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1 Introduction
ln this scti tLnn, sve wl]1 ta]k a[}out, bac'kground oi' our

stud]r. AL firsL -,e deline an irrechieible syniplf t•ic'

manifold.

Definition 1,1, Let X be ft noTnpa,ct, K hlev' tnawt-
fotd. VVhert fo"o'uvi-ng t.'mo (vrultttons a.re sfitisfiefl, uift

calt .Y irreducible syrnplcetic manifold.

  I. .V is simply (,onnc t{lt1.

  L}. tle(.Y,()2) .- CÅqoxÅr. whei ax 'ts' an every-

    where nort-dftg nf]rat,e holor-orT)hie L)-rorrn,

In purLi('ular ox i's said i,o he thf 'yuipktct.ic forir:.

I{.e!n.ark 1.L). I•)'oni existenee et' s,yrnple{ tÅ} d'orn],

difnX ib' even, and a canonic'al bundle Kx Ls tris,-
itll. i",

           dimX L)tl, lixNOx
   SN'e wiil iT)trot.luc sonu l'anions eh anLI)leb'. Tl)e

{ta,siest, exfl[ n]ple is a IÅq3 siLrftu',e. 1Åqodaira provtul L}tat,

ad{:forn}ationc-uivttlcnt,t,IassorlÅq3surfat'eisuriique.

Enhigl ir dimcf.nsionalcat], r '  ,: " t ill''1 ,I'
{) rt,r, gioE: ,, t: leFlt "•hLt•b• 1 .lt i,.
kE:oi,,'t'. r{ttprf, ritaLive eienienLs c)i' ee]eh t'lab's are bfF

low.
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(i) it-poi"tfHj }till),trt, {l u](: or 1Åq3 sitrt'ace,

IIilb"(N3) (IBc,al)

(ii) (:eneral zed IÅqEinHnftr vatt t, def'ln{ 1 by
Abelian surltwe A. N-ik,. d{tnote xt bn 1Åqtin] '(A)

(iB, el). 1)efiniti m ol' Kun'I`(A) i belotv.

     T/lti]t +`Åq.•a} ll' s.ymF'i'L(A) i'l: .4

X•Vhc/re si is Hi]btrt-C;how niorpltisrn. "Je defiri(:

1ÅqunL"t.A): T-icv).

(iii),(iv) O'(rTrady's si: and Leri diinensi{',na,] ex-

ampkt(10gt21,10gr[)

  IN'e don'L kllew ivlLf,Lhi t a,bov{' c'Ia cts tu a]i or
noL. B/ t,iie wa` y, Be vi][e and Dortagi found arioLhcr

expli{'it, ttxaniple wh](h is differen"'yom O'NCiv). IÅít•

Y be a sniootli cubic 4-fo[d, ancl let F(V) be a][ lines

con{,ainecl ln Y. Theti F(}"} is an irrcri"eible syin-

pl{ tic •4-fold ([B-DD. Howevev, F(Y) is defornLntton
f[tuivaieni :,o a Lt-point(ri Ilii[)ert, schenie of a {' trt•aiu

K3 suTf. e IIilli2(lt'3).

   S•X•'Et lt}x, l. 1 : U3- •'iCI:S o.V•iJ,}'1] tO
iii {f' t:• )'L,'L,'( c i"'{l lv i{/"t{'e."is. NS•'e c'ould
                     'not find iL but xve rnet, very irrt,{trest,ing ] Iienoniena.

MJ{•} wiit }ntrodu['e a part ot' thftrTL.

2 Preparation
In t,his sc tion, we prepare s/)n]e tools of our st•ud.y.

Definition 2,1. LetY be asmooth cubt 4-fotd. Let
F(Y) be atl tirtes co'nt"trt d in }'. te.

       J'(V}: {tcY!t ""Pi,degt L}

RemarS; 2.L). F(V) is a conipat/,t eomplex mavifo[d
w]'Lc)se din ension is 4.

Proposition 2.3 (BeauviLle-Donagi, [B-D]).
F(Y)is ttn in'edueibte syt inpteetic TnanzYoltl. I'n, par-
ticular, F'(}') i,s deJorrrefition ctf•tti•t)u,tffrtt, t,o LJ-pointed

l'iitbert schRin,e of tt cer't in K3 surfacs ]'lilb? it'3.

