
ίϯύΫτ Stein ܈໘ͱࣸ૾ྨۂ

େو༟ (౦ۀژେֶ)∗

ɹίϯύΫτ Stein ໘ۂ (compact Stein surface)ɼҰछͷڥք͖ෳૉۂ໘

Ͱ͋ΔɽΑΓਖ਼֬ʹ࣍ͷΑ͏ʹͳΔɽ·ͣɼ Stein ଟ༷ମͱCNʹϓϩύʔ͔ͭਖ਼

ଇʹຒΊࠐΈ͕Ͱ͖Δෳૉଟ༷ମͷ͜ͱͰ͋Δɽҙͷ Stein ଟ༷ମԼʹ༗քͰ͔

ͭϓϩύʔͳٛڱଟॏྼௐؔͱݺΕΔ࣮ؔΛͭ࣋ɽίϯύΫτ Stein ۂ

໘ͱɼίϯύΫτͳڥք͖ ࣋ଟॏྼௐؔΛٛڱଟ༷ମͰɼ্ͷΑ͏ͳݩ࣍4

ͪɼڥք͕ͦͷؔͷϨϕϧू߹Ͱ͋Δͷͷ͜ͱΛ͍͏ɽ

ίϯύΫτ Steinۂ໘ෳૉߏͳͲͷ੍ʹΑΓɼҰ͢ݟΔͱΒ͔ͳΧςΰϦʔ

Ͱͷʹෆ͖ͳΑ͏ʹͯ͑͠ࢥ·͏ɽ͔͠͠ɼίϯύΫτ Stein ʹڀݚ໘ͷۂ

τϙϩδʔʹΑΔ๛ͳಓ۩ཱ͕ͯ͋ΓɼͦΕ͕ۙͷίϯύΫτ Stein ڀݚ໘ͷۂ

ͷͻͱͭͷଆ໘Λ͍ͯ͑ࢧΔɽ

ྫ͑ɼEliashberg [El1]ɼGompf [Go] ίϯύΫτ Stein ༺໘ͷϋϯυϧղΛۂ

͍ͨಛ͚Λͨͬߦɽ͜ͷಛ͚ʹΑΓɼKirby ਤࣜͱݺΕΔϋϯυϧղΛද

͢ਤࣜͰͷίϯύΫτ Stein ໘ͷѻ͍͕Մʹͳͬͨɽۂ

͕গ͠ԼΔͱɼLoiͱ࣌ Piergallini [LP]ɼAkbulutͱ Ozbagci [AO]ɼLefschetz

ϑΝΠόʔۭؒΛ༻͍ɼ͞ΒʹલऀΒϒϨΠυঢ়ۂ໘Λ༻͍ͨίϯύΫτ Stein ۂ

໘ͷಛ͚ͨͬߦɽLefschetz ϑΝΠόʔۭؒͱɼۂ໘ΛϑΝΠόʔͱ͢Δۂ໘

্ͷϑΝΠόʔۭؒͰɼ Lefschetz ಛҟͱ͍͏ಛҟΛؚΉɽ·ͨɼϒϨΠυঢ়ܕ

͢ݶ໘੍ۂ໘Ͱɼԁ൫ͷୈҰࣹӨΛۂΕͨ·ࠐ໘ͱԁ൫ʹϓϩύʔʹຒΊۂ

Δͱԁ൫্ͷذඃ෴ʹͳ͍ͬͯΔͷͰ͋ΔɽLefschetz ϑΝΠόʔۭؒɼϒϨΠυ

ঢ়ۂ໘ࣸ૾ྨ܈ɼϒϨΠυ܈ʹΑΓ੍ޚͰ͖ɼߏతͳڀݚͱͷ૬ੑ͕ྑ͍ɽ࣮ࡍɼ

͜ΕΒͷ܈ͷطଘͷڀݚѻ͍ͷྑ͕͞ɼίϯύΫτ Stein ๛ͳʹڀݚ໘ͷۂ

Λఏͨ͠ڙΓɼਐలͷखॿ͚Λͨ͠Γ͍ͯ͠Δɽ

ஶऀͷڀݚ൴ΒʹΑͬͯͳ͞ΕͨίϯύΫτ Stein ໘ͷಛ͚Λͱͯ͠ۂ

͍Δɽͦ͜Ͱɼୈ1અͰίϯύΫτ Stein ໘ͱۂ Lefschetz ϑΝΠόʔۭؒͷؔʹ

Ͱୈ2અͰɼίϯύΫτ͍࣍ͱஶऀͷ݁ՌΛհ͢Δɽͮ͘ج Stein ໘ͱϒϨۂ

Πυঢ়ۂ໘ͷؔͮ͘جʹͱஶऀͷۙ࠷ͷڀݚͷҰΛհ͢Δɽͳ͓ɼຊߘʹ

͓͍ͯଟ༷ମͱͦͷؒͷࣸ૾ͯ͢Β͔ͱԾఆ͢Δɽ

1 Lefschetz ϑΝΠόʔۭؒͱίϯύΫτ Stein ໘ۂ
1.1. ͡Ίʹ

͜ͷઅͰஶऀͷ݁ՌͰ͋Δɼ Stein ॆరͷҰҙੑͷ݁ՌͷհΛ͢Δɽͦͷ݁Ռʹ

͍ͭͯͷઌڀݚߦͳͲΛड़ΔͨΊʹɼ·͍͔ͣͭ͘ͷఆٛΛ༩͑Δɽ

M Λ࿈݁ͳ༗ด3ݩ࣍ଟ༷ମͱ͢ΔɽM্ͷฏ໘ξ͕৮ߏ (contact struc-

ture)Ͱ͋ΔͱɼM ্ͷ ࣜܗඍ࣍1 α͕ଘ͠ࡏɼξ = Kerα͔ͭM ͷ͖ʹؔ͠

α ∧ dα > 0ͱͳΔͱ͖Λ͍͏ɽ͜ͷ αΛ ξͷ৮ࣜܗ (contact form)ͱ͍͏. 

৮ଟ༷ମ (M, ξ), (M ′, ξ′)͕৮ಉܕʢcontactmorphicʣͰ͋Δͱɼඍಉ૬ࣸ૾

ຊڀݚՊݚඅ (՝൪߸ɿ15J05214) ͷॿΛड͚ͨͷͰ͋Δɽ
∗˟ 152-8550 ౦ژ۠ࠇେԬࢁ 2-12-1 ౦ۀژେֶɹେֶӃཧڀݚֶՊ
e-mail: oba.t.ac@m.titech.ac.jp
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H : M → M ′͕ଘ͠ࡏɼH∗(ξ) = ξ′Λຬͨ͢ͱ͖Λ͍͏ɽ·ͨɼM্ͷ৮ߏ ξ, ξ′

