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~'°Z:'ti, ~1'riJt Antonio J. Di Scala (Politecnico di Torino), Daniele Zuddas (Uni

versity of Bayreuth) c (7):f¾~fmi:::X: [2] /;: t3vl"(;jfiJ~ Lt.::. JR4 /;:~:5}~ffl/J non-Kahler 

complex surface t3 J:: O':t (7)5jffl[!!Jm:Wt::OO't QM©t~fi -5. 

ii''t/.rO)J::-51J1tt~1Jr.,,m~~-tJ::-5. 

rp,m 1. JR2n J:t;: non-Kahler complex structure tif¥tET Q iJ,? 

;:: nt::"t.t-r Q@]~tit/.r0)31!i '> -z:,s Q, 

(1) n= lO)c ~ti::(:ftEL/Jvl (ff:~O) complex curve ti Kahler '°Z:'SQiJ,G). 

(2) n = 2 0) c ~, ;Wr'IT~1!W~flfflf¥tET Q (Di Scala-Kasuya-Zuddas [2]). 

(3) n 2:: 3 0) c ~, ,3-pPJ~1!W~.&flfflf¥tET Q (Calabi-Eckmann [1]). 

(2), (3) ,:: t3 "'l "( m:~ t:: f.t Q O)iJ{tl. r O)ftti.lli t.ttmJm-z:, s Q. 

MM 1. ;:};-'E: P :J'/J Jvt:: ~ ~f.t compact holomorphic curve ~frtf?l*~~-(4;:ti non

Kahler '°Z:' S Q . 

(3) t::-?vl"(timITTV Calabi-Eckmann ~~,(4;:0)fflj.ljiiJJ;r;ffl CL l, JR2n (n 2:: 3) ,::~ 

:5.t~ffliJ,-?ffiP3Elt!#i~fr-tr?l*~~,(4;:iJ{;ffiJ~~nQ [1]. -~~nt.::. JR2n J:(7) complex 

structures ti, tmJm 1 J:: !) non-Kahler '°Z:'S Q ;:: c iJ{:5jiJ, Q. 

-ti, (2) /;:-:) V l"( ti~< ~IJ Q tfrtt:: J:: "? l JR4 t::~:5.t~if:§iJ,-?ffiP3!lti#i~frtr?l* 

Elt!ffiiiJ{;ffiJ~ ~ nQ [2]. :ffi~t;: t3vl"( i -rm:~ c f.t Q O)i)t, :fa:$:¥~.ei:i c f,j!!~jf~.B;;t;: 

J::-? 't 9€5! ~ nt.::. 8 4 iJ, G 8 2 -A..O) genus-one achiral Lefschetz fibration (7)f71j [7] '°Z:'S Q. 

:c nti ti. r 0) J:: 7 iJ {i 0) '°Z:' s Q. * i'' Hopffibration H: 8 3 --+ CP1 C :c 0) suspension 

"E,H: 84 --+ 8 3 ~ ffl~ L, .:C- 0)1}~ !MF := H o"E,H ~ c Q. T Q c, !MF 0) regular fiber 

ti 2-torus c iJ I), suspension 0) 2-:) 0) pinched point iJ{'t J: 7 c'IE c jJ_ 0) Lefschetz 

singularity c iJ Q. ;:: 0) torus fibration !MF: 84 -+ 82 ~ Matsumoto-Fukaya fibration 

c 11¥~;:: c t;: T Q. 

!MF t:=titd.:'2-?0) singular fiberiJ{S Q, Positive singularity ~:f';!ji-:)tf~ F1, negative 

singularity ~:f';!ji-?tf ~ F2 c L J:: 7. T Q c, 8 4 ti Fi 0) tubular neighborhood N1 c F2 0) 

tubular neighborhood N2 O)ffi!i !) {};b-1:t c L 't~-1:r Q;:: c iJ{:5jiJ,Q, .IW't, N1 UN2 = 84 

'°Z:'S Q. N1 ti D 2 J:O) Lefschetz fibration O)~~r"',, N2 ti D 2 J:(7) achiral Lefschetz 

fibrationO)~~rl3,C!J"?lVlQ, ;::;::-z:,ti~fmi~'i!,i<iJ{8N1 C 8N2 O)jjj!){};b-1:tti 

~-z:,~'t c ~ 1 0) J:: -5 t:: f.t Q. 

