


తڀݚ

ରͰ͋Δڀݚʹ͓͚Δத৺తͳࢲ Lؔͷಛघʹڵຯ͕͋Γɺ۩ମతʹ

• ֊ߴ Eulerܥͷཧͷߏஙɺ

• Mazur-Rubin-Sano (MRS)༧ͷҰൠԽ

Λओͳڀݚతͱ͍ͯͨ͠ɻؒظݣதʹ͜ΕΒͷతຬͷ͍͘ܗͰୡ͢Δ͜ͱ͕Ͱ͖ͨͷ

Ͱɺͦͷৄࡉʹ͍ͭͯใ͢ࠂΔɻ

گঢ়ࢪ࣮ڀݚ

2018 9݄ 1ʹ͠ߤɺͦͷिؒޙɺDavid Burnsࢯͱ Kwok-Wing Tsoiࢯͱͷڞஶจ

[13]Λͤ͞ɺarXivʹͨ͠ߘɻ͜ͷจʮҰൠͷϞνʔϑʹର͢ΔMRS༧ʯΛѻ͏

ͷͰ͋ΓɺڀݚతͷҰͭૣ͘ୡ͢Δ͜ͱ͕Ͱ͖ͨɻ

ͦͷޙɺ࣍ͷతͰ͋Δߴ֊ Euler ஙʹऔΓΜͩɻ10ߏͷཧͷܥ ݄͔Βࡔຊཾଠ͕ࢯ

2ϲ݄΄Ͳ๚͠ɺͦͷϲ݄ޙͷ 2019 2݄ʹɺBurns ஶจڞͱͷࢯຊࡔͱࢯ [6] Λ arXiv

ʹͨ͠ߘɻ͜ΕʹҾ͖ଓ͖ɺ͜ͷจͰߏஙͨ͠ཧͷҰͭͷԠ༻ͱͯ͠ɺMRS༧Λଟ͘ͷ

߹ʹղܾͨ͠จ [7]Λ 3݄ʹ arXivʹͨ͠ߘɻ

·ͨɺ2݄ʹݪ܀কਓ͕ࢯ 1िؒ΄Ͳ๚͠ɺʮପԁۂઢʹର͢Δ MRS༧ʯʹؔͯٞ͠͠

ͨɻ͜ͷ͜ͱʹؔͯͦ͠ͷޙϲ݄ؒڀݚΛܧଓͨ݁͠Ռɺॳظ͍ͯͨ͠Ҏ্ͷ͜ͱ͕Θ͔

ΓɺڀݚՌΛ 2ͭͷจ [3], [4]ʹ·ͱΊΔ͜ͱͱͳͬͨɻ͜ͷ͏ͪɺจ [3] 10݄ʹ arXiv

ʹ͠ߘɺจ [4]ެද͍ͯ͠ͳ͍ͷͷ΄΅͍ͯ͠Δঢ়ଶͰ͋Δɻ

͜Εͱಉ࣌ਐߦͰɺBurnsࢯɺAlexandre DaoudࢯɺSoogil SeoࢯͱͷڞಉڀݚͰɺߴ֊ Euler

ͳͬͨɻ͜ͷ͜ͱʹؔ͢ΔߦΛڀݚͷཧͷผͷԠ༻ͱͯ͠ɺColeman༧ͷҰൠԽʹؔ͢Δܥ

Ռจ݁ڀݚ [1]ʹ·ͱΊɺ6݄ʹ arXivʹͨ͠ߘɻ͜ͷڀݚ BurnsࢯͱͷҎલͷڞஶจ

[8]Ͱ࡞Γ্͛ͨཧ͕ૅجͱͳ͍ͬͯΔ͕ɺ͜ͷจ 3݄ʹडཧ͞Εͨɻ

·ͨɺ7݄ʹจ [2]͕डཧ͞Εɺ12݄ʹจ [13]͕डཧ͞Εͨɻ

֊ߴͰɺڀݚಉڞͱͷࢯɺBurnsʹ࣍ Eulerܥͷཧͷ͞ΒͳΔൃలͱͯ͠ɺʮؔࣜʯͱʮඇ

