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3) ֶձߨԋ (೔ຊ෺ཧֶձ౳ͷֶձ΍ɼࡍࠃձٞͰͷߨԋɽট଴ߨԋͷ৔߹͸ͦͷ͜ͱ͕໌͞هΕͯ

͍Δɽ্ͷ 1) 2) ͱॏෳ͢Δ΋ͷ΋͋ΔɽࡍࠃձٞͰͷߨԋ͸ɼ·ͱΊͯޙʹஔ͔Ε͍ͯΔ)

4) Պֶڀݚඅ౳ใࠂॻ (୅දऀ͕ຊࣨڭͷڭһͰ͋Δ՝୊ͷΈ͞ࡌهΕ͍ͯΔɽ) ֶձࢽ౳ʢ঎ࢽۀ

౳ΛؚΉʣʹൃද͞Εͨ࿦จɼղઆ౳ɽ(ڀݚॴϨϙʔτ΍ڀݚձใࠂ͸ؚΜͰ͍ͳ͍ɽ) ஶॻɼ༁

ॻɼฤू౳ (ஶɼ༁ɼฤͷผ໊͕ࢯͷޙʹࣔ͞Ε͍ͯΔɽ༁ॻ͸๜༁ͷޙʹ () ಺ʹݪஶऀ໊ɼݪ

ஶ໊͕ࣔ͞Ε͍ͯΔɽ)
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ૉཻࢠཧ࿦ࣨڀݚ

1. ಈͷ֓ཁ׆ڀݚ

1) ϋΠύʔΧϛΦΧϯσͱDUNEʹΑΔৼಈύϥϝʔλʔܾఆͷ૬ิੑ (҆ాɺΰογϡɺਂᖒ)

কདྷͷχϡʔτϦϊৼಈ࣮ܭݧըͱͯ͠ɺՃ଎ثχϡʔτϦϊ௕جઢ࣮ݧͰ͸೔ຊͷT2HKͱΞϝϦΧ

ͷDUNE͕ɺຢɺࣗવͷχϡʔτϦϊݯͰ͸ϋΠύʔΧϛΦΧϯσ (HK)ʹΑΔେؾχϡʔτϦϊ؍ଌ

౳͕࣮ݱతͳ΋ͷͱ͑ߟΒΕ͍ͯΔɻ͜ͷڀݚͰ͸ɺ࣌ݱ఺ͰະఆͰ͋ΔχϡʔτϦϊͷ࣭ྔ֊૚ੑɺ

π/4 − θ23 ͷූ߸ɺCPඇอଘҐ૬ δʹର͢Δ্ͭ̏هͷ࣮ݧͷײ౓Λٞ࿦ͨ͠ɻT2HKʴ HKͷେؾ

χϡʔτϦϊ؍ଌͱDUNEͰ͸ͦΕͧΕ 5σ (8σ) C.L.ͷ࣭ྔ֊૚ੑʹର͢Δײ౓Λ࣋ͭ͜ͱɺຢɺ͜

ΕΒ̏ͭΛ૊Έ߹Θͤͨ৔߹ʹ͸࣭ྔχ৐ࠩɺsin2 θ23ɺδͷଌఆਫ਼౓͸ͦΕͧΕ 0.3%ɺ2%ɺ20%ͱͳ

Δ͜ͱ͕Θ͔ͬͨɻຢɺHKͷେؾχϡʔτϦϊ؍ଌͰ θ23ͷύϥϝʔλʔॖୀ͕͜ىΔߏػΛ໌Β͔ʹ

ͨ͠ɻ

2) ଠཅχϡʔτϦϊ–ΧϜϥϯυؒͷᴥᴪɾNOvA–T2KؒͷᴥᴪɾT2K–ࢠݪ࿍χϡʔτϦϊͷᴥ
ᴪΛඇඪ४૬࡞ޓ༻ʹΑΓઆ໌͢ΔࢼΈ (҆ాɺΰογϡɺਂᖒ)

୅ؒͷࠞ߹ʹΑΓ͓͓ΉͶઆ໌͞Εੈࡾσʔλ͸ɺඪ४తͳݧͰͷχϡʔτϦϊৼಈʹؔ͢Δ࣮·ࡏݱ

͍ͯΔ͕ɺඞͣ͠΋ఆྔతʹ੔߹ੑ͕͋Δͱ͸͑ݴͳ͍σʔλ͕ଘ͢ࡏΔɻͦΕΒ͸ (i)ଠཅχϡʔτ

Ϧϊ࣮ݧͱΧϜϥϯυ࣮ݧʹΑΔ࣭ྔχ৐ࠩͷଌఆ஋͕ҟͳ͍ͬͯΔ఺ɺ(ii)T2K࣮ݧͱNOvA࣮ݧʹ

ΑΔࠞ߹֯ θ23ͷଌఆ஋͕ҟͳ͍ͬͯΔ఺ɺ(iii)T2K࣮ݧͱ୹جઢࢠݪ࿍χϡʔτϦϊ࣮ݧʹΑΔࠞ߹

֯ θ13ͷଌఆ஋͕ҟͳ͍ͬͯΔ఺Ͱ͋Δɻ͜ΕΒͷᴥᴪΛɺχϡʔτϦϊ఻೻ʹӨڹΛ༩͑Δඇඪ४૬

Λಋೖͯ͠΋શମͷσʔλ΁༺࡞ޓ೦ͳ͕Βඇඪ४૬࢒ɻͨ͠౼ݕΑΓઆ໌Ͱ͖Δ͔Ͳ͏͔Λʹ༺࡞ޓ

ͷϑΟοτ͕Θ͔ͣʹվળ͢Δఔ౓Ͱɺ̏ͭͷᴥᴪΛઆ໌Ͱ͖Δ΄ͲͰ͸ͳ͍͜ͱ͕Θ͔ͬͨɻ

3) T2HKK࣮ݧͷඇඪ४૬࡞ޓ༻ʹର͢Δײ౓ (҆ాɺΰογϡɺਂᖒ)

T2K࣮ݧͷ֦ுܭըͰ͋Δ T2HK࣮ݧ͸جઢ௕͕୹͘ɺ୯ಠͰ͸χϡʔτϦϊͷ࣭ྔ֊૚ੑʹର͢Δ

ΛਆԬͩثग़ݕஔޙըͱͯ͠ɺୈೋͷܭ౓͕௿͍ͱ͍͏໰୊͕͋Δ͜ͱ͕஌ΒΕ͍ͯΔɻͦΕΛิ͏ײ

͚Ͱ͸ͳ͘ɺؖࠃʹ΋ஔ͘ͱ͍͏T2HKK࣮͕ݧఏҊ͞Ε͍ͯΔɻ͜ͷڀݚͰ͸ɺχϡʔτϦϊ఻೻ʹ

ӨڹΛ༩͑Δඇඪ४૬࡞ޓ༻ʹର͢ΔT2HKK࣮ݧͷײ౓Λɺ؆୯ͷͨΊɺඇඪ४૬࡞ޓ༻ͷ µ੒෼͕

0Ͱ͔ͭ τ − τ ੒෼͕ߴΤωϧΪʔେؾχϡʔτϦϊ͔Βͷ੍ݶʹΑΓैଐม਺ʹͳΔͱ͍͏Ծఆͷݩ

ʹٞ࿦ͨ͠ɻͦͷ݁ՌɺϏʔϜͷத৺͔ΒͷͣΕͷ֯౓͕খ͍͞΄Ͳײ౓͕͘ߴͳΓɺඪ४తͱඇඪ४

తͷ̎ͭͷCPඇอଘҐ૬ʹର͢Δײ౓͸ɺT2HKK࣮ݧͷํ͕ΞϝϦΧͷDUNE࣮ݧΑΓ΋ྑ͍͜ͱ

͕Θ͔ͬͨɻ

4) T2HKɾT2HKKɾDUNE࣮ݧʹ͓͚Δܥ౷ࠩޡͷӨڹ (҆ాɺΰογϡ)

কདྷܭըͰ͋ΔT2HK࣮ݧɺT2HKK࣮ݧɺDUNE࣮ݧͰ͸ɺ౷͕ྔܭଟ͍ͨΊܥ౷͕ࠩޡॏཁʹͳͬͯ

དྷΔͱظ଴͞Ε͍ͯΔɻ͜ ͷڀݚͰ͸ɺ͜ ΕΒ̏ͭͷ࣮ݧʹ͓͍ͯɺχϡʔτϦϊͷ࣭ྔ֊૚ੑɺπ/4−θ23

ͷූ߸ɺCPඇอଘҐ૬ δʹର͢Δײ౓ͷܥ౷ࠩޡͷґଘੑΛٞ࿦ͨ͠ɻຢɺඇඪ४૬࡞ޓ༻ʹର͢Δ

౓ͷґଘੑ΋ٞ࿦ͨ͠ɻײ

5) ͍ܰεςϥΠϧχϡʔτϦϊͷ (3+1)-εΩʔϜʹ͓͚ΔθϩςΫενϟ͕ ৅࿦ݱͷܕΔ໛͋ݸ4
(ΰογϡ)

ෳ਺ੈ୅ͷϑΣϧϛΦϯ͕ଘ͢ࡏΔ࣌ɺϑΣϧϛΦϯͷ࣭ྔྻߦ͸ҰൠʹҟͳΔੈ୅ͷؒʹ੒෼Λ࣋ͭ

͕ɺಛఆͷ࣭ྔྻߦͷ੒෼͕ 0ͱͳΔ৔߹ΛθϩςΫενϟͱݺͼɺഎޙʹ͋ΔରশੑΛ͍ͯ͠ݱΔͱ
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ΛՃ͑ͨɺ͍ΘΏΔݸ୅ʹ͍ܰεςϥΠϧχϡʔτϦϊ̍ੈࡾͰ͸ɺڀݚΒΕ͍ͯΔɻ͜ͷ͑ߟ (3+1)-

εΩʔϜʹ͓͍ͯɺ࣭ྔྻߦʹςΫενϟ͕ ৅࿦ΛɺχϡʔτϦϊͷ࣭ྔ֊૚ੑͱແݱΔ৔߹ͷ͋ݸ4

χϡʔτϦϊೋॏϕʔλ่յΛத৺ʹٞ࿦ͨ͠ɻ

6) ͍ܰεςϥΠϧχϡʔτϦϊΛؚΉ֦ு͞Εͨγʔιʔ໛ܕͷݱ৅࿦ (ΰογϡ)

eVఔ౓ͷ࣭ྔΛ͍࣋ͭܰεςϥΠϧχϡʔτϦϊ͸LSND࣮ݧɺMiniBooNE࣮ݧɺ୹جઢࢠݪ࿍࣮ݧɺ

ΨϦ΢ϜʹΑΔଠཅχϡʔτϦϊͷֱਖ਼࣮ݧͷ݁Ռ͔Βͦͷଘ͕ࠦࣔ͞ࡏΕ͓ͯΓɺࡏݱ΋͞ڀݚΕͯ

͍ΔཻࢠͰ͋Δɻ͜ͷڀݚͰ͸ɺͦͷΑ͏ͳ͍ܰεςϥΠϧχϡʔτϦϊ ΛؚΉݸ1 Iܕͷ֦ு͞Εͨ

γʔιʔ໛ܕʹ͓͍ͯɺࣗ༝౓ΛݮΒͨ͢ΊʹθϩςΫενϟΛಋೖ͠ɺ࣮ݱతͳৼಈύϥϝʔλʔΛ

ΔΑ͏ͳղΛ୳ͨ͠ɻͦͷΑ͏ͳղ͸͢ݱ࠶ Z8 × Z2ͱ͍͏ෆ࿈ଓ͔܈ΒಘΒΕΔ͜ͱ͕Θ͔ͬͨɻ

7) ʢ๺ᖒʣߏػΔ௒ରশੑͷࣗൃతഁΕͷ͚͓ʹܕ໛ݭ

௒ݭཧ࿦ʹ͓͚Δ௒ରশੑͷഁΕͷͻͱͭͱͯ͠ “brane supersymmetry breaking”ͱݺ͹ΕΔ΋ͷ͕͋

Δ. ͦͷ࠷΋؆୯ͳྫͱͯ͠, λΠϓ̞ܕཧ࿦ʹΑͨ͘ࣅਿຊ໛ܕͱ͍͏΋ͷ͕͋Δ. ͜ͷ໛ܕ͸௒ରশ

ੑ͕શ͘ଘ͠ࡏͳ͍҆ఆͳ໛ܕͰ͋Δ͜ͱ͕஌ΒΕ͍ͯΔ. ͜ͷ໛ܕͷ։͍ͨݭͷθϩ࣭ྔཻࢠʹରԠ͢

Δঢ়ଶͷதʹ௒ରশੑͷࣗൃతഁΕΛҙຯ͢Δೆ෦ɾΰʔϧυετʔϯཻ͕ࢠଘ͢ࡏΔ͕, ରԠ͢Δήʔ

δཻࢠͰ͋Δॏྗඍࢠ͸࣭ྔΛ֫ಘ͠ಘͳ͍͜ͱ͕஌ΒΕ͍ͯΔ. ͳͥͳΒॏྗඍࢠ͸ Majorana-Weyl

fermion ͳͷͰ Lagrangian ʹ࣭ྔ߲Λॻ͘͜ͱ͕Ͱ͖ͳ͍͔ΒͰ͋Δ. ͭ·Γ, ଴͞ΕظΔͱ͍͖ͯى

Δ௒ώοάε͕ߏػະͩʹཧղ͞Ε͍ͯͳ͍.

ਿຊ໛ܕʹ͸࣮͸Ӊ஦߲͕͋Γ, ͕ۭͨͬͯ࣌ؒ͠͸ฏୱͰͳ͍υɾδολʔۭ࣌ͱݺ͹ΕΔ΋ͷʹͳ

Δ͜ͱʹண໨͠, ௨ৗͷฏୱͳۭ࣌ؒʹ͓͚ΔώοάεߏػͷཧղΛͦͷ··࣋ͪࠐΜͰ͸͍͚ͳ͍͜

ͱΛࢦఠͨ͠. ͢ͳΘͪ, υɾδολʔۭ࣌ʹ͓͚Δ࣭ྔͷఆٛ͸ฏୱͳۭ࣌ʹ͓͚Δఆٛͱ͸ҟͳΔ͜

ͱʹΑΓ, ॏྗඍ͕ࢠθϩ࣭ྔͷ··Ͱೆ෦ɾΰʔϧυετʔϯཻࢠͷࣗ༝౓ΛٵऩͰ͖Δ͜ͱΛࢦఠ

ͨ͠.

͜ͷڀݚ͸ϐαߴ౳ߍֶൣࢣͷ A.Sagnotti .Ͱ͋Δڀݚಉڞͱͷࢯ

8) Ӊ஦എܠ᫔ࣹͷେ͖ͳεέʔϧͰͷΏΒ͗ͷ؍ଌʢ๺ᖒʣ

Ӊ஦ͷΠϯϑϨʔγϣϯͷաఔͰੜ੒͞ΕΔӉ஦എܠ᫔ࣹͷ௕೾௕ྖҬʢେεέʔϧྖҬʣʹ͓͚Δ

ҟৗͳৼΔ෣͍ʢඪ४తͳ ΛCDM ໛ܕͷ༧͔ݴΒͷͣΕʣʹ͍ͭͯࡢ೥౓ʹҾ͖ଓ͖ڀݚΛͨͬߦ.

PLANCK ,͍༺ଌσʔλΛ؍ͷެࣜݧ࣮ Ӊ஦എܠ᫔ࣹͷ؍ଌͷࡍʹॏཁͰ͋ΔʮۜՏϚεΫʯʢഎܠ᫔

ࣹͷ؍ଌͳࡍʹअຐʹͳΔզʑͷۜՏ໘͔Βͷ์ࣹΛःΔखଓ͖ʣͷେ͖͞Λม͑ͳ͕Β, ௕೾௕ྖҬ

ͷ֯౓ґଘੑͷحۮ੒෼Λ෼཭ͯ͠ҟৗͳৼΔ෣͍ʹ͍ͭͯௐ΂ͨ. ͦͷ݁Ռ, ੒෼͸ۜՏϚεΫͷେۮ

ͳ͘௕೾௕ʹͳΔ΄Ͳ܎ؔʹ͖͞ ΛCDM ໛͔ܕΒͣΕͯݮਰ͢Δͷʹର͠, ੒෼͸ۜՏϚεΫ͕େح

͖͍৔߹ʹ͸ۮ੒෼ͱಉ༷ͳৼΔ෣͍Λ͢Δ͕ɺۜՏϚεΫ͕খ͍͞৔߹ʢۜՏ໘͔ΒͷӨڹΛड͚΍

͍͢৔߹ʣʹ͸ͦͷΑ͏ͳݮਰ޲܏Λࣔ͞ͳ͍͜ͱ͕Θ͔ͬͨ. ͜ͷ݁Ռ͸, ҟৗͳৼΔ෣͍͕Πϯϑ

Ϩʔγϣϯͷॳحۮʹظͷ۠ผͳ͘࡞ΒΕ, ۜՏ໘ͷۙ͘ʹ͸ح੒෼ʹԚછ͕͋Δͱཧղ͞ΕΔ. ͜Ε

͸, ௕೾௕ྖҬʹ͓͚Δ ΛCDM ໛ܕͷ༧͔ݴΒͣΕͨݮਰ, ͢ͳΘͪΠϯϑϨʔγϣϯͷ࢝·Γ͕͑ݟ

͍ͯΔ͜ͱͷ͞ΒͳΔূڌʹͳΔ.

͜ͷڀݚ͸ϐαߴ౳ߍֶൣࢣͷ A.Sagnotti ,ࢯ ͓Αͼ PLANCK collaboration ʹଐ͢ΔA.Gruppuso

ࢯ ͱ P.Natoli .Ͱ͋Δڀݚಉڞͱͷࢯ

42



9) ̗ϑΝΫτϦʔʹ͓͚Δ̦̘̙ΠϯελϯτϯޮՌͷূݕʢ๺ᖒɺञҪʣ

͍ܰதؒࢠͷ࣭ྔͷ࣮ݧ஋Λ༻͍͍ͨܰதؒࢠͷ෺ཧΛهड़͢ΔΧΠϥϧ໛ܕͷύϥϝʔλʔͷܾఆΛ

௨ͯ͡, ΠϯελϯτޮՌͱ͍͏͍ڧ૬࡞ޓ༻ʢ̦̘̙ʣͷඇઁಈ࿦తޮՌͷେ͖͞Λੵݟ΋Δ͜ͱ͕

Ͱ͖Δ. ͦͷ݁Ռ, ΠϯελϯτޮՌͷେ͖͞͸, ΞοϓΫΥʔΫͷ࣭ྔ͕θϩͱ͍͏͜ͱͰʮ̥̘͍ڧ

ͷഁΕʯͷ໰୊ΛղܾͰ͖Δ΄Ͳʹ͸େ͖͘͸ͳ͍ͱ͍͏͕࣮ࣄ஌ΒΕ͍ͯΔ. ಉ͡ํ͑ߟͰ, ॏ͍Ϙτ

ϜΫΥʔΫΛؚΉॏ͍தؒࢠΛ༻͍ͨॏ͍தؒࢠͷ෺ཧΛهड़͢Δॏதؒࢠ༗ޮཧ࿦ͷύϥϝʔλʔͷ

ܾఆΛ௨ͯ͡, ΠϯελϯτޮՌͷେ͖͞΁ͷ੍ݶΛ༩͑Δ͜ͱ͕Ͱ͖Δ͜ͱΛࣔͨ͠. ͦͷ੍ݶ͸͍ܰ

த͔ؒࢠΒͷ΋ͷͱಉఔ౓Ͱ͋Δ͜ͱ͕Θ͔Γ, কདྷͷ̗ϑΝΫτϦʔ࣮ݧʹΑͬͯͦͷ੍ݶΛ͞Βʹ

.Ͱ͖ΔՄೳੑ͕͋Δ͜ͱ͕Θ͔ͬͨ͘͠ݫ
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3) ֶձߨԋ

˔ ೔ຊ෺ཧֶձ 2016೥ळقେձ 2016೥ 9݄ 21೔ – 24೔ʢ࡚ٶେֶʣ

ਂᖒ৴໵, ҆ాमɿେؾχϡʔτϦϊ࣮͔ݧΒ͘ΔҟͳͬͨύϥϝτϦθʔγϣϯͷඇඪ४૬࡞ޓ༻΁ͷ

ݶ੍
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˔ ೔ຊ෺ཧֶձ ୈ 72ճ೥࣍େձ 2017೥ 3݄ 17೔ – 20೔ʢେࡕେֶʣ

҆ాमɿকདྷͷχϡʔτϦϊ࣮ݧͰظ଴͞ΕΔ෺ཧ —CPͷഁΕɾඇඪ४૬࡞ޓ༻— (ট଴ߨԋ)

ձڀݚ಺ࠃ

˔ “KEKཧ࿦ηϯλʔՆͷ߹॓” 2016೥ 08݄ 04೔–2016೥ 08݄ 07೔ (௕໺҆ݝಶ໺ࢢ)

๺ᖒܟষ: “Extra Dimensions in String Phenomenology” (ট଴ߨԋ)

˔ χϡʔτϦϊϑϩϯςΟΞڀݚձ 2016 2016೥ 11݄ 28೔–30೔, ୅ԹઘɹΏͷ͘ʹఱ঵ࢁ

M. Ghosh: Tensions in the current neutrino data and non-standard interactions

ձٞࡍࠃ

˔ 3rd International Meeting on Large Neutrino Infrastructures, 30-31 May 2016, KEK, Japan

O. Yasuda: Synergy of T2HK & DUNE (invited talk)

˔ The XXVII international conference on neutrino physics and astrophysics (Neutrino2016), 4–9 July

2016, Imperial collage London, UK

S. Fukasawa: Sensitivity of atmospheric neutrino experiments to neutrino non-standard interactions

(poster)

˔ 12th Rencontres du Vietnam (NuFact 2016), 21–27 August 2016, ICISE, Quy Nhon, Vietnam

O. Yasuda: Complementarity Between Hyperkamiokande and DUNE (invited talk)

O. Yasuda: Will atmospheric neutrino experiment at Hyper-Kamiokande see non-standard interaction

effects?

M. Ghosh: Reason for T2K to run in dominant neutrino mode for detecting CP violation (poster)

˔ Neutrino Oscillation Workshop (NOW 2016), 4–11 September 2016, Otranto, Lecce Italy

O. Yasuda: Possible observation of the non-standard interaction effects at Hyperkamiokande

˔ The First Workshop on the Second Hyper-Kamiokande Detector in Korea, 21–22 November 2016,

Seoul National University, Seoul, South Korea

M. Ghosh: Sensitivity of T2HKK to non-standard interaction (invited talk)

˔ XXII DAE-BRNS HIGH ENERGY PHYSICS SYMPOSIUM 2016, 12–16 December 2016, Univer-

sity of Delhi, Delhi, India

M. Ghosh: Reason for T2K to run in dominant neutrino mode for detecting CP

˔ A topical conference on elementary particle physics and cosmology (Miami2016), 14–20 December

2016, Fort Lauderdale, Florida, USA
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O. Yasuda: Is nonstandard interaction a solution to the three neutrino tensions?

˔ Meeting for the Second Hyper-K Tank in Korea, 16 February 2017, Kavli IPMU, The University

of Tokyo, Japan

M. Ghosh: Effect of systematics in T2HKK and DUNE

˔ DUNE near detector workshop, 27–29 March 2017, Fermilab, USA

M. Ghosh: Role of DUNE near detector to reduce Systematic Uncertainty
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ࣨڀݚΤωϧΪʔཧ࿦ߴ

1. ಈͷ֓ཁ׆ڀݚ

Publicised (in our research papers or conference talks) research activities of the Laboratory members

during the academic year H27 (2015/2016) were in two different directions (and on two research

subjects):

(a) Our first (and main) research project is devoted to a theoretical description of cosmological infla-

tion in early Universe in the context of supergravity theory. This research provides a bridge between

gravitational theory and theoretical high energy physics beyond the Standard Model of elementary

particles. The central theme of our research is spontaneous supersymmetry breaking after inflation,

and the dark energy represented by a positive cosmological constant. We obtained the conditions

for a restoration/breaking of supersymmetry after inflation in the supergravity models with a single

chiral superfield and a quartic stabilization term in the Kaehler potential. We proposed several new

viable inflationary models of that type. The inflaton scalar potential is dynamically stabilized during

and after inflation. We demonstrated a possibility of having a small supersymmetry breaking with

a tiny cosmological constant. We also found another new class of inflationary models, describing

chiral multiplets with non-minimal coupling to a vector multiplet in supergravity. Those models are

suitable for the inflationary model building with inflaton sitting in a massive vector multiplet, and

spontaneous supersymmetry breaking after inflation, for any value of the tensor-to-scalar ratio of the

Cosmic Microwave Background radiation (έτϑɺAldabergenov).

(b) Our second research project is devoted to superstring cosmology. Motivated by the flux com-

pactifications of type IIA strings on rigid Calabi-Yau manifolds, preserving N=2 local supersymmetry

in four spacetime dimensions, we derived a non-perturbative scalar potential of all scalars from the

exact D-instanton corrected metric on the universal hypermultiplet moduli space. Applying this po-

tential to moduli stabilization, we found a discrete set of vacua for all axions. At these critical points,

the stability problem is decoupled into two subspaces spanned by the axions and other fields including

dilaton and Kaehler moduli, respectively. We achieved stability in the first subspace, but found insta-

bilities in the second subspace. The superstring cosmology is a very new and extremely complicated

subject that deserves further research (έτϑɺ࿬ຊ).

(c) Our third research project started this year, and is devoted to the braneworld cosmology in

modified gravity theory. We modified the Randall-Sundrum braneworld model (with two branes) by

adding the scalar curvature squared term in higher (five) spacetime dimensions. We found that this

term (needed for cosmological inflation) does not destabilize the Randall-Sundrum famous solution to

the hierarchy problem of the Standard Model in particle physics (έτϑɺதా).
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2. ੷ۀڀݚ

1) ࿦จ

S.V. Ketov, T. Terada, On SUSY restoration in the single-superfield inflationary models of supergrav-

ity, Eur. Phys. J. C 76:438 (2016).

Y. Aldabergenov and S.V. Ketov, Generic SUSY breaking after inflation in supergravity with inflaton

in a massive vector supermultiplet, Phys. Lett. B 761 (2016) 115-118

H. Kuwabara, T. Yumibayashi, H. Harada, Time-dependent Pais-Uhlenbeck oscillator and its decom-

position, Geom. Methods in Physics (2016) 255-260.

H. Nakada, S.V. Ketov, The Randall-Sundrum braneworld in modified gravity, Phys. Rev. D 94

(2016) 103503.

S. Alexandrov, S.V. Ketov, Y. Wakimoto, Non-perturbative scalar potential inspired by type IIA

strings on rigid CY, JHEP 11 (2016) 066.

2) ֶձߨԋ

ձٞࡍࠃ

˔ 3rd Korea-Japan Workshop on Dark Energyʢେాɺؖࠃɺ2016೥ 4݄ʣ

S.V. Ketov: Search for dark energy in type IIA superstrings compactified on rigid Calabi-Yau spaces

with fluxes

˔ International WorkshopʠRandom Matrices EurAsia 2016ʡ(ϚΧΦେֶɺϚΧΦɺதࠃɺ2016೥ 7

݄)

S.V. Ketov: Flux-induced scalar potential in type IIA strings compactified on rigid Calabi-Yau three-

folds

˔ Asia-Europe-Pacific School of High Energy Physics (๺ژɺதࠃɺ2016೥ 10݄ 12-25೔)

Y. Aldabergenov, S.V. Ketov: SUSY breaking after inflation with inflaton in a massive vector super-

multiplet
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ࣨڀݚϋυϩϯ෺ཧ֩ࢠݪ

1. ಈͷ֓ཁ׆ڀݚ

1) ΧΠϥϧઁಈ࿦Λ༻͍ͨ֩ഔ࣭ʹ͓͚ΔK+ͷ೾ಈؔ਺͘Γ͜Έ ʢ੨໦ɺ࣊ಓʣ

Nambu-Goldstone (NG)Ϙιϯ–ܥ֩ࢠݪʹ͓͍ͯ, NGϘιϯͷੑ࣭͕ʮΧΠϥϧରশੑ͕෦෼తճ

෮͢Δʯͱ͍͏γφϦΦʹ͕ͨͬͯ͠౷ҰతʹཧղͰ͖Δ͔൱͔ͱ͍͏໰୊͸ݱ৅࿦తʹ͸໌Β͔ʹͳͬ

͍ͯͳ͍. ͦ͜Ͱ, ετϨϯδωεΛ࣋ͭ NGϘιϯͰ͋ΔK+தؒࢠͱ֩ࢠݪͷ஄ੑࢄཚʹ͓͍ͯΧ

Πϥϧରশੑͷ෦෼తճ෮ͷӨ͕ڹͲͷΑ͏ʹݱΕΔ͔ͨ͠ڀݚ. K+-֩ࢠݪ஄ੑࢄཚͷ࣮ݧσʔλ͔

Β, ਅۭதͷK+N ૬࡞ޓ༻͔Βͷ༧૝ͱ൓͠, ઢີܗ౓ۙഁ͕ࣅ୼͢Δ໌͕ࣄΒ͔ʹͳ͍ͬͯΔ. ͜Ε

Λ, ਅۭߏ଄ͷ૬సҠͱ͍͏؍఺͔Βཧղ͢ΔͨΊʹ, ΧΠϥϧରশੑͷ෦෼తճ෮ͱີ઀ͳؔ܎ͷ͋Δ

೾ಈؔ਺͘Γ͜ΈͷࢉܭΛͨͬߦ. ·ͣ, ਅۭதʹ͓͚ΔK+N ஄ੑࢄཚΛΧΠϥϧઁಈ࿦ͷNLO·Ͱ

,͠ࢉܭ K+N ஄ੑࢄཚσʔλΛྑ͘͢ݱ࠶Δࢄཚৼ෯ΛಘΔ͕ࣄͰ͖ͨ. ͦͯ͠, ਅۭதͷK+N ཚࢄ

ৼ෯Λ༻͍ͯ, ϑΣϧϛӡಈΛऔΓೖΕͨ֩ഔ࣭தͷK+ࣗݾΤωϧΪʔͷϞσϧΛߏஙͨ͠. K+ࣗ

,Ռ݁ͨ͠ࢉܭΤωϧΪʔ͔Β೾ಈؔ਺͘Γ͜ΈΛݾ ֩ഔ࣭தͷK+N ૬࡞ޓ༻͕ਅۭதͱൺ΂ͯ 5–8

%ੱྗతʹ૿େ͢Δ໌͕ࣄΒ͔ʹͳͬͨ. ͜ͷ݁Ռ͸, ೾ಈؔ਺͘Γ͜Έ͕֩ഔ࣭தʹ͓͚ΔK+N ૬ޓ

,Λҙຯ͓ͯ͠Γࣄͷੱྗతͳ૿େͷҰ෦Λઆ໌Ͱ͖Δ༺࡞ ֩ഔ࣭தͷK+N ૬࡞ޓ༻͕ΧΠϥϧରশ

ੑͷ෦෼తճ෮ͷ؍఺͔ΒཧղͰ͖ΔՄೳੑΛ͍ࣔࠦͯ͠Δ.

2) ૬ର࿦తฏۉ৔ཧ࿦ʹΑΔ η′தؒ֩ࢠݪࢠʢຟ୩ɺ࣊ಓʣ

ۙ೥ɺ֩ഔ࣭தͰ η′ͷ࣭ྔ͕େ͖͘ݮগ͢Δ͜ͱ͕ظ଴͞Εɺη′Λ֩ࢠݪதʹੜ੒͠ɺͦͷଋറঢ়ଶ

Λ؍ଌ͢Δ࣮ߦ͕ݧΘΕ͍ͯΔɻຊڀݚͰ͸ɺ૬ର࿦తฏۉ৔ཧ࿦Λ༻͍ͯɺ֩ࢠݪΛߏ੒͠ɺͦͷݪ

ͷதʹෆ७෺ͱͯ֩͠ࢠ η′Λಋೖ͢Δ͜ͱʹΑͬͯ η′ͱ֩ࢠݪʹͲͷΑ͏ͳมԽ͕ੜ͡Δͷ͔Λௐ΂

ͨɻઌڀݚߦΛݩʹɺ๞࿨ີ౓ɺରশΤωϧΪʔɺ༗ޮ֩ྔ࣭ࢠɺѹॖϞδϡʔϧɺ݁߹ΤωϧΪʔΛ

ʹ෺࣭ͷϞσϧΛಘͨɻ͜ͷϞσϧ֩ࢠݪΔ͢ݱ࠶ σ৔ͱ݁߹͢Δ η′Λಋೖ͠ɺϧϯήΫολ๏Λ༻͍

ͯͦͷଋറঢ়ଶΛٻΊͨɻͦͷ݁Ռɺσ-η′ؒͷ݁߹ఆ਺͕େ͖͗͢Δͱ่͕֩ࢠݪյ͢Δ͜ͱ͕෼͔ͬ

ͨɻ͔͠͠ɺཧ࿦͔Βظ଴͞ΕΔ σ-η′ͷ৔߹͸ɺ֩ࢠݪ͸อͨΕΔ͕த৺ີ౓͸ඇৗʹ͘ߴͳΔɻޙࠓ

͸ࠓ·ͰϑΣϧϛۙࣅͰٻΊ͍ͯͨ֩ࢠΛσΟϥοΫํఔࣜΛղ͍ͯٻΊΔɻ

3) MITόοά໛ܕʹΑΔॏ͍ϋυϩϯͷ࣭ྔεϖΫτϧʢాதɺ࣊ಓʣ

Ε͍ͯΔΤΩκνοΫϋυϩϯ͸ɺॏ͍ΫΥʔΫͱ͍ܰΫΥʔΫͲͪΒ΋͞ݟͳͬͯ૬͍࣍Ͱൃʹۙ࠷

ؚΉ΋ͷͰଟ͘ൃ͞ݟΕ͍ͯΔɻॏ͍ΫΥʔΫΛΧϥʔιʔεͱΈΔ͜ͱͰɺॏ͍ΫΥʔΫͱ͍ܰΫΥʔ

ΫΛؚΉϋυϩϯͷ࣭ྔεϖΫτϧΑΓɺॏ͍ΫΥʔΫͱ͍ܰΫΥʔΫ͕བྷΜͩ࣌ͷ͍ܰΫΥʔΫͷμ

ΠφϛΫεΛݟΔ͜ͱ͕Ͱ͖Δɻ͜ͷΑ͏ͳ໨త͔ΒMITόοάϞσϧΛ༻͍ͯॏ͍ϋυϩϯʹ͍ͭ

͸ϋࡏݱड़͢ΔϞσϧͱͯ͠ಋೖ͞ΕɺهΛࢠɻMITόοάϞσϧ͸௿ΤωϧΪʔͷ֩ͨͬߦΛڀݚͯ

υϩϯΛهड़͢ΔϞσϧͱͯ͠༻͍ΒΕ͍ͯΔɻQCDͰ͸ߴΤωϧΪʔͰઁಈతਅۭ͕࣮͠ݱɺ௿Τ

ωϧΪʔͰ͸ඇઁಈతਅۭ͕࣮͢ݱΔͱ͑ߟΒΔɻϋυϩϯͷதͰ͸ઁಈతਅۭɺ֎Ͱ͸ඇઁಈతਅۭ

ͱͯ͠ѻ͍ɺ͜ͷΤωϧΪʔʹΑͬͯҧ͏ਅۭͷ૬ͷڥքΛද͢ݱΔͨΊʹϋυϩϯΛόοά (ା)Ͱද

ͷ͕MITόοάϞσϧͰ͋Δɻ͜ͷϞσϧʹ͓͍ͯɺΫΥʔΫͷӡಈΤωϧΪʔɺΫΥʔΫؒͷͨ͠ݱ

εϐϯ૬࡞ޓ༻ɺΧγϛΞΤωϧΪʔΛ΋ͱʹϋυϩϯͷ࣭ྔεϖΫτϧΛͨ͠ࢉܭɻॏ͍ΫΥʔΫΛ

ҰؚͭΉϋυϩϯʢΛc, Σc, D, D∗ͳͲʣͷ࣭ྔࠩΛઁಈࢉܭʹΑΔΫΥʔΫεϐϯ૬࡞ޓ༻Ͱઆ໌͠

Α͏ͱͨ͠ͱ͜Ζɺ࣮ݧΛݱ࠶Ͱ͖ͳ͔ͬͨɻϞσϧͷޙࠓͷվྑ఺ͱͯ͠ɺMITόοάϞσϧͰ͸ܰ

͍ΫΥʔΫͷΧΠϥϧରশੑ͕όοάͷද໘ͰഁΕ͍ͯΔͷͰɺ͜ͷϞσϧ͔Βόοάͷද໘ͰͷΧΠ
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ϥϧରশੑΛճ෮ͤ͞ΔͨΊʹɺόοάͷද໘ͰύΠΦϯͱΫΥʔΫͷμΠφϛΫεΛද͠ݱΧΠϥϧ

ରশੑΛຬͨ͢ΧΠϥϧ৔Λಋೖͨ͠MITόοάϞσϧͷ֦ுͰ͋ΔΧΠϥϧόοάϞσϧΛ༻͍Δ

͜ͱ͕͑ߟΒΕΔɻ͜ͷ͜ͱʹΑͬͯɺॏ͍ΫΥʔΫͱ͍ܰΫΥʔΫ͕བྷΜͩ࣌ͷ͍ܰΫΥʔΫͷμΠ

φϛΫεʹ͓͚ΔύΠΦϯͷ໾ׂΛ໌Β͔ʹ͢Δ͜ͱ͕Ͱ͖Δͱظ଴͞ΕΔɻ

4) େ͖͞Λྀͨ͠ߟμΠΫΥʔΫ໛ܕʹΑΔॏ͍όϦΦϯʢ۾઒ɺ࣊ಓʣ

όϦΦϯܥͰ༧૝͞ΕΔϋυϩϯதͷ༗ޮࣗ༝౓ͷީิͱͯ͠ظ଴͞Ε͍ͯΔμΠΫΥʔΫ͸ɺ2ͭ

ͷΫΥʔΫ͔ΒͳΓɺ൓ΧϥʔిՙΛ࣋ͭɻॏ͍ΫΥʔΫΛ࣋ͬͨόϦΦϯܥͰ͸ɺ͍ܰΫΥʔΫ 2ͭ

͕μΠΫΥʔΫͱͯ͠ৼΔ෣͏Մೳੑ͕͋ΔɻઌڀݚߦͰ͸ɺॏ͍ΫΥʔΫΛ 1ͭ࣋ͭΛcɺΛbʹ͍ͭͯ

ΫΥʔΫͱμΠΫΥʔΫͷ 2ମܥͱԾఆͯ͠ɺΫΥʔΫͱμΠΫΥʔΫͷΧϥʔߏ଄͕ϝιϯܥͱಉ͡

Ͱ͋Γɺด͡ࠐΊϙςϯγϟϧ͸ΧϥʔʹͷΈґଘ͢Δͱ͑ߟΒΕΔ͜ͱ͔Βɺϝιϯܥͷϙςϯγϟ

ϧͰόϦΦϯܥΛݱ࠶Ͱ͖Δͱظ଴ͯ͠ɺόϦΦϯܥͷྭىΤωϧΪʔΛࢉܭΛ͕ͨͬߦɺด͡ࠐΊϙ

ςϯγϟϧͷுྗ͕ϝιϯܥͱൺ΂ͯ൒෼Ͱͳ͍ͱɺόϦΦϯܥͷྭىΤωϧΪʔΛ͢ݱ࠶Δ͜ͱ͕Ͱ

͖ͳ͔ͬͨɻ͜ͷ݁ՌΛ΋ͱʹຊڀݚͰ͸ɺಉ͡όϦΦϯΛcɺΛbʹ͍ͭͯΫΥʔΫͱμΠΫΥʔΫͷ 2

ମܥͰ͔ͭμΠΫΥʔΫʹେ͖͞Λ༩͑߶ମճసࢠͱԾఆͨ͠ͱ͖ͷ 2ମؒͷ૬ڀݚ͍ͯͭʹ༺࡞ޓΛ

ɻεϐϯͨͬߦ 1
2
−
, 32

−
Λ࣋ͭΛ(2595), Λ(2625)Λ pيಓྭىঢ়ଶͱԾఆ͠ɺྭىΤωϧΪʔ͕࣮ݧ஋ʹ

͋͏Α͏ʹμΠΫΥʔΫͷαΠζΛٻΊΔͱɺμΠΫΥʔΫͷαΠζ͸ 1.1 fmΛಘΔʹͨͬࢸɻٻΊͨ

μΠΫΥʔΫͷαΠζΛ༻͍ͯଞͷྭىঢ়ଶʹ͍ͭͯࢉܭΛͨ͠ͱ͜Ζɺεϐϯ 5
2
+
Λ࣋ͭΛ(2880)͸ d

Ͱ͸ܕঢ়ଶͱͯ͠આ໌͢Δ͜ͱ͕Ͱ͖͕ͨɺ௨ৗͷΫΥʔΫ໛ىಓྭي 2sঢ়ଶͱࢥΘΕ͍ͯΔΛc(2765)

