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De‘fininou
| (M 'Q‘) ’ (ho’onov[ﬁkic) S’)’MP,?(T?( mow 'Fbld

£ | M : complex moni folol
(cownected, not necessaly cowpact)
q: ol-clbsed ko'owovpl\?c 2- f‘orlnm.M
s.t. everywhere nom-olejenerate

TMx TM — Omn ot YxeM
hm-deq.
(Vi) Va) 5 CVLIR) altermating

= 1) dimg™ = 2d even
Ce
—= T*
1) TM <.___._"T M v -)
.LQ'::dQ'

- Vc (HI:‘G‘) closed subvariely
V: Lagramjiav\ S (T|Vre3 =0 — )
mV=d — ()
Rem. (i1 dimVEd.




f: (M%0) =B (B:sneors)
proper, surjecTive, holomovphic map
with Connected fibers
- £: Lagromgion fibration
S Viwed. comp. of f i Lagrangian £
Class € ( bimeromorvphic 1o ki hler mid)
(2 dimViiber=d & olimB=dl)

Rem. §: smoeth at XeM , b=ftx) B
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il C‘v.nTllo".x |

D> TuMp — TxM —> Nngy x>0

| I
=, Ti*B — Tx My T8
LA’M??M II:I
ToB —=— Ta*Mb
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In pavtienlor : For smooth Mp = §(b) E
(21,1 2a) local coovd. o b€ B

3 ¢ Pdy, - 1e F¥d2a € HP(Mb, TMp)
linearly independent ot Ve My

| ~ (0 . 0d
3 TMbS Oy, > TN = O My

~l?n€ Mb = ol-olim. complex Tovus
. ( Liouvilie’s Thm )
Al bonesemap

Fact  D:=1beBl £7(b) : singular} CB
[H~0.) ig puveof codimensim 1 4 D*¢.

Rew. In genevel, +his t¢ false even it
{: XY is fat & X:Y¥ Sn\ooﬂv.)

( Muwwwford - Romanujaw )
Questim How 1(b) (beD:geneit) [onks ke?
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g=A* D D=(2a=0) % A%

(Zt"“rzd)
D = T OxHi, N= GCOLOD) N wetliplicity

en. fibe
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___!_ (d'—'-'- 4 B kodaim) e
{: S=S*— A'30
S : symplectic & Ks =0
(2 f: oulomatically Lagrangiaw )
= "' Y’kt'\”'Y minimal e"-pf-e{-.bm'tm
without multiple fiber
£(0) is either:

To: smesth ) I. I < (ivreducible)
( elipticcuvve
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Io oo><, X
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Question

For d22,

How { :I{‘;f‘:::t ‘f'rom} kodaira's classif.
ore ( 3enenl2) Su‘n,ul» fu"l»ers ?

Aiw

Grive @& ‘fa?r,)v Com p'efe answer To
+his Questiom by fiwoling

kodai ra's singulos frbevs of am ell. surf. in
14 9enenl smgulor fiber of Lagiangion #b.
2 by coveving i1 by o natuel €4 actin

( also see Tome dt-ffymt Phe\%mona)
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cl\bmcfo\iﬁu \/tcfor ﬁtu . 1_:‘" o eas: ,
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. Chavactenste vector Field U= ¢ (17dt) of  |6-2
discriminawit hypevsurfae H om (Mtos))rey -

H L)
(Mews))veq Tly = d2nds  (Hz(§teo)

¥
D alu (%'THM) =0

......... 2
~{ vk 5
T 2 (Mwos))reg O QI)»,
T | integial Cuvve
E I= (dbfuve of the Tnf-,mﬂ)
Cuvve of V-

. Howi[Tonion vector field U= 0 (f*ds) ow M :

By obviouws | T (1o (4*ds), 527'( ) = f*ds (%) =0
+ T(Ir(f’ﬂl”.%)f—'b
shope o4 0™ | - (10-(§7dls), 75 ) =]
T (L (Hds), £ ) =°

S 1o (f¥ds)= 35 o] E directom
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B=A% —D= S T smeeth .
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D
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(HAM\‘TO hiaw VetTor )LIP'O'S)
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41 beys
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=
D2®) Lie olg.
— c*? -———?Au't(M/[g) (Cc AutM)
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= ()

