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ۚ୩ڭࢸत͕ཧ࣭ܥΛୀ͠ɺૉཻࢠࣨڀݚͷڭतʹ෮ͨ͠ؼʢ2015
4݄ 1ʣɻ
୩ޱ༟հതࢉܭ͕࢜Պֶڀݚηϯλʔ।ڭतʹঢͨ͠ʢ2016 1݄ 1ʣɻ

ʲ׆ڀݚಈʳ

ૉཻࢠཧάϧʔϓʹ͓͍ͯɺຊɺ֨ࢠͷཧͱݭཧͷ 2ͭͷ
Ͱൃ׆ͳ׆ڀݚಈ͕ߦͳΘΕͨɻ

QCDࢠͷͱɺ֨ܞηϯλʔͱີͳ࿈ڀݚՊֶࢉܭͷཧάϧʔϓɺࢠ֨
ͷେܕγϛϡϨʔγϣϯڀݚΛਪਐ͍ͯ͠Δɻ֨ࢠͷཧάϧʔϓͷऀڀݚͷେ

͕ࢀՃ͢ΔओཁϓϩδΣΫτͰ͋ΔHPCIઓུϓϩάϥϜ̑ڀݚ։ൃ՝ 1
ʮ֨ࢠ QCDʹΑΔཧͰͷόϦΦϯؒ૬࡞ޓ༻ͷܾఆʯɺ2015Ͱऴྃ͠
ͨɻ2016ळ͔Β JCAHPCʢ࠷ઌڞಉHPCج൫ࢪઃɿஜେֶͱ౦ژେֶ྆ػ
ؔͷڭ৬һ͕த৺ͱͳΓઃ͢ܭΔεʔύʔίϯϐϡʔλγεςϜΛઃஔ͠ɺ࠷ઌ

ͷେنੑߴجࢉܭ൫ΛߏஙɾӡӦ͢ΔͨΊͷ৫ʣʹ͓͍ͯ Oakforest-PACS
ʢϐʔΫԋੑࢉ 25PFLOPSͷฒྻΫϥελػࢉܭɺʮژʯΛ͑Δࠃੑߴ࠷
γεςϜͱͳΔࠐݟΈʣ͕Քಇ༧ఆͰ͋Γɺ͜Εʹ͚ͯPACS CollaborationΛ
৫͠ɺ४උڀݚΛ։͍ͯ࢝͠Δɻ͜Εͱฒͯ͠ߦɺ༗ݶԹɾ༗ີݶQCDͷݚ
ɺඪ४ཧΛ͑Δڀݚήʔδཧͷࢠ֨ͮ͘جʹࣜܗɺςϯιϧωοτϫʔΫڀ

ཧͷ୳ٻͳͲɺൃ׆ͳ׆ڀݚಈΛͨͬߦɻ͞Βʹɺ֨ࢠQCDҐͦͷଞͷσʔ
λΛڞ༗͢ΔҝͷσʔλάϦου ILDG/JLDGͷߏஙɾඋΛਪਐͨ͠ɻ

ͱͯ͠ɺ2015Ͱऴྃͨ͠HPCIઓུϓϩάϥϜͷՊֶશମͷಈࢉܭͷࠃ
ʯͰॏతʹऔΓΉ͖ࣾձతɾՊֶతژͱͯ͠ɺ2016͔Βʮϙετʮܧޙ
՝ʯʹؔ͢ΔΞϓϦέʔγϣϯ։ൃɾڀݚ։ൃ͕࢝·ͬͨɻࡏݱ 9ͭͷॏ՝
͕ઃఆ͞Ε͓ͯΓɺ9൪ͷ՝Ͱ͋ΔʮӉͷجຊ๏ଇͱਐԽͷղ໌ʯ͕ૉཻࢠ
ཧɾ֩ࢠݪཧɾӉཧ͕ରͱ͢ΔૅجՊֶతڀݚ՝Ͱ͋Δɻͦͷ׆

ಈɺhttp://www.jicfus.jp/jpʹৄ͍͠ɻ
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ݭཧάϧʔϓݭͷͷཧɺྻߦܕɺήʔδɾॏྗରԠͱ͍͏ 3 ͭͷ ؔ
࿈͢ΔςʔϚΛத৺ͱͯ͠ڀݚΛਐΊ͍ͯΔɻࠓതڀݚ࢜һͷଜࢯɾଜ

ͷݭਖ਼ଇԽɺݩ࣍ͷͷཧͱݭɻ͕ͨͬͷ෯͕ڀݚՃΘͬͨ͜ͱʹΑΓɺ͕ࢯ

ͷཧͷݩ࣍ਖ਼ଇԽͱϧʔϓৼ෯ɺήʔδ-ॏྗରੑͱՄੵੑʹ݁ڧͮ͘ج߹
ήʔδཧͷڀݚɺίώʔϨϯτঢ়ଶΛ༻͍ͨزྻߦԿͷڀݚɺݭཧʹؔ࿈

͢Δ༷ʑͳʹ͍ͭͯͷڀݚΛͨͬߦɻ

ʲ̍ʳ ͷཧࢠ֨

ʢۚ୩ ࢸɺ૿ Յ৳ɺੴ௩ ਓɺ୩ޱ ༟հɺ࡚ࢁ ߶ɺߐ٢ ༑রɺࠜଜ ӳࠀɺු

ా ঘ࠸ɺࠤʑ ɺࢤ݈ ༟հ)

(1) HPCIઓུϓϩάϥϜ 5ʹ͓͚Δڀݚ։ൃ՝

 5ʮ࣭ͱӉͷݯىͱߏʯͷઓུඪɺϏοάόϯʹ࢝·ΔӉͷ
ݯىΔ࣭ͱӉͷࢸʹܗૉ߹ɺɾۜՏݩΒ͔ࢠԙ͚Δɺૉཻʹ࢙ྺ

ͱߏΛɺෳͷ֊Λࢉܭ͙ܨՊֶతख๏Ͱ౷Ұతʹཧղ͢Δ͜ͱʹ͋Δɻ

͜ͷඪΛͯ͠ࢦ 4ͭͷڀݚ։ൃ՝͕ઃఆ͞Ε͓ͯΓɺͦͷ͏ͪͷҰ͕ͭ
ʮ֨ࢠQCDʹΑΔཧͰͷόϦΦϯؒ૬࡞ޓ༻ͷܾఆʯͰ͋Δɻຊ՝͕
͢ࢦͷɺ֨ࢠQCDࢉܭͷඍࡉԽͱϚϧνεέʔϧԽΛݤͱ͢Δ৽͍͠
ల։Ͱ͋ΔɻඍࡉԽͱɺΞΠιεϐϯରশੑͷഁΕͷޮՌΛऔΓೖΕͨࢉܭ

ɺΤωϧΪʔͷϋυϩϯߏࢉܭΛҙຯ͢ΔɻଞํɺϚϧνεέʔϧԽͱ

ɺ֨ࢠQCDΛ༻͍ͨ֩ࢠݪͷߏʹΑͬͯͦͷଋറΤωϧΪʔΛٻΊ
ͨΓɺ͋Δ͍֩ؒࢠͷ༗ޮϙςϯγϟϧΛௐͨΓ͢Δ͜ͱΛҙຯ͢Δɻલ

ऀɺ࡚ࢁɾ૿Λத৺ͱͨ͠άϧʔϓʹΑͬͯਪਐ͞Ε͓ͯΓɺऀޙHAL
QCD Collaboration͕औΓΜͰ͍ΔΞϓϩʔνͰ͋Δʢޙड़ʣɻ

ʮژʯͰੜ͞ΕͨҐΛ༻͍ͨجຊཧྔࢉܭ

ʮژʯͰɺDDHMCʢDomain-Decomposed Hybrid Monte Carloʣ๏Λ༻͍
ͯɺ964ͷ֨ࢠαΠζɺ0.1 fmఔͷִ֨ؒࢠΛͭ࣋ɺ2+1ϑϨʔόʔʢmu =
md ̸= msʣQCDͷήʔδҐΛੜͨ͠ɻ͜ͷҐͷ࠷େͷಛɺ(9fm)3

ͱ͍͏ैདྷʹͳ͍ѹతͳେ͖͞ͷۭؒମੵͰ͋Δɻͦͷ࠷େͷརɺෳ

ͷ͔֩ࢠΒ֩ࢠݪΛߏ͢Δ͜ͱ͕ՄʹͳΔ͜ͱɺࢄԽ͞Εͨӡ

ಈྔͷࠁΈ෯͕͔͘ࡉͳΔ͜ͱʹΑͬͯɺϋυϩϯܗঢ়Ҽࢠͷӡಈྔۭؒʹ͓

͚Δਫ਼ີͳղੳ͕ՄͱͳΔ͜ͱͰ͋ΔɻҐੜ 2014ॳΊʹऴྃ͠ɺ
HA-PACSʢࢉܭϊʔυ 332ɺGPU෦ϐʔΫԋੑࢉ 1.048PflopsɺCPU෦
ϐʔΫԋੑࢉ 0.118PflopsʣΛ༻͍ͯϋυϩϯ࣭ྔͳͲͷجຊཧྔͷଌఆ
Λ͖ͨͯͬߦɻ2015ɺϋυϩϯ࣭ྔɺΫΥʔΫ࣭ྔɺٖεΧϥʔதؒ
͠༺ฒਐରশੑΛརۭؒ࣌ରͯ͠ʹࢉܭຊతͳཧྔͷجյఆͳͲͷ่ࢠ

ͨ౷ܭਫ਼ͷ্Λͨ͠ࢦɻਤ 1ཧͰͷϋυϩϯ࣭ྔࢉܭͷ࠷ऴ݁Ռ
Λ࣮ݧͱൺֱͨ͠ͷͰ͋Δɻ͜͜ͰɺΫΥʔΫ࣭ྔ (mu = md ̸= ms)ͱ
ΛܾΊΔͨΊͷִؒࢠ֨ 3ͭͷཧྔͱͯ͠ɺπதؒྔ࣭ࢠʢmπʣɺKதؒࢠ
࣭ྔʢmKʣɺΩόϦΦϯ࣭ྔʢmΩʣΛ࠾༻͍ͯ͠Δɻ
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ਤ 1: 2+1ϑϨʔόʔ֨ࢠ QCDࢉܭͰಘΒΕͨϋυϩϯ࣭ྔͱ࣮ݧͱͷൺֱɻനൈ͖γϯϘϧ

ΫΥʔΫ࣭ྔͱִ֨ؒࢠΛܾΊΔͨΊͷཧΠϯϓοτΛද͢ɻ

҆ఆཻࢠ ͷൣғͰҰக͍ͯ͠Δࠩޡͱݧ࣮(Ͱ่յ͠ͳ͍༺࡞ޓ૬͍ڧ)
ͷʹରͯ͠ɺෆ҆ఆཻࢠ Ͱ่յ͢Δ༺࡞ޓ૬͍ڧ) ρ∆ͳͲ)ɺࠩޡͷൣ
ғΛ࣮͑ͯݧͱͷ༗ҙͳζϨ͕ͯݟऔΕΔɻ͜Εɺ࠾ࡏݱ༻͍ͯ͠Δϋ

υϩϯ࣭ྔͷํࢉܭ๏͕ෆ҆ఆཻࢠʹରͯ͠༗ޮͰͳ͍͜ͱΛද͓ͯ͠Γɺ

͜Ε΄Ͳ໌֬ʹ࣮ূ͞ΕͨྫੈքͰॳΊͯͰ͋Δɻ͜ͷଞɺϋυϩϯ࣭ྔͷ

ͷ่յఆɺΧΠϥϧઁಈʹ͓͚ΔΤࢠɺٖεΧϥʔதؒͯ͠ߦͱฒࢉܭ

ωϧΪʔఆɺ֩ࢠͷγάϚ߲ͳͲͷࢉܭ࣮͠ߦɺେมڵຯਂ͍݁ՌΛಘͯ

͍Δʢจ 8ʣɻ

ɹ

(2) Kத่ؒࢠյৼ෯ͷڀݚ
ૉཻࢠඪ४ܕʹɺੲ͔ΒͷະղܾͳͰɺ͔ͭཧͷۃ͍͓ͯʹূݕΊ

ͯॏཁͳ͕͞Ε͍ͯΔɻKத่ؒࢠյͰͷ ∆I = 1/2ଇͷղ໌ͱɺCP
ඇอଘύϥϝʔλ (ϵ′/ϵ) ͷཧ͔Βͷ༧ଌͰ͋Δɻ͜ΕΒͷʹɺK த
ೋͭͷ͕ࢠؒ πதؒࢠʹ่յ͢Δ߹ͷ่յৼ෯ͷ͕ࢉܭඞཁͰ͋Δɻ

ੴ௩ɺߐ٢Βɺ֨ࢠ QCDʹΑΓ่յৼ෯Λ֨ࢠ QCDʹΑΓ͠ࢉܭɺ
ͷڀݚΛͨͬߦɻπதؒྔ࣭ࢠ mπ = 280MeV ͷݩͰɺऴঢ়ଶͷ πதؒ
ͤͨ͞ΛࢉܭӡಈྔΛ͍ͨͳ͍߹ͷ͕ࢠ (จ9.ݙ)ɻ͜ͷࢉܭʹΑΓɺ
∆I = 1/2ଇͷஹީΛݟΔ͜ͱ͕Ͱ͖ͨɻCP ඇอଘύϥϝʔλ (ϵ′/ϵ) ʹؔ͠
ͯ౷͕ࠩޡܭඇৗʹେ͖͘ɺࢉܭͷվળ͕ඞཁͰ͋Δ͜ͱ͕͔ͬͨɻ

͜ͷڀݚΛݩʹɺࢉܭΛӡಈྔΛ࣮ͭݱͷ่յͷ߹ʹ֦ு͠ɺ৴པੑͷߴ

͍ৼ෯ΛٻΊΔڀݚΛ։ͨ࢝͠ɻࡏݱɺ่յৼ෯ͷࢉܭͷͨΊʹɺ৽ͨͳήʔ

δҐΛੜ͠ɺຊ֨ࢉܭݧࢼ͚ͨʹࢉܭΛ͍ͯͬߦΔɻ

(3) ༗ݶԹɾ༗ີݶQCDͷڀݚʢWHOT-QCD Collaborationʣ
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ۚ୩ɺ୩ޱΒɺ৽ׁେֶߐ৲৴࢘।ڭतɺౡେֶകా࢜و।ڭतɺभେ

ֶླതڭतΒͱͷڞಉڀݚͰɺWilsonܕΫΥʔΫʹΑΔ༗ݶԹɾີ̦
̘̙ͷڀݚΛҾ͖ଓ͖ਪਐͨ͠ɻ

վྑWilsonΫΥʔΫʹΑΔNF = 2+ 1 QCDͷཧۙʹ͓͚Δঢ়ଶํఔ
ࣜͷͨΊͷҐੜΛܧଓͯ͠ਪਐ͢Δͱͱʹɺঢ়ଶํఔࣜͷධՁʹඞཁͳ

ϕʔλؔΛQCDͷଟมۭؒͰਫ਼Αܾ͘ఆ͢Δख๏ͱͯ͠ɺଟॏ࠶ॏ
Έ͚๏ʹΑΔϕʔλؔධՁͷݧࢼΛͨͬߦɻ͞ΒʹɺGradient Flow๏Λ
༻͍ͨ༗ݶԹঢ়ଶํఔࣜͷධՁΛɺಈతΫΥʔΫΛؚΉQCDͰ࣮͢ߦΔ࠷
ॳͷڀݚΛ։࢝͠ɺڀݚݧࢼͷ݁ՌΛಘͨɻ

0.14 0.142 0.144
κ

1.66
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1.7

P

κ=0.1400
κ=0.1425
κ=0.1440
simulation point
multi point
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 0.144

 0.1445

 1.81  1.815  1.82  1.825  1.83  1.835

κ

β

mPS/mV=0.70
mPS/mV=0.72
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ਤ 2: NF = 2 QCDʹ͓͚Δଟॏ࠶ॏΈ͚๏ͷڀݚ [จ 11] ɻࠨਤɿվྑϓϥέοτ P =

c0W 1×1 +2c1W 1×2 ͷظͷ β = 1.825.ʹ͓͚Δ κ ґଘੑɻؙࠇɺ̏ͭͷγϛϡϨʔγϣϯ

ʹ͓͚Δ؍ଌ݁Ռɻࢵɺɺ੨ɺ̏ͦΕͧΕͷσʔλʹΑΔ୯७ͳ࠶ॏΈ͚๏ͷ݁ՌɻʮॏͶ

͋ΘͤʯͷͨΊʹɺύϥϝʔλΛେ͖͘ಈ͔͢ͱ୯७ͳ࠶ॏΈ͚๏Ͱ؍ଌ݁ՌΛݱ࠶Ͱ͖ͳ

͍͜ͱ͕Θ͔Δɻɺ̏ͷσʔλΛଟॏ࠶ॏΈ͚๏ʹΑΓ݁߹ͯ݁ͨ͠͠ࢉܭՌɻ؍ଌ݁Ռ

ΛεϜʔεʹ͗ܨɺ͍ύϥϝʔλྖҬͰਫ਼ͷ͕ࢉܭ͍ߴՄͱͳΔɻɹӈਤɿmPS/mV ͷ݁Ռ

͔ΒٻΊͨཧઢ (LCP)ɻmPS/mV ͕ 1ʹ͍ۙ΄ͲΫΥʔΫ࣭ྔ͕େ͖͍߹ʹ૬͢Δɻ

ଟॏ࠶ॏΈ͚๏ʹΑΔQCDϕʔλؔ

༗ݶԹɾ༗ີݶQCDͷঢ়ଶํఔࣜཧྔͷԹɾີ ґଘੑΛ͢ࢉܭΔ

ͨΊʹɺཧͷύϥϝʔλۭؒͷʮཧઢʢLine of Constant Pjhysics:
LCPʣʯʢಉҰͷཧܥΛ༷ʑͳִ֨ؒࢠͰදݱʣͱɺLCP্Ͱύϥϝʔλͷ֨
ґଘੑΛ͋ΒΘ͢ʮϕʔλؔʯͷใ͕ඞཁͰ͋ΔɻQCDɺήʔִؒࢠ
δ݁߹ఆ (β)ͱෳͷΫΥʔΫ࣭ྔ (κ)Խֶϙςϯγϟϧ (µ)Λجຊύϥ
ϝʔλͱ͕ͯͭ࣋͠ɺଟݩ࣍ͷύϥϝʔλۭؒͰ LCPϕʔλؔΛਫ਼Α
͘ධՁ͢Δ͜ͱ؆୯Ͱͳ͍ɻͦΕΛղܾ͢ΔͨΊʹʮଟॏ࠶ॏΈ͚๏

