
ͱଟ໘ମ༺࡞܈ ɹʖ τʔϦοΫτϙϩδʔͷ؍͔Β ʖ

ᐩా େֶʣཱࢢࡕʢେװ

ং

1970 ࠒʹ Demazure, Mumford, ཧ͕ૅجԿͷزʖখాΒʹΑΓτʔϦοΫࡾ
ଞͱؔΘΓͳ͕Βɼ·ͨҰൠ͕ςετͰ͖ΔࠓԿزங͞ΕɼτʔϦοΫߏ
ͱͯ͠ൃల͍ͯ͠ΔɽτʔϦοΫزԿͷૅجͱͳΔͷʮτʔϦοΫଟ༷ମͱ͍͏
زԿͷରͱઔͱ͍͏߹ͤͷରͷؒʹҰରҰͷରԠ͕͋Δʯͱ͍͏࣮ࣄͰ͋
Δ ([9], [15] ݴͱڮՍ͚͙ܨԿͱ߹ͤΛزԿɼزɼτʔϦοΫނর)ɽ͜Εࢀ
͑Δɽ

͜ͷτʔϦοΫزԿΛτϙϩδʔͷ؍͔Βల։͢ΔࢼΈ͕͋ͬͨɽ࠷ॳͷࢼΈɼ
1991 ͷ Davis-Januszkiewicz ʹΑΔจͰ͋Δ ([8])ɽ͜ͷจ͘ͷΛݟͳ
͔͕ͬͨɼ2000 ࠒʹ Buchstaber-Panov ʹΑΓऔΓ্͛ΒΕҰൠԽ͕ͳ͞Εͨ ([5])ɽ
Ұํɼ͜ͷಈ͖ΛΒͣʹɼචऀʢ෦থઌੜͷྗڠಘͯʣτʔϦοΫزԿΛτ
ϙϩδʔͷ؍͔Βల։͢ΔࢼΈΛ͍ͨͯͬߦ ([13], [10])ɽͦͷ͜ޙΕΒͷಈ͖͕߹ྲྀ
ͯ͠ɼτʔϦοΫτϙϩδʔͱ͍͏͕ੜ·Εͨ ([6])ɽ͜ͷܦҢ͔Βͯ͠ɼτʔϦο
Ϋτϙϩδʔ߹ͤͱີʹ͍ؔͯ͠Δɽ

ຊߨԋͰɼτʔϦοΫτϙϩδʔʹ͓͍ͯචऀ͕ૺ۰ͨ͠ଟ໘ମʹؔ࿈͢Δͷ
ɼ࣍ͷ 3 ͭΛհ͢Δɽ

(1) τʔϥε࡞܈༻ͱيಓۭؒ
(2) ತଟ໘ମ͔ΒಘΒΕΔฏୱϦʔϚϯଟ༷ମͱ 3 ଟ༷ମۂݩ࣍
(3) ڑͷ্܈ଟ໘ମɼஔಓͷดแɼஔيଟ༷ମͷෳૉτʔϥεض

(1) τʔϦοΫزԿͰΒΕ͍࣮ͯͨࣄͷτϙϩδʔͷ؍͔Βͷ֦ுɼ(2) τʔ
ϦοΫزԿͷ࣮൛ʹରԠ͢Δɼ(3) τʔϦοΫزԿͷൣᙝʹ͓͚ΔͰ͋Δ
͕ɼ͜Ε·Ͱͷ؍ʹͳ͔ͬͨͱࢥΘΕΔۙ࠷ͷ݁ՌͰ͋Δɽ

1.τʔϥε࡞܈༻ͱيಓۭؒ

؆୯ͳྫ͔Β࢝ΊΔɽS1 Λ̍͞ͷෳૉ͔ΒͳΔ܈

S1 = {g ∈ C | |g| = 1},

S2 Λۭؒ C × R = R3 ͷݪΛத৺ͱͨ͠୯Ґٿ໘

S2 = {(z, x) ∈ C × R | |z|2 + x2 = 1}

ͱ͢Δɽ͜ͷͱ͖ɼS1 ͷ S2 ͷࣗવͳ࡞༻ʢ࣠ͷपΓͷճసʣ

S1 × S2 → S2, (g, (z, x)) → (gz, x)