͸આ໌͕Ͱ͖ͳ͔ͬͨɻ͔͠͠ͳ͕Βɺ͜ͷঢ়ଶͷΞΠιεϐϯ͸࣮ݧతʹ֬ఆ͓ͯ͠Βͣ ΣcͷՄೳ

ੑ͕͋Δɻ͜ͷঢ়ଶͷΞΠιεϐϯ͕ɺμΠΫΥʔΫඳ૾ͷ੒൱ͷݤΛѲΔ͜ͱ͕෼͔ͬͨɻ

5) ΧΠϥϧඇରশ໛ܕʹΑΔϚάωλʔͷ࣓͍ڧ৔ͷݱ࠶ʢେ੢ʣ

ϚάωλʔͰ͸ද໘ۙ͘ʹ∼ 100GTఔ౓ͷ࣓͍ڧ৔͕؍ଌ͞Ε͍ͯͯɼͦͷݯىΛ؆୯ͳ໛ܕͰઆ

໌͢Δɻ࣭ྔ͕ 1.5M⊙ɼ൒͕ܘ 12 km ͷதੑࢠ੕Λ͢࡯ߟΔͱɼதੑࢠͷີ౓͸ 0.24fm−3 Ͱ Fermi

ΤωϧΪʔ͸ 76 MeV ʹͳΓɼதੑࢠͱཅࢠͷ Fermi ΤωϧΪʔͷࠩ͸໿ 98 MeV Ͱɼϕʔλ่յΛ

๷͙ʹ͸ɼిࢠͷ Fermi ΤωϧΪʔ͸໿ 100 MeV ͱͳΓɼ௒૬ର࿦తͰྔ͍ͯ͠ॖڽࢠΔͱ͑ߟΒΕ

Δɻ͜ͷిܥࢠΛ Dirac-Hartree-Fock Ͱɼి࣓৔ͱ݁߹ͤ͞ɼDiracʖࣅۙ MaxwellํఔࣜΛࣗݾແ಍

ணʹऔΓѻ͏ɻ֯ӡಈྔΛ֩ࢠͱ෼୲͢Δిࢠ͸੺ಓ໘ʹ؀ঢ়ͷྲྀΕΛܗ੒͠ɼϙϩΠμϧ࣓৔Λ࡞Δɻ

ऑ͍૬࡞ޓ༻ͰΧΠϥϦςΟෛͷঢ়ଶ͚͕ͩબ୒తʹཅࢠʹั֫͞Εਖ਼ͷిࢠ͸࢒ΓτϩΠμϧͳ࣓Խ

͕ੜ͡Δɻρe = 0.004 fm−3ͷີ౓Ͱ͸࣓৔͸ B = µ0µBρe = 49 TTͱͳΓɼඞཁͳ͞ڧͰ͋Δɻ

Gordon༷ిྲྀͱεϐϯ༷ిྲྀʹΑΔϔϦΧϧిྲྀ͕࣓ؾϔϦγςΟਖ਼ͷ࣓৔Λੜ੒͢Δɻ͜ͷ࣓৔

ͷ൓࡞༻͕ϔϦΧϧిྲྀΛ҆ఆʹ͢ΔߏػΛWeylදݱͰΧΠϥϦςΟਖ਼ͷঢ়ଶΛϔϦγςΟදݱͷج

ఈͰղੳ͠ɼ໌ࣔతʹ֬ೝͨ͠ɻ

2. ੷ۀڀݚ
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3) ֶձߨԋ

˔ ೔ຊ෺ཧֶձ೥ձ ୈ̓̎ճ೥࣍େձ 2017೥ 3݄ 17೔ʙ3݄ 20೔ʢେࡕେֶ ๛தΩϟϯύεʣ
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Ӊ஦ཧ࿦ࣨڀݚ

1. ಈͷ֓ཁ׆ڀݚ

Ӊ஦ཧ࿦ࣨڀݚͰ͸ɼ૬ର࿦͕ؔΘΔΑ͏ͳߴΤωϧΪʔఱମݱ৅ɼۜՏɾۜՏஂͷܗ੒ͱਐԽɼ͓Α

ͼؔ࿈͢ΔӉ஦ϓϥζϚͷૅجత෺ཧաఔΛςʔϚͱͯ͠ɼ༷ʑͳఱମ΍ݱ৅Λର৅ʹཧ࿦తڀݚΛਐ

Ί͍ͯΔɽ2016೥౓ͷߏࣨڀݚ੒͸ελοϑ 2໊ɼେֶӃੜ 2໊Ͱ͋Δɽ

1) ৅ݱΤωϧΪʔఱମߴ

੕෩Λัଊ࣭ͯ͠ྔ߱ண͢ΔϒϥοΫϗʔϧ߃ ϒϥοΫϗʔϧͷ࿈੕ܥͰ͸൐੕ (੕߃) ͔ΒϒϥοΫ

ϗʔϧ΁࣭ྔ༌ૹ͕͖ىΔ͕ɼ൐੕͕ Oܕ੕ͷ৔߹ʹ͸߃੕෩ΛϒϥοΫϗʔϧ͕ัଊͯ߱͠ண͢Δɽ

੕෩߱ணϒϥοΫϗʔϧͷ୅දతͳྫ͸߃ Cyg X-1Ͱɼޫ౓͕େ͖͍ keVࠇମ์ࣹεϖΫτϧͷ์ࣹ

ঢ়ଶͱޫ౓͕খ͍͞ 100keVϕΩܕεϖΫτϧͷ์ࣹঢ়ଶͷɼൺֱత҆ఆͨ͠ 2ͭͷঢ়ଶΛભҠ͢Δ͜

ͱ͕஌ΒΕ͍ͯΔɽ͔͠͠ɽ߃੕෩߱ணͰ΋ LMC X-1Ͱ͸ঢ়ଶભҠ͕ݟΒΕͳ͍ͳͲɼঢ়ଶભҠͷϝ

ΧχζϜ΍ભҠ৚݅ͳͲ͸෼͔͍ͬͯͳ͍ɽҰൠʹOܕ੕ʹ͸ࢵ֎ઢ์ࣹʹΑͬͯՃ଎͞ΕΔ ʙ1000

km/s ͷ߃੕෩͕ݟΒΕΔ͕ɼϒϥοΫϗʔϧ࿈੕ܥʹ͋ΔOܕ੕Ͱ͸ϒϥοΫϗʔϧ͔Βͷ์ࣹ͕Ճ

଎ʹؔΘΔΠΦϯΛޫి཭͢ΔͨΊ߃੕෩଎౓͕಄ଧͪʹͳΔͱ͑ߟΒΕΔɽ͜ͷޮՌ͸ޫ౓΍์ࣹε

ϖΫτϧʹґଘ͠ɼٯʹัଊ-߱ண཰ͷมԽʹΑͬͯޫ౓ʹӨڹΛ܎ؔ͢΅ٴʹ͋Δɽ

Ίͯɼޫ౓ͱ੔ٻɼϒϥοΫϗʔϧ͔Βͷ์ࣹʹΑΔి཭ϑϩϯτͷҐஔΛ͍ߦΛࢉܭ੕෩ͷྲྀମ߃

߹తͳัଊ཰Λͨ͠ࢉܭɽ͞Βʹɼͦͷัଊ཰͔Β࣮ޮతͳ߱ண཰ΛධՁ͠ɼ߱ணྲྀͷີ౓ʹண໨ͯ͠

߱ணԁ൫͕ܗ੒͞Ε࣓ؾճసෆ҆ఆੑ͕͖ىΔ৚݅Λٞ࿦ͨ͠ɽ߱ணྲྀʹ͓͍ͯ෺࣭͕಺ଆʹ༌ૹ͞Ε

Δʹ͸ɼ͜ͷΑ͏ͳෆ҆ఆੑʹΑͬͯ෺࣭ͷ֯ӡಈྔ͕֎ଆʹ༌ૹ͞ΕΔඞཁ͕͋Δɽͦͷ݁ՌɼCyg

X-1ͷޫ౓΍൐੕ͷ߃੕෩଎౓ɾີ౓Ͱ͸ɼ߱ணྲྀʹظ଴͞ΕΔ࣓৔ͷΏΒ͗ʹΑͬͯঢ়ଶભҠ͕͖ى

͏Δ͜ͱɼҰํͰ໿ 1ܻޫ౓͕େ͖͍ LMC X-1ͷ൐੕ͷ߃੕෩Ͱ͸͜ͷ৚݅Λຬͨ͢͜ͱ͕೉͘͠ભ

Ҡ͕͜ىΓʹ͍͘͜ͱ͕෼͔ͬͨɽ

ίΞ่յܕ௒৽੕֚࢒ͷਐԽͱ೤తɾඇ೤త์ࣹ ਐԽͷ࠷ऴஈ֊ʹ͓͍ͯɼਫૉͷ֎૚Λ͍ͯ͠࢒Δ

Α͏ͳൺֱత࣭ྔͷେ͖͍੕͸మίΞ͕ॏྗ่յͯ͠രൃ͠ɼIIܕ௒৽੕ʹͳΔͱ͑ߟΒΕ͍ͯΔɽII

੕෩෺࣭߃ʹ෼ྨ͞ΕΔΑ͏ͳɼίΞͷ่յʹΑΔൺֱతॏ͍੕ͷ௒৽੕Ͱ͸ɼۙ๣ʹܕͷଞɼIb/cܕ

͸ɼ௿ີ౓ͷҰ༷ͳ੕ۭؒؒͰര֚࢒௒৽੕ͷ͖ͨىͰڥΕ͍ͯΔՄೳੑ͕͋ΓɼͦͷΑ͏ͳ؀͞࢒͕

ൃɾ๲ு͢Δ৔߹ͱҟͳΔਐԽΛ͢Δ͜ͱʹͳΔɽ

Cas A͸Α͘؍ଌ͞Ε͖ͯͨ৽੕֚࢒ͷҰͭͰɼ׆ಈతͰ͸ͳ͍͕த৺෦ʹதੑࢠ੕Β͖͠ఱମ͕ݟ

͔͓ͭͬͯΓɼ໿ 350೥લͷίΞͷॏྗ่յʹΑΔ௒৽੕ͱ͑ߟΒΕ͍ͯΔɽҎલ͸ਫૉͷ֎૚Λࣦͬ

ͨ੕ͷരൃ (Ibܕ௒৽੕) ͱ͑ߟΒΕ͍͕ͯͨɼۙ೥ɼബ͍ਫૉͷ֎૚͕͋ͬͨͱ͑ߟΒΕΔΑ͏ʹͳ

Γ IIbܕ௒৽੕ʹ෼ྨ͞ΕͨɽIbܕ௒৽੕ͱ IIܕ௒৽੕ͷதؒͱ͑ߟΒΕΔ Cas Aͷരൃલͷ੕ͷಛ

ੑ΍߃੕෩׆ಈɼڥ؀Λ୳Δ͜ͱΛ໨తͱͯ͠ɼ؍ଌ͞Ε͍ͯΔ೤త̭ઢ์ࣹͷًઢڧ౓ͱ࿈ଓ์ࣹڧ

౓ɼγϯΫϩτϩϯి೾์ࣹͷڧ౓ͷܦ೥มԽͱɼ֚࢒ͷ๲ு଎౓ͱͷؔ܎ʹ͍ͭͯٞ࿦ͨ͠ɽ

2) ੒ͱਐԽܗ৅ʙۜՏɾۜՏஂͷݱΤωϧΪʔఱମߴ

ۜՏஂΨεʹ͓͚ΔཻࢠՃ଎ͱՃ೤ ۜՏஂ͸ ͷۜՏͷूஂͰɼۜՏͷ૯࣭ྔͷ਺ഒͷ࣭ྔݸ10-1000

ͷߴԹΨεͱɼ͞Βʹͦͷ਺ഒͷ࣭ྔͷμʔΫϚλʔ͔Βߏ੒͞ΕΔMpcεέʔϧͷఱମͰɼࣗݾॏྗ

ΛՃ଎͠Ψࢠ੒ʹ͓͚Δিಥ-߹ମաఔͰɼিܸ೾΍ཚྲྀ͸ཻܗେͷఱମͰ͋ΔɽۜՏஂ࠷ͳͤΔݟͱܥ

εΛՃ೤͢Δɽ࣮ࡍɼ∼Mpcʹ͕޿ΔGeVిࢠͷγϯΫϩτϩϯి೾ϋϩʔ͸ɼ೤త̭ઢޫ౓ͷେ͖͍
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িಥ-߹ମ͍ͯ͠ΔͱݟΒΕΔۜՏஂʹଟ͘ɼ·ͨɼి೾ڧ౓ͱΨεԹ౓ʹ͸ਖ਼ͷ૬͕ؔݟΒΕΔɽۜՏ

ஂিಥͷաఔͰܗ੒͞ΕΔཻࢠͷΤωϧΪʔεϖΫτϧΛ Fokker-PlanckίʔυΛ༻͍ͯௐ΂ɼ์ࣹͷ

ಛ௃Λ໌Β͔ʹͯ͠ɼి೾ϋϩʔͱ੔߹తʹίΞͷ೤తਐԽΛ୳ΔڀݚΛਐΊ͍ͯΔɽ

ۜՏஂίΞͷΨεͷ์ࣹྫྷ٫࣌ؒ͸Ӊ஦೥ྸΑΓ୹͘ͳΓ͏Δ͕ɼి೾ϋϩʔͷ͕ۜݯىՏஂিಥͰ

ཚྲྀՃ଎͞Εͨిࢠͱ͢ΔͳΒɼཚྲྀͷݮਰޙɼՃ଎͞Εཻ͕ͨࢠ೤Խ͢Δ͜ͱͰΨεͷԹ౓্͕͕Δɽ

ΊΔ͜ͱͰՃ೤ͷख͕͔ΓΛಘͨɽ͜ͷ߲͸ɼ௿ؚʹࢉܭͷ߲·Ͱ࣍ߴ௚͠ΛਐΊɼΑΓݟաఔͷࢄ֦

ΤωϧΪʔͷిࢠͱΧοϓϦϯά͠΍͍͢ͷͰɼ์ࣹྫྷ٫ͨ͠ίΞͷՃ೤ʹޮՌతͰ͋Δɽͨͩ͠ɼՃ

೤ޙͷεϖΫτϧ͸ɼԹ౓͸well-definedͱӠ͑Δ΋ͷͷɼMaxwellian͔ΒΘ͔ͣʹͣΕͨܗΛ΋ͭ͜

ͱ͕෼͔ͬͨɽཚྲྀ͸ɼॳظͷ KolmogorovεϖΫτϧ͔ΒٯΧεέʔυʹΑΓݮਰͯ͠ 1Gyrͷ͏ͪ

ʹ଎౓͸ 200km/sҎԼʹͳΔͱ͍ͯ͑ߟΔɽ

3) ۜՏɾۜՏஂͷܗ੒ͱਐԽ

ۜՏஂϋϩʔͷඇٿରশੑ ۜՏஂͷඇٿରশੑΛɼNମγϛϡϨʔγϣϯ΍ྲྀମγϛϡϨʔγϣϯΛ

༻͍ͯɼ౷ܭతʹௐ΂ͨɽղੳతϞσϧͰ͋Δପԁମ่յϞσϧͱൺֱ͠ɼͦͷଥ౰ੑɼݶքʹ͍ͭͯ

ଌͱͷൺֱ؍ଌ΍ॏྗϨϯζ؍ରশੑʹ͍ͭͯγϛϡϨʔγϣϯ݁ՌͱXઢٿɽ·ͨɼඇͨͬߦΛ࡯ߟ

Λ͍ߦɼඪ४తͳྫྷ͍ͨ҉ࠇ෺࣭Ϟσϧ͕؍ଌͱແໃ६Ͱ͋Δ͜ͱΛ͔֬Ίͨɽ͞ΒʹɼۜՏஂத৺ʹ

͋Δ׆ಈۜՏ֩ͷΤωϧΪʔ์ग़͕ۜՏஂͷඇରশੑʹେ͖͘Ө͢ڹΔ͜ͱΛݟग़ͨ͠ɽ

2. ੷ۀڀݚ

1) ࿦จ
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D. Suto, S. Peirani, Y. Dubois, T. Kitayama, T. Nishimichi, S. Sasaki, Y. Suto: ”Projected Axis Ratios
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2) ֶձߨԋ

˔ ೔ຊఱจֶձ 2016೥ळق೥ձ 2016೥ 9݄ 14೔–16೔ʢѪඤେֶʣ

୩࣏݈ଠ࿠ɼ੓Ҫ๜তɼాࢁਅ໵ɿHigh Mass X-ray Binary ʹ͓͚Δ߃੕෩ͱ߱ணྲྀͷ੔߹ੑ

˔ HEAP2016 ձڀݚΤωϧΪʔӉ஦෺ཧֶߴ 2016೥ 11݄ 30೔–12݄ 2೔ʢ੨ֶࢁӃେֶʣ

୩࣏݈ଠ࿠ɼ੓Ҫ๜তɿ࿈੕ܥʹ͓͚Δޫి཭Λྀͨ͠ߟ Bondi-Hoyle-Lyttleton ߱ண

˔ ϒϥοΫϗʔϧ߱ணྲྀϛχϫʔΫγϣοϓ 2017೥ 3݄ 8೔ʢઍ༿େֶʣ

୩࣏݈ଠ࿠ɼ੓Ҫ๜তɼాࢁਅ໵ɿ߃੕෩߱ணXઢ࿈੕ܥʹ͓͚Δ४ղੳతঢ়ଶભҠϞσϧ

˔ ձڀݚӉ࿈ߴ 2017 2017೥ 3݄ 9–11೔ʢ໊ݹ԰େֶʣ

੓Ҫ๜তɿӉ஦ϓϥζϚ ະͩ෼͔͍ͬͯͳ͍෺ཧաఔʢট଴ߨԋʣ
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ඇઢܗ෺ཧࣨڀݚ

1. ಈͷ֓ཁ׆ڀݚ

1) Մੵ෼ࣸ૾ʹ͓͚Δτϯωϧҟৗ

Մੵ෼ͳ໘ੵอଘࣸ૾ʹ͓͚ΔτϯωϧޮՌΛௐ΂ͨɽ࿈ଓ࣌ؒϋϛϧτϯܥͷ׬શՄੵ෼ੑ͸ɼࣗ

༝౓਺ͱಉ਺ͷಠཱͳอଘྔͷଘ͕ͦࡏͷे෼৚݅ͱͳΔ͜ͱ͕஌ΒΕ͍ͯΔ͕ɼ໘ੵอଘࣸ૾ʹ͓͍

ͯ΋ಉ༷ͷఆٛʹΑΓՄੵ෼ͳࣸ૾Λ͑ߟΔ͜ͱ͕Ͱ͖ΔɽҰํτϯωϧաఔʹ͍ͭͯɼ࿈ଓ࣌ؒϋϛ

ϧτϯܥʹ͓͍ͯ͸ɼΠϯελϯτϯͱݺ͹ΕΔ޲ํؒ࣌ڏͷෳૉيಓ͕ͦͷτϯωϧաఔΛهड़͢Δ

͜ͱ͕͔͘ݹΒ஌ΒΕ͍ͯΔ͕ɼ཭૾ࣸࢄʹ͓͍ͯ͸͋·ΓΑ͘ௐ΂ΒΕ͍ͯͳ͍ɽ͜͜Ͱ͸ɼSurisʹ

Αͬͯൃ͞ݟΕͨɼՄੵ෼ͳ໘ੵอଘࣸ૾ʹର͢ΔτϯωϧޮՌΛௐ΂ɼࣸ૾ݻܥ༗ͷτϯωϧޮՌͷ

ҟৗੑΛݟग़ͨ͠ɽτϯωϧҟৗ͕ൃ͢ݱΔഎܠͱͯ͠͸ɼ࿈ଓ࣌ؒՄੵ෼ܥʹ͸ଘ͠ࡏͳ͍ෳૉ໘಺

ʹ͓͚Δෆมۂ໘ͷෆ࿈ଓੑ͕ؔΘ͍ͬͯΔ͜ͱ͕ࣔࠦ͞ΕΔ݁ՌΛಘͨɽ

2) ଟॏҪܕށϙςϯγϟϧ໰୊ʹ͓͚Δಉ࣌ྔࢠԽ৚݅ʹ͍ͭͯ

ଟॏҪܕށϙςϯγϟϧ͓ܥΑͼඪ४ܕϋϛϧτϯܥʹରͯ͠ɼτϯωϧ෼྾ͷ൒ݹయղੳʹد༩͢

ΔෳૉݹయيಓͷϦʔϚϯ໘্ͷجຊ܈ͷ؍఺͔Βͨ͠࡯ߟɽ͜͜Ͱ͸ɼݹయతʹ͸෼அ͞ΕͨྖҬʢྫ

͑͹ɼೋॏҪށϙςϯγϟϧ໰୊ͷ̎ͭͷҪށʣʹର͢ΔݹయྔࢠԽ৚݅Λௐ΂ͨɽͦͷ݁ՌɼͦΕͧ

ΕͷҪށʹର͢ΔݹయྔࢠԽ৚݅͸ಠཱʹ༩͑ΒΕΔ΋ͷͰ͸ͳ͘ɼݹయيಓͷϦʔϚϯ໘ͷແݶԕ఺

ͷཹ਺͕ؔ͢܎Δඇࣗ໌ͳؔࣜ܎ʹΑͬͯ݁͹Ε͍ͯΔ͜ͱ͕Θ͔ͬͨɽೋॏҪށʹؔ͢Δ݁Ռʹ͍ͭ

ͯ͸ɼ͢Ͱʹ LeboeufΒʹΑͬͯҟͳΔํ๏Λܦ༝ͯ͠ಘΒΕͨ݁ՌͰ͕͋ͬͨɼ͜͜Ͱ͸ɼΑΓҰൠ

ͷଟॏҪށϙςϯγϟϧܥɼ͞Βʹ͸ɼଟ߲ࣜඪ४ϋϛϧτϯܥʹؔͯ͠΋ಉ༷ͷ͕ؔࣜ܎੒ཱ͢Δ͜

ͱΛࣔͨ͠ɽ

3) ۠෼ઢܕ໘ੵอଘࣸ૾ʹ͓͚Δيಓͷҟৗ֦ࢄͱ࿈ଓ࣌ؒϥϯμϜ΢ΥʔΫϞσϧ

ൺྫͯ͠૿େ͢Δʣʹै͏͜ͱʹ͕ؒ࣌ۉʢมҐͷೋ৐ฏࢄಓ͸௨ৗ֦يͷܥ഑͢ΔࢧΧΦε͕͍ڧ

͕஌ΒΕ͍ͯΔɽҰํɼ਺೥લզʑ͸ɼෆ҆ఆੑΛ΋ͨͳ͍΋ͷͷيಓ͕֦ࢄతʹৼΔ෣͏͋Δछͷ۠

෼ઢ͕૾ࣸܗɼൺֱతҰൠతͳঢ়گԼͰɼ͍ΘΏΔྼ֦ࢄɼ͢ͳΘͪɼيಓͷฏۉೋ৐มҐ͕ࢦ਺ 1ະ

ຬͷ΂͖ؔ਺ʹै͏͜ͱΛൃͨ͠ݟɽຊ೥౓͸ɼ͜ͷྼ֦ࢄΛ࠷΋ద੾ʹهड़͢Δ֬཰ϞσϧΛ୳ͬͨ

݁Ռɼيಓʹର͢Δద౰ͷૈࢹԽૢ࡞ͷ΋ͱͰಘΒΕΔ͕࣌ྻܥɼ࿈ଓ࣌ؒϥϯμϜ΢ΥʔΫϞσϧͱ

ϑϥΫλϧ্֨ࢠͷϥϯμϜ΢ΥʔΫΛ૊Έ߹Θͤͨ֬཰աఔͷ࣌ྻܥͱ౷ܭతͳྨੑࣅΛ΋࣮ͭࣄΛ

ಥ͖ࢭΊͨɽ͍·ͷͱ͜Ζɼ΋ͱ΋ͱͷྗֶܥͷͳ͔ͰԿ͕ϑϥΫλϧ֨ࢠͷ໾ׂΛՌ͔ͨ͢ͳͲɼͦ

ͷྨࣅͷݯىʹ͍ͭͯෆ໌ͳ఺͕ଟ͍͕ɼۙ೥࿩୊ʹͳ͍ͬͯΔ֬཰Ϟσϧʹ͓͚ΔΤϧΰʔυੑͷഁ

୼ͱͷؔ࿈ͳͲɼڵޙࠓຯਂ͍໰୊ʹൃల͍ͯ͘͠Մೳੑ͕͖ͨͯ͑ݟɽ

4) ΧΦεܥʹ͓͚Δ࣌ؒྖҬ൒ݹయۙࣅͷ༗ޮੑ

൒ݹయཧ࿦͸ɼΧΦεΛࣔ͢ݹయܥͱରԠ͢ΔྔܥࢠͱΛ݁ͼ͚ͭΔࡏݱͷͱ͜Ζ࠷΋༗ྗ͔ͭࣗવ

ͳํ๏Ͱ͋Δɽ͔͠͠ͳ͕Βɼ͋Δҙຯ͘͜ڻͱͱͯͬݴ΋Α͍͕ɼΧΦεܥʹ͓͚Δ൒ݹయཧ࿦ͷ༗

ޮੑ͸ະͩे෼ʹཱ֬͞Εͨঢ়گʹ͸ͳ͍ɽطʹ૎Δ͜ͱ 25೥΄Ͳલʹɼ౰࣌ɼఆઆͰ͋ͬͨɼ͍ΘΏ

ΔΤʔϨϯϑΣετ࣌ؒΛ௒͑ͯ࣌ؒྖҬ൒ݹయ͕ۙࣅ༗ޮͰ͋Δ͜ͱ͕ Tomsovic-HellerʹΑͬͯࣔ

͞Ε͕ͨɼҎ߱ɼͦͷଥ౰ੑɼҰൠੑʹؔ͢Δূݕ͸΄ͱΜͲߦΘΕΔ͜ͱͳ͍ͯͬ͘ࢸʹࡏݱΔɽ͜

͜Ͱ͸ɼΤϊϯࣸ૾Λ༻͍ͯ࣌ؒྖҬ൒ݹయ࿦ͷ༗ޮੑͷূݕΛͨͬߦɽΤϊϯࣸ૾Λ͢࡯ߟΔཧ༝͸ɼ

৚݅Λຬͨ͢ܕΛ΋ͭ͜ͱʹ͋Γɼ·ͣഅఙگΔঢ়͢ݱ΋ཧ૝తͳΧΦεΛ࣮࠷ͱ͍͏ֶྗܕഅఙ͕ܥ
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৔߹ʹؔͯ͠ղੳΛ։࢝ͨ͠ɽ·ͩ༧උతͳղੳͷҬΛग़ͳ͍΋ͷͷɼطʹɼTomsovic-Heller͕ಘͨ݁

࿦ͷ͍͔ͭ͘ʹ͸େ͖ͳ͕ٙٛ͋Δ͜ͱ͕൑໌͍ͯ͠Δɽ

5) அ೤αΠΫϧʹΑΔྔܥࢠͷྭى

Βௐ΂ΒΕ͍ͯΔ௕͍ྺ࢙Λ࣋ͭ໰୊Ͱ͋Δͱಉ͔࣌ه࿦ͷ૑ੈࢠͷஅ೤తͳ࣌ؒൃల͸ɼྔܥࢠྔ

ʹɼۙ೥Ͱ΋زԿֶతҐ૬΍அ೤ྔࢉܭࢠͱ͍ͬͨ৽ͨͳ࿩୊Λఏ͍ͯ͠ڙΔɽஅ೤αΠΫϧʹΑΔ࣌

ؒൃల͸ɼزԿֶతͳҐ૬Λআ͍ͯࣗ໌ɼ͢ͳΘͪঢ়ଶΛมԽͤ͞ͳ͍ͱ͜Ε·Ͱͷଟ͘ͷڀݚͰ҉໧

ཫʹ૝ఆ͞Ε͖ͯͨɽ͔͠͠ɼզʑ͕ۙ೥ਪਐ͍ͯ͠Δʮ৽حͳྔࢠϗϩϊϛʔʯͷڀݚΛ௨ͯ͡ɼܥ

ͷঢ়ଶΛมԽͤ͞ΔΑ͏ͳஅ೤αΠΫϧͷྫ͕஝ੵ͞Ε͖ͯͨɽຊ೥౓ͷ੒Ռͱͯ͠Ұ࣍ݩతͳྔܥࢠ

Ͱͷ४ҐަࠩΛར༻ͨ͠ྫΛߏஙͨ͠ɽ͜ͷ໛ܕ͸༷ʑͳஅ೤ঢ়ଶΛ͙ܨஅ೤αΠΫϧΛ࣋ͭҰํͰώ

ϧϕϧτۭ͕ؒແݶͰ͋ΔͨΊʹطଘͷ৽حͳྔࢠϗϩϊϛʔͷτϙϩδΧϧͳఆࣜԽ͕ద༻Ͱ͖ͳ͍

఺ͰߋͳΔཧ࿦తڵຯΛ΋ͨΒ͢΋ͷͰ΋͋Δ (͜ͷ݁Ռ͸բߐᠳࢯͷଔڀݚۀΛٶຊֶത࢜ ॴଐچ)

ૣେ) ͱͷڞಉڀݚͰൃలͤͨ͞΋ͷ)ɽ͞Βʹɼ͜ͷྫΛଟཻܥࢠʹ֦ு͠ɼͱ͋Δஅ೤αΠΫϧΛج

ఈঢ়ଶʹ͢ࢪͱɼ͍ΘΏΔ४Ґ൓సঢ়ଶΛੜ੒͢Δ͜ͱΛ͍ͨͩ͠ݟɽ͜ͷݱ৅Λ༠ಋ์ग़΍Ϩʔβʔ

΁ͱԠ༻͢Δ͜ͱ͸ڵຯਂ͍ͱࢥΘΕΔ (શ୎थڭत (Պେ޻஌ߴ) ͱͷڞಉڀݚ)ɽ

2. ੷ۀڀݚ

1) ࿦จ

Felix Fritzsch, Arnd Bäcker, Roland Ketzmerick, and Normann Mertig: Complex-path prediction of

resonance-assisted tunneling in mixed systems, Physical Review E 95 (2017) 020202(R) (6 pages).

Normann Mertig, Julius Kullig, Clemens Löbner, Arnd Bäcker, and Roland Ketzmerick: Perturbation-

free prediction of resonance-assisted tunneling in mixed regular-chaotic systems, Physical Review E

94 (2016) 062220 (18 pages).

Atushi Tanaka and Taksu Cheon: Complete population inversion of Bose particles by an adiabatic

cycle, New Journal of Physics 18 (2016) 045023-1–045023-7.

Sho Kasumie, Manabu Miyamoto and Atushi Tanaka: Adiabatic excitation of a confined particle in

one dimension with a variable infinitely sharp wall, Physical Review A 93 (2016) 042105-1–042105-5.

2) ࠂձٞใࡍࠃ

Akira Shudo, Yasutaka Hanada and Kensuke S. Ikeda: Quantum tunneling in nonintegrable systems:

beyond the leading order semi-classical description, RIMS Kôkyûroku Bessatsu, B57 (2016) 27-38.

3) ֶձߨԋ

˔ ೔ຊ෺ཧֶձ 2016೥ळقେձ 2016೥ 9݄ 13೔–16೔ (ۚ୔େֶ ֯ؒΩϟϯύε)

஑ాݚհɼԞౡًতɼՖాߴ߁ɼट౻ܒ: ରԠݪཧʹΑΔΠϯελϯτϯ ඇΠϯελϯτϯసҠͷڀݚ I

஑ాݚհɼԞౡًতɼՖాߴ߁ɼट౻ܒ: ରԠݪཧʹΑΔΠϯελϯτϯ ඇΠϯελϯτϯసҠͷݚ

ڀ II

Ֆాߴ߁ɼट౻ܒɼ஑ాݚհ: ඇՄੵ෼ܥͷτϯωϧޮՌͱݹయڞ໐ͷ໾ׂʹ͍ͭͯ

٢ా యɼ౉ᬒݡ ਅޛɼट౻ :ܒ ۠෼ઢܕ໘ੵอଘࣸ૾ʹ͓͚Δྼ֦ࢄͱ࿈ଓ࣌ؒϥϯμϜ΢ΥʔΫ
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ాதಞ࢘ɼશ୎थ: அ೤తͳ࣌ؒൃలͷ݁Ռ͸ܦ࿏ͷτϙϩδʔͰܾ·Δ

˔ ೔ຊ෺ཧֶձ ୈ 72ճ೥࣍େձ 2017೥ 3݄ 17೔–20೔ (େࡕେֶ ๛தΩϟϯύε)

஑ాݚհɼՖాߴ߁ɼट౻ܒ: ରԠݪཧʹΑΔΠϯελϯτϯ ඇΠϯελϯτϯసҠͷڀݚ III

Ֆాߴ߁ɼट౻ܒɼ஑ాݚհ: Մੵ෼ࣸ૾ʹ͓͚Δτϯωϧҟৗ

:ܒ౻ɼटॆߒాݪ ෳૉݹయيಓͷϦʔϚϯ໘ͱՄੵ෼ܥͷτϯωϧ෼྾

٢ా యɼ౉ᬒݡ ਅޛɼट౻ :ܒ ໘ੵอଘࣸ૾ʹ͓͚Δ଴ͪ࣌ؒ෼ܕΛࣔ͢ඇΧΦεతͳ۠෼ઢࢄ֦ྼ

෍ͱ࿈ଓ࣌ؒϥϯμϜ΢ΥʔΫ

٢໺ ౻ɼटݩ :ܒ ΧΦεܥʹ͓͚Δ࣌ؒྖҬ൒ݹయۙࣅͷഁ୼͢ΔλΠϜεέʔϧʹ͍ͭͯ

ాதಞ࢘, શ୎थ: அ೤αΠΫϧʹΑΔϘʔζཻܥࢠͷ४Ґ൓స

ձڀݚ಺ࠃ

˔ ਺ཧղੳڀݚॴڀݚձ ʰྗֶܥͱͦͷؔ࿈෼໺ͷ࿈ܞ୳ࡧʱ2016೥ 6݄ 6೔–10೔ʢژ౎େֶʣ

A. Shudo: Toward pruning theory for the Stokes geometry of the quantum Hénon map (invited)

ձٞࡍࠃ

˔ Exponential Asymptotics of Difference and Differential Equations, June 6–8, 2016 (RIMS Kyoto)

A. Shudo: Anomalous behavior of transition matrix elements in nonintegrable quantum maps (invited)

˔ PHHQP16: Progress in Quantum Physics with Non-Hermitian Operators, August 8–16, 2016 (Ky-

oto Univ.)