ʢmulti-point reweighting๏ʣʯΛݕ౼͠ɺີθϩͷNF = 2 QCDͷ߹ʹ
ʢจͨͬߦΛڀݚݧࢼ 10,11ʣɻ

ॏΈ͚๏ʢreweighting࠶ͷύϥϝʔλґଘੑΛௐΔ༗ྗͳํ๏ͱͯ͠ɺܥ
๏ʣ͕Α͘ΘΕΔ͕ɺ༗ݶԹɾ༗ີݶQCDͷڀݚͰཁ͞ٻΕΔΑ͏ͳɺ
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ਤ 3: ଟॏ࠶ॏΈ͚๏ʹΑΔɺNF = 2 QCDͷϕʔλؔ a(dβ/da)ʢࠨਤʣͱ a(dκ/da)ʢӈ

ਤʣɻmVaΛۙͰ݁߹ύϥϝʔλͷ̎࣍ϑΟοτͨ݁͠Ռʹͨ͠ࢉܭ͍ͯجͷɻࠨਤͷഁઢɺ

NF = 0 ͱ 2 ͷ߹ͷઁಈ̍࣍ͷ݁Ռɻ[จ 11]

ύϥϝʔλۭؒͷྖ͍ҬʹԠ༻͢Δ͜ͱʹࠔ͕͏ɻਤ ɺվྑϓʹࠨ2
ϥέοτ P ͷ κ ґଘੑΛࣔ͢ɻؙࠇ̏ͭͷγϛϡϨʔγϣϯʹ͓͚Δ؍
ଌ݁ՌͰɺࢵɺɺ੨ɺͦΕͧΕͷγϛϡϨʔγϣϯͷσʔλΛ࠶ͯͬ

ॏΈ͚๏Λͨ͠ࢉܭͯͬ P ͷ κ ґଘੑͷ༧ݴΛ͋ΒΘ͢ɻύϥϝʔλΛ
େ͖͘ಈ͔͢ͱ؍ଌ݁ՌΛݱ࠶Ͱ͖ͳ͍͜ͱ͕Θ͔ΔɻࠩޡධՁ৴པੑ͕

͘ɺ͜ͷ·· LCPϕʔλؔͷ͜͏ʹࢉܭͱ͍͠ɻ͜Εɺ࠶ॏΈ
͚๏ʹඞཁͳώετάϥϜΛɺ֤γϛϡϨʔγϣϯͰͷظۙͰ͔͠

৴པͰ͖ΔධՁ͕Ͱ͖ͣɺظ͕େ͖͘ಈ͘ࣄʹରԠ͢ΔΑ͏ͳύϥϝʔλ

ͷେ͖ͳมԽʹରԠͰ͖ͳ͍ࣄʹΑΔʢʮॏͶ͋Θͤʯʣɻ

ଟॏ࠶ॏΈ͚๏ͰɺॏͶ͋ΘͤΛղܾ͢ΔͨΊʹɺෳͷγϛϡ

ϨʔγϣϯσʔλΛ౷߹ͯ͠࠶ॏΈ͚͢Δɻਤ ਤʹɺ̏ͭͷγϛϡϨʔࠨ2
γϣϯΛ߹Θͤͯଟॏ࠶ॏΈ͚๏ʹΑΓ݁ͨ͠ࢉܭՌΛઢͰࣔ͢ɻ؍ଌ

݁ՌʢؙࠇʣΛεϜʔεʹ͗ܨɺγϛϡϨʔγϣϯͷؒͷྖҬؚΊɺ͍

ύϥϝʔλྖҬͰ৴པੑͱਫ਼ͷ͍݁ߴՌ͕ಘΒΕͨɻ͜ΕʹΑΓɺLCPͱ
ϕʔλؔͷࢉܭʹඞཁͳɺύϥϝʔλۭؒͷྖ͍ҬͰͷਫ਼ͷ͍ߴଌఆ͕

ՄͱͳΔɻͦΕʹͨ͠ࢉܭ͍ͯͮجNF = 2 QCDͷ LCPͱϕʔλؔΛɺ
ਤ 2ӈਤͱਤ 3ʹࣔ͢ɻ

NF = 2 + 1 ཧQCDͱ༗ີݶQCD

͜ͷख๏ΛԠ༻ͯ͠NF = 2 + 1 ཧQCD༗ີݶQCDΛ͢ڀݚΔͨ
Ίͷ४උਐΊ͍ͯΔʢจ 12ʣɻ

զʑ͕։ൃͨ͠Δݻఆִ֨ؒࢠΞϓϩʔνʹ͖ͮجɺPACS-CSͷθϩԹγ
ϛϡϨʔγϣϯͱಉ͡γϛϡϨʔγϣϯɾύϥϝʔλΛͯͬɺT = 140–500
MeV ʹ૬͢Δ༗ݶԹҐΛܥ౷తʹੵ͍ͯ͠Δɻ͜Ε·Ͱʹੜͨ͠
༗ݶԹҐͱɺPACS-CS͕ެ։͍ͯ͠ΔθϩԹҐ reweighting factor
Λ༻͍ͯɺPlaquette ɺPolyakovظ loop ܭɺ͞Βʹঢ়ଶํఔࣜͷظ
ͷ༺࡞ͰඞཁͱͳΔQCDࢉ coupling parameterඍͷࢉܭݧࢼΛ͓͜ͳ͍ɺ
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͢ΔৼΔ͍Λ֬ೝͨ͠ʢਤظ ॏΈ࠶ਤʣɻ͜ΕΛൃలͤ͞ɺଟॏࠨ4
͚๏ Gradient Flow๏Λ༻͍ͨཧͰͷϕʔλؔͷධՁ͕࣍ͷ՝Ͱ
͋Δɻ
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ਤ 4: Թݶਤɿཧʹ͓͚Δ༗ࠨ QCDͷҐͰͨ͠ࢉܭ Polyakov loop ͷԹґଘੑɻظ

ҎલͷࢉܭʹΑΔൺֱతॏ͍ΫΥʔΫ࣭ྔͰͷ݁Ռࣔ͢ɻΫΥʔΫ࣭ྔ͕ܰ͘ͳΔͱ૬సҠԹ͕

Լ͕Δ͕ࣄ͔Δɻ[จ 11] ɹӈਤɿGradient Flow๏ʹΑΔNF = 2 + 1 QCDঢ়ଶํఔࣜʢதؒ

݁Ռʣɻॎ࣠ ϵ/T 4ɺԣ࣠ T [MeV]ɻؙ͕ Gradient Flow๏ͷ݁ՌͰɺ֯ࡾࠇ T -ੵ๏ʹΑ

ΔҎલͷ݁Ռɻ

Gradient Flow๏ʹΑΔNF = 2 + 1 QCDঢ়ଶํఔࣜ

ۙQCDྗֶྔͷ৽͍͠ํࢉܭ๏ͱͯ͠ gradient flow Λ༻͍ͨํ๏͕
Λཋͼ͍ͯΔɻ͜ͷํ๏Ͱ܁Γࠐ·ΕͨΤωϧΪʔӡಈྔςϯιϧΛ֨ࢠ

্Ͱ͢ࢉܭΔ͜ͱ͕ՄʹͳΓɺΤωϧΪʔີͳͲͷঢ়ଶํఔࣜΛࢉܭ

͢Δ͜ͱ͕Ͱ͖Δɻ͞Βʹ gradient flow ʹΑΔΫʔϦϯάͷޮՌʹΑͬͯɺ
ྗֶྔʹ͓͚Δࠩޡͷେ෦ΛΊΔήʔδҐͷ༳Β͕͗ԡ͑͞ΒΕɺै

དྷͷੵ๏Λϕʔεͱͨ͠ࢉܭख๏ʹൺͯɺߴਫ਼ͷ͕ࢉܭՄʹͳΔ͜ͱ

͞Ε͍ͯΔɻظ͕

͜Ε·ͰʹΫΤϯνۙࣅͰ gradient flow Λ༻͍ͨߦ͕ࢉܭΘΕ͓ͯΓɺͦ
ͷ༗ޮੑ͕ࣔ͞Ε͍ͯΔɻಈతΫΥʔΫΛؚΉ࡞༻Ͱͷ gradient flow ͷఆࣜ
ԽɺM. LüscherʹΑΓߦΘΕ͓ͯΓɺfull QCDͰͷΤωϧΪʔӡಈྔςϯι
ϧͷධՁํ๏ H. Makino ͱ H. Suzuki ͷจͰ։ൃ͞Ε͍ͯΔɻ͞Βʹɺɺ
ΧΠϥϧΦʔμʔύϥϝʔλҐ૬ͷධՁ gradient flow ʹΑΓ༰қʹͳ
Δͱظ͞Ε͓ͯΓɺ૬ߏͳͲͷڀݚʹେ͖ͳਐల͕ظ͞ΕΔɻզʑɺ

͜ΕΒΛͯͬಈతΫΥʔΫΛؚΉ (2+1)-flavor QCD ʹ͓͚Δ gradient flow
Λ༻͍ͨ QCDྗֶྔͷࢉܭΛతͱͯ͠ɺڀݚΛਐΊ͍ͯΔɻͦͷͨΊͷ
ίʔυΛɺࢉܭ Bridge++Λϕʔεʹ։ൃͨ͠ɻ

ॳͷεςοϓͱͯ͠ɺmPS/mV࠷ = 0.65ͷॏ͍ΫΥʔΫ࣭ྔྖҬͰNF =
2 + 1 QCDͷঢ়ଶํఔࣜͷڀݚΛ։ͨ࢝͠ɻݻఆִ֨ؒࢠ๏Λ࠾༻͠ɺCP-
PACS CollaborationͰੜͨ͠θϩԹҐͱಉ͡γϛϡϨʔγϣϯɾύϥ
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ϝʔλΛ༻͍ɺT = 170–700MeVʹ૬͢Δ༗ݶԹҐΛੜ͍ͯ͠Δɻਤ
4ӈਤʹɺgradient flow Λ༻͍ͨঢ়ଶํఔࣜࢉܭͷதؒ݁ՌΛࣔ͢ɻMakinoi-
SuzukiʹΑΔঢ়ଶํఔࣜʢΤωϧΪʔɾӡಈྔςϯιϧʣͷධՁํ๏Ͱɺflow
time tʹ͍ͭͯθϩͷݶۃΛ֎ૠ͢Δඞཁ͕͋Δ͕ɺNt ≈ 4ͷߴԹ֨ࢠҎ֎
Ͱɺ҆ఆͨ݁͠ՌΛಘΔ͜ͱ͕ग़དྷͨɻਤ 4ӈਤͰɺؙ͕Gradient Flow
๏ʹΑΔΤωϧΪʔີͷ݁ՌͰɺ֯ࡾࠇɺT -ੵ๏ʹΑΓզʑ͕Ҏલܭ
ՌͰ͋ΔɻGradient݁ͨ͠ࢉ Flow๏ʹΑΔӈͷσʔλʢNt = 4ʣͱͦͷ࣍
ͷσʔλʢNt = 6ʣͰɺt → 0ͷ֎ૠʹෆఆੑ͕༗Δ͕ɺͦͷܥ౷ࠩޡΤ
ϥʔόʔʹؚ·Ε͍ͯͳ͍ɻ࿈ଓݶۃҎ֎ͰGradient Flow๏ͱ T -ੵ๏͕
Ұக͢Δඞવੑͳ͍͕ɺ༗ݶͷ্֨ࢠͰ྆ऀ͕΄΅Ұக͍ͯ͠Δ͜ͱɺํ

๏ͷ༗༻ੑΛ͍ࣔࠦͯ͠Δɻ

Gradient Flow๏ʹΑΔؒ࣌ࢉܭɺT -ੵ๏ΑΓେ͖͘͞ݮΕ͍ͯΔɻ࣍
ͷඪɺҟͳΔִ֨ؒࢠͰͷಉ༷ͷࢉܭΛ͍ߦɺ࿈ଓݶۃΛௐΔ͜ͱͰ͋

Δɻ࠷ऴతʹɺཧͰͷ༗ݶԹҐΛ༻͍ͨΤωϧΪʔӡಈྔςϯιϧ

ͷଌఆΛ͍ͯ͠ࢦΔɻ

(4) ڀݚQCDʹΑΔอଘిՙͷ༳Β͗ͱ૬ؔͷࢠ֨

s1/2
NN

 [GeV]

(MQ/σQ
2 )/(MP/σP

2 )

(MP/σP
2)2

QCD:      (Tf,0, κf
2=0)

(Tf,0,κf
2=0.02)

STAR: pt
max=2.0 GeV

pt
max=0.8 GeV

PHENIX/STAR2.0

 0.05

 0.1

 0.15

 0.2

 0.25

 0  0.2  0.4  0.6  0.8  1

200 62.4 39 27 19.6 11.5         7.7

ਤ 5: ૯ిՙ༳Β͗ͷฏۉͱࢄͷൺͱ૯ཅࢠ༳Β͗ͷฏۉͱࢄͷൺͷൺͷ࣮ݧʢγϯϘϧʣ

ͱ֨ࢠ QCDࢉܭʢόϯυٴͼઢʣͱͷൺֱɻ

ด͡ࠐΊɾඇด͡ࠐΊ૬సҠͷલޙͰɺܥͷࣗ༝͕ϋυϩϯ͔ΒΫΥʔΫ

ʹมԽ͢Δɻอଘిՙͷ༳Β͗ͦΕΒͷؒͷ૬ؔɺ͜ͷࣗ༝ͷมԽʹහ

ௐΔͷʹ༗༻Ͱ͋ΔɻʹࡉͰ͋Γɺ૬సҠͷੑ࣭Λৄײ

େɺFrithjof KarschࢯΛத৺ͱ͢Δ BNL-Bielefeld-CCNU Collaboration
Ճ͠ɺ2+1ϑϨʔόʔͷHighlyࢀʹ Improved Staggered Quark࡞༻Λ༻͍ͨ
ͼͦΕΒͷؒٴQCDγϛϡϨʔγϣϯʹΑΓɺ༷ʑͳอଘిՙͷ༳Β͗ࢠ֨
ͷ૬ؔʹؔ͢ΔڞಉڀݚΛͨͬߦɻ͜͜ͰɺγϛϡϨʔγϣϯෳͷ֨ࢠ

ԹྖҬʹ͓͍ͯɺߴΛͱͬͨɻ·ͣɺ300–700MeVͷݶۃɺ࿈ଓ͍ߦͯʹִؒ
u,d,sΫΥʔΫʹର͢Δର֯ٴͼඇର֯ΫΥʔΫײडΛ ·ͷΦʔμʔ࣍4
Ͱͨ͠ࢉܭɻͦͯ͠ɺಘΒΕͨ݁ՌΛ͍͔ͭ͘ͷઁಈࢉܭͱൺֱ͠ɺ͍ޓʹΑ
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͘Ұக͢Δ͜ͱΛࣔͨ͠ʢจ 14ʣɻ·ͨɺԹͱԽֶϙςϯγϟϧʹؔ͢Δ
ςΠϥʔల։Λ༻͍ͯɺ૯όϦΦϯٴͼ૯ిՙͷ༳Β͗ͷฏۉͱࢄΛࢉܭ

ͨ͠ɻͦͯ͠ɺͦͷ݁ՌΛ STARٴͼPHENIX࣮ݧͷ݁Ռͱൺֱ͠ɺόϦΦ
ϯԽֶϙςϯγϟϧ͕ 0ͷݶۃͰͷ freeze-outԹΛܾఆ͢ΔͱͱʹɺॳΊ
ͯɺfreeze-out lineͷۂʹ੍ݶΛ༩͑ͨʢจ 16ʣɻ

(5) ༗ݶԹ֨ࢠQCDʹΑΔΫΥʔίχϜফࣦͱॏΫΥʔΫ༌ૹͷڀݚ

0
1

2
3

4
5

κ / T
3

1αa

1αb

1βa

1βb

2αa

2αb

2βa

2βb 3a   

B
G

M

model

strategy (i)
strategy (ii)

T ~
 1.5 T

c

ਤ 6: ༷ʑͳϞσϧʹͮ͘جεϖΫτϧؔͷϑΟοτ͔ΒಘΒΕͨॏΫΥʔΫӡಈྔ֦ࢄͷ݁

Ռɻփ৭ͷόϯυ࠷ऴ݁ՌΛࣔ͢ɻ

ΫΥʔίχϜνϟʔϜϘτϜͱ͍ͬͨॏΫΥʔΫͱͦͷΫΥʔΫͷଋ

റঢ়ଶͰ͋ΔɻRHIC LHCͰͷ૬ରతॏΠΦϯিಥ࣮ݧʹ͓͚ΔΫΥʔ
ίχϜੜྔͷ੍ɺΫΥʔΫɾάϧΦϯɾϓϥζϚ (QGP)ੜΛࣔ͢
ॏཁͳγάφϧͷҰͭͰ͋ΓɺΫΥʔίχϜͷߴԹഔ࣭தͰͷৼΔ͍Λ