~ "( N1 U N2 = 8 4 '°Z:'S Q ;:: c iJ!:5}iJ,-? t.::. iJ, G, 4-JJtti N2 iJ, G negative singularity 0) 

Jli:{1¥ X ~ B 4 ~I&!) ~~ < ;:: c ~ ~ ;t Q. ~~ ~ O)flfl~f!i N1 U ( N2 \X) ti lR4 c ~:5.t~ffl 

t:: 7J Q. N2 \X ti~~R,(O)f.tvl D2 J:O) annulus fibration O)~~rdl-z:,s Q iJ, G annulus 
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c disk O)N{fl c ~5-t!Alffi'Z'' io ~. vE-::> --C, JR4 ~ N1 c A x D 2 (A t;i annulus) O)~ c 

I;) 7 %'Z''~F 13 flA t;: 5-tM-t ~ -:. C i)tlf1*'~. -:. 0) J: 7 t;: L --Cff G hh. JR4 0) r ;f-01/ 7J Jv 
~5-tM~ t c t;:~TO) J: 7 t;:W.EttJrniO)-~~fiJj. 

i~ ~cA x D 2 ~ffi~T~--~-~O)~-A~ffl•-t~. ~T, ~O)J:7~ 

~a~~ffll;)~. 

fl(r) := {z E <CI lzl < r} , fl(r1 , r2) := {z E <CI r1 < lzl < r2}. 

it.::, Po , Pi , P2 ti O <Po < Pl < 1 < P2 < 6~1 CI;)') ~{tf:~mt.:T~~c 9 ~- A X D2 

t;: :ttfit-t ~ 1::
0

- A tiNrfl fl(1 , P2) x fl(p01) '"c''° ~. -tJ, Ni t;::ttfit-t ~ 0) ti,J\~O) 

IdflsingularfiberO)Jli{f.:i:--f';l.,'t'' io~ ([5]). ~hti~l'"O)J: 7fJ:1bO)'Z''io~. if', 

fl(O , p1) J:O) elliptic fibration 

1r : <C* x fl(O , P1) / '11.,-+ fl(O , Pi) 

~~x~. td!..' L , n E '11.,0){'Ffflti 

n · (z,w) = (zwn, w) 

'Z''l§.;z G n --ri;) ~- -:. n~ .b.(p1) J:t;:~:RT ~-:.ct;: J:--:>--C, singular elliptic fibration 

g1 : W -+ fl (p1) i)tff G h ~ . -:. 0) W i)t N1 0) holomorphic model 't'' io ~. 
-:. 0) w c Nrf.l fl( 1, P2) x fl(po1) ~ ~ T 0) J: 7 1;:w•mtffl'l"J 1;:~i!i fJ ~ ~ -:. c t;: J:-::> 

--C , W•EttJffiiE(p1 , P2) ~-~9~. N{fjO)jjiJ,t;ti fl(l , p2) x fl(p11,p01) ~~i!ilJ-€;--it 
~J[~ c L --Cl& IJ, W O)jjiJ, G ti fl(l , p2) x fl(p0, p1) c ~iEJ!UfJ:~i!i l'J-€1--it~J[~~ ~TO) 
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l 7 t;:. l-C1l'R0. ?Pfiffi.IEJ!UOO~ r.p: !::.(po,P1)--+ C* ~ 

r.p( w) = exp ( 4:i (log w )2 - ~ log w) 

1;:.l-:i-CJE(\1)0c, r.ptil EZO)<C*A..O)f'J::fflcjjljjllL, 1rO)iEJ:!UtJJWT~JE(\.1)0. "(.: 
--C:', .: 0) r.p ~J§t,,"( 

V := {[(zr.p(w),w)] E WI z E D.(l,p2),w E D.(po,P1)} 

CJE~Tnt:f, Vtir.pO)JE(\.1)0iEJ:!UtJJWrt;:.7f}-:it.::t:.(l,p2) X D.(po,P1) c~IEJ:!Ut~~Ji~ 
ct~ Q . .: niJtW if;]O)jti fJ i?r·tHJi~--r:-Jij Q. jti fJ i?r-l:t~Ji~fi'O±O)~.IEJ:!U¥~ j ti 