A. Shudo: Amphibious Complex Orbits and Dynamical Tunneling (invited)

Yasutaka Hanada, Akira Shudo and Kensuke S. Ikeda: Tunneling in nearly integrable systems with a

non-hermitian perturbation (poster)

Atushi Tanaka: Non-Hermitian degeneracies in the Lieb-Liniger model and exotic quantum holonomy

˔ Quantum Chaos, Graphs and Nodal Domains, September 12–16, 2016 (Rehovot, Israel)

A. Shudo: Toward pruning theory for the Stokes geometry of the quantum Hénon map (invited)

˔ Workshop on Chaos and Diffusion in Leaky Systems, February 21–22, 2017 (Tokyo Metropolitan

University, Tokyo)

Yasutaka Hanada: Quantum tunneling in the classically chaotic systems

˔ The 6th Hamiltonian dynamical systems and related topics, March 7–9, 2017 (Kyoto)

A. Shudo: Infinitely many stability islands and sticky dynamics in a piecewise linear map (invited)

˔ Workshop on Asymmetric Cavity and Wave Chaos, March 19–22, 2017 (Peking University, China)

Mertig Normann: Semiclassical Prediction of Resonance-Assisted Decay Rates in Mixed Systems

(invited)
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4) ஶॻ౳

ट౻ :ܒ ໘ੵอଘࣸ૾ͷղੳྗֶɼh਺ཧՊֶʱ (2016) 11݄߸ 28–34.
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ࣨڀݚཧ࿦ܥॖڽࢠྔ

1. ಈͷ֓ཁ׆ڀݚ

1) Ϧϯάܗঢ়ʹด͡ࠐΊΒΕͨϘʔζɾϑΣϧϛࠞ߹ܥͷγϛϡϨʔγϣϯ͓Αͼ܁ΓࠐΈࢉܭ܈

ΊΒࠐঢ়ʹด͡ܗମ͕Ϧϯάؾ߹ͷࠞࢠݪͱϑΣϧϛࢠݪͷதͰ΋஫໨Λཋͼ͍ͯΔϘʔζܥࢠݪ٫ྫྷ

ΕͨܥΛର৅ͱͨ͠ɽؒࢠݪ૬࡞ޓ༻͕͜ͷܥʹଟ࠼ͳޮՌΛ΋ͨΒ͢͜ͱ͸طʹͦͷҰ෦͕஌ΒΕͯ

͍Δ͕ɼͦͷޮՌΛΑΓৄࡉʹௐ΂ΔͨΊʹɼྔࢠϞϯςΧϧϩγϛϡϨʔγϣϯͱ܁ΓࠐΈࢉܭ܈Λ

ྗੱ͕༺࡞ޓͷಈ͖΍͢͞ʹண໨͠ɼϘʔζɾϑΣϧϛؒ૬ࡍಈ͕͘ࢠݪͳͬͨɽͱ͘ʹϦϯά্Λߦ

ͷ৔߹ͱҾྗͷ৔߹ͷ྆ํʹ͍ͭͯɼ͞·͟·ͳࢠݪ਺ʹ͓͍ͯ૬࡞ޓ༻ͷӨڹΛௐ΂ͨͱ͜Ζɼಛఆ

ͷཻࢠ਺৚݅ʹ͓͍ͯಈ͖΍͢͞ʢ࣮ࡍʹ͸Ґ૬εςΟϑωεΛࢉܭʣ্͕ঢ͢Δݱ৅͕ݟΒΕͨɽ͜

ͷݱ৅ʹ͍ͭͯఆੑతͳઆ໌ʹ΋੒ޭͨ͠ɽ[৿]

2) ਓ޻εϐϯيಓ૬࡞ޓ༻Λ࣋ͭϘʔζܥࢠݪʹಋೖͨ͠ϑΣϧϛࢠݪͷεϐϯྲྀͷղੳ

ిՙΛ࣋ͨͳ͍தੑࢠݪʹ͸εϐϯيಓ૬࡞ޓ༻͠ͳ͍ɽ্͔͚͔͠͠ݟಉ͡૬࡞ޓ༻Λ͢ΔܥࢠݪΛ

ϨʔβʹΑΓਓ޻తʹ࡞੒͢Δ͜ͱ͕Մೳʹͳͬͨɽ͋Δछͷεϐϯيಓ૬࡞ޓ༻Λ࣋ͬͨϘʔζࢠݪ

ͱܠ଄Λഎߏ଄Λ࣋ͭ͜ͱ͕஌ΒΕ͍ͯΔɽ͜ͷεϐϯߏͷεϐϯܕ͸ɼҰఆͷ৚݅ԼͰεύΠϥϧܥ

ͯ͠εϐϯΛ࣋ͬͨϑΣϧϛࢠݪΛಋೖ͢Δͱɼεϐϯྲྀͷൃੜ͕ظ଴͞ΕΔɽຊڀݚͰ͸ɼϑΣϧϛ

ॳʹௐ΂ɼͦΕ͕҆ఆͰ͋Δ͜ͱ࠷ͷ૬ͷ҆ఆੑΛࢠݪ଄Λ࣋ͬͨϘʔζߏͷεϐϯࡍΛಋೖͨ͠ࢠݪ

Λ֬ೝ্ͨ͠ͰϑΣϧϛ࡞͕ࢠݪΔεϐϯྲྀͷେ͖͞Λղੳతʹಋग़ͨ͠ɽ[৿]

3) ϘʔζɾϑΣϧϛࠞ߹ܥ௒ྲྀಈͷԻ೾ͷ఻೻

ۙ೥ɼϘʔζࢠݪɼϑΣϧϛ͕ࢠݪಉ࣌ʹ௒ྲྀಈʹͳΔϘʔζɾϑΣϧϛࠞ߹ܥ௒ྲྀಈ͕࣮͠ݱɼ੝Μ

,Ε͍ͯΔ͕͞ڀݚʹ ༗ݶԹ౓ʹ͓͚Δ௒ྲྀಈͷੑ࣭ʹ͍ͭͯղੳ͕εਐΜͰ͍Δͱ͸͍͕͍ͨݴɽ௒ྲྀ

ಈͰ͸ୈҰԻ೾ɼୈೋԻ೾ͱݺ͹ΕΔಛ௃తͳԻ೾͕؍ଌ͞ΕΔ͕ɼୈೋԻ೾͸௒ྲྀಈ੒෼ͱৗྲྀಈ੒

෼͕྆ํଘ͠ࡏͳ͍ͱྭ͞ىΕͳ͍Ի೾Ͱ͋Γɼ௒ྲྀಈͷ೤ྗֶతੑ࣭Λ͘ڧ൓ө͢Δɽͦ͜ͰɼϘʔ

ζɾϑΣϧϛࠞ߹ܥ௒ྲྀಈͷԻ೾ʹ͍ͭͯௐ΂ͨɽಛʹɼLandau ͷೋྲྀମϞσϧΛ༻͍ͯݱ৅࿦ʹղੳ

͠ɼ̏ͭͷԻ೾͕ଘ͢ࡏΔ͜ͱΛ໌Β͔ʹ͠ɼͦΕͧΕͷԻ೾ͷੑ࣭Λ໌Β͔ʹͨ͠ɽ͞ΒʹઢܗԠ౴

ཧ࿦Λ༻͍ͯ, ີ౓ͷԠ౴ؔ਺Λ͠ࢉܭ, ̏ͭԻ೾͕ີ౓ͷԠ౴ͱͯ͠, .ͨ͠ʹΕΔ͜ͱΛ໌Β͔͞ىྭ

[ാߥ]

4) Ϙʔζؾࢠݪମ௒ྲྀಈʹ͓͚ΔྔࢠӔ֨ࢠͷൃੜߏػ

,Ӕ͸௒ྲྀಈಛ༗ͷҐ૬ܽؕͰ͋Γࢠྔ ௒ྲྀಈͷੑ࣭ΛΑ͘൓ө͢Δ͜ͱ͔Β, ཧ࿦, ͷ྆໘͔Βݧ࣮

੝Μʹ͞ڀݚΕ͍ͯΔ. Ӕܗ੒ʹ͸ࢄҳͷޮՌ͕ඞཁͰ͋Δ͕, ଟ͘ͷཧ࿦తڀݚͰ͸ݱ৅࿦తͳࢄҳ߲

Λύϥϝʔλʔͱͯ͠ಋೖ͢Δ͜ͱͰͦͷޮՌΛهड़͍ͯ͠Δ. ͔͠͠ͳ͕Β, ੒ͷμΠφϛΫܗӔࢠྔ

εͷแׅతཧղͷͨΊʹ͸೤తʹྭ͞ىΕͨඇॖڽମͷӨڹΛݱ৅࿦తʹѻ͏ͷͰ͸ͳ͘, ඍࢹతʹ໌

Β͔ʹ͢Δඞཁ͕͋Δ. զʑ͸, ,ମΛಉ࣌ʹऔΓѻ͍ॖڽΕͨඇ͞ىྭʹମͱ೤తॖڽ ඍࢹతجʹߏػ

,͠ࢉܭҳ߲ͷࢄ͍ͨͮ ඇॖڽମ͕Ӕܗ੒ʹ༩͑ΔӨڹʹ͍ͭͯղੳͨ͠.݁Ռͱͯ͠, ඇॖڽମͷଘࡏ

ʹΑͬͯྔࢠӔ֨ࢠΛܗ੒͞Ε͍ͯΔͱ͍͏͜ͱΛ໌Β͔ʹͨ͠. [ാߥ]

5) εϐϯΞΠεʹର͢ΔرऍޮՌͷϞϯςΧϧϩ๏Λ༻͍ͨڀݚ

౔ྨԽ߹෺ر Dy2Ti2O7 ΍ Ho2Ti2O7 ͳͲͷεϐϯΞΠεͷ੩తಈతੑ࣭ʹؔ͢Δ͕ڀݚਫ਼ྗతʹߦ

ΘΕ͍ͯΔɽಛʹΞΠεϧʔϧͷഁΕΛදܽؕ͢ͷ΋ͭੑ࣭ʹىҼͨ͠ڵຯਂ͍ݱ৅͕ใ͞ࠂΕ஫໨͞

Ε͍ͯΔɽຊڀݚͰ͸εϐϯΞΠεͷ࣓ੑʹର͢ΔرऍޮՌΛௐ΂Δҝɼ৽ͨͳϞϯςΧϧϩ๏ΛߟҊ
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ͨ͠ɽैདྷͷγϯάϧεϐϯϑϦοϓΛ༻͍Δํ๏Ͱ͸௿Թʹ͓͍ͯॴҦεϐϯϑϦʔδϯάͱݺ͹Ε

Δࠔ೉͕͋ͬͨҝɼߴਫ਼౓ͷ͕ࢉܭग़དྷͳ͔͕ͬͨɼΫϥελʔදͮ͘جʹݱϧʔϓ-ετϦϯάΞϧΰ

ϦζϜ [Phys. Rev. B 90 (2014) 220406(R)]ʹΑΓࠔ೉͸׬શʹղফ͞Ε͍ͯΔɽզʑ͸ಉΞϧΰϦζ

ϜΛߟࢀʹɼرʹߋऍ͕͋Δ৔߹Λۙ࠷ྀ͠ߟ઀૬࡞ޓ༻໛ܕʹର͢Δάϥϑ෼ׂͷ໰୊Λղ͍ͨɽݱ

Λࢉܭ଄Λ໌Β͔ʹ͢Δߏऍ཰Λม͍͑ͯͬͨ৔߹ͷ૬رɼ৽͍͠ΞϧΰϦζϜͷੑೳධՁͱԹ౓ɼࡏ

ͳ͍ͬͯΔɽ[େ௩]ߦ

6) ೋ࣍ࢠ֨ݩ໛ܕͷແடং૬Ͱͷ૬ؔؔ਺͕ࣔ͢ීวੑʹؔ͢Δڀݚ

ೋ্࣍ࢠ֨ݩʹఆٛ͞Εͨݹయεϐϯ໛͕ܕແடং૬ʹͯࣔ͢૬ؔؔ਺ͷීวੑʹ͍ͭͯௐ΂͍ͯΔɽ

͜Ε·Ͱಉ૬ͷ૬ؔؔ਺ʹରͯ͠͸౳ํతͳ૬ؔ௕Λ࣋ͭOrnstein-Zernikeܕͷؔ਺ܗΛ༻͍ͨղੳ͕

ͳ͞Ε͖͕ͯͨɼ࣮ࡍ͸૬ؔ௕͸֨ࢠͷ࣋ͭରশੑ΍཭ىʹੑࢄҼ͢ΔҟํੑΛ࣋ͪɼͦΕʹΑΓ݁থ

͸ҟํతͳฏܗߧΛ࣋ͭ͜ͱ͕஌ΒΕ͍ͯΔɽ͜Εʹؔ࿈ͯۙ͠࠷ Fujimoto ͸ܥͷసૹྻߦͷղੳΛ

ʹૅج snؔ਺Λ༻͍ͨීวతͳ૬ؔؔ਺ͷۙࣜࣅΛఏҊ͍ͯ͠ΔɽͦΕʹΑΔͱ೚ҙͷೋ࣍ࢠ֨ݩ໛

ͷ૬ؔؔ਺͸ɼৼ෯ɼ૬ؔ௕ɼҟํੑύϥϝλͷ̏ͭͷྔΛ༻͍ͯීวతʹಛ௃͚ͮΒΕΔɽຊ೥౓ܕ

͸ਖ਼ํ্֨ࢠͷݹయXY໛ܕʹ͍ͭͯɼͦͷ૬ؔؔ਺ΛWolffͷΠδϯάຒΊࠐΈ๏͓Αͼ Evertz-Von

del LindenͷແܥݶΞϧΰϦζϜΛซ༻͢ΔϞϯςΧϧϩ๏Λ༻͍ͯਫ਼ີʹٻΊɼه্ࡏݱύϥϝʔλ

Λܾఆ͢ΔҝͷղੳΛߦͳ͍ͬͯΔɽ[େ௩ɼ౻ຊխจʢಸྑҩେʣ]

2. ੷ۀڀݚ

1) ࿦จ

Y. Ono, R. Sakamoto, H. Mori, E. ArahataɿSound Modes of a Bose-Fermi Mixture Superfluid at

Finite Temperatures, J. Phys. Soc. Jpn. 85 (2016) 065004.

R. Sakamoto, Y. Ono, E. Arahata, H. Mori: Ground state of Bose-Fermi mixture with spin-orbit

coupling, J. Phys. Soc. Jpn. 85 (2016) 064401.

E. Arahata and T. Nikuni: Formation of Vortex Lattices in Superfluid Bose Gases at Finite Temper-

atures, J. Low Temp. Phys. 183 (2016) 191.

S. Tsuchiya, J. Goryo, E. Arahata, and M. Sigrist: Cooperon condensation and intravalley pairing

states in honeycomb Dirac systems, Phys. Rev. B 94 (2016) 104508.

2) ࿨ॻ

৿߂೭ɿʮݩૉߦلʯʢΦʔϜࣾʣ

3) ֶձߨԋ

˔ ೔ຊ෺ཧֶձɹ 2016೥ळقେձ 2016೥ 9݄ 13-16೔ ۚ୔େֶ ֯ؒΩϟϯύε

খ໺༸ีɼࡔຊྑฏɼॳాᴈɼߥാܙඒࢠɼ৿߂೭ɿ༗ݶԹ౓ͷBose-Fermiࠞ߹௒ྲྀಈؾࢠݪମͷԻ೾

ͷ఻೻

Λ΋ͭ༺࡞ޓಓ૬ي೭ɿεϐϯ߂ɼ৿ࢠඒܙാߥຊྑฏɼॳాᴈɼখ໺༸ีɼࡔ Bose-Einstein ମॖڽ

ʹର͢Δ FermiࢠݪͷӨڹ

ॳాᴈɼࡔຊྑฏɼখ໺༸ีɼߥാܙඒࢠɼ৿߂೭: άοπ΢ΟϥʔۙࣅΛ༻͍ͨࢠ֨ޫݩ࣍ࡾதϘʔ

ζɾϑΣϧϛࠞ߹ܥͷྔࢠ૬ͷղੳ
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౻ຊխจ, େ௩തາɿ๘ͷ૥֨ࢠϙοπ໛ܕʹ͓͚Δೋ఺૬ؔؔ਺ͱීวత୅਺ۂઢ

˔ ೔ຊ෺ཧֶձɹୈ 72ճ೥࣍େձ 2017೥ 3݄ 17-29೔ େࡕେֶ ๛தΩϟϯύε

খ໺༸ีɼࡔຊྑฏɼॳాᴈɼߥാܙඒࢠɼ৿߂೭ɿ༗ݶԹ౓ͷBose-Fermiࠞ߹௒ྲྀಈؾࢠݪମͷԻ೾

ͷ఻೻ II

Λ΋ͭ༺࡞ޓಓ૬ي೭ɿεϐϯ߂ɼ৿ࢠඒܙാߥຊྑฏɼॳాᴈɼখ໺༸ีɼࡔ Bose-Fermi ࢠݪ߹ࠞ

ʹ༠͞ىΕͨ Fermiࢠݪͷεϐϯྲྀ

ձڀݚ಺ࠃ

ձٞࡍࠃ

˔CEMS Topical Meeting on Cold Atoms, Saitama, 6/2016

R. Hatsuda, R.Sakamoto, Y. Ono, H. Mori, and E. Arahata: A New Approach to Rich Phase Structure

and Excitations of Cold Atom Mixtures on Optical Lattice

Y. Ono, R. Sakamoto, R. Hatsuda,H. Mori, and E.Arahata: Sound Propagation of a Superfluid of

Bose-Fermi Mixture at Finite Temperatures

R.Sakamoto, Y. Ono, R. Hatsuda, E. Arahata, and H. Mori: Ground state phase diagram of Bose-

Fermi mixture with a synthetic spin-orbit coupling

˔The 25th International Conference on Atomic Physics (ICAP2016), Seoul, Korea, 7/2016

Y.Ono, R. Sakamoto, R. Hatsuda, H. Mori, and E.Arahata: Sound Propagation of a Bose-Fermi

Mixture Superfluidɹ at Finite Temperatures

R.Sakamoto,Y. Ono, R. Hatsuda, E. Arahata, and H.Mori: Ground state phase diagram of Bose-Fermi

mixture with a synthetic spin-orbit coupling
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ࣨڀݚ࿦ࢠ૬ؔిڧ

1. ಈͷ֓ཁ׆ڀݚ

౔ྨԽ߹෺ɼرଟମঢ়ଶ΍ɼભҠۚଐԽ߹෺ɼࢠͳྔحք఺ۙ๣ͷ৽ྟࢠͰ͸ɼྔࣨڀݚ࿦ࢠ૬ؔిڧ

ΞΫνϊΠυԽ߹෺ͳͲͷ͍ΘΏΔڧ૬ؔిܥࢠ෺࣭ͷ࣓ੑ΍௒఻ಋʹؔ͢Δཧ࿦తڀݚΛ͍ͯͬߦΔɽ

͜ΕΒͷܥͰ͸ిؒࢠͷΫʔϩϯੱྗͷӨ͕ڹඇৗʹ͘ڧɼैདྷͷόϯυཧ࿦Λ௒͑ͨཧ࿦త࿮૊Έ͕

ඞཁͱͳΔ͕ɼຊࣨڀݚͰ͸ɼ৔ͷྔࢠ࿦తख๏΍ࢉܭ෺ཧతख๏Λڀݚͯ͠࢖ۦΛ͍ͯͬߦΔɽ2016

೥౓ͷߏࣨڀݚ੒͸ɼৗڭۈһ 2໊ɼେֶӃੜ 8໊ɼଔݚੜ 3໊Ͱ͋ͬͨɽͳ͓ɼ2017೥ 1݄͔Βɼݪ

ͬߦʹतͱͳ͍ͬͯΔɽҎԼ͸ɼ2016೥౓ڭ٬һ।ܞͷ࿈ࣨڀݚһ͕ຊڀݚ෭ओ೚نอউٱͷߏػྗࢠ

ͨओͳڀݚͷ֓ཁͰ͋Δɽ

1) ඇΫϥϚʔεೋॏ߲ܥͷଟࢠۃ૬࡞ޓ༻

f ఈঢ়ଶ͕ج͸ɼ݁থ৔ڀݚ༝౓ʹؔ͢Δࣗࢠۃ༝౓ɼಛʹീࣗࢠۃͷଟܥࢠి Γ8Ͱ͋ΔܥΛओͳର৅

ͱͯ͠ߦΘΕ͖ͯͨɽ͜Ε͸ɼΓ8࢛ॏ߲ʹ͸ീࣗࢠۃ༝౓Λ͚࣋ͭͩͷେ͖ͳࣗ༝౓͕͋ΔͨΊͰ͋Δɽ

ɼNpO2΍ࡍ࣮ CexLa1−xB6ͱ͍ͬͨ Γ8ܥͰീࢠۃடং͕ൃ͞ݟΕ͖ͯͨͱ͍͏ྺ࢙͕͋Δɽͨͩ͠ɼ

࢛ॏ߲ͷΑ͏ͳେ͖ͳࣗ༝౓͸ɼീࢠۃҎ্ͷ࣍ߴଟࢠۃͷࣗ༝౓Λ࣋ͭͨΊͷे෼৚݅Ͱ͸͋Δ͕ɼ

ඞཁ৚݅Ͱ͸ͳ͍͜ͱʹ஫ҙ͢Δඞཁ͕͋Δɽ΋͠ɼ୯ॏ߲Ͱ͸ͳ͘ɼ͔ͭ૒ࢠۃͷΑ͏ͳ௿࣍ͷϞʔ

ϝϯτΛ࣋ͨͳ͍৔߹ʹ͸ɼඞવతʹ࣍ߴͷଟࢠۃϞʔϝϯτʹΑͬͯͦͷࣗ༝౓͸هड़͞ΕΔɽ࣮ࡍɼ

ඇΫϥϚʔεೋॏ߲ Γ3͸૒ࢠۃϞʔϝϯτΛ࣋ͨͣɼ࢛ࣗࢠۃ༝౓ͱീࣗࢠۃ༝౓Ͱهड़͞ΕΔɽ·

ͨɼ૒ࢠۃϞʔϝϯτΛ࣋ͨͳ͍ͱ͍͏఺͸ɼΓ3࣍ߴ͕ܥଟࢠۃΛ͢ڀݚΔ্ͰΑ͍෣୆ʹͳ͍ͬͯΔ

ͱ΋͍͑Δɽ͜ͷ༷ͳ Γ3ܥͰͲͷ༷ͳଟࢠۃ૬࡞ޓ༻͕యܕతͱͳΔ͔Λௐ΂ΔͨΊʹɼզʑ͸ f2ͷ

Γ3݁থ৔ঢ়ଶΛهड़͢Δ୯७Խ͞ΕͨϞσϧΛ͑ߟɼଟࢠۃ૬࡞ޓ༻Λಋ͍ͨɽ

͜ͷϞσϧͰ͸ɼҰిࢠঢ়ଶͱͯ͠શ֯ӡಈྔ j = 5/2ͷঢ়ଶΛ͑ߟɼೋిࢠঢ়ଶͱͯ͠ Γ3͕݁থ৔

ΛऔΓೖΕͨɽͦͯ͠ɼ͜ͷ༺࡞ޓ૬ؒࢠఈঢ়ଶʹͳΔΑ͏ͳిج Γ3ΠΦϯؒͷిࢠͷ௓ͼҠΓੵ෼ʹ

ؔ͢Δ 2࣍ઁಈ࿦Λ༻͍ͯɼଟࢠۃ૬࡞ޓ༻Λಋग़ͨ͠ɽಘΒΕͨଟࢠۃ૬࡞ޓ༻͸ɼ୯७ཱํ֨ࢠͰ

͸࢛ࢠۃ૬࡞ޓ༻ɼମ৺ཱํ֨ࢠͱ໘৺ཱํ֨ࢠͰ͸ീࢠۃ૬࡞ޓ༻͕ओཁͳ૬࡞ޓ༻ͱͳͬͨɽ͜Ε

͸ɼΓ8ܥͰͷଟࢠۃ૬࡞ޓ༻ͱڞ௨͢Δ݁Ռͱͳ͍ͬͯΔɽͳ͓ɼຊڀݚ͸ɼٱอউࢯنͱͷڞಉڀݚ

Ͱ͋Δɽ

2) ௒఻ಋܕॴΫʔύʔରʹΑΔඇैདྷہ

ଟيಓܥʹ͓͚Δ௒఻ಋ͸ۙ೥ͷమώૉߴܥԹ௒఻ಋͷൃݟʹ৅௃͞ΕΔΑ͏ʹɼ·͢·ͦ͢ͷॏཁੑ

͕ೝࣝ͞Ε͖͍ͯͯΔɽैདྷܕͷ௒఻ಋͱ͸ɼϑΥϊϯ͕ΫʔύʔରΛഔհ͠ɼجຊతʹ͸ಉҰαΠτ

ͷҾྗΛ࣮͠ݱɼ૬ର֯ӡಈྔ͕ s೾ͷ΋ͷͰ͋ΔɽຊڀݚͰ͸ɼଟيಓܥʹ͓͍ͯɼ௒఻ಋΛ୲͏Ϋʔ

ύʔର͕ہॴతʹܗ੒͞Εͨ৔߹ʹ΋ɼҟํతͳϊʔυΛ࣋ͭඇैདྷܕͷ௒఻ಋ͕࣮͢ݱΔ͜ͱΛඍࢹ

తͳ໛͔ܕΒग़ൃͯࣔͨ͠͠ɽ

۩ମతʹ͸ɼඍࢹతͳ໛ܕͱͯ͠୯७ཱํ্֨ࢠͷ Ґ૬ۙࡶɼཚ͑ߟΛܕಓʢΓ8ʣͷϋόʔυ໛ي2

ʹடংঢ়ଶͷۙ๣ࢠۃ΋ͬͨɽ࢛ੵݟ౓೾ͷసҠԹ౓ΛີࢠۃΛద༻͠ɼ௒఻ಋసҠԹ౓͓Αͼɼଟࣅ

ىॴΫʔύʔର͕ہύϥϝʔλྖҬʹ͓͍ͯɼ্ड़ͷ͍޿ʯͷҟํత௒఻ಋͱͱ΋ʹɼܕΕΔɼʮैདྷݱ

૬ؔڧ੒͞ΕΔ͜ͱΛ໌Β͔ʹͨ͠ɽ·ͨɼܗͱͳΔҟํత௒఻ಋ͕ݯ fిܥࢠʹ͓͚Δ௿ΤωϧΪʔ

༗ޮ૬ܥ͍ͯͭʹ༺࡞ޓ౷తʹಋग़͢Δཧ࿦Λߏங͠ɼ݁থ৔४Ґͱ૬ؔͨ͠ඇࣗ໌ͳύϥϝʔλྖҬ

͕ग़͢ݱΔ͜ͱΛ໌Β͔ʹͨ͠ɽͳ͓ɼຊڀݚ͸ɼ໺ຊ୓໵ࢯ, ஑ాߒষࢯͱͷڞಉڀݚͰ͋Δɽ
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3) ີ౓͘ྻߦΓ͜Έ܈ʹΑΔҟํతۙ౻֨ࢠ໛ܕͷԣ࣓৔ޮՌͷղੳ

తࢹͱ௒఻ಋ͕ඍੑ࣓ڧΕɼݱ૬ͷ಺෦Ͱ௒఻ಋ͕ੑ࣓ڧ௒఻ಋମURhGeͰ͸ɼͦͷΠδϯάੑ࣓ڧ

ຯਂ͍͜ͱʹΠδϯά࣠ʹਨ௚ڵͳ͞Ε͍ͯΔɽ͕ڀݚʹΒΕ͓ͯΓɼۙ೥੝Μ͑ߟଘ͍ͯ͠Δͱڞʹ

ʹʢԣʣ࣓৔ΛҹՃ͢Δͱɼ௨ৗͷΑ͏ʹ௒఻ಋ͕Ұ୴ফࣦͨ͠ޙɼΩϡϦʔԹ౓͕ 0ʹͳΔ࣓৔෇ۙ

Ͱ࠶ͼݱΕΔ͜ͱ͕஌ΒΕ͍ͯΔɽ·ͨɼ࠶ग़ޙݱͷ௒఻ಋసҠԹ౓͸ྵ࣓৔ͰͷͦΕΑΓ΋͘ߴɼ࣓

৔ԼͰͷ௒఻ಋঢ়ଶΛ࣮ݧɼཧ࿦ͷ྆໘͔Β໌Β͔ʹ͢Δ͜ͱ͸ɼॏཁͳ՝୊ͱͳ͍ͬͯΔɽ

ຊڀݚͰ͸ɼ఻ಋిࢠͱΠδϯάεϐϯ͕݁߹ͨ࣌͠ʹͲͷΑ͏ͳ૬͕ԣ࣓৔தͰݱΕΔ͔Λௐ΂Δ

ͨΊʹɼԣ࣓৔ΛҹՃͨ̍࣍͠ݩͷ S = 1ҟํతۙ౻֨ࢠ໛ܕΛີ౓͘ྻߦΓ͜Έ܈Λ༻͍ͯղੳͨ͠ɽ

఻ಋిࢠ਺ͱͱ΋ʹछʑͷ૬͕ݱΕΔ͕ɼಛʹΫΥʔλʔϑΟϦϯάΑΓখ͍͞ϑΟϦϯάͰ͕ੑ࣓ڧ

҆ఆԽ͢Δ͜ͱ͕Θ͔ͬͨɽ͜ͷྖҬͰԣ࣓৔ͷޮՌΛௐ΂ͨͱ͜Ζɼ࣓ؾϞʔϝϯτ͕࣓৔ͷ͖޲ʹ

౗Ε͍ͯ͘աఔͰɼۙ౻ “ϓϥτʔ”૬ɼ͓ΑͼேӬϥοςΟϯδϟʔӷମ૬͕͋Γɼ׬શภͨ͠ۃ૬ʹ

ୡ͢Δ͜ͱ͕Θ͔ͬͨɽੑ࣓ڧͱۙ౻ “ϓϥτʔ”૬͸௨ৗͷ̎࣍ݩΠδϯάϢχόʔαϦςΟΫϥεͷ

ೋ࣍సҠͰ͋Γɼۙ౻ “ϓϥτʔ”૬Ͱ͸఻ಋిࢠͱࡏہεϐϯ͕͍ڧ൓ੑ࣓ڧ૬ؔΛอͭ͜ͱͰ࣓Խա

ఔʹϓϥτʔͷΑ͏ͳྖҬ͕ग़͢ݱΔɽ·ͨɼ͜ͷ͜ͱΛ൓өͯ͠εϐϯΪϟοϓ͕༗ݶʹ։͍͍ͯΔ

͜ͱ͕Θ͔ͬͨɽேӬϥοςΟϯδϟʔӷମ૬΁͸Ұ࣍సҠͰసҠ͠ɼجຊతʹΪϟοϓϨεͳৼΔ෣

͍Λ͢Δɽޙࠓ͸ภۃ૬·Ͱʹग़͢ݱΔ͜ΕΒͷ૬΍૬ڥքͳͲͰɼ௒఻ಋ༳Β͕͗ͲͷΑ͏ͳৼΔ෣

͍Λ͢Δͷ͔Λௐ΂ɼURhGeͷ௒఻ಋࡉৄ͍ͯͭʹߏػͳݕ౼Λ͍ͨ͠ͱ͍ͯ͑ߟΔɽ
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෰෦ҰڡɿΠδϯάੑ࣓ڧ௒఻ಋͷཧ࿦ʢγϯϙδ΢Ϝߨԋʣ

ླ໦ߒฏɼ෰෦Ұڡɿԣ࣓৔ԼҰ࣠ҟํੑͷ͋Δ S = 1Ұ࣍ࢠ֨౻ۙݩ໛ܕͷجఈঢ়ଶ

দҪେɼງా࢚وɿύΠΤϧεɾΞϯμʔιϯϞσϧʹ͓͚Δిؾ૒ײࢠۃड཰ͷԹ౓ґଘੑ

ΑΔʹࣅ৔ۙۉɿฏ࢚وଜྒ༞ɼງాࢁ Γ8ϋόʔυϞσϧͷଟࢠۃடংͷඍࢹతཧղ
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෰෦Ұڡ, ໺ຊ୓໵, ງా࢚و, ஑ాߒষɿOn local and nodal superconductivity
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෰෦Ұڡ, Achim RoschɿTwo-particle backscattering at the edge of two-dimensional topological insu-

lators: quantum Monte Carlo analysis

63



ࣨڀݚݧΤωϧΪʔ෺ཧ࣮ߴ

1. ಈͷ֓ཁ׆ڀݚ

ɾ൓ཻࢠͰ͸ɺ೔ຊ͕ੈքΛϦʔυ͍ͯ͠ΔBϑΝΫτϦʔʹ͓͚ΔɺཻࣨڀݚݧΤωϧΪʔ෺ཧ࣮ߴ

࿍͔Βͷχϡʔࢠݪ΍ثͷଞɺՃ଎ݧ࣮ثՃ଎ܕΤωϧΪʔিಥߴΛ࢝Ίͱ͢ΔڀݚରশੑͷഁΕͷࢠ

τϦϊΛݕग़͢ΔχϡʔτϦϊৼಈ࣮ݧɺӉ஦͔Βඈདྷ͢ΔߴΤωϧΪʔͷχϡʔτϦϊݕग़࣮ݧͳͲ

ͷ෯͍޿෺ཧ࣮ݧΛల։͍ͯ͠Δɻ

1) Belle࣮ݧɺBelle II࣮ݧ

KEKBՃ଎ثͷ 50ഒͷϧϛϊγςΟʔΛ໨͢ࢦ SuperKEKBՃ଎ثͷݧࢼӡస͕ฏ੒ 28೥ 2݄ 1೔Α

Γ։࢝͞ΕɺͦͷޙɺPhase Iͱͯ͠H28೥ 6݄຤·Ͱ஝ੵిྲྀΛঃʑʹ૿Ճͤ͞ͳ͕ΒόοΫάϥϯ

ϯυͷଌఆٴͼϏʔϜύΠϓͷম͖ͩ͠Λ࣮ͨ͠ࢪɻՆҎ߱Ճ଎ثάϧʔϓ͸ QCSͷઃஔۀ࡞Λܧଓ

ͨ͠ɻ

Belleଌఆثͷ upgrade൛Ͱ͋Δ Belle IIଌఆثͷݐઃ͕ॱௐʹਐΈɺTOPΧ΢ϯλʔͷઃஔ͕ྃ͠׬

ͨɻͦͷޙ 10݄ʹ͸தԝඈ੻ݕग़ثʢCDCʣͷઃஔ΋ྃ͠׬ɺҾ͖ଓ͍ͯΤϯυΩϟοϓΧϩϦϝʔλ

(ECL)΋ઃஔ͞Εͨɻ౰ࣨڀݚͰ͸ Belle IIଌఆثΤϯυΩϟοϓ෦ͷཻࣝࢠผ૷ஔͷੑೳΛվળ͢Δ

ͨΊʹɺγϦΧΤΞϩήϧΛ᫔ࣹମͱͨ͠ϦϯάΠϝʔδνΣϨϯίϑݕग़ثʢARICHʣͷ։ൃΛਐΊ

͍ͯΔɻ

ARICH͸ 6ͭͷηΫλʔͰߏ੒͞Ε͍ͯΔ͕ɺࡏݱ 2ηΫλʔʹޫݕग़ثͰ͋ΔHAPDΛઃஔ͠ɺӉ

஦ઢΛ༻͍ͯϦϯάΠϝʔδΛߏ࠶੒͠ɺੑೳධՁΛ͍ͯͬߦΔɻHAPDͷײ౓ΛϞχλʔ͢ΔͨΊʹɺ

੨৭ LEDΛޫݯͱͯ͠ޫϑΝΠόʔΛ༻͍ͯҰ༷ͳޫྔΛHAPDʹরࣹ͢ΔϞχλʔγεςϜΛߏங

ͨ͠ɻඞཁͳޫྔ͕ηΫλʔ಺ͷHAPDશମʹরࣹͰ͖͍ͯΔ͜ͱ͕֬ೝ͞Εͨɻ

೥౓͸ࠓ Belle࣮ݧͰ 11ฤɺBelle IIͷARICHؔ࿈Ͱ 2ฤͷԤจࢽࡶ΁ͷ౤ߘ࿦จ͕ग़൛͞Εͨɻ

2) Double Chooz࣮ݧ

ຊࣨڀݚͰ͸ɺϑϥϯεɾChoozిൃྗࢠݪॴʹͯਐߦதͷڞࡍࠃಉ࣮ݧDouble ChoozʹࢀՃ͠ɺχϡʔ

τϦϊͷجຊతͳੑ࣭Λ୲͏ࠞ߹֯ θ13ͷଌఆΛ͍ͯͬߦΔɻࢠݪ࿍ίΞ͔Βͷڑ཭͕ҟͳΔ ݕͷج2

ग़ثΛ༻͍ͯɺࢠݪ࿍͔Βඈདྷ͢Δ൓ిࢠχϡʔτϦϊͷৼಈݱ৅Λਫ਼౓ྑ͘؍ଌ͢Δ͜ͱͰ θ13Λਫ਼

ີଌఆ͢Δɻ

ۙ೥ɺDouble Chooz࣮ݧɾT2K࣮ݧΛ͸͡Ίͱ͢Δࢠݪ࿍ɾՃ଎ثχϡʔτϦϊৼಈ࣮ݧʹΑΓ θ13͕

༗ݶ஋Λ࣋ͭ͜ͱ͕ൃ͞ݟΕɺCPରশੑଌఆͷಓ͕୓͚ͨɻকདྷతͳCPରশੑଌఆʹΉ͚ͯɺਖ਼͔֬

ͭਫ਼ີͳ θ13ଌఆͷҙٛ͸ߴ·͍ͬͯΔɻट౎େֶάϧʔϓͰ͸ɺࠞ߹֯ θ13ͷৼಈղੳɾεςϥΠϧ

χϡʔτϦϊ୳ࡧɾݕग़ੑثೳͷධՁɾΦϑϥΠϯπʔϧͷ։ൃӡ༻ɾిߴѹిݯγεςϜͷҡ࣋؅ཧ

ͳͲΛ୲౰͓ͯ͠Γɺ࣮ݧάϧʔϓʹେ͖͍ͯ͘͠ݙߩΔɻ

ຊ೥౓͸ɺࡢ೥౓·Ͱͷ໿ 1.5ഒͱͳΔ 15ϲ݄෼ͷ ಉ࣌ଌఆσʔλΛ஝ੵͨ͠ɻ·ͨɺΨυϦχ΢ج2

ϜʹՃ͑ͯਫૉͷதੑࣄ֫ัࢠ৅ΛղੳʹՃ͑ͨ͜ͱͰɺ౷ྔܭΛैདྷͷ໿ 2.5ഒͱ͢Δ͜ͱʹ੒ޭ͠

ͨɻ͜ͷղੳख๏ͷมߋʹ൐͏ൃۮతόοΫάϥϯυͷ૿େ͸ɺଟมྔղੳΛಋೖ͢Δ͜ͱͰे෼ʹ཈

੍͞Εͨɻ8݄ʹγΧΰͰߦΘΕͨࡍࠃձٞʢICHEP 2016ʣͳͲͰͦΕΒ࣮ݧͷݱঢ়Λใ͠ࠂɺܥ౷ޡ

ࠩͷධՁΛਐΊͯ 9݄ʹ࢑ఆతͳ θ13ଌఆ݁Ռͷߋ৽Λͨͬߦɻ

ͦͷޙɺ͞Βʹৄࡉʹղੳख๏΍ܥ౷ࠩޡͷධՁΛਐΊͯɺ2جͷݕग़ثΛ༻͍ͨ࠷ॳͷ݁ՌΛ࿦จʹ

ͱΓ·ͱΊ͍ͯΔɻ·ͨฒͯ͠ߦɺ૿Ճͨ͠౷ྔܭͱ৽͍͠ղੳख๏Ͱظ଴͞ΕΔεςϥΠϧχϡʔτ

Ϧϊ୳ײࡧ౓΋ੵݟ΋ΒΕɺ࣮σʔλΛ༻͍ͨ୳͚ͯ޲ʹࡧ४උΛਐΊ͍ͯΔɻ
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3) DCBA࣮ݧ

χϡʔτϦϊ͸ɺిՙΛ΋ͨͳ͍ʮిࢠͷ஥ؒʯ(ʹϨϓτϯ)Ͱ͋Γɺऑ͍૬࡞ޓ༻ͤͣ෺࣭ͷͱͷ૬ޓ

෼͔͍ͬͯͳ͍ɻͦͷʹͩࠓΊͯऑ͍͜ͱ͔Βɺͦͷଟ͘ͷੑ࣭͸ۃ͕༺࡞ ͷ۠ผࢠͱ൓ཻࢠཻʹ1ͭ

͕͋Δɻిࢠ͸ిՙΛ͍࣋ͬͯΔͨΊɺཻࢠͱ൓ཻࢠͷ۠ผ͸ͦͷిՙͷූ߸ʹΑͬͯ໌നͰ͋Δɻ͠

͔͠ͳ͕ΒχϡʔτϦϊ͸ిՙΛ࣋ͨͳ͍ͨΊɺͦ΋ͦ΋ཻࢠͱ൓ཻࢠͷ۠ผ͕͋Δͷ͔Ͳ͏͔෼͔ͬ

͍ͯͳ͍ɻཻࢠͱ൓ཻࢠͷ۠ผ͕ͳཻ͍ࢠΛϚϤϥφཻࢠͱݺͼɺૉཻࢠͷඪ४໛ܕΛ௒͑Δଟ͘ͷཧ

࿦Ͱ͸ɺχϡʔτϦϊ͕ϚϤϥφཻࢠͰ͋Δ͜ͱΛ͍ͯ࣋͠ࢧΔɻ

΋͠χϡʔτϦϊ͕ϚϤϥφཻࢠͰ͋Δ৔߹ɺχϡʔτϦϊϨεೋॏϕʔλ่յͱ͍͏ۃΊͯكͳࢠݪ

֩յม͕͜ىΔ͜ͱ͕༧૝͞Ε͍ͯΔɻDCBA Ͱ͸ɺকདྷతͳχϡʔτϦϊϨεೋॏϕʔλ่յݧ࣮

ͷ؍ଌΛ໨ͯ͠ࢦɺ৽͍͠ଌఆݪཧ (ϕʔλઢͷӡಈྔ؍ଌ)ʹݧ࣮͘ج૷ஔͷ։ൃΛਐΊ͍ͯΔɻೋॏ

ϕʔλ่յΛ֩ࢠݪ͢ىͰ͋Δ 100Mo Λ 9.6%ؚΉϞϦϒσϯͷ൘Λ̎ຕͷυϦϑτνΣϯόʔͰғΈɺ

௒఻ಋιϨϊΠυίΠϧΛ༻͍ͯҰ༷࣓৔ΛҹՃ࣮ͨ͠ݧ (DCBA-T2.5)Λ 2011 ೥͔Βߦͳ͍ͬͯͨ

͕ɺຊ೥౓ 7݄ʹσʔλऩूΛͨྃ͠׬ɻ

૷ஔݧԽ࣮ͨ͠ࡉԽ͔ͭνϟϯωϧִؒΛඍܕͱͯ͠େݧ͸ɺ࣍ੈ୅ͷ࣮ࡏݱ (DCBA-T3)ͷ։ൃʹऔ

Γ૊ΜͰ͍ΔɻDCBA-T3࣮ݧͰ͸ɺ150NdΛؚΉࢎԽωΦδϜΛృ෍ͨ͠ઢݯ൘Λ༻͍ͯೋॏϕʔλ

่յͷ؍ଌΛ͏ߦ༧ఆͰ͋Γɺ؍ଌ։࢝ʹ͚ͯ޲४උΛਐΊ͍ͯΔɻ

4) T2K࣮ݧ

ҵ৓ݝ౦ւଜʹݐઃͨ͠ཅࢠՃ଎ث (J-PARCՃ଎ث)Λ༻͍ͯେڧ౓ͷϛϡʔχϡʔτϦϊϏʔϜΛੜ

੒͠ɺ295km ཭Εͨذෞݝඈଭࢢʹ͋ΔେܕਫνΣϨϯίϑݕग़ثεʔύʔΧϛΦΧϯσͰଧͪग़͞Ε

ͨχϡʔτϦϊΛ؍ଌ͢ΔɺχϡʔτϦϊৼಈ࣮ݧΛߦͳ͍ͬͯΔɻT2K࣮ݧ͸ 2013೥ 7݄ʹϛϡʔ

χϡʔτϦϊ͔ΒిࢠχϡʔτϦϊ΁มԽ͢Δ৽͍͠χϡʔτϦϊৼಈΛൃͨ͠ݟɻT2K Ͱ͸ɺকݧ࣮

དྷతͳχϡʔτϦϊʹ͓͚ΔCP ରশੑͷഁΕͷൃݟΛ໨ͯ͠ࢦɺैདྷͷϨϓτϯ਺ 1 Λ΋ͭχϡʔτ

ϦϊΛ༻͍ͨχϡʔτϦϊৼಈ࣮ݧʹՃ͑ɺ৽ͨʹϨϓτϯ਺ -1 Λ΋ͭ൓χϡʔτϦϊΛ༻͍ͨχϡʔ

τϦϊৼಈ࣮ݧ΋ 2014೥ΑΓ։࢝ͨ͠ɻ൓χϡʔτϦϊϞʔυͰͷ 4.01× 1020 POT(λʔήοτ্Ͱ

ͷཅࢠ਺)ͷσʔλΛ༻͍ͯɺχϡʔτϦϊফࣦࣄ৅ͷղੳΛ͍ߦɺ൓ϛϡʔχϡʔτϦϊʹΑΔχϡʔ

τϦϊৼಈͷύϥϝʔλ͸ɺϛϡʔχϡʔτϦϊʹΑΔৼಈύϥϝʔλͱໃ६͕ͳ͍ͱͷ݁ՌΛಘͨɻ

ɺχϡʔτϦϊϞʔυͱ൓χϡʔτϦϊϞʔυͰͷσʔλΛ༻͍ͯɺCPࡏݱ ରশੑͷഁΕͷ͓ূݕΑ

ͼχϡʔτϦϊৼಈύϥϝʔλͷਫ਼ີଌఆΛࡏݱਐΊ͍ͯΔɻ

5) Ӊ஦ઢϛϡΦϯΛ༻͍ͨࢠݪ࿍ͷಁࢹ

ಉͰɺ2011೥ڞΑͼஜ೾େֶͱ͓ߏػڀݚثΤωϧΪʔՃ଎ߴɺྗిژɺ౦ߏػ։ൃڀݚഇ࿍ࡍࠃ 3݄

ʹൃੜͨ͠౦೔ຊେ਒ࡂʹ൐͏෱ౡୈҰނࣄൃݪͰଛইͨ͠ͱ͞ΕΔࢠݪ࿍࿍৺෦ΛɺӉ஦ઢϛϡΦϯ

Λ༻͍ͯௐࠪ͢ΔڀݚΛߦͳ͍ͬͯΔɻϓϥενοΫγϯνϨʔλΛՙిཻ͕ࢠ௨աͨ͠ࡍͷൃޫΛ೾

௕ม׵ϑΝΠόʔΛ௨ͯ͠൒ಋମޫݕग़ث (MPPC)ͰಡΈग़࣮ٕ͢ݧज़ΛԠ༻ͨ͠ɺӉ஦ઢϛϡΦϯͷ

ඈདྷํ޲Λଌఆ͢ΔଌఆثΛ࡞੒͠ɺ2011೥ΑΓ 2013೥·Ͱ౦ւୈೋൃݪΛ༻͍࣮ͨূݧࢼΛͨͬߦɻ

ͦͷޙɺ෱ౡୈҰൃݪͷഇ࿍ʹ͚ͨ޲औΓ૊ΈͷҰͭͱͯ͠ɺ༹༥ͨ͠ͱ͑ߟΒΕΔҰ߸͔ػΒػ߸ࡾ

ͷࢠݪ࿍ͷ࿍৺ͷ֩೩ྉͷঢ়ଶͷௐࠪʹ͍ͯ͠ྗڠΔɻࡢ೥౓͸ɺҰ߸ػͷ࿍৺ͷঢ়ଶͷௐࠪΛͨͬߦɻ

ຊ೥౓͸ೋ߸ػͷݐ԰ͷ੢ଆʹɺ৽ͨʹ։ൃͨ͠খܕϛϡΦϯݕग़ثΛઃஔ͠ɺ࿍৺͓Αͼ೩ྉϓʔϧ

Λ௨աͯ͘͠ΔϛϡΦϯͷ਺ (ͷݮਰ཰)Λ༻͍ͯೋ߸ػͷ࿍৺ͷௐࠪΛ͍ߦɺͦͷ݁ՌΛެදͨ͠ɻ͞

Βʹɺ์ࣹઢڥ؀ͷ͍͠ݫ৔ॴ΁ͷઃஔΛՄೳʹ͢ΔͨΊʹɺখܕϛϡΦϯݕग़ثͷ଱์ࣹઢੑೳΛߴ

ΊΔվྑΛͨͬߦɻ·ͨɺࢠݪ࿍ͷ؍ଌͱฒͯ͠ߦɺؠखཱݝେֶͳͲͱڞಉͰؠखࢁͷ؍ଌΛਐΊͯ
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͍Δɻؠखࢁ͸ɺۙ೥Ր׆ࢁಈͷஹީ͕ݟΒΕ͕ͨ࣌͋ظΓɺؠࡏݱखཱݝେֶͳͲ͕த৺ͱͳΓɺ༷ʑ