ཧతʹཧղ͢Δ͜ͱɺ࣮݁ݧՌΛઆ໌͢Δ্ͰඇৗʹॏཁͰ͋Δɻ·ͨɺ

QGPͷྲྀମྗֶతͳੑ࣭͞Ε͓ͯΓɺྲྀମϞσϧʹ݁ݧ࣮ͮ͘جՌͷ
આ໌ʹɺQGPதͰͷॏΫΥʔΫ༌ૹݱͷཧతཧղ͕ඞཁෆՄܽͰ͋Δɻ

େɺYorkେͷAnthony FrancisࢯɺBielefeldେͷOlaf KaczmarekࢯɺBern
େͷMikko Laineٴࢯͼ JülichࢉܭηϯλʔͷThomas NeuhausࢯΒͱڞʹɺ
େ࠷ 1923×48ͱ͍͏ඇৗʹେ͖ͳ֨ࢠΛ༻͍ͯ pure SU(3) ͷ֨ࢠ QCDγ
ϛϡϨʔγϣϯΛ͍ߦɺ࿈ଓݶۃʹ͓͚Δ৭ిՙ૬ؔؔΛͨ͠ࢉܭɻͦ͠

ͯɺ͜ͷ૬ؔؔʹର༷ͯ͠ʑͳϞσϧʹͮ͘جϑΟοτΛ͍ߦɺεϖΫτϧ

ؔΛ͠ࢉܭɺͦͷθϩपۙͷৼΔ͍͔ΒॏΫΥʔΫӡಈྔ֦ࢄ

 (κ)Λੵݟͬͨɻͦͷ݁Ռɺ૬సҠԹͷ 1.5ഒͷԹ (T )ʹ͓͍ͯɺ
κ/T 3 = 1.8 − −3.4ͱ͍͏Λಘͨʢจ 15ʣɻ·ͨɺHeng-Tong Dingࢯɺ
Olaf KaczmarekࢯɺSwagato MukherjeeٴࢯͼHai-Tao ShuࢯΒͱͷڞಉݚ
Δํ๏ͱͯ͠ɺ֬తͳख͢ࢉܭΑΓɺ૬͔ؔؔΒεϖΫτϧؔΛʹڀ

๏Λಋೖ͠ɺΫΥʔίχϜͷεϖΫτϧؔͷ༷͚ͨʹࢉܭʑͳ༧උతܭ
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ʢจͨͬߦΛࢉ 17ʣɻޙࠓɺΑΓৄࡉͳܥ౷ࠩޡͷূݕطଘͷํ๏ͱͷ
ൺֱͱڞʹɺ༷ʑͳԹʹ͓͚ΔΫΥʔίχϜͷεϖΫτϧؔΛࢉܭ

͠ɺΫΥʔίχϜͷফࣦԹॏΫΥʔΫ֦ࢄͷਪఆΛ͏ߦɻ

(6) 3ϑϨʔόʔɾ2+1ϑϨʔόʔ༗ݶԹQCDʹ͓͚Δ૬ߏʢ૿ʣ

8

FIG. 4. Results for the critical endpoints in the plane of 1/l and 1/s (black open circles). Also shown (red squares) are the
points where zero temperature simulations are carried out to calculate hadron masses. SU(3)-symmetric line is drawn in pink,
while for green and blue lines the sum of three quark masses is constant.

FIG. 5. CEL in the plane of (
p
t0m⇡)

2 and (
p
t0m⌘s)

2 and the slope along CEL calculated by the fit in eq. (7). Pink line
denotes the line of SU(3) symmetry ( Nf = 3). Three types of polynomial fitting results are overlapping in upper plot.
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ਤ 7: m2
π-m

2
η ฏ໘ʹ͓͚Δྟքऴઢɻઢ SU(3)ରশʢmπ = mηʣΛද͢ɻ

Թ T ͱΫΥʔΫԽֶϙςϯγϟϧ µΛؔͱ͢Δ QCDͷ૬ਤΛ֬ఆͤ͞
Δ͜ͱɺ֨ࢠQCDγϛϡϨʔγϣϯʹ͓͚Δ࠷େͷඪͷҰͭͰ͋Δɻ
૿ɺཧࢉܭݚՊֶߏػڀݚʢAICSʣͷӉ෭ߏػɺதଜڀݚһɺۚେ
ֶాॿ͓ڭΑͼถࠃΞϧΰϯψڀݚཱࠃॴͷ JinڀݚһΒͱͷڞಉڀݚͷ
ͱɺO(a)վྑΛͨ͠ࢪWilson-CloverΫΥʔΫ࡞༻ͱ Iwasakiήʔδ࡞༻Λ༻
͍ͯɺTɺµɺΫΥʔΫ࣭ྔmqͷύϥϝʔλۭؒʹ͓͚Δ 3ϑϨʔόʔQCD
ͷྟքऴઢͷܾఆʹऔΓΜͰ͖ͨɻઌͣɺ࠷ॳͷεςοϓͱͯ͠ µ = 0ʢີ
θϩʣʹ͓͚Δ 3ϑϨʔόʔQCDʹ͓͚ΔྟքऴΛܾఆͨ͠ʢจൃද
ʣɻΘΕΘΕ͕༻͍ͨํ๏ɺઑࡁ (kurtosis)ަࠥ๏ͱݺΕΔ༗ݶαΠζ
εέʔϦϯάղੳख๏ͷҰछͰ͋ΓɺҰ࣍૬సҠྖҬʹ͓͚Δཧྔͷઑ

ͱΫϩεΦʔόʔଆͷରԠ͕ɺҟͳΔۭؒମੵґଘੑΛ࣭ੑͭ࣋Λར༻͠

͍ͯΔɻຊڀݚɺੈքͰॳΊͯ 3ϑϨʔόʔQCDʹ͓͚Δྟքऴͷܾఆ
ʹޭͨ͠ͷͰ͋ΓɺQCDͷ૬ߏΛཧղ͢Δ্Ͱͷඇৗʹॏཁͳૅੴͱ
ͳ͍ͬͯΔɻ

ͷεςοϓ࣍ 3ϑϨʔόʔQCD͔Β 2+1ϑϨʔόʔQCDͷ֦ுͰ͋Δ
͕ɺΘΕΘΕઌͣ 3ϑϨʔόʔQCDͷ݁ࢉܭՌΛ༻͍ͨ reweighting๏ʹ
Αͬͯɺ3ϑϨʔόʔ QCDͷྟքऴۙͷྟքऴઢͷৼΔ͍Λௐͨɻ
ͨͩ͠ɺࠓճʮํؒ࣌ʯͷ֨ࢠαΠζΛNT = ఆ͍ͯ͠Δɻਤݻʹ6 7ɺ
m2

π-m
2
ηฏ໘ʹ͓͚Δ SU(3)ରশۙͷྟքऴઢͷৼΔ͍Λϓϩοτͨ͠
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ਤ 8: ΫΥʔΫԽֶϙςϯγϟϧ µ/T ͷؔͱͯ͠ͷΫΥʔΫີͷ̎࣍ΩϡϜϥϯτ

⟨N̂2⟩c/(V T 3). άϥϑ্͔ΒߴԹଆɿβ = 2.1 (orange), 1.9 (red), 1.7 (magenta), 1.5 (green),

1.3 (dark green), 1.1 (blue), 0.9 (black)ɿԹଆɻ

ͷͰ͋Δɻࢵ৭ͷઢ SU(3)ରশͳΛද͓ͯ͠ΓɺͦΕΛԣΔྟքऴ
ઢͷ͖ཧతʹ−2ʹͳΔͣͰ͋Δ͕ɺΘΕΘΕͷ݁Ռྑ͍ਫ਼Ͱͦ
ΕΛ͍ͯ͠ݱ࠶Δɻ

(7) ༗ີݶQCDͷڀݚ

ླͱ୩ޱࡕେͷதଜ७ࢯɺཱڭେͷԬকଠࢯΒͱڞಉͰ͢ΔΧϊχΧϧ

๏Λ༻͍ͨ༗ີݶQCDͷڀݚΛͨͬߦɻ

༗ີݶ֨ࢠQCDʹෳૉ࡞༻ͷɺٴͼͦͷੜͱͯ͠ͷූ߹ͱݺ
ΕΔະղܾͷ͕͋Δɻ͜ͷෳૉ࡞༻ͷΛճආ͢Δํࡦͱͯ͠ɺ

ΧϊχΧϧؔΛϑΨγςΟʔల։ͷͱͯ͢͠ࢉܭΔΧϊχΧϧ

๏ͱݺΕΔख๏Λڀݚͨ͠༺࠾Λͨͬߦɻಛʹॏ͍ΫΥʔΫʹରͯ͠༗ޮͳ

hopping parameterల։Λ࠾༻͢Δ͜ͱͰɺ͍ԹྖҬͰΧϊχΧϧؔ
ͷࢉܭΛͨͬߦɻ

ཧྔͱͯ͠ɺΫΥʔΫີͱͦͷ࣍ߴͷΩϡϜϥϯτͷࢉܭΛओʹͬߦ

ͨɻಛʹΫΥʔΫͷ༳Β͗ʹ૬͢Δ̎࣍ͷΩϡϜϥϯτʹ T < Tcͷ

Թଆʹ͓͍ͯ૬సҠʹಛ༗ͳϐʔΫߏ͕ݱΕ͍ͯΔ͜ͱ͕ͯݟऔΕΔ (ਤ 8)ɻ
ͷΩϡϜϥϯτͷൺ࣍ͱ̍࣍̎ʹߋ ⟨N̂2⟩c/⟨N̂⟩ʹ͍ͭͯࢉܭΛͨͬߦ (ਤ 9)ɻ
͜ΕϋυϩϯϨκφϯεΨεٴܕͼΫΥʔΫΨεܕͱͷൺֱ͕໌֬ͳ

ྔͰ͋Δ͕ɺ͖͢ϙΠϯτɺಛʹ T < TcͷԹଆͰͷৼΔ͍Ͱ͋

ΔɻີଆͰϋυϩϯܕͷ༧ݴͱΑ͘Ұக͍ͯ͠ΔҰํͰɺີΛ্͛

͍ͯͮۙʹݴͷ༧ܕΒͣΕͯɺΫΥʔΫ͔ܕɺϋυϩϯͯͬैʹ͘ߦͯ

ͱΑ͘Ұக͠ݴͷ༧ܕԹଆͰҰ؏ͯ͠ΫΥʔΫߴऔΕΔɻͯݟ͕ࢠ༷͍͘

͍ͯΔ͜ͱͱൺֱ͢Δͱ͜Εஶ͍͠ҧ͍Ͱ͋Δɻ͜ΕɺԹଆͰີΛ্

ڥΊ૬సҠͷࠐΊʖඇด͡ࠐɺQCD૬ਤͷΫΥʔΫͷดͯͬ͡ैʹ͘ߦͯ͛
քΛ·͍ͨͰݱ͘ߦͱ͑ߟΒΕΔɻ࣍̎ʹޙ࠷ͷΩϡϜϥϯτʹݱΕͨϐʔ

ΫͷҐஔ͔ΒQCDͷ૬ਤΛྨਪͨ͠ͷ͕ਤ 10Ͱ͋Δɻ
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ਤ 9: όϦΦϯԽֶϙςϯγϟϧ µB/T ͷؔͱͯ͠ͷΫΥʔΫͷ̎࣍ΩϡϜϥϯτͱΫΥʔΫ

ͷൺ ⟨N̂2⟩c/⟨N̂⟩. ϋυϩϯϨκφϯεΨεܕʢ੨ઢʣٴͼΫΥʔΫΨεܕʢઢʣͱͷൺֱΛ

Δɻ͍ͯͬߦ

ਤ 10: ΫΥʔΫ༳Β͗ʹݱΕΔϐʔΫͷҐஔ͔Βྨਪͨ͠ QCD૬ਤɻ
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(8) ςϯιϧωοτϫʔΫࢠ֨ͮ͘جʹࣜܗήʔδཧͷڀݚ

ΞϧΰϦζϜͷ։ൃɾվن৽্ྗͷػࢉܭͰɺۙͷࢉܭQCDࢠ֨
ྑͷ݁Ռɺࣗવքͷͷ uɺdɺsΫΥʔΫ࣭ྔ্ͰͷγϛϡϨʔγϣϯɺߋʹ
ܰ֩ࢠݪͷଋറΤωϧΪʔࢉܭ·Ͱ͕ՄͱͳΓͭͭ͋ΔɻͦͷҰํͰɺ

ղܾ͖͢ͷ՝͕ͦͷ··͞Ε͍ͯΔ͜ͱ࣮ࣄͰ͋Δɻ࠷ॏཁ

ͳ՝ɺϑΣϧϛΦϯܥΛѻ͏ࡍͷෛූ߸͓Αͼෳૉ࡞༻Λܥͭ࣋ͷγ

ϛϡϨʔγϣϯͰ͋Δɻ͜ΕΒɺ͍ܰΫΥʔΫͷμΠφϛΫεɺStrong CP
ɺ༗ີݶQCDͷڀݚʹ͓͍ͯආ͚ͯ௨Εͳ͍Ͱ͋ΔɻΘΕΘΕɺ
ۙੑཧͰఏҊ͞ΕͨςϯιϧωοτϫʔΫͮ͘جʹࣜܗؔͷ

ࢉܭख๏Λ֨ࢠήʔδཧԠ༻͠ɺϞϯςΧϧϩ๏ʹىҼ͢Δෛූ߸

͓Αͼෳૉ࡞༻Λղܾ͠ɺ͜Ε·Ͱͷ֨ࢠQCD͕ࢉܭ͠ಘͳ͔ͬͨ
৽ͨͳཧڀݚͷ։Λ͍ͯ͠ࢦΔɻ

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 0  5  10  15  20  25  30  35  40

X

iteration

Dcut=10

K=0.14990
K=0.14991

0 2 4 6 8 10 12
Dcut

0.130

0.135

0.140

0.145

0.150

0.155

0.160

K
c

ਤ 11: αΠζʹ͓͚Δࢠ10244֨ ͓ʹਤɿDcut=10ࠨΠδϯάϞσϧͷ૬సҠԹͷܾఆɻݩ࣍4

͚Δςϯιϧͷݻ༗ͷॖॏʹΑΔߴԹ૬ʢॖॏ 1ʣͱԹ૬ʢॖॏ 2ʣͷಉఆɻӈਤɿసҠ

Թͷ Dcut ґଘੑɻ੨͍ԣઢϞϯςΧϧϩ๏ʹΑΔ݁ࢉܭՌΛද͢ɻ

͜Ε·Ͱɺ૿ͱཧࢉܭݚՊֶߏػڀݚʢAICSʣͷਗ਼ਫಛผڀݚһɺςϯ
ιϧ܁ΓࠐΈ܈ΛάϥεϚϯѻ͑ΔΑ͏ʹ֦ு͠ʢάϥεϚϯςϯιϧ

ʣɺੈքͰॳΊͯϑΣϧϛΦϯೖΓͷήʔδཧͷԠ༻ʹޭ͠܈ΈࠐΓ܁

ͨɻ۩ମతʹɺάϥεϚϯςϯιϧ܁ΓࠐΈ܈Λ༻͍ͯɺθ߲͕༗Δ߹ͱ
ແ͍߹ͷ 1ϑϨʔόʔͷ ࢠ֨ݩ࣍2 SchwingerϞσϧʢ2ࢠ֨ݩ࣍QEDʣʹ
͓͚Δ૬ߏΛௐͨʢจൃදࡁʣɻ͜ͷڀݚʹΑΓɺάϥεϚϯςϯιϧ

Λղ༺࡞Δෛූ߸ෳૉ๊͕͑ࢉܭQCDࢠͷ֨ࡏݱɺ͕܈ΈࠐΓ܁
ܾ͍ͯ͠Δ͜ͱΛࣔ͢͜ͱʹޭͨ͠ɻޙࠓɺ࠷ऴඪͰ͋Δ QCDݩ࣍4
ͷԠ༻ʹ͚ɺ(i)ඇՄήʔδཧͷ֦ுɺ(ii)ݩ࣍ߴϞσϧͷԠ༻ɺ
(iii)ཧྔࢉܭͷͨΊͷख๏։ൃɺͱ͍͏ 3ͭͷ՝ʹऔΓΉඞཁ͕͋Δɻ
2015ʹ͓͍ͯಛʹਐల͕͋ͬͨڀݚɺςϯιϧ܁ΓࠐΈ܈Λ༻͍ͨ ࣍4
ΠδϯάϞσϧͷղੳͰ͋Δɻਤݩ 11ɺ10244֨ࢠαΠζʹ͓͚Δ Πݩ࣍4
δϯάϞσϧͷ૬సҠԹࢉܭΛද͍ͯ͠Δɻઌͣɺ֤Dcutʢςϯιϧ܁Γࠐ

Έࢉܭ͍͓ͯʹ܈ਫ਼Λίϯτϩʔϧ͢Δύϥϝʔλʣʹ͓͍ͯɺςϯιϧݻ

༗ͷॖॏΛௐΔ͜ͱʹΑͬͯ૬సҠԹΛܾఆ͢ΔɻࠨਤͰDcut=10
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ͷྫΛϓϩοτ͍ͯ͠Δɻͦͷޙɺ૬సҠԹͷDcutґଘੑʹ͓͍ͯऩଋͷ

ऴతͳ૬సҠԹΛܾఆ͢Δʢӈਤʣɻ੨͍ԣ࠷ΛௐΔ͜ͱʹΑͬͯɺࢠ༷

ઢϞϯςΧϧϩ๏ͷ݁ՌΛද͍ͯ͠Δ͕ɺςϯιϧ܁ΓࠐΈ܈ͷ݁Ռ͍ۙ

ʹऩଋ͍ͯ͠Δ͜ͱ͕Θ͔Δɻͨͩ͠ɺैདྷͷϞϯςΧϧϩࢉܭʹ͓͚Δ࠷

େ֨ࢠαΠζ 804Ͱ͋ΓɺࠓճͷΘΕΘΕͷࢉܭʹ͓͚Δ αΠζࢠ10244֨
ʹൺͯඇৗʹখ͍͞ɻςϯιϧ܁ΓࠐΈ܈ʹ͓͚Δࢉܭίετͷମੵґଘੑ

ରతͰ͋Γɺ͜ͷϞϯςΧϧϩ๏ʹ͘Βͯѹతͳ༏ҐੑΛͭ࣋ಛ

ͷҰͭͰ͋Δɻ

(9) ߏͷ֩ࢠݪQCDʹΑΔΫΥʔΫΛࣗ༝ͱͨ͠ࢠ֨

૿ɺ࡚ࢁཧࢉܭݚՊֶߏػڀݚ (AICS)ͷӉ෭ߏػͱͷڞಉڀݚʹΑ
Γɺ2010 ੈքͰॳΊͯ֨ࢠ QCD ʹΑΔϔϦϜ֩ࢠݪͷߏʹޭ͠ɺ
ͦͷͷͪ 2 ܭʹޭͨ͠ɻ͜ΕΒͷߏͷࢠͷଋറঢ়ଶͰ͋Δॏཅܥࢠ֩
͍ͨ༺ॏ͍ΫΥʔΫ࣭ྔΛ͔ͭࣅίετΛ͑ΔͨΊʹΫΣϯνۙࢉܭɺࢉ