ͷيಓۭؒ S2/S1 ɼ(z, x)ͷيಓΛ xʹࣸ͢ରԠʹΑΓɼ۠ؒ I = [−1, 1]ͱಉҰࢹͰ
͖ΔɽS2 ্ͷ S1 ߹ͷෆಈू༺࡞ Fix(S1, S2) ۃ (0, 1) ͱೆۃ (0,−1) ͷ 2 ͔Β

ຊڀݚՊݚඅ (՝൪߸:19K03472) ͷॿΛड͚ͨͷͰ͋Δɻ.
1
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2 ᐩా େֶʣཱࢢࡕʢେװ

ͳΓɼ͜ΕΒ۠ؒ I ͷू߹ V (I)ʢ·ͨɼڥքʣͷ 2  {±1} ʹରԠ͍ͯ͠Δɽ
ಛʹ

|Fix(S1, S2)| = |V (I)| = 2

Ͱ͋ΔɽҰํɼS2 ͷΦΠϥʔඪ χ(S2)  2 Ͱ͋Δ͕ɼ͜ΕΒͷҰகۮવͰͳ͍ɽ
Խͱͯ͠ɼnݩ࣍ߴͷྫͷه্ ͷੵݸ (S2)n Λ͑ߟΔɽ͜͜ʹɼ(S1)n ͕ࣗવʹ

ಓۭؒيΓɼ͓ͯ͠༺࡞ (S2)n/(S1)n  nํཱݩ࣍ମ In ʹͳΔɽ͜ͷͱ͖ɼෆಈू߹
Fix((S1)n, (S2)n) ͱ In ͷू߹ V (In) ʹ̍ର̍ͷରԠ͕͋Γɼ

|Fix((S1)n, (S2)n)| = |V (In)| = χ((S2)n) = 2n

ཱ͕͍ͯ͠Δɽ
্ͷྫ͕ࣔ͢Α͏ʹɼيಓۭؒͷू߹࡞༻ΛۭͭؒͷΦΠϥʔඪͱؔ࿈͠

͍ͯΔ͕ɼʮ͋Δ݅ԼʯͰɼيಓۭؒͬͱࢁͷใΛ͍ͯͬ࣋Δɽ·ͣʮ͋Δ
݅Լʯʹ͍ͭͯड़ΔɽCn ্ͷඪ४తͳ (S1)n ༺࡞

(1.1) (z1, . . . , zn) ∈ Cn → (g1z1, . . . , gnzn) ∈ Cn (g1, . . . , gn) ∈ (S1)n

ͷيಓۭؒɼ(z1, . . . , zn)ͷيಓʹ (|z1|, . . . , |zn|)ΛରԠͤ͞Δ͜ͱʹΑΓɼRn ͷୈ̍
ݶ (R≥0 )n ͱಉҰࢹͰ͖Δɽ(S1)n ͷࣗݾಉ܈ܕ Aut((S1)n) ͷݩͰ࡞༻Λᎇͬͯ͡
ಓۭؒมΘΒͳ͍ɽي

ఆٛɽ2nݩ࣍ดଟ༷ମM ͷ (S1)n ʹॴతہɼ༺࡞ (1.1)ͷ࡞༻ͱಉ͡Ͱ͋Δͱ͖ʢਖ਼
֬ʹɼAut((S1)n)ͷݩͰᎇͬͨ͡࡞༻ͱಉ͡Ͱ͋Δͱ͖ʣɼlocally standard ͱ͍͏ɽ