ͳख๏ΛऔΓೖΕͨ؍ଌମ੍͕ߏங͞Εͭͭ͋ΔɻͦͷҰ؀ͱͯ͠ɺؠखࢁΛಁաͯ͘͠ΔӉ஦ઢϛϡ

Φϯͷ؍ଌΛɺຊ೥౓ 10݄ΑΓ։࢝ͨ͠ɻޙࠓɺؠखࢁͷࢁମͷ಺෦ߏ଄ͷௐࠪ΍ɺՐࢁ಺෦ͷߏ଄ͷ

໾ཱ͍ͯͯ͘༧ఆͰ͋ΔɻʹࢹͳมԽͷ؂ܹٸ

6) ։ൃڀݚͷثग़ݕΤωϧΪʔχϡʔτϦϊߴණচΛ༻͍ͨ௒ۃԘ߭΍ೆؠ

௒ߴΤωϧΪʔχϡʔτϦϊ (> 1016eV )͸Ӊ஦ۭؒʹ͓͍ͯ௒ߴΤωϧΪʔӉ஦ઢͱӉ஦Λຬͨͯ͠

͍ΔӉ஦എܠ᫔ࣹͱͷিಥͰੜ੒͞ΕΔͱਪଌ͞ΕΔɻ௒ߴΤωϧΪʔχϡʔτϦϊ͸ඈདྷ਺͕ۃ౓ʹ

௿͍ͨΊ ग़ʹ͸ݕ৅/೥ͷࣄ10 50Gtͷڊେݕग़ഔ࣭͕ඞཁͱͳΔɻ͜ͷΑ͏ͳڊେ࣭ྔݕग़ഔ࣭ͱ͠

ͯఱવͷؠԘ߭΍ೆۃණচதͰͷ௒ߴΤωϧΪʔχϡʔτϦϊʹΑΔ൓Ԡγϟϫʔͷݕग़ഔ࣭ͷہॴత

Թ౓্ঢ͕ऒ͞ىΕΔɻ༗ݶཁૉ๏ʹΑΔγϛϡϨʔγϣϯͰ͸ഔ࣭ද໘ʹ഑ஔͨ͠ϑΣʔζυΞϨΠ

ΞϯςφʹΑΔϨʔμʔʹΑΔہॴతԹ౓্ঢͷݕग़ՄೳੑΛࣔͨ͠ɻ

7) ௕ण໋ π+π−ࢠݪͷ୳ࡧͱϥϜγϑτଌఆ΁͚ͯ޲ɺDIRAC࣮ݧ

CERNͷ 24GeVཅࢠγϯΫϩτϩϯͷཅࢠϏʔϜΛλʔήοτ΁িಥͤ͞ɺͦͷ࣌ൃੜ͢Δ π+π−΍

K+π−ࢠݪͷଌఆ͕ऴྃ͠σʔλղੳΛͨͬߦɻ͞ΒʹߴΤωϧΪʔͷ CERNͷ SPSՃ଎ثΛར༻͢

ΔܭըΛݕ౼ͨ͠ɻ

8) ϙδτϩχ΢Ϝͷ ڀݚյաఔͷ่ࢠɺ5ޫࢠ4ޫ

ະͩ͞ূݕΕ͍ͯͳ͍࣍ߴQEDաఔͰ͋Δϙδτϩχ΢Ϝͷ ࠓΔɻ͍ͯͬߦΛݧ৅ͷ࣮ݱյ่كࢠ5ޫ

೥౓͸ɺϙδτϩχ΢Ϝੜ੒ͷͨΊͷཅిࢠઢݯΛݕग़ثதԝʹஔ͖ɺΨϯϚઢݕग़ثͷԖγʔϧυΛ

Ԇ௕͠ɺ͞Βʹσʔλऩूిࢠճ࿏Λͨͬߦɻ

͜ͷվྑʹΑΓɺόοΫάϥ΢ϯυΛ௿ͭͭͤ͞ݮɺݕग़৴߸ࣄ৅਺Λ૿ՃͰ͖ɺ໿̍೥ͷ࣮ݧͰ༗ҙ

ͳଌఆ݁Ռ͕ಘΒΕΔͱظ଴͞ΕΔɻվྑ͞Εͨݕग़ثʹΑΔ࣮ݧ͸ɺ2017೥݄̍ʹ։࢝͞Εͨɻ

2. ੷ۀڀݚ

1) ࿦จ

Studies of a hybrid avalanche photo-detector in magnetic field

L. S̆antelj et al.. 2017. 4 pp.,

Nucl.Instrum.Meth. A845 (2017) 459-462

Large-area silica aerogel for use as Cherenkov radiators with high refractive index, developed by

supercritical carbon dioxide drying

Makoto Tabata (Chiba U.), Ichiro Adachi (KEK, Tsukuba), Yoshikiyo Hatakeyama, Hideyuki Kawai,

Takeshi Morita (Chiba U.), Takayuki Sumiyoshi (Tokyo Metropolitan U., Math. Dept.). Dec 31,

2016. 14 pp.

The Journal of Supercritical Fluids 110 (2016) 183

Lepton-Flavor-Dependent Angular Analysis of B → K∗ℓ+ℓ−

Belle Collaboration (S. Wehle (DESY) et al.). Dec 15, 2016. 7 pp.

Phys.Rev.Lett. 118 (2017) no.11, 111801

Search for D0 decays to invisible final states at Belle

Belle Collaboration (Y.-T. Lai (Taiwan, Natl. Taiwan U.) et al.). Nov 28, 2016. 8 pp.

Phys.Rev. D95 (2017) no.1, 011102

66



Search for the 0−− Glueball in Υ(1S) and Υ(2S) decays

Belle Collaboration (S. Jia (Beihang U.) et al.). Nov 21, 2016. 19 pp.

Phys.Rev. D95 (2017) no.1, 012001

Search for a dark vector gauge boson decaying to π+π− using η → π+π−γ decays

Belle Collaboration (E. Won (Seoul U.) et al.). Sep 19, 2016. 6 pp.

Phys.Rev. D94 (2016) no.9, 092006

Measurement of the branching ratio of B̄0 → D∗+τ−ν̄τ relative to B̄0 → D∗+ℓ−ν̄ℓ decays with a

semileptonic tagging method

Belle Collaboration (Y. Sato (Nagoya U.) et al.). Jul 26, 2016. 12 pp.

Phys.Rev. D94 (2016) no.7, 072007

Study of Excited Ξc States Decaying into Ξ0
c and Ξ+

c Baryons

Belle Collaboration (J. Yelton (Florida U.) et al.). Jul 24, 2016. 14 pp.

Phys.Rev. D94 (2016) no.5, 052011

Measurement of the CKM angle φ1 in D̄(∗)0h0, D̄0 → K0
Sπ

+π− decays with time-dependent binned

Dalitz plot analysis

Belle Collaboration (V. Vorobyev (Novosibirsk State U. and Novosibirsk, IYF) et al.). Jul 20, 2016.

15 pp.

Phys.Rev. D94 (2016) no.5, 052004

Studies of charmed strange baryons in the ΛD final state at Belle

Belle Collaboration (Y. Kato (Kinki U., Osaka and Osaka City U.) et al.). May 30, 2016. 10 pp.

Phys.Rev. D94 (2016) no.3, 032002

Search for a massive invisible particle X0 in B+ → e+X0 and B+ → µ+X0 decays

Belle Collaboration (C.S. Park (Yonsei U.) et al.). May 14, 2016. 8 pp.

Phys.Rev. D94 (2016) no.1, 012003

Search for XY Z states in Υ(1S) inclusive decays

Belle Collaboration (C.P. Shen (BeiHang U.) et al.). May 3, 2016. 11 pp.

Phys.Rev. D93 (2016) no.11, 112013

First observation of γγ → pp̄K+K− and search for exotic baryons in pK systems

Belle Collaboration (C.P. Shen (BeiHang U.) et al.). Apr 9, 2016. 9 pp.

Phys.Rev. D93 (2016) no.11, 112017

Measurement of the muon neutrino inclusive charged-current cross section in the energy range of 13

GeV with the T2K INGRID detector,

K. Abe et al. (T2K Collaboration)

Phys. Rev. D 93, 072002 (2016)

Measurement of Muon Antineutrino Oscillations with an Accelerator-Produced Off-Axis Beam,

K. Abe et al. (T2K Collaboration)

Phys. Rev. Lett. 116, 181801 (2016)
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Measurement of Coherent π+ Production in Low Energy Neutrino-Carbon Scattering,

K. Abe et al. (T2K Collaboration)

Phys. Rev. Lett. 117, 192501 (2016)

First measurement of the muon neutrino charged current single pion production cross section on water

with the T2K near detector,

K. Abe et al. (T2K Collaboration)

Phys. Rev. D 95, 012010 (2017)

Muon capture on light isotopes in Double Chooz

Double Chooz Collaboration (Y. Abe (Tokyo Inst. Tech.) et al.)

Phys. Rev. C 93 (2016) 054608.

Characterization of the Spontaneous Light Emission of the PMTs used in the Double Chooz Experi-

ment

Double Chooz Collaboration (Y. Abe (Tokyo Inst. Tech.) et al.)

JINST 11 (2016) no.08, P08001

Cosmic-muon characterization and annual modulation measurement with Double Chooz detectors

Double Chooz Collaboration (T. Abrahão (Rio de Janeiro, CBPF) et al.)

JCAP 1702 (2017) no.02, 017

Updated DIRAC spectrometer at CERN PS for the investigation of ππ and Kπ atoms

B. Adeva, et al. (DIRAC Collaboration)

Nucl. Instr. Meth. A839 (2016) 52-85.

Observation of K+π− and K−π+ atoms

B. Adeva, et al. (DIRAC Collaboration)

Physical Review Letter 117, 112001(2016).

Review of Particle Physics

Particle Data Group (C. Patrignani (Bologna U. and INFN, Bologna) et al.). 2016. 1808 pp.

Chin.Phys. C40 (2016) no.10, 100001

2) ࠂձٞใࡍࠃ

First double-detector results from Double Chooz experiment

T. Matsubara, PoS (ICHEP2016) 469.

Theta-13 oscillation analysis in Double Chooz with two detectors

G. Yang, T. Matsubara et al., PoS (ICHEP2016) 926.

Sterile neutrino search in the Double Chooz experiment

D. Hellwig and T. Matsubara, PoS (ICHEP2016) 927.

3) ֶձߨԋ

˔ ೔ຊ෺ཧֶձ 2016೥ळقେձ 2016೥ 9݄ 21ʙ24೔ʢ࡚ٶେֶʣ
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Belle II࣮ݧA-RICH༻σʔλಡΈग़͠γεςϜͷ։ൃ

ถӬڡ৳, ,ߦ޹٢ॅ ֯໺लҰ, ,఩࿠ాټ ,मҰాؠ ഼୩ߤᏻ΄͔

˔ ೔ຊ෺ཧֶձ ୈ 72ճ೥࣍େձ 2017೥ 3݄ 17ʙ20೔ʢେࡕେֶ๛தΩϟϯύεʣ

ϙδτϩχ΢Ϝ ग़૷ஔͷվྑݕଌͷͨΊͷ؍৅ࣄյ่ࢠ5ޫ

٢઒޿ཅ, ,఩࿠ాټ ઍ༿խඒ, ඿௡ྑี

τϩΠυ࣓ੴΛ༻͍ͨϛϡΦϯϥδΦάϥϑΟγεςϜͷ։ൃ

,઒੕ຏࢢ ֯໺लҰ, ,඙࢙࡚ߴ ,ฏߒྛ ౻Ҫܒจ, ,ଠ࿠߁౻ࠤ ,ӳੈۄࣇ ࿨඙ݪ

Belle II࣮ݧARICH༻ Slow Control Systemͷ։ൃ

ถӬڡ৳, ,ߦ޹٢ॅ ֯໺लҰ, ,఩࿠ాټ ,मҰాؠ ഼୩ߤᏻ, ໺ޫޱଠ΄͔

ձٞࡍࠃ

˔ The 38th International Conference on High Energy Physics (ICHEP2016) August 3-10, 2016,

Chicago, USA

T. Matsubara: First double-detector results from Double Chooz experiment

G. Yang, T. Matsubara et al.: Theta-13 oscillation analysis in Double Chooz with two detectors

D. Hellwig and T. Matsubara: Sterile neutrino search in the Double Chooz experiment

˔ The 9th International Workshop on Ring Imaging Cherenkov Detectors (RICH 2016)

September 5-9, 2016. Bled, Slovenia

M. Yonenaga: Development of slow control system for the Belle II A-RICH detector

K. Hataya: Development of the ARICH monitor system for the Belle II experiment

4) ֶձࢽ౳

ઍ༿խඒʮੴփؠ΍ؠԘΛ༻͍ͨ௒ߴΤωϧΪʔχϡʔτϦϊݕग़ثʹؔ͢Δڀݚʯ

Journal of the Society of Inorganic Materials, Japan 24, 80-87(2017).
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ࣨڀݚݧ෺ཧ࣮ࢠݪ

1. ಈͷ֓ཁ׆ڀݚ

෼ࢠ෺࣭Խֶઐ߈ɾ൓Ԡ෺ཧԽֶࣨڀݚ (৓ؙय़෉ڭतɼদຊ३ॿڭ) ͓Αͼ࿈ܞେֶӃڭतͰ͋ΔཧԽ

ͱͷόϥϯεڀݚମ੍Λҡ࣋ͭͭ͠ɼಠࣗੑΛอͬͨڀݚಉڞͳݻڧһͱͷڀݚओ೚ߦॴͷ౦ढ़ڀݚֶ

ΛऔΓͳ͕ΒɼΠΦϯিಥΛத৺ͱͨ͠ࢠݪɾ෼ࢠ෺ཧֶͷ࣮ݧతڀݚΛਫ਼ྗతʹਪਐ͍ͯ͠Δɻ

1) ੩ిܕΠΦϯ஝ੵϦϯάΛ༻͍ͨࢠݪ෼ࢠͷিಥɾྫྷ٫աఔͷڀݚ

੩ిܕΠΦϯ஝ੵϦϯά͸, ੩ి৔ͷΈΛ༻͍ͯपճΠΦϯͷيಓ੍ޚΛ͜͏ߦͱͰ, पճΠΦϯछͷ࣭

ྔʹؔ͢Δ੍ݶΛղܾͨ͠ΠΦϯ஝ੵϦϯάͰ͋Δ. ຊֶઃஔͷ੩ిܕΠΦϯ஝ੵϦϯά TMU E-ring

Ͱ͸, ෼ࢠ෺࣭Խֶઐ߈ɾ৓ؙάϧʔϓ͓Αͼཧݚͷ౦ढ़ߦओ೚ڀݚһͱͷڞಉڀݚͱͯ͠, ೥౓ʹҾࡢ

͖ଓ͖੕ؒ෼ࢠΠΦϯͷީิͰ͋Δ୸ૉ࠯෼ࢠෛΠΦϯΛத৺ʹཱݽΠΦϯͷྫྷ٫աఔͷڀݚΛͨͬߦ.

(1) ୸ૉ෼ࢠෛΠΦϯͷྫྷ٫଎౓ɾ෼ޫଌఆ :

੕ۭؒؒʹ͓͚Δ෼ࢠෛΠΦϯͷ಺෦ΤωϧΪʔྫྷ٫աఔΛղ໌͢΂͘, ͜Ε·Ͱ௚࠯ঢ়୸ૉ෼ࢠෛ

ΠΦϯΛ஝ੵɾϨʔβʔྭࢠిͯ͠ى୤཭ण໋ͷଌఆΛ͖ͨͯͬߦ. ,͸ࢠΔ෼͋ʹڥ؀ཱͨ͠ݽ తࢠి

,ৼಈͱͯ͠஝͑ࢠΛ௨ͯࣗ͡਎ͷ಺෦ΤωϧΪʔΛ෼׵ΕΔͱ಺෦స͞ىྭʹ ΍͕ͯ᫔ࣹભҠʹΑΓ

पғʹ੺֎ޫΛ์ग़ͯ͠ঃʑʹྫྷ٫͞ΕΔ (᫔ࣹྫྷ٫, యܕతʹ਺ms – ਺ඦmsͷ࣌ఆ਺).·ͨ, ෼ࢠͷ

಺෦ΤωϧΪʔ૯࿨͕ిࢠ୤཭΍ղ཭ͷᮢ஋Λ௒͑Δ৔߹, ୤཭ɾղ཭Λͦͯ͜͠ىͷ಺෦ΤωϧΪʔ

ΛͣݮΔ.͞Βʹ͜ͷೋͭͷաఔʹՃ͑, ෼ࢠͷ಺෦ΤωϧΪʔ͕෼ࢠ಺ిࢠʹूதͯ͠ిىྭࢠঢ়ଶͱ

ͳΓʢٯ಺෦స׵ʣ, ͦͷࢠిʹ͙͢ޙભҠʹΑͬͯޫܬΛ์ग़͢Δʰޫܬؼ࠶ʱʹىҼͨ͠଎͍ྫྷ٫

աఔ (࣌ఆ਺ 100 µsҎԼ)͕ۙ೥͔ͨͬͭݟ. ౰ࣨڀݚͰ͸, ͜Ε·Ͱʹ੩ిܕΠΦϯ஝ੵϦϯάΛ༻͍

ͨ୸ૉ࠯෼ࢠෛΠΦϯ C−
4,6ͷڀݚͰޫܬؼ࠶ʹΑΔͱ͑ߟΒΕΔ଎͍ྫྷ٫Λൃݟ, ୤཭͖͍͠஋Ҏࢠి

Լͷ಺෦ΤωϧΪʔྖҬʹ͓͍ͯྫྷ٫଎౓ͷ಺෦ΤωϧΪʔґଘੑΛৄࡉʹଌఆ͢Δ͜ͱͰޫܬؼ࠶ա

ఔͷଘࡏʹ͍ͭͯͷڌূ͍ڧΛಘͨ. ͞ΒʹC−
6 ʹ͍ͭͯ͸์ग़͞ΕΔޫܬؼ࠶ (C 2Π+

g ˠ X 2ΠuભҠ,

608 nm)ͷ௚઀؍ଌʹ੒ޭ͠,ޫܬؼ࠶աఔͷଘࡏΛ͔֬ͳ΋ͷͱͨ͠.

ຊ೥౓͸, ͜Ε·Ͱʹ։ൃͨ͠ޫܬؼ࠶ଌఆ༻ͷޫֶݕग़ܥثΛ୸ૉ࠯෼ࢠෛΠΦϯC−
4 ʹదԠ͠, C−

4

͕์ग़͢Δޫܬؼ࠶ (C 2Π+
u ˠ X 2Πg ભҠ, 457 nm)ͷ௚઀ଌఆ࣮ݧΛͨͬߦ. ΠΦϯܕͰ͸੩ిݧ࣮

஝ੵϦϯάʹ༷ʑͳαΠζͷ୸ૉ࠯෼ࢠෛΠΦϯC−
n (n : 3− 6)Λೖࣹ͠, ஝ੵΠΦϯ͔Β์ग़͞ΕΔ࠶

বϑΟϧλʔׯΛޫܬؼ (ಁա೾௕: 460±7 nm)Λ௨ͯ͡ޫి૿ࢠഒ؅Ͱ୯Ұޫܭࢠ਺๏ʹΑΓݕग़͠

ͨ. ଌఆͷ݁Ռ, C−
4 ͚ͩͰͳ͘ࠓճ༻͍ͨׯবϑΟϧλʔͰ͸ଌఆͰ͖ͳ͍͸ͣͷ C−

6 ͔Βͷޫܬؼ࠶

΋؍ଌ͞Εͨ. ͜Ε͸, ,ͱ͸େ͖͘ҟͳΓޫܬͷࢠݪҰൠతͳ͕ޫܬؼ࠶ େ͖֦͕ͬͨ͘εϖΫτϧߏ

଄Λ༗͢ΔͨΊͱ͑ߟΒΕΔ.

·ͨ, ௚࠯ঢ়ͱ؀ঢ়ͷೋछྨͷߏ଄ҟੑମ͕ଘ͢ࡏΔͱ͑ߟΒΕΔ୸ૉ෼ࢠෛΠΦϯC−
10ʹ͍ͭͯ, ͦ

ͷྫྷ٫଎౓Λଌఆͨ͠. ͜Ε·ͰڀݚΛ͍ͨͯͬߦ୸ૉ਺ 9ҎԼͷ୸ૉ࠯෼ࢠෛΠΦϯͷ৔߹, C−
4 ΍C−

6

ͳͲ୸ૉ਺͕ۮ਺Ͱ͋Ε͹௿ΤωϧΪʔిىྭࢠঢ়ଶΛ༗͢ΔͨΊޫܬؼ࠶աఔ͕ൃ٫͕ྫྷʹܹٸ͠ݱ

ਐΉ͜ͱ͕Θ͔͍ͬͯΔ.͔͠͠, C−
10Ͱ͸୸ૉ਺͕ۮ਺ʹ΋ؔΘΒͣΏͬ͘Γͱྫྷ٫͞ΕΔ੒෼͕ଘࡏ

͢Δ͜ͱ͕෼͔ͬͨ. ͜ͷΏͬ͘Γͱͨ͠ྫྷ٫աఔ͸ೖࣹ C−
଄ҟੑମʹΑΔ΋ͷͱߏΔ؀ঢ়͢ࡏࠞʹ10

.ΒΕΔ͑ߟ ,ࡏݱ ಺෦ΤωϧΪʔ͝ͱʹྫྷ٫଎౓ͷଌఆΛ͏ߦ΂͘४උΛਐΊ͍ͯΔ.

(2) ૷ஔɾٕज़։ൃ :

੩ిܕΠΦϯ஝ੵϦϯάΛ༻͍࣮ͨݧͷߴ౓ԽΛ໨͠ࢦ, Ϩʔβʔྫྷ٫ٕज़Λར༻ͨ͠஝ੵΠΦϯϏʔ

Ϝͷߴ඼࣭Խɾ௿଎Խ΍, ,௿಺෦ΤωϧΪʔΠΦϯϏʔϜੜ੒ͳͲۃΑΔʹݯ௿Թྫྷ٫ΠΦϯۃ ֤छͷ

ٕज़։ൃΛਐΊ͍ͯΔ. ஝ੵΠΦϯϏʔϜͷϨʔβʔྫྷ٫ʹ͍ͭͯ͸ɺඞཁͳϨʔβʔޫݯ։ൃͷςε
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τͱͯ͠֎෦ڞৼܕث൒ಋମϨʔβʔΛ࣮࡞ʹࡍ੒͠, RbࢠݪϏʔϜʹରͯ͠ϨʔβʔরࣹʹΑΔӡಈ

.Λ֬ೝͨ͠ޚ੍ ·ͨ, ΛΠΦϯޫֶγϛϡϨʔγϣϯܭશମͷઃݯ։ൃͰ͸ΠΦϯݯ௿Թྫྷ٫ΠΦϯۃ

ΛϕʔεʹਐΊ, ϨʔβʔεύολΠΦϯੜ੒෦͓ΑͼΠΦϯϏʔϜ༌ૹ෦ͷҰ෦ʹ͍ͭͯ͸࣮ࡍʹ૷

ஔ੡࡞΋ͨྃ͠׬. .Δ͍ͯͬߦΛۀ࡞ऴతͳ٧Ίͷ࠷ͷܭ͸ΠΦϯτϥοϓɾྫྷ٫෦ઃࡏݱ

2) ଟՁΠΦϯͷిՙҠߦ൓Ԡ

தੑ͔ࢠݪΒෳ਺ͷిࢠΛണ͗औΔ͜ͱͰੜ੒͞ΕΔଟՁΠΦϯ͸ɼ͍ߴ಺෦ΤωϧΪʔΛ༗͢ΔͨΊ

ʹதੑͷ෺࣭ͱ͸ඇৗʹܹ͍͠൓ԠΛ͢͜ىɻͦͷμΠφϛΫε͸ࢠݪিಥ෺ཧֶͷॏཁͳڀݚର৅Ͱ

͋Δ͕ɼҰํͰɼॏࢠݪʹ͍ͭͯ͸ଟՁΠΦϯͷࢠݪ෼ޫֶతσʔλ͸ඇৗʹ๡͘͠ɼԠ༻తͳ෼໺͔

Βͷૅجσʔλͷཁٻʹରͯ͠ॆ෼ʹ౴͑ΒΕͳ͍ঢ়͕گଓ͍͍ͯΔɻຊࣨڀݚͰ͸ిࢠαΠΫϩτϩ

ϯڞ໐ܕଟՁΠΦϯݯΛ༻͍ͯ CͷΑ͏ͳܰݩૉ͔Β BiͷΑ͏ͳॏݩૉ·Ͱɼ༷ʑͳࢠݪͷଟՁΠΦ

ϯϏʔϜΛੜ੒ͯ͠ɼিಥμΠφϛΫεͱࢠݪ෼ޫͱ͍͏ೋͭͷཱ৔ͰͷڀݚΛਪਐ͍ͯ͠Δɻ

(1) ଠཅ෩ిՙަ׵ɿ

ଠཅ෩ʹ͸ ppmΦʔμʔͱ͔ۇͰ͸͋Δ͕ɼ୸ૉΑΓॏ͍ݩૉͷిߴ཭ࢠݪΠΦϯؚ͕·Ε͍ͯΔɻ͜

ΕΒͷଠཅ෩ଟՁΠΦϯ͕Ӊ஦ۭؒͷඇৗʹرബͳதੑ෺࣭ͱিಥ͠ɼి֫ัࢠʹΑͬͯىྭߴঢ়ଶ͕

ੜ੒͢Δ͜ͱͰೈXઢΛ์ग़͢Δաఔ͕Ӊ஦෺ཧֶͰ͸஫໨͞Ε͍ͯΔɻXઢ؍ଌӴ੕ʹΑΔ؍ଌσʔ

λͷৄࡉͳղੳʹ͸ɼ͜ͷিಥʹΑΔిՙҠߦஅ໘ੵͱൃޫஅ໘ੵͷσʔλ͕ඞཁͰ͋Δ͕ɼ৴པͰ͖

Δৄࡉͳσʔλ͸ෆॆ෼Ͱ͋Γɼະͩʹஅ໘ੵσʔλͷࠩޡ͸େ͖͍ɻͦͷͨΊɼଠཅ෩ଟՁΠΦϯͷ

ओཁ੒෼Ͱ͋Δ C͓ΑͼOʹ͍ͭͯɼ௥͍ฦ͠๏ʹΑΔిՙҠߦஅ໘ੵͷઈର஋ଌఆΛ͕͖ͨͯͬߦɼ

௥͍ฦ͠๏Ͱ͸ೖࣹΠΦϯϏʔϜͷௐ੔ʹΑͬͯಘΒΕΔஅ໘ੵ஋͕͹Β͖͕ͭੑݱ࠶๡্͍͠ʹɼೋ

͍ͯ༺৔ʹΑΔՁ਺෼ੳΛి޲அ໘ੵͷଌఆ͕ඇৗʹ೉͍͠ͱ͍͏ܽ఺͕͋ͬͨɻͦ͜Ͱɼภ֫ัࢠి

ిՙҠߦஅ໘ੵΛଌఆ͢Δ৽ͨͳ૷ஔΛઃܭɾ։ൃͨ͠ɻ·ͩௐ੔ෆ଍Ͱଌఆ஋ʹର͢Δ৴པੑ͕อূ

Ͱ͖͍ͯͳ͍͕ɼैདྷͷใࠂ஋ͱໃ६͠ͳ͍݁Ռ͕ಘΒΕ͓ͯΓɼޙࠓ͸͜ͷ૷ஔΛ༻͍ͨܥ౷తͳଌ

ఆΛ༧ఆ͍ͯ͠Δɻ

(2) ೤֩༥߹ϓϥζϚɿ

࿍ݧ࣮߹೤֩༥ࡍࠃ (ITER) ͷμΠόʔλʹࡐྉͱͯ͠W͕༻͍ΒΕΔͨΊɼෆ७෺ͱͯ͠ϓϥζϚʹ

ࠞೖ͢ΔWଟՁΠΦϯͷ෼ޫֶతσʔλ͕ٻΊΒΕ͍ͯΔɻ֩༥߹Պֶڀݚॴͱͷڞಉڀݚͱͯ͠W

ʹؔ͢Δ࣮ݧΛ͕͖ͨͯͬߦɼW͸ಉҐମ͕ଟ͍ͨΊʹ࣭ྔిՙൺͰΠΦϯϏʔϜΛબผ͢Δ࣮ݧʹ͸

ద͞ͳ͔ͬͨɻ͔͠͠ɼࢠݪ൪߸͕ 1͔ͭ͠ҧΘͳ͍Ta͸ɼ࣭ྔ਺ 181ͷఱવଘࡏ౓͕ 99.98799 %Ͱ

͋Γɼ্࣮ࣄҰछྨͷ҆ఆಉҐମ͔͠ଘ͠ࡏͳ͍ͱݟͳͤΔ͜ͱʹண໨ͯ͠ɼWͷ୅ΘΓʹ TaΛ༻͍

ͨ෼ޫ࣮ݧΛͨͬߦɻߴ७౓ͷ Taബ൘ΛرബͳO2Ψε͔Βੜ੒ͨ͠ϓϥζϚͷதʹૠೖ͢Δ͜ͱͰɼ

24Ձ·Ͱͷ TaଟՁΠΦϯΛੜ੒͠ɼ20 kVͷిҐࠩͰϏʔϜͱͯ͠Ҿ͖ग़ͯ͠ɼՁ਺Λબผͨ͠ΠΦ

ϯϏʔϜΛ༻͍ͨిՙަ׵෼ޫΛͨͬߦɻ10Ձ͔Β 20Ձͷ TaΠΦϯͱO2͓Αͼ N2ඪతͷিಥ࣮ݧ

Λ͍ߦɼిՙҠߦʹ൐͏ۃ୺ࢵ֎ྖҬͷൃޫεϖΫτϧΛଌఆͨ͠ɻTaଟՁΠΦϯ͔ΒͷൃޫΛࢥΘ

ΕΔ ʹͱͷൺֱࢉܭଌ͞ΕɼCowanίʔυʹΑΔ༧උతͳཧ࿦؍ଳ͕ޫൃ͍޿ͷඇৗʹ೾௕෯ͷྻܥ2

Αͬͯɼ4f–5d͓Αͼ 4f–5gભҠʹରԠ͢ΔUTA (Unresolved Transition Array) ଐ͢Δͷ͕ଥ౰ͱؼʹ

Ίɼ͍ͨ޿ଌ͞Ε͍ͯΔUTAΑΓ΋ඇৗʹ೾௕෯͕؍ૉΠΦϯͰݩΔ͜ͱ͕Ͱ͖ͨɻୠ͠ɼଞͷॏ͑ߟ

ͦͷཧ༝ͷղ໌ΛਐΊ͍ͯΔɻҰํɼೖࣹ TaΠΦϯͷՁ਺ʹґଘͤͣɼඪత͔Βੜ੒ͨ͠O͓ࢠݪΑ

ͼNࢠݪͷଟՁΠΦϯ͔ΒͷൃޫͱࢥΘΕΔ؍ଌ͞ΕͨɻଟՁΠΦϯিಥ࣮ݧʹ͓͍ͯඪత͔Βͷൃޫ

Λ؍ଌͨ͠ྫ͸গͳ͘ɼ෼ࢠඪత࣮ݧͰͷղ཭ͨ͠ࢠݪͷଟՁΠΦϯ͔Βͷൃޫʹ͍ͭͯ͸શ͘ใྫࠂ

͕ͳ͍ɻଟՁΠΦϯʹΑΔ෼ࢠղ཭ͷ࣮ݧͰ͸ղ཭ΠΦϯยͷӡಈΤωϧΪʔ (KER, Kinetic Energy

Release) Λଌఆ͢Δख๏͕ҰൠతͰɼൃޫʹؔ͢Δใࠂ͸શ͘ݟ౰ͨΒͳ͍ɻͦͷͨΊɼղ཭ʹ൐͏ి
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ΛਐΊ͍ͯ͘༧ఆͰ͋Δɻڀݚʹ౷తܥண໨ͯ͠ɼʹߏػىྭࢠ