ՌΛऔΓೖΕͨޮۃɺਅۭภޙతͳͷͰ͋ͬͨɻͦͷݧࢼ 2+1 ϑϨʔόʔ
QCD γϛϡϨʔγϣϯΛ͍ߦɺۙࣅΛഉͨ͠ΑΓੈ࣮ݱքʹ͍ۙঢ়گͰͷϔ
ϦϜ͓֩ࢠݪΑͼ 2 ޭͨ͠ɻͨͩ͠ɺ͜ʹࢉܭͷଋറΤωϧΪʔܥࢠ֩
ͷࢉܭ  πதؒྔ࣭ࢠ 0.5 GeV ૬ͷΫΥʔΫ࣭ྔΛ༻͍ͨͷͰ͋Γɺ
ཧ (πதؒྔ࣭ࢠ 0.14 GeVʹ૬) ΑΓ͔ͳΓॏ͍ɻͦͷͨΊɺཧ
ౡେֶΫΥʔΫ࣭ྔґଘੑΛௐΔͨΊʹɺ͚ͨ ੴ݈Ұ।ڭतΛڞಉ

ྔ࣭ࢠՃ͑ɺπதؒʹऀڀݚ 0.3 GeV ૬ͷΫΥʔΫ࣭ྔͰͷࢉܭΛ͠ߦ
ͨɻ͜ͷڀݚՌɺຊɺֶज़จʹ͞ࡌܝΕͨ (จ 22, 23)ɻ͜ͷՌ
Λ౿·͑ɺʮژʯͰੜ͞Εͨ 964 αΠζͷήʔδҐΛ༻͍ͨཧͰࢠ֨
ͷܰ֩ࢠݪଋറΤωϧΪʔࢉܭΛߦͳ͍ͬͯΔɻ3He֩ࢠݪͷଋറΤωϧΪʔ
ʹରԠ͢Δ༗ޮΤωϧΪʔࠩͷதؒ݁ՌΛਤ 12ʹࣔ͢ɻཧͰͷࢉܭͰ
౷ࠩޡܭΛ͑Δ͜ͱ͕ඇৗʹ͍ͨ͠Ίɺݱஈ֊Ͱ౷ܭతʹ༗ҙͳ݁Ռ

ಘΒΕ͍ͯͳ͍͕ɺޙࠓ౷ࠩޡܭΛখ͘͢͞ΔͨΊͷࢉܭΛܧଓ͍ͯ͘͠ɻ

0 4 8 12 16 20
t

-0.04

-0.02

0

0.02

0.04
experiment

3He ∆E

ਤ 12: 3He֩ࢠݪͷ༗ޮΤωϧΪʔࠩɻԣ࣠ؒ࣌ڏɺ࣮ઢ࣮ݧɻେ͖ͳྖؒ࣌ڏҬͰɺ༗ޮ

ΤωϧΪʔ͕ࠩఆʹͳΕɺͦͷ͕ଋറΤωϧΪʔʹରԠ͢Δɻ

(10) ڀݚߏࢠ͍֩ͨ༺QCDΛࢠ֨

－13－



ཅࢠͱதੑࢠ ௐΔʹࡉΛৄߏΫΥʔΫͷଋറঢ়ଶͰ͋Γɺͦͷ(ࢠ֩)
ͨΊʹɺ͍ڧ૬࡞ޓ༻ͷୈҰݪཧࢉܭͰ͋Δ֨ࢠQCDΛ༻͍͕ͨࢉܭඞཁ
Ͱ͋Δɻ͜Ε·Ͱʹ֨ࢠQCDΛ༻͍ͯɺ֩ߏࢠʹؔ͢Δ֩ܗࢠঢ়Ҽࢠͷ
Ͱ͖ݱ࠶ΛݧͳΘΕ͖͕ͯͨɺඇৗʹྑ͍ਫ਼Ͱଌఆ͞Ε͍ͯΔ࣮ߦ͕ڀݚ

͍ͯͳ͍ɻ͜ͷ࣮ݧͱͷෆҰகͷओͳݪҼɺࢉܭʹ༻͍ΒΕͨΫΥʔΫ࣭

ΒΕ͍ͯΔɻ͑ߟͷͷΑΓେ͖͍ͨΊͰ͋Δͱ࣮ݱ͕ྔ

૿ɺ࡚ࢁɺౡେֶ ੴ݈Ұ।ڭतɺ౦େֶ ݚतɺཧڭʑউҰ।ࠤ

ߏػڀݚՊֶࢉܭ (AICS)Ӊ෭ߏػͱͱʹɺPACS Collaborationʹ͓͍
ͯɺ͜ͷݪҼΛऔΓআ͍ͨࢉܭͰ͋Δɺ࣮ݱͷΫΥʔΫ࣭ྔʹۃΊ͍ͯۙύϥ

ϝʔλ (πதؒྔ࣭ࢠ 145MeV) Ͱͷ֩ܗࢠঢ়ҼࢉܭࢠΛߦͳͬͨʢจ 23ʣɻ
ਤ 13ిؾత֩ܗࢠঢ়Ҽࢠͷதؒ݁ՌͰ͋Δɻ͜Ε·Ͱͷ݁ࢉܭՌͱҟͳ
Γɺ࣮ݧʹྑ͘Ұகͨ݁͠Ռ͕ಘΒΕ͍ͯΔɻޙࠓ͜ͷࢉܭΛਐΊɺ࣓ؾ

తܗঢ়Ҽࢠ࣠ੑΧϨϯτʹؔ͢Δܗঢ়ҼࢠͷڀݚΛߦͳ͍ͬͯ͘༧ఆͰ

͋Δɻ

0 0.1 0.2
q2 [GeV2]

0
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ਤ 13: Λද͢ݧɺഁઢ࣮ߦɻԣ࣠ӡಈྔҠࢠঢ়Ҽܗࢠత֩ؾి

(11) ૉཻࢠඪ४ܕΛ͑ͨཧͷ୳ࡧ

ΥʔΩϯάςΫχΧϥʔܕૉཻࢠඪ४ܕΛ͑ͨཧͷ༗ྗͳީิ

Ͱ͋Δɻ͜ͷܕɺ݁ڧ߹ήʔδཧͷμΠφϛΫεʹΑΓɺૉཻࢠඪ४

Λઆ໌Ͱ͖Δɻ͠ݯىͰखͰ༩͑ΒΕ͍ͯͨిऑରশੑͷࣗൃతഁΕͷܕ

͔͠ɺ͜ͷܕΛߏங͢ΔͨΊʹඞཁͳ݁ڧ߹ήʔδཧʹɺۙࣅతܗڞର

শੑΛͭ࣋ͳͲɺಛघͳ͕݅՝͞Ε͍ͯΔɻ࡚ࢁ໊ݹେֶૉཻࢠӉى

ߏػڀݚݯ (KMI)Λத৺ͱͨ͠LatKMI CollaborationͷऀڀݚɺࢁҰಛ
ผڭतɺ੨อಓ।ڭतΒͱڞʹɺ֨ࢠήʔδཧΛ༻͍͔ͨࢉܭΒɺͦ

ͷΑ͏ͳ݅Λຬͨ͢ήʔδཧ͕ଘ͢ࡏΔ͔ͷ୳ࡧΛͨͬߦɻ͜Ε·Ͱͷ 4
ʢจ 24ʣɺ 8ɺ 12 ϑϨʔόʔ SU(3)ήʔδཧͷ͔ڀݚΒɺ8ϑϨʔόʔཧ
͕ͦΕΒ݅Λຬͨ͢Մੑ͕͋ΔࣄΛࣔͨ͠ʢจ 25ʣɻͦͷՄੑΛ֬
͔ΊΔͨΊɺ༷ʑͳϋυϩϯ࣭ྔʢจ 26ʣɺSύϥϝʔλʢจ 27ʣɺτϙ
ϩδΧϧνϟʔδʹؔͨ͠ཧྔʢจ 28 , 29ʣΛ͠ࢉܭɺ8ϑϨʔόʔཧ
ͷੑ࣭ΛΑΓ໌֬ʹཧղ͢ΔͨΊͷڀݚΛͨͬߦɻ
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(12) ίϯϑΥʔϚϧཧͷతڀݚ

ૉཻࢠඪ४ܕΛӽ͑ΔཧͷީิͰ͋ΔΥʔΩϯάςΫχΧϥʔܕɺ

ίϯϑΥʔϚϧରশੑΛͬͨཧΛϕʔεʹߏங͞ΕΔͱ͑ߟΒΕ͍ͯΔɻ

WMFQCD Collaboration ࡚ؠ) (ஜɾKEK)ɺੴ ࢁɺத(ౡ) (Walter Burke
Institute), ळ, Cossu (KEK)ɺߐ٢)ɺQCDతͳͷཧ (Nf ຊදجͷݸ

ͨ͠߹ͷϑΣϧϛΦϯ͕݁ݱ SU(3)ήʔδཧ)ͷίϯϑΥʔϚϧରশੑʹؔ
͢Δཧߏͷղ໌ΛతʹڀݚΛ͍ͯͬߦΔɻ܁ΓࠐΈ܈ʹͮ͘جཧత

ͳߟͱɺͦΕΛ͢ূݕΔҝͷ֨ࢠγϛϡϨʔγϣϯΛڀݚखஈͱ͍ͯ͠Δɻ

લ·Ͱʹɺʮ༗ݶͷ IR cutoff Λͭ࣋ίϯϑΥʔϚϧཧʯͱ͍͏ɺ৽֓
೦Λఏএ͠ɺͦͷཧͷಛΛ໌Β͔ʹ͖ͯͨ͠ɻͭ·Γɺ

• ήʔδ݁߹ఆ͕ IR fixed point (֎ݻఆ)Λͭ࣋ཧΛɺ༗ݶͷ IR
cutoff Λۭ࣌ͭ࣋ʢྫ͑ɺۭؒํͷαΠζ͕༗ݶͳۭ࣌ʣ্Ͱఆࣜ
Խ͢ΔͱɺIR cutoff ͕ແ͍ཧͰϑΣϧϛΦϯ࣭ྔ mf ͕θϩͰͷΈ

Δ͢ݱ࣮ conformal ରশੑ͕ɺ༗ݶͷ mf ͕Γɺʮด͡ࠐΊ૬ʯͱ

ʮඇด͡ࠐΊ૬ʯͱҟͳΔʮconformal ྖҬʯ͕ଘ͢ࡏΔ͜ͱɺ

• ʮconformal ྖҬʯͰͷ meson ൖؔ G(t) (ۭؒӡಈྔ p⃗ = 0)ɺม
ܕ౬ܗ

G(t) ∼ C exp(−mt)/tα

ͱͳΔʢด͡ࠐΊ૬Ͱࢦؔܕ G(t) ∼ C exp(−mt)ʣ͜ͱɺ

• conformal ྖҬͷਅۭɺۭؒํͷ Polyakov Loop ͕ඇࣗ໌ͳ Z(3) Ґ
૬Λͭ ”twisted Z(3) vacuum” Ͱ͋Δ͜ͱ

Λཧతɾతʹࣔͨ͠ɻʢऀ̎ޙɺconformal ྖҬͷಛɻʣQCDతཧ
ͷཧߏͱͯ͠ɺ

• Nf = 7, 8, 12, 16 ͷܥͰίϯϑΥʔϚϧྖҬ͕ଘ͢ࡏΔ͜ͱ͔Βɺ QCD
తཧʢθϩԹʣͷ conformal window Nf = 7− 16 Ͱ͋Δ͜ͱɺ

• Nf = 2 ͷ༗ݶԹ QCD ʹ͓͍ͯɺߴԹ૬ʹ conformal ྖҬ͕ଘ͢ࡏ
Δ͜ͱ

ͳͲΛ໌Β͔ʹͨ͠ɻ

ຊɺθϩԹͷQCDతཧʹରͯ͠ɺIR fixed pointΛಉఆ͢Δ৽ख๏
ΛఏҊ͠ɺNf = 7, 8, 12, 16ͷ֨ࢠγϛϡϨʔγϣϯͰ࣮ࡍʹ IR fixed pointΛ
Ίͨʢจٻ 30ʣɻ৽ख๏ɺ܁ΓࠐΈͮ͘جʹ܈ɻαΠζʢIR cutoffʣͷҟͳ
Δ্ۭ࣌ͷ meson ൖؔʹؔ͢Δ܁ΓࠐΈํ܈ఔ͔ࣜΒग़ൃ͠ɺൖؔ
ʢ͔Βఆٛ͞ΕΔ༗ޮ࣭ྔ m(t)ʣͷεέʔϦϯάଇ͕ಋ͔ΕΔɻͭ·Γɺm(t)
ɺؒ࣌ t ʢͱ༗ޮ࣭ྔࣗʣΛαΠζͰεέʔϧ͢ΔͱɺIR fixed point ্
(mf = 0)ͰɺαΠζʹґଘ͠ͳ͍ϢχόʔαϧͳؔͱͳΔɻ͜ͷख๏ͷ
ͷͨΊɺNfূݕ = 7, 8, 12, 16 ͷཧʹରͯ͠ɺIwasaki ήʔδ࡞༻ͱWilson
ϑΣϧϛΦϯ࡞༻Λ༻͍ͨ֨ࢠγϛϡϨʔγϣϯΛ̏ͭͷ֨ࢠαΠζ 83 × 32,
123 × 48, 163 × 64 Ͱɺ݁߹ఆΛม͑ͳ͕Β͍ߦɺʮಛఆͷ݁߹ఆͷ࣌ʢͷ
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Έʣɺεέʔϧͨ͠ meson ༗ޮ࣭ྔ͕αΠζʹΑΒͳ͍ʯ͜ͱΛࣔͨ͠ɻͭ·
ΓɺIR fixed point ΛಉఆͰ͖ͨɻൖؔͷεέʔϦϯάଇ͔Βɺҟৗ࣭ྔ
Ͱ͖Δ͕ɺతʹҙຯͷ͋Δ݁ՌΛಘΔʹɺΑΓେ͖ͳ͕ࣄΊΔٻΛݩ࣍

αΠζͷ͕ࢉܭඞཁͰ͋Γɺޙࠓͷ՝Ͱ͋Δɻ

Nf = Թ૬ͷίϯϑΥʔϚϧతੑ࣭ͷղ໌ʹ͍ͭͯਐల͕͋ͬͨߴ2 (จ
32)ɻࡢ·Ͱɺํؒ࣌ (ԹํʣͷαΠζ Lt ͕ ͷαΠζํۭؒ

Ls ΑΓେ͖͍ܥʹରͯ͠ɺconformal ྖҬͷଘࡏΛ͖͕ࣔͯͨ͠ɺਖ਼͍͠༗
Ͱ͋ΔܥԹݶ Lt < Ls ͷܥʹରͯ͠ conformal ྖҬ͕ଘ͢ࡏΔࣄΛࣔ͠
ͨɻ۩ମతʹɺPolyakov loopͱ meson༗ޮ࣭ྔΛଌఆ͠ɺmf = 0ͰɺZ(3)
twisted state Λࣔͨ͠ɻࣄΔ͍ͯ͠ݱ࣮͕

ʹɺ͞Βࠓ domain wall quark Λ༻͍ͨγϛϡϨʔγϣϯʹΑΔίϯ
ϑΥʔϚϧཧͷڀݚਪਐ͠ɺதؒ݁ՌΛɺࡍࠃձٞͰใͨ͠ࠂʢจ [?]ʣɻ
domain wall quark Ͱɺ࣭ྔͷνϡʔχϯά͕ෆཁͰ͋ΓɺΧΠϥϧରশੑ
ͷഁΕ/ճ෮ͷ͕ূݕՄͰ͋ΔͰɺWilson quark ͷࢉܭΑΓ༏ҐͰ͋
Δɻࢉܭ θϩԹ Nf = 8 Ͱ͍ߦɺWilson quark ʹର͖ͯͨͯͬ͠ߦલड़
ͷղੳΛ͏ߦͱͱʹɺσΟϥοΫεϖΫτϧີͷղੳ͔Βҟৗ࣭ྔݩ࣍Λ

