 + 9I') + 3(E, + Ey) EERENETH 5,

%7
2 = ¢*Da"(3D + Z) = f*Tf*(Do + 3T) + f*T(Eo + Ey)

LD ESfT=0THY. Eif(Lo+3T)=1X0 fLE;~ %823, #£->7T f @ branch
locus B 13 8¢ + 24TICHRIGHATH B0 Kx, + B/2 ~ 280+ T 105 B THHEK G
B EEE S AEAFER (44 + 12T DhICER T 5 &
R (ws') = R%(280 4+ TT) = 15, hl(ws) =0,
Wi =2(280 + )% = 32
L1355, S' O canonical resolution 25&E L L FOALERIL
p4(8) = 15 — T 3[mi/2)([mi/2] - 1),
K2 = 32— £ A[my/2] - 1)°
TH5Zx 5N 5, = i mild canonical resolution OB CTHIR L 72 branch locus
BESOEHETH S, T, |f'B - 2R| i3 effective divisor 254 f*B — 2R ~
6(c"D — By — Ey) 1532 EMS [mi/2] = 4 E1EB3HD DD B, BT p(S) =T7&D

alalz]-=smoria

8%, JOBE KI=10&183, BicS &5 134, 2D EHS B Hlinfinitely
near triple point 25> TWA I Edbd 3, T35 L5 (=1)-curve EZTHH BER
SHA-2 THBIETF Yok Z 0BRSS FiE, SED (=1)—curve /&L T S H185
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NB05Yold SEICY? > -1 B3HFYE b7 59, YRR 7 4/ =DV &EDD
BB ELL VOIS Y2 <0, BE->T Y2 = -1 THEHNINIT S Hleven THHEHE
IZFEY %,

(2),(3):3D+Z~M+G1HNDT2=3D+2)D=MD+GD 1Z00yick 3 D
DBIIERRIEDT MD =2%185%, f£->TGD =07205 Zild G DRSO TIIIE W,
—% . cubic cone O vertex DFBA G'Ed3LE M ~3D+ GBI EMSFEHITH
DBEITG #0THD Z - G LFRENEICIED, EXANRN(Z) =126 LT
Bl kD HN(Z -G)=0EDOTHFETH S, qed.

BE > T Pid Weierstrass ST h°(3D + Z) =4 %183,

LEMMA 5.3. h°(4D + 2Z;) = 6, Bs|4D +2Z;| = 0 TH B, £7- Bs|K| =10

Proor. i# jE L. £3 4D + 27 - Z,| 2T 5,

&0 (4D +2Z — Z;) > 6 #1835, —H [2Z - Z,]lp = 95 + B 13D T h%(D,0(2Z -
Z) =2, F£7:(8D+2Z2-27;)Zi=-1&XD R°(BD+2Z - Z;)=h*(3D+ Z) =41
"o
0> 0BD+22—2;)) = 04D +2Z - Z;) = Op(2Z - Z;) = 0

AEZDERMAD +22Z - Z,) < 6 HRED, k>T h@AD + 22 — Z,) = 6 TH 5,
12Z - Z,]|p DR S Z,% Bs|aD+2Z - Z,| izEENB T E0bEh S R(4D+2Z;) =
6 %85, 4D+ 2Z;| 13 P°AD quartic cone D_F~DRE 2 OREEB 45| X4
D (4D +2Z)2 =8 =2 x 4150DT Bs|4D + 2Z;| = 0.

Ee ETRAELSICHIRER HO(K) - H°(Oz) 132 TH B, K = 2L &b
Bs|K| CUZ,TH 5 Z LiciEET T Bs|K| =0 bbb, qed.