2n ดଟ༷ମݩ࣍ M ͕ɼlocally standard ͳ (S1)n Λ͍ͬͯΔͱ͢Δɽ͜ͷͱ༺࡞
͖ɼ্ͷߟΑΓɼيಓۭؒM/(S1)n ہॴతʹୈ̍ݶ (R≥0 )n Ͱ͋Δ͔Βɼn ݩ࣍
ͷ֯ଟ༷ମͱͳΔɽ֯ଟ༷ମͷయྫܕͱͯ͠୯७ತଟ໘ମ͕͋Δɽ͜͜Ͱɼnݩ࣍
ತଟ໘ମ͕୯७ͱɼ֤ʹ͓͍ͯɼͦͷΛؚΉ༨̍ݩ࣍ͷ໘͕ஸ nݸͰ͋Δ
͜ͱɼ·ͨɼ֤͔Βஸ n Α͍ɽͯͬݴͷล͕ग़͍ͯΔͱݸ

Q Λ n ଟ༷ମͱ͢Δͱɼತଟ໘ମͷ߹ͱಉ༷ʹɼ֤֯ݩ࣍ 0 ≤ i ≤ n ʹରͯ͠ i
໘͕ఆٛͰ͖ɼQͷݩ࣍ iݩ࣍໘ͷΛ fi(Q)ͱॻ͘ɽ͜͜ͰɼQࣗQͷ nݩ࣍໘
ͱ͍ࢥ fn(Q) = 1ͱྃղ͢Δɽ0ݩ࣍໘Λɼ̍ݩ࣍໘Λลɼn−1ݩ࣍໘ΛϑΝηο
τͱ͍͏ɽfi(Q) ΛΛͱͨ͠ଟ߲ࣜ

fQ(t) :=
n∑

i=0

fi(Q)ti

Λ Q ͷ f -ଟ߲ࣜͱ͍͍ɼ͜ͷଟ߲ࣜͷมΛͣΒͯ͠ಘΒΕΔଟ߲ࣜ

hQ(t) := fQ(t−1)

Λ Q ͷ h-ଟ߲ࣜͱ͍͏ɽf -ଟ߲ࣜͱ h-ଟ߲ࣜಉ͡ใΛ͍ͯͬ࣋Δ͕ɼҎԼͰ h-
ଟ߲͕ࣜࣗવʹݱΕΔɽ

ྫɽfi(I
n) = 2n−i

(
n

i

)
ΑΓɼfIn(t) = (t+ 2)nɽ͕ͨͬͯ͠ hIn(t) = (t+ 1)nɽ

In  (S2)n ͷ (S1)n ಓۭؒͰ͕͋ͬͨɼ্ͷྫΑΓɼhIn(t)يΑΔʹ༺࡞  (S2)n ͷ
ϙΞϯΧϨଟ߲ࣜ

∑n
j=0 rankZ H2j((S2)n)tj ͱҰக͍ͯ͠Δɽ͜ͷ࣮ࣄɼIn ͷҎ

֎ͷ໘͑Δ͜ͱʹΑΓɼ(S2)n ͷϕον͕͔Δ͜ͱΛ͍ࣔͯ͠Δɽ(S2)n τʔ
ϦοΫଟ༷ମͷҰྫͰɼ͜ͷΑ͏ͳ͕࣮ࣄτʔϦοΫଟ༷ମͷ߹ʹཱ͢Δ͜ͱ
ΒΕ͍͕ͯͨɼ࣍ͷఆཧɼ͜ͷݱ͕τʔϦοΫଟ༷ମʹݶΒͣɼτϙϩδʔͷൣᙝ
Ͱཱ͢Δ͜ͱΛड़ͨͷͰ͋Δɽ
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ఆཧ 1.1 ([14]). M Λɼح࣍ͷίϗϞϩδʔ͕ফ͍͑ͯΔ 2n ดඍՄଟ༷ମݩ࣍
ͱ͢Δɽ͜ͷͱ͖ɼM ্ͷෆಈΛͭ (S1)n ༺࡞ locally standard ʹͳΓɼيಓۭ
ؒ Q = M/(S1)n ͷ֤໘ʢQ ࣗʣඇྠঢ়ɽ͞Βʹ