— £ (b)= My




An Applicatiom H-2

. X C (M b) red TYVPduC;b’Q CMPDV\PM't

Ly dimX=d & €T 7X Hamiltonion acton

orbit C4'P c X  @-11-Otwm (but not
\ (PeX) hecessawly closed )

. Pi: X — X normalizotiom

N v < .
S X — X E‘%mw.\uamt

Lg:"" Od_‘ So: CHP (PeX)
c alse (d-1)- diim.
L S X=¢ © €' OShgX, dimSimgX $d-2)

— e, Xm Smooth. |
1 Other ivved.comp. of My

‘[ -1)-im
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Charactevslie vector Fielod (Torus) IC-\

S‘*D 2 GiHx H= H, o= Q.
‘lueo\
M= DU st. HaU=[ko=0

fv=FvvRv So: dbu=3vuv dlv om
Ve e (db)), € HHS THo OCH)

HaUnV

T locally ontM?
holowm. vect.fielel vawishing at S H

[ chovoe tevistic vedlor field wrt. H] Also:
Ve e (L5222 )], € HUH. TM@OHeoH)

£%
‘)""la"y o H
locally onta?
holowm. vect. field vowishing ot
Swg HU VU (HAHS)

(Rew. {*24-%39, gu:_w 0-9.d% o UnH)
Vv Tmr«f to Fiten

g - Tule9ral ¢
= Xreg LG G 'Vctl;zv ““;(V::"’GS"»“

(XCHb IVVPO‘(‘NP) ‘X
JC)P : chavacTevi she cuvrve @ :
%ﬂ\f‘t H (7§ thieis 1-dim) 9"3)(




Applicotom  If we would Know [€-2

—;=C c X C : smooth Cuvve

3 0% VC"”l e Ho (¢, TC ®6a(H))

0% v How|e € W (¢, TCR0c(-la-H))

5 ) deg TC)R ®c(H) 20
{ deq T(C) @ O (-(a-l)H) 20

:;{ 9-93(c) + deg (Hlc) =0

9- 29(¢) =advy (Hlc) 20
-1

O
= %(d)"(} or 1l ie. Ce P ov P“\\'ﬂ\c cuvve

. Moreover, when 3(C)=1, |
e € Vil 1 ro 3o,

> X smooth & (Hb);;lx

F "
R__"‘“ X= & meet othev comp,
r } V l::h' =0
& Stwg X |
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BS_'_"_- In geneval: -3

(MM’ @.,E > H ivved. red. hypersuy face
o5 { e (@bt € HO(H, TM@Ou )
» ,_

gd\av
Y e }w\& another mmm‘ug

. X € Hryg @

=2
~

F1= ‘915-\—1 Hrpg\q(ex;\);)go V—ujx GTXHrpg ‘, |

_ o dhvx a (e (Ahulx, V)
vk=1 & = dhv(Va) =V¢(ﬁv)=o)

U E, vonk? foliaTion on Hreg

X€ Hreg
chawe tevist foliaTivm

Huwowy Closure of leaves are compart curve !

. H ample & smooth 2 No (HWW?—VF?I«WPQ)




ExL<Z (A=L) It
M: in Ex2-|

M hos outowovphism

(YY), 2,5)= = (B¢, 3e9,3st), 2+'P, S)

35- Exr(l“l:') ?G(E);'

-hree orderf £ 9*qTmu=Tm

%) — AT\A.S) A“'s
D =(u=0)
new Logvomgiom Fbrativm with 59, ¥ BN'S

(H (0\5‘)"‘ - (‘3 =X 7‘1 .'1.2 ) %h
2 3
<H BsX,3c 9,2+ P)>

Agotin .
folinted by IL under €= E4p>

Ix¢), But.by ¥D=5H,

( ‘b(‘&“y
w\u\'hg\?cﬂz S (D‘?‘HPVPht }rom d=1)

Bf_'f'. By M— F\ I= { = closure of integuel
cuwe of chav. vet.