͕ΞΠιτϐοΫ (isotopic)Ͱ͋Δͱɼ৮ߏͷ··Β͔ʹҰํ͔Βଞํม

৮ଟ༷ମݩ࣍Ͱ͖Δͱ͖Λ͍͏ɽ3ܗ (M, ξ)͕ γϯϓϨΫςΟοΫଟ༷ମɼݩ࣍4

ίϯύΫτ Stein Ͱߘຯਂ͍ཧ͕ల։͞Ε͖ͯͨɽຊڵʹքʹͳΔͱ͖ڥ໘ͷۂ

ͷ߹Λհ͢Δɽξ͕ऀޙ Stein ॆరՄ (Stein fillable)Ͱ͋Δͱɼڥք͕M

ʹඍಉ૬ͳίϯύΫτ Stein ໘ۂ (X, J)͕ଘ͠ࡏɼ(M, ξ)ͱ (∂X, T∂X ∩ J(T∂X))

͕৮ಉܕͰ͋Δͱ͖Λ͍͏ɽ(X, J)Λ (M, ξ)ͷStein ॆర (Stein filling)ͱ͍͏ɽ

৮ଟ༷ମΛ༩͑ͨͱ͖ʹɼͦͷ Steinॆరͷྨ͔͘ݹΒ͑ߟΒΕ͖ͯͨͰ

͋ΔɽStein ॆర͕1ͭʹܾ·Δ߹ͷ݁ՌͷҰ෦ΛৼΓฦͬͯΈΔͱ࣍ͷΑ͏ͳ݁

Ռ͕͋ΔɽEliashberg [El2]ʹΑΓ3ٿݩ࣍໘S3্ͷඪ४తͳ৮ߏΛͭ࣋৮ଟ༷

ମͷ Steinॆర4ٿݩ࣍ମB4Ͱ͋Δ͜ͱ͕ࣔ͞Ε͍ͯΔɽMcDuff [Mc]ʹΑΓϨϯζ

ۭؒL(p, 1) (p $= 4)্ͷඪ४తͳ৮ߏΛͭ࣋৮ଟ༷ମͷ Steinॆర Euler͕

−pͰ͋Δٿ໘্ͷԁ൫ଋͰ͋Δ͜ͱ͕ࣔ͞Ε͍ͯΔɽ͞ΒʹɼL(p, 1) (p $= 4)্ͷଞ

ͷ Stein ॆరՄͳ৮ߏʹؔͯ͠ಉ༷ͷ݁Ռ͕Γཱͭ͜ͱΛɼPlamenevskaya

ͱ Van Horn-Morris [PV]͕͍ࣔͯ͠Δɽ

తͳٞ܈ͤ߹ͷ܈ԿֶΑΓࣸ૾ྨزհͨ݁͠ՌγϯϓϨΫςΟοΫʹޙ࠷

Λओʹ༻͍ͯূ໌͍ͯ͠Δɽஶऀͷ݁ՌɼͦͷΑ͏ͳٞʹڌΔͱ͜Ζ͕େ͖͍ɽ

Ҏ߱Ͱɼࣸ૾ྨ܈ͱ Stein ॆరɼ৮ଟ༷ମͱͷؔΛ͍ͯ͘ݟɽ

1.2. ͱ܈ྨ૾ࣸ Lefschetz ϑΝΠόʔۭؒ

͜ͷখઅͰɼࣸ૾ྨ܈ͱ Lefschetz ϑΝΠόʔۭؒͷ෮शΛ͢Δɽࣸ૾ྨ܈ʹ͍ͭͯ

ɼ[FM]Λɼ Lefschetz ϑΝΠόʔۭؒʹ͍ͭͯ [GS, Chapter 8]ɼ[OS, Chapter 10]

Λৄ͘͠ࢀর͖͍ͯͨ͠ɽ

Σ := Σg,bΛछ͕gͰڥք͕bݸͷίϯύΫτͰ࿈݁ͳ༗ۂ໘ͱ͢ΔɽDiff+(Σ, ∂Σ)

ΛΣͷ͖Λอͪɼڥք্Ͱ߃ࣸ૾Ͱ͋Δඍಉ૬ࣸ૾શମ͔ΒͳΔू߹ͱ͢Δɽ

Diff+(Σ, ∂Σ)ࣸ૾ͷ߹Λੵͱͯ͠ߏ܈Λͭ࣋ɽΣ ͷࣸ૾ྨ܈ (mapping class

group) MΣ ͱɼDiff+(Σ, ∂Σ)ͷΞΠιτϐʔྨ͕ͳ͢܈ͷ͜ͱͰ͋ΔɽΣ ͷதͷ୯

७ดۂઢ αʹԊ͏ӈख Dehn πΠετ (right-handed Dehn twist) tαͱɼαʹ

Ԋͬͯۂ໘ΣΛҰΓ։͖ɼܭ࣌ճΓʹ 1पͶ͡ΓɼషΓ߹ΘͤΔૢ࡞ʹΑΓఆ

·ΔΣ্ͷ͖Λอͭඍಉ૬ࣸ૾Ͱ͋Δɽʢਤ 1 ʣɽ୯७ดۂઢα ͱ α′ ͕ΞΠιτ

ϐοΫͰ͋Δͱ͖ɼ[tα] = [tα′ ] ∈ MΣ Ͱ͋ΓɼຊߘͰ tα ͕ఆΊΔࣸ૾ྨ [tα]ͷ͜ͱ

 tαͱॻ͘͜ͱʹ͢Δɽ·ͨMΣͷੵͷදه࣍ͷΑ͏ʹଋ͢Δɿϕ1,ϕ2 ∈ MΣʹ

ର͠ɼϕ1ϕ2 ∈ MΣϕ1Λઌʹ࣍͠ࢪʹϕ2Λ͜͢ࢪͱΛҙຯ͢Δͷͱ͢Δɽ

ɹɹɹɹ

ਤ 1: ୯७ดۂઢαʹԊ͏ӈख Dehn πΠετ.

Xʹ࣍ ΛίϯύΫτͰ࿈݁ͳڥք͖༗ݩ࣍4ଟ༷ମͱ͢Δɽ

ఆٛ 1.1. X͔Βԁ൫D2ͷࣸ૾ f : X → D2 ͕LefschetzϑΝΠόʔۭؒ (Lef-

schetz fibration)Ͱ͋ΔͱɼD2ͷ෦ͷ༗ݸݶͷ͔ΒͳΔू߹Qf = {a1, a2, . . . , am}
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͕ଘ࣍͠ࡏΛຬͨ͢ͷΛ͍͏ɿ

1. f |f−1(D2 −Qf )  D2 −Qf ্ͷ ΣΛϑΝΠόʔͱ͢ΔϑΝΠόʔଋͰ͋Δʀ

2. ֤ ai ∈ Qf ʹର͠ɼಛҟϑΝΠόʔ f−1(ai) ্ʹ f ͷྟք pi͕ͨͩҰͭଘࡏ

͢Δʀ

3. ֤piɼaiͷपΓͰɼ͜ΕΒΛத৺ͱ͢Δہॴෳૉ࠲ඪ (z1, z2)ɼw͕ଘ͠ࡏɼf

w = f(z1, z2) = z21 + z22ͱදࣔ͞ΕΔɽͨͩ͠ɼ͜ΕΒͷہॴෳૉ࠲ඪXɼD2

ͷ͖ͱཱ྆͢Δͷͱ͢Δɽ

ఆٛ 1.2. f : X → D2ɼf ′ : X ′ → D2Λ Lefschetz ϑΝΠόʔۭؒͱ͢Δɽfͱ f ′͕

ಉܕ (isomorphic)Ͱ͋Δͱɼ͖Λอͭඍಉ૬ࣸ૾H : X → X ′ɼh : D2 → D2

͕ଘ͠ࡏh ◦ f = f ◦H͕Γཱͭͱ͖Λ͍͏ɽ

f : X → D2 Λ LefschetzϑΝΠόʔۭؒͱ͢Δɽa0 Λ ∂D2 ্ͷͱ͢Δ. 

