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1 ΠϯτϩμΫγϣϯ

T2K(౦ւ-ਆԬؒجઢχϡʔτϦϊৼಈ࣮ݧ)Ͱ,

ҵݝ౦ւଜʹ͋Δ J-PARCେڧཅࢠՃثΛ༻͍

ͯϛϡʔχϡʔτϦϊΛେྔʹੜ͠, 295kmઌͷذෞ

ඈ͚ͯʹਆԬʹ͋ΔεʔύʔΧϛΦΧϯσࢢඈଭݝ

͠, ඈߦதʹ͜ىΔχϡʔτϦϊৼಈʹ͍ͭͯ͠ڀݚ

͍ͯΔɻ͜Ε·ͰͷߴΤωϧΪʔχϡʔεͰ͍ͭ͘

,ձΛ͖ػ͔ T2K հ͖͍ͯͨͯͭ͠ʹڀݚͷݧ࣮

[1, 2, 3, 4, 5]ɻ

T2K࣮ݧͰ, 2013·ͰʹϛϡʔχϡʔτϦϊ͔

ΒిࢠχϡʔτϦϊ͕ग़͢ݱΔ͜ͱΛཱ֬͠ [6]ɼ2014

͔Βࠓ (2016)ͷՆ·ͰχϡʔτϦϊϏʔϜΛ

ੜ࣮ͯ͠ݧΛਐΊ͖ͯͨɻχϡʔτϦϊͱχϡʔτ

ϦϊͰ ()ిࢠχϡʔτϦϊͷग़֬ݱ͕ҟͳΕɼΫ

ΦʔΫʹ͓͚ΔখྛӹϞσϧҎ֎ͰॳΊͯ CP ରশ

ੑͷഁΕ͕͔ͨͬͭ͜ݟͱʹͳΔɻੈࡾؒͷৼಈͷ

ͰɼCPͷഁΕΛ௨ৗ CPҐ૬ δCP Ͱಋೖ͢Δ͕ɼ

͜ͷʹΑͬͯ࠷େ 27%ͷඇରশ͕͋Δ͜ͱ͕Θ͔ͬ

͍ͯΔɻχϡʔτϦϊϏʔϜͰੵͨ͠ੵཅࢠ

ʢProtons-On-Target, POTʣ, 2010͔Β 2013ͷ

χϡʔτϦϊϏʔϜσʔλͱ΄΅ಉͷ 7.5 × 1020 ݸ

ͱͳͬͨɻ్தͰେࡂʹΑΔӡసఀؒظࢭ͕͋ͬͨ

ͱ͍͑,  2ؒͰ͜Ε͚ͩͷσʔλྔ͕ੵͰ͖ͨ

ͷ, ϏʔϜڧ্͕͕͍ͬͯΔͨΊͰ͋ΔɻຊࣄهͰ

, 2016લͷӡసΑ·, ՆͷϦϦʔεϋΠϥ

Πτ, ͦͯ͠ T2K phase IIʹ͚ͨలΛհ͢Δɻ

2 ӡసΑ·

ਤ 1ʹ T2K࣮͕ݧཧσʔλΛऔΓ࢝Ίͨ 2010

1 ݄͔Β 2016 5݄·ͰͷϏʔϜڧͱੵཅࢠͷ

ϓϩοτΛࣔ͢ɻ

�

2011    2012    2013    2014    2015    2016

ਤ 1: T2K࣮ݧͷ͜Ε·ͰͷϏʔϜڧͱੵཅࢠɻ

2015 5݄·Ͱͷӡసͷऴ൫ʹ, χϡʔτϦϊੜඪ

తΛྫྷ٫͢ΔϔϦϜ͔Βඍྔͳ͕ΒϔϦϜͷ

ϦʔΫ͕؍ଌ͞Εͨɻͨ͛ۂͷཹԠྗ͕ϏʔϜӡ

సʹΑΔԹ্ঢͰղ์͞Ε, ηϥϛοΫ߹෦͕ଛই

͞Εͨͱਪ͞ΕͨɻඪతΛڞಉ։ൃͨ͠ RALάϧʔ

ϓ͕ٸᬎ, σβΠϯΛมͨ͠ߋΛ͠࡞, TRIUMF

ͷϦϞʔτϝϯςφϯεͷઐՈͷྗڠͷͱϚχϐϡ

ϨʔλΛ༻͍ͯଛইͨ͠Λަͨ͠ (ਤ 2)ɻͰ͖

ΔݶΓૣظͷӡస࠶։Λऀؔͨ͠ࢦͷ໋ݒͷྗͰ

2016 1݄͔Βͷӡస࠶։ʹ͚͗ͭͨ͜ɻ

ՃثϏʔϜڧ 300kW∼350kWͰӡస͕࠶։͞Ε

͕ͨ, ϝΠϯϦϯά (MR)ภ࣓ిੴͷ 1Ͱؒབྷ

͕ੜͯ͡ٸᬎ, ্ʹ͋Δಉ༷ͷ࣓ੴͱೖΕସ͑ͨΓ
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ਤ 2: ඪతྫྷ٫ϔϦϜΛަ͢Δͱ͖ͷ༷ࢠɻ