Δɻ͍ͯͬߦΈࢼΔੵݟ

(13) ʢHALڀݚͷ༺࡞ޓQCDʹΑΔόϦΦϯؒ૬ࢠ֨ QCD Collaborationʣ

ཅ͓ࢠΑͼதੑࢠ ͍ͯ͠ΔྗߏΛ֩ࢠݪΛ݁ͼ͚ͭɺ(ࢠ֩) (֩ྗ)ɺݱ
తʹதؒަࢠʹΑͬͯੜ͡Δͱ͑ߟΒΕ͍ͯΔ͕ɺͦͷݯىΛΑΓجຊ

తͳΫΥʔΫɾάϧʔΦϯͷࣗ༝ʹ͍ͯͮجཧղ͢Δ͜ͱɺͱΓΘ͚ڑ

֩ྗʹ͓͚ΔੱྗਊͷൃߏػݱΛཧతʹಋ͘͜ͱɺૉཻ֩ࢠݪࢠཧʹ

͞Εͨେͷ 1ͭͰ͋Δɻࠜଜɺࠤʑɺژେֶૅجཧֶڀݚॴ੨
һΒͱHALڀݚॴॳాओڀݚतɺཧԽֶڭ QCD Collaboration Λ݁͠ɺ
͠༺ͷϙςϯγϟϧΛಋ͖ग़͢ͱ͍͏ํ๏ΛԠؒࢠͷಈ͔ؔΒ֩ؒࢠ2֩
ͯɺ༷ʑͳཻؒࢠͷϙςϯγϟϧΛ֨ࢠ QCD ͷγϛϡϨʔγϣϯͰࢉܭ
͖ͯͨ͠ɻจ 34ͰɺPACS-CSʹΑͬͯੜ͞ΕͨήʔδҐͷ͏ͪɺ֨
ִؒࢠ a = 0.09 fmɺۭؒମੵ L3 = (2.9fm)3ɺmπ ≈ 700 MeVɺmΩ ≈ 1970
MeV ͷͷΛ༻͍ͯ 1S0 νϟωϧͷΩΩ ϙςϯγϟϧͷࢉܭΛͨͬߦɻจ
35ͰɺCP-PACS/JLQCD ʹΑͬͯੜ͞ΕͨήʔδҐΛ༻͍ͯɺۭؒ
ମੵ L3 = (1.93fm)3 ʹ͓͚ΔϑϨʔό SU(3) ରশੑ͕ഁΕͨΫΥʔΫ࣭ྔ
(mπ/mK = 0.96, 0.90, 0.86) ͰͷετϨϯδωε S = −2 ηΫλʔͷ݁߹νϟ
ωϧόϦΦϯؒϙςϯγϟϧͷࢉܭΛͨͬߦɻҎԼͰɺ֨ࢠQCDʹΑΔ
ཧͰͷόϦΦϯؒ૬࡞ޓ༻ͷܾఆʹؔ࿈ͯ͠ߦΘΕͨ 2015 ͷڀݚՌ
Λհ͢Δɻ

ͷܾఆ༺࡞ޓQCDʹΑΔཧͰͷόϦΦϯؒ૬ࢠ֨

ͳͲͷػࢉܭژͷܾఆɺ༺࡞ޓQCDʹΑΔཧͰͷόϦΦϯؒ૬ࢠ֨
େنͳݯࢿػࢉܭΛߦ͕ࢉܭͯ͠༺׆ΘΕͨɻ͜ͷڀݚ՝ʹɺετϨϯ

δωεΛͨ࣋ͳ͍֩ྗϙςϯγϟϧͱɺετϨϯδωεΛͨͬ࣋ϋΠϖϩϯϙ

ςϯγϟϧͷ྆ํؚ͕·ΕΔɻ֩ྗʹ͍ͭͯɺ͜Ε·Ͱʹ๛ͳ࣮ݧσʔλ
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ਤ 14: ମੵ (96a)4 ≈(8.2fm)4ɺִ֨ؒࢠ a ≈ 0.085fmɺ(mπ,mK) ≈ (146, 525)MeV ʹରԠ͢Δ΄

΅ཧ্Ͱ͞ࢉܭΕͨɺΛN −ΛN ର֯ͷϙςϯγϟϧΛࣔ͢ɻ৭ͷҧ্͍֨ࢠͰଌఆ͞Ε

:ࠨͷҧ͍Λ͍ࣔͯ͠Δɻؒ࣌ڏͨ 1S0 νϟωϧʹ͓͚Δத৺ྗϙςϯγϟϧɻதԝ: 3S1-3D1 νϟ

ωϧʹ͓͚Δத৺ྗϙςϯγϟϧɻӈ: 3S1-3D1 νϟωϧʹ͓͚Δςϯιϧྗϙςϯγϟϧɻ

՝Ͱ༻͍Δڀݚతʹਫ਼ີʹௐΒΕ͍ͯΔͨΊɺ͜ͷݱ͍ͯͮجʹ

ํ๏ʹΑͬͯɺ͜Ε·Ͱͷ֩ྗϙςϯγϟϧʹର͢Δཧղͱໃ६͠ͳ͍݁Ռ͕

ಘΒΕΔ͜ͱΛ͢ূݕΔͱ͍͏ଆ໘͕͋Δɻ͍ͬΆ͏ɺϋΠϖϩϯϙςϯγϟ

ϧʹ͍ͭͯɺ࣮ݧσʔλ͕ݶΒΕ͍ͯΔɺ͘͠΄ͱΜͲ࣮͔ݧΒͷใ

͕ແ͍ͨΊɺ͜ͷڀݚ՝ͰಘΒΕΔ݁Ռɺैདྷͷݱతͳܕͱҟ

ͳΓɺύϥϝʔλϑϦʔͷ༧ݴΛ༩͑Δͱ͍͏ॏཁͳՌ͕ظ͞ΕΔɻैͬ

ͯɺوॏͳݯࢿػࢉܭΛͰ͖Δ͚ͩ༗ޮ׆༻͢ΔͨΊʹɺ2 + 1 ϑϨʔόͷ֨
ࢠ QCD ീॏ߲όͨͬ࣋ͰҾ͖ग़͢͜ͱͷͰ͖ΔΞΠιεϐϯରশੑΛࢉܭ
ϦΦϯؒ૬࡞ޓ༻ͷใΛͯ͢ٻΊΒΕΔΑ͏ʹɺҎԼʹࣔ͢ 52 νϟωϧ
ͷ 4 ૬ؔؔΛҰͷࢉܭδϣϒͰಉ͢ࢉܭʹ࣌ΔΑ͏ʹϓϩάϥϜΛ४
උ্ͨ͠ͰࢉܭΛ։͍ͯ࢝͠Δɻ

⟨pnpn⟩,

⟨pΛpΛ⟩, ⟨pΛΣ+n⟩, ⟨pΛΣ0p⟩,

⟨Σ+npΛ⟩, ⟨Σ+nΣ+n⟩, ⟨Σ+nΣ0p⟩,

⟨Σ0ppΛ⟩, ⟨Σ0pΣ+n⟩, ⟨Σ0pΣ0p⟩,

⟨ΛΛΛΛ⟩, ⟨ΛΛpΞ−⟩, ⟨ΛΛnΞ0⟩, ⟨ΛΛΣ+Σ−⟩, ⟨ΛΛΣ0Σ0⟩,

⟨pΞ−ΛΛ⟩, ⟨pΞ−pΞ−⟩, ⟨pΞ−nΞ0⟩, ⟨pΞ−Σ+Σ−⟩, ⟨pΞ−Σ0Σ0⟩, ⟨pΞ−Σ0Λ⟩,

⟨nΞ0ΛΛ⟩, ⟨nΞ0pΞ−⟩, ⟨nΞ0nΞ0⟩, ⟨nΞ0Σ+Σ−⟩, ⟨nΞ0Σ0Σ0⟩, ⟨nΞ0Σ0Λ⟩,

⟨Σ+Σ−ΛΛ⟩, ⟨Σ+Σ−pΞ−⟩, ⟨Σ+Σ−nΞ0⟩, ⟨Σ+Σ−Σ+Σ−⟩, ⟨Σ+Σ−Σ0Σ0⟩, ⟨Σ+Σ−Σ0Λ⟩,

⟨Σ0Σ0ΛΛ⟩, ⟨Σ0Σ0pΞ−⟩, ⟨Σ0Σ0nΞ0⟩, ⟨Σ0Σ0Σ+Σ−⟩, ⟨Σ0Σ0Σ0Σ0⟩,

⟨Σ0ΛpΞ−⟩, ⟨Σ0ΛnΞ0⟩, ⟨Σ0ΛΣ+Σ−⟩, ⟨Σ0ΛΣ0Λ⟩,

⟨Ξ−ΛΞ−Λ⟩, ⟨Ξ−ΛΣ−Ξ0⟩, ⟨Ξ−ΛΣ0Ξ−⟩,

⟨Σ−Ξ0Ξ−Λ⟩, ⟨Σ−Ξ0Σ−Ξ0⟩, ⟨Σ−Ξ0Σ0Ξ−⟩,

⟨Σ0Ξ−Ξ−Λ⟩, ⟨Σ0Ξ−Σ−Ξ0⟩, ⟨Σ0Ξ−Σ0Ξ−⟩,

⟨Ξ−Ξ0Ξ−Ξ0⟩,
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2015 தͰɺ্هീॏ߲ʹՃ͑ͯɺ͍ڧ૬࡞ޓ༻ʹΑΔ่յνϟωϧͷ
։͔ͳ͍ (ΊΒΕΔٻͷํ๏Ͱ҆શʹϙςϯγϟϧΛࡏݱͯͬै) ΩΩ νϟω
ϧՃ͑ͨେن͢͢ࢉܭΊΒΕͨɻσʔλ͕େͰ͋ΔͨΊղੳ·ͩਐߦ

தͰ͋Δ͕ɺ༧උతͳ݁ՌͷҰྫͱͯ͠ɺΛNͷத৺ྗٴͼςϯιϧྗϙςϯ
γϟϧΛਤ 14ʹࣔ͢ɻ

(14) σʔλάϦου༺ڀݚQCDࢠ֨ JLDG/ILDGͷӡ༻

JLDG (Japan Lattice Data Grid) ɺࠃͷࢉܭૉཻࢠཧڀݚάϧʔϓ͕
ʑͷڀݚσʔλΛཧɾڞ༗͢ΔҝͷσʔλάϦουͰ͋ΔɻओγεςϜɺ

ใཱࠃ̕Օॴʹઃஔͨ͠ϑΝΠϧαʔόΛڌڀݚQCDࢠͷओཁͳ֨ࠃ
Δ͢ڙॴ͕ఏڀݚֶ SINET VPN Ͱଓ͠ɺάϦουϑΝΠϧγεςϜιϑ
τΣΞ Gfarm ͰଋͶͨϑΝΠϧγεςϜͰ͋ΔɻͲͷڌ͔ΒΞΫηε͠
ͯಉҰͷϑΝΠϧγεςϜ͕͑ݟΔͷͰɺʮ͋ΔڌͷεύίϯͰੜͨ͠

σʔλʢ֨ࢠQCDҐͳͲʣΛ JLDG ʹೖɾੵ͠ɺผڌͰಡΈग़͠
ͯɺͦͷڌͷεύίϯͰ࠶ղੳʢཧྔͷࢉܭʣΛ͓͜ͳ͏ʯͱ͍ͬͨσʔ

λڞ༗Λɺ༰қʹ͓͜ͳ͏͕ࣄͰ͖Δɻ·ͨɺαϒγεςϜͱͯ͠ɺHPCI ڞ
༻ετϨʔδͱͷ࿈ܞγεςϜͱ ILDG (International Lattice Data Grid)ͱ
ͷଓγεςϜΛඋ͍͑ͯΔʢਤ ͷදऀɺڌরʣɻJLDGͷӡ༻ɺ֤ࢀ
ͷ୲ऀۀԉͷҕୗઌͷࢧ༺άϧʔϓͷදऀɺγεςϜ։ൃऀɺཧӡڀݚ

ऀɺΛϝϯόʔͱ͢Δ JLDGνʔϜ͕͓ͯͬߦΓɺஜେ͔Βɺݐ෦ɺఱ
ּʢγεςϜใʣͱ࡚ࢁɺࢀ͕ߐ٢Ճ͍ͯ͠Δɻ

JLDG 2005ʹ։ൃΛ։࢝͠ɺ2007͔Βӡ༻͍ͯ͠ΔɻJLDGɺҰࡢ
·ͰγεςϜͷվྑ৽ػͷ࣮Λ͓͜ͳͬͯɺͦͷརศੑ্͕

͖͕ͯͨ͠ɺࡢ͔ΒɺγεςϜͷ૿ڧɾ҆ఆӡ༻ʹओ͕؟Ҡ͖͍ͬͯͯ

Δɻ·ͨɺࠃͷෳͷେ͖ͳڀݚάϧʔϓ͕ڀݚΠϯϑϥͱͯ͠ JLDGΛ
ʹͷҬΒɺJLDG͕࣮༻γεςϜͱͯ͠ɺҰఆͷ͔ࣄΔɻ͜ͷ͍ͯ͠༺
ୡͨ͠ͱஅ͠ɺ͜ͷஈ֊ͰͷγεςϜͱͦͷӡ༻ʹ͍ͭͯͷهͱࠃ֎

ͷใͷతͰɺࡍࠃձٞ CHEP2015ʹͯ JLDGͷ૯߹ใࠂΛ͓͜ͳͬͨ
ʢจ 33ʣɻ

ಈΛ͓͜ͳͬͨɻ׆ͱ҆ఆӡ༻ͷҝͷڧɺҎԼͷγεςϜ૿ࠓ

• ϑΝΠϧαʔόͷ૿ڧ:લ 28αʔό 5.0PB͔Β 39αʔό 7.5PB

• ཧߋثػ৽ʢJLDG 2݅ɺILDG 2݅ʣ

• Gfarm ৽ߋ (4ճ)

• SINET5ͷҠߦରԠ: Ұ෦ڌͰ 1Gbps ͔Β 10Gbps ૿

• ϑΝΠϧαʔόͷݸผোରԠ

ILDGɺੈ ք5Ҭʹߏங͞Εͨ Lattice QCD༻ͷσʔλάϦουΛɺLattice
QCD ͷૅجσʔλʢҐʣͷڞ༗Λతͱͯ͠ɺ૬ޓӡ༻ΛՄʹ͢Δ Gird
of GridsͰ͋ΔɻJLDG ILDGͷຊҬάϦουͰ͋Δɻ·ͨɺຊ͔Β
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ɺILDGͷ board member ͱͯ͠૿͕ɺMetadata working group member
ͱͯ͠ Ճ͍ͯ͠Δɻ·ͨɺ͏ͻͱͭͷࢀ͕ߐ٢ Middleware working group
ʹɹఱּʢγεςϜใʣ͕ϝϯόʔͱͯ͠ࢀՃ͢Δͱͱʹɺߐ٢Φ

ϒβʔόͱͯ͠ࢀՃ͠ϢʔβʔαΠυ͔ΒͷఏݴΛ͓͜ͳ͍ͬͯΔɻILDG
ɺ2007ͷӡ༻։࢝ґཔɺ͔ࡉͳվྑ͋Δͷͷɺओཁ෦҆ఆͨ͠
ӡ༻Λଓ͚͍ͯΔɻ

ILDG ʹɺӡ༻։࢝ॳ͔Βʮެ։͞Ε͍ͯΔ֨ࢠQCDҐΞϯαϯϒϧ
ͷར༻ঢ়گΛѲ͢ΔΈ͕ແ͍ʯ͕ࣄͰ͋ͬͨɻจͷҾ༻ɾඃҾ༻

ͷهͱผʹɺσʔλͷҾ༻ɾඃҾ༻ؔͷهΛੵͰ͖ΕɺͦΕΛ༻

͍ͯɺͦͷҐσʔλͷ༗༻ੑΛଌΔࢿྉͱͳΓ͏Δ͠ɺͻ͍ͯɺσʔλڞ

༗ͷҝͷ ILDGͷ༗༻ੑΛࣔ͢ࢿྉͱͳΓ͏Δɻ͜ͷࣄɺ֨ࢠQCDҐ
σʔλʹͨͬݶͰͳ͘ɺଟ͘ͷڀݚ͕ɺσʔλͷҾ༻ɾඃҾ༻ؔ

ΛѲ͢ΔχʔζΛ͍ͯͬ࣋Δɻ͜ͷ༷ͳഎܠͷԼͰɺֶज़จͷग़൛քͰ

͘༻͍ΒΕ͍ͯΔʰDOI(DigitalObjectIdentifier) ొʱͷΈΛڀݚσʔ
λʹ༻͍ΔࢼΈ͕࢝·͍ͬͯΔɻILDGͰɺh ࢠ֨ QCDΞϯαϯϒϧ
ͷDOIొʱΛ͍ߦɺHigh Energy Physics ͷ࠷େͷใγεςϜͰ͋Δ
INSPIRE-HEP Λ༻͍ͯɺΞϯαϯϒϧͷҾ༻ɾඃҾ༻ؔΛѲͰ͖Δ
ΈΛߏங͢ΔఏҊ͕ͳ͞Εɺ2015 4݄ͷ ILDG workshop Ͱɺ֤ҬάϦο
υͰݕ౼͢Δࣄͱͳͬͨɻ

͜ͷ߹ҙΛड͚ɺຊͰɺఱּɺদݹ (KEK)ɺ͕ߐ٢த৺ͱͳͬͯɺDOI
ొͷମ੍໘ͷݕ౼ʢDOIొؔػͱͷٞڠɺؔؔػͱͷٞڠͱ DOIొ
࣮ࢪମ੍ͱϑϩʔͷݕ౼ʣΛ͓͜ͳ͏ͱͱʹɺDOIొʹඞཁͳ࣮ۀ࡞
ʢMetadataͱ landing pageͷ ILDG ensemble/configuration metadata͔Βͷ
ࣗಈੜʣͷߦࢼʹணखͨ͠ɻ

(15) ௨ίʔυ։ൃڞQCDࢠ֨

ࢠʹҾ͖ଓ͖ɺ֨ࡢ QCDڞ௨ίʔυ Bridge++ ͷ։ൃΛਐΊͨʢจ
37 , 38ʣɻ֨ࢠQCDڞ௨ίʔυ Bridge++ ɺQCD ΛؚΉ֨ࢠήʔδཧ
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γϛϡϨʔγϣϯͷͨΊͷ൚༻ίʔυηοτͰ͋Δɻ༷ʑͳ֨࡞ࢠ༻Ξϧΰ

ϦζϜΛద༻ՄͰɺϊʔτPC͔Βฒྻػࢉܭ·Ͱ෯͍ΞʔΩςΫνϟ
ʹରԠ͍ͯ͠Δɻ2012 7݄ʹ Bridge++ ver.1.0.0 Λެ։ͯ͠Ҏ߱ɺܧଓ͠
ͯίʔυͷվળɺ֦ுΛ͍ͯͬߦΔ (http://bridge.kek.jp/Lattice-code/)ɻૉ
Ճ͍ͯ͠Δɻࢀɺුా͕ޱɺࠜଜɺ୩ཧάϧʔϓ͔Βɺۚ୩ɺࢠཻ