Մʯͱ͍͏ 2ͭͷҟͳΔํੑͰڀݚΛਐΊɺ݁ڀݚՌΛ·ͱΊͨจ [9], [10]ΛͦΕͧΕ 2020

 3݄ɺ4݄ʹ arXivʹͨ͠ߘɻ

ͦͷޙɺඇՄ EulerܥͱಉมۄՏ༧ͱͷؔΛѻͬͨจ [11]ͱɺ֊ 1ͷϞνʔϑʹ

ର͢Δߴ֊ Eulerܥͷؒʹཱ͢Δ߹ಉࣜΛѻͬͨจ [12]ͷࣥචΛਐΊɺؒظݣதʹ΄΅

ͤ͞Δ͜ͱ͕Ͱ͖ͨɻ



Ռڀݚ

֊ߴ Eulerܥͷཧͷߏஙʹ͍ͭͯ

·ͣɺߴ֊ Eulerܥͷཧͷߏஙʹؔͯ͠ɺظ͍ͯͨ͜͠ͱΛ΄΅ຬͷ͍͘ܗͰୡͰ͖

ͨɻҎલͷจ [5]Ͱʮ͍͔ͭ͘ͷԾఆ͕ຬͨ͞ΕΕ͜Ε͜Εͷ݁Ռ͕ಘΒΕΔʯͱ͍͏Ұൠ

ͷΈ༩͑ɺͲͷΑ͏ͳ߹ʹͦͷԾఆ͕ຬͨ͞ΕΔ͔Λৄ͍ͯ͘͠͠ߟͳ͔ͬͨɻจ [6]Ͱ

ͦͷΛపఈతʹ͠ߟɺEulerܥͷ۩ମྫͰ͋ΔʮKatoͷ EulerܥʯͱʮRubin-Starkݩͷ

Eulerܥʯʹؔ͢Δ৽͍݁͠ՌΛಘͨɻಛʹ͜ͷ۩ମతͳߟͷաఔͰɺʮBloch-Katoݩʯͱ͍͏

৽͍֓͠೦Λಋೖ͠ɺಉมۄՏ༧ʹؔ͢Δ৽͍݁͠ՌಘΔ͜ͱ͕Ͱ͖ͨɻ͜ͷ Bloch-Kato

ઢͷ߹ʹۂɺପԁݩ Katoͷ EulerܥͱؔΛͭ࣋͜ͱ͕ࣗવʹ༧Ͱ͖Δ͕ɺզʑͦͷ

༧͕ Perrin-Riou༧ͷҰൠԽʹͳ͍ͬͯΔ͜ͱࣔͨ͠ɻPerrin-Riou༧ۙଟ͘ͷڀݚ

ऀʹΑΓ͞ڀݚʹൃ׆Ε͍ͯΔ༧͕ͩɺզʑಉมۄՏ༧ͱ Bloch-Katoݩͱ͍͏௨ৗͱ

ҟͳΔΞϓϩʔνΛͱΔ͜ͱͰɺͦΕ·Ͱ୭͠ಘͳ͔ͬͨҰൠԽΛ༩͑ͨɻ͜ͷڀݚ࣍ͷ

ʮପԁۂઢʹର͢ΔMRS༧ʯͷڀݚʹ͍͕ͨͬͯͬܨɻ

·ͨɺจ [7]Ͱզʑ͕ߏஙͨ͠ཧͷԠ༻ͱͯ͠ɺMRS༧Λଟ͘ͷ߹ʹղܾͨ͠ɻূ໌

ͷݤʮߴ֊ Euler͔ܥΒߴ֊ Kolyvagin͕ࣗܥવʹߏͰ͖Δʯͱ͍͏͜ͱͱʮߴ֊ Kolyvagin

ͩͨʹຊ࣭తܥ 1͔ͭ͠ͳ͍ʯͱ͍͏͜ͱʹ͋Δ͕ɺզʑ͜ΕΒͷ࣮ࣄΛҎલͷจ [5]ʹ͓

͍ͯҰൠతʹূ໌ͨ͠ɻʮ֊ 1 ͷ Euler Β֊͔ܥ 1 ͷ Kolyvagin Ͱ͖Δʯͱߏʹવ͕ࣗܥ