hQ(t) =
m∑

j=0

rankZ H2j(M)tj

ཱ͕͢Δɽ

M ͷ෮ݩɽM ͷϕον্هͷΑ͏ʹيಓۭ͔ؒΒܾ·Δ͕ɼM ͷίϗϞϩδʔ
ͷߏيಓۭؒQ͚ͩͰܾ·Βͳ͍ɽM ͷίϗϞϩδʔΛهड़͢ΔʹɼQ
ͷϑΝηοτʹରԠ͢ΔM ͷ༨ݩ࣍ 2ͷ෦ଟ༷ମΛݻఆ͢ΔS1 ෦܈ͷใ͕ඞཁ
Ͱ͋Δɽ͏গ͠ৄ͘͠ड़ΔͱɼQͷϑΝηοτΛQ1, . . . , Qm ͱ͠ɼࣹӨπ : M → Q
ʹΑΔQi ͷҾ͖͠ π−1(Qi)ΛMi ͱॻ͘ͱɼMi ༨ݩ࣍ 2ͷด෦ଟ༷ମͰɼ(S1)n

ͷ͋Δ S1 ෦܈ Si ͷෆಈू߹ʹͳ͍ͬͯΔɽ͜ͷ Si ΛɼఆΊΔ४ಉ૾ࣸܕΛ

vi : S
1 → (S1)n, (vi(S

1) = Si)

ͱ͢ΔɽHom(S1, (S1)n) Λ Zn ΛಉҰ͢ࢹΔͱ vi  Zn ͷݩͱ͑ࢥɼ͞Βʹ vi  ±1 Ҏ
֎ͷͰׂΕͳ͍ͱԾఆͯ͠Α͍ʢ͜ͷͱ͖ɼvi ූ߸Λআ͍ͯ།Ұͭʹܾ·Δʣɽ
͜ΕΒ {vi}mi=1 ͨͪ࣍ͷ݅ (1.2) ΛΈͨ͢ɽI Λ {1, 2, . . . ,m} ͷ෦ू߹Ͱ |I| = n
ͱ͢Δɽ

(1.2)
⋂

i∈I

Qi ͕ Q ͷͳΒɼ{vi | i ∈ I}  Hom(S1, (S1)n) = Zn ͷجఈͰ͋Δɽ

ಓۭؒQͱσʔλي {vi}mi=1 ͕M ͷίϗϞϩδʔH∗(M)ͷߏΛܾΊΔɽ࣮
ͬͱ͘ڧɼM  Q ͱ {vi}mi=1 ͔Β Q × (S1)n ͷۭؒ

(1.3) M = (Q × (S1)n)/ ∼
ͱͯ͠෮ݩͰ͖Δɽ͜͜Ͱ (x, t) ∼ (y, s) ɼx = y Ͱɼx ͕ QI =

⋂
i∈I Qi ͷͳΒ

ʢI  {1, 2, . . . ,m} ͷ͋Δ෦ू߹Ͱ |I| = n ͱݶΒͳ͍ʣɼt−1s  vi(S1) = Si

(i ∈ I) Ͱੜ͞ΕΔ (S1)n ͷ෦܈ʹؚ·ΕΔͱ͍͏݅Ͱ͋Δɽͭ·ΓɼQ × (S1)n

ʹ͓͍ͯɼQ ͷ k ໘ݩ࣍ QI ্ʢk = n−|I|ʣʹ͋Δ (S1)n Λɼ{vi(S1) | i ∈ I} Ͱੜ
͞ΕΔ k τʔϥεݩ࣍ TI Ͱ௵͢ʢͭ·Γ T/TI Λ͑ߟΔʣͱ M ͕෮ݩͰ͖ΔɽγϦϯ
μʔ [−1, 1] × S1 ʹ͓͍ͯɼ̎ͭͷڥքͷ S1 Λ̍ʹ௵͢ͱ S2 ͕ಘΒΕΔ͕ɼ͜Εͷ
ҰൠԽͰ͋Δɽ