ຊɺҰൠԽϑΣϧϛΦϯͷՃɺFFT ରԠɺXML ͷಋೖͳͲΛࣜܗ
ΛؚΊͨߋɻ͜ΕΒͷมͨͬߦ Bridge++ ver.1.3.0 ͷϝδϟʔΞοϓσʔ
τ͕ 2015 վఆɺվྑ͕ਐΊ͍͔ࡉɺίʔυͷޙΕͨɻͦͷ͞ࢪ࣮ʹ10݄
ΒΕ͍ͯΔɻ࠷৽൛ ver.1.3.2 Ͱ͋Δɻͳ͓ɺڞ௨ίʔυΛڀݚͨ͠༺
จ͕ɺࠓ৽ͨʹ̕ຊՃ͞Εͨɻ௨̏̍ࢉຊͷจ͕ڞ௨ίʔυΛݩʹൃ

ද͞Ε͍ͯΔɻ

ʲ̎ʳ ݭཧ

ʢੴڮ Ԇɺҏෑ ౻ࠤɺޗ ༐ೋɺໟར ʣ݈࢘

(1) Sine-square deformationͱܗڞͷཧ

Ұݩ࣍εϐϯܥʹ͓͍ͯɺྡͷεϐϯͱͷ૬࡞ޓ༻ΛҐஔͷαΠϯؔͷ 2
ʹൺྫ͢ΔΑ͏ʹͱͬͨ߹ɺͦͷجఈঢ়ଶ૬࡞ޓ༻͕ҐஔʹدΒͳ͍߹

ͱҰக͢Δ͜ͱ͕ܡʢ౦େʣΒͷڀݚʹΑͬͯΘ͔͍ͬͯΔɻੴڮଟాʢཧ

Λ༺࡞ޓରশੑ͕͋Δ߹ʹ͍ͭͯௐͨɻ૬ܗڞΛݱʣͱͱʹɺ͜ͷݚ

αΠϯؔͷ 2ʹͱͬͨ߹ͱఆͷ߹ɺ͋ΔܗڞมͰ݁ͼ͍͍ͭͯ
Δ͜ͱΛࣔ͠ɺ͜ͷܗڞม͔Βجఈঢ়ଶͷੑ࣭͕ཧղͰ͖Δ͜ͱΛࣔͨ͠

ʢจ 39ʣɻ·ͨɺ͜ͷཧʹݱΕΔԋࢠࢉɾঢ়ଶͷੑ࣭Λௐͨʢจ 40ʣɻ

(2) ήʔδ-ॏྗରੑͱՄੵੑʹ݁ڧͮ͘ج߹ήʔδཧͷڀݚ

ॏྗཧͱήʔδཧͷରੑʹΑΓɺplanarݶۃͰͷ̐ۃݩ࣍େରশήʔ
δཧͷࢄ߹݁ڧཚৼ෯ɺυδολʔۭ࣌தͷޫతڥքΛۃͭ࣋খۂ໘ͷ

໘ੵͰ༩͑ΒΕΔɻ͜ͷࢄཚৼ෯ޫతܦ࿏͔ΒͳΔΟϧιϯϧʔϓͷਅۭ

ΕΔՄݱʹޙΑΓզʑɺରੑͷഎʹڀݚͱՁͰ͋Δɻ͜Ε·Ͱͷظ

ੵܕΛ༻͍ͯࢄ߹݁ڧཚৼ෯ΛղੳతʹٻΊΔํ๏ΛఆࣜԽ͖ͯͨ͠ɻ

౻ࠤ Z. Bajnok, J. Balog, G.Z. Toth (Wigner Research Centre),ҏ౻ʢ౦ژ
ɺྔʹڞେֶʣͱۀ Λղੳ͢Δ৽ͨͳख๏Λ։ൃ͠ɺ̎ܥՄੵࢠ తͳӡಈݩ࣍

ྔΛࢠཻͭ࣋ͷ̍̌ࢄ߹݁ڧཚৼ෯Λ༩͑ΔՄੵܕͰ͋Δ su(3)2/u(1)2

࣭αΠϯΰϧυϯܕͷີݫͳ࣭ྔ-݁߹ؔࣜΛಋ͍ͨɻ͜Εɺෳͷ
εέʔϧΛࢠྔͭ࣋Մੵܕʹର͢ΔॳΊͯͷ݁ՌͰ͋Γɺ֘ͷ̎̌

དྷͷΛղܾ͢ΔͷͰ͋Δɻ·ͨɺ͜ͷ࣭ྔ-݁߹ؔࣜʹΑΓɺରԠ
͢Δࢄ߹݁ڧཚৼ෯ΛղੳతʹධՁ͢ΔզʑͷఆࣜԽ͕ͨ݁͠ʢจ 41ʣɻ

(3) ίώʔϨϯτঢ়ଶΛ༻͍ͨزྻߦԿͷڀݚ

ݭཧͷඇઁಈతఆࣜԽͱͯ͠ظ͞Ε͍ͯΔྻߦܕͰɺݭDϒϨʔ
ϯͱ͍ͬͨମɺزྻߦԿͱݺΕΔࢄతͳزԿͷΈʹΑΓهड़͞Ε
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Δɻ͔͠͠ɺ͜ͷزྻߦԿͷੑ࣭͜Ε·Ͱਂ͘ཧղ͞Ε͍ͯͳ͔ͬͨɻҏෑ

͜ͷزԿͷߏΛཧղ͢Δख๏ͱͯ͠ɺྔֶྗࢠͷίώʔϨϯτঢ়ଶΛ༻͍

ͨ৽ͨͳํ๏ΛఏҊͨ͠ʢจ 42ʣɻ͜ͷํ๏ʹΑΓࢄతͳزྻߦԿ͔Βɺ
ԿֶతͳใΛಘΔ͜ͱ͕ग़དྷزDϒϨʔϯͷඍݭͱ͍ͬͨۂྔܭ
ΔΑ͏ʹͳͬͨɻ·ͨҏෑͱଜେֶӃੜͷদຊͱͱʹɺ͜ͷํ๏Λ༻͍

ΛௐͨʢจߏԿͷزྻߦͯ 43ʣɻͦͷ݁ՌɺಛఆͷزྻߦԿέʔϥʔ
ͱ͕ࣔ͞Εͨɻ·ͨɺ͜ͷέʔͭ࣋͜ΛߏΕΔඇৗʹྑ͍ੑ࣭ͷݺͱߏ

ϥʔߏͱྻߦͷҐΛ݁ͼ͚ͭΔ͕ؔࣜಘΒΕͨɻ

(4) ਖ਼ଇԽͱϧʔϓৼ෯ݩ࣍ͷͷཧͷݭ

Ͱ͖Δ͜ͱ͕ΒΕ͍ͯΔࢉܭʹݶཚৼ෯͕ઁಈΛ༻͍ͯ༗ࢄͷཧݭ

͕ɺൃࢄ૬͢ࡴΔͷͰ͋Γɺ࠷ॳ͔Βͳ͍Θ͚Ͱͳ͍ɻैͬͯɺཻࢠͷ

ͷཧͱಉ༷ʹɺ͏·͍ਖ਼ଇԽͷํ๏Λ͑ߟΔ͜ͱॏཁͰ͋Δɻಛʹݭ

ͷͷཧʹ͓͍ͯίϯλΫτλʔϜͷͱݺΕΔ͕͋Γɺtreeৼ
෯Ͱ͑ͯ͞͠͠ࢄൃ্͚͔ݟ·͏ͨΊɺਖ਼ଇԽΛ༩͑ͳ͚Εఆٛ͢Δ͜ͱ͕

ग़དྷͳ͍ɻ·ͨɺD-ϒϨʔϯͷӨڹͷࢄཚৼ෯ͱҟͳΔྔΛ͢ࢉܭΔࡍ
ʹɺݭͷཧͷ͏·͍ਖ਼ଇԽͷํ๏Λ༩͑Δ͜ͱ͕ඞཁෆՄܽʹͳΔɻ

ੴڮଜ্ʢ۴࿏ߴઐʣΒͱͷ͜Ε·ͰͷڀݚͰɺݩ࣍ਖ਼ଇԽΛ༻͍ͨࢉܭʹ

ΑΓɺtreeৼ෯ʹ͍ͭͯୈҰྔࢠԽͷࢉܭͱҰக͢Δ݁ՌΛಘΔ͜ͱ͕Ͱ͖
Δ͜ͱΛ͍ࣔͯ͠Δɻࠓݭͷ߹ʹ͜ͷ݁ՌΛ֦ு͢ΔͨΊɺඇྟք

ʢจͨͬߦΛࢉܭΕΔੈք໘্ͷཧͷ૬ؔؔͷݱʹݭͷݩ࣍ 44ʣɻ

(5) ͱӉ߲ۭ࣌ܠԿֶతഎزཧʹ͓͚Δඇݭ

ඳ૾Λ͑Δۭ࣌ԿֶతͳزରੑʹΑΓɺϦʔϚϯݭཧͷରশੑͰ͋Δݭ

ඇزԿֶతͳۭ࣌ݭཧͷഎۭ࣌ܠͱͯ͠ՄͱͳΔɻ͜ͷΑ͏ͳഎ࣌ܠ

ۭ (T-fold/monodrofold) యܕతʹਅۭͷϞδϡϥΠ͕ݭεέʔϧͷ߹
ʹՄͱͳΔɻ

εέʔϧͰݭ͖ͮجʹཧܗڞɺʹڞɺాʢ໋ཱؗେֶʣͱݪੁ౻ࠤ

༗ޮͳඇزԿֶతഎۭ࣌ܠͷղੳΛਐΊͨɻ·ͣɺܗڞରশੑΛอͭܗڞཧ

ͷք໘ ք໘/conformalܗڞ) interface) Λ༻͍ͯඇزԿֶతഎۭ࣌ܠதͷݭ
ʹର͢Δ৽͍͠λΠϓͷϞδϡϥʔෆมͳؔΛߏͨ͠ʢจ 45ʣɻ·
ͨɺ͜ͷΑ͏ͳߏΛ֦ு͠ɺT-fold λΠϓͷඇزԿֶతഎܠதͷݭཧͰ
ɺۭ࣌ͷରশੑ͕ഁΕ͍ͯΔʹ߆Βͣ̍ϧʔϓͰͷӉ߲͕ফ͑Δɺݱ

తʹڵຯਂ͍͕ܕ༰қʹߏͰ͖Δ͜ͱΛࣔͨ͠ʢจ 46ʣɻ

(6) ήʔδ/ॏྗରԠͷతূݕ

ҏෑژେݚجͷՖాਖ਼ൣ।ڭतɺҵେֶͷඦܚจ।ڭतɺ̠̠̚ͷଜ

३।ڭतΒͱͱʹɺήʔδ/ॏྗରԠͷతূݕΛͨͬߦʢจ 47ʣɻҏ
ෑΒݭཧͱͷՁੑ͕༧͞ΕΔ ߦΛࢉܭͷήʔδཧͷݩ࣍1
͍ɺ෦ΤωϧΪʔͷྗֶྔΛٻΊɺಘΒΕͨ݁ՌΛݭཧͷͷͱൺ

ֱͨ͠ɻͦͷ݁Ռɺήʔδ/ॏྗରԠ͕͔֬ʹཱ͍ͯ͠Δͱ͍͏ڌূ͍ڧΛ
ಘΔ͜ͱ͕ग़དྷͨɻ͜ͷڀݚͰɺήʔδ܈ͷϥϯΫ͕ൺֱతେ͖͍߹ͱখ
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͍͞߹ͷ྆ํ͕ௐΒΕͨɻϥϯΫ͕େ͖͍߹ͷࢉܭ͢Ͱʹଞͷઌݚߦ

ΘΕ͍͕ͯͨɺҏෑΒͦͷ݁ՌΛ͞Βʹਫ਼ີԽͨ͠ɻҰํɺϥϯΫߦͰڀ

͕খ͍͞߹ͷઌڀݚߦ͜Ε·ͰʹߦΘΕ͓ͯΒͣɺ͜ͷڀݚʹΑͬͯ͡

ΊͯରԠ͕͞ূݕΕͨɻ

(7) ҰൠԽزԿֶͷڀݚ

ɹॏྗཧͷNSNS෦ɺۭ࣌ͷྔܭɺKalb-RamondͱσΟϥτϯ
͔ΒͳΔɻҰൠԽزԿֶɺ͜ΕΒͷʹزԿֶతཧղΛ༩͑Δɻ͢ͳΘͪɺ

ଋͱ༨ଋ͔ΒͳΔଋͷ্ʹɺۭ࣌ͷྔܭͱKalb-RamondͷزԿֶ
తͳهड़Λ࣮͍ͯ͠ݱΔɻݭཧͰɺ͜ΕΒͷͷదͳҐΛഎܠͱ͠

ͯɺͦͷதͰͷݭͷӡಈΛ͢ߟΔɻҟͳΔഎܠಉ࢜Ͱݭͷӡಈ͕ඇࣗ໌ʹ

ՁʹͳΔؔͱͯ͠ɺTରੑ͕ΒΕ͍ͯΔɻۭ࣌ͷྔܭͱKalb-Ramond
Λಉʹѻ͏ҰൠԽزԿֶɺ͜ͷ TରੑΛؚΊͯزԿֶతʹهड़͢Δ
ͱظ͞ΕΔɻɹࣜܗతʹ TରੑมΛ͢ࢪͱɺ͜Ε·Ͱ͑ߟΒΕͯ͜ͳ
͔ͬͨΑ͏ͳͷҐ͕ಘΒΕΔɻಛʹڵຯਂ͍ͷɺطଘͷزԿֶͰଊ͑

͖Εͳ͍ʮඇزԿֶతʯͳͷҐ͕ग़͢ݱΔͱ͍͏ٞͰ͋ΔɻҰൠԽزԿ

ֶ TରੑΛؚΊͯഎܠͷزԿֶతهड़Λ༩͑Δ͜ͱ͔Βɺ͜ΕΛ༻͍
ͯඇزԿֶతͳഎܠΛʮزԿֶతʯʹཧղ͠Α͏ͱ͍͏͕ٞͳ͞Ε͍ͯΔɻ

ɹଜҰൠԽزԿֶʹ͓͍ͯଋͱ༨ଋͷׂΛೖΕସ͑ͨมछΛಋೖ

͠ɺඇزԿֶతഎܠͷཧղΛ୳ͨ͠ٻɻಛʹҰൠԽزԿֶͷมछʹͮ͘جॏྗ

Λߏங͠ɺඇزԿֶతഎܠͱॏྗͱͷ݁߹Λ໌Β͔ʹͨ͠ʢจ 48ʣɻ

(8) ڀݚͷۭ࣌ܠΛϓϩʔϒͱͨ͠ΤΩκνοΫϒϨʔϯͷഎݭ

ΤΩκνοΫϒϨʔϯۭ࣌ݩ࣍ͷݭཧʹొ͢ΔಛघͳϒϨʔϯͰ

͋Δɻഎۭ࣌ܠҰൠ࠲ඪม͚ͩͰଊ͑ΒΕͣɺݭཧͷରੑͷߏ

ؚ͕·ΕΔɻ͜ͷ༷ͳϒϨʔϯഎۭ࣌ܠɺݭཧͷίϯύΫτԽͱͦ͜

͔ΒಘΒΕΔૉཻࢠཧΛแׅతʹཧղ͢ΔͨΊʹॏཁͰ͋ΔɻΤΩκνοΫ

ϒϨʔϯͷҰྫͰ͋Δ 522ϒϨʔϯNS5ϒϨʔϯʹରͯ͠ 2ճTରม͢
Δ͜ͱͰొ͢Δɻଜɺ2013ʹ 522ϒϨʔϯഎۭ࣌ܠΛ ࣜܗݩ࣍2
Λ༻͍ͨήʔδཧΛ༻͍ͨఆࣜԽΛޭ͍ͤͯͨ͞ɻ2ݩ࣍ࣜܗͰT
ରมʹରԠ͢Δ LegendreมΛਖ਼࣮͘͢͠ߦΔͨΊʹՄͳΛಋೖ
͍͕ͯͨ͠ɺՄͰ͋ΔͨΊଟ͘ͷ༨ͳ͕ొ͢ΔɻͦͷͨΊɺର

শήʔδมʹΑͬͯཧతࣗ༝͚͕ͩੜ͖Δਖ਼͍͠ήʔδݻఆ݅Λൃ

ͨ͠ݟ (จ 49)ɻ͜ͷήʔδݻఆɺہॴԽఆཧΛ༻͍ͨ ରশήʔݩ࣍2
δཧͷܦ࿏ੵΛධՁ͢ΔࡍʹॏཁͰ͋Δɻ
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Exact mass-coupling relation for the homogeneous sine-Gordon model, Phys.
Rev. Lett. 116 (2016) 181601, arXiv:1512.04673 [hep-th].

42. G. Ishiki, Matrix Geometry and Coherent States, Phys. Rev. D 92, no. 4,
(2015) ref. 046009.

43. G. Ishiki, T. Matsumoto and H. Muraki, Kähler structure in the commutative
limit of matrix geometry, arXiv:1603.09146 [hep-th], UTHEP-685.

－26－



44. N. Ishibashi and K. Murakami, Worldsheet theory of light-cone gauge non-
critical strings on higher genus Riemann surfaces, arXiv:1603.083337 [hep-th],
UTHEP-683.

45. Yuji Satoh and Yuji Sugawara, Non-geometric backgrounds based on topolog-
ical interfaces, JHEP 1507 (2015) 022.

46. Yuji Satoh, Yuji Sugawara and Taiki Wada, Non-supersymmetric asymmetric
orbifolds with vanishing cosmological constant, JHEP 1602 (2016) 184.

47. M. Hanada, Y. Hyakutake, G. Ishiki and J. Nishimura, Numerical tests of the
gauge/gravity duality conjecture for D0-branes at finite temperature and finite
N, arXiv:1603.00538 [hep-th], UTHEP-682.

48. T. Asakawa, H. Muraki, S Watamura Gravity theory on Poisson manifold with
R-flux, Fortschritte der Physik 63 (2015) 683-704.

49. Tetsuji Kimura, Gauge-fixing Condition on Prepotential of Chiral Multiplet for
Nongeometric Backgrounds, Prog. Theor. Exp. Phys. (2016) no.2, 023B04.