(3) தੑࢠ੕߹ମʹΑΔॏݩૉ߹੒աఔɿ

ϏοΫόϯҎ߱ʹͨͬ͜ىॏݩૉ߹੒ߏػͱͯ͠ɼ߃੕಺Ͱ͜ىΔ sաఔ (slow-process) ͕ Fe·Ͱͷݩ

ૉʹ͍ͭͯ͸ఆઆͱ͞Ε͍ͯΔ͕ɼFeҎ্ͷॏݩૉʹ͍ͭͯ͸ɼrաఔ (rapid-process) Ͱ͋Δͱ͑ߟΒ

Ε͍ͯΔ͕ɼͦΕ͕͜ىΔ৔ॴͱͯ͠͸௒৽੕രൃͱதੑࢠ੕߹ମͷೋͭͷઆ͕፰͓ͯ͠߅Γɼࠓͷͱ

͜Ζ֬ఆ͍ͯ͠ͳ͍ɻதੑࢠ੕߹ମͷ৔߹ʹ͸ॏྗ೾ͷ์ग़͕͋ΔͨΊɼLIGO (Laser Interferometer

Gravitational-Wave Observatory) ͷΑ͏ͳॏྗ೾؍ଌ૷ஔʹΑΔ؍ଌ௚ޙʹதੑࢠ੕߹ମྖҬ͔Βͷ

ՄࢹεϖΫτϧΛ؍ଌ͢Δ͜ͱͰɼॏݩૉ߹੒ߏػΛ໌Β͔ʹͰ͖ΔՄೳੑ͕ࢦఠ͞Ε͍ͯΔɻ͜ͷε

ϖΫτϧͷཧ࿦తͳཧղͷͨΊʹ͸ɼൃޫʹد༩͢ΔશͯͷॏݩૉଟՁΠΦϯͷൃޫ೾௕ͱભҠ֬཰ͷ

σʔλ͕ඞཁͰ͋Δɻ͔͠͠ɼͦͷΑ͏ͳॏݩૉʹର͢Δࢠݪ෼ޫֶతσʔλ͸ஶ͘͠ෆ଍͍ͯ͠Δͨ

Ίɼݱঢ়ͷγϛϡϨʔγϣϯͷ৴པੑ͸ۃΊͯ௿͍ͷ͕࣮৘Ͱ͋Δɻ͜ͷ໰୊Λղܾ͢ΔͨΊʹɼதੑ

෼ޫͷཧࢠݪάϧʔϓͱڀݚఱจ୆ɾ্ஐେֶɾ౦๜େֶͷཱࠃΔ͍ͯͬߦΛڀݚ੕߹ମͷཧ࿦తͳࢠ

࿦ɾ࣮ݧΛ͍ͯͬߦΔ֩༥߹ݚɾి௨େɾट౎େ͕ڞಉڀݚΛ։࢝ͨ͠ɻट౎େͰ͸ ErΠΦϯʹର͢Δ

ՄྖࢹҬͰͷిՙަ׵෼ޫΛ͍ߦɼ3Ձͷ ErΠΦϯ͕ 454 nmʹඇৗʹ೾௕෯ͷޫൃ͍޿ઢΛ࣋ͭ͜ͱ

Λݟग़ͨ͠ɻ͜ͷൃޫ͸ະಉఆͰ͋Δ͕ɼޙࠓ΋ॏݩૉΠΦϯͷՄྖࢹҬʹ͓͚Δ৽ͨͳൃޫઢͷൃݟ

Λ໨ݧ࣮ͨ͠ࢦΛܧଓ͢Δ༧ఆͰ͋Δɻ

3) ௿ԹϔϦ΢ϜؾମதͷΠΦϯҠಈ౓

1997೥ʹ։ൃͨ͠௿ԹҠಈ؅࣭ྔ෼ੳ૷ஔΛ༻͍ͯɼӷମ஠ૉ͓ΑͼӷମϔϦ΢ϜʹΑͬͯྫྷ٫ͨ͠ϔ

Ϧ΢Ϝؾମதʹ͓͚ΔΠΦϯͷҠಈ౓ଌఆΛܧଓ͍ͯ͠Δɻࠓ೥౓͸ɼॏΞϯϞχΞਫ (ND3ΛD2Oʹ

(ༀࢼ༹͔ͨ͠ Λ༻͍ͯɼND3ৠ͔ؾΒిࢠিܸʹΑͬͯੜ੒ͨ͠ND+
n (n = 1− 4) ʹؔ͢ΔؾମԹ౓

77 K͓Αͼ 4.3 KͰͷଌఆΛͨͬߦɻࡢ೥౓·Ͱʹͨͬߦ NH+
n (n = 1 − 4) ͷ݁Ռͱൺֱ͢Δͱɼಉ

ҐମޮՌʹ͍ͭͯٞ࿦͢Δ͜ͱ͕Ͱ͖ΔɻNH+ͱNH+
3 Ͱ͸౸ண࣌ؒεϖΫτϧʹ 2ͭͷϐʔΫ͕ݱΕ

+ଌ͞Ε͕ͨɼNH؍ঢ়ଶ͕ىతͳ४҆ఆྭࢠిͯ
2 ͱNH+

4 Ͱ͸ϐʔΫͷ෼྾͸؍ଌ͞Εͳ͔ͬͨɻ͜Ε

ʹରͯ͠ɼND+ͱ ND+
4 Ͱ͸ಉҐମʹΑΔҧ͍͸؍ଌ͞Εͳ͔ͬͨ΋ͷͷɼND+

3 Ͱ͸౸ண࣌ؒεϖΫ

τϧʹ෼྾͸ݟΒΕͣɼٯʹND+
2 Ͱ͸ 2ͭͷϐʔΫ͕؍ଌ͞ΕͨɻNH+

2 ͷ෼ࢠ಺ϙςϯγϟϧΤωϧ

Ϊʔ݁ࢉܭՌʹΑΕ͹ɼH-N-Hͷม֯ৼಈϞʔυʹ͓͍ͯجఈঢ়ଶ X̃ 3B1ͱྭىঢ়ଶ ã 1A1ͷϙςϯ

γϟϧۂઢ͕֯౓ 100◦෇ۙʹ͓͍ͯަ͍ࠩͯ͠Δɻ͜ͷม֯ৼಈϞʔυͷྵ఺ৼಈ४Ґ͕ɼྔ࣭ࢉ׵ͷ

খ͍͞NH+
2 Ͱ͸ަࠩ఺ΑΓ্ʹ͋ΓɼND+

2 Ͱ͸ٯʹԼʹ͋Δͱ͢Δͱɼަࠩ఺Λհͨ͠ঢ়ଶؒͷભҠ

ʹΑͬͯNH+
2 Ͱ͸४҆ఆྭىঢ়ଶ ã 1A1͕୤ྭ͠ىɼND+

2 Ͱ͸͜ͷܦ࿏ʹΑΔ୤ྭى͸͜ىΒͳ͍ͷ

Ͱεϐϯ੍ېͰ͋ΔͨΊʹ௕ण໋Ͱ͋Δͱ͑ߟΒΕΔɻ͜ͷԾઆ͸NH+
2 ͱND+

2 ʹ͓͚ΔಉҐମޮՌΛ

આ໌ͯ͘͠ΕΔ͕ɼNH+
3 ͱ ND+

3 +ΒΕͨಉҐମޮՌʹ͍ͭͯ͸ɼNHݟʹ
3 ʹ͓͚Δ 2ͭͷϐʔΫͷؼ

ଐͰ͢Βະͩʹ໌֬Ͱ͸ͳ͘ݪҼ͸ෆ໌Ͱ͋ΔɻOH+
n (n = 1 − 3) ͓Αͼ OD+

n (n = 1 − 3) Ͱ͸ిࢠ

ঢ়ଶͷ෼཭͸શ͘؍ଌ͞Εͳ͔͕ͬͨɼOΛNʹม͚͑ͨͩͰେ͖ͳҧ͍͕؍ଌ͞Εͨɻͦ͜Ͱ࣍ʹ͸

CH+
n (n = 1− 4) ʹؔ͢Δಉ༷ͳଌఆΛܭը͍ͯ͠Δɻ·ͨɼOH+ͱOD+ͷҠಈ౓ͷి৔ґଘੑʹ͸

খ͸ඇৗʹઙ͘ɼಉҐۃΒΕ͕ͨɼNH+ͱND+ͷݟখ͕͋Γɼͦͷਂ͞ʹ͸େ͖ͳಉҐମґଘੑ͕ۃ

ମґଘੑ΋໌ྎͰ͸ͳ͔ͬͨɻҎ্ͷΑ͏ʹɼখ͞ͳਫૉԽ෺ΠΦϯͷҠಈ౓ʹ͸ҙ֎ͳ΄Ͳͷଟ༷ੑ

ΛਐΊ͍ͯ͘༧ఆͰ͋ΔɻڀݚΒΕ͓ͯΓɼͦͷ౷ҰతͳཧղΛ໨తͱͨ͠ݟ͕
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6 ಺

෦ΤωϧΪʔ෼෍ͷ᫔ࣹྫྷ٫ʹΑΔ࣌ؒมԽ II

ླ໦ཽଠɼՏ໺௚ࢠɼ҆౻ྯ൏ɼݹ઒෢ɼদຊ३ɼ౦ढ़ߦɼాপഹɼKlavs Hansenɼ৓ؙय़෉ɿ؀ཱݽ

Լʹ͓͚Δڥ C−
4 ͷৼಈ᫔ࣹྫྷ٫աఔ

˔ িಥֶձୈࢠݪ 41ճ೥ձɹ 2016೥ 12݄ 10೔ʙ11೔ʢ෋ࢁେֶɾޒ෱Ωϟϯύεʣ

ౡా݈ਓɼপؘ௚थɼ಺૔ٛಧɼѨٱ௡୎౔ɼLing Liuɼాপഹɿిՙަ׵িಥʹ͓͚Δྭىঢ়ଶ઎༗

਺෼෍ͷ࣌ؒൃలγϛϡϨʔγϣϯ

ླ໦ཽଠɼՏ໺௚ࢠɼ҆౻ྯ൏ɼݹ઒෢ɼদຊ३ɼ౦ढ़ߦɼాপഹɼKlavs Hansenɼ৓ؙय़෉ɿ؀ཱݽ

Լʹ͓͚Δڥ Cʵ4 ͷৼಈ୤ྭىʹΑΔ᫔ࣹྫྷ٫աఔ

+ɼాপഹɿ௿ԹHeதͷ͓͚ΔNDܒজٶୡ࿕ɼ৿݈ଡɼᴳਔඒɼೋ࡚ࢁ
n (n=1–3) ͷҠಈ౓ଌఆ

༄ϲ੉େሡɼݹ઒෢ɼాপഹɼদຊ३ɼ৓ؙय़෉ɼ౦ढ़ߦɿۃ௿Թྫྷ٫ΠΦϯݯͷΠΦϯޫֶγϛϡϨʔ

γϣϯ

Ѩٱ௡୎౔ɼాপഹ 1ɼপؗ௚थɼ಺૔ٛಧɼౡా݈ਓɼElaine LongɼGerry O’Sullivanɿλϯλϧଟ

ՁΠΦϯͷిՙަ׵෼ޫ

಺૔ٛಧɼౡా݈ਓɼѨٱ௡୎౔ɼপؘ௚थɼౡ୩࢙ߛɼੴా୎໵ɼాপഹɿଠཅ෩ిՙަ׵൓Ԡղੳ

ͷͨΊͷஅ໘ੵଌఆ૷ஔͷ։ൃ

Տ໺௚ࢠɼࢁ܀Έ͖͞ɼݹ઒෢ɼদຊ३ɼాপഹɼ౦ढ़ߦɼHansen Klavsɼ৓ؙय़෉ɿߴԹͳ୸ૉΫϥ

ελʔෛΠΦϯ C−
n (n = 3− 12)ͷྫྷ٫աఔ
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ɼKlavsߦ༔ଠɼ٢ాᣈੜɼদຊ३ɼాপഹɼ౦ढ़ݪߐ઒෢ɼݹ Hansenɼ৓ؙय़෉ɿཱݽ୸ૉΫϥελʔ

ෛΠΦϯͷޫܬؼ࠶ଌఆ

˔ʮϓϥζϚՊֶʹ͓͚Δ෼ޫܭଌͷߴ౓Խͱࢠݪ෼ࢠաఔڀݚͷ৽ల։ʯʮࢠݪ෼ࢠσʔλԠ༻ϑΥʔ

ϥϜηϛφʔʯ߹ಉڀݚձɹ 2016೥ 12݄ 20೔ʙ22೔ʢ֩༥߹Պֶڀݚॴɼ౔ࢢذʣ

পؘ௚थɿଟՁ TaΠΦϯͷిՙަ׵෼ޫ͓ΑͼϨʔβʔੜ੒ϓϥζϚ෼ޫ

˔ ೔ຊ෺ཧֶձ 2017೥೥࣍େձɹ 2017೥ 3݄ 17ʙ20೔ʢେࡕେֶɾ๛தΩϟϯύεʣ

Տ໺௚ࢠɼݹ઒෢ɼদຊ३ɼాপഹɼ౦ढ़ߦɼKlavs Hansenɼ৓ؙय़෉ɿཱݽC−
10෼ࢠෛΠΦϯͷྫྷ٫

ʹ͓͚Δߏ଄ҟੑମͷد༩

༄ϲ੉େሡɼݹ઒෢ɼాপഹɼ৓ؙय़෉ɼদຊ३ɼ౦ढ़ۃߦ௿ԹΠΦϯݯͷྫྷ٫෦γϛϡϨʔγϣϯٴ

ͼΠΦϯൃੜ࣮ݧ

ୡ࿕ɼాপഹɼখઘ఩෉ɿ4.3࡚ࢁ୩Ұ੒ɼ௕୩઒༏໵ɼߴ KͷHeதʹ͓͚Δ 2-ϒλϊʔϧͷϑϥάϝ

ϯτΠΦϯͷҠಈ౓

+ମதͷ͓͚ΔNDؾɼాপഹɿ௿ԹϔϦ΢Ϝܒজٶୡ࿕ɼ৿݈ଡɼᴳਔඒɼೋ࡚ࢁ
n (n=1–3) ͷҠಈ౓

಺૔ٛಧɼপؘ௚थɼౡా݈ਓɼѨٱ௡୎౔ɼాপ ഹɼElaine LongɼGerry O’SullivanɿଟՁॏΠΦϯ

ͱதੑ෼ࢠͷিಥʹ͓͚ΔଟՁϑϥάϝϯτΠΦϯ͔Βͷ EUVൃޫͷ؍ଌ

পؘ௚थɼ಺૔ٛಧɼౡా݈ਓɼѨٱ௡୎౔ɼాপഹɼElaine LongɼOisin Maguire, Domagoj Kosɼ

John SheilɼGerry O’Sullivanɿిՙަ׵෼ޫͱϨʔβʔϓϥζϚ෼ޫʹΑΔଟՁTaΠΦϯͷۃ୺ࢵ֎

ྖҬʹ͓͚ΔൃޫεϖΫτϧ

,࠸ஐ౻ࠤ ,઒༤Ұࢢ Ҫ্૖ࢤ, ಺ࢁѪࢠ, ,ࢠๆѪߴ খౡमҰ࿠, सࢁஐՎࢠ, ాதढ़໵, ,ຊ༤ࡔ େ༑༞

Ұ, ฏඌઍՂ, ۙ৿ਖ਼හ, ඙ాֆཬ, ,઒෢ݹ ,জ༸ݟ٢ C.P. Bidinosti, ழ໺ོ, ্໺लथ, দඌ༝լར, ෱

,ࢤ෢ࢁ ٢Ӭঘ޹, ञݟହ׮, ѴߞҰ࿠ɿೳಈ֩ܕؐؼεϐϯϝʔβʔʹ͓͚Δ࣓ؐؼ৔ҹՃํࣜͱप೾

਺҆ఆੑ

,տ্ߐ ,ܛଜࠓ ,ࢠๆѪߴ খྛߤ, ౻ా๎ඒ, ෋Ӭେथ, ,ᑍਅࡾ தଜ༞ଠ࿠, ༚Ҫਸࢤ, ,઒෢ݹ ্໺ल

थ, দඌ༝լརɿ௒ྲྀಈϔϦ΢Ϝதʹଧͪࠐ·Εͨ௿ऩྔ֩ࢠݪͷ௒ඍߏࡉ଄ִؒଌఆʹֶޫ͚ͨ޲Ϋ

ϥΠΦελοτͷ։ൃ

খྛߤ, ,ܛଜࠓ ,տ্ߐ ੢ࡔଠࢤ, ,ࢠๆѪߴ ౻ా๎ඒ, ෋Ӭେथ, ,ᑍਅࡾ தଜ༞ଠ࿠, ༚Ҫਸࢤ, ઒ݹ

෢, ্໺लथ, দඌ༝լརɿ௿ऩྔ֩ࢠݪͷ֩ߏ଄͚ͨ޲ʹڀݚ௒ྲྀಈϔϦ΢ϜதࢠݪͷϨʔβʔ༠ܬى

౓Խߴͷܥग़ݕޫ

,ᑍਅࡾ ,ܛଜࠓ ,ࢠๆѪߴ ౻ా๎ඒ, ,տ্ߐ ෋Ӭେथ, খྛߤ, தଜ༞ଠ࿠, ༚Ҫਸࢤ, ,઒෢ݹ ্໺ल

थ, দඌ༝լརɿ௿ऩྔ֩ࢠݪͷ֩ߏ଄͚ͨ޲ʹڀݚ௒ྲྀಈϔϦ΢ϜதࢠݪͷϨʔβʔ༠ݕޫܬىग़ܥ

ͷߴ౓Խ

ձٞࡍࠃ

˔ The 6th China-Japan-Korea Joint Seminar on Atomic and Molecular Processes in Plasma (AMPP

2016), Chengdu, China, 26–29 July, 2016
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Naoki Numadate, Hirofumi Shimaya, Takuya Ishida, Kunihiro Okada, Nobuyuki Nakamura, and Ha-

jime Tanuma: Observation of forbidden transitions from highly charged ions in a Kingdon trap (oral)

Hajime Tanuma, Naoki Numadate, Yoshiyuki Uchikura, Kento Shimada, Takuto Akutsu, Elaine Long,

and Gerry O’Sullivan: Charge exchange spectroscopy for multiply charged ions of high Z elements

(oral)

˔ 18th International Conference on the Physics of Highly Charged Ions (HCI 2016), Kielce, Poland,

11–16 September, 2016

Naoki Numadate, Hirofumi Shimaya, Takuya Ishida, Kunihiro Okada, Nobuyuki Nakamura, and Ha-

jime Tanuma: Solar wind charge exchange in laboratory - Observation of forbidden x-ray transitions

(poster)

Hajime Tanuma, Naoki Numadate, Yoshiyuki Uchikura, Kento Shimada, Takuto Akutsu, Elaine Long,

and Gerry O’Sullivan: EUV emission spectra in collisions of highly charged tantalum ions with nitrogen

and oxygen molecules (poster)

˔ ISCA Ireland–Japan Collaboration Workshop , Dublin, Ireland, 3–4 November, 2016

Hajime Tanuma: Charge exchange spectroscopy of high Z element ions in the EUV region (invited)

˔ International Symposium on Ion Mobility Spectrometry and Mass Spectrometry, Moscow, Russia,

2016

Hajime Tanuma: Mobility and collision dynamics of atomic and small molecular ions in cooled helium

gas at 4.3 K (invited)

Hajime Tanuma: Model potentials in the MOBCAL calculation for polyatomic ions in atmospheric

air (invited)

˔ IAEA Technical Meeting on Uncertainty Assessment and Benchmark Experiments for Atomic and

Molecular Data for Fusion Applications, Vienna, Austria, 19–21 December, 2016

Hajime Tanuma: Atomic and molecular data provided by multiply charged ion beam collision exper-

iments at low energies (invited)

˔ 18th International Symposium on Small Particles and Inorganic Clusters (ISSPIC XVIII), Jyvskyl,

Finland, 14–19 August, 2016

Naoko Kono, Takeshi Furukawa, Jun Matsumoto, Hajime Tanuma, Toshiyuki Azuma, Klavs Hansen,

Haruo Shiromaru: Radiative cooling processes of vibrationally hot C4- and C6- stored in an electro-

static ion storage ring (poster)

˔ The Workshopʠ From Ultrafast to Ultraslow Dynamics in Molecules and Clustersʡ, Weizmann

Institute of Science, Israel, 23–25 January, 2017

Naoko Kono, Takeshi Furukawa, Jun Matsumoto, Hajime Tanuma, Toshiyuki Azuma, Klavs Hansen,

Haruo Shiromaru: Radiative cooling of carbon cluster anions below the threshold for electronic cooling

(poster)
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Ӊ஦෺ཧ࣮ࣨڀݚݧ

1. ಈͷ֓ཁ׆ڀݚ

ʮͻͱΈʯӴ੕ (ASTRO-H)͸ 2016೥ 2݄ͷଧ্ͪ͛ޙɺ໿ 1ϲ݄Ͱ؍ଌͰ͖ͳ͍ঢ়ଶʹͳ͕ͬͨɺ͜ͷ

ؒʹಘΒΕͨσʔλͷղੳ΍࿦จ࡞੒ΛਐΊͨɻ·̭ͨઢ୅ସػͷܭը্ཱ͕͕ͪΓɺຊάϧʔϓ΋ͦ

ͷࢀʹ౼ݕՃͨ͠ɻҰํɺۜՏؒ෺࣭୳ࠪΛ໨͢ࢦ Super DIOS΍ɺ࿭੕୳ࠪΛ໨͢ࢦকདྷͷ̭ઢϛο

γϣϯͷͨΊʹɺTESϚΠΫϩΧϩϦϝʔλ΍MEMSٕज़ʹΑΔ̭ઢ๬ԕڸͷ։ൃΛਐΊͨɻ

1) ʮͻͱΈʯʹΑΔ̭ઢ؍ଌڀݚ

ʮͻͱΈʯ͸࢟੎ҟৗͱͳΔ·Ͱͷ໿ 1ϲ݄ͷؒʹ 6ͭͷ̭ઢఱମΛ؍ଌͨ͠ɻੈքॳͱͳΔ SXSݕ

ग़ث (ϚΠΫϩΧϩϦϝʔλɺͦͷਅۭஅ೤༰ثΛਤ 1ʹࣔ͢) ͸ɺྫྷܥ٫΋ؚΊͯ͜ͷؒॱௐʹಈ͠࡞ɺ

ಓ্ͰΤωϧΪʔ෼ղೳي 4.9 eV (FWHM at 5.9 keV)Λୡ੒ͨ͠ɻ͜Ε͸ैདྷͷCCDݕग़ثΛ 25ഒ

΄Ͳ্ճΔ෼ղೳͰ͋Γɺ̭ઢఱମʹ͓͚Δ͞·͟·ͳաఔͰൃੜ͢Δًઢ΍ٵऩઢΛ͍ߴਫ਼౓Ͱ෼཭

ଌ͢Δ͜ͱ͕Ͱ͖Δɻ·ͨઢεϖΫτϧʹؔ༩͢ΔΨεͷӡಈΛɺ਺؍ 10 km s−1ͱ͍͏ਫ਼౓Ͱυοϓ

ϥʔ෼ޫ͢Δ͜ͱ͕Ͱ͖ɺΨεμΠφϛΫεΛ௨ͯ͡Ӊ஦ͷߴΤωϧΪʔաఔΛ໌Β͔ʹ͢Δͱ͍͏ɺ

̭ઢఱจֶͷ৽͍͠खஈΛՄೳʹ͢Δͱ͍͏ҙຯΛ࣋ͭɻʮͻͱΈʯ͸ಛʹϖϧη΢εۜ࠲ՏஂΛ 300

ksecҎ্؍ଌ͠ɺۜՏஂͷߴԹϓϥζϚʹ͍ͭͯ৽ͨͳ੍ݶΛ༩͑ͨɻ

ୈҰͷ੒Ռ͕ۜՏஂத৺෦ʹ͓͚Δཚྲྀͷ੍ݶͰ͋Δɻਤ 2ʹࣔ͢Α͏ʹɺమͷ He-likeΠΦϯͷ K

ًઢΛɺڞ໐ઢɺ੍ېઢɺinter-combinationઢͳͲʹ෼཭͢Δ͜ͱ͕Ͱ͖ͨɻً֤ઢ͸ SXSͷΤωϧ

Ϊʔ෼ղೳΑΓ΋໌Β͔ʹ͍͕ͯͯͬ޿ɺͦͷ෯ ઢ଎౓෯ͷΨ΢γΞϯͷࢹ) 1σɺࠩޡ͸ 90%৴པ౓)

͸ 164± 10 km s−1ͱͳͬͨɻཚྲྀͷѹྗ͸ߴԹΨεͷ೤ྗֶతѹྗͷ 4%ʹ͗͢ͳ͍ɻϖϧη΢εۜ࠲

Տஂͷத৺ʹ͸׆ಈۜՏNGC ԹΨεΛԡ͠ͷ͚͍ͯΔ͜ͱ͕Θ͔͍ͬͯߴ೾ϩʔϒ͕ిͨͬ࡞1275͕

Δͷ͕ͩɺຊ݁Ռ͸ɺ׆ಈۜՏͷग़͢δΣοτͷྗֶతΤωϧΪʔ͕ͦͷ··ཚྲྀΛ௨ͯ͡ΨεͷՃ೤

΁఻ΘΔͱ͍͏୯७ͳඳ૾Ͱ͸ͳ͍͜ͱΛࣔ͢΋ͷͰ͋ΔɻҰํͰɺΨε͸੩ਫѹฏߧʹ͍ۙ͜ͱ͕֬

ೝ͞Εɺैདྷਪఆ͞Ε͍ͯͨۜՏஂͷμʔΫϚλʔͷ࣭ྔʹ͸େ͖ͳؒҧ͍͕ͳͦ͞͏Ͱ͋Δ͜ͱ΋ࣔ

͞Εͨɻຊ݁Ռ͸ɺ2016೥ 7݄ʹNatureࢽʹൃද͞ΕɺʮͻͱΈʯʹࢀՃͨ͠ଟ͘ͷؔػͰൃऀهද΋

ΘΕͨɻߦ

ୈೋͷ੒Ռ͕ 3.5 keV෇ۙͷًઢߏ଄ͷ੍ݶͰ͋Δɻϖϧη΢εۜ࠲ՏஂΛ͸͡Ίͱͯ͠ɺओʹXMM-

NewtonӴ੕ʹΑͬͯಘΒΕͨۜՏɾۜՏஂͷΤωϧΪʔεϖΫτϧதʹɺ3.5 keV෇ۙʹऑً͍ઢߏ଄

Ҽͱͯ͠εςϥΠϧχϡʔτϦϊͷ่յʹ൐͏ًઢ͕ҰͭͷՄೳݪΕ͍ͯͨɻͦͷ͞ࠂΔ͜ͱ͕ใ࢒͕

ੑͱͯٞ͠࿦͞Ε͍ͯͨɻϖϧη΢εۜ࠲Տஂ͸ಛʹ͍ڧ 3.5 keVًઢ͕ใ͞ࠂΕ͍ͯͨͨΊɺʮͻͱ

ΈʯSXSʹΑΔ؍ଌ͔Βͷ੍ݶ͸ॏཁͰ͋ΔɻSXSͷ؍ଌ݁Ռ͸ 3.5 keVʹ໌֬ͳًઢߏ଄͸͑ݟͳ͍

ͱ͍͏΋ͷͰ͋ΓɺXMM-Newtonͷ݁ՌΛ 3σͷ৴པ౓Ͱ٫͢غΔ΋ͷͰ͋Δɻͨͩ͠ɺଞͷଟ͘ͷۜ

ՏஂΛॏͶ߹Θͤͨσʔλʹରͯ͠ใ͞ࠂΕ͍ͯΔ 3.5 keVًઢڧ౓͸ɺ͞Βʹ 1/30ͱ͍͏ऑ͍΋ͷ

ͳͷͰɺ͜ΕΛ൱ఆ͢Δ·Ͱͷ݁Ռʹ͸͍ͯͬࢸͳ͍ɻຊ݁Ռ͸ 2017೥ 3݄ʹ Astrophysical Journal

Lettersʹใ͞ࠂΕͨɻ

ʮͻͱΈʯͷ؍ଌ݁Ռ͸ɺ׆ಈۜՏNGC 1275ɺ௒৽੕֚࢒N132D, G21.5-0.9, Χχ੕ӢͳͲʹ͍ͭ

ͯಘΒΕ͓ͯΓɺޙࠓ໿ 10ฤͷ࿦จΛग़ͤΔͱࠐݟ·Ε͍ͯΔɻσʔλ͸ 2017೥ 10݄ 1೔ʹެ։͞Ε

Δ༧ఆͰ͋Δ͕ɺʮͻͱΈʯνʔϜͱͯͦ͠ΕҎલʹଟ͘ͷ࿦จΛ্͛࢓ΔͨΊʹɺ࿦จ͝ͱʹνʔϜΛ

૊ΜͰղੳ΍ࣥචΛଓ͚͍ͯΔɻट౎େάϧʔϓ (େڮ) ͸ϓϩδΣΫταΠΤϯςΟετͱͯ͠αΠΤ

ϯεձٞ (2016೥ 5݄ɺ2017೥ 2݄)Λओ͠࠵ɺ࿦จ੡࡞΁͚ͨ޲ͱΓ·ͱΊۀ࡞Λ͍ͯͬߦΔɻ
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·ͨɺيಓ্σʔλΛ༻͍ͨ SXS͓Αͼ̭ઢ๬ԕڸ SXTͷΩϟϦϒϨʔγϣϯʹ΋ྗΛ஫͍ͩɻϖ

ϧη΢εۜ࠲Տஂ͸ɺ؍ଌதʹ SXSͷԹ౓͕ฏߧʹୡ͢Δ్தͰ͋ͬͨ΄͔ɺήʔτόϧϒ͕։͍͓ͯ

Βͣ໿ 300µmްͷϕϦϦ΢Ϝ૭Λ௨ͨ͠؍ଌͰ͋ͬͨͨΊɺ35ϐΫηϧͷΤωϧΪʔεέʔϧͱɺΤ

ωϧΪʔશମʹΘͨͬͯͷ༗ޮ໘ੵΛܾΊɺਖ਼֬ͳԠ౴ؔ਺Λ֬ఆͤ͞ΔͨΊʹଟ͘ͷۀ࡞Λͨͬߦɻ

2) ̭ઢ୅ସػ΁ݕ͚ͨ޲౼

ʮͻͱΈʯ͕ૣظʹ̭ઢ؍ଌΛஅ೦͢Δʹͨͬࢸͱ͍͏ঢ়گΛड͚ͯɺJAXAͱNASAΛத৺ʹ SXS

ͷαΠΤϯεΛૣظʹ෮ͤ͞׆ΔͨΊͷ৽ͨͳӴ੕ (XARM: X-ray Astronomy Recovery Mission)͕

ΕఏҊ͞ΕͨɻXARMͱͯ͠͸ϚΠΫϩΧϩϦϝʔλ͞౼ݕ SXS (ͦͷޙResolveͱ໊শมߋ) ͓Αͼ

CCDݕग़ث SXIͷ 2ͭΛத৺ͱ͠ɺ̭ߗઢݕग़ثͱೈΨϯϚઢݕग़ث͸౥͠ࡌͳ͍ํ਑ͱͳ͍ͬͯΔɻ

ट౎େάϧʔϓ͸Resolveͷٕज़తͳݕ౼Λத৺ͱͳͬͯਐΊɺ2017೥౓ͷϛογϣϯ։࢝΁͚ͨ޲Ϩ

Ϗϡʔͷ४උΛͨͬߦɻXARMͷ౥ثػࡌ͸ʮͻͱΈʯ͔Β࠷খݶͷมߋͱ͠ɺӴ੕ܭըΛਐΊΔମ੍

΋ϓϩδΣΫτϚωʔδϟʔͱ PIͱΛผʹ͢ΔͳͲɺ͜Ε·ͰͱҧͬͨܗͰݕ౼ΛਐΊ͍ͯΔɻ

3) ଠཅܥXઢͷ؍ଌతڀݚ

ଠཅܥ͸զʑʹ࠷΋͍ۙఱମͰ͋Γɺ୳ࠪӴ੕ͷʮͦͷ৔ʯ؍ଌͱ XઢఱจӴ੕Λ߹ΘͤΔ͜ͱͰɺ

Ӊ஦ʹීวతͳ෺ཧૉաఔͷൃݟ΍ظ͕ڀݚ଴Ͱ͖ΔྖҬͰ͋ΔɻຊࣨڀݚͰ͸ɺ೔ຊͷʮ͘͢͟ʯӴ

੕Λ༻͍ͨଠཅ͔ܥΒͷXઢڀݚΛݗҾ͖ͯͨ͠ɻ

զʑ͸ʮ͘͢͟ʯͷશσʔληοτ (2007-2015೥ɺ໿ ؾ૚େߴͷ௒ٿɺ஍͍ߦ౷ղੳΛܥͷ(ݸ3100

Ͱ͋Δ֎ݍͱଠཅ෩ͷিಥʹ൐͏ిՙަ׵൓ԠXઢʹΑΔൃޫΠϕϯτͷॳΊͯͷܥ౷୳ࠪΛ͍ߦɺ໿

90ΠϕϯτΛൃͨ͠ݟɻ஍ٿपճͷXઢఱจӴ੕ͷશ؍ଌͷલࣹ์ܠͱͳΔͨΊॏཁͰ͋Δ্ɺرബͳ

·ґଘੑʹண໨͠ɺ࿦จͱͯ͠޲ઢํࢹ༩ͱɺدXઢ์ࣹ΁ͷܠɺഎࡏݱΛ୳ΔϓϩʔϒͱͳΔɻݍ֎

ͱΊ͍ͯΔ࠷தͰ͋Δɻͦͷଞʹ΋ɺʮ͘͢͟ʯΛ༻͍ͨ໦੕์ࣹઢଳ͔Βͷ͕ͨͬ޿ Xઢ์ࣹͷڀݚ

΋ਐΊͨɻ

Ұ࿈ͷڀݚ੒ՌΛݩʹɺকདྷӴ੕ܭը΋ओಋ͓ͯ͠Γɺ஍ٿपลͷXઢΛ༻͍ͨ஍ݍؾ࣓ٿXઢՄࢹ

Խܭը GEO-X ͷݕ౼ΛਐΊ͍ͯΔɻ௒খܕӴ੕Λ݄෇ۙʹ౤ೖ͠ɺ࣓ݍؾ֎͔ΒੈքͰॳΊͯ஍ٿप

ลXઢͷ૾ࡱΛ໨͢ࢦɻࠓ೥౓͸ɺJAXA Ӊ஦ݚʹϦαʔνάϧʔϓΛ࿭੕ऀڀݚͱڞʹ݁੒͠ɺӴ੕

ͷݕૅج౼ΛਐΊ͍ͯΔɻ

4) TESΧϩϦϝʔλͷ։ൃ

JAXAӉ஦ݚ΍࢈૯ݚͱͷڞಉͰ ਺ 100ૉ͔ࢠΒͳΔΞϨΠܕ TES (Transition Edge Sensor)Χϩ

Ϧϝʔλͷ։ൃΛਐΊ͍ͯΔɻੵ૚഑ઢͱ͍͏ಠࣗͷํ๏Ͱɺ1 cm ࢛֯ͷதʹ 400ૉࢠΛ഑ஔͰ͖Δ

Α͏ Siج൘ͷް͞ํ޲΁ 2૚ͷ഑ઢΛ࡞ΓࠐΜͰ͍Δɻ௒఻ಋసҠಛੑͷྑ͠ѱ͕͠ɺද໘ૈ͞ʹؔ܎

͍ͯ͠Δ͜ͱ͔Βɺ1 nm΄Ͳͷਫ਼౓Ͱද໘ΛεϜʔζʹอͭΑ͏ͳૉࢠ੡࡞Λ͍ߦɺసҠʹ͍ͭͯ͸

ͷ࣭ྔΛਫ਼౓Αܾ͘ΊΔͨΊʹɺTESΧϩϦϝʔλࢠɺKதؒͯ͠ߦ௨͕͠ಘΒΕͨɻ͜Εͱฒݟ΅΄

ͰKதؒࢠݪࢠͷಛੑ̭ઢͷΤωϧΪʔΛਖ਼֬ʹٻΊΔ࣮ݧΛɺཧݚɺNISTͳͲͱڞಉͰਐΊ͍ͯΔɻ

NIST੡ͷஅ೤ফ࣓ྫྷౚػͱTESΧϩϦϝʔλΛಋೖ͠ɺJ-PARCͰ༧උ࣮ݧΛ͍ߦɺϏʔϜڥ؀ԼͰ

΋ TESͱͯ͠े෼Α͍ΤωϧΪʔ෼ղೳ (໿ 5 eV)͕ग़Δ͜ͱΛ֬ೝͨ͠ɻ

5) ࣍ੈ୅ͷ௒ܰྔXઢ๬ԕڸͷ։ൃ

զʑ͸Ӊ஦Xઢ๬ԕڸΛ࣍ੈ୅ʹਐΊΔ΂͘ɺSi ͷ։ൃΛਪਐܥΛ༻͍ͨಠࣗͷޫֶ޻Ճࡉ൘ͷඍج

͍ͯ͠ΔɻJAXA Ӊ஦ݚɺ࢈૯ݚɺ౦๺େΒͱڞಉͰ͋Γɺ΄΅Πϯϋ΢εͰઃܭɾ੡͢࡞Δɻզʑͷ

ख๏͸ബ͍ Si ൘ʹ਺ेج µmͷ؏௨݀Λ։͚ɺଆนΛ൓ࣹڸͱͯ͠ར༻͢Δɻ
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զʑ͸ޫֶܥͷ֯౓෼ղೳͷվળʹ͚ͯ޲ɺ੡࡞ͱଌఆͷվળΛͨͬߦɻ੡࡞Ͱ͸ɺඍ݀ࡉΛ։͚Δ

υϥΠΤονϯάͷϓϩηεͷ৚݅ग़͠ΛਐΊɺ100 µm εέʔϧͰͷද໘ૈ͞ 15 nm rms Λୡ੒ͨ͠ɻ

ΞχʔϧʹΑΓฏ׈Խͨ͠ڸʹXઢΛরࣹͨ͠ॴɺPoint Spread Function ͷίΞ͸ 5෼֯ͱ·ͣ·ͣ

Ͱ͕͋ͬͨɺ20෼֯ఔ౓ʹ Lorentzian ঢ়ʹ͕޿Δ੒෼͕ݟΒΕɺXઢࢄཚͷͨΊͱ͑ߟΒΕΔɻ໨ඪ

ͱ͢Δ 15 ඵ֯ʹ͚ͯ޲ɺද໘ૈ͞ͷ͞ΒͳΔվળ͕ඞཁͰ͋Δɻ

ͦ͜Ͱଆนͷද໘ૈ͞ͷվળʹ͚ͯ޲ɺ10 hr ͷ௕࣌ؒΞχʔϧΛ͍ߦɺ࣌ؒʹର͢Δද໘ૈ͞ͷվ

ળ཰͔Β Si ͷ֦ࢄ௕Λਪఆ͠ɺඞཁͳΞχʔϧ࣌ؒΛੵݟ΋ͬͨॴɺ50-100 hr ͕ඞཁͱ෼͔ͬͨɻ

ಉ࣌ʹɺఱମ͔ΒͷฏߦXઢΛूޫ݁૾͢ΔͨΊͷߴԹϓϨεมܗͷ৚݅ग़͠΋͍ߦɺ৽ͨʹද໘ܗ

ঢ়ͷཧ૝ٿ໘͔ΒͷͣΕ͔Βɺڸͷ഑ஔਫ਼౓͢ͳΘͪ֯౓෼ղೳ΁ͷد༩Λਪఆ͢Δख๏Λཱ֬͠ɺվ

ળ΁ͷ໨ॲΛ෇͚ͨɻ

ຊํࣜ͸௚ܘ 4 inch Ͱ΋Θ͔ͣ਺ g ͱ௒ܰྔͳͨΊɺ௒খܕӴ੕ʹ͏͚ͬͯͭͰ͋Δɻͦ͜Ͱट౎େ

ؒظಈۜՏத৺֩Λ௕׆ಉͰɺڞӉ஦ͱۭߤ (∼1.5೥)؍ଌ͠ɺόΠφϦϒϥοΫϗʔϧͷஹީΛͭݟ

͚ΔͨΊͷ ORBIS ೥౓͸ɺWolterࠓΔɻ͢ࡌΛ౥ڸը΁ɺຊ๬ԕܭ Iܕ๬ԕڸͷৼಈݧࢼΛ͍ߦɺ؀

ɺ͠ࢦͷଧ্ͪ͛Λ໨ࠒΛ֫ಘ͠Ӵ੕։ൃதͰ͋Γɺ2020೥ࢉ଱͑Δ͜ͱΛ࣮ূͨ͠ɻจՊলͷ༧ʹڥ

JAXA ͷ૬৐ΓӴ੕ͷਃ੥΋ͨͬߦɻ

6) DIOSͷݕ౼

Ӊ஦ͷόϦΦϯશମͷ໿൒෼͕ະݕग़ͰμʔΫόϦΦϯͱݺ͹ΕΔɻͦΕΛࢎૉͷًઢ (OVII, OVIII)

Ͱݕग़͢ΔͨΊʹɺDIOS (Diffuse Intergalactic Oxygen Surveyor)Λ 2022೥͝Ζͷଧ্ͪ͛Λ໨͠ࢦ

Εɺͦͷ͞ࢪXARM͕࣮ʹظɻ͜ͷ͖࣌ͨͯ͠౼ݕͯ 5–6೥ޙʹେܭܕըAthena͕༧ఆ͞Ε͍ͯΔ͜

ͱΛ౿·͑ͯɺDIOS͸ 2030೥͝Ζͷଧ্ͪ͛Λ໨ͯ͠ࢦɺ̭ઢ๬ԕڸͷ֯෼ղೳͱ TESΧϩϦϝʔ

λͷૉࢠ਺Λ૿ͨ͠ڧ Super DIOSͱ͍͏৽ͨͳܭըͱͯ͠ݕ౼͢Δ͜ͱͱͨ͠ɻຊ೥౓͸ɺ͜Ε·Ͱ

ͷݕ౼ͷ฼ମͱͳ͖ͬͯͨ DIOS WGΛҰ୴ऴྃͤ͞Δ͜ͱͱ͠ɺӉ஦ݚͷཧֶҕһձ΁ऴྃͷใࠂ

Λͨͬߦɻͳ͓ɺDIOS͸ 2017೥ 3݄ʹެද͞Εͨ೔ຊֶज़ձٞͷϚελʔϓϥϯʹ࠾୒͞Ε͓ͯΓɺ

μʔΫόϦΦϯ୳ࠪͷॏཁੑ͕͘޿ೝࣝ͞Ε͍ͯΔ͜ͱͷݱΕͰ͋Δɻ

ਤ 1: ʮͻͱΈʯͷ SXSݕग़ثΛऩΊͨਅۭஅ೤
༰ثͰɺ͞ߴ͸໿ 1.3 mɺ૯ॏྔ໿ 300 kgɺ্෦
͕̭ઢೖࣹ૭ɻӷମϔϦ΢Ϝͷഉܥؾ͸ट౎େͷ
୲౰Ͱ͋Γɺيಓ্Ͱਖ਼ৗʹಈͨ͠࡞ɻ

2  |  N A T U R E  |  V O L  0 0 0  |  0 0  M O N T H  2 0 1 6

LETTERRESEARCH

The tightest previous constraint on the velocity dispersion of a cluster  
gas was from the XMM-Newton reflection grating spectrometer,  
giving11,12 an upper limit of 235 km s−1 on the X-ray coolest gas (that is, 
kT < 3 keV, where k is Boltzmann’s constant and T is the temperature) in 
the distant luminous cluster A1835. These measurements are available 
for only a few peaked clusters13; the angular size of Perseus and many 
other bright clusters is too large to derive meaningful velocity results 
from a slitless dispersive spectrometer such as the reflection grating 
spectrometer (the corresponding limit for Perseus13 is 625 km s−1). The 
Hitomi SXS achieves much higher accuracy on diffuse hot gas owing 
to it being non-dispersive.