ʮ֊ 1ͷ Kolyvaginܥຊ࣭తʹͨͩ 1ͭʯͱ͍͏࣮ࣄMazurͱ RubinʹΑΓेલʹࣔ

͞Ε͓ͯΓɺ֊͕ 1 ΑΓେ͖͍ʮߴ֊ʯͷ߹ʹԿ͕͜ىΔ͔ͷະղܾͰ͋ͬͨ

͕ɺզʑ͜ΕΒͷͷશͳղΛ༩͑ͨ͜ͱʹͳΔɻ

·ͨɺҎલͷจ [8]Ͱಋೖ͠ ʮͨجຊ EulerܥʯͷཧͷԠ༻ͱͯ͠ɺจ [1]ʹ͓͍ͯColeman

༧ͷҰൠͷମʹର͢ΔҰൠԽΛ༧ͱͯ͠ఆࣜԽ͠ɺ͢Ͱʹ࡞Γ্͛ͨߴ֊ Eulerܥͷཧ

ΛԠ༻͢Δ͜ͱͰɺ͜ͷ༧ͷڌূ͍ڧΛ༩͑ͨɻ

֊ߴ Eulerܥͷཧͷ͞ΒͳΔൃలͱͯ͠ɺจ [9]ʹ͓͍ͯɺEulerܥͷؔࣜʹ͍ͭͯߟ

͠ɺpਐදݱ T ͱͦͷ Kummerର T ∗(1)ʹର͢Δ Eulerܥͷؒͷਖ਼֬ͳؔΛ༩͑ͨɻͦͷԠ

༻ͱͯ͠ɺDeligne-Ribetͷ pਐ Lؔͱؔ͢Δߴ֊ EulerܥͷࣗવͳߏͱɺColeman-Ihara

ͷެࣜͷ૯࣮ମ্ͷҰൠԽͷఆࣜԽΛಘΔ͜ͱ͕Ͱ͖ͨɻ

·ͨɺผํͷൃలͱͯ͠ɺจ [10]ʹ͓͍ͯ Eulerܥͷ֓೦ͷඇՄ Galois֦େʹର͢Δ

ҰൠԽͰ͋ΔʮඇՄ EulerܥʯΛಋೖ͠ɺҎલͷจ [8]Ͱߏஙͨ͠ཧͷඇՄʹର͢ΔҰൠ

ԽΛ༩͑ͨɻ͜ͷԠ༻ͱͯ͠ɺݹయతͳԁ୯ͷ Eulerܥͱؔ͢ΔඇՄ EulerܥͷߏΛ͢Δ

͜ͱ͕Ͱ͖ͨɻ

Ҏ্ͷΑ͏ʹɺߴ֊ Eulerܥͷཧͷߏஙຬͷ͍͘ܗͰ͛͠Δ͜ͱ͕Ͱ͖ͨɻ



MRS༧ͷҰൠԽʹ͍ͭͯ

ɺMRS༧ͷҰൠԽʹؔͯ͠ɺ·ͣจʹ࣍ [13]ʹ͓͍ͯҰൠͷϞνʔϑʹద༻Ͱ͖Δܗͷ

ҰൠԽΛ༩͑ͨɻ͜ͷจͰɺڵຯਂ͍۩ମྫʹಛԽͨ͠ৄ͍͠ߟ͠ͳ͔͕ͬͨɺจ [6]

ʹ͓͚Δ Bloch-Katoݩͱ Perrin-Riou༧ʹؔͯ͠ಘͨΞΠσΞΛΈ߹ΘͤΔ͜ͱͰɺପԁۂ

ઢʹର͢Δ MRS༧͕ Perrin-Riou༧ͷҰൠԽʹͳ͍ͬͯΔ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɻMRS

༧ͱ Perrin-Riou༧ͦΕ·Ͱશ͕ؔ͘ͳ͔ͬͨͨΊɺ͜ͷൃݟҙ֎Ͱ͋Γ͖ڻͰ͋ͬ

ͨɻ͞ΒʹߟΛਐΊΔ͜ͱͰɺପԁۂઢͷMRS༧Mazur-Tate-Teitelbaum༧ͷҰൠԽ

ͱͳ͍ͬͯΔ͜ͱࣔ͢͜ͱ͕Ͱ͖ͨɻ͜ͷূ໌ͷաఔͰɺಠࣗͷڵຯ͕͋Δ͍͔ͭ͘ͷ໘ന͍

݁ՌಘΒΕͨɻ·ͣɺMazur-Tate-Teitelbaum ༧ʹʮp ਐϨΪϡϨʔλʔʯͱ͍͏ྔ͕ݱ

ΕΔ͕ɺզʑͦͷҰൠԽͱͳΔʮBocksteinϨΪϡϨʔλʔʯͱ͍͏৽͍͠ྔΛఆٛͨ͠ɻpਐ

ϨΪϡϨʔλʔʮପԁۂઢ͕ pͰՃ๏తؐݩΛͨ࣋ͳ͍ʯͱ͍͏ԾఆͷԼͰఆٛ͞ΕΔྔ͕ͩɺ

զʑͷ BocksteinϨΪϡϨʔλʔͯ͢ͷૉ pʹରͯ͠ఆٛͰ͖ΔͰ৽͍͠ɻ·ͨɺͦΕ·

ͰʮRubinͷެࣜʯͱͯ͠ΒΕΔ Katoͷθʔλݩͱ pਐ Lؔʹؔ͢ΔެࣜΛɺզʑશ

ʹҰൠతͳঢ়گʹ֦ு͢Δ͜ͱ͕Ͱ͖ͨɻΑΓৄ͘͠ड़ΔͱɺRubinͷެࣜʮ֊ 1ʯͷ߹

ʹ͔͠ҙຯΛͳ͞ͳ͍͕ɺզʑͦΕΛ֊͕ 1ΑΓେ͖͍ʮߴ֊ʯͷ߹ʹҰൠԽͨ͠ɻRubin

ͷެࣜଟ͘ͷऀڀݚʹΑΓۙ͞ڀݚʹൃ׆Ε͍ͯΔ͕ɺ֊͕ 1ΑΓେ͖͍߹Λѻ͏զʑͷ

ΞϓϩʔνͦΕ·Ͱʹͳ͍৽͍͠ͷͰ͋Δɻ͜ΕΒͷ݁Ռจ [3]ʹ·ͱΊͨɻ

͞ΒʹɺզʑMazur-Tate-Teitelbaum༧ͷྨࣅͰ͋ΔMazur-Tate༧ପԁۂઢʹର͢

ΔMRS༧͔Βै͏͜ͱΛࣔͨ͠ɻಛʹͦͷ݁ؼͱͯ͠ɺPerrin-Riou༧͔ΒMazur-Tate༧

ͷಛผͳ߹͕ै͏͜ͱࣔͨ͠ɻPerrin-Riou༧ͱMazur-Tate༧ɺͦΕ·Ͱશؔ͘࿈

৽͍͠ɻPerrin-Riou༧͍͔ͭ͘ͷ؟ग़͞Ε͍ͯͳ͔ͬͨͷͰ͋Γɺզʑͷணݟ͕ੑ

߹ʹղܾ͞Ε͓ͯΓɺ݁Ռͱͯ͠ɺMazur-Tate༧ͷ෦తͳղܾಘΒΕͨɻ͜ͷ݁Ռจ

[4]ʹ·ͱΊͨɻ

Ҏ্ͷΑ͏ʹɺପԁۂઢʹର͢ΔMRS༧ʹؔͯ͠ଟ͘ͷ͚͕͍ࢥͳ͍৽͍͠ڵຯਂ͍݁Ռ

͕ಘΒΕͨɻ͜ͷաఔͰಘΒΕ͍͔ͨͭ͘ͷΞΠσΞ͞Βʹൃలͤ͞Δ͜ͱ͕ՄͰ͋ΔͱࢥΘ

ΕɺHeegnerɺංాɺϞδϡϥʔۂઢʹର͢ΔMRS༧ͳͲ·ͩ·ͩ৽͍͜͠ͱ͕Ͱ͖Δͱ

ΘΕΔɻࢥ

گՃঢ়ࢀձͷֶՌͷൃදɾؔڀݚ

• 2018 9݄ʹUniversity of ExeterʢΠΪϦεʣͰ։͞࠵Εͨूڀݚձ “Stark Conjectures,

Iwasawa theory and related topics”ʹࢀՃ͠ɺऀڀݚͱҙަݟɾใऩूΛߦͳͬͨɻ

• 2019 4݄ʹ University College DublinʢΞΠϧϥϯυʣͷ Kazim BuyukbodukࢯΛ๚

͠ɺٞΛߦͳͬͨɻ

• 2019  6 ݄ʹ University of BordeauxʢϑϥϯεʣͰ։͞࠵Εͨूڀݚձ Iwasawa 2019

ͳͬͨɻߦɾใऩूΛަݟͱҙऀڀݚՃ͠ɺࢀʹ



• 2019 7݄ʹ Ludwig Maximilian University of MunichʢυΠπʣͷWerner BleyࢯΛ

๚͠ɺٞ͠ɺηϛφʔͰߨԋΛߦͳͬͨɻ·ͨɺUniversity of GenovaʢΠλϦΞʣͰ

։͞࠵Εͨूڀݚձ “Recent advances in the arithmetic of Galois representations”ʹࢀ

Ճ͠ɺऀڀݚͱҙަݟɾใऩूΛ͠ɺߨԋΛߦͳͬͨɻ

• 2019 ࠶ʹ11݄ BuyukbodukࢯΛ๚͠ɺٞ͠ɺηϛφʔͰߨԋΛߦͳͬͨɻ

• 2019 12݄ʹ Autonomous University of MadridʢεϖΠϯʣͷ Daniel Macias Castillo

ͳͬͨɻߦԋΛߨΛ๚͠ɺٞ͠ɺηϛφʔͰࢯ

• 2020  1 ݄͔Β 2 ϲ݄ؒɺIsaac Newton InstituteʢΠΪϦεʣͰ։͞࠵Εͨϓϩάϥ

Ϝ “K-theory, algebraic cycles and motivic homotopy theory”ʹࢀՃ͠ɺऀڀݚͱҙަݟ

ͳͬͨɻߦԋΛߨɺηϛφʔͰ͍ߦɾใऩूΛ

• 2020 2݄ʹ University of CambridgeʢΠΪϦεʣͷ John CoatesࢯΛ๚͠ɺٞ͠ɺ

ηϛφʔͰߨԋΛߦͳͬͨɻ
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