2.ଟ໘ମ͔ΒಘΒΕΔฏୱϦʔϚϯଟ༷ମͱ 3 ଟ༷ମۂݩ࣍

લઅʹ͓͚ΔෳૉମCΛ࣮ମRʹஔ͖͑Εɼ͋ Δఔಉ༷ͷཱ͕ٞ͢Δɽ
Ұͭେ͖ͳҧ͍ɼલઅͰऔΓѻͬͨଟ༷ମɼجຊతʹ୯࿈݁ͳͷͰ͋Δ͕ɼຊઅ
ͰऔΓѻ͏ (S0 )n Λͭ༺࡞ n ߹ଟ༷ମɼ୯࿈݁Ͱͳ͘ɼଟ͘ͷݩ࣍ aspherical
ଟ༷ମͰ͋Δɽ
S1 ͷΘΓʹ S0 = {±1} Λ͑ߟɼn ดଟ༷ମݩ࣍ N ্ͷ (S0 )n ʹॴతہɼ͕༺࡞

(2.1) (x1, . . . , xn) ∈ Rn → (g1x1, . . . , gnxn) ∈ Rn (g1, . . . , gn) ∈ (S0 )n

ͱಉ͡Ͱ͋Δͱ͖ɼlocally standard ͱ͍͏ʢ(1.1) ಓۭؒيরʣɽ͜ͷͱ͖ɼࢀ Q =
N/(S0 )n  n ଟ༷ମʹͳΓɼ(1.3)֯ݩ࣍ ͱಉ༷ʹɼN  Q × (S0 )n ͷۭؒ

(2.2) N = (Q × (S0 )n)/ ∼
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4 ᐩా େֶʣཱࢢࡕʢେװ

ͱද͞ΕΔɽࠓͷ߹ɼ(1.2), (1.3) ʹ͓͚Δ vi  Hom(S0 , (S0 )n)) = (Z/2)n ͷݩͱࢥ
͏ɽ(1.3)ɼ2n ͷQΛɼviݸ ͨͪͷσʔλΛجʹQͷڥքʹԊͬͯషΓ߹ͤͯN ͕෮
Ͱ͖Δ͜ͱΛҙຯ͢ΔɽQݩ ͕୯७ತଟ໘ମͰ͋Δͱ͖ N Λ small cover ͱ͍͏ ([8])ɽ

ྫɽ (2.1)ͷ (S0 )n ʢฏୱʣτʔϥεRn/(2Z)nݩ࣍ɼn༺࡞ ্ͷ࡞༻Λಋ͘ɽ͜ͷ࡞
༻ locally standard Ͱɼيಓۭؒ n ମͱͳΔɽํཱݩ࣍

্ͷྫɼ2n ͷݸ n քʹԊͬͯషΓ߹ͤͯฏୱτʔϥε͕ಘΒΕΔڥମΛํཱݩ࣍
͜ͱΛ͍ࣔͯ͠Δ͕ɼషΓ߹ͤํΛม͑Δͱʢ͍͑ݴΕɼvi ͨͪΛऔΓ͑Δͱʣɼ
τʔϥεͱҟͳΔίϯύΫτฏୱϦʔϚϯଟ༷ମ͕ಘΒΕΔɽ࣮ɼ͜ͷΑ͏ʹͯ͠
ಘΒΕΔฏୱϦʔϚϯଟ༷ମɼ࣮ Bott ౝͱݺΕΔ RP 1 ଋͷྻ

Bn → Bn−1 → · · · → B1 → B0 = {1  }
ͷτοϓʹ͋Δଟ༷ମ Bn ͱͯ͠ಘΒΕΔɽ͜͜Ͱɼ֤ RP 1 ଋ Bi → Bi−1 ɼBi−1 ্
ͷ 2ͭͷઢଋͷWhitneyͷࣹӨԽͰ͋Δʢ2ͭͷઢଋͷɼҰํࣗ໌ଋͱͯ͠
ҰൠੑࣦΘΕͳ͍ʣɽBn Λ࣮ Bott ଟ༷ମͱΑͿɽ