We measure a slightly higher velocity broadening, 187 ± 13 km s−1, 
in the central region (Fig. 3a) that includes the bubbles and the nucleus. 
This region exhibits a strong power-law component from the AGN, 
which is several times brighter than the measurement14 made in 2001 
with XMM-Newton, consistent with the luminosity increase seen at 
other wavelengths. A fluorescent line from neutral Fe is present in 
the spectrum (Fig. 1), which can be emitted by the AGN or by the 
cold gas present in the cluster core15. The intracluster medium has a 
slightly lower average temperature (3.8 ± 0.1 keV) than the outer region 
(4.1 ± 0.1 keV). By fitting the lines with Gaussians, we measured a ratio 
of fluxes in Fe xxv Heα resonant and forbidden lines of 2.48 ± 0.16, 
which is lower than the expected value in optically thin plasma (for 
kT = 3.8 keV, the current APEC16 and SPEX17 plasma models give ratios 
of 2.8 and 2.9–3.6) and suggests the presence of resonant scattering of 
photons18. On the basis of radiative transfer simulations19 of resonant 
scattering in these lines, such resonance-line suppression is in broad 
agreement with that expected for the measured low line widths, provid-
ing independent indication of the low level of turbulence. Uncertainties 
in the current atomic data, as well as more complex structure along the 
line of sight and across the region, complicate the interpretation of these 
results, which we defer to a future study.

A velocity map (Fig. 3b) was produced from the absolute energies 
of the lines in the Fe xxv Heα complex, using a subset of the data for 
which such a measurement was reliable, given the limited calibration 
(see Methods). We find a gradient in the line-of-sight velocities of about 
150 ± 70 km s−1, from southeast to northwest of the SXS field of view.  
The velocity to the southeast (towards the nucleus) is 48 ± 17  
(statistical) ± 50 (systematic) km s−1 redshifted relative to NGC 1275 
(redshift z = 0.01756) and consistent with results from Suzaku CCD 
(charge-coupled device) data20. Our statistical uncertainty on relative 
velocities is about 30 times better than that of Suzaku, although there 
is a systematic uncertainty on the absolute SXS velocities of about 
50 km s−1 (see Methods).

NGC 1275 hosts a giant (80-kpc wide) molecular nebula seen in 
CO and Hα data with a total cold-gas mass of several 1010M⊙, which 
dominates the total gas mass out to a 15-kpc radius. The velocities of 

all 1-arcmin-resolution bins have broadening of less than 200 km s−1. 
With just a single observation we cannot comment on how this result 
translates to the wider cluster core.
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Figure 1 | Full array spectrum of the core of 
the Perseus cluster obtained by the Hitomi 
observatory. The redshift of the Perseus cluster 
is z = 0.01756. The inset has a logarithmic scale, 
which allows the weaker lines to be better seen. 
The flux S is plotted against photon energy E.
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Figure 2 | Spectra of Fe xxv Heα, Fe xxvi Lyα and Fe xxv Heβ from  
the outer region. a–c, Gaussians (red curves) were fitted to lines with  
energies (marked by short red lines) from laboratory measurements in  
the case of He-like Fe xxv (a, c) and from theory in the case of Fe xxvi  
Lyα (b; see Extended Data Table 1 for details) with the same velocity  
dispersion (σv = 164 km s−1), except for the Fe xxv Heα resonant line,  
which was allowed to have its own width. Instrumental broadening with  
(blue line) and without (black line) thermal broadening are indicated in a.  
The redshift (z = 0.01756) is the cluster value to which the data were 
self-calibrated using the Fe xxv Heα lines. The strongest resonance (‘w’), 
intercombination (‘x’, ‘y’) and forbidden (‘z’) lines are indicated. The  
error bars are 1 s.d.

ਤ 2: ʮͻͱΈʯ͕؍ଌͨ͠ϖϧη΢εۜ࠲Տஂ͔
ΒͷమًઢͷΤωϧΪʔεϖΫτϧɻڞ໐ઢWʹ
͸ɺΤωϧΪʔ෼ղೳͷ෯ ɺϓϥζϚͷ೤ӡ(ࠇ)
ಈʹΑΔ෯ (੨)͕߹Θͤͯࣔ͞Ε͍ͯΔɻ(Nature
535, 117ʹൃද)
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3) ֶձߨԋ

಺ֶձࠃ

˔ ݚ૯࢈ IoT ΠϊϕʔγϣϯϚονϯάϑΥʔϥϜ 2016೥ 9݄ 15೔ʢນுϝοηʣ

:෭༞Ұ࿠ߐ Ӊ஦ͷηϯγϯά - MEMS X ઢ๬ԕڸͷ։ൃ (ট଴ߨԋ)

˔ Ԡ༻෺ཧֶձ 2016೥ळق೥ձ 2016೥ 9݄ 13ʙ16೔ʢ৽ׁେֶʣ

தଜ Ռ੅ɺߐ෭ ༞Ұ࿠ɺੴ઒ ඒɺপᖒٱ ਖ਼थɺ෢಺ ਺അɺాࣉ ༏ɺҏࢣ େوɺ౻୩ ຑҥࢠɺ໺ా

༔༞ɺେڮ ɺຬా࠸ོ ࿨ٱ: γϦίϯυϥΠΤονϯάΛ༻͍ͨ 4 Πϯν X ઢޫֶܥ։ൃͷݱঢ়

˔ ೔ຊఱจֶձ 2016೥ळق೥ձ 2016೥ 9݄ 14ʙ16೔ʢѪඤେֶʣ

Toshiki Sato (Tokyo Metropolitan University, ISAS/JAXA, Rutgers University), John P. Hughes

(Rutgers University): Direct Ejecta Velocity Measurements of Tycho’s Supernova Remnant

தఉ๬, ,لण౻ࠤ ٠஍௚ಓ, ૔ౢᠳ (ट౎େֶ౦ژ), ൧௩྄, લాྑ஌, ੴాላ (ISAS), Ԭౡਸ, ৿ ӳ೭,

ྛଟՂ༝ (GSFC), ଞ the ASTRO-H SXT team: ʮͻͱΈ (ASTRO-H)ʯ౥ࡌೈ X ઢ๬ԕڸʹ༻͍Δ

൓ࣹڸͷ൓ࣹ཰ଌఆ

ੴ࡚ۍঘ,ాࢁਅ໵,੉ా༟ඒ (ट౎େ),ా୅৴,ޭ޾ాࣉ,Ճ౻༏Ֆ ࢤࢁখ,߂ڡ௰ຊ,ٱຬా࿨,(େۄ࡛)

༐ (ISAS/JAXA),ᖒాਅཧ (੨ֶࢁӃେ), Kevin R. Boyce, Meng P. Chiao, Tomomi Watanabe, Megan

Eckart, Maurice Leutenegger, F. Scott Porter, Caroline Kilbourne, Richard L. Kelley (NASA/GSFC),

ʮͻͱΈʯSXS νʔϜ: ʮͻͱΈ (ASTRO-H)ʯ౥ࡌ SXS ͷ೾ܗॲཧ૷ஔͷيಓ্ੑೳ

˔ γϯϙδ΢Ϝݍ཭ిݍؾ࣓ 2016೥ 10݄ 20೔ʢJAXA Ӊ஦ݚʣ

:෭༞Ұ࿠ߐ GEO-X : GEOspace X-ray imager (ট଴ߨԋ)

˔ ϫʔΫγϣοϓ͚ͨ޲ʹӉ࿈ϩʔυϚοϓվగߴ 2016೥ 12݄ 27೔ (ट౎େֶ౦ژ)
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େ࠸ོڮɺDIOSϫʔΩϯάάϧʔϓ: Future DIOS

˔ ϒϥοΫϗʔϧ߱ணྲྀϛχϫʔΫγϣοϓ 2017೥ 3݄ 8೔ (ઍ༿େֶ)

:ਅ໵ాࢁ Astro-H/HitomiӴ੕ͷঢ়گใࠂͱͦͷޙ

˔ ೔ຊఱจֶձ 2016೥य़ق೥ձ 2017೥ 3݄ 15ʙ18೔ʢ۝भେֶʣ

େ࠸ོڮ (ट౎େ): ಛผηογϣϯ : XઢఱจӴ੕ܭըͷ֓ཁ –ʮͻͱΈʯͱʮXઢఱจӴ੕୅ସػʯ:

ʮͻͱΈӴ੕ॳ؍ظଌͷ੒Ռʹ͍ͭͯʯ

,ਅ໵ాࢁ ੴ࡚ ,ঘۍ Ұށ༔ਓ, ,੩ݫؙࠇ ླ໦ᠳଠ, ๺ᖒ੣Ұ, ૣ઒྄େ (ट౎େཧ), D.A. Bennett,

W.B. Doriese, J.W. Fowler, D.R. Schmidt, D.S. Swetz, J.N. Ullom (NIST), Ԭా৴ೋ, ຊ௚ڮ (ཧݚ),

໺ాതจ (౦๺େ), ཽ໺लߦ (ϧϯυେ), HEATES νʔϜ: ௒఻ಋ TES ΧϩϦϝʔλΛ༻͍ͨ K தؒ

ࢠݪࢠ X ઢͷਫ਼ີ෼ޫϓϩδΣΫτ (3-1)

ૣ઒྄େ, ,ਅ໵ాࢁ ੴ࡚ ,ঘۍ Ұށ༔ਓ, ,੩ݫؙࠇ ླ໦ᠳଠ, ๺ᖒ੣Ұ (ट౎େཧ), D.A. Bennett,

W.B. Doriese, J.W. Fowler, D.R. Schmidt, D.S. Swetz, J.N. Ullom (NIST), Ԭా৴ೋ, ຊ௚ڮ (ཧݚ),

໺ాതจ (౦๺େ), ཽ໺लߦ (ϧϯυେ), HEATES νʔϜ: ௒఻ಋ TES ΧϩϦϝʔλΛ༻͍ͨ K தؒ

ࢠݪࢠ X ઢͷਫ਼ີ෼ޫϓϩδΣΫτ (3-2)

খޗ݈ࡔ, ,੩ݫؙࠇ ླ໦ᠳଠ, ๺ᖒ੣Ұ, ,ཅฏాࢁ ૣ઒྄େ, େ࠸ོڮ, ੴ࡚ۍঘ, ,෭༞Ұ࿠ߐ ాࢁ ਅ

໵ (ट౎େ), ຬా࿨ٱ (Ӊ஦ݚ), ೔ߴກ෉, Ӭ୔लҰ, ҏࡔඒઍ୅ :(ݚ૯࢈) কདྷӴ੕ʹੵ͚ͨ޲૚഑ઢ

TES ܕ X ઢϚΠΫϩΧϩϦϝʔλͷ։ൃ

૔ౢᠳ, ,لण౻ࠤ தఉ๬, ઙҪཾଠ (ट౎େֶ౦ژ), ੴాላ, લాྑ஌, ൧௩྄, ্ాपଠ࿕ (ISAS), Ԭ

ౡਸ, ৿ӳ೭, ྛଟՂ༝ (GSFC), ಺ా༟೭ɺాத໌޹ ɺதౢେɺҪ্ᠳଠ(౎େژ) (େࡕେ)ɺ৿ߒ ೋ

ɺ৴઒ਖ਼ॱ(େ࡚ٶ) (ಸྑڭҭେ): ͻͱΈ (ASTRO-H) ౥ࡌೈXઢ๬ԕڸͷ Crab ಓ্ͰيଌʹΑΔ؍

ͷੑೳධՁ

தఉ๬, ,لण౻ࠤ ૔ౢᠳ, ઙҪཾଠ (ट౎େֶ౦ژ), ੴాላ, લాྑ஌, ൧௩྄, ্ాपଠ࿕ (ISAS), ಺

ా༟೭, ాத໌޹ ,(౎େֶژ) தౢେ, Ҫ্ᠳଠ (େࡕେֶ), ৿ߒೋ ,(େֶ࡚ٶ) ৴઒ਖ਼ॱ (ಸྑڭҭେ

ֶ), Ԭౡਸ, ৿ӳ೭, ྛଟՂ༝ (GSFC):ʮͻͱΈ (ASTRO-H)ʯ౥ࡌೈXઢ๬ԕڸ (SXT)ͷيಓ্Ͱͷ

༗ޮ໘ੵͷධՁ

ҏࢣେو (ट౎େ), ੴ઒ٱඒ (ISAS), ,෭༞Ұ࿠ߐ େ࠸ོڮ (ट౎େ): ʮ͘͢͟ʯӴ੕ʹΑΔ஍ٿपล͔

Βͷଠཅ෩ిՙަ׵ X ઢΠϕϯτͷܥ౷୳ࠪ

لण౻ࠤ (ट౎େɺӉ஦ݚ)ɺউా఩ (தԝେ)ɺഅ৔࠼ (౦ژେ)ɺੴాላɺલాྑ஌ (Ӊ஦ݚ): ΧγΦϖ

Ξ A ͷߦٯিܸ೾ͷݻ༗ӡಈͱεϖΫτϧมಈͷௐࠪ

˔ ೔ຊ෺ཧֶձ 2017೥य़قେձ 2014೥ 3݄ 17ʙ20೔ʢେࡕେֶʣ

๺ᖒ੣Ұ, େ࠸ོڮ, ੴ࡚ۍঘ, ,෭༞Ұ࿠ߐ ,ਅ໵ాࢁ ,੩ݫؙࠇ ླ໦ᠳଠ, খޗ݈ࡔ, ૣ઒྄େ, ཅాࢁ

ฏ, ຬా࿨ٱ, ҏࡔඒઍ୅, Ӭ୔लҰ, ೔ߴກ෉: CMPݚຏΛ༻͍ͨੵ૚഑ઢ TESܕ XઢϚΠΫϩΧϩ

Ϧϝʔλͷ։ൃ

˔ ਂӉ஦୳ֶࠪγϯϙδ΢Ϝ 2017೥ 3݄ 28೔ʢ౦ژେֶʣ
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:෭༞Ұ࿠ߐ X ઢʹΑΔଠཅܥ୳ࠪͱ௒খܕӴ੕ͷ׆༻ (ট଴ߨԋ)

ձٞࡍࠃ

˔ Workshop on Perspectives on the Extragalactic Frontier: from Astrophysics to Fundamental Physics

International, Trieste, Italy, May 2 – 6, 2016

M. Axelsson: Fermi observations of Gamma-ray Bursts

˔ Xmm-Newton: The Next Decade, Madrid, Spain, May 9 – 11, 2016

T. Ohashi: Report of Hitomi (ASTRO-H) (Invited)

˔ SPIE : Space Telescopes and Instrumentation 2016: Ultraviolet to Gamma Ray, Edinburgh, UK,

May 9 – 11, 2016

M. Tsujimoto, Y. Ezoe, Y. Ishisaki, T. Ohashi, S. Yamada, et al.: In-orbit operation of the ASTRO-H

SXS

R. Kelley, Y. Ezoe, Y. Ishisaki, T. Ohashi, S. Yamada, et al.: The Astro-H high resolution soft x-ray

spectrometer

Y. Ezoe, Y. Ishisaki, T. Ohashi, et al.: Porous plug phase separator and superfluid film flow suppression

system for the soft x-ray spectrometer onboard ASTRO-H

H. Noda, Y. Ezoe, T. Ohashi, Y. Ishisaki, et al.: Thermal analyses for initial operations of the Soft

X-Ray Spectrometer (SXS) onboard ASTRO-H

T. Ohashi, Y. Ishisaki, Y. Ezoe, S. Yamada, et al.: DIOS: the dark baryon exploring mission

R. Fujimoto, Y. Ezoe, Y. Ishisaki, S. Yamada, T. Ohashi, et al.: Performance of the helium dewar

and cryocoolers of ASTRO-H SXS

T. Takahashi, T. Ohashi, Y. Ezoe, Y. Ishisaki, S. Yamada, et al.: The ASTRO-H (Hitomi) x-ray

astronomy satellite

M.E. Eckart, Y. Ishisaki, S. Yamada, et al.: Ground calibration of the Astro-H (Hitomi) soft x-ray

spectrometer

Y. Ishisaki, S. Yamada, et al.: In-flight performance of pulse processing system of the ASTRO-H soft

x-ray spectrometer

F.S. Porter, Y. Ishisaki, S. Yamada, et al.: In-flight performance of the Soft X-ray Spectrometer

detector system on Astro-H

Y. Takei, S. Yamada, Y. Ishisaki, et al.: Vibration isolation system for cryocoolers of Soft X-ray

Spectrometer (SXS) onboard ASTRO-H

T. Sato, M. Ishida, et al.: Examining the angular resolution of the ASTRO-Hʟs soft x-ray telescopes
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M.A. Leutenegger, M. Ishida, S. Kurashima, T. Sato, et al.: In-flight verification of the calibration

and performance of the ASTRO-H (Hitomi) Soft X-Ray Spectrometer

T. Hayashi, T. Sato, S. Kurashima, M. Ishida, et al.: Point spread function of ASTRO-H Soft X-ray

Telescope (SXT)

S. Kurashima, T. Sato, et al.: Reflectivity around the gold M-edges of x-ray reflector of the Soft X-ray

Telescope onboard ASTRO-H

Y. Maeda, M. Ishida, S. Kurashima, T. Sato, et al.: Reflectivity around the gold L-edges of x-ray

reflector of the soft x-ray telescope onboard ASTRO-H

T. Okajima, M. Ishida, T. Sato, S. Kurashima, et al.: First peek of ASTRO-H Soft X-ray Telescope

(SXT) in-orbit performance

T. Sato, M. Ishida, S. Kurashima, et al.: The ASTRO-H SXT performance to the large off-set angles

˔ European Week of Astronomy and Space Science, Athens, Greece, July 4 – 8, 2016

M. Axelsson: Constraining emission mechanisms in gamma-ray bursts using spectral width

˔ ISSI Forum on the Link between Solar wind, Magnetosphere, Ionosphere, Beijing, China, July 6 –

7, 2016

Y. Ezoe: Future mission related to CX in Japan

˔ Eighth Huntsville Gamma-Ray Burst Symposium, Huntsville, Alabama, October 24 – 28, 2016

E. Moretti, M. Axelsson: Signs of Magnetic Acceleration and Multi-Zone Emission in Grb080825c

˔ 7 Years of MAXI: monitoring X-ray transients, Wako, Saitama, December 5 – 7, 2016

T. Ohashi: Science from Hitomi: Introduction

˔ Axro: International workshop on Astronomical X-Ray Telescope, Prague, Chez, December 5 – 8,

2016

Y. Ezoe: MEMS optics for the ORBIS mission

˔ Annual Symposium 2016 on “New Developments in Astrophysics Through Multi-Messenger Ob-

servations of Gravitational Wave Sources”, Kyoto, December 27 – 29, 2016

S. Yamada et al.: A future X-ray mission to survey missing baryons

˔ KMI2017 International Symposium, Nagoya, January 5 – 7, 2017

T. Ohashi: Hitomi X-ray mission and observation of the Perseus cluster of galaxies (Invited)
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ࣨڀݚ෺ੑࢠి

1. ಈͷ֓ཁ׆ڀݚ

݁থதͷిࢠ͸ʮిՙɼيಓͱεϐϯʢ͋Δ͍͸ଟࢠۃʣʯͷ಺෦ࣗ༝౓Λ࣋ͭɽ͜ΕΒͷ಺ͷ͔ͭز

͸ɼ݁থ಺ͷڥ؀ʹґଘͯ͠ੑ׆Խ͠ɼଟ࠼ͳిࢠ෺ੑΛੜΈग़͢ɽ݁থߏ଄ͷಛ௃Λ൓өͯ͠ిूࢠ

ஂͷੑ࣭͕͕ΒΓͱมΘΓɼ௒఻ಋɾ࣓ؾடংɾۚଐઈԑମసҠͳͲɼଟ࠼ͳ෺ੑ͕ൃ͢ݱΔ͜ͱʹզʑ

͸ڵຯΛ͍࣋ͬͯΔɽಛʹɼ࣓ੑΠΦϯͷ࣋ͭଟࢠۃɼඇैདྷܕͷ௒఻ಋ΍ྔྟࢠքతڍಈͳͲͷݱ৅

Λ΋ͨΒ͢ڧ૬ؔޮՌʢྔֶྗࢠతଟମޮՌʣɼτϩϙδΧϧిࢠঢ়ଶɼ݁থߏ଄ͷ܈࿦తಛ௃ʹண໨

͠ͳ͕Βɼ७ྑ୯݁থͷҭ੒ͱ֤छૅج෺ੑଌఆʹΑΓɼ͜Ε·Ͱʹͳ͍৽ݱن৅ͷ୳ࡧͱ૑ग़ɼͦͷ

೥౓͸ɼελοϑࠓΔɽ͍ͯͬߦΛڀݚతݧ࣮ͨ͠ࢦղ໌Λ໨ߏػ 3໊ɼ೔ຊֶज़ৼڵձ֎ࠃਓಛผݚ

һRajveerڀ JhaࢯɼେֶӃੜ 8໊ʢത࢜ظޙ 2໊ [ֶৼಛผڀݚһDC1ͱDC2]ͱത࢜લظ 6໊ʣɼֶ

෦ੜ 5໊ʢཹֶੜ 1໊ʣͷମ੍ͰڀݚΛਐΊͨɽҎԼʹओཁͳ੒ՌΛࣔ͢ɽ

1) τϙϩδΧϧ෺࣭ʮϫΠϧ൒ۚଐʯWTe2ͷੈքߴ࠷Ϩϕϧͷߴ७౓୯݁থͷҭ੒: 1,500,000 %ʹ
ୡ͢Δڊେ࣓ؾ఍ޮ߅Ռ

෺࣭தΛ͔͋ͨ΋࣭ྔθϩͷঢ়ଶͰߴ଎Ҡಈ͢Δిࢠ͸ɼDirac fermionͱݺ͹ΕɼάϥϑΣϯͷΑ͏

ͳۃΊͯബ͍ ΛࢠΔ͜ͱ͕஌ΒΕ͍ͯΔɽ͜ͷ༷ͳಛҟͳੑ࣭Λ࣋ͭి͢ࡏͷੈքʹଘݩ2࣍ ۭݩ3࣍

ؒͰݟग़ͦ͏ͱɼ෺࣭୳ࡏݱ͕ࡧ੝ΜʹߦΘΕ͍ͯΔɽWeyl fermionʢޫ଎ͰҠಈ͢Δཻࢠͱͯ͠ 1929

೥ʹυΠπͷཧ࿦෺ཧֶऀHermann WeylʹΑΓཧ࿦తʹఏএ͞Εͨ֓೦ɽ࣮ଘ͢Δૉཻࢠͱͯ͠؍ଌ

͸͞Ε͍ͯͳ͍ʣ͸ɼͦͷҰͭͷީิͰ͋Δɽۙ࠷ɼ൒ۚଐͰ͋ΔભҠۚଐμΠΧϧίήφΠυWTe2

ͷ෺࣭಺ʹWeyl fermion͕ଘ͍ͯ͠ࡏΔՄೳੑ͕ࢦఠ͞Ε஫໨ΛूΊ͍ͯΔɽWeyl fermionʹ͸Ґ૬

Կֶతز (τϙϩδΧϧ)ͳੑ࣭͕͋ΓɼΧΠϥϦςΟ(ిࢠͷӡಈྔϕΫτϧͱεϐϯ͕ฏ͔ߦ൓ฏߦ

͔Λද͢ࢦඪ)ͷූ߸ͷҟͳΔ 2ͭͷཻ͕ࢠϖΞͰ෺࣭தʹݱΕΔɽ͜ͷಛ௃͋Δੑ࣭͕ɼ৽حͳ෺ੑ

Λ΋ͨΒ͢͜ͱ͕༧૝͞Ε͍ͯΔɽ

զʑ͸ɼͦͷ༷ͳʮWeyl൒ۚଐʯͷީิ෺࣭Ͱ͋ΔWTe2ͷڀݚΛ։࢝͠ɼཹ࢒఍߅ൺ͕ 1,300Ҏ্ͱ

ͳΔੈքߴ࠷Ϩϕϧͷߴ७౓୯݁থͷҭ੒ʹ੒ޭͨ͠ (ਤ ɽ͜ͷ୯݁থʹ͓͍ͯɼ௿Թ࣓৔தͰ((ࠨ)1

1,500,000 %ʹ΋ୡ͢Δҟৗͳڊେ࣓ؾ఍ޮ߅ՌΛ؍ଌͨ͠ɽ͜ͷৼΔ෣͍͸ɼຊ෺࣭಺ʹిࢠͱਖ਼͕޸

ಉ਺ଘ͠ࡏʢ൒ۚଐͷূڌʣɼ྆ऀͷқಈ౓͕ۃΊͯେ͖͍஋Λ࣋ͭ͜ͱΛ͍ࣔͯ͠Δɽਤ 1(ӈ)ʹɼ఍

ৼಈʢShubnikov-deࢠΕͨྔݱʹͷ࣓৔ґଘ߅ Haas oscillationʣΛࣔ͢ɽ࣓৔ͷٯ਺ʹରͯ͠ɼपظత

ৼಈ͍ͯ͠Δ͜ͱ͕Θ͔Δɽ͜ͷৼಈͷϑʔϦΤεϖΫτϧʹ͸͕߅఍ؾిʹ 4ͭͷϐʔΫߏ଄͕ݱΕ

ʢৼಈ਺͸ϑΣϧϛ໘ͷۃகஅ໘ੵʹൺྫ͢Δʣɼిࢠͱਖ਼޸ͷϑΣϧϛϙέοτ͕ͦΕͧΕ 2ͭͮͭ͋

Δ͜ͱ͕Θ͔ΔɽಘΒΕͨ७ྑ୯݁থࢼྉΛ༻͍ͯɼࠃ಺֎ͷଟ໘తͳڞಉڀݚΛ։࢝ͨ͠ɽޙࠓɼػ

଴͞ΕΔɽظͷେ͖ͳਐల͕ڀݚͨ͠ࢦղ໌Λ໨ߏ

2) Ln(O1−xFx)BiS2 (Ln:ر౔ྨΠΦϯʣʹ͓͚Δ 4fిੑ࣓ࢠͱ௒఻ಋɼҰ࣠ѹྗޮՌ

CeOBiS2͕ۃ௿Թ౓ྖҬʹ͓͍ͯɼCe 4fిىʹࢠҼ͢Δඇैདྷܕͷྔྟࢠքత log T ൺ೤ൃࢄΛࣔ͢

͜ͱΛ 2015೥ʹใͨ͠ࠂɽ͜ͷڀݚΛ͞Βʹൃలͤ͞ɼLn =Pr,Ndʹ͓͚Δ 4fిੑ࣓ࢠͱ௒఻ಋͷৼ

Δ෣͍Λ७ྑ୯݁থࢼྉΛ༻͍ͯௐ΂ͨɽNdܥͰ͸ɼൺ೤͕௿ԹͰ log T తൃࢄΛࣔͣ͞ɼ͔͋ͨ΋ॏ

ఈঢ়ଶΛ͓࣋ͬͯجͰ͸ɼPrΠΦϯ͕݁থ৔Ұॏ߲ܥͰ͋Δ͔ͷΑ͏ͳৼΔ෣͍Λࣔ͢ɽPrܥࢠి͍

ΓɼCe,NdݟʹܥΒΕΔΑ͏ͳൺ೤ҟৗ͕௿ԹʹݟΒΕͳ͍ɽͲͷܥʹ͓͍ͯ΋ɼ࣓Խ͸ݦஶͳҟํੑ

Λ͓࣋ͬͯΓɼجຊతʹͨ͠ࡏہ 4fి͕݁ࢠথ৔ޮՌʹΑΓෳ਺ͷ४Ґʹ෼྾ͨ͠ঢ়ଶʹ͋Δ͜ͱ͕Θ

͔ͬͨɽ͜ΕΒͷ࣓ੑΛ૬ิతʹௐ΂ΔͨΊɼµSRଌఆ΍ۃ௿Թ࣓Խଌఆ΋ͨͬߦɽBiS2 ௒఻ಋମܥ
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ਤ 1: ʢࠨʣWeyl൒ۚଐWTe2 ͷ࣓৔த఍߅ͷԹ౓ґଘɽ1,500,000 %ʹୡ͢Δڊେ࣓ؾ఍ޮ߅Ռ͕ൃ͍ͯ͠ݱΔɽʢӈʣ࣓
Ͱ͋Δɽڌ඼࣭Ͱ͋Δ͜ͱͷূߴྉ͕७ྑࢼৼಈɽ୯݁থࢠΕΔγϡϒχίϑʖυɾϋʔεྔݱʹ߅఍ؾ

ͷ݁থߏ଄ͷڵຯ͋Δಛ௃͸ɼ2ຕͷ BiS2 ૚͕ van der WaalsྗʹΑΓ݁߹͍ͯ͠Δ఺Ͱ͋ΔɽBiS2

૚ʹਨ௚ʹҰ࣠ѹྗΛҹՃ͠ɼ௒఻ಋసҠԹ౓ Tc͕ͲͷΑ͏ʹมԽ͢Δ͔ଌఆ͢Δ૷ஔΛ্ཱͪ͛ͨɽ

NdO0.5F0.5BiS2୯݁থࢼྉΛ༻͍ͯ༧උ࣮ݧΛ։࢝͠ɼ0.4 GPaҎԼͷҰ࣠ѹྗྖҬͰ͸ɼTcʹݦஶͳ

มԽ͕ݟΒΕͳ͍͜ͱ͕Θ͔ͬͨɽ

3) BiS2ܥ௒఻ಋମͷ୯݁থࢼྉΛ༻͍ͨ์ࣹޫ࣮ݧ

BiS2ܥ௒఻ಋମͷ୯݁থΛҭ੒͠ɼࣨڀݚ಺Ͱͦͷૅج෺ੑଌఆΛ͍ͭͭߦɼࠃ಺֎ͱͷڞಉڀݚ΋෯

଄ʹؔΘΔॏཁͳ੒ՌΛҎԼʹࣔ͢ɽߏࢠͷిܥΑΓಘͨຊʹݧਐΊ͍ͯΔɽͦͷதͰɼ์ࣹޫ࣮͘޿

ʢ̍ʣCeO1−xFxBiS2୯݁থͷXઢٵऩ෼ޫͱڞ໐ޫిࢠ෼ޫͷଌఆʹΑΓɼCe 4fి͕ࢠதؒՁ਺ঢ়

ଶʹ͋Γͭͭ΋͍ͯ͠ࡏہΔ͜ͱͱɼ4fి͕ࢠBi-6pzيಓͱࠞ੒͍ͯ͠Δ͜ͱ͕໌Β͔ͱͳͬͨɽ·ͨɼ

Eu3F4Bi2S4୯݁থͷXઢٵऩ෼ޫͱ֯౓෼ղޫిࢠ෼ޫ (ARPES)ͷଌఆʹΑΓɼEuΠΦϯ͕தؒՁ

਺ঢ়ଶʹ͋ΓɼBiS2૚ʹΩϟϦΞ͕υʔϓ͞Ε͓ͯΓʢBiαΠτ౰ͨΓ ʣɼX఺ʹଞͷࢠͷిݸ0.23

BiS2ܥͱಉ༷ͳϑΣϧϛϙέοτ͕ଘ͢ࡏΔ͜ͱ͕໌Β͔ͱͳͬͨɽͳ͓ɼۭؒ෼ղ ARPESʹΑΓɼ

ϚΠΫϩϝʔτϧεέʔϧͰ EuՁ਺͕ۉҰͰ͋Δ͜ͱ͕֬ೝ͞Εͨɽ

ʢ̎ʣߴਫ਼౓୯݁থߏ଄ղੳʹΑΓɼ௒఻ಋମͷ฼૬ͱͳΔ LaOBiS2 ͷ݁থରশੑ͕ɼtetragonal

P4/nmm ͔Βɼmonoclinic P21m ΁ͱ௿Լ͍ͯ͠Δ͜ͱΛલ೥౓ʹ໌Β͔ʹ͕ͨ͠ɼࠓ೥౓͸ɼ෦

෼తʹ Fஔ͞׵Εͨ LaO1−xFxBiS2΁ͱڀݚΛ֦ுͨ͠ɽෆ੔߹௒֨ࢠ൓ࣹΛݟग़͕͠ɼ͜Ε͕ຊܥͷ

Β͔ʹ্͍ͯ͘͠Ͱॏཁͳ੒໌ޙࠓ଄ΛߏࢠҼ͍ͯ͠ΔՄೳੑ͕͋Γɼిىʹ଄͕࣋ͭෆ҆ఆੑߏࢠి

ՌͰ͋Δɽલऀ͸ਿຊࢯɾߔ઒ࣨڀݚʢૣҴాେʣɼSainiࣨڀݚ (ϩʔϚɾϥɾαϐΤϯπΝେ)ͱɼޙ

ऀ͸ࠤլࢯࢁɾଜ্ࣨڀݚʢKEKʣͱͷڞಉڀݚͷ੒ՌͰ͋Δɽɹ

4) YbOs4Sb12ͷߴ७౓୯݁থҭ੒ͱ௿Թ෺ੑ

૬ؔڧ f ΒΕΔ௿Թͷ෺ੑҟৗ͑ߟҼ͢ΔͱىʹૉͷՁ਺ͷࣗ༝౓ݩ౔ྨرͷ෺ཧͰ͸ɼۙ೥ɼܥࢠి

ʹ͍ͭͯ஫໨͕ू·͍ͬͯΔɽಛʹԽ߹෺தʹ͓͍ͯෳ਺ͷՁ਺ঢ়ଶΛͱΓ͏Δ CeͷΈͳΒͣɼSmɼ

Euͦͯ͠YbԽ߹෺͕ͦΕΒͷڀݚର৅ͱͯ͠ॏ఺తʹௐ΂ΒΕ͍ͯΔɽզʑͷڀݚάϧʔϓͰ͸ɼయ

εΫοςϧμΠτԽ߹෺ܕͰ͋Δॆరܥࢠ૬ؔిڧతͳܕ RT4X12 (R:ر౔ྨɼT :ભҠۚଐɼX: ϓχ

Ϋτήϯ)Λ͓͖ͯͯ͠ڀݚΓɼಛʹɼ͜ͷՁ਺ͷࣗ༝౓ʹىҼ͢Δͱ͑ߟΒΕΔ Smܥͷॏ͍ిࢠঢ়ଶ

΍ɼະղ໌ͳ௿Թͷடংม਺ͷڀݚΛ͕͖ͨͯͬߦɼۙ࠷ɼڀݚର৅Λ͛޿ɼYbॆరܕεΫοςϧμΠ
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τԽ߹෺ͷڀݚΛ͢͢Ί͍ͯΔɽҰൠʹ͜ͷॆరܕεΫοςϧμΠτ͸ɼॏر౔ྨٴܥͼɼXΛAs, Sb