(s1, s2, . . . , sn)Λɼa0ͱ aiΛͱ͢Δހ si͔ΒΓɼi $= j ͷͱ͖ si ∩ sj = {a0}ͱ
ͳΔͷͱ͢Δɽͨͩ͠ɼa0ͷपΓΛܭ࣌ճΓʹճͬͨͱ͖ʹ s1, s2, . . . , snͷॱʹ

ΘΕΔͱ͢Δɽ֤ݱ i = 1, 2, . . . , nʹ͍ͭͯɼaiΛத৺ͱ͢Δेখ͍͞ԁ൫ ViΛऔ

Γɼͦͷڥքʹܭ࣌ճΓʹͳΔΑ͏ͳ͖ΛͱΔɽViͱ siΛ݁Ϳ͜ͱͰಘΒΕΔɼ

a0Λىͱ͢ΔϧʔϓΛγiͱ͢Δɽ͜ͷͱ͖ɼ{γ1, γ2, . . . , γn}π1(D2 −Qf , a0)ͷج

ఈͰ͋Δɽ (γ1, γ2, . . . , γn)ͷ͜ͱΛHurwitzੜγεςϜ (Hurwitz generating

system)ͱݺͿ͜ͱʹ͢Δ (ਤ 2)ɽLefschetzϑΝΠόʔۭؒͷఆ͔ٛΒɼ֤γi্ʹ

ਤ 2: HurwitzੜγεςϜ.

ΣΛϑΝΠόʔͱ͢ΔϑΝΠόʔଋ͕ݱΘΕΔɽ͜ͷϑΝΠόʔଋͷϞϊυϩϛʔɼ͢

ͳΘͪϑΝΠόʔଋ͕ (Σ× [0, 1])/((x, 1) ∼ (φ(x), 0)) → [0, 1]/(1 ∼ 0)ͱͳΔ [φ] ∈ MΣ

ɼ͋Δ୯७ดۂઢαi ⊂ ΣʹԊ͏ӈखσʔϯπΠετ tαiͰ͋Δ͜ͱ͕ΒΕ͍ͯΔɽ

αiͷ͜ͱΛಛҟϑΝΠόʔ f−1(ai)ʹର͢Δফ໓αΠΫϧ (vanishing cycle)ͱ͍͏ɽ

·ͨɼ (tα1 , tα2 , . . . , tαn)Λfͷ (γ1, γ2, . . . , γn)ʹର͢ΔϞϊυϩϛʔ (monodromy)

ͱݺͿɽҰൠʹϞϊυϩϛʔ HurwitzੜܥͷऔΓํʹґଘ͢Δɽ͜ͷΑ͏ͳᐆ

ດ͞Λ࣍ͷΑ͏ͳมܗͰϞϊυϩϛʔͷใͱͯ͠ѻ͏͜ͱ͕Ͱ͖Δɿ
(tα1 , . . . , tαi , tαi+1 , . . . , tαn) ↔ (tα1 , . . . , tαi+1 , t

−1
αi+1

tαitαi+1 , . . . , tαn)ɼ

(tα1 , tα2 , . . . , tαn) ↔ (t(α1)ϕ, t(α2)ϕ, . . . , t(αn)ϕ)ɼ

ͨͩ͠ɼϕMΣͷҙͷݩͰ͋Δɽ(tα1 , tα2 , . . . , tαn)ͱ (tβ1 , tβ2 , . . . , tβn) ্͕ͷ 2ͭ

ͷมܗͰҠΓ͋͏ͱ͖ɼ 2ͭͷHurwitzಉ (Hurwitz equivalent)Ͱ͋Δͱ͍

͏ɽ͜ͷͱ͖ɼ(tα1 , tα2 , . . . , tαn) ≡ (tβ1 , tβ2 , . . . , tβn)ͱॻ͘ɽLefschetz ϑΝΠόʔۭؒ

ͷϞϊυϩϛʔ͕ Hurwitz ಉͰ͋Δͱ͖ɼ͜ΕΒಉܕʹͳΔ͜ͱ͕ΒΕ͍ͯΔɽ
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ఆٛ 1.3. LefschetzϑΝΠόʔۭؒ f : X → D2 ͕allowableͰ͋Δͱɼfͷҙͷ

ಛҟϑΝΠόʔʹର͢Δফ໓αΠΫϧαiʹ͍ͭͯɼͦͷϗϞϩδʔྨ [αi] ∈ H1(Σ;Z)
͕ඇྵͰ͋Δͱ͖Λ͍͏ɽҎԼɼALF allowable Lefschetz ϑΝΠόʔۭؒΛ͜͢ࢦ