ίϯύΫτฏୱϦʔϚϯଟ༷ମ֤ݩ࣍༗ݸݶͰجຊ܈Ͱ۠ผͰ͖Δ͕ʢBieberbach
ͷఆཧʣɼ࣮ Bott ଟ༷ମʹݶΕཱ͕࣍͢Δɽ

ఆཧ 2.1 ([11], [7]). ࣮ Bott ଟ༷ମ Z/2 ͷίϗϞϩδʔͰ۠ผग़དྷΔɽ

࣮Bottଟ༷ମBn ɼϗϩϊϛʔ͕܈ (S0 )n ͷ෦܈ͱ͍͏ಛผͳͷͰ͋Δ͕ɼί
ϯύΫτฏୱϦʔϚϯଟ༷ମͷྫΛ۩ମతʹ๛ʹఏ͢ڙΔʢԼͷ Table 1 রʣɽࢀ

n 1 2 3 4 5 6 7 8 9 10
Diff n 1 2 4 12 54 472 8,512 328,416 ? ?
Orin 1 1 2 3 8 29 222 3,607 131,373 ?

Sympn 0 1 0 2 0 6 0 31 0 416

Table 1. Diff n, Orin, Sympn ɼͦΕͧΕɼn ݩ࣍ Bott ଟ༷ମͷඍ
ಉ૬ྨɼͦͷ͖Մͳͷɼ͞ΒʹγϯϓϨΫςΟοΫߏ͕ೖ
ΔͷͷΛද͢.

(2.2)ʹ͓͍ͯɼQ͕֯ଟ༷ମͰ͋ΕඍՄଟ༷ମN ͕ಘΒΕΔ͕ɼ্هͷΑ
͏ʹϦʔϚϯྔܭΛ͑ߟΔͳΒɼ໘͕֯֯Ͱ͋Δඞཁ͕͋Δɽ্هͰฏୱྔܭΛ
ʹ࣍ɼ͕ͨ͑ߟ ໘͕֯֯ͱͳΔ֤ͯؔ͠ʹྔܭۂݩ࣍Δɽ3͑ߟΛྔܭۂݩ࣍3
ತଟ໘ମ Pogorelov ଟ໘ମͱݺΕɼ࣍ͷ߹ͤతಛ͚͕ΒΕ͍ͯΔɽ

ఆཧ 2.2 ([1], [16]). 3 ୯७ತଟ໘ମ͕ݩ࣍ Pogorelov ଟ໘ମͰ͋Δඞཁे݅ɼ4
໘ମͰͳ͘ɼ3 ϕϧτͱ 4 ϕϧτΛͨ࣋ͳ͍͜ͱͰ͋Δʢಛʹɼ3 ͱܗ֯ 4 ͷ໘ܗ֯
ͳ͍ʣɽ

ತଟ໘ମPݩ࣍3 ͷ k ϕϧτͱ (k ≥ 3)ɼP ͷ k ͷ໘ͷ८ճྻݸ (P1, P2, . . . , Pk)Ͱɼ
ྡಉ࢜̍ลΛڞ༗͠ɼྡಉ࢜Ҏ֎ަΘΓ͕ͳ͘ɼ͞Βʹ 3ͭͷ໘Λڞ༗ͯ͠
͍ͳ͍͜ͱͰ͋ΔɽPogorelovଟ໘ମແݶʹ͋ࢁΔɽྫ͑ਖ਼ 12໘ମɼҰൠʹ໘͕
5 ͔ܗ֯ 6 Ͱ͋Δ͚ͩܗ֯ 3 ತଟ໘ମݩ࣍ (combinatorial fulleren ͱݺΕ͍ͯΔʣ
Pogorelov ଟ໘ମͰ͋Δ ([3])ɽ
Pogorelovଟ໘ମQΛ༻͍ͯ (2.2)ͷߏΛ͏ߦɼͭ·ΓɼQΛ 8(= ҙ͠ɼͦ༺ݸ(23