ͱ͢ΔʹͭΕɼر౔ྨݩૉͷॆర཰͕ஶ͘͠௿Լ͢Δɼ͋Δ͍͸݁থͦͷ΋ͷ΋҆ఆ͠ͳ͍͘ڧ͕޲܏

ͳΓɼ߹੒͕ۃΊͯ೉͘͠ͳΔɽզʑ͸ɼYbOs4Sb12ͷߴ७౓୯݁থҭ੒ΛࢼΈɼͦͷ෺ੑଌఆΛͬߦ

ͨɽॏر౔ྨॆరܕεΫοςϧμΠτܥͷ߹੒͸ɼҰൠతʹ͸ߴѹ߹੒๏͕༗ޮͱ͞Ε͍ͯΔ͕ɼզʑ

͸ৗѹԼͰͷ݁থҭ੒΋ࢼΈɼEDXٴͼ୯݁থXઢճં࣮ݧͳͲ͔Βஸೡʹ݁থͷ࣭ΛධՁͨ݁͠Ռɼ

ৗѹԼͰҭ੒ͨ͠୯݁থͷ࣭͕ѹ౗తʹ͍͜ߴͱΛ໌Β͔ʹͨ͠ɽͦͷ্Ͱɼຊܥͷ෺ੑΛௐ΂ͨ݁Ռɼ

YbΠΦϯͷՁ਺͕̎ՁʹۃΊ͍ͯۙঢ়ଶͰ͋Δʹ΋͔͔ΘΒͣɼిࢠൺ೤܎਺ γ ͕ɼ50 mJ/K2· mol

ͱɼYbܥͰ͸ใ͕ྫࠂগͳ͍ॏ͍ిܥࢠͰ͋Δ͜ͱ͕໌Β͔ʹͳͬͨɽଳ࣓཰ͷϐʔΫߏ଄ɼిؾ఍߅

ͷߏݞ଄ɼHall܎਺ʹݱΕΔେ͖ͳԹ౓ґଘੑͳͲ͔Βɼॏ͍ిࢠঢ়ଶʹؔΘΔ૬࡞ޓ༻ͷಛ௃తͳΤ

ωϧΪʔεέʔϧ͕໿ 50 ʙ 70 K ఔ౓Ͱ͋Δͱ͑ߟΒΕΔ͜ͱ΋෼͔Γɼޙࠓɼۃ௿Թ෺ੑ΋ؚΊॏ

఺తʹ͢ڀݚΔඞཁͷ͋Δڵຯਂ͍ܥͰ͋Δ͜ͱΛݟग़ͨ͠ɽ

5) ৽ڧن૬ؔ SmԽ߹෺ͷ୳ࡧ

Ͱ΋ड़΂ͨΑ͏ʹɼզʑ͸ه্ SmԽ߹෺౳ʹ͓͍ͯɼՁ਺ͷࣗ༝౓΍࣓ؾతࣗ༝౓౳ෳ਺ͷࣗ༝౓͕བྷ

Μͩɼڧ૬ؔిڀݚ͍ͯͭʹܥࢠΛ͖ͨͯͬߦɽ͜ΕΒڵຯਂ͍෺ੑΛࣔ͢ܥͷ୳ࡧ͸ɼ૊੒ͱԹ౓ʹؔ

͢Δঢ়ଶਤ΍Խ߹෺σʔλϕʔεɼ͞Βʹݧܦଇ౳Λ΋ͱʹ୳ࡧΛ͏ߦͷ͕ҰൠతͰ͸͋Δ͕ɼզʑͷ

΍஫໨͢΂͖ΠΦੑݩຊͱ͠ɼ͔ͦ͜Β࣍ج଄Λߏͷ݁থܥຯਂ͍෺࣭ڵ஌ΒΕ͍ͯΔʹطͰ͸ɼڀݚ

ϯͷ࣋ͭہॴରশੑʹ஫໨͠ɼ܈࿦త͔࡯ߟΒɼ෦෼܈ʹ͋ͨΔۭؒ܈ʹରԠ͢Δ݁থߏ଄Λ༧૝ͨ͠

্Ͱɼੵۃతͳ෺࣭୳ࡧΛࢼΈ͍ͯΔɽͦͷ݁Ռͱͯ͠ɼ৽ن෺࣭ RPd3Ga8(R:ر౔ྨ)Λൃ͠ݟɼ෺ੑ

૬ؔڧ଄͸ɼߏɽRPd3Ga8ͷ݁থͨͬߦΛڀݚ f ܈ͱͯ͠஌ΒΕཱͨํথRCd11ͷۭؒܥࢠి Pm3̄m

ͷ෦෼܈ʹରԠ͢Δߏ଄Λ࣋ͭɽRCd11Ͱ͸ɼہॴରশੑͷҟͳΔ̐ͭͷ CdαΠτΛ͕࣋ͭɼͦͷ͏

ͪͷҰͭΛભҠۚଐݩૉͱGaݩૉʹஔ͖͑׵ɼ݁থߏ଄શମͱͯ͠ରশੑΛ௿Լͤ͞Δ͜ͱͰɼඛ໘

ମথܥ΁ͱมԽͤͨ͞΋ͷ͕ RPd3Ga8ͷߏ଄ͱͳΔɽ͜ͷ݁থߏ଄ʹ͓͍ͯɼθϩ࣓৔ԼͰ͸ر౔ྨ

ΠΦϯαΠτ͸̍ͭͷ··Ͱ͋Δ΋ͷͷɼཱํথ͔ܥΒඛ໘ମথܥʹͳͬͨ͜ͱͰɼ౳Ձͳ ⟨111⟩͕ ̍

ͭͷओ࣠ͱͦΕͱҟͳΔ 3ͭͷ࣠ʹ෼͔ΕΔ͜ͱͰɼҰ࣠తͳҟํੑ͕ظ଴Ͱ͖Δɽ·ͣ͜ͷ૊੒ൺΛ

࣋ͭԽ߹෺͸ɼطʹҰ෦ใ͞ࠂΕ͍ͯΔ΋ͷͷɼ݁থߏ଄ͷਫ਼ີԽʹ͸͍͓ͨͬͯΒͣɼ͜Ε·Ͱ͸ཱ

ํথܥͱͯ͠ཧղ͞Ε͓ͯΓɼࠓճͷզʑͷ͔ڀݚΒॳΊͯ໌Β͔ʹͳͬͨɽ͞ΒʹɼRݩૉʹ͍ͭͯ

ɼԹ౓໿͍͓ͯʹܥΔ͜ͱ΋ॳΊ͖ͯ͋Β͔ʹͨ͠ɽ෺ੑଌఆ͔Β͸ɼSm͢ࡏ౷తʹ෺࣭͕ଘܥ 3 K

ʹ͓͍ͯ൓ੑ࣓ڧతసҠΛࣔ͢΋ͷͷɼͦͷடংԹ౓ҎԼʹ͓͍ͯɼൺ೤ͷৼΔ෣͍ʹҟৗͳߏ଄͕ݱ

ΕΔ͜ͱ͕͖͋Β͔ʹͳͬͨɽՃ͑ͯɼடং૬಺ʹ͓͍ͯɼ100 mJ/K2·mol Ҏ্ͷॏ͍ిࢠঢ়ଶ͕࣮

ΔՄೳੑ͕͋Δ͜ͱ͕෼͔ͬͨɽ͜ͷΑ͏ͳ͍ͯ͠ݱ SmܥԽ߹෺ʹ͓͚Δ௿Թடং૬಺ʹ͓͚Δॏ͍

ɽ͍ߴͰ̎ྫ໨ͱͳΔՄೳੑ͕ܥΔ͕ɼຊ͍ͯ͠ࠂঢ়ଶ͸ɼ͜Ε·Ͱզʑ͸ɼSmPt2Si2ʹ͓͍ͯใࢠి

SmPt2Si2Ͱ͸ɼ࣓ؾతϑϥετϨʔγϣϯʹΑΔ෦෼ແடংঢ়ଶ͕ؔΘΔҟৗͰ͋ΔՄೳੑΛࢦఠ͠

͍ͯΔ͕ɼSmPd3Ga8ʹ͓͍ͯ΋ɼ[111]ʹਨ௚ͳΧΰϝ֨ੵ͕ࢠ૚ͨ͠ߏ଄Λ͓࣋ͬͯΓɼຊܥ΋ಉ༷

ͷϝΧχζϜ͕հ͍ͯ͠ࡏΔՄೳੑ΋͑ߟΒΕɼڵຯਂ͍ܥͰ͋Δ͜ͱΛݟग़ͨ͠ɽ

6) V3AlͷߴԹ૬ʹ͓͚Δ೤ి෺ੑ

V3AlͷࣨԹ҆ఆ૬Ͱ͋Δ A15ߏ଄͸ॳΊͯ 20 KΛ௒͑Δ௒఻ಋసҠԹ౓Λࣔͨ͠෺࣭܈ͱͯ͠༗໊

Ͱ͋Δ͕ɼຊ෺࣭͸ 650ˆҎ্Ͱ͢ྫྷٸΔ͜ͱʹΑΓ D03ٖ Heusler ଄͕҆ఆ૬ͱͳΓɼTNߏ ∼ 600

Kͷ൓ੑ࣓ڧΪϟοϓϨε൒ಋମͱͳΔ͜ͱ͕஌ΒΕ͍ͯΔɽϑΣϧϛ໘ۙ๣Ͱ఻ಋଳͱՁిࢠଳؒͷ

Ϊϟοϓ͕ফࣦ͍ͯ͠ΔͨΊɼVͱAlͷ૊੒ൺΛগ͠มԽͤ͞Δ͚ͩͰ༗ҙͳྔͷిࢠυʔϓɼϗʔϧ

υʔϓ͕ՄೳͰ͋Δɽυʔϓͨ͠෺࣭Ͱ͸ɼϑΣϧϛ໘͕Ϊϟοϓۙ๣ʹଘ͢ࡏΔͨΊɼঢ়ଶີ౓ͷΤ

ωϧΪʔґଘੑ͕ඇৗʹେ͖͘ͳΓɼେ͖ͳ೤ిಛੑΛࣔ͢͜ͱ͕༧૝͞ΕΔɽ͞Βʹɼ൓ੑ࣓ڧ૬Ͱ

93



͸ upεϐϯͱ downεϐϯ͕ҟͳΔঢ়ଶີ౓ͷΤωϧΪʔґଘੑΛࣔͨ͢Ίɼεϐϯภͨ͠ۃόϯυ

ΩϟϦΞʔΛυʔϓ͢Δ͜ͱ͕ՄೳͳͨΊɼຊ෺࣭Ͱ͸ɼ࣓৔ͨ͠ۃ଄ΛͱΔɽͦͷͨΊɼεϐϯภߏ

ҹՃʹΑΔ೤ిಛੑ੍ޚͷՄೳੑ͕ظ଴͞Εɼ͞Βʹ͸εϐϯτϩχΫε΁ͷԠ༻΋ظ଴Ͱ͖Δɽαό

ςΟΧϧؒظதʹ଺ͨ͠ࡏ΢Οʔϯ޻Պେֶʹ͓͍ͯɼV3−xAl1+x (x = 0, ± 0.01, ± 0.05)ͷଟ݁থࢼ

ྉ࡞੒ʹ੒ޭ͠ɼXઢߏ଄ղੳ͔Βશͯͷ૊੒ʹ͓͍ͯߴԹ૬Ͱ͋ΔD03ߏ଄Λܗ੒͠ɼ૊੒ʹґଘ͠

ਐΊ͍ͯΔɽࡏݱ෺ੑଌఆΛૅجɽ೤ిಛੑΛؚΊ͍ͨͨͩ͠ݟఆ਺͕มԽ͍ͯ͠Δ͜ͱΛࢠ֨ͯ

7) SmPt2Cd20ʹ͓͚Δྟࢠྔੑ࣓ڧքݱ৅ͷ؍ଌ

೥౓୯݁থҭ੒ʹ੒ޭͨ͠ࡢ SmPt2Cd20 ʹ͓͍ͯɼTC ʹ 0.64 Kʹੑ࣓ڧసҠΛൃͨ͠ݟɽ͞Βʹɼ

C/T ग़ͨ͠ɽ·ͨɼݟసҠԹ౓ҎԼͰ΋Թ౓ͷ௿Լͱͱ΋ʹ૿େ͢ΔҟৗͳৼΔ෣͍Λࣔ͢͜ͱΛؾ࣓͕

͜ͷܥͷిؾ఍߅཰ ρ͸ 2 KҎԼͰ T 0.74ʹൺྫ͢ΔԹ౓ґଘੑΛ͓ࣔͯ͠Γɼ͜ΕΒͷ௿ԹͰͷ෺ੑ

ҟৗ͸ SmPt2Cd20͕ྟੑ࣓ڧք఺ۙ๣ʹҐஔ͢ΔԽ߹෺Ͱ͋ΔՄೳੑΛ͍ࣔͯ͠Δɽ͜ͷܥͷθϩ࣓

৔Ͱͷ࣓ؾΤϯτϩϐʔ͸ɼTC Ͱ͸R ln2ʹୡ͓ͯ͠Βͣɼۙ౻ޮՌ΋͘͠͸ TC Ҏ্ͷԹ౓ྖҬͰͷ

୹ڑ཭டংͷӨ͑ߟ͕ڹΒΕΔɽ͜ͷ࣓ؾΤϯτϩϐʔͱ J = 5/2 ͷཱํথͷ݁থ৔Λྀۙͨ͠ߟ౻Ϟ

σϧͱൺֱ͠ɼجఈঢ়ଶ͸ Γ7 ೋॏ߲ɼ݁থ৔෼྾ʹΑΔୈҰྭىΤωϧΪʔ∆͸໿ 30 KͰ͋Δͱ͍

͏݁ՌΛಘͨɽ௿Թ 2 K-10 Kͷؒͷ࣓Խ཰ͷCurie-Weiss fitting͔Β΋࣓Խ཰͕ 0.46µB/Smͱ͍͏ Γ7

ೋॏ߲ͷظ଴஋ʹ͍ۙ஋͕ಘΒΕɼҎ্ͷ݁Ռ͸ Γ7 ೋॏ߲͕݁থ৔جఈঢ়ଶͰ͋Δ͜ͱΛ͍ࣔͯ͠Δɽ
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ֿ୩ৎ,ాࡾণ໌,౦தོೋ,੨໦༐ೋ,দాୡຏ,ࠤլࠤ,جࢁլ۽,ࢠྒྷࢁҪྰࣇ,ଜ্༸ҰɿLaO1−xFxBiS2

ʹ͓͚Δ௕पࢠ֨ظมௐ

Yuan Yahua, দྛ࿨޾, ֿ୩ৎ, ౦தོೋ, দాୡຏ, ੨໦༐ೋɿPressure-induced superconductivity in

EuFBiS2 single crystal

൧প୓໵, జᩆࢍ, ౦தོೋ, Ұϊ੉͢ΈΕ, ੨໦༐ೋ, দాୡຏɿRPd2P2 (R:ر౔ྨ)ͷ७ྑ୯݁থҭ੒

ͱ෺ੑଌఆ

େ੢ᠳଠ, ,ӯాࢁ ,ণ໌ాࡾ ౦தོೋ, দాୡຏ, ੨໦༐ೋɿBiS2ܥ૚ঢ়௒఻ಋମͷ௒఻ಋಛੑʹର͢Δ

Ұ࣠ѹྗޮՌ

,ߊ࿨ࠤؠ ౦தོೋ, ੨໦༐ೋ, Տଜ੟ࢠ, தౡ݈࣍ɿதੑࢠඇ஄ੑࢄཚʹΑΔ PrNb2Al20ͷ݁থ৔ྭى
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Ԭ෦ป, தҪ༞հ, ౦தོೋ, ,ॆߞాٶ ਅఉ๛ɿNMRଌఆΛ༻͍ͨσΟϥοΫ෺࣭PtSn4ͷ࣓ੑͷڀݚ
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Rajveer Jha, Ryuji Higashinaka, Tatsuma D. Matsuda, Raquel A. Ribeiro and Yuji AokiɿMagneto-

transport properties of type-II Weyl semimetal WTe2 single crystals
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Ұ࣠ѹޮՌ

,ӯాࢁ ౦தོೋ, দాୡຏ, ੨໦༐ೋɿΧΰঢ়Խ߹෺ SmT2Al20ͷ࣓৔ʹಷײͳۙ౻ޮՌͱ LaT2Al20

ͷ௒఻ಋಛੑ

˔ TMUγϯϙδ΢ϜʮUٴܥͼBiS2ܥͷ෺ཧͷൃలʯɹ 2016೥ 11݄ 28೔ (݄) (ट౎େֶೆେ୔Ωϟ

ϯύε)

ຊӻ࢚ɼদాୡຏɼZacharyࢁঘ೭ɼ๕լ๕ൣɼؠཱ Fiskɿ΢ϥϯੑ࣓ڧ௒఻ಋ෺࣭UGe2ͱURhGeͷ

ඇैདྷྟܕքݱ৅

෰෦ହ༞ɼञҪ޺యɼಙӬཅɼਆށৼ࡞ɼদాୡຏɼ๕լ๕ൣɿ୯݁থURu2Si2ʹ͓͚Δ௒఻ಋঢ়ଶͷ
29SiφΠτγϑτ

দాୡຏɿBiS2ܥ௒఻ಋମʹ͓͚Δߏ଄͓Αͼ࣓ؾҟৗڀݚͷݱঢ় (ট଴ߨԋ)

ֿ୩ৎɼాࡾণ໌ɼদాୡຏɼ੨໦༐ೋɼࠤլجࢁAɼࠤլࢠྒྷࢁɿLaO1−xFxBiS2ʹ͓͚Δ֨ࢠมௐ

ͷ Fೱ౓ґଘੑ

ӯɼ౦தོೋɼদాୡຏɼ੨໦༐ೋɿΧΰঢ়Խ߹෺ాࢁ LaT2Al20ͷ௒఻ಋಛੑ

˔ J-Physics ฏ੒ 28೥౓ྖҬશମձٞ 2016೥ 5݄ 26೔ (໦) – 28೔ (౔) (๺ւಓେֶ)

Tatsuma D. Matsuda, Hiroaki Mita, Ryuji Higashinaka, Yuji Aoki, Youhei Kono, Shota Nakamura,

Shunichiro Kittaka, Toshiro SakakibaraɿHeavy fermion like anomalous behavior in NdO1−xFxBiS2

superconductor

Joe Kajitani, Hideaki Endo, Hiroshi Takatsu, Takuya Asano, Masaaki Mita, Ryuji Higashinaka, Yuji

Aoki, Tatsuma D. MatsudaɿSingle Crystal Growth and Physical Properties of EuFBiS2

ձٞࡍࠃ

˔ International Conference on Strongly Correlated Electron Systems (SCES 2016), Hangzhou, China,

May. 8 – 13, 2016

T. Kubo, R. Miyake, H. Kotegawa, H. Tou, H. Harima, R. Higashinaka, A. Nakama, Y. Aoki, H. Sato,

Y. Ihara, T. Goto, T. SasakiɿSingle Crystal NMR Studies of PrT2Al20 Systems (T = Nb, Ta)
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ࣨڀݚϏʔϜ෺ੑࢠཻ

1. ಈͷ֓ཁ׆ڀݚ

Tb2Ti2O7(ਤ 1)͸ɺ݁থߏ଄͕زԿֶతϑϥετϨʔγϣϯͱݺ͹ΕΔಛघͳੑ࣭Λ࣋ͭͨΊɺ௿ԹͰ

΋εϐϯ͕டংԽ͠ͳ͍ʮεϐϯӷମʯͱݺ͹ΕΔେม௝͍͠ྔࢠঢ়ଶΛࣔ͢෺࣭ͱͯ͠ 1999 ೥ͷൃ

΋؆୯ͳཧ࿦ϞσϧʹΑΔͱ࠷ͨ͑ߟͷΈΛ༺࡞ޓΕ͖ͯͨɻεϐϯಉ࢜ͷ૬͞ڀݚʹҎདྷɺਫ਼ྗతݟ

͜ͷ෺࣭͸௿ԹͰεϐϯ੔ྻ͢΂͖Ͱ͋Δͱ༧૝͞ΕΔ͕ɺ࣮ࡍʹ͸ͦͷΑ͏ͳ੔ྻ͸؍ଌ͞Ε͍ͯͳ

͍ͨΊɺ͜Εʹ୅ΘΔ༷ʑͳཧ࿦Ϟσϧ͕ఏҊ͞Ε͖ͯͨɻҰํɺ࣮ݧతʹ͸εϐϯӷମͷੑ࣭Λࣔ͢

ྉʹ͸εϐϯ੔ྻͷடংͱ͸ҟͳΔʮӅΕͨடংʯͱ΋͍͏΂͖ಾͷࢼྉ͸͋Δ΋ͷͷɺ͍͔ͭ͘ͷࢼ

டং͕౓ʑ؍ଌ͞Ε͓ͯΓɺ͜ͷடংঢ়ଶ͸ҰମԿͳͷ͔ʁ Tb2Ti2O7 ͸ຊ౰ʹεϐϯӷମͳͷ͔ʁͱ

͍͏໰୊Λɺֶૅجज़্ͷେ͖ͳڀݚςʔϚͷͻͱͭͱଊ͍͑ͯͯ͠ڀݚΔɻ

զʑ͸ɺ਺೥લʹͨͬߦଟ݁থΛ͔ڀݚͨͬ࢖ΒɺTb2Ti2O7 ʹΈΒΕΔεϐϯӷମ૬ͱӅΕͨடং

૬ͷ໰୊͸ Tb2+xTi2−xO7+y ͱ͍͏Α͏ʹ x ΍ y ͷ૊੒͕Θ͔ͣʹҟͳΔޮՌͰཧղͰ͖Δ͜ͱɺͦ

ͯ͠ɺ૊੒ x ΛΘ͔ͣ 1ˋҎԼͱۃඍগྔมԽͤ͞Δͱεϐϯӷମ͔Β௕ڑ཭டংΛ༠ൃͰ͖ɺͦΕ͕

ԿͰ͋Δͷ͔ܾఆతʹ͸Θ͔Βͳ͔͕ͬͨݯىɻடংͷͨ͠ࠂΔՄೳੑΛใ͍͖ͯى૬సҠͱͯ͠ࢠྔ

΋ͷͷɺ૊੒ΛΑ͘ίϯτϩʔϧͨ͠७ྑͳ୯݁থΛڀݚݧ࣮ͨͬ࢖ͱ৽͍͠ࢹ఺ʹཱͬͨཧ࿦͔ڀݚ

ΒͷΞϓϩʔν͕ Tb2Ti2O7 ͷεϐϯӷମ΍ͦͷۙ͘ʹ͋ΒΘΕΔಾͷடংΛཧղ͢Δ্Ͱॏཁͱ͑ߟ

དྷͨɻͯͬߦΛڀݚͯ

ਤ 1: Tb2Ti2O7ͷ݁থߏ଄ͱ࢛ࢠۃடংߏ଄ɻTb2Ti2O7͸ɺύΠϩΫϩΞ֨ݺࢠ͹ΕΔ࢛໘ମ (άϨʔ
ͷϐϥϛου)͕఺ڞ༗Ͱ 3 ੒͢Δɻ࢛໘ମ௖఺ʹ͸ςϧϏ΢ϜΠΦϯ͕഑ܗ଄Λߏతʹ࿈ͳͬͨݩ࣍
ஔ͓ͯ͠Γɺࢵ৭ͷ࿪Μͩٿ͸࢛ࢠۃடংޙͷςϧϏ΢ϜΠΦϯͷిՙ෼෍Λද͢ɻύΠϩΫϩΞ֨ࢠ
͸ɺ[111] ૚͢Δੵʹޓ໘͕ަࢠ໘ͱΧΰϝ֨ࢠ֨֯ࡾʹ޲ํ 2 తͳಛ௃΋͍࣋ͬͯΔɻݩ࣍

ͦͷޙɺ௕ڑ཭டংͷੑ࣭Λࣔ͢ Tb2Ti2O7 ͷ७ྑͳ୯݁থΛੈքʹઌ͚ͯۦ߹੒͢Δ͜ͱʹ͍ͭʹ੒

ޭ͠ɺͦͷ୯݁থΛ࣓ͯͬ࢖৔தʹ͓͚Δൺ೤΍࣓Խͷਫ਼ີͳ෺ੑଌఆɺͦͯ͠தੑࢄࢠཚ࣮ݧʹऔΓ૊

Μͩɻ·ͨɺ௿Թঢ়ଶͷ Tb2Ti2O7 Ͱ͸ TbΠΦϯʹ಺͢ࡏΔʮిࢠۃ࢛ؾʯͱݺ͹ΕΔిيࢠಓͷࣗ༝

౓͕டং૬΍εϐϯӷମ૬ͷग़ݱʹॏཁͳ໾ׂΛ୲͏͜ͱ͕ཧ࿦తʹࢦఠ͞Ε͍ͯͨͷͰɺ࣮݁ݧՌΛཧ

ղ͢ΔͨΊʹిࢠۃ࢛ؾͷد༩ΛऔΓೖΕͨཧ࿦ϞσϧΛྀͯ͠ߟղੳΛͨͬߦɻͦͷ݁ՌɺTb2Ti2O7

ͷ༷ʑͳ࣮݁ݧՌ͸ɺྔࢠεϐϯΞΠεͱ͍͏ྔࢠӷମ૬ʹඇৗʹ͍ۙͱ͜ΖʹҐஔ͢Δ࢛ࢠۃடং૬ͷ
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ύϥϝʔλʔͰઆ໌Ͱ͖Δ͜ͱ͕෼͔ͬͨɻ͜ͷ݁Ռ͸ Tb ΠΦϯͱ Ti ΠΦϯͷ ൺ཰Λ 1ˋҎԼͷۃ

ඍগྔͰมԽͤ͞ΔͱɺTb2Ti2O7 ͕εϐϯӷମͷ΋ͷ͔Β௕ڑ཭டংͷ΋ͷʹมΘΔͱ͍͏࣮݁ݧՌ

ͱ΋ྑ͘Ұக͢Δɻैͬͯɺ͜Ε·Ͱ໌Β͔ʹ͞Εͯ͜ͳ͔ͬͨ Tb2Ti2O7 ͷಾͷ௕ڑ཭டংͷ໰୊͸ɺ

७ྑͳ୯݁থΛಘ࣮͕ͯݧͰ͖ͨ͜ͱɺͦͯ͠৽͍͠ࢹ఺ʹཱͬͯͦͷཧ࿦తղऍ͕Ͱ͖ͨ͜ͱʹΑΓɺ

ςϧϏ΢ϜΠΦϯ͕࣋ͭిࢠۃ࢛ؾͷࣗ༝౓ͷடংԽͰ͋Δͱ໿ 20 ೥ͷ࣌Λͯܦղ໌͞Εͨͱ͑ݴΔɻ

ʢ H. Takatsu et al. PRL 116, 217201 (2016) and http://www.tmu.ac.jp/news/topics/12819.html ʣ

2. ੷ۀڀݚ

1) ࿦จ

H. Takatsu, S. Onoda, S. Kittaka, A. Kasahara, Y. Kono, T. Sakakibara, Y. Kato, B. Fâk, J. Ollivier,

J. W. Lynn, T. Taniguchi, M. Wakita, H. Kadowaki: Composite spin and quadrupole wave in the

ordered phase of Tb2+xTi2−xO7+y, Phys. Rev. Lett. 116, 217201 (2016).

2) ֶձߨԋ

ձٞࡍࠃ

˔ The 8th International Conference on Highly Frustrated Magnetism (HFM 2016), Taipei, Taiwan,

Sept. 7 - 11, 2016

H. Takatsu, T. Taniguchi, S. Kittaka, T. Sakakibara, H. Kadowaki: Thermodynamic properties of

quadrupolar states in the frustrated pyrochlore magnet Tb2Ti2O7.
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φϊ෺ੑࣨڀݚ

1. ಈͷ֓ཁ׆ڀݚ

ߏ૚෺࣭ɺΧʔϘϯφϊνϡʔϒʢCNTʣɺθΦϥΠτɺϑϥʔϨϯͳͲͷφϊϝʔτϧαΠζͷࢠݪ

଄Λ༗͢Δ෺࣭ܥͰ͸ɺόϧΫ෺࣭Ͱ͸ݟΒΕͳ͍ڵຯਂ͍ੑ࣭͕ݱΕΔ.ຊάϧʔϓͰ͸ɺ͜ͷΑ͏ͳ

φϊߏ଄෺࣭ܥʹ͓͍ͯɺ৽ن෺ੑͷ୳ࡧͱͦͷൃߏػݱʹ͍ͭͯɺݧ࣮ػࢉܭΛؚΉ෺ੑ࣮ݧͷछʑ

ͷख๏Λ༻͍͍ͯͯ͠ڀݚΔ.2016೥౓ͷओͳڀݚɾڭҭ׆ಈͷ֓ཁ͸ҎԼͷͱ͓ΓͰ͋Δ.

1) ୯૚ΧʔϘϯφϊνϡʔϒͷ೤ి෺ੑ

ຊࣨڀݚͰ͸ɺߴ७౓൒ಋମܕ୯૚ΧʔϘϯφϊνϡʔϒʢSWCNTʣϑΟϧϜ͕࣮༻೤ిࡐྉʹඖఢ͢

Δେ͖ͳθʔϕοΫ܎਺ Sʢൃੜ೤ྗిىͱࢼྉ྆୺ͷԹ౓ࠩͷൺʣΛ༗͢Δ͜ͱΛݟग़͍ͯ͠Δʢ౦ژ

ཧՊେֶͱͷڞಉڀݚʣ.͔͠͠ͳ͕ΒɺSͷઈର஋͸൒ಋମܕ SWCNTͷཧ࿦༧ଌ஋ͷ 10෼ͷ̍ఔ౓

ҎԼ͔͠ͳ͘ɺϑΟϧϜ΁ͷۚଐత SWCNTͷࠞೖɺ͓Αͼ SWCNTʵ SWCNT઀߹ͷଘ͕ࡏϑΟϧ

Ϝͷ೤ి෺ੑʹ༩͑ΔޮՌͷॏཁੑΛࢦఠͨ͠.͢ͳΘͪۚଐత SWCNTͷΘ͔ͣͳࠞೖʹΑΓ൒ಋମ

ܕ SWCNTͷ Sͷઈର஋͕ݮʹܹٸগ͢Δ͜ͱɺҰํͰ SWCNTʵ SWCNT઀߹͸ϑΟϧϜͷ Sͷઈ

ର஋ʹ͸΄ͱΜͲӨڹΛ༩͑ͳ͍͕,ిؾ఍߅཰Λܹٸʹ૿େͤ͞,ϑΟϧϜͷ೤ిύϑΥʔϚϯεΛѱ

͘͢Δ͜ͱΛ໌Β͔ʹͨ͠.͜ͷ͜ͱΑΓ,ϑΟϧϜͷ”ߴ඼࣭Խ”ʹΑΓજࡏతύϫʔϑΝΫλʔ Pʢൃ

ిిྗྔͷ໨҆ʣΛݱঢ়ͷ 10ഒҎ্,1000µW/(mK2)Ҏ্ͱ͢Δ͜ͱ͕ՄೳͰ͋Δͱͷ༧ଌΛͨͬߦ.

͜ͷ SWCNTϑΟϧϜͷڊେͳ P ஋͸,ۙ͘͝࠷,ۚଐɾ൒ಋମࢼ߹ࠞܕྉʹ͍࣮ͭͯࡍʹ֬ೝ͞Εͨ

ʢW. Zhou et al., Small 12, 3407-3414 (2016)ʣ. ຊ೥౓͸,͞ΒʹύϑΥʔϚϯεͷ্޲ΛΊ͟͠,ߴೱ

౓ϗʔϧυʔϐϯάͷ࣮ݧతɾཧ࿦తڀݚΛͨͬߦ.SWCNTͷ όϯυ͕ଟॏʹॏͳΔҐஔʹϑΣݩ1࣍

ϧϛϨϕϧΛνϡʔχϯά͢Δ͜ͱʹΑΓ,ύϫʔϑΝΫλʔ P Λஶ͘͠վળͰ͖Δ͜ͱΛࣔͨ͠.·

ͨ,SWCNTϑΟϧϜΛॊೈͳ೤ిม׵ૉࢠͱͯ͠ར༻͢Δ৔߹,ബ͍ϑΟϧϜບํ޲ʹ༗ޮͳԹ౓ࠩΛ

֬อ͢Δٕज़ͷ։ൃ͕ॏཁͰ͋Δ.ຊ೥౓͸,͜ͷΑ͏ͳૉߏࢠ଄Λ͠ڀݚ,೤ిૉࡐΛϑΟϧϜ໘ʹର

ͯ͠ฏߦʹ഑ஔͨ͠ςʔϓঢ়ܗঢ়ͷૉࢠΛఏҊͨ͠ʢຊڷɹଔڀݚۀʣ.

2) ಺ͷਫۭؒݶ੍

ਫ͸͋ΒΏΔͱ͜Ζʹଘ͢ࡏΔ.஍֪΍౔৕,ੜମ಺෦΍େؾத,Ӊ஦ۭؒʹ͑͞ଘ͢ࡏΔ.ਫ͸͋͘͝Γ

;Εͨ෺࣭Ͱ͋Δ.͔ͦ͠͠ͷ෺ੑͷຊ࣭͸ະͩॆ෼ʹ໌Β͔ʹ͞Ε͍ͯΔͱ͸͍͑ͳ͍.όϧΫͷӷମ

ͷਫʹ͸ 2छྨ͋Δͱ͑ߟΒΕ͍ͯΔ.ີߴ౓ਫͱ௿ີ౓ਫͰ͋Δ.͜ͷ 2छྨͷਫʹؔΘΔୈ 2ྟք఺

Ծઆ͕ఏҊ͞Ε,4ˆͰີ౓͕࠷େʹͳΔͳͲͷਫͷҟৗͷݯىʹ͍ͭͯٞ࿦͞Ε͍ͯΔ.͜ͷΑ͏ͳਫ

͸,ඍࡉͳۭؒ಺͋Δ͍͸زԿֶతʹ͘ڧଋറ͞Εͨ৚݅Լʹ͓͍ͯ΋ଘ͠ࡏ,ࣗવքʹ͓͚Δ༷ʑͳݱ

৅ʹ͓͍ͯࢧ഑తͳ໾ׂΛ୲͍ͬͯΔ.·ͨඍۭؒࡉ಺ͷਫͷཧղ͸,ϓϩτϯ఻ಋମ΍৽ن෼཭ບͳͲ

ͷ։ൃʹ͓͍ͯ΋ॏཁͰ͋Δ. ຊ೥౓͸,௚ܘͷଠ͍ SWCNTʹ͓͍ͯ,ࣨԹͰٵண͞Εͨਫ͕௿ԹͰ֎

෦ʹഉग़͞ΕΔ wet-dryసҠߏػͷڀݚΛ͍ߦ,ͦͷߏػΛ໌Β͔ʹͨ͠.͞Βʹ௿ԹͰഉग़͞Εͳ͍Ͱ

಺෦ʹ͞࢒Εͨਫ͕ԿΒ͔ͷߏ଄૬సҠΛ͜͢͜ىͱΛݟग़ͨ͠.

3) φϊߏ଄෺࣭ͷిࢠঢ়ଶ͓Αͼ࣓֩ڞؾ໐ʢNMRʣʹΑΔڀݚ

SWCNTͳͲͷిࢠঢ়ଶΛ໌Β͔ʹ͢Δ໨తͰඍࢹతϓϩʔϒͰ͋ΔNMRʹΑΔڀݚΛͨͬߦ.ਫ਼੡ॲ

ཧʹΑΓ࣓ੑෆ७෺Λআͨ͠ڈଠ͍ SWCNTࢼྉͷ 13C-NMRଌఆΛͨͬߦ.εϐϯ֨ࢠ؇࿨࣌ؒͷଌఆ

Λ͍ߦ,φϊνϡʔϒ͕ଋ (όϯυϧ)Λ૊Μͩࡍͷ ঢ়ଶࢠଐಛ༗ͷேӬ-ϥοςΟϯδϟʔతిۚݩ1࣍

ʹ஫໨ͯ͠ݕ౼ͨ͠.ͦͷ݁Ռ,όϯυϧΛ૊Ή͜ͱʹΑͬͯిࢠ૬͕ؔมԽ͠,ಛʹۚଐܕ SWCNTͷ
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ਤ 1: ୯૚ΧʔϘϯφϊνϡʔϒ಺ͷਫͷ૬ਤ.ଠ͍ SWCNT͸௿ԹͰૄਫతͱͳΓ,ਫ͕ৠൃ͢Δ.

Έ͔ΒͳΔόϯυϧͷ৔߹ʹిࢠ૬͕ؔݦஶʹ཈੍͞ΕΔ͜ͱ͕Θ͔ͬͨʢా۔म࢜࿦จʣ. φϊΧʔϘ

ϯܥͷݩ࣍ࡾ൛ͱ΋͍͑Δݩ࣍ࡾDiracిิީܥࢠ෺࣭Ͱ͋Δ,PtSn4ͷ୯݁থ߹੒Λ͍ߦ,φϊΧʔϘϯ

ΒΕΔେ͖ͳ൓࣓ੑΛ࣋ͭ͜ͱΛ֬ೝͨ͠.·ͨ,͜ͷ෺࣭͕άϥϑΣϯͱ͸ҟͳΔ,Diracݟʹวతීʹܥ

Line nodeͱݺ͹ΕΔಛҟͳిࢠঢ়ଶΛ΋ͭՄೳੑΛNMRଌఆͱୈҰݪཧ͔ࢉܭΒࢦఠͨ͠ʢԬ෦ ଔ

ݚ෺ੑࢠి,ڀݚۀ ౦தࢯͱͷڞಉڀݚʣ

4) φϊߏ଄୸ૉͷߏ଄ͱ࣓ੑͷڀݚ

άϥϑΝΠτ༷φϊ୸ૉ͸,ඍົͳߏ଄ͷҧ͍ʹґଘ͢Δେ͖ͳيಓ൓࣓ੑΛ΋ͭ.ͦ͜Ͱ,ଟछྨͷφ

ϊ୸ૉʹ͍ͭͯ,࣓ੑͱߏ଄ͷ૬ؔΛͨ͠ڀݚ.φϊ୸ૉͷيಓ൓࣓ੑ͕,ੵ૚ߏ଄ͷඍົͳҧ͍ʹහײ

Ͱ͋Δ͜ͱ͕֬ೝ͞Εͨʢதଜम࢜࿦จʣ.·ͨ༗ݶαΠζͷφϊάϥϑΣϯͷߏ଄ʹ͍ͭͯ෼ࢠಈྗֶ

৅Λࣔࠦ͢Δ݁ՌΛಘͨݱԹʹ͓͍ͯද໘༥ղߴ,͍͓ͯʹαΠζͷଟ૚άϥϑΣϯݶ༗.ͨͬߦΛࢉܭ

ʢਂᖒम࢜࿦จʣ.

5) ৽ࢠݪن૚͓Αͼࢠݪ૚ϔςϩߏ଄ͷ݁থ੒௕ͱ෺ੑղ໌

σόΠεࢠ΍ޫɾిݱ଄ͱͯ͠,ಛҟͳ෺ੑͷൃߏݩೋ࣍ޱ଄͸,ैདྷʹ͸ͳ͍ਓߏ૚෺࣭ͷϔςϩࢠݪ

Ԡ༻͕ظ଴͞Ε͍ͯΔ.ΘΕΘΕ͸,Խֶؾ૬੒௕Λར༻͠,ೋེԽϞϦϒσϯ΍ೋེԽλϯάεςϯͳͲ

ͷભҠۚଐμΠΧϧίήφΠυ (TMDC)ͷࢠݪ૚Λ߹੒͠,ͦͷޫɾిࢠ෺ੑʹ͍ͭͯڀݚΛਐΊ͍ͯ

Δ.ಛʹ,Խֶؾ૬੒௕Λར༻ͯ͠৽͍͠ࢼྉ߹੒ʹऔΓ૊Έ,༷ʑͳҟछݩૉΛؚΉ TMDC΍,ηϨϯ

ࢠݪ૚ͷ߹੒ख๏Λཱ͖֬ͯͨ͠.۩ମతʹ͸,χΦϒΛෆ७෺ͱؚͯ͠ΉೋེԽλϯάεςϯࢠݪͷܥ

૚ͷ߹੒ͱൃޫಛੑͷղ໌ʢࠤʑ໦म࢜࿦จ,AIST,ژ౎େֶͱͷڞಉڀݚʣ,ϞϦϒσϯɾϨχ΢Ϝ͕ࠞ

,ʣڀݚಉڞঢ়ଶͷղ໌ʢ৿म࢜࿦จ,ஜ೾େֶ,AISTͱͷࢠ੡ͱి࡞୯૚ΧϧίήφΠυ߹ۚͷͨ͠ࡏ

Ϩχ΢ϜΛυʔϓͨ͠୯૚ೋེԽϞϦϒσϯͷిؾ఻ಋಛੑʢ٢ଜଔڀݚۀ,AISTͱͷڞಉڀݚʣ,ೋ

ηϨϯԽλϯάεςϯͷ߹੒ͱిքޮՌτϥϯδελͷ࡞੡ʢޱߴଔݹ໊,ڀݚۀ԰େֶͱͷڞಉڀݚʣ

ʹ͍ͭͯਐΊ͖ͯͨ.ޙࠓ,ଟ༷ͳੑ࣭Λ࣋ͭTMDCΛෳ߹Խͨ͠ϔςϩߏ଄Λ࡞੡͠,ޫɾిࢠ෺ੑͷ

.΍σόΠεԠ༻΁ͱల։͍ͯ͘͠ޚ੍
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6) ѹྗԼESRʹΑΔ β’-(BEDT-TTF)2ICl2ͷిࢠঢ়ଶ

༗ిػՙҠಈࡨମ β’-(BEDT-TTF)2ICl2͸ՃѹʹΑͬͯ,ৗѹͰͷઈԑମঢ়ଶ͔Βۚଐঢ়ଶ΁มԽͯ͠

͍͖,8.2 GPaҎ্ͷѹྗԼͰ༗ػಋମͱͯ͠͸͍ߴసҠԹ౓ 14.2 KͰ௒఻ಋసҠΛࣔ͢.ຊڀݚͰ͸,

ৗѹͷిࢠঢ়ଶ͔ΒѹྗԼͰͷۚଐతঢ়ଶʹมԽ͢Δ༷ࢠΛ,ѹྗԼ ESRΛ༻͍࣓ͯੑͷ໘͔Βௐ΂Δ

ͨΊʹ,ߴѹԼʢ3ʙ10 GPaʣଌఆ༻ͷΩϡʔϏοΫΞϯϏϧηϧΛར༻ͨ͠ ESR૷ஔ։ൃΛਐΊ͍ͯ

Δ.͜Ε·ͰESRγάφϧͷϕʔεϥΠϯͷେ͖ͳ࿪Έ͕େ͖ͳ՝୊Ͱ͕͋ͬͨ,ࢼྉΛऩΊΔΨεέο

τͷܗঢ়Λ޻෉͢Δ͜ͱͰղܾͰ͖ͨ.͜Ε͸෺ੑݚͷάϧʔϓʹΑΓݟग़͞Εͨ΋ͷͰ,ཱํମঢ়Ψε

έοτͷ֤໘Λ,ΞϯϏϧͷઌ୺ʹϑΟοτ͢ΔΑ͏ʹ͋Β͔͡ΊՃ͖͓ͯ͠޻,ॳظͷՃѹ͕҆ఆͯ͠ߦ

͑ΔΑ͏ʹ͢Δ΋ͷͰ͋Δ.͜ͷͨΊ,಺෦ͷߴप೾༻ίΠϧͷ࿪Έ͕ආ͚ΒΕ,·ͨ,ΞϯϏϧʹऔΓ෇

͚ͨ੩࣓৔ίΠϧͷҐஔ΋͘ΔΘͣ੩࣓৔ͷҰ༷ੑ͕อͨΕΔͱ͑ߟΒΕΔ.,͜ΕʹΑͬͯ,ESRඪ४ࢼ

ྉDPPHΛ༻͍ͯ,80 tonʢ໿ 8 GPaʣ·Ͱ࿪Έ͕ͳ͘,৴߸ͷઢ෯΍໘ੵͷղੳ͕Ͱ͖Δ৴߸ΛಘΔ͜

ͱ͕Ͱ͖ͨ.·ͨ,ΞϯϏϧͷ࣭ࡐͱͯ͠͸,ඇ࣓ੑͷδϧίχΞʢZrO2ʣ,ۚଐͷ୸ԽΧʔόΠυ (WC)

ͲͪΒ΋,৴߸Λ࿪ΊΔ͜ͱͳ͘࢖༻Ͱ͖Δ͜ͱ͕Θ͔ͬͨ.ʢ࡛ۄେ,࢈૯ݚ,ઍ༿େͱͷڞಉڀݚʣ

7) ͷଞͦ,ڀݚઃʹΑΔࢪ༺ಉརڞ֎ֶ

KEK์ࣹޫࢪઃʹ͓͍ͯڞಉར༻ڀݚΛͨͬߦ.՝୊໊ (՝୊൪߸)ɿ഑޲ΧʔϘϯφϊνϡʔϒ͓Αͼ

άϥϑΣϯͷߏ଄ڀݚʢ2016G634ʣ

૚ϔࢠݪೳੑػ՝୊໊ʢ՝୊൪߸ʣɿޫ.ͨͬߦΛݧඍ෼ޫ࣮ݦ͍͓ͯʹॴڀݚ޻౎େֶΤωϧΪʔཧژ

ςϩߏ଄ͷ։ൃʢZE28A-15ʣ
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˔ ೔ຊ෺ཧֶձɹୈ 72ճ೥࣍େձ 2017೥ 3݄ 17-20೔ʢେࡕେֶɹ๛தΩϟϯύεʣ