ͱʹ͢Δɽ

ALFίϯύΫτ Stein ໘ΛௐΔ্ͰॏཁͳׂΛՌͨ͢ɽۂ

ఆཧ 1.4 (Loi-Piergallini [LP, Theorem 3], Akbulut-Ozbagci [AO, Theorem 5]). XΛ

ίϯύΫτͰ࿈݁ͳڥք͖༗ݩ࣍4ଟ༷ମͱ͢Δɽ͜ͷͱ͖ɼҎԼಉͰ͋Δɿ
1. X ίϯύΫτ Stein ໘Ͱ͋Δɽۂ

2. X  ALF Λڐ༰͢Δɼ͢ͳΘͪXΛશۭؒͱ͢Δ ALF ͕ଘ͢ࡏΔɽ

1.3. ΦʔϓϯϒοΫղͱ৮ߏ

͜ͷখઅͰΦʔϓϯϒοΫղͱ৮ߏͷؔΛ෮श͢Δɽৄ͘͠ɼ[Et]ɼ[OS,

Chapter 9]Λࢀর͖͍ͯͨ͠ɽ

BΛMͷதͷ༗བྷΈͱ͢Δɽπ ΛM − B͔ΒԁपS1ͷࣸ૾ͱ͢Δɽ

ఆٛ 1.5.  (B, π) ͕ M ͷΦʔϓϯϒοΫղ (open book decomposition)Ͱ͋

Δͱɼπ : M − B → S1 ͕ϑΝΠόʔଋͰ͋Γɼҙͷ θ ∈ S1ʹର͠ڥք͖ίϯ

ύΫτ༗ۂ໘Σθ ⊂ M͕ଘ͠ࡏɼIntΣθ = π−1(θ)͔ͭ∂Σθ = BΛΈͨ͢ͱ͖Λ͍͏ɽ

BΛΦʔϓϯϒοΫղ (B, π)ͷόΠϯσΟϯά (binding)ɼΣ ≈ ΣθΛ (B, π)ͷϖʔ

δ (page)ͱ͍͏ɽ

M ͷΦʕϓϯϒοΫղ (B, π)Λ༩͑ΔͱɼϑΝΠόʔଋ π : (M − B) → S1ʹ

͍ͭͯͷϞϊυϩϛʔϕ ∈ MΣ͕ఆ·Δɽ͜ΕΛΦʔϓϯϒοΫղͷϞϊυϩϛʔ

(monodromy)ͱ͍͏ɽٯʹɼίϯύΫτͳڥք͖༗ۂ໘Σͱϕ ∈ MΣ͕༩͑ΒΕ

͍ͯΔͱ͢Δɽ∂Σ࿈݁Λrͭ࣋ݸͱ͠ɼͦ ͷ֤࿈݁Λ∂Σ1, ∂Σ2, . . . , ∂Σrͱ൪

߸͚͓ͯ͘͠ɽΣϕ := (Σ× [0, 1])/((x, 1) ∼ (ϕ(x), 0))ڥք͖3ݩ࣍ଟ༷ମͰ͋Γɼ

ͦͷڥքrݸͷτʔϥεͨͪͰ͋ΔɽrݸͷιϦουτʔϥεS1×D2Λ༻ҙ͠ɼ͜Ε

ΒͷڥքΛɼ∂Σϕͷ֤࿈݁ʹ࣍ͷΑ͏ʹͯ͠ఆ·Δࣸ૾FͰషΔɽθ1ɼθ2Λɼ∂D2ɼ

[0, 1]ͷதͷͱ͢Δɽ͜ͷͱ͖ɼ֤ιϦουτʔϥεͷS1 × {θ1} ⊂ S1 × ∂D2ͷ૾͕ɼ

∂Σi×{θ2} ⊂ ∂ΣϕͰ͋Δ͖Λอͭඍಉ૬ࣸ૾ͱͯ͠FΛఆΊΔɽΣϕ∪F (
∐

r S
1×D2)

༗ด3ݩ࣍ଟ༷ମͰ͋ΓɼͦͷΦʔϓϯϒοΫղͱͯ͠ɼϖʔδ͕ΣͰ͋Δͷ

͕औΕΔɽ͜ΕΑΓɼΦʔϓϯϒοΫղΛ (Σ,ϕ)Ͱද͢͜ͱʹ͢Δ.

ξΛM্ͷ৮ߏͱ͢ΔɽMͷΦʔϓϯϒοΫղ͕ ξͷαϙʔτςΟϯάΦʔ

ϓϯϒοΫղ (supporting open book decomposition)ɼ·ͨ ξΛαϙʔτ͢

Δͱɼξͷ৮ࣜܗαʹ͍ͭͯɼ֤ϖʔδ্ dα͕໘ੵཁૉͰ͋ΓɼόΠϯσΟϯά

ʹԊ͏ϕΫτϧ vʹର͠α(v) > 0ͱͳΔͷΛ͍͏ɽThurston ͱ Winkelnkemper

[TW] ʹΑΓɼMͷҙͷΦʔϓϯϒοΫղʹର͠ɼͦΕʹαϙʔτ͞ΕΔ৮ߏ

͕ଘ͢ࡏΔ͜ͱ͕ࣔ͞Ε͍ͯΔɽGirouxΑΓ͍ڧओுͱͯ͠ɼҎԼͷఆཧΛࣔͨ͠ɿ

ఆཧ 1.6 (Giroux [Gi]). MΛ༗ด ଟ༷ମͱ͢Δɽ͜ͷͱ͖ɼҎԼͷݩ࣍3 2 ͭͷू

߹ͷؒʹҰରҰͷରԠ͕͋Δɿ

• { M্ͷ৮ߏ ξ }/ΞΠιτϐʔ
• { MͷΦʔϓϯϒοΫղ (Σ,ϕ) }/ ਖ਼ͷ҆ఆԽ
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͜͜ͰΦʔϓϯϒοΫղ (Σ,ϕ)ͷਖ਼ͷ҆ఆԽ (positive stabilization)ͱɼ࣍

ͷΑ͏ʹͯ͠ಘΒΕΔΦʔϓϯϒοΫղ (Σ′, tαϕ)ͷ͜ͱͰ͋ΔɿΣͷதͷϓϩύʔ

ͳހ aΛҰͭऔΓɼͦͷ྆ͱ 1-ϋϯυϧ hͷ֩ a′ͷ͕Ұக͢ΔΑ͏ʹ hΛΣʹ

షΔɽ͜͏ͯ͠ಘΒΕͨɼΣ ∪ hΛΣ′ͱ͠ɼαΛa ∪ a′ͱ͢Δɽ

Giroux ͷରԠ͔ΒɼM্ͷ৮ߏΦʔϓϯϒοΫղʹΑΓཧղ͢Δ͜ͱ͕Ͱ

͖ΔɽಛʹɼStein ॆరՄͳ৮ߏʹؔͯ͠ɼαϙʔςΟϯάΦʔϓϯϒοΫ

ղͷϞϊυϩϛʔʹΑΓௐΔ͜ͱ͕ՄͰ͋Δɽ

ఆཧ 1.7 (ఆཧ1.4ͷ͍͑ݴ). MΛ࿈݁ͳ༗ด3ݩ࣍ଟ༷ମͱ͠ɼξΛM্ͷ৮

ͱ͢Δɽ͜ͷͱ͖ɼҎԼಉͰ͋Δɿߏ

1. ξ Stein ॆరՄͰ͋Δɽ

2. ξͷαϙʔςΟϯάΦʔϓϯϒοΫղ (Σ,ϕ)Ͱɼϕ͕ӈख Dehn πΠετͷΈ

ͷੵͰදࣔ͞ΕΔͷ͕ଘ͢ࡏΔɽ͜ͷͱ͖ɼӈख Dehn πΠετΛੜ͢Δ୯

७ดۂઢͨͪͷϗϞϩδʔྨඇྵͰ͋Δɽ

͜ͷ͍͑ݴɼALF ͷʠڥքʡΛݟΔ͜ͱʹΑΓಘΔ͜ͱ͕Ͱ͖Δɽf : X → D2

Λ ϑΝΠόʔ͕ΣͰϞϊυϩϛʔ͕ (tα1 , tα2 , . . . , tαn)Ͱ͋Δ ALFͱ͢Δɽpr : (D2 −
{0}) → S1 Λ (r, θ) /→ θ Ͱఆٛ͢Δɽͨͩ͠ɼ(r, θ)D2 − {0}ͷ࠲ۃඪͱ͢Δɽ͜
ͷͱ͖ɼ(pr ◦ f)|(pr ◦ f)−1(S1) : (pr ◦ f)−1(S1) → S1 ∂X ͷΦʔϓϯϒοΫղ

(Σ, tα1tα2 · · · tαn)ΛఆΊΔɽٯʹɼ(M, ξ)ͷαϙʔςΟϯάΦʔϓϯϒοΫղ (Σ,ϕ)