ΕΒΛ໘ʹԊͬͯషΓ߹ͤΔɽۭؒۂͷதͰQͷ֤໘͕֯֯Ώ͑ɼ͜ͷߏͰ ࣍3
ดଟ༷ମ͕ಘΒΕΔ͕ɼ͜Εۂݩ LöbellܕͱݺΕ͍ͯΔɽMostowͷ߶ੑఆཧʹ
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ΑΕɼ3ݩ࣍Ҏ্ͷۂดଟ༷ମجຊ܈Ͱ۠ผͰ͖Δ͕ɼLöbell ͷܕ ดۂݩ࣍3
ଟ༷ମʹݶΕɼఆཧ 2.1 ͱྨࣅͷཱ͕࣍͢Δɽ

ఆཧ 2.3 ([4]). Löbellܕͷ ͷίϗϞϩδʔͰ۠ผग़དྷΔɽଟ༷ମZ/2ۂݩ࣍3

͜ͷఆཧͷূ໌ʹɼmoment-angle ଟ༷ମͱ͍͏τʔϦοΫτϙϩδʔͰ͞ڀݚΕ
͍ͯΔରΛ༻͍Δʢ͕ɼӌճ͕ͨ͋͠ײΔʣɽ

ɽNikulinߟࢀ ͷ໘ͷʹؔ͢Δෆ͔ࣜΒɼ֤໘͕֯֯ͱͳΔ 5 Ҏ্ͷತଟ໘ݩ࣍
ମଘ͠ࡏͳ͍͜ͱ͕͔Δ͕ɼ4ݩ࣍ͰͦͷΑ͏ͳತଟ໘ମQ͕ଘ͢ࡏΔʢྫ͑
120 ͷਖ਼ݸ 12 ໘ମΛ 3 ໘ʹͭݩ࣍ 120 ๔ମʣɽ͜ͷΑ͏ͳͷʹରͯ͠ (2.2) ͷߏ
Λ͏ߦͱʢͭ·ΓɼQΛ 16(= 24 ดଟ༷ମۂͷݩ࣍քͰషΓ߹ͤͯʣ4ڥҙͯ͠༺ݸ(
͕ಘΒΕΔ͕ɼ͜ΕΒʹର্ͯ͠هͷఆཧཱ͕͢Δ͔Ͳ͏͔͔͍ͬͯͳ͍ɽ

ڑͷ্܈ଟ໘ମɼஔಓͷดแɼஔيଟ༷ମʹ͓͚Δෳૉτʔϥεض.3

ΔྫΛ͏͢ͱଟ໘ମ͕ؔ༺࡞܈ Δɽຊઅͷɼલઅ̎ͭͱझ͕͛ڍ1ͭ
ҟͳΔɽضଟ༷ମ Fl(Cn) ͱͦΕʹؔ࿈͢Δجຊతͳ࣮ࣄΛ͍ࢥग़͢ɽ·ͣ

Fl(Cn) = {V1 ⊂ V2 ⊂ · · · ⊂ Vn = Cn | Vi  Cn ͷෳૉ i ෦ۭؒݩ࣍ }.
T = (C∗)n ͷ֤ΛCn ͷ֤ʹֻ͚Δ࡞༻Fl(Cn)্ͷ T ༺࡞Λಋ͘ɽ͜ͷ༺࡞
ͷෆಈू߹ஔ܈ Sn ͱಉҰࢹͰ͖Δɽ࣮ࡍɼw ∈ Sn ʹରͯ͠ɼض

⟨ew(1)⟩ ⊂ ⟨ew(1), ew(2)⟩ ⊂ · · · ⊂ ⟨ew(1), . . . , ew(n)⟩
ΛରԠͤ͞ΔରԠ͕ಉҰࢹΛ༩͑Δɽ͜͜Ͱɼe1, . . . , en Cn ͷඪ४جఈͰɼ⟨ ⟩த
ʹ͋ΔݩͰੜ͞ΕΔ෦ϕΫτϧۭؒΛද͢ɽ