DL ETHEBIIR T L= T SOAFREREEL .
{z0, 21} % H(D) DEEE T B, 0 THWG € HUNZ) 2ED ¢ = GEBL,
H°(4D +2Z) =~ C* T hid 217 (0 < j < 4) BV S EMTIETE & THER
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N3, &3 Z, L0 THOVERTH %, H->T H(K) = H'(4D +22) ~ C" OREIL
zl!_l i‘-'CZ (0 S ( S 4): CDZEI) C12€0

THEA oNn5,

HO(8D + 22) %38~<%, Riemann-Roch OEMEL D x(8D +22) = 16 2183, fih
H HY(8D + 2Z)" = H*%(—4D) 25 hY (8D +2Z) = 3, h*(8D +2Z) = 0 £7iD,
RO(8D +22) = 19 %183, XT H°(8D + 2Z) iZiZRD 20 FDTHSH 5,

787 (0<i<8),

{zozr‘cga (0<i<4),
76 (0<1<4),
I3

BE-> T I SORICIZ > EDEORIRTED D 5,
(5.1) bob1 = a6 + &G + ag(®

Z T ak, ol 20, 21iZBET B MRERZEER TH B0 (b LESDFEA 012785 TW
A& ZyFIMERASIRT 22 Ltk > THREHIEINS,)

DXIT H3L) = H(6D + 3Z) ~ CHAR2Z LIRD 13 HO—KHELETA R
B

B227(G6E) (0<i<2),
75277 ¢(¢26) (0<i<2)

F->THLOITLY DD 5, TN 2, LTH 2, ETH 0T SN LHNEFETE 5,
BRi%IT HO(6L) = H°(12D + 6Z) =~ C*® 2§43, TTizid (5.1) ks LTRD
57 DT D B,

{ 72770 (0<i<6),

(2523278 (0 < i< 12),
26 27N GE) (0<i <),
zozl"'C‘(szo) (0<i<8),
252 CA((36)? (0<i< ),
7zt ((26)? (0<i<4),
(@&)  (¢P6),
z{,zf"'(adz (0<i< 6),
" (G6)Y (0<i<2),
Zazf"C(Cl&)ili (0<i<2),
| ¢?
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BRI 56 {ELEBE O MNT—IRMENE D S BERL HIEYE L DDA T

(5.2) W2 o= Bo(@&) + BH(CE&) + Bl (1) + BiCP (&)
- +8:CH ) + et (CEéo) + Pra(?

f;é%ﬁ‘i%f&%o {Ellﬂk) /B]I‘zi 20, 2'1@ }CMT‘& 50

XTI Tzo=28 21 = 2051, 22 = 22 EBHITN ST H(L) DRERL.
m\iﬁ Cz = ToT2 —Zi =0 ;&fﬁf:_g-o é “9‘: u= ngla v = <12£0s w= ¢&f5‘ﬂf (51)’

(5.2) &0
uv = Aru + Ajv + A,
w? = Bou® + Biv® + Bou? + Bjv? + Byu + Bjv + Bs

%185, KorEHEThIeH (mL) OERTTEFFRRIE IS LV I E0ES
DD SN B, fE-> T THENLICAEENE SN,

LSD1% (5.1), (5.2) DRI EWRA AT 5, WA P LOP-HP(O808
OM4) ELT. b=FraIANVETFET, 77432 FEE Xo, X1 e HX(T) B
LU X, € HY(T —4F) 2T h o BT 7 A N —DEIREEES5Z 5L 51t & > TH
ET B, £ 4 G4, Fadt HO(Kp) DREXFEST Z3HICHEET S, Xo = (6,
X1 =06, Xo=CEBLIEIRE>TO%ERIER f: S - WILRbbIF5, £D
BV = f(S) DEFSL (5.1) THhDB

Xo X1 = Xo(auXo + a X1 + a5X3)
Thb, p=Cv&BL E(5.2)1F
62 = Xp(Be X2 + Ao X3 + BuX2Xy 4 B XEX, + BaXoX2 + B X1 X3 + P2 X3)

L15B, QIR [2T —2F) D7 7 A N—EBREEZ oo, ORI VOERHE 5%
SED B0 e, fH—IETE O SIIFEBRITIL S, X2 =013 V_ EICT>0OIHSRERE
R Xo = X, =0, X; = X, = 0%5%, TN 53 branch locus D—EBTH 3, #K-T
BF (X2) 13 ' ki 220+ 22, 5 BT 2HEHT 5, SOBERFLT ~ (X,)+4F
D5l X _FIF7EH 5 even surface IS ADTH B,
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