Λ༩͑ͨͱ͢Δɽϕ͕ఆཧ 1.7ͷ (2)Λຬͨ͢ͱ͢Δͱɼtα1tα2 · · · tαn = ϕ ͳΔϕͷ

ղ͕ଘ͢ࡏΔɽ͜ͷͱ͖ɼϑΝΠόʔ͕ΣͰϞϊυϩϛʔ͕ (tα1 , tα2 , . . . , tαn)Ͱ͋Δ

ALF ͕ಘΒΕΔɽ͜ͷશۭؒ (M, ξ)ͷ Stein ॆరͱͳΔ͜ͱʹҙ͓ͯ͘͠ɽҎ߱ɼ

͜ͷΑ͏ʹͯ͠ಘΒΕΔ ALF ͷ͜ͱΛɼ(Σ,ϕ)͔ΒಘΒΕΔ ALFͱݺͿ͜ͱʹ͢Δɽ

1.4. Stein ॆరͷҰҙੑ

͜ͷઅͷओ݁ՌΛड़ΔͨΊʹɼ·ͣఆٛΛ̍ͭ͢ΔɽMazur ଟ༷ମܕ (Mazur type

manifold)ͱɼڥք͕S3Ͱͳ͍͖͚ՄͳՄॖ4ݩ࣍ଟ༷ମͰɼ0-ɼ1-ɼ2-ϋϯ

υϧͦΕͧΕ͔̍ͭͣͭΒΔϋϯυϧղΛͭ࣋ͷͰ͋Δɽ

ఆཧ 1.8 (Oba [Ob2]). M ΛϗϞϩδʔ ໘ͱ͠ɼξΛM্ͷٿ3 Stein ॆరՄ

ͳ৮ߏͱ͢Δɽξ ͕ΦʔϓϯϒοΫղ (Σ0,4,ϕ)ʹαϙʔτ͞Ε͍ͯΔͳΒɼ

(M, ξ) ͷ Stein ॆరඍಉ૬ͷࠩΛআ͍ͯҰҙͰ͋Δɽ·ͨɼM͕ S3ʹඍಉ૬

Ͱ͋Δͱ͖ɼͦͷ Stein ॆర4ٿݩ࣍ମB4ʹඍಉ૬ͰɼͦΕҎ֎ͷ߹ɼ͋Δ

Mazur ଟ༷ମʹඍಉ૬Ͱ͋Δɽܕ

ҙ 1.9. 1. ఆཧ 1.8 ͷԾఆΛຬͨ͠ɼS3ʹඍಉ૬Ͱͳ͍ϗϞϩδʔٿ໘

ஶऀʹΑΓແߏݸݶ͞Ε͍ͯΔ ([Ob1])ɽ

2. ఆཧ 1.8 ͷΦʔϓϯϒοΫղͷԾఆ͍ͭͯɼϖʔδͷڥքΛ3ҎԼʹม͑ͨ

ͱ͢Δɽ͜ͷ߹ͷԾఆΛຬͨ͢ϗϞϩδʔٿ໘S3ͷΈͰ͋Δ͜ͱ͕ɼ

Kirby ਤࣜΛ༻͍ͯ؆୯ʹ͔֬ΊΒΕΔɽ

͜ͷఆཧ಄Ͱड़ͨΑ͏ʹɼओʹࣸ૾ྨ܈ͷٞͰূ໌͞ΕΔɽStein ॆర

Stein ॆరՄͳ৮ߏͱɼࣸ૾ྨ܈ͷ݁ͼ͖ͭఆཧ 1.4ɼ1.7ͰͨݟʹطɽStein

ॆరՄͳ৮ߏͷαϙʔςΟϯάΦʔϓϯϒοΫղʹ͍ͭͯɼͦͷϖʔδͷछ

͕0Ͱ͋Δ߹ɼΑΓ͍ڧओுͱͯ࣍͠ͷΑ͏ͳ݁Ռ͕ΒΕ͍ͯΔɽ
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ఆཧ 1.10 (Wendl[We, Theorem 1]). M Λ࿈݁ͳ༗ด3ݩ࣍ଟ༷ମͱ͠ɼξ Λ Stein

ॆరՄͳ৮ߏͱ͢Δɽξ͕ɼϖʔδͷछ͕0Ͱ͋ΔΦʔϓϯϒοΫղ (Σ,ϕ)

ʹαϙʔτ͞Ε͍ͯΔ͢Δͱɼ(M, ξ)ͷҙͷ SteinॆరXɼ(Σ,ϕ)͔Βఆ·Δ ALF

༰͢Δɽڐ

͜ͷఆཧͷڧௐ͓͖͍ͯͨ͠ɼҙͷ Stein ॆర͕ɼҙʹ༩͑ͨαϙʔςΟ

ϯάΦʔϓϯϒοΫղ͔ΒಘΒΕΔͱ͍͏Ͱ͋ΔɽΏ͑ʹɼ༩͑ͨαϙʔςΟϯ

άΦʔϓϯϒοΫղ (Σ,ϕ)ͷϞϊυϩϛʔϕͷӈख Dehn πΠετͷղΛ͢

ΕɼStein͢ڍྻͯ ॆరͯ͢ྻͨ͜͠ڍͱʹͳΔɽ

ͦ͜Ͱɼ·ͣఆཧ 1.8ͷԾఆΛຬͨ͢৮ଟ༷ମͷ Stein ॆరʹؔ͠ɼͦͷτϙϩ

δʔʹੜ͡Δ݅Λ͢ߟΔɽ

ิ 1.11 ([Ob2]). MΛϗϞϩδʔ ໘ͱ͠ɼξΛM্ͷٿ3 Stein fillable ͳ

৮ߏͱ͢Δɽξ͕ɼϖʔδͷछ͕0Ͱ͋ΔΦʔϓϯϒοΫղʹαϙʔτ͞Ε͍ͯ

Δͱ͢Δͱɼ(M, ξ)ͷ Stein ॆర X ͷϗϞϩδʔʹ͕ؔ࣍͠Γཱͭɽ

Hi(X;Z) ∼=
{

Z (i = 0)

0 (i $= 0).

ূ໌ [Ob2]Λࢀর͖͍ͯͨ͠ɽ͜ͷิͱఆཧ 1.10 Λ༻͍ͯɼఆཧ 1.8Λࣔ͢ɽ

ఆཧ 1.8ͷূ໌ͷུ֓. Ұҙੑʹؔ͢Δ݁Ռͷূ໌ͷΈΛ͜͜Ͱड़Δɽ Mazur ܕ

Ͱ͋Δ͜ͱʹ͍ͭͯ [Ob2]Λࢀর͖͍ͯͨ͠ɽ

X Λ৮ଟ༷ମ (M, ξ) ͷ Stein ॆరͱ͢Δɽఆཧ 1.10 ͔ΒɼX ξͷαϙʔςΟϯ

άΦʔϓϯϒοΫղ (Σ,ϕ)͔Βఆ·Δ ALF f : X → D2Λڐ༰͢Δɽ͢ͳΘͪɼf

ϑΝΠόʔ͕Σ0,4Ͱ͋ΓɼϞϊυϩϛʔ͕ (tα1 , tα2 , . . . , tαn)ͱͳΔ ALF Ͱ͋ΔɽXɼ

Σ0,4×D2ʹಛҟϑΝΠόʔͷ͚ͩ2-ϋϯυϧΛணͨ͠ϋϯυϧղΛͭ࣋ɽΑͬͯɼ

XͷΦΠϥʔඪχ(X)ɼχ(X) = χ(Σ0,4×D2)+n = −2+nɽҰํɼิ1.11ΑΓɼ

χ(X) = 1Ͱ͋ΔɽΏ͑ʹɼn = 3. ɼϗϞϩδʔྨʹ࣍ [α1], [α2], [α3] ∈ H1(Σ0,4;Z)ͷۂ
໘্ͰऔΓ͏ΔஔΛ͑ߟΔͱɼҎԼͷਤ3ͷΑ͏ʹͳΔɽ(i)ͱ (ii)ͷ߹ɼHurwitz

ɹɹɹɹ

ਤ 3: ϗϞϩδʔྨ [α1], [α2], [α3] ∈ H1(Σ0,4;Z)ͷஔ.