E(p1, P2) := W Uj (!::.(l,p2) X D.(p01)) 

c JE~Tnt:f.: :h!i ll4 t;:. ~-frfi'Dffi 7J:f!*El1Ilm c 7J: Q. t~ctflJ: G, jtj fJ i?rb-l:t~Ji~ V 0) 
JfR fJ 1.fiJ! l- if> P 1/ 7J Jv/;:. ti Matsumoto-Fukaya fibration 0) jtj fJ i?r;b-i:tt;:::t-,tr,c; L -Ct,, Q 

iJ, G --C:'&j Q. ~ Gt;:., W ti~~fflj)O)ffiP3El!J~~% A.,--C:'to fJ, flfl~ 1 l fJ ®[iJ,t;:. E(p1, pz) 

ti non-Kahler --C:' Jij Q. 

~t;:., E(p1, P2) O)m9\LO)'l~lf t;:. "'.) 1.- ,-cJffi"" 0. 1:iaO)fR,6,x; "( 0) * i--r:-,i~tifl*EllI 
im E(p1 , p2) O)m9\ltirlt G iJ,--r:-ti 7J: <, two tori ~ftj t;:.~-:J piecewise smooth 3-sphere 

c 7J:-:> -C v, Q. .: 0) .: c ti E (p1 , p2) O)m9\l ti 1b c 1b c S4 iJ, G negative singularity 0) 
;,lf,W X ~ JfR fJ lijtv, t.:: c ~ t;:. --C:' ~ t.:: 1b 0)--C:'&j 0 .: c ~}Iv, 1±1-l:t t:f, ~ 1 iJ, G 1b ,friJ, Q. 

L,i), l, E(p1, P2) O)m9\L0)7J 7-;,lfffl'~J{R f) ~~ < .: C /;:. l -:i-CrltGiJ>lJ:mW~~-:>t.::t!l 
*El!Iim 1;:.~m-t 0 .: c ti1fili<V)-c®~ --r:-Jij Q. "( n c'.: 7> iJ,"C" O)m9\lti5mm€t!!l c 7J: 0 l -5 
t;:.--r:·~ Q. "C" l "'C "C"O)~mJ\!.J::t;:. complex tangency t;:. l-:i-CJEi Q negative contact 

structure ti negative Hopf band ~ page c l, "C" 0) core curve !;:. 7t:t-:> t.:: left-handed 

Dehn twist ~ monodromy c T 0 open book t;:. f-tll;fiT 0 S3 J:: 0) overtwisted structure 

--r:·Jij Q. .: 0).: c ti-'f'ti f) ~ 1 ~ J!nt:f EHtt;:.11€n{U ~ nQ.: c --r:·Jij Q. t~ctflJ: G, ax 
!iJ::iaO) open book ,frfg¥0)~~rl3,"C"0)1bO)t;:.t~-:>-Cto f), 8E(p1,P2) !i"C"O)[q]~~~ 
/;:_Lt.:: 1b O)f2'iJ, G--c:·Jij Q. 

~1€0)fffi,5x;O)ffl~titJ.r O)JN '> --r:·Jij Q. * -r, t!l*El!JooO)mwilt5i•8;5mm€t!!l--r:·Jij 0 
.: c c complex tangency t;:. l -:> -cmWiJ! positive contact manifold / negative contact 

manifold /;:_ t~ 0 .: c. ti fi'D{OOl--C:· Jij 0, c. v, 7 .: c. iJ! l < 9;[] G n -C v, 0. ~ G t;:.@1$i:t-f~ 
'l~iJtJij 0t~i?i-t;:. ti, ~O)flfl~iJt~ffl--r:-~ 0. 

fifilm 2. rltGiJ,lJ:00~ p: ll>o • ll>o t;:.l-:i-CJE~~:h0 C* x IC* !f;jO)jfilEl!JffijS = 
{(z1,z2) I lz2I = P(lz1I)} ti T2 x (0, 1) t;:.~-frfi'Dif'!=I--C:•Jij fJ, complex tangency/;:. l-:i-C 
S J:t;:. positive (resp. negative) standard contact structure iJ!~zl~n0.: c c.00~ 
logp( ex) i)! strictly concave (resp. strictly convex) --r:•Jij 0 .: c ti Fi'D-fi--C:·Jij 0. 
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IZ&I 
$ ------------

P1 

(.~,,i:x;) 
' 

0 
:tf' ;Po-I 
•O ·~ 

f{' 1z.1 
0 p,-, ,~.[ 

~ * 1J mwO)smffi811/smffil!!Jttti~ Q oo~0)~~8tt/~~l!!Jttt:f&~t-lt Q = c 
iJ{'t''e' Q c \,) -5 = c "c'~ Q. = 0) = c t:li~-tntf'~ffi[!!JmWO)if14,5xti 1b ti-fi>~~:fti'i 
< = c 't''fi -5 = c :o~'t''~ Q. 