(35τϯͷ࣓ੴͷೖΕସ͑ۀ࡞ʂ), MRి࣓ੴిݯͷτ

ϥϯεʹখಈ͕৵ೖͯ͠ ,ଆ͕བྷͨ͠Γ࣍1 χϡʔ

τϦϊͰԼͷࣹ์ߴઢڥʹઃஔͨ͠ωοτϫʔ

ΫثػͷͰ੍ޚωοτϫʔΫ͕μϯͯ͠ϏʔϜӡ

సͰ͖ͳ͘ͳͬͨΓ, ͱ͍Ζ͍Ζ͋ͬͨɻ͔͠͠࠷ऴత

ʹϏʔϜύϫʔ 425kWͰͷӡస͕ୡͰ͖ͨɻ͜ͷ

ϏʔϜύϫʔ૿ڧ, ՃثͷํʑͷଟେͳΔྗͷ݁

ՌͰ͋Δɻ

,ࡏݱ J-PARC MRͷϏʔϜڧΛ੍͍ͯ͠ݶΔͷ

ϏʔϜϩεͰ͋ΔɻMRͷίϦϝʔλʔͷڐ༰ϩε༰ྔ

ثػϝϯςφϯεΛͨ͑ߟͱ͖ͷࣹ์ཹઢ্͔ݶ

Β, ༰Ͱ͖ΔϏʔϜϩεྔ͕ܾ·ΔɻͦͷͨΊϏʔϜڐ

,Λ্͛ΔͨΊʹڧ ϏʔϜϩεΛेখ͘͞ݮΒ͢

ௐ͕ඞཁͱͳΔɻޙࠓͷMRϏʔϜڧ૿ڧʹΉ͚ͯ

ϏʔϜϩε͕ੜ͍ͯ͡ΔݪҼΛͻͱͭͣͭཧղ͢Δ͜ͱ

ॏཁͰ͋Γ, ՃثάϧʔϓͰMRՃثͷϞσϧ

ஙͱͦͷϞσϧγϛϡϨʔγϣϯʹͱ͍ͮͨϏʔϜߏ

ελσΟ͕ߦΘΕ͍ͯΔɻࠓճͷӡసؒظͰ, ͦͷΑ

͏ͳํ๏ͰϏʔϜϩεͷݪҼཧղͱݮΛ࣮ͨ͠ݱɻ͜

ͷऔΓΈʹ͍ͭͯ, Ճثάϧʔϓͱ࣮ݧάϧʔϓ

ͷؒͰԿٞͷػձΛͯͬ࣋, Θ͔Γ͘͢આ໌͠

͍͍ͯͨͩͨɻϩεͷݪҼʹ͍ͭͯͷߟͱγϛϡϨʔ

γϣϯελσΟ͔Β͑ߟΒΕΔͦͷରࡦʹ͍ͭͯઆ໌Λ

ฉ͍ͨ͋ͱʹՃثͷํʑͷϏʔϜελσΟΛ͍ͯݟΔ

ͱ, ʢελσΟͷઐతͳͱ͜Ζ·ͰཧղͰ͖͍ͯͳ͍

͕ʣMRՃثͷཧղ͕ਂ·͍༷͕ͬͯ͘ࢠ͔Γ, ָ

Ͱ͋ͬͨɻݧܦ͍͠

ޙࠓ T2K࣮ݧʹͱͬͯϏʔϜڧ૿ڧӡసؒ࣌

ͱͱʹॏཁͰ͋ΔɻࡏݱͷϏʔϜڧ 425kW,܁Γ

ฦ͋ͨ͠ΓͷཅࢠͰ 2.2× 1014 ʹͳΔɻ͜Εཅࢠ

γϯΫϩτϩϯͰੈքߴ࠷Ͱ͋ΔɻJ-PARC MRͰ

ɺ2018ʹՃ܁ثΓฦؒ࣌͠Λࡏݱͷ 2.48ඵ͔

Β 1.3ඵʹ, ·ͨͦͷઌʹ 1.1ඵ·Ͱ͘͢ΔܭըͰ,

ͦΕʹରԠͨ͠৽͍͠ి࣓ੴిݯΛݧࢼࡏݱதͰ͋Δɻ

1.3ඵ܁Γฦ͠ʹͳΕ, MRϏʔʹطͰࢠͷཅࡏݱ

ϜڧͷॳظઃܭͰ͋Δ 750kWҎ্ʹͳ͍ͬͯΔ͕,

ͳ͠ݮΛϏʔϜϩεΛࢠΓฦ͋ͨ͠Γͷཅ܁ޙࠓ

͕Βঃʑʹ૿͍ͯ͘͠ɻࡏݱͷܭըͰ 3.2× 1014·

ͰཅࢠΛ૿ͯ͠, 2025͝Ζ·Ͱʹ 1.3 MWͷϏʔ

ϜڧΛ͢ࢦɻ

3 χϡʔτϦϊσʔλΛՃ͑ͨ࠷

৽݁Ռ

͜͜Ͱ, 2016Ն·Ͱʹऔಘͨ͠ 7.48× 1020POT

ͷχϡʔτϦϊͱ 7.