ಉͱ Kirby ਤࣜͷٞΛ༻͍ͯX͕B4ʹͳΔ͜ͱ͕͔Γɼఆཧ͕Γཱͭɽ(iii)

ͷ߹Λ͑ߟΔɽ͍·ɼϕͷผͷղ tβ1tβ2tβ3ΛͱΔɽ(tα1 , tα2 , tα3) ≡ (tβ1 , tβ2 , tβ3)Ͱ

͋Δ͜ͱΛࣔͤɼͦΕͧΕͷΛϞϊυϩϛʔʹͭ࣋ ALF ͕ಉܕͱͳΓɼશۭؒ

͕ඍಉ૬Ͱ͋Δ͜ͱ͕͔ΔɽΏ͑ʹɼ͜ΕΛࣔ͢ɽ·ͣɼHurwitz ಉͳมܗΛ

ͱͰɼ[α1]͜͏ߦ = [β1], [α2] = [β2],α3 = β3ΛԾఆͰ͖Δɽ෦܈ 〈tα1 , tα2〉 ⊂ MΣ0,4

Λ͑ߟΔͱɼ֊ 2ͷࣗ༝܈Ͱ͋Δ͜ͱ͕͔Δɽ[α1] = [β1], [α2] = [β2]Ͱ͋Δ͜ͱ
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͔Βɼψ1,ψ2 ∈ 〈tα1 , tα2〉 Ͱɼ(αi)ψi = βi (i = 1, 2)ͱͳΔͷ͕ଘ͢ࡏΔɽΑͬͯɼ

(tβ1 , tβ2 , tβ3) ≡ (t(α1)ψ1 , t(α2)ψ2 , tα3) ≡ (tα1 , t(α2)ψ2ψ
−1
1
, tα3)ɽ͜ ͜Ͱɼ͋Δදݱ 〈tα1 , tα2〉 →

PSL(2;Z)ΛऔΔ͜ͱͰɼψ2ψ
−1
1 = tpα2

tqα1
ͳΔ p, q ∈ Z͕ଘ͢ࡏΔ͜ͱ͕ࣔͤΔɽΏ͑

ʹɼ(tα1 , t(α2)ψ2ψ
−1
1
, tα3) ≡ (tα1 , t(α2)t

p
α2 t

q
α1
, tα3) ≡ (tα1 , tα2 , tα3) ͱͳΓɼఆཧΛಘΔɽ

2 ذඃ෴ͱίϯύΫτ Stein ໘ۂ
2.1. ͡Ίʹ

ɹLoi ͱ Piergallini ҎԼͷఆཧʹΑΓɼϒϨΠυঢ়ۂ໘ͱίϯύΫτ Stein ໘ͷۂ

ग़ͨ͠ɽݟΛੑؔ

ఆཧ 2.1 (Loi-Piergallini [LP, Theorem 3]). XΛίϯύΫτͰ࿈݁ͳڥք͖༗࣍4

ଟ༷ମͱ͢Δɽ͜ͷͱ͖ɼҎԼಉͰ͋Δɿݩ

1. X ίϯύΫτ Stein ໘Ͱ͋Δɽۂ

2. X  ۂਖ਼ϒϨΠυঢ়߹ूذඃ෴ͷશۭؒͰ͋ΓɼͦͷذମB4ͷٿݩ࣍4

໘ (ఆٛ2.3)Ͱ͋Δɽ

ϒϨΠυঢ়ۂ໘ɼϒϨΠυϞϊυϩϛʔɼνϟʔτදࣔͳͲɼߏతͳख๏ͱ

૬ੑ͕ྑ͍ɽ͔͠͠ɼݱஈ֊ͰϒϨΠυঢ়ۂ໘Λ༻͍ͨίϯύΫτ Stein ݚ໘ͷۂ

΄ͱΜͲͳ͞Ε͍ͯͳ͍ɽڀ

ͦ͜Ͱɼ࣍ͷΑ͏ͳΛ͑ߟΔɿਖ਼ϒϨΠυঢ়ۂ໘Sʹ͍ͭͯɼS্͢ذΔඃ෴

Λ 2ͭҎ্ͨ͑ߟͱ͖ʹɼͦΕΒͷશۭ͕͍ؒޓʹඍಉ૬Ͱ͔ͭ Stein ͕૬ҟߏ

ͳΔͷΛ༩͑ΔSଘ͢ࡏΔ͔ɽຊઅͰ͜ͷ͍ͷߠఆతͳ͑ͱͯ͠ɼ࣮ࡍʹ

໘ͷྫΛհ͢Δɽۂͨ͠ϒϨΠυঢ়ߏ

2.2. ϒϨΠυঢ়ۂ໘ͱ4ٿݩ࣍ମB4ͷذඃ෴

͜͜ͰϒϨΠυঢ়ۂ໘ͱɼͦͷۂ໘্͢ذΔذඃ෴Λ෮श͢ΔɽϒϨΠυঢ়ۂ

໘ʹ͍ͭͯɼ[Ru], [Ka, Chapter 16ɼ17], [APZ, Section 3]Λɼذඃ෴ʹ͍ͭͯ

[APZ, Section 5, 6]Λৄ͘͠ࢀর͖͍ͯͨ͠ɽ

D2
1, D

2
2Λ͚͖ͮΒΕͨԁ൫ͱ͠ɼSΛD2

1 ×D2
2ʹϓϩύʔʹຒΊࠐ·Εͨۂ໘ͱ

͢Δɽ

ఆٛ 2.2. S ⊂ D2
1 × D2

2 ͕࣍ mͷʢ୯७ʣϒϨΠυঢ়ۂ໘ ((simple) braided

surface)Ͱ͋ΔͱɼୈҰࣹӨpr1 : D2
1 ×D2

2 → D2
1ͷ੍ݶpS := pr1|S : S → D2

࣍1͕

mͷ୯७ذඃ෴Ͱ͋Δͱ͖Λ͍͏ɽ

QSΛ୯७ذඃ෴ pSͷذू߹ͱ͢Δɽ|QS| = nͱ͢Δɽج a0Λ ∂D2
1ʹͱ

Γɼ1.2ͱಉ༷ʹ π1(D2
1 − QS, a0)ͷجఈͱͯ͠ HurwitzੜγεςϜ (γ1, γ2, . . . , γn)