~~. ~20)li:f~Uti~(l ,p2) X ~(Po1) C (C* X ~(Po,P1)/Z O)~~IJ-€i-b-lt"c'1fGnQ 

8E(p1 ' P2) O)Jl[{f-a:~ V( 13 I)' tif~U ti .:f O)Jli:{f pg 0) S3 t: ~-5}Fi'flffl t~ smffil!!JMiltt!ffiiO) 
l& I) 1J ~ ~ L -C v) Q. = n ti53U 0) i3 v) :1J ~ -t Q c, 1b c 1b c holomorphic open book 

O)if14~~*--::> -C v )t.:: piecewise smooth 3-sphere "c'io Q 8E(p1 , p2) ~tl*ltt! rni E(p1 , P2) 
O)r,fgf~U,,-,,.mi/J-t Q = U: ~--::> -c~t.::t::smffil!!JmW:oqf G fLQ c \,) -5 = c "c'~ Q. lff L 
< ti [4] ~~lffltnt.::v\ 

t-c, = 0) ~ -5 t: L -C overtwisted contact 3-sphere -a:smffil!!JmWt:*~ 4 ~jcf;j<~ 

t:~-5J'lmfflt~11*1tt1rni:oq1 G nt..: O)"c', ~O) ~ 1 1:t g,i ~1:trJ:liv):0~3£~-t Q. 

r"'im 2. (mW:o~J!!~"c'io Q) 1l*ltt!ffii0)5mffil!!JmW c 7':t Q closed co-oriented contact 

3-manifold -a:~5:E-lt ~-

Lisaca-Matic [6] tc.~ I), {:£~0) Stein fillable contact 3-manifold ti~Q1l*ltt! ffii0) 
siffil!!Jffi'.Wc 1:t ·Q, c v)-5 = UiT't''tC.9;D_Gh-Cv)Q . -:1J't'', overtwisted contact 

3-manifold tc. ~ v )'"( tiJ:ipO) E(p1, p2) ~{Y!--::> tdfIJiJtf}J~-C;ff4,5x t nt.:: 1b 0) t~O)"t'', {ta 

tc. 9;• G n -C v) Q = c ti 7':t v). 1b i:> ~ Iv, J:i20);ff4JJt -a: Y L ~ ~ Q (I1 ~ singular fiber 

O){~b I) tc. In~ singular fiber ~~ 7 ) = c "c', v 1/ .X'~rd1 L( n, n - I) 1: 0) overtwisted 

contact structure -a:mWtc.*~f71J~ff4.5x-t Q = c ~ti"t''~ Q :o~, -t~-c ~~5:ET Qt: ti 
~~v )ij(~-z;,~ Q . .:f = "t''ffl.tE~ilrti Eliashberg tc. ~ Q Stein manifold O)if14pt [3] O)~ 

tc. ffl v) I:':> n tdmffi8mW""' 0) holomorphic handle attaching O)~fnlj ~ f,t,ffl "c' ~ ~ v) iJ,, 
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c ~ x. -c i. lo. t L t 5if~[!!]mm.0):1:~-§-1:: t jq]~O)~ffilli'iJ{IBlffl -r o ~ ~ it, E(p1, P2) 

~frl!-:>-C:r$J/JX L t.:171J t;:tf L -C holomorphic handle attaching ~~ 1J JlZT:: c -C'!¥lrf.: ~ 
1711 ~ {'F IJ lli T:: c iJt-c, ~ o. ~* c L -C, {fJ.lO) overtwisted contact manifold ti~ o 
tl*ittl®0)5iffl[!!]mJ\f.c t.t o, c vl -5:: c iJt~~no 0)-C't:t~vliJ, cJtJ3~ L-cvl o. "C 
O)f.:i:l)t;:, 5jffl[!!]mJ\f.""-O) holomorphic handle attaching O)i.:Rffi~uffi.l[T o;: c iJr§ 
T 0) i!l~-c, ~ o . 
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