Fl(Cn) ʹɼPlücker ඪΛ༻͍ͯϞʔϝϯτࣸ૾࠲

µ : Fl(Cn) → Rn

͕ఆٛͰ͖ɼ૾ µ(Fl(Cn))  (n−1) ଟ໘ମஔݩ࣍

Permn := {(v(1), . . . , v(n)) ∈ Rn | v ∈ Sn} ͷತแ

ͱҰக͢Δɽ͜Εʹؔͯ࣍͠ͷ͜ͱ͕ΒΕ͍ͯΔɽ

ิ 3.1. µ(w) = (w−1(1), . . . , w−1(n))ɽ͞Βʹɼ2  µ(w) ͱ µ(v) ͕ Permn ͷลͰ
݁ΕΔඞཁे݅ɼw = vsi ͱͳΔޓ si = (i, i+ 1) ͕ଘ͢ࡏΔ͜ͱͰ͋Δɽ

͜ͷิʹؔ࿈ͯ͠ɼSn ڑͷ࣍ʹ্ d Λ͑ߟΔɽ

d(u, v) = ℓ(u−1v).

͜͜Ͱɼℓ(w) ஔ w ͷ͞Ͱɼw ͷసҐͱͯͬࢥΑ͍͠ɼw Λޓ s1, . . . , sn−1

ͷੵͰ࠷දࣔͨ͠ͱ͖ͷ si ͨͪͷݸͱͯͬࢥΑ͍ɽ্ͷิΑΓɼd(u, v)ɼu
ͱ v Λ Permn ͷ µ(u) ͱ µ(v) ͱ͏ࢥͱɼͦΕΒΛ݁Ϳ Permn ͷʢล͔ΒͳΔʣಓ
Ͱ࠷ͷͷͷ͞ͱ͑ࢥΔɽ

u ∈ Sn ʹରͯ͠

C(u) := {(x1, . . . , xn) ∈ Zn = Hom(C∗, T ) | xu(1) < xu(2) < · · · < xu(n)}
Λ͑ߟΔʢຊ࣭తʹ Weyl chamberʣɽC(u) ͷݩ λ  T ͷ̍ύϥϝʔλ෦܈ΛఆΊɼ

Fl(Cn)λ(C
∗) = Fl(Cn)T = Sn

Ͱ͋Δɽ͜͜Ͱ XG = Fix(G,X)ɽ
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ͯ͞ɼFl(Cn) ͔Βҙʹ 1  y ΛऔΓɼͦͷ T ಓͷดแي Y Λ͑ߟΔɽ·ͣɼ

Y T ⊂ Fl(Cn)T = Sn

ʹҙ͢ΔɽAtiyah-Gullemin-Sternberg ͷఆཧΑΓɼµ(Y )µ(Y T )Λͱ͢Δತଟ
໘ମͰ͋Δɽu ∈ Sn ʹରͯ͠ λ ∈ C(u) ΛҙʹͱΓɼ

lim
t→0

λ(t)y ∈ Y T ⊂ Sn

Λ͑ߟΔɽ্هͷݶۃ λ ͷऔΓํʹґΒͣ u ͷΈʹΑΔɽ͕ͨͬͯ͠ɼࣸ૾

RetY : Sn → Y T ⊂ Sn

ΛಘΔ͕ɼ͜ͷࣸ૾࣍ͷҙຯΛͭɽ

ఆཧ 3.2 ([12]). RetY ϨτϥΫτʢͭ·Γ Y T ࣸ૾ʣɽ·ͨɼ֤߃্ u ∈ Sn ʹର͠
ͯ d(u, v) = d(u, Y T ) ͱͳΔ v ∈ Y T །Ұ͚ͭͩ͋ΓɼͦΕ RetY (u) Ͱ༩͑ΒΕΔɽ

ɼSnޙͷఆཧͷه্ ͷҙͷ෦ू߹ʹରͯ͠ΓཱͭΘ͚Ͱͳ͘ɼY T 
Sn ͷ Coxeter matroid ͱݺΕ͍ͯΔͷʹͳ͍ͬͯΔ ([2])ɽͳ͓ɼY T ͕۩ମతʹ
͔Δͱ͖ɼRetY Λ۩ମతʹٻΊΔํ๏͕͋Δɽ·ͨɼҎ্ͷҰൠ Lie ଟضͷܕ
༷ମʹରཱͯ͢͠Δɽ

References
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