   LA t, C] be a tinit,e groti]);

             G' c i"CL(r)), crh)s.

   SiTice -'e waitl, lo niake an irvculueible. syn)plect,ic

nian]fold, first question is IH,,lo-,.

Qustion 1, "'hen does a" l."(Y) pt'eserete t.he
symplectic fo"n V

I.el, I' be a univt]rsal fanii]y or F(Y).

      r :=, {(t,/v) E FO') x Y]l ] y}

T]i{tr{! Ht t,wo nalural In'"jx't,lons p : !' - I"O')

and q / t" - }', W'e deiint: Abel-,lar'ebi Tnap t} :
H'tOIC) - HL'(l"()"),C) as a(w) :' p.v'{w). .ILbel-
Jd' col)i inap (,ells uN svhetherC preserv{-c t,b{t s.yrnplet•-

ti(, fornl or noL

          II-iO•1C)ÅÄH2(I••(y)

            jJ
             io••)-Il2X,(1"O•))          Ii:l.

         C(it,e,s-ÅrTi.År --CÅqaFo'))

W'hc:re S) is five fbr{n oti Ca dc[ined as !] :-

  r.Åí;•'=e(-1)i" d2o A • • - d•ti - • • A dz,•,. Sinc'e Abe]-,]tu'obi

iiap tv is C ,qulvaria:ii, we gel fol]owing lenirna.

  Answer of Question 1,

  Lemnia 2.4, Not.al.iori$ tJ.g abtn,e.

                                    Sl
   (J' pteserves al,•cv) e--v G prv,serves Jltts -f2

ln geTutral, F{Y}ld' niay have slngular r}oinl S
have to talce resolLJti )n or IP(Y)!(;. NVe r{-nuire

" resotttt,ien o[' F(V')fC has a tyinple{'t,j{, ['ertr).

sfx:ond questiot] is

, Xl'{:

t,hat

 So,

tQustion
l'(t,SOtUt l

2. When tlof's F(År')1(; hrJ.t]e tt erepant

i,'Oi/(;t f/

]t. Is easy t•o firu.] grou]) a'tions (JAF{V) which

,serve 1,he s,ympk tie form, buL ii'.s d-.,. "1. .o

;t,nvv e{.'i' 1/'utt 1) l i•'()') t; u 1 s.
  NVe havetvo xanipl or '`goocl" a{'tit)ns. ]n
poslu', oLll' t,vt)K l c)ne or LhfTm,

3 Firstexample
FirsL exarnple ",as t'ound by i arnikawa.

Assumption

    Y :- {f(-

sv]

degrtxi 3.

AssLime t,hat C
a[]d T is a gef]

eonsider

    Ttlpt as

where Czo :'

   'of PO, and Åq' -

on }'.

1)re-
ti r• :tl

tlliS

liv'{,h c'on.sider spex'ial c'ubi{' 4-fold Y;

           bO,Zli t2) -+- Y(Z3,Z.1, Z5) ; O}.

   re f and s ar+: homogenLft]us pol.vnon}ial with

             = Z3(oid r t,LirtKt cyc'tk' grot]]})

            tator er (J: C- (TÅr N Z3, NN'e
       ro][owing groli]) acÅ}i ml

           (:e : ;Å} : :- •i (:- :l /(i4 : c:a.r ),

           • : x/.) is ho-anog neoLih' e.oordinat{:
           exp( -t'l,?[iE-). In partieula,r, (; coct '

  1'IFotn Letntna L).4, zve know tlLad, tiie ludu'etl a['-

t,ien on F(}') preserve:' the s 'n")lecttc [orTn. Next "
eonsider sineular poiiit,s o[' F(V')IZ:].