ΛͱΔɽSmΛm࣍ରশ͠܈ɼρ : π1(D2
1 − QS, a0) → SmΛඃ෴ pS ͷඃ෴Ϟϊυϩ

ϛʔͱ͢Δɽ͢ͳΘͪɼρ π1(D2
1 − QS, a0)ͷਪҠతͳදݱͰɼ֤ ρ(γi)ޓͰ͋

Δɽ͜ͷρpSͷm࣍ϒϨΠυ܈ͷ্͛ͪ࣋ͱͯ͠ɼSͷϒϨΠυϞϊυϩϛʔ (braid

monodromy)ρS : π1(D2
1−QS, a0) → Bm͕ఆ·Δɽ(ρS(γ1), ρS(γ2), . . . , ρS(γn))ͷ͜

ͱSͷϒϨΠυϞϊυϩϛʔͱݺͿ͜ͱʹ͢ΔɽpSͷ୯७ੑ͔ΒɼρS(γi) = w−1
i σεi

ji
wi

ͳΔσji , wi ∈ Bm, εi ∈ {±1}͕ଘ͢ࡏΔɽͨͩ͠ɼσjiBmͷඪ४తੜݩͰ͋Δɽ

ఆٛ 2.3. ϒϨΠυঢ়ۂ໘S͕ਖ਼ (positive)Ͱ͋ΔͱɼSͷϒϨΠυϞϊυϩϛʔ

ρS͕ҙͷ iʹ͍ͭͯρS(γi) = w−1
i σjiwi Ͱ͋Δͱ͖Λ͍͏ɽ
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p : X → B4 ≈ D2
1 × D2

2Λਖ਼ϒϨΠυঢ়ۂ໘ S্͢ذΔذඃ෴ͱ͢Δɽf :=

pr1 ◦ p : X → D2 ALF Ͱ͋ΔɽQf = QS Ͱ͋Γɼf ͷϑΝΠόʔ f−1(a0) =

p−1({a0}×D2
2) (a0 ∈ ∂D2

1)Ͱ͋Δ(ਤ4)ɽp|p−1({a0}×D2
2) : p

−1({a0}×D2
2) → {a0}×D2

2

͕S ∩ ({a0}×D2
2)্͢ذΔذඃ෴Ͱ͋Δ͜ͱʹҙ͓ͯ͘͠ɽ·ͨɼfͷϞϊ

υϩϛʔSͷϒϨΠυϞϊυϩϛʔͷ্͛ͪ࣋Ͱ͋Δɽৄ͘͠ [LP, Proposition 1]

Λࢀর͖͍ͯͨ͠ɽ

ਤ 4: ֤ʑX,D2ܗӈͷํࠨ
1 ×D2

2Λද͠ɼͦͷதͷ f , pSͷಛҟΛද͢ɽ

B4ͷ୯७ذඃ෴Λߏ͢Δʹ͋ͨΓิΛ̍ͭ४උ͢ΔɽͦͷͨΊʹɼ·͍ͣ͘

͔ͭͷఆٛΛ͢Δɽq : Σ → D2Λ࣍dͷ୯७ذඃ෴ͱ͢Δɽذू߹Qqͷೱ

Λmͱ͢ΔɽϒϨΠυ܈BmΛ͕݀mݸ։͍ͨԁ൫Dmͷࣸ૾ྨ܈MDmͱಉҰ͠ࢹɼ

β ∈ Bmʹର͠ఆ·ΔݩΛ [hβ] ∈ MDmͱॻ͘ɽͨͩ͠ɼ͜͜Ͱͷࣸ૾ྨ܈ୈ 1.2અ

ͱҟͳΓɼ݀ͷ෦Λू߹ͱͯ͠อͭDm্ͷ͖Λอͭඍಉ૬ࣸ૾ͷΞΠιτ

ϐʔྨ͕ͳ͢܈Ͱ͋Δɽ͍·ɼD2 −QqΛDmͱಉҰ͢ࢹΔɽβ ∈ Bm͕ qʹؔͪ࣋͠

্͛Մ (liftable)Ͱ͋Δͱɼඍಉ૬ࣸ૾Hβ : Σ → Σ͕ଘ͠ࡏɼq ◦Hβ = hβ ◦ q
Λຬͨ͢ͱ͖Λ͍͏ɽ

ิ 2.4 ([Ob3]). S ⊂ D2
1 × D2

2 Λਖ਼ϒϨΠυঢ়ۂ໘ͱ͠ɼͦͷϒϨΠυϞϊυϩ

ϛʔΛ (w−1
1 σj1w1, w

−1
2 σj2w2, . . . , w−1

n σjnwn) ͱ͢Δɽa0 Λ ∂D2
1 ͷͱ͠ɼq : Σ →

{a0}×D2
2 ⊂ D2

1 ×D2
2ΛS ∩ ({a0}×D2

2)্͢ذΔ࣍dͷ୯७ذඃ෴ͱ͢Δɽ

͠ɼ֤wiσjiw
−1
i ∈ Bm͕ qʹ্ؔ͛ͪ࣋͠ՄͳΒɼS্͢ذΔB4 ≈ D2

1 ×D2
2ͷ

୯७ذඃ෴ p : X → B4͕ଘ͠ࡏɼpr1 ◦ p : X → D2
1ϑΝΠόʔ͕ Σ Ͱ͋ΔALF

Ͱ͋Δɽ

ূ໌ͷུ֓. b0 ∈ {a0} × ∂D2
2 ΛͱΓɼπ1(({a0} × D2

2) − (S ∩ ({a0} × D2
2)), (a0, b0))

ʹର͠ɼHurwitzੜγεςϜ (x1, x2, . . . , xm)ΛऔΔɽิΛࣔ͢ʹɼρ : π1(D4 −
S, (a0, b0)) → Sd͕ qͷඃ෴Ϟϊυϩϛʔ ρq͔Βఆ·Δ͜ͱΛࣔͤΑ͍ɽπ1(D4 −
S, (a0, b0)) ι∗(x1), ι∗(x2), . . . , ι∗(xm)Ͱੜ͞Εɼදࣔʹؔͯ͠SͷϒϨΠυϞϊυ

ϩϛʔ͔ΒࢉܭͰ͖Δ͜ͱ͕ΒΕ͍ͯΔ ([Fo, p. 133], [Ya], [Ru, Proposition 4.1])ɽ

ͨͩ͠ɼι : (({a0}×D2
2)− (S ∩ ({a0}×D2

2)), (a0, b0)) ↪→ (D4 − S, (a0, b0))แؚࣸ૾

Ͱ͋ΔɽޙɼϒϨΠυϞϊυϩϛʔ͕ qʹ্ؔͯ͛ͪ࣋͠ՄͰ͋Δ͜ͱΛ༻͍ͯɼ

ρ͕ߏͰ͖Δ͜ͱΛࣔͤΑ͍ɽΓͷূ໌ [Ob3]Λࢀর͖͍ͯͨ͠ɽ
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2.3. ूذ߹͕ಉ͡Ͱ͋Δ͕ Stein ͕ҟͳΔίϯύΫτߏ Stein ໘ۂ