ʪஶॻɾ૯આʫ

1. Ֆా ਖ਼ൣ, ඦ ,จܚ ҏෑ ,ޗ ଜ ३,ʮྔࢠϒϥοΫϗʔϧͷϗϩάϥϜ
తهड़ͷతূݕʯ, SienceʮαΠΤϯεͨͬࡌʹࢽຊਓऀڀݚʯ(2015),
p46.

2. ҏෑ ,ޗ ଜ ३, Ֆా ਖ਼ൣ, ඦ จ,ʮϒϥοΫϗʔϧʹର͢Δϗϩάϥܚ
ϑΟοΫݪཧͷతূݕʯ, ຊཧֶձࢽ ,ר70 6߸ (2015), p436 .

ʪֶҐจʫ

[म࢜จ]

1. լ ३ฏ
ʮNf = 2 + 1 ͰͷߦQCDʹΑΔඍখͳӡಈྔҠࢠ֨ πதؒܗࢠঢ়Ҽࢉܭࢠ
ڀݚૅج͚ͨʯ

2. ࡚ࡾ തಓ
ʮߴ֊ඍ߲ΛؚΉॏྗཧʹ͓͚ΔҼՌͷഁΕʯ

3. ࢁਂ ཅฏ
ʮϝϯϒϨϯͷزԿͱྻߦܕʯ

ʪඇৗࢣߨۈɾूதٛߨʫ

－27－



1. ҏෑޗ, ʮݭཧͱྻߦਖ਼ଇԽʯ, Advanced Summer School on Lattice
Gauge Theories, ஜେֶػࢉܭηϯλʔ, 2015 8݄ 26-28.

2. ଜ࢜ʮඍੵ IIʯɺ౦ژՊେֶίϯϐϡʔλαΠΤϯεֶ෦ɺ2015
4݄–9݄.

3. ଜ࢜ʮૉཻࢠۭ࣌ͱ?ʯ(Նظಛผ࠲ߨ)ɺઍాཱ۠ஈதڭҭֶ
ɺ2015ߍ 8݄ 20.

ʪڀݚՌൃදʢߨԋʣʫ

[ձٞࡍࠃ]

1. T. Umeda, S. Ejiri, R. Iwami, K. Kanaya ʮTowards the QCD equation of
state at the physical point using Wilson fermionʯ,
The XXXIII International Symposium on Lattice Field Theory (Lattice 2015)
(Kobe Convention Center, Kobe, Japan, 7.14-18, 2015).

2. E. Itou, H. Suzuki, Y. Taniguchi, T. Umeda ʮ(2+1)-flavor QCD Thermody-
namics from the Gradient Flowʯ,
The XXXIII International Symposium on Lattice Field Theory (Lattice 2015)
(Kobe Convention Center, Kobe, Japan, 7.14-18, 2015).

3. Y. Taniguchi ʮQCD energy momentum tensor at finite temperature using
gradient flowʯ,
RBRC Workshop on Lattice Gauge Theories 2016 (BNL, NY, USA, 3.9-11,
2016).

4. Yoshinobu Kuramashi,ʮTensor Network Scheme for Lattice Gauge Theoriesʯ
ʢটߨԋʣɼ

XXVII IUPAP Conference on Computational Physics (CCP2015), (Indian In-
stitute of Technology Guwahati,, Assam, India, December 2-5, 2015).

5. Hiroshi Ohno, ʮCharmonia and bottomonia at finite temperature on large
quenched latticeʯ, The 33rd International Symposium on Lattice Field Theory
(Lattice 2015) (Kobe International Conference Center, Kobe, Japan, Jul. 14-
18, 2015).

6. Hiroshi Ohno,ʮCharmonium and bottomonium spectral functions from lattice
QCD at finite temperatureʯ, The XXV International Conference on Ultrarela-
tivistic Nucleus-Nucleus Collisions (Quark Matter 2015) (Kobe Fashion Mart,
Kobe, Japan, Sept. 27-Oct. 3, 2015).

7. Hiroshi Ohno,ʮCharmonia and bottomonia in hot medium and heavy quark
diffusion from lattice QCD at finite temperatureʯ(টߨԋ), New Progress

－28－



in Heavy Ion Collision: What is Hot in the QGP (CCNU, Wuhan, China, Oct.
5-9, 2015).

8. Hiroshi Ohno, ʮCharmonium and bottomonium spectral functions at finite
temperatureʯ(টߨԋ), RBRC Workshop on Lattice Gauge Theories 2016
(BNL, New York, USA, Mar. 9-11, 2016).

9. ླ༡ʮCalculation of high-order cumulants with canonical ensemble method
in lattice QCDʯ, The 33rd International Symposium on Lattice Field Theory
(Lattice 2015), ( Kobe International Conference Center, Kobe, Japan, July
14-18, 2015).

10. ླ༡ʮStudy of finite density phase transition with Canonical approachʯ,
The 13th international eXtreme QCD conference (XQCD 2015), (CCNU,Wuhan,
China, Sep. 21-23, 2015).

11. ླ༡ʮCalculation of high-order cumulants with canonical ensemble method
in lattice QCDʯ, The XXV international conference on ultra-relativistic heavy-
ion collisions (Quark Matter 2015), (Kobe Fashion Mart, Kobe, Japan, Sep.
27- Oct. 3, 2015).

12. ླ༡ʮCalculation of Hadronic observable with Canonical approach in finite
density lattice QCDʯ, RBRC Workshop on Lattice Gauge Theories 2016,
(BNL, NewYork, USA, March 9-11, 2016).

13. ୩ޱ༟հʮStudy of high density phase transition in lattice QCD with canon-
ical approachʯ, The 33rd International Symposium on Lattice Field Theory
(Lattice2015), (Kobe Convention Center, Kobe, Japan, 14 July 2015 - 18 July
2015).

14. ୩ޱ༟հʮStudy of high density phase transition in lattice QCD with canonical
approachʯ, XXV INTERNATIONAL CONFERENCE ONULTRA-RELATIVISTIC
NUCLEUS-NUCLEUS COLLISIONS (Quark Matter 2015), (Kobe, Fashion
Mart, Japan, September 27 - October 3, 2015).

15. ୩ޱ༟հʮStudy of high density lattice QCD with canonical approachʯ, Sym-
posium on ‘Quarks to Universe in Computational Science (QUCS 2015)ʟ, (Nara
Kasugano International Forum IRAKA, Nara, Japan, November 4-8, 2015).

16. Takeshi Yamazaki ʮLight nuclei from 2+1 flavor lattice QCDʯ(টߨԋ),
Lattice Nuclei Nuclear physics and QCD – Bridging the gap – (European
Centre for Theoretical Studies in Nuclear Physics and Related Areas (ECT*),
Italy, June 6-10, 2015).

17. Takeshi Yamazaki ʮLight nuclei and nucleon form factors in Nf=2+1 lattice
QCDʯ, The 33rd International Symposium on lattice field theory (Lattice
2015) (Kobe International Conference Center, Japan, June 14-18, 2015).

－29－



18. Takeshi Yamazaki ʮLight nuclei and nucleon form factors in Nf=2+1 lattice
QCDʯ(টߨԋ), The 5th International Workshop on Lattice Hadron Physics
(LHPV) (Conference Centre of the Cairns Colonial Club Resort, Australia,
June 20-24, 2015).

19. Takeshi Yamazaki ʮLight nuclei and nucleon form factors in Nf=2+1 lat-
tice QCDʯ(টߨԋ), Long-term and Nishinomiya-Yukawa Memorial In-
ternational Workshop on ”Computational Advances in Nuclear and Hadron
Physics” (CANHP2015) (Yukawa Institute of Theoretical Physics (YITP), Ky-
oto University, Japan, September 21-October 30, 2015).

20. Takeshi YamazakiʮLight nuclei and nucleon form factors from lattice QCDʯ,
Symposium on Quarks to Universe in Computational Science (QUCS 2015)
(Nara Kasugano International Forum IRAKA, Japan, November 4-8, 2015).

21. Takeshi Yamazaki ʮNucleon form factors and light nuclei in Nf=2+1 lat-
tice QCDʯ(টߨԋ), RBRC Workshop on Lattice Gauge Theories 2016
(Brookhaven National Laboratory, USA, March 9-11, 2016).

22. ߐ٢ ༑র ʮSharing lattice QCD data over a widely distributed file systemʯ
21st International Conference on Computing in High Energy and Nuclear
Physics (CHEP2015) (Okinawa, Japan, April 13 - 17, 2015).

23. ༑রʮMetadataߐ٢ Working Group Reportʯ23th Workshop of International
Lattice Data Grid (video conference hosted by CSSM, Adelaide, Australia,
April 24, 2015).

24. S. Aoki, ʮHadron Interactions from lattice QCDʯʢটߨԋʣɼ21th Inter-
national Conference on Few-Body Problems in Physics, (Chicago, USA, May
18-22, 2015).

25. S. Aoki, ʮNuclear forces from lattice QCDʯʢটߨԋʣɼECT* Workshop
on ”Lattice Nuclei Nuclear Physics and QCD - Bridging the gap”, (Trento,
Italy, July 6-10, 2015).

26. S. Aoki,ʮComparative studies for baryon interactions with HAL QCDmethod
and Luscher’s methodʯʢটߨԋʣɼLong-term and Nishinomiya-Yukawa
Memorial International Workshop on ”Computational Advances in Nuclear
and Hadron Physics”, (YITP, Kyoto, Japan, September 21-October 30, 2015).

27. S. Aoki, ʮRecent developments and challenges in lattice QCDʯʢটߨԋʣɼ
International Symposium ”RIKKYO MathPhys 2016”, (Rikkyo University,
Tokyo, Japan, January 9-11, 2016).

28. S. Aoki,ʮNew strategies with HAL QCD potential methodʯʢটߨԋʣɼJoint
HAL QCD-CalLat mini-workshop on lattice QCD for NP, (LBL, Berkeley,
USA, January 27-29, 2016).

－30－



29. S. Aoki, ʮHadron interactions at heavier quark masses in lattice QCD –Are
deuteron and di-neutron bound ? – ʯʢটߨԋʣɼYITP and IOPP Joint
workshop on Heavy Ion Physics, (CCNU, Wuhan, China, February 20, 2016).

30. H. Nemura, (for HAL QCD Collaboration), ʮAn implementation of hybrid
parallel CUDA code for the hyperonic nuclear forcesʯɼThe 33rd International
Symposium on Lattice Field Theory, (Kobe, Japan, July 14-18, 2015).

31. H. Nemura, (for HAL QCD Collaboration), ʮA fast algorithm for lattice
hyperonic potentialsʯɼThe 12th International Conference on Hypernuclear
and Strange Particle Physics, (Tohoku University, Sendai, Japan, September
7 - 12, 2015).

32. H. Nemura, (for HAL QCD Collaboration), ʮHyperonic lattice QCD poten-
tials and hypernuclear few-body problemsʯɼYIPQS Long-term and Nishinomiya-
Yukawa Memorial International Workshop, Computational Advances in Nu-
clear and Hadron Physics (CANHP 2015), (YITP, Kyoto, Japan, September
21 - October 30, 2015).

33. H. Nemura, (for HAL QCD Collaboration), ʮAlgorithm, benchmarks, and
hyperon potentials with strangeness S = −1 at almost physical pointʯɼSym-
posium on ‘Quarks to Universe in Computational Science (QUCS 2015)’, (Nara
Prefectural New Public Hall, Nara, Japan, November 4 - 8, 2015).

34. K. Sasaki for HAL QCD Coll., ʮFirst results on baryon interactions from
lattice QCD with physical masses (3) –Strangeness S=-2 two-baryon system–ʯɼ
The 33rd International Symposium on Lattice Field Theory(LATTICE2015)
(Kobe, Japan, Jul. 14-18, 2015).

35. K. Sasaki for HAL QCD Coll., ʮResults from HALQCD on light nuclei and
exotic statesʯɼEMMI workshop on anti-matter, hyper-matter and exotica
production at the LHC (CERN, Geneva, Switzerland, Jul. 20-22, 2015).

36. K. Sasaki for HAL QCD Coll., ʮCoupled channel baryon-baryon interac-
tions on the latticeʯɼThe 12th International Conference on Hypernuclear
and Strange Particle Physics (HYP2015), (Tohoku University, Sendai, Japan,
Sept. 7-12, 2015).

37. K. Sasaki for HAL QCD Coll., ʮLattice QCD studies of baryon-bayon inter-
actions and dibaryon statesʯɼELPH workshop C013 ”Meson Production and
Meson-Baryon Interaction”, (Tohoku University, Sendai, Japan, Sept. 12-14,
2015).

38. K. Sasaki for HAL QCD Coll., ʮPhysical point lattice QCD simulation on
the S = -2 baryon-baryon interactionsʯɼSymposium on Quarks to Universe
in Computational Science (QUCS 2015), (Nara, Japan, Nov. 4-8, 2015).

－31－



39. Y.Namekawa ʮComparative study of topological charge in lattice QCDʯ,
Quarks to Universe in Computational Science (QUCS2015) (Nara, Japan, Nov
4-8, 2015).

40. Nobuyuki Ishibashi,ʮʠDimensional regularization of light-cone gauge super-
string field theory and multiloop amplitudesʯ(টߨԋʣ
International Conference on String Field Theory and Related Aspects VII,
SFT2015 (ChengDu, China, May 11-15, 2015).

41. Yuji SatohʮAnalytic expansions of strong-coupling amplitudes in N=4 SYMʯ
(টߨԋ),
Amplitudes in Asia 2015 ɹ (National Center for Theoretical Sciences, Taipei,
Taiwan, November 2 - 6 , 2015).

42. Goro Ishiki, ʮMatrix Geometry and Coherent Statesʯʢটߨԋʣ,
Workshop on Noncommutative Field Theory and Gravity (Corfu, Greece, Sep.
21-26, 2015).

43. Goro Ishiki, ʮSpherical M5-branes from the plane wave matrix modelʯ,
KEK theory workshop Dec. (KEK, Tsukuba, Japan, Dec. 1-4, 2015).

44. Goro Ishiki, ʮSpherical M5-branes from the plane wave matrix modelʯ,
YITP workshopʮDevelopments in String Theory and Quantum Field Theoryʯ
(YITP, Kyoto, Japan, Nov. 9-13, 2015).

45. Goro Ishiki, ʮMatrix Geometry and Coherent Statesʯ,
YITP workshopʮNumerical approaches to the holographic principle, quantum
gravity and cosmologyʯ(YITP, Kyoto, Japan, July 21-24, 2015).

46. Goro Ishiki, ʮMatrix Geometry and Coherent Statesʯ,
The 33nd International Symposium on Lattice Field Theory (Lattice 2015)
(Kobe, Japan, July 14-18, 2015).

47. Takaki Matsumoto, ʮNew construction method of Matrixɹ Regularization
using coherent statesʯ,
Geometry in Gauge Theories and String Theory (Korea Institute for Advanced
Study, Seoul, Korea, Sep. 15-18, 2015).

48. Takaki Matsumoto,ʮNew construction method of Matrix Regularization using
coherent statesʯ,
YITP workshopʮDevelopments in String Theory and Quantum Field Theoryʯ
(YITP, Kyoto, Japan, Nov. 9-13, 2015).

49. Takaki Matsumoto, ʮKähler Structure in Matrix Geometryʯ,
KEK workshop 2015 Dec. (KEK, Tsukuba, Japan, Dec. 1-4, 2015).

－32－



50. Hisayoshi Muraki, ʮGravity on Poisson manifoldʯ
Workshop on Higher structures in string theory and M-theory (Tohoku uni-
versity, Sendai, Mar. 7-11, 2016).

51. Hisayoshi Muraki, ʮGravity theory on Poisson manifold with R-fluxʯ
KEK workshop 2015 Dec. (KEK, Tsukuba, Dec. 1-4, 2015).

52. Hisayoshi Muraki, ʮGravity theory on Poisson manifold with R-fluxʯ
YITP workshopʮDevelopments in String Theory and Quantum Field Theoryʯ
(Yukawa Institute of Theoretical Physics, Kyoto, Nov. 9-13, 2015).

53. Tetsuji Kimura,ʮExotic five-branesʯ, 2nd String Theory in Greater Tokyo
(RIKEN, Saitama, Japan, June 9, 2015).

[ձڀݚֶձɺࠃ]

1. ҏ౻ӻࢠ, ླത, ୩ޱ༟հ, കా࢜و ʮάϥσΟΤϯτ ϑϩʔΛ༻͍ͨ

Nf=2+1 QCDͷྗֶྔͷଌఆʯ,
ຊཧֶձ (େࢢࡕେ, େࡕ, 9.25-28, 2015).

2. ୩ޱ༟հ, ੴݟྋ, കా࢜و, ,࢘৴৲ߐ ۚ୩ࢸ, ਖ਼ਗ਼, ླത, एྛً
ʮGradient flowͰݟΔ༗ݶԹQCDʯ,
ຊཧֶձ ୈ 71ճ࣍େձ (౦ֶӃେ, ઋ, 3.19-22, 2016).

3. നۜਸ਼थ, ,࢘৴৲ߐ ۚ୩ࢸ, ਖ਼ਗ਼, ੴݟྋ ʮQuenched QCDͷҰ࣍૬
సҠʹ͓͚ΔજͱѹྗΪϟοϓʯ,
ຊཧֶձ ୈ 71ճ࣍େձ (౦ֶӃେ, ઋ, 3.19-22, 2016).

4. ੴݟྋ, ,࢘৴৲ߐ ۚ୩ࢸ, େ࢙ߒ, കా࢜و, ٢ా৴հʮO(4)εέʔϦϯ
άΛ༻͍ͨ༗ݶԹɾີQCDͷ૬సҠઢʯ,
ຊཧֶձ ୈ 71ճ࣍େձ (౦ֶӃେ, ઋ, 3.19-22, 2016).