٬໺ང, দా࿨೭, தҪ༞հ, ,ଜྒྷଠࢢ ,ؽ౻ࡈ ,ॆߞాٶ ਅఉ๛ɿ୯૚ΧʔϘϯφϊνϡʔϒʹ಺แ͞
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໺࡚७࢘, ෱ଜ෢ଂ, ੨໦޹থ, ਅఉ๛, ๗ాཅฏ, ༄࿨޺ɿిքޮՌۙ઀৔ʹΑΔ୯૚MoS2ബບͷہॴ

ΩϟϦΞ஫ೖͱߏ଄੍ޚ

খྛ༎, ٢ాতೋ, ᓎాཾ࢘, ,ޛౡ݈ߴ ,തوຊࢁ ੪౻఩ً, খು఩, ୩ޱঘ, ౉ᬑ࢘ݡ, ਅఉ๛, ෢಺म,

ॏ઒ल࣮, ੒ܗΊϙςϯγϟϧͷࠐด͡ݩ଄ʹ͓͚ΔҰ࣍ߏɿWS2/MoS2ϔςϩॆߞాٶ

ᴡ౻఩ً, খྛ༎, ౉ᬑ࢘ݡ, ୩ޱঘ, ਅఉ๛, ଄ʹ͓͚Δ૚ؒྭߏϔςϩܕɿWS2/MoS2ੵ૚ॆߞాٶ

ࢠى

,ޛʑ໦কࠤ খྛ༎, ཱུቑ, ௕୩઒༐հ, ຤Ӭ࿨஌, ਅఉ๛, ,಺༤ฏٶ ɿ୯૚NbυʔϓWS2ͷॆߞాٶ

੒௕ͱޫֶతੑ࣭
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தଜ༸ਔ, ٬໺ང, தҪ༞հ, ,ॆߞాٶ ਅఉ๛: φϊ୸ૉࡐྉͷيಓ൓࣓ੑ

தଜ༸ਔ, ٬໺ང, தҪ༞հ, ,ॆߞాٶ ਅఉ๛: NMRଌఆΛ༻͍ͨσΟϥοΫ෺࣭ PtSn4ͷ࣓ੑͷڀݚ
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ྛେհ, ্ాஐେ, தҪ༞հ, ٬໺ང, ,ॆߞాٶ ,തوຊࢁ ,ؽ౻ࡈ ി࣏ݡ, ਅఉ๛: ୯૚ΧʔϘϯφϊ

νϡʔϒബບͷ೤ి෺ੑͷ௚ܘґଘੑ
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WS2୯૚ബບͷہॴޫٵऩߏ଄ͷղ໌

٬໺ང, ,ྒྷࢁޫ ,෦ཅհߴ দా࿨೭, தҪ༞հ, ,ॆߞాٶ ੢ݪ༸஌, ,୩ོژ ਅఉ๛: φϊ޸ࡉΛ༻͍ͨ

৽نΞϞϧϑΝεرΨεݻମͷ࡞੡

˔ ୈ 77ճԠ༻෺ཧֶձळֶقज़ߨԋձ 2016೥ 9݄ 13-16೔ʢग࡝ϝοηʣ

୔ล ݈ଠ࿕, ༄઒ ༐࣏, ྛ େհ, தҪ ༞հ, ٬໺ ང, ాٶ ,ॆߞ ౻ࡈ ,ؽ ਅఉ ๛: ഑ͨ͠޲୯૚ΧʔϘ

ϯφϊνϡʔϒࢼྉͷ೤ి෺ੑ

খ઒फ़,ɹখྛ༎ɼਅఉ๛, ɿ஠Խϗ΢ૉΛςϯϓϨʔτͱͨ͠άϥϑΣϯͷॆߞాٶ CVD੒௕

ɿ୯૚ॆߞాٶ,಺༤ฏٶ,খྛ༎,ཱུቑ,຤Ӭ࿨஌,ਅఉ๛,ޗʑ໦ሡࠤ NbυʔϓWS2ͷ੒௕ͱޫֶత

ੑ࣭

ᴡ౻఩ً,খྛ༎ ,౉ᬑ࢘ݡ ,୩ޱঘ,ਅఉ๛,ॆߞాٶɿిքޮՌʹΑΔೋ૚MoS2ͷόϯυΪϟοϓมௐ

খྛ༎ɼ٢ాতೋɼᓎాཾ࢘ɼౡ ຊࢁɼޛ݈ ౻തɼ੪و ఩ًɼখು ఩ɼ౉ᬑ࢘ݡɼ୩ޱঘɼਅఉ๛ɼ

ॏ઒ल࣮ɼॆߞాٶɿWS2/MoS2ϔςϩߏ଄ʹ͓͚ΔҰ࣍ݩด͡ࠐΊϙςϯγϟϧͷܗ੒

৿উฏ,ࠤʑ໦কޛ,খྛ༎,ཱུቑ,٢ాতೋ,஛಺޿ߴ,ॏ઒ल࣮,຤Ӭ࿨஌,ਅఉ๛,ॆߞాٶɿ୯૚Mo1-

xRexS2߹ۚͷ੒௕ͱධՁ

૚ϔςϩ઀߹ͷ੒௕ͱධՁࢠݪɿ໘಺ॆߞాٶ

˔ ୈ 51ճϑϥʔϨϯɾφϊνϡʔϒɾάϥϑΣϯ૯߹γϯϙδ΢Ϝ 2016೥ 9݄ 7ʙ9೔ʢ๺ւಓཱಓ

ຽ׆ಈηϯλʔʣ

ɿGrowthॆߞాٶ and characterization of in-plane atomic layer heterostructures
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boron nitride in-plane heterostructures

খྛ༎ɼ٢ాতೋɼᓎాཾ࢘ɼౡ ຊࢁɼޛ݈ ౻തɼ੪و ఩ًɼখು ఩ɼ౉ᬑ࢘ݡɼ୩ޱঘɼਅఉ๛ɼ

ॏ઒ल࣮ɼॆߞాٶɿFormation of 1D confining potential in MoS2/WS2-based heterostructures

৿উฏ,ࠤʑ໦কޛ,খྛ༎,ཱུቑ,٢ాতೋ,஛಺޿ߴ,ॏ઒ल࣮,຤Ӭ࿨஌,ਅఉ๛,ॆߞాٶɿGrowth and

characterization of monolayer Mo1-xRexS2 alloys

ᴡ౻఩ً,খྛ༎ ,౉ᬑ࢘ݡ,୩ޱঘ,ਅఉ๛,ॆߞాٶɿBandgap modulation of bilayer MoS2 by electric

field effect

˔ γϦίϯࡐྉɾσόΠεڀݚձ (SDM) 2016೥ 6݄ 29೔

૚ͷ੒௕ͱධՁࢠݪɿભҠۚଐμΠΧϧίήφΠυॆߞాٶ

ձٞࡍࠃ

˔ The 9th Singapore International Chemical Conference (SICC-9) 2016೥ 12݄ 12೔

ɿGrowthॆߞాٶ and electronic properties of MoS2/WS2 lateral heterostructures
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දք໘ޫࣨڀݚ

1. ಈͷ֓ཁ׆ڀݚ

ຊࣨڀݚͰ͸ɼʢ̍ʣφϊ෺࣭ͷք໘Λ੍͢ޚΔ͜ͱʹΑΓͦͷද໘෺ੑΛ੍͢ޚΔ͜ͱɼʢ̎ʣφϊ෺

࣭ͷޫ෺ੑɼͷೋͭΛओͨΔ՝୊ͱͯ͠׆ڀݚಈΛ͍ͯͬߦΔɽओͱͯ͠ɼ୯૚ΧʔϘϯφϊνϡʔϒ

ʢ̨̬̘̣̩ʣ΍ೋ࣍ࢠݪݩ૚ࡐྉʹ୅ද͞ΕΔφϊ෺࣭Λࡐڀݚྉͱͯ͠༻͍ͯɼ୯ମɼෳ߹ߏ଄ɼ͓

ΑͼͦΕΒͷಛҟͳߏ࣍ߴ଄ʹ͓͚Δ৽ح෺ੑ୳ࡧɾ෺࣭૑੡ɾٕज़։ൃɾσόΠε։ൃΛ͍ͯͬߦΔɽ

ɼ͍ߦ੒ͤ͞ɼΩϟϦΞ஫ೖΛܗೋॏ૚ΛؾిʹͰ͸ɼΠΦϯӷମΛిղ࣭ͱͯ͠༻͍ɼ෺࣭ք໘ۙ࠷

ϑΣϧϛϨϕϧΛࣗࡏʹγϑτͤ͞ɼ༷ʑͳଟ༷ͳ෺ੑΛ੍͢ޚΔڀݚΛਐΊ͍ͯΔɽ·ͨɼۙ઀৔෼

ޫٕज़Λ։ൃ͠ہॴߏ଄ͱͦͷޫ෺ੑͱͷ૬ؔͷղ໌ΛਐΊ͍ͯΔɽ

1) ޫ෺ੑڀݚ

ిքޮՌۙ઀৔෼ޫଌఆٕज़ͷ։ൃͱࢠݪ૚ࡐྉͷߏ଄੍ޚͱہॴޫ෺ੑ ભҠۚଐΧϧίήφΠυ

(TMDC)͸૚ঢ়Խ߹෺ͷҰͭͰ͋Γɼͦͷଟ૚ࢼྉͷޫ෺ੑ͸ 1980೥୅ʹ͸਺ଟ͘͞ڀݚΕ͍ͯΔɽ͠

͔͠ɼ୯૚ࢼྉ΍ҟͳΔछྨͷTMDC͕ੵ૚͋Δ͍͸ฏ໘઀߹ͨ͠ϔςϩࢼྉ͕૑੒͞Εɼ৽ͨͳ෺ੑ

Ͱ͸ɼMoS2ۙ࠷ͳ͞Ε͍ͯΔɽ͕ڀݚʹൃ׆ΊͯۃՊֶɾԠ༻ͷ྆໘͔Βɼۙ೥ɼૅجग़͞Εɼ͍ݟ͕

΍WSe2ʹ͓͍ͯ 2Hߏ଄ʢ൒ಋମ૬ʣͱ 1Tߏ଄ʢۚଐ૬ʣؒͷసҠ͕υʔϐϯάɾΞχʔϦϯάʹΑ

Γ੍ޚՄೳͰ͋Δ͜ͱ͕ใ͞ࠂΕ͍ͯΔɽTMDCʹ͓͚Δ৽ͨͳޫ෺ੑ͸ɼߏ଄ܽؕɾάϨΠϯό΢ϯ

μϦʢGBʣɾ઀߹ք໘ͱ͍ͬͨಛҟͳہॴߏ଄ʹ͓͍ͯݦஶʹݟΒΕΔɽྫ͑͹ɼߏ଄ܽؕ͸ɼൃޫ૿

஌ΒΕ͕ڧஶͳ૿ݦಛੑͷֶޫܗΕɼGB͸ඇઢ͞ࠂ৘ใ΁ͷԠ༻͕ใࢠΒΕྔݟੜ͕ൃࢠ΍୯Ұޫڧ

͍ͯ ɽࢠݪ૚ʹ͓͚Δ͜ͷಛҟͳαΠτ͸ɼμΠϠϞϯυͷNVηϯλʔͷΑ͏ͳྔࢠ৘ใɾηϯαԠ

༻ͷՄೳੑ͕͋Γɼͦͷૅج෺ੑͷղ໌͸ੑٸۓͷ͍ߴɽ͔͠͠ɼ͜ΕΒہॴαΠτʹ͓͚Δޫ෺ੑͷ

ཧղ͸ෆे෼Ͱ͋Δɽྫ͑͹ɼܽؕ༝དྷͷଋറྭ͔ࢠىΒͷൃޫ͸ήʔτిѹʹେ͖͘ґଘ͢Δ͕ɼہ

ॴߏ଄ͱྭࢠىͷి৔Ԡ౴ಛੑͱͷରԠؔ܎͸ਖ਼֬ʹ͸෼͔͍ͬͯͳ͍ɽ

ͦ͜Ͱզʑ͸ɼ͜ΕΒಛҟͳαΠτͰݱΕΔޫ෺ੑΛਖ਼֬ʹཧղ੍͢͠ޚΔҝʹ͸ɼہॴαΠτͰ͋

ΒΘΕΔޫֶಛੑΛμΠϨΫτʹిքมௐͰ͖Δٕज़։ൃ͕ॏཁͰ͋Δͱண͠؟ɼڀݚΛਐΊ͍ͯΔɽ

ͦͷΞϓϩʔνͱͯ͠ɼۙ઀৔෼ޫଌఆٕज़ʢSNOMʣͱిքҹՃͷٕज़Λ૊Έ߹ΘͤΔ͜ͱΛݕ౼͠

͍ͯΔɽۙ઀৔෼ޫଌఆٕज़ͱ͸ɼΧϯνϨόͷઌ୺ʹ͋ΔφϊαΠζͷ޸ʢ60 ∼ 90nmʣʹ͓͍ͯൃ

ੜ͢Δۙ઀৔ޫΛ༻͍Δ෼ޫ๏Ͱ͋Δɽ͜ͷۙ઀৔ޫͱࢼྉͱͷ૬࡞ޓ༻ʹΑΓൃੜͨ͠఻೻ޫΛର෺

ϨϯζͰݕग़͢Δ͜ͱͰɼճંݶքΛ௒͑ͨ෼ղೳͰࢼྉͷޫֶಛੑΛղ໌ՄೳͰ͋Δɽࢼྉ͕ް͍ό

ϧΫͳࢼྉͷ৔߹͸ଌఆ͕ࠔ೉Ͱ͋Δ͕ɼࢠݪ૚ͱ͍͏୯૚ࢼྉʹ͓͍ͯ͸αΠτʹμΠϨΫτʹΞΫ

ηεՄೳͰ͋Δҝɼͷہॴ෺ੑΛਖ਼֬ʹ؍ଌͰ͖Δಛ௃Λ༗͢Δɽ͜Ε·Ͱࢠݪ૚ࡐྉʹ༻͍ΒΕ͖ͯ

ͨ SNOMٕज़͸ɼͦͷہॴൃޫଌఆʹݶΒΕɼ࠷΋جຊతͳޫֶಛੑͰ͋ΔޫٵऩεϖΫτϧͱہॴ

ଳҬϨʔβʔ޿ʹ೥౓͸ɼॴ༗ͷۙ઀৔෼ޫଌఆ૷ஔࡢ͸օແͰ͋ͬͨɽڀݚ଄ͱͷରԠΛղ໌ͨ͠ߏ

ॴతͳޫہքΛ௒͑ͨ෼ղೳͰݶʣΛ૊Έ߹ΘͤɼճંݯɼSRޫݯʢεʔύʔίϯςΟχϡΞϜޫݯޫ

Λߏػ೥౓͸ɺΧϯνϨόͷઌ୺ΑΓిքΛҹՃ͢ΔࠓऩɾൃޫεϖΫτϧΛऔΔ͜ͱʹ੒ޭͨ͠ɽٵ

ઃ͚ɺہॴతʹΩϟϦΞ஫ೖ੍ޚΛ͍ߦɺMoS2୯૚ࢼྉͷہॴൃޫͷมௐ͕ՄೳͰ͋Δ͜ͱΛ໌Β͔

ʹͨ͠ɻߋʹ͸ɺిքҹՃͱۙ઀৔ޫরࣹΛ૊Έ߹ΘͤΔ͜ͱʹΑΓɺہॴతʹMoS2ࢼྉΛΤονϯ

ά͢Δ͜ͱ͕Ͱ͖Δ͜ͱΛ໌Β͔ʹͨ͠ɻ
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2) ௿࣍ݩφϊ෺࣭ܥʹ͓͚Δిࢠ෺ੑͱͦͷ੍ޚ

̨̬̘̣̩ͷ೤ి෺ੑͷ੍ޚ ೋॏ૚ΩϟϦΞ஫ೖͷٕज़ʹΑΓɼSWCNTͷϑΣϧϛϨϕϧΛେؾి

͖͘γϑτͤ͞Δ͜ͱ͕ՄೳͰ͋Δɽ௿࣍ࡐݩྉɼಛʹҰ࣍ࡐݩྉ͸ɼ೤ిมੑ׵ೳ͕͍͜ߴͱ͕஌Β

Ε͍ͯΔɽ͔͠͠ͳ͕Βɼͦͷੑೳ͸େ͖͘ϑΣϧϛϨϕϧʹґଘ͢Δɽզʑ͸ɼిؾೋॏ૚ΩϟϦΞ

஫ೖٕज़Λൃలͤ͞ɼ൒ಋମܕ SWCNTͷθʔϕοΫ܎਺ͷϑΣϧϛϨϕϧґଘੑΛղ໌͠ɼPܕɾN

Ͱ͸ɺΧΠϥϦςΟɾϑΣϧϛϨϕϧ͓Αͼ೤ిಛࡏݱɽ͖ͨͯͬߦΛޚ਺੍܎ͷ྆ํͷθʔϕοΫܕ

ੑͷऀࡾͷؔ܎Λղ໌͢Δ͜ͱΛ໨ඪʹڀݚΛਐΊ͍ͯΔɻಛʹɺ(6,5)SWCNTʹ͓͍ͯɺిՙதੑ఺

ۙ๣Ͱͷৼ෣͍͕ཧ࿦తͳ༧૝ͱେ͖͘ҟͳ͍ͬͯͨ໰୊͕͋ͬͨɻͦͷ໰୊Λղܾ͢Δҝɺࠓ೥౓͸ɺ

(6,5)SWCNTͷߴ७౓ԽʹऔΓ૊Έɺ७౓ 99%ͷߴ७౓ (6,5)SWCNTΛಘΔ͜ͱʹ੒ޭͨ͠ɻಉࢼྉ

ʹରͯ͠೤ిଌఆΛ͜͏ߦͱʹΑΓɺ൒ಋମܕ SWCNTʹ͓͚Δ೤ిಛੑͷϑΣϧϛϨϕϧґଘੑΛཧ

࿦ͱͷؔ܎Λਖ਼֬ʹٞ࿦Ͱ͖Δঢ়گͱͳͬͨɻ

Ұ࣍ݩભҠۚଐΧϧίήφΠυφϊνϡʔϒͷ෺ੑ੍ޚ

SWCNTͰ͖ͨͯͬߦϑΣϧϛϨϕϧૢ࡞ʹΑΔ෺ੑ੍ޚͷٕज़͕ଞͷҰ࣍ݩ෺࣭ܥʹ͓͍ͯ΋Մೳ

͔Ͳ͏͔͢ূݕΔҝɼࠓ೥౓͸ೋ࣍ݩ෺࣭Ͱ͋ΔભҠۚଐΧϧίήφΠυ͕౵ঢ়ʹͳͬͨભҠۚଐΧϧ

ίήφΠυνϡʔϒʹରͯ͠ɼిؾೋॏ૚ΩϟϦΞ஫ೖͷڀݚΛࡢ೥౓ΑΓ͍ͯͬߦΔɽࡢ೥౓ʹ͓͍

ͯ͸ɺ໌֬ͳ྆ੑۃͷಈ࡞Λ࣮͢ݱΔ͜ͱʹ੒ޭͨ͠ɽWS2φϊνϡʔϒʹ͓͍ͯɼੈքͰ͸͡Ίͯͷ

Δ͜ͱʹ੒ޭͨ͠ɽWS2͕ΧΠϥϦςΟʹґଘͤͣʹશͯ൒ಋମతੑ࣭Λࣔ͢͜ͱ͢ݱΛ࣮࡞ಈੑۃ྆

ʹண໨͠ɺͦͷ೤ిಛੑͷධՁΛͨͬߦɻΩϟϦΞ͕஫ೖ͞Ε͍ͯͳ͍ঢ়گʹ͓͍ͯ͸ɺθʔϕοΫ܎

਺ΛධՁ͢Δ͜ͱ͕ग़དྷͳ͔͕ͬͨɺΩϟϦΞ஫ೖͱͱ΋ʹɺ఻ಋύε͕ܗ੒͞Εɺͦͷ݁ՌɺP͓ܕ

ΑͼNܕͷൺֱత ͖ͳʢ¿ 200µV K−1ʣθʔϕοΫ܎਺Λࣔ͢͜ͱΛ໌Β͔ʹͨ͠ɻ

ਤ 1: ిքޮՌۙ઀৔෼ޫଌఆܥͷ։ൃͱMoS2 ߏྉͷࢼ
଄੍ޚͱޫ෺ੑ ਤ 2: WS2 φϊνϡʔϒͷ೤ి෺ੑͷ੍ޚ
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ιϑτϚλʔࣨڀݚ

1. ಈͷ֓ཁ׆ڀݚ

ιϑτϚλʔͱ͸ɼߴ෼ࢠ΍ӷথɼΰϜͱ͍ͬͨʡॊΒ͔͍ʡ෺࣭܈ͷ૯শͰ͋Γɼ̏ Sͱ͍͏ಛ௃Λ

࣋ͭɽ̏ Sͱ͸ɼSoftɾSlowɾSeeableͷ಄จࣈͰɼॊΒ͔͘ɾ஗͘ɾݟ΍͍͢ɼͷ͜ͱͰ͋ΔɽҰൠʹ

ιϑτϚλʔ͸֊૚తͳߏ଄ɼ͢ͳΘͪɼ෼ߏͨ͠߹͕݁ࢠ଄Λ࡞Γɼ͞Βʹͦͷߏ଄͕ΑΓେ͖ͳߏ

଄Λ࡞Δɽ͜ͷ֊૚ੑͷͨΊɼ೤ΤωϧΪʔఔ౓ͷΤωϧΪʔͰ༷ʑͳసҠΛ͢͜ىɽզʑͷࣨڀݚͰ

͸ɼओʹιϑτϚλʔͷ૬సҠμΠφϛΫε΍ඇฏڵʹܥߧຯΛ࣋ͬͯɼڀݚΛ͍ͯͬߦΔɽ

1) Թ౓ޯ഑Լʹ͓͚Δ೤ΤωϧΪʔ༌ૹ

ք໘ࡎੑ׆ɾਫࠞ߹ܥͰ͸ɼք໘͕ࡎੑ׆ೋ෼ࢠບΛܗ੒͠ɼͦͷೋ෼ࢠບ͕τϙϩδʔతʹҟͳΔϥ

ϝϥ૬΍εϙϯδ૬Λܗ੒͢Δɽࠓճ͸นʹฏߦʹ഑ྻͨ͠ϥϝϥ૬Λܗ੒͠ɼͦͷঢ়ଶʹԹ౓ޯ഑Λ

ҹՄͨ͠ɽϥϝϥ૬ͷΤωϧΪʔ͸ບؒڑ཭ dͱԹ౓ Tʹ͍ؔͯ͠܎ΔɽԹ౓ޯ഑Λ༩͑Δ͜ͱʹΑ

Γɼϥϝϥ૬ͷΤωϧΪʔ͸ۭؒ෼෍Λ΋ͭ͜ͱʹͳΓɼΤωϧΪʔ༌ૹ͕͜ىΔɽ͔͠͠ɼϥϝϥ૬

ͷບؒڑ཭ d͸زԿֶతʹܾఆ͞ΕΔྔͰ͋ΓɼͲͷΑ͏ʹΤωϧΪʔΛ༌ૹ͢Δͷ͔Θ͔Βͳ͍ঢ়ଶ

Ͱ͋ͬͨɽզʑ͸ɼϥϝϥ૬ʹଘ͢ࡏΔບͷંΓͨͨΈܽؕʢઢܽؕʣ͕ॏཁͳಇ͖Λ͍ͯ͠ΔࣄΛൃ

ΒΕΔɽ௨ৗ͸ɼΤωϧΪʔతͳෆར͑ߟ଄Ͱ͋ΔͨΊͩͱߏɽઢܽؕ͸ບͷຕ਺ΛՄมʹ͢Δͨ͠ݟ

ͳߏ଄Ͱ͋Δʹ΋ؔΘΒͣɼඇฏߧԼͰ͸ॏཁͳಇ͖Λ͢Δͱ͍͏ݱ৅͸େมڵຯਂ͍ɽ

2) ήϧͷ೤ରྲྀ

ਫͳͲͷӷମΛԼ͔Β೤͢Δͱରྲྀ͕͜ىΔࣄ͸Α͘஌ΒΕ͍ͯΔɽ೤֦͕ࢄ೪ੑʹଧͪউͭࣄͰϚΫ

ϩͳྲྀΕΛੜ͍ͯ͡Δͱ͍͏ϝΧχζϜͰ͋Γɼ೪ੑ͕େࣄͳཁૉͰ͋Δ͜ͱ͸ٙ͏༨஍΋ͳ͍ɽ೪ੑ

͕Թ౓ґଘ͢Δڀݚ͸ɼ͜Ε·ͰਫͳͲͷऑ͍ґଘੑΛ࣋ͭ΋ͷʹݶΒΕ͍ͯͨɽࠓճ͸ɼ೪ੑ͕͘ڧ

Թ౓ʹґଘ͢Δ෺ཧήϧʢθϥνϯʣͷ೤ରྲྀΛ࣮ݧతʹௐ΂ͨɽϙϦενϨϯϥςοΫεΛ༻͍ͯɼ

ྲྀΕΛՄࢹԽ͠ɼରྲྀͷμΠφϛΫεΛௐ΂ͨɽҎԼɼΘ͔ͬͨ͜ͱʹ͍ͭͯྻ͢هΔɽ(a) ਫͷରྲྀ

ͱ͸ॳظաఔ͕શ͘ҟͳΓɼθϥνϯͷ৔߹͸ϩʔΧϧʹྲྀΕ͍ͯΔ৔ॴͱྲྀΕ͍ͯͳ͍৔ॴ͕෼཭͢

Δɽ(b) ྲྀΕ͍ͯͳ͍ۭؒ͸͕࣌ؒͭܦͱɼॏྗͰ௜߱͢Δɽ(c) ͦͷ௜߱ͷྲྀΕʹΑͬͯɼϚΫϩͳྲྀ

Ε͕ܹٸʹมԽ͢Δɽ͜ΕΒͷ࣮࣮ࣄݧ͸ਫͷ৔߹ͱେ͖͘ҟͳΓɼඇฏܥߧ౷ֶྗܭʹ͓͍ͯ΋ॏཁ

ͳ݁ՌʹͳΔͱ͍ͯ͑ߟΔɽ

3) ϒϨϯυͷ݁থԽμΠφϛΫεࢠ෼ߴ

Ұൠʹߴ෼ࢠ͸݁থԽ͢Δ΋ͷɼ͠ͳ͍΋ͷʹ෼ྨ͢Δ͕ࣄग़དྷΔɽڥ؀ʹ΍͍͞͠ͱݴΘΕ͍ͯΔੜ

෼ղੑϙϦϚʔͰ͋ΔPCL͸༥఺ҎԼʹͳΔͱ༰қʹ݁থԽ͢Δɽߴ෼ࢠͷ݁থԽʹ͓͍ͯɼ௨ৗͷӷ

ମͱ͸ҟͳΓɼ༹༥ঢ়ଶʹ͓͍ͯ΋ߴ෼ࢠಉ͕࢜བྷΈ߹͍ͬͯΔɽ݁থԽͷࡍɼབྷΈ߹͍Λ΄Ͳ͘ɼߴ

෼ࢠΛք໘ʹҠಈ͢Δɼଞͷߴ෼ࢠ΋Ҿ͖ͮΒΕΔͳͲɼଟ͘ͷޮՌ͕ೖͬͯ͘ΔͨΊɼͦͷμΠφϛ

Ϋε͸ଟ͘͸ະղ໌ͳ··Ͱ͋Δɽզʑ͸༹༥ঢ়ଶʹ͓͚Δߴ෼ࢠͷབྷΈ߹͍ɼҾ͖ͮΓࠐΈʹؔͯ͠ɼ

໌֬ʹ͢Δ΂࣮͘ݧΛ͍ͯͬߦΔɽ·ͨɼPCL͸݁থԽ͠ͳ͍ PVBͱࠞ߹͢Δͱɼ֩ܗ੒ස౓͕ܹݮ

͢Δɼ݁থ໘͕Ͷ͡ΕΔͳͲ݁থԽμΠφϛΫεʹେ͖ͳӨݱ͕ڹΕΔɽ͜ΕΒͷޮՌ΋݁থաఔͱؔ

Γɼ༹༥ঢ়ଶͱͷؔ࿈ੑʹؔͯ͠ௐ΂͍ͯΔɽ͓ͯ͑ߟΔͱ͍ͯ͠܎

4) μΠφϛΫεूڽͷە๔ੑ೪ࡉ

ੜ෺ͷதʹ͸ूஂʹͳΔͱڠಉతͳಈ͖Λൃ͠ݱɼ໘ന͍ڍಈΛࣔ͢΋ͷ͕͍Δɽྫ͑͹ɼੜ෺͕ϨΠ

ϦʔɾςΠϥʔෆ҆ఆੑʹΑΓରྲྀ͢Δੜ෺ରྲྀ΍όΫςϦΞͷίϩχʔܗ੒ͳͲ͕͛ڍΒΕΔɽ·ͨ
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ঢ়ʹू·ΔͷͰ͸ͳ͘ɼώήͷΑ͏ʹ৳ͼͨωοτܗ͸ɼ୯७ͳԁͷʹࡍΔ͢ूڽͷूஂ͕ە๔ੑ೪ࡉ

ϫʔΫύλʔϯΛܗ੒͢Δɽ͜ͷωοτϫʔΫܗ੒ͷϝΧχζϜ͸·ͩΘ͔͍ͬͯͳ͍ɽզʑͷࣨڀݚ

Ͱ͸ɼੜ෺ʹݟΒΕΔ͜ΕΒͷಛ௃తͳڠಉݱ৅ʹରͯ͠෺ཧతͳཁҼΛൈ͖ग़ͨ͠γϯϓϧͳϞσϧ

ΛఏҊ͠ɼ਺஋ࢉܭΛ͜͏ߦͱʹΑͬͯϝΧχζϜΛཧղ͢Δ͜ͱΛ໨͍ͯ͠ࢦΔɽ

5) ๐ລͷঢ়ଶؒసҠ

ӷମதʹؾ๐͕ଟ͘ೖ͍ͬͯΔঢ়ଶΛ๐ລͱݺͿ. ͜Ε·Ͱؾ๐ͷମੵ෼཰ʹΑͬͯ, ঢ়ଶ͕ݧܦతʹ෼

ྨ͞Ε͖ͯͨ. 95%Ҏ্Ͱ͋Ε͹, dry foamͱݺ͹Ε, 85%ҎԼͰ͋Ε͹, wet foamͱ෼ྨ͞Ε͖ͯͨ.

͜Ε·Ͱؾ๐ͷܗঢ়Ͱݧܦతʹ෼ྨ͖͕ͯͨ͠, զʑ͸ dry-wetసҠ͕ᐆດͳ΋ͷͰ͸ͳ͘, γϟʔϓͳ

సҠͰ͋Γ, .ग़ͨ͠ݟΔ͜ͱΛ͕͋܎഑ஔͱؔ࠶๐ͷؾ ͢ͳΘͪ, ྗֶతͳಛੑʹΑͬͯঢ়ଶ͕సҠ͠

͍ͯΔ͜ͱΛҙຯ͍ͯ͠Δ. ͞Βʹ dryঢ়ଶͷ্ʹ superdryঢ়ଶ͕͋Δ͜ͱ΋ݟग़ͨ͠. ͜ͷ superdry

ঢ়ଶ΋ dryঢ়ଶͱྗֶతͳಛੑ͕ҟͳΔ͜ͱ͕Θ͔ͬͨ. ௕೥, ະղ໌Ͱ͋ͬͨ๐ລͷ෺ཧֶతͳঢ়ଶΛ

໌֬ʹ͠, ,ޙࠓ ෺ཧֶͷൃల͚ͩͰͳ͘, Ԡ༻ʹ΋େ͖͕͘ܨΔڀݚͱͳͬͨ.
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K. U. Kobayashi, N. Oikawa and R. Kurita : Thermal convection in a thermosensitive viscous fluid

with inhomogeneous cooling, Journal of Physical Society of Japan 86, 043402 (2017).

Y. Furuta, N. Oikawa and R. Kurita : Close relationship between a dry-wet transition and a bubble

rearrangement in two-dimensional foam, Scientific Reports 6, 37506 (2016).

K. U. Kobayashi, N. Oikawa and R. Kurita : Common dynamical features for thermal convection in

Golden Syrup and a gelatin solution, Journal of Physical Society of Japan 85, 104402 (2016).

N. Oikawa, D. Tahara and R. Kurita : One-way diffusion of ionic liquids in a mixing process with

water, Journal of Physical Society of Japan 85, 093001 (2016).

N. Oikawa and R. Kurita : A new mechanism for dendritic pattern formation in dense systems,

Scientific Reports 6, 28960 (2016).

2) ֶձߨԋ

˔ 4th International Soft Matter Conference, September 12-16, 2016 (Grenoble, France)

K. U. Kobayashi, N. Oikawa, R. Kurita : Dynamical transition of thermal convection in a physical

gel near the sol-gel transition (Poster)

N. Oikawa, R. Kurita : Mixing dynamics of ionic liquids/water systems (Poster)

˔ ೔ຊ෺ཧֶձ 2016೥ळقେձʢۚ୔େֶ ֯ؒΩϟϯύεʣ

৿Ӭ ઒ٴɼر߃ యࢠɼా܀ ྰɿΧϦϛϣ΢όϯͷ݁࠶থʹର͢Δࠞ߹Ԙ༹ӷͷޮՌ

ాݹ ༞ೋ࿕ɼٴ઒ యࢠɼా܀ ྰɿ๐ລʹ͓͚Δ dry-wetసҠͱྗֶಛੑ

ా܀ ྰɿτϦΨʔ༠ى૬෼཭ͷύλʔϯܗ੒

ੴ࡚ ݈ଠɼٴ઒ యࢠɼా܀ ྰ ɿΠιཙࢎ-ਫܥͷ༹ղաఔʹ͓͚ΔඇฏߧμΠφϛΫε
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ਂ઒ ઒ٴଠɼܒ యࢠɼా܀ ྰ ɿ༹ӷதʹ͓͚ΔΠΦϯӷମͷΞϝʔόӡಈͷൃݱ

˔ ୈ̍̑ճ ؔ౦ιϑτϚλʔڀݚձʢट౎େֶ౦ژɹೆେ୔Ωϟϯύεʣ

઒ٴ యࢠɼా܀ ྰɿബບ΁ͷ༹ղʹ൐͏༹ӷք໘ͷΞΫςΟϒӡಈ

খྛ ࿨໵ɼٴ઒ యࢠɼా܀ ྰɿθϥνϯΛ༻͍ͨ͘͞ͼܕʹ͓͚ΔରྲྀμΠφϛΫε

ਂ઒ ઒ٴଠɼܒ యࢠɼా܀ ྰɿΠΦϯӷମͷ༹ӷதʹ͓͚ΔΞϝʔόӡಈͷ࡯؍

৿Ӭ ઒ٴɼر߃ యࢠɼా܀ ྰɿࠞ߹༹ӷதʹ͓͚ΔΧϦϛϣ΢όϯͷ݁থԽ

ੴ࡚ ݈ଠɼٴ઒ యࢠɼా܀ ྰɿΠιཙࢎ-ਫܥΛ༻༹͍ͨղաఔʹ͓͚ΔඇฏߧμΠφϛΫεͷ࡯؍

˔ ೔ຊ෺ཧֶձɹୈ̓̎ճ೥࣍େձʢେࡕେֶ ๛தΩϟϯύεʣ

খྛ ࿨໵ɼా܀ ྰɿࠞ߹༹ӷܥʹ͓͚Δҟৗରྲྀ

઒ٴ యࢠɼా܀ ྰɿີߴ౓ཻܥࢠʹ͓͚Δथࢬঢ়ύλʔϯܗ੒ͷ਺ཧϞσϧ

ా܀ ྰɿٖ ๐ລʹ͓͚Δӷମ෼཰ͷଌఆݩ2࣍
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ฤूهޙ

ઌ೔ɺҾͬӽ͠Λͨ͠ɻ͕ͪͨڙࢠมԽΛ͕ͯͬݏҾͬӽ͠ʹ͸͘ڧ൓ରΛ͍͕ͯͨ͠ɺಉ͡౩Ͱಉ͡

֊ʹ͋Δগ͍͠޿෦԰ʹۭ͖͕ͰͨͷͰɺҾͬӽ͠Λ͢Δ͜ͱʹͨ͠ɻؔݰΛग़ͯਅ͍͔޲ͷ෦԰Ͱ͋

Γɺ೔ৗੜ׆ʹ΋΄ͱΜͲมԽ͕ͳ͍ɻ৽͍͠෦԰͸ɺͻͱ෦԰૿͑ͨ͜ͱΛͷ͚ͧ͹ɺΩονϯ΋Ϧ

Ϗϯά΋όε΋΄ͱΜͲಉؒ͡औΓʹͳ͍ͬͯΔɻ͔͠͠ɺ͍͔޲͕ؔݰ߹Θͤͱ͍͏͜ͱͰલͷ෦԰

ͱઢରশͷؔ܎Ͱ͋ͬͯɺ෦԰ͷத͕ࠨӈٯʹͳ͍ͬͯΔɻ͜ͷมԽ͸ؾʹͳΒͳ͍ͩΖ͏ͱ͍ͯͬࢥ

͕ͨɺͨࣅΑ͏ͳͨݟ໨Ͱࠨӈ͕ٯͱ͍͏ͷ͸ɺ͔ͳΓ͕ͪ࣋ؾѱ͍ɻԿؾͳ͘ిؾΛফͦ͏ͱͯ͠΋

ͳ͜ͱͰʮ͋Εʁʯࡉɺ౳ʑɻ೔ৗͷࠣ͘޲Λ޲൓ରํͯͬࢥΛ։͚Α͏ͱݿख͕ग़Δɺྫྷଂʹ޲ͷํٯ

ͱ͕ߟࢥೖΔɻਓؒ͸೔ৗͷͳΜͰ΋ͳ͍ߦಈʹ͸͍͍ͪͪ೴Λಇ͔ͤͳ͍ͰࡁΉΑ͏ʹͰ͖͍ͯΔͷ

ͩΖ͏ɻͦ͏Ͱͳ͍ͱ೴͕ർΕͯ͠·͏ɻԿ΋͑ߟͳͯ͘΋ମ͕ಈ͘ʮϧʔςΟʔϯʯͷ͋Γ͕ͨ͞ʹ

࢖छ͸಄ΛۀΉͷͰ͋Ζ͏͔ɻ͔֬ʹ୯ௐͳຖ೔Ͱ͸ୀ۶Ͱ͋Δɻզʑͷ޷Εͨɻਓ͸มԽΛ͔ͮ͞ؾ

͏͜ͱͰ೔ʑͷྐΛಘ͍ͯͯɺৗʹԿ͔มԽΛٻΊΑ͏ͱ͍ͯ͠Δɻ͔͠͠ɺͳΜͰ΋͔ΜͰ΋಄Λ࢖

͏͜ͱ͹͔ΓͩͱർΕͯ͠·͏ɻมԽͷͳ͍ϧʔςΟʔϯతͳ೔ৗʹ͸಄Λ࢖Θͣɺ৽͍͜͠ͱͷ૑଄

΍ಥൃతͳ໰୊ͷରԠͳͲඇ೔ৗతͳ͜ͱʹ͸೴Λϑϧճసͤ͞Δɻ͜ͷೋͭͷόϥϯε͕େͩࣄͱࢥ

͏ɻࠓࡢɺΘΕΘΕͷऔΓ͘רঢ়گ͸ɺ૊৫࠶ฤ΍ೖࢼվֵɺ͋Δ͍͸ۃ୺ͳडऀݧͷ૿ݮ౳ɺ޷Ή޷

·͟Δʹؔ܎ͳ͘มԽ͕ԡͯͤ͘͠دΔɻඇ೔ৗ͕೔ৗԽͯ͠͠·͍ͬͯΔΑ͏ʹ΋ࢥΘΕΔɻ͋·Γ

มԽ͹͔Γͩͱ೴͕ർฐ͠ߟࢥʹରͯ͠༨༟͕ͳ͘ͳΔɻ͜ͷ͜ͱ͕৽͍͜͠ͱΛੜΈग़͢׆ڀݚಈʹ

େ͖ͳϚΠφεʹͳΒͳ͍ͩΖ͏͔ɻ

(࣊ಓେհ (ه

ฏ੒ 28೥౓ ೥࣍ใࠂฤूҕһ
ट౻ ओ೚ʣࣨڭʢ2016೥౓෺ཧֶܒ
࣊ಓ େհ
๗ా ཅฏ
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