͜ͷઅͷओఆཧΛհ͠ɼূ໌ͷུ֓Λड़Δɽ

ఆཧ 2.5. NΛ2Ҏ্ͷҙͷࣗવͱ͢Δɽ͜ͷͱ͖ɼਖ਼ϒϨΠυঢ়ۂ໘S ⊂ D2
1×D2

2

͕ଘ͠ࡏɼSΛूذ߹ͱ͢Δ୯७ذඃ෴pi : Xi → B4 ≈ D2
1 ×D2

2 (i = 1, 2, . . . , N)

Ͱ࣍Λຬͨ͢ͷ͕ଘ͢ࡏΔɿ

1. X1, X2, . . . , XN͍ޓʹඍಉ૬Ͱ͋Δʀ

2. ֤Xiʹذඃ෴pi͔Βఆ·Δ Stein Λߏ Jiͱ͢ΔͱɼJi $= Jj (i $= j)Ͱ͋Δɽ

ূ໌ͷུ֓. N = 2ͷ߹ͷΈࣔ͢ɽ·ͣɼa0 ∈ ∂D2
1ɼb0 ∈ {a0} × ∂D2

2ΛͱΔɽ8࣍

ϒϨΠυ܈B8ͷݩɼβ1, β2, . . . , β5Λ࣍ͷΑ͏ʹఆٛ͢Δɿ

β1 := σ5ɼβ2 := (σ−1
6 σ−2

7 σ−1
6 σ4σ2

3σ4)−1σ5(σ
−1
6 σ−2

7 σ−1
6 σ4σ2

3σ4),

β3 := (σ−1
6 σ−1

5 σ−1
4 σ−1

3 σ−1
2 σ−2

1 σ−1
2 σ7σ6σ

−1
5 σ−1

4 σ−1
3 σ−2

4 σ−1
3 σ4)−1σ7·

(σ−1
6 σ−1

5 σ−1
4 σ−1

3 σ−1
2 σ−2

1 σ−1
2 σ7σ6σ

−1
5 σ−1

4 σ−1
3 σ−2

4 σ−1
3 σ4),

β4 := (σ−1
4 σ−2

5 σ−1
4 σ2σ2

1σ2)−1σ3(σ
−1
4 σ−2

5 σ−1
4 σ2σ2

1σ2),

β5 := (σ6σ2
5σ6)−1σ7(σ6σ2

5σ6), β6 := (σ3σ4σ5σ6)−1σ2(σ3σ4σ5σ6)ɽ

ਖ਼ϒϨΠυঢ়ۂ໘ S Λɼ (β1, β2, β3, β4, β5, β6)ΛϒϨΠυϞϊυϩϛʔͱͯͭ࣋͠

ͷͱͯ͠ఆٛ͢Δɽq1, q2 : Σ1,4 → {a0} × D2
2 Λɼ࣍ͷΑ͏ͳඃ෴Ϟϊυϩϛʔ

ρq1 , ρq2 : π1({a0}×D2
2, (a0, b0)) → S4Λ࣍ͭ࣋4ͷ୯७ذඃ෴ͱ͢Δɿ

ρq1(x1) = (1 2), ρq1(x2) = (1 2), ρq1(x3) = (2 3), ρq1(x4) = (2 3)ɼ

ρq1(x5) = (3 4), ρq1(x6) = (3 4), ρq1(x7) = (1 2), ρq1(x8) = (1 2)ɼ

ρq2(x1) = (1 2), ρq2(x2) = (1 2), ρq2(x3) = (3 4), ρq2(x4) = (3 4)ɼ

ρq2(x5) = (2 3), ρq2(x6) = (2 3), ρq2(x7) = (1 2), ρq2(x8) = (1 2)ɽ

β1, β2, . . . , β5 q1, q2ʹ্ؔ͛ͪ࣋͠ՄͰ͋Δ͜ͱ؆୯ʹ͔֬ΊΔ͜ͱ͕Ͱ͖Δɽ

͕ͨͬͯ͠ิ 2.4ΑΓɼ֤ qiʹର͠୯७ذඃ෴pi : Xi → B4 ≈ D2
1 ×D2

2͕ఆ·Δɽ

֤pr1 ◦ pi : Xi → D2
1 ALF Ͱ͔͋ͬͨΒɼফ໓αΠΫϧͷใ͔Β Kirby ਤࣜΛඳ

͘͜ͱ͕Ͱ͖Δɽ࣮ࡍKirbyࢉܭΛ͢Δ͜ͱʹΑΓɼX1ͱX2 Euler ͕−4Ͱ͋Δ

ඃ෴ذ໘্ͷԁ൫ଋʹඍಉ૬Ͱ͋Δ͜ͱ͕Θ͔Δɽ·ͨɼٿ pi͔Βఆ·Δ Stein

Jiʹؔͯ͠ୈߏ 1 Chern ྨΛ Kirbyਤ͔ࣜΒ͢ࢉܭΔ͜ͱ͕Ͱ͖Δɽc1(X1, J1) $= 0

Ͱ͋Γɼc1(X2, J2) = 0Ͱ͋Δ͜ͱ͕͔ΔɽҎ্͔Βఆཧ͕ಘΒΕͨɽ

ΈΔɽ͚ͯքͷ৮ଟ༷ମʹΛڥ͍͓ͯʹΛ̍ͭհ͢Δɽఆཧ2.6ܥʹޙ࠷

৮ଟ༷ମ (M, ξ)ͷதͷ༗བྷΈ L͕ԣஅతབྷΈ (transverse link)Ͱ͋Δͱɼ

֤x ∈ Lʹ͍ͭͯɼ͖ࠐΊͯTxL + ξx = TxMΛຬͨ͢ͷͰ͋ΔɽS3ͷඪ४

త৮ߏ ξstdʹ͍ͭͯɼϒϨΠυঢ়ۂ໘ͷڥքԣஅతབྷΈʹͳ͍ͬͯΔɽ

ܥ 2.6. NΛ 2Ҏ্ͷҙͷࣗવͱ͢Δɽ͜ͷͱ͖ɼԣஅతབྷΈL ⊂ (S3, ξstd)͕

ଘ͠ࡏɼLΛूذ߹ͱ͢Δ୯७ذඃ෴pi : Mi → S3 (i = 1, 2, . . . , N)Ͱ࣍Λຬͨ͢

ͷ͕ଘ͢ࡏΔɿ
1. M1,M2, . . . ,MN͍ޓʹඍಉ૬Ͱ͋Δʀ

2. ֤Miʹ୯७ذඃ෴͔Βఆ·Δ ৮ߏΛ ξiͱ͢Δͱɼi $= jͳΒ ξiͱ ξj

ΞΠιτϐοΫͰͳ͍ɽ

ँࣙ ୈ 62ճτϙϩδʔγϯϙδϜʹ͓ট͖͍ͩ͘͞·ͨ͠ɼେ௬ઌੜʢژେֶ
ཧղੳڀݚॴʣɼฏᖒඒՄࡾઌੜʢ໊ݹۀେֶʣɼࡾদՂઌੜʢதԝେֶʣʹ৺ΑΓྱޚ

Λਃ্͛͠·͢ɽ
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