5. େ࢙ߒʮQuarkonia at finite temperatureʯ(টߨԋ), Թີݶձʮ༗ڀݚ
ܥͷཧͱ֨ࢠQCDγϛϡϨʔγϣϯʯ(ஜେֶࢉܭՊֶڀݚηϯλʔ,
ɹͭ͘, 2015 9݄ 5) .

6. େ࢙ߒʮ༗ݶԹ֨ࢠQCDʹΑΔνϟʔϞχϜٴͼϘτϞχϜεϖΫ
τϧؔͷڀݚʯ, ຊཧֶձ 2015ळقେձ (େཱࢢࡕେֶਿຊΩϟϯύ
ε, େࡕ, 2015 9݄ 25-28).

7. ୩ޱ༟հʮQCD phase transition at real chemical potential with canonical
approach ʯ, JICFUSηϛφʔ, .(େֶژ)

8. ୩ޱ༟հʮΧϊχΧϧ๏Ͱൃࢠ֨ͨ͠ݟQCDͷ༗ີݶ૬సҠݱͷڀݚʯ,
ຊཧֶձ 2015ळقେձ, (2015 9݄ 25?2015 9݄ 28 େཱࢢࡕ
େֶʢਿຊΩϟϯύεʣ).
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9. ླ ༡ʮΧϊχΧϧ๏Λ༻͍ͨ༗ີݶ֨ࢠQCDʹ͓͚Δ૬సҠݱͷݚ
,ʯڀ ຊཧֶձळقେձ, (େཱࢢࡕେֶ, 2015 9݄ 25-28).

10. ླ ༡ʮΧϊχΧϧ๏Λ༻͍ͨ༗ີݶ֨ࢠQCDʹ͓͚Δ૬సҠݱͷݚ
,ʯڀ ,ߍएखՆͷֶऀࡾ֩ࢠݪ (ϗςϧ͖ͨͭ, Ѫ, 2015 8݄ 17-22).

11. ླ༡ʮΧϊχΧϧ๏Λ༻͍ͨ༗ີݶ֨ࢠQCDʹ͓͚Δཧྔͷࢉܭͱͦ
ͷମੵґଘੑͷڀݚʯ, ୈ 71ճ࣍େձ, (౦ֶӃେֶ, 2016 3݄ 19-22
).

12. ࡚ࢁ ߶, ੴ ݈Ұ, ૿ Յ৳, ʑࠤ উҰ, Ӊ জ for PACS Collaboration,
ʮվྑ͞ΕͨΟϧιϯϑΣϧϛΦϯ࡞༻Λ༻͍ͨ 2+1ϑϨʔόʔQCDʹΑ
Δ֩ܗࢠঢ়Ҽࢠͷڀݚʯຊཧֶձ 2015ळقେձ (େཱࢢࡕେֶ, େࡕ,
2015 9݄ 25–28).

13. ࡚ࢁ ߶, ૿ Յ৳, ੴ ݈Ұ, ුా ঘ࠸, ʮ֨ࢠQCDΛ༻͍ͨߏ֩ࢠݪܭ
,ʯڀݚૅج͚ͨࢉ HPCI ୈ 2ճՌใࠂձ (ຊՊֶະདྷؗ, ౦ژ, 2015
 10݄ 26).

14. ࡚ࢁ ߶, ੴ ݈Ұ, ૿ Յ৳, Ӊ জ for PACS Collaboration ʮNf = 2 + 1
,ʯࢉܭଋറΤωϧΪʔͷ֩ࢠݪQCDʹΑΔܰࢠ֨ ຊཧֶձୈ 71ճ࣍
େձ (౦ֶӃେֶ, ,ٶ 2016 3݄ 19–22).

15. լ ३ฏʮNf = 2+ 1 ͰͷߦQCDʹΑΔඍখͳӡಈྔҠࢠ֨ πதؒܗࢠঢ়
Ҽࢠͷڀݚʯຊཧֶձୈ 71ճ࣍େձʢ౦ֶӃେֶɺઋɺ̎̌̍̒
݄̏̍̕ʔ̎̎ʣ.

16. (ԋߨট)ঢ়ͱ՝ʯݱཧֶʹ͓͚ΔσʔλγΣΞϦϯάͷࢉܭ༑রʮߐ٢
σʔλγΣΞϦϯάΛར༻ͨ͠Պֶٕज़ʹؔ͢Δษڧձ (จՊল, ౦ژɺ2015
 5݄ 13).

17. ߐ٢ ༑রʮ֨ࢠγϛϡϨʔγϣϯʹΑΔίϯϑΥʔϚϧཧͷڀݚʯஜେ
ձࠂಉར༻ՌใڞࡍηϯλʔֶڀݚՊֶࢉܭֶ (ஜେֶɺͭ͘ɺ2015
10݄ 20)

18. ߐ٢ ༑র ʮࢉܭૉཻࢠཧσʔλཧɾڞ༗ج൫ JLDGʯHPCIγεςϜར
ձࠂ՝Ռใڀݚ༺ (Պֶະདྷؗ, ౦ژɺ2015 10݄ 26).

19. ߐ٢ ༑রʮHEPnet-J/sc ใࠂʯ2015 HEPnet-J Ϣʔβʔձɺ(ౡେֶ,
ౡɺ2015 11݄ 24-25) .

20. ࠜଜӳࠀ, (HAL QCD Collaboration) ɹʮϋΠύʔ֩ͷগଟମʹࢉܭܥ
,ʯڀݚQCDʹΑΔϋΠϖϩϯϙςϯγϟϧͷࢠ͚֨ͨ ຊཧֶձ ̎̌̍
̑ळقେձ, (େཱࢢࡕେֶʢਿຊΩϟϯύεʣɺ݄̎̌̍̑̎̑̕ʔ̎̔
).
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21. ࠜଜӳࠀ, (HAL QCD Collaboration) ɹʮ֨ࢠQCDʹΑΔϋΠϖϩϯϙςϯ
γϟϧͱ͍ܰ֩ࢠݪͷԠ༻ʯ, ৽ֶज़ྖҬʮ࣮ݧͱ؍ଌͰղ͖໌͔͢தੑࢠ
ͷ࣭֩ʯͷୈ̐ճڀݚձ, (ভೆࡍࠃଜηϯλʔɺ݄̎̌̍̑̍̓̕ʔ̍
̔).

22. ࠜଜӳࠀ, (for HAL QCD Collaboration), ɹʮϋΠύʔ֩ͷগଟମࢉܭܥʹ
HAL͚ͨ QCD๏ʹΑΔϋΠϖϩϯϙςϯγϟϧͷڀݚʯ, ຊཧֶձୈ
̓̍ճ࣍େձ, (౦ֶӃେֶઘΩϟϯύεɺ݄̎̌̍̒̏̍̕ʔ̎̎).

23. K. Sasaki for HAL QCD Coll., ʮCoupled channel approach to two-baryon
interactions from QCDʯɼετϨϯδωεɾϋυϩϯ߹ಉڀݚձɼ(KEK ౦ւ
Ωϟϯύε, ݄̎̌̍̑̔̏ʔ̓).

24. ࢤʑ݈ࠤ for HAL QCD Coll. ʮཧ֨ࢠQCDʹΑΔόϦΦϯؒ૬࡞ޓ
༻ –S=-2ηΫλ–ʯɼຊཧֶձɹ̎̌̍̑ळقେձʢେཱࢢࡕେ , ̎̌
݄̍̑̎̑̕ʔ̎̔).

25. ࢤʑ݈ࠤ for HAL QCD Coll., ʮཧ֨ࢠQCDʹΑΔόϦΦϯؒ૬࡞ޓ
༻ [2] – S=-2ηΫλʔ –ʯɼຊཧֶձɹୈ̓̍ճ࣍େձ (౦ֶӃେֶ
ɹઘΩϟϯύε , ݄̎̌̍̒̏̍̕ʔ̎̎).

26. K.Sasaki for HAL QCD Coll., ʮDibaryon searches from lattice QCDʯɼૉཻ
ʯγϯϙδϜ͚ͯʹژΒϙετ͔ژɾӉʮ֩ࢠݪɾࢠ (ϫϯςϥείϞ
ϯϗʔϧɺ౦ژઍా۠ਆా , ݄̎̌̍̒̏̏̌ʔ̏̍).

27. ੴڮɹԆɺʮDimensional regularization of light-cone gauge superstring field
theory and multiloop amplitudesʯ,
ຊཧֶձ 2015ळقେձ (େཱࢢࡕେֶ, େࡕ, 2015 9݄ 25-28).

28. Yuji Satoh ʮWorld-sheet conformal interfaces and their applicationsʯ(ট
,(ԋߨ
ͷͷཧݭ 16 (ஜେֶ౦ژΩϟϯύε, ౦ژ, 2016  2 ݄ 22 - 23 ).

29. ҏ౻࢘ࠀ, ,༐ೋ౻ࠤ Chris Locke, ଋߚඇ, ʮT-Q relation for modified affine
B2 Toda field equationʯ,
ຊཧֶձୈ 71 ճ࣍େձ (౦ֶӃେֶ, ઋ 2016  3 ݄ 19 - 22 ).

30. Zoltan Bajnok, Janos Balog, ҏ౻࢘ࠀ, ,༐ೋ౻ࠤ Gabor Zsolt Toth, ʮExact
mass-coupling relation of simplest multi-scale quantum integrable modelʯ,
ຊཧֶձୈ 71 ճ࣍େձ (౦ֶӃେֶ, ઋ 2016  3 ݄ 19 - 22 ).

31. ༞ೋ,ాେथ,ʮNon-susyݪੁ,༐ೋ౻ࠤ asymmetric orbifolds with vanishing
cosmological constantʯ,
ຊཧֶձୈ 71 ճ࣍େձ (౦ֶӃେֶ, ઋ 2016  3 ݄ 19 - 22 ).
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32. ҏෑ ,ޗ ʮNumerical simulation for superstring theoryʯʢটߨԋʣ,
ʙεύίϯʮژʯ͕ͻΒ͘Պֶͱࣾձʙୈ 2ճʮژʯΛத֩ͱ͢ΔHPCIγε
ςϜར༻ڀݚ՝ Ռใࠂձ, (ຊՊֶະདྷؗ, ౦ژ, 2015 10݄ 26).

33. ҏෑ ,ޗ দຊ ,ڵߴ ࢁਂ ཅฏ, ౡా ӳ,ʮίώʔϨϯτঢ়ଶʹΑΔྻߦਖ਼
ଇԽͷ৽͍͠ߏ๏ʯ,
ຊཧֶձ 2015ळقେձ (େཱࢢࡕେֶ, େࡕ, 2015 9݄ 25-28).

34. ҏෑ ,ޗ দຊ ,ڵߴ ଜ ,ٱ ʮKähler Structure in Matrix Geometryʯ,
ຊཧֶձ ୈ 71ճ࣍େձ (౦ֶӃେֶ, ઋ, 2016 3݄ 19-22).

35. ҏෑ ,ޗ দຊ ,ڵߴ ଜ ͭʹߏ໘্ͷέʔϥʔٿɼʮΏΒ͍ͩඇՄٱ
͍ͯʯɼ

ຊཧֶձ ୈ 71ճ࣍େձ (౦ֶӃେֶ, ઋ, 2016 3݄ 19-22).

36. ઙ ါຏ, ҏෑ ,ޗ ౡ࡚ ৴ೋ, ౢࣉ ༃࣏ɼʮSpherical fivebranes from the
plane wave matrix modelʯɼ
ຊཧֶձ ୈ 71ճ࣍େձ (౦ֶӃେֶ, ઋ, 2016 3݄ 19-22).

37. ҏෑ ,ޗ ʮNumerical simulation for superstring theoryʯʢϙελʔൃදʣ,
ʙεύίϯʮژʯ͕ͻΒ͘Պֶͱࣾձʙୈ 2ճʮژʯΛத֩ͱ͢ΔHPCIγε
ςϜར༻ڀݚ՝ Ռใࠂձ, (ຊՊֶະདྷؗ, ౦ژ, 2015 10݄ 26).

38. ઙ ,࢚ ଜ ,ٱ ໖ଜ , ʮA study of construction of gravity theory
based on generalized geometryʯ,
ຊཧֶձ̎̌̍̑ळقେձຊཧֶձ 2015ळقେձ (େཱࢢࡕେ
ֶ, େࡕ, 2015 9݄ 25-28).

39. ଜ ʮAٱ study of construction of gravity theory based on generalized
geometryʯ
ʮࢄతख๏ʹΑΔͱۭ࣌ͷμΠφϛΫεʯڀݚձʢԬࢁӴੜձؗɺԬࢁɺ

2015 9݄ 14-18ʣ.

ʪडʫ

1. ̝̥̘̞༏लՌड,՝൪߸hp140067 (ද: Ֆాਖ਼ൣ,ҏෑޗ), 2015
 10݄ 26.

ʪࡍࠃձٞɾڀݚձͷ࣮ࢪʫ

1. ୈ 33ճ্֨ࢠͷͷཧࡍࠃձٞ৫ҕһձओ࠵ʢ৫ҕһɿ૿Յ৳ʣ,
The XXXIII International Symposium on Lattice Field Theory (Lattice 2015),
2015 7݄ 14-18, ਆࡍࠃށձٞ, ਆށ.
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2. ஜେֶࢉܭՊֶڀݚηϯλʔ/ཧݚBNLڀݚηϯλʔ࠵ڞ,
RBRC Workshop on Lattice Gauge Theories 2016,
2016 3݄ 9-11, BNL, NY.

3. ஜେֶࢉܭՊֶڀݚηϯλʔ/ૅجࢉܭՊֶ࿈ڌܞ (JICFuS) ओ࠵, ڀݚ
ձʮ༗ݶԹີܥͷཧͱ̙̘̦֨ࢠγϛϡϨʔγϣϯʯ2015 9݄ 5,
ஜେֶࢉܭՊֶڀݚηϯλʔ, ͭ͘.

4. ஜେֶࢉܭՊֶڀݚηϯλʔ/ཧݚ BNL ηϯλʔڀݚ ,࠵ڞ RBRC Work-
shop on Lattice Gauge Theories 2016 2016 3݄ 9-11, Brookhaven Na-
tional Laboratory, New York, USA.

5. ओ࠵: ஜେֶࢉܭՊֶڀݚηϯλʔ, ڌՊֶ࿈ૅجࢉܭ (JICFuS) ༗ݶ
Թີ̦̘̙ͷతڀݚʹ͓͚Δۙ࠷ͷൃల 2015 9݄ 5, ஜେֶܭ
,ηϯλʔڀݚՊֶࢉ ͭ͘.
ੈਓɿ੨อಓʢ໊ݹେʣ, ුాঘ࠸ʢஜେʣ, കా࢜وʢౡେʣ, ߐ
৲৴࢘ʢ৽ׁେʣ, େ࢙ߒʢஜେʣ, ,ʢ̠̠̚ʣࢤོࣇۚ ాਅ࣎ʢۚ
େʣ, ,༟հʢஜେʣ ʢஜେʣ߶࡚ࢁ

6. Advanced Summer School on Lattice Gauge Theories 2015 8݄ 26-28, ஜ
େֶࢉܭՊֶڀݚηϯλʔ, ͭ͘.
ੈਓɿᜊ౻՚ʢ࿈བྷऀʣ, ੴ௩ਓ, େ࢙ߒ, ۚ୩ࢸ, ૿Յ৳, ୩
,༟հޱ ,߶࡚ࢁ ༑রߐ٢

7. YIPQS Long-term and Nishinomiya-Yukawa Memorial International Work-
shop, Computational Advances in Nuclear and Hadron Physics (CANHP 2015),
݄̎̌̍̑̎̍̕ʔ݄̍̌̏̌ɺژେֶૅجཧֶڀݚॴɺژ.

8. ஜେֶࢉܭՊֶڀݚηϯλʔɺૅجࢉܭՊֶ࿈ڌܞڀݚ࠵ڞձʮ༗ݶԹ
ີܥͷཧͱ̙̘̦֨ࢠγϛϡϨʔγϣϯʯ2015 9݄ 5, ஜେֶࢉܭ
Պֶڀݚηϯλʔ, ͭ͘.

9. ʮݭͷͷཧ̍̒ʯɺ2016 2݄ 22-23ɺஜେֶ౦ژΩϟϯύεจژ
.ژɺ౦ࣷߍ
ੈਓɿ؛ຊޭʢ৽ׁେʣɺҏෑޗɺࠤ౻༐ೋɺੴڮԆ

10. ձʮNumericalڀݚݚج approaches to the holographic principle, quantum
gravity and cosmologyʯ, 2015 7݄ 21-24, ڀݚཧֶૅجେֶژ
ॴ, .ژ

ʪࠃ֎ͷڞಉ৫ͷࢀՃ͓Αͼݦஶͳֶձͷҕһ׆ಈʫ

1. ڌܞՊֶ࿈ૅجࢉܭ
http://www.jicfus.jp/jp/

－37－



2. High Performance Computing Infrastructure (HPCI)ઓུϓϩάϥϜ
http://www.jicfus.jp/field5/jp/

3. ཧԽֶڀݚॴࢉܭՊֶߏػڀݚ (AICS)
http://www.aics.riken.jp/

4. International Lattice Data Grid (ILDG)
http://ildg.sasr.edu.au/Plone

5. Japan Lattice Data Grid (JLDG)
http://www.jldg.org/jldg/, http://ws.jldg.org/QCDArchive/index.jsp

6. ੴڮԆ, ຊֶज़ৼڵձֶज़γεςϜڀݚηϯλʔઐҕһ

7. ੴڮԆ, PTEPฤूҕһ

8. ,༐ೋ౻ࠤ ԤभͷֶڭڀݚࡍҭωοτϫʔΫʮGauge Theory as an Integrable
System (GATIS)ʯ (http://gatis.desy.eu/)ͷάϩʔόϧωοτϫʔΫͷࢀՃ

9. ,༐ೋ౻ࠤ Hungarian Academy of Sciences (HAS) ͱͷೋۀࣄྲྀަؒࠃʢڞಉ
ήʔδཧμΠ߹݁ڧʣʮήʔδཧ/ॏྗཧରੑʹ͓͚ΔՄੵੑͱڀݚ
φϛΫεʯද
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