é’l); -~ i, ‘ field w.v.t. H
b/s. aC: Tndunted by Howm. vect,
field

e3> (u=t%)




_E_,g,_ ( A= offer ¥ NakalMumq)

|5

R& - SPQQ G:[ Wm,u.—\, Wﬁ'\r] o C_: {’X&_—_ ui:—v--1
Yg=U"V
Y
. y 2 i) LA
Re o> Gu (g AR GR = n
“ e
0= dkA d4s= 0\“/\9—\% .\ N Y&©
©
(Rap) = U (RySs | qlued by { AP T
hez TpeSga= M9 (=)
\?::'U LQ&: Lﬁvo\ﬁ) — Cu
fex . <
V\on—‘)\pprv LD«QYN\Q\DM 'F' valivn
C&Tvbl‘?:bﬂ' .,‘ :_'-.
\?;\(p) — . _ U “)l
, \ m{= O‘Q‘ "iql ‘Eh
Yga = 4\7 D;
¥ 1Y



r o, Q”ggw%%gﬁ :Titf K z

v~ s 2 _

M=RxE x Cs — Cums) net proje«tivm
® .

T = dun2¥ + daads \

™ v g)’“‘?“%fu {'bm

e

§: nhon-proper Logvangiou f bralom
Pestrict T W1kl (1sl<<t) & §Hix PeE

Z7 M by:
1: (M, 9%, 75) = (Whe, u*“:a;,b?,s}

At Qg
fyee , proper diccontinvous & presevve \Fe

> M= W2z +5 Atag 2 D=0

proper Log vom §itnn f£b. wrt. IpM Tud\noe:l by
&

b &
P ) = C‘:*"E/((x.z)r-a(ux.z*P)>

W¥o (torns fbralim over Torws G::/(u) )
9-diwm crwplex Toius
- Singuler fbers $7(0i5)= Mios) ?
Depends on the choice of PeE.

(H= $%D : reduced disevim. hyp. surface )




P:: 0O e E
o5 = Mws)

1o (§¥ds)
(any one of [PgxE)

Seo: M (0:S) = .U. Ii
T.= closure of of chav.
/ v. feld

Char & e (f¥du)
cwve @7 ALY trawsitive

T from Hom.v. field Lo (f¥dls)




| L
P= (3-Torsion) GE

P —_— M [D|S )
M(Dtﬂ /Z

z

o Tuax € st closelo )

kodaiva's £iber

(\btu“y - H(Oﬁ‘
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Rew.
m divide M by nZ > Moo N . ‘lvvod.cm';. =

2) M= ﬁA‘lZg iz_; A%u's)
3: (uV,2.5) B WV, 248, 5)
-fvte,‘owlev2, ¥ Tt = THM-

= .F\-‘a. = M‘/(g) -.i‘...) A%ﬁ,s) 7-6:-“130)

Log. Fb. | w=u
sing. fiber = 1L Ton Cor LL1In)
But multiplicity 2

B3) ( Similar but shyhtly move compliceted conslv. )
3 ma 5 AL, D D=(u=0) Lag. £b. s.t.
sTh9. fvbers Mtows) = $'(o,5) are:

{s¢oau:u > Mooy = L Tea

s e@) D M= WL 1)
o< Ris) < 00

] 186s)yse®@F) -
/e ={alnu:t oll pos.Tn‘l’e,»sS

2-tovsim of E




Sofar, through sevewt examples : v

(gl‘n,ul» -FI»VS) ~ |1 (kodaira fiber)

of Log. F1b. transitive under
Hom. actiom C‘-' (d=2)

except: {Ioo +iber con happén
slight dlifferences in multiplicity

oiw Result : |
This is in fact True for geneial
sing. f1hers of V Lagran piowa fibralims

(seneiad §°(b) : be D geneiabptof D)

Settng :
dl

£ () — a%oD=(d=0) Lag.Fb.

discvim. locus

2
#D=2GiHi = Z Qi He Gep (07) = |

=1
Fov veduced 1-cycle .Z & (Gyc H:\ UHy’)
we call : ) Usd

Y B Ci; : vodicated |-cycle
n ¢ Yﬁu\'hp\?c‘l'fy




Theovem (Jun-Mulk Hwang & —— J L1
Undey thesetting, let beD genevaR & fix. Then:

1) (Hb)m = J}Cx
Cy = Comn. COmP. of closure of integral cuvves
fields ass. To VH; (i<l R )

of char. vect.
(yeduced chavacte

2 Howm I tonian actiom cd7 > Aut (Wt )
acts Hrounsitively on {CA\} (Se Ca2 X )

1y (rasticsted | _oycleof On : wuitiplicity) 15 oneof :
. . 3,6: only ‘}"' E’a
(E: ell-cuvve, 2:3.4.6) 4 : owly Tor EL )

), ({12 (L) G
(lzzqrc:z ;‘)‘ sziazz,'l)

It
12 3 2! \
(W{o—o :\,2) ; (' z(:; :1,2.3)
I* \

A
(Tae s 1,2) 222, (Tager:1), (T21) (221)

g (Ioﬁ; ‘1 l).
ko d22, all ave realizoble.

witve 1-eycle )

(3) For o




Ou'[ lne o1 trooy t-1
peD gen. D= ML AHS H=H.

XC Me: "(Mb)fed ivved. comp, X cH
Stepl (stimctave of the novwelizetion V! X — X )

Em )( ™ swooth %

) Ho(x'&x) c<%, -, a1 > Q—Qd“
1\ : point wisely dwod o the IitTs
{‘6‘ ‘(d-‘ c He(Tg) of

How. vect. fie l'lR':I- c H(Tm).

Iv\PNtt Q, d:d ' |
X X E } .Preg‘age o.;
alh3 i fen ] S VXK
A ‘ - tale &
Al bX ?ﬁuslan \L‘a“,x /AN)X
e Yibers C tre 1om &
either IP or ell.curve

(2) VCC) closure of int . curve of V char
(alwm;s compart & A'ijmtc) char. curve

Cor I§ C=ell.curve S X=X= Mb 8 Mb 4s
muttiple fibers.




In what fellows C=[P' P-2

Step2 (locol stuctwe of My ox P€ Swa Ms )
{m P eSvaMi: locally (anabyTically) Trved.

(i) P €SiwgMu: 7 » ot irved.

PQE'Z In@):
m ¥X=WMp g lobally Trred.

) My = < x ¢4~
locally Ham. detivm

A _
() Vehar, curves © I & ™ {1} transitive

Bﬁ?‘ Tn(h):

M Pelp 4 locolly ondytically isowm. To evther:

3 comps 2 comps 2 com ps
cont. ovder? Tiransversa|

(@ TF M v¢ globally reducible, thew V(C)=C2P!
Shooth




Step3 (9lobol stv. of radicoted char. [-cyeles) |3
®=2_bhi®i ibt = Qi

vodicoted char. 1 = Char. curve C Hrs)
I-cycles ow M ® : reducible (2 y@%% P')

Ver ®:- $¥D ~ 0 (by $p=(§*2a=0))
n PUncipol dlivAser

\1
b (B ®3)
3
waith Xw
Here: i®(‘>;®;‘x== ¥ (®;001) wt. {\:qu
SRR
®;- ®:= -2 [BE."‘_ @i‘")‘lﬂiz - k@;
-Sree €= d:d-’r&ﬂHﬂf)]
Then: 9bi= g_:;ﬁbs (8- ®3) & (®F ®1)=-2 Y3

e

¥)

' 1 1

= {@ 21 of fin.Cycle D one of Kodaira's Type

ot | @ irof Infiwile = -+ ~0-0-0-0-0—--. Lo
cycle N o
2
leu\n DN&TmP”nbk. |>O—0—'0—-.. Do
'0G3 i G the same
. o 00— -0— CRECR & Hg
35 G &3IGcC the same

Qihduth\lﬂy (i 22) H 1’ %




Steps (h\ul‘t?pl.‘c‘u'ty'n ) [V-4

,,g«u&

[Comsider for eachtype] Cose 1L

be a <& g restuct b
gen.
M D MoomMy (dimM
iw Mo = el
l’,\u{’l ol ) )
NDA > b

1" [§o 1 Me= e { T
vel
A —;% M\"—* ND CTu’qa’
“l; mn b e'\’ole :lsﬁ,_g__)
Rew e 6
& < e — _+— -3
N -2
—-‘-A s - P -




One (‘Ru pw'f‘bm stable yedietiom For [P-S
H, 3, A compalibly with Hom. actim e .

cm-Hz"" My — Mo
zl /Ct")l [c®> l

o e Asz As' """""“ . 050
\ A

CTr=Yor T=Tmed x> /4D
{T* Sa= 36‘\31

(ve A<6M)

TYWE, = 361\“7‘:1
: ?A\ € < 3¢ >

. "Wk = 3¢ WF,

> Q=62+l

. mo\uu-o\ octiom of T:=T mod ™™ o Wp, ¢
G%fe

EFwm= 3 e dn WM T S PM

‘[; AA G’DYF‘AY tetuw :

¢l =0 (MedM) e 3= NY-I
So: Q= (3¢l = 6mY'-9 ..

3:M= z:\n €<36> > M=lorh ,