Does FO')IZ/i have a crepant resolution ?
      {t3 2.1 - -- O} cr. PL'

         pd' CJ -{f(2u,zi :o.}=o}

         SingÅqF(Y)!Z:D = {l = lr,gÅrlp E C, q E l)}

          d                   D i7=- {gÅqz:s,x4, :.r,) '- O}

    -•{zo = zl =2,2 -- O} or- P2
   C an,.] l) ar{:ellir}tii' 'urves defined a above. (.'ul)

i$ fix(xl locus of Z:n1'. Singu[ar loc/us QI FO")!Z3 is

isomorphi{' t,o C` x I.). Sitice Zs ])rescri,es t,he sy• rnplec-

tic fotni, I'"(Y)!Z:+ ha ,A:, singitlaritl s' a]ong C' x P,

So, t " 1: l'/'2• l'". tl(x,t"atx'F/d "rhat is Fi9'i7iz:} ?

Preposition 3.1 ([Nam]). Notations as

        is birationat to Kunb CC' x D)

Answer

F(Y)IZ3

abovft.

4-foId

ilcm"i'L :l.L). [f t,wo is'rqh",ibkt svr-plec'1,ie Tnanil'ok] .\

and .\t are biral.iona], t,tteTi .X' nrit] .X'S are dctforTttat' )ri

equival{-llit. So, l'"{Y)/Z,i i,g nol, new exanipl{t.

Proef. NVe ct)nst.ruc,t birati{ma] ma]) v'J : F(}")fZ3 --.
IÅqum2(C x D). Instant pic'ture of V' is below.

                                P

i)2

e!•

p•}

'

A.
wtn

CJ

tT(i)

T2 (1)

fli U2

vlj.

VW't1

l)

l)s

P,

        't' 'L' E," )n''( ']L a/ i,t .g.) 1

I:et {t,T{t),T2(l}} be in F' O')IZs. LeL IVt bte a [iner

sl)tu't: sT)anritxl by t,r(l} and T'2(l).

          1'Vi := (t,T(t), i2 (,l)År ev- pS.

Suppose Lhat J' -- {;/s -- 24 xs O}, I"
{to il -- :2 O}. Ir vv'(]. c} ,s{ t iri genora,[,
w'e Trlay asslLIne that h' '- 1•i•'1 f] }' i.s a .sTnoot}] cu-

bi{' siu'f"tc'{i. '1'l]{Trf, Ht L)7' lint, in S(c,IHssic'al rci-

sujt ). i,'vo!n thc c',onligiiraiioti t" 2)7 lines, " l{n{i"'

tl}aL theru ftxi,st Lhvc,'e liLie' 'rfti t,2,niT sueh Lhat
en t Jt mt:'is t,T(l),TL't,t) 11ki, abovft pHtt-rc, Ent'h

m.Ct l,L),3) tne.et,s C• (resp I)) al. orie point So
wc s{tt, nc}1,fitt nti' . ' pi = n?,nC cli /= m,i n O. Slrl('tt

thve,]N}lnt: {pl.p2,p/l}Cr{tsp. {ql,tt2,v/")tll co[irlur,

pi 1 p2 +1)/s - O C CJ(res. p. tli l tiL, -+- tts - O E D). So

- have a pair ofthre] point:' {(p q,)},i=J. -

Where is the indeterminacy of 'u, ?
   IVe deLerTnine t.he inc]et,{/rrnh]a' c'y ol' th nrit] v.,-i.

1ti 1 {,e]'mlnac.y of •V" is

  {[tl := {l,T(l), T2(t)} E F(Y)!Z3 11tl spans F2}.

This locus is l8 copies of P'2, [ncleterrnina(;.v, of w' -i

are 1-o i.ypes. I,'irg. t, ene is

P(o i= {{(p,q] ), (p, q?}, (v, tts)} E Kum{Cx P}13;, = O}

S{x:ond one ]s

l'Åqii) : {{(pi, tD,Cp•2,q),(p/i,q)} E Kmn(CxD)1:Sq -- O}

P(o ai]d J'{it) are isomor])hic• k} g (•o])ies oi' P'2.

   LeLY nnd .Y' b(,HTL irrecitJ('ible s}'rnt)1 ('tic '4-fold.

It is known t,hn,t, anv biFatlonal niap [ m] .X' to A"

is d]c )n t (xi into Mukai-flop. We have ac l'ollowlr]g

th(-mrem.

Theorem 3,3. The indetetTninacy oJu can be r-
sotved by A,f•uArai-flep ort, t8 copies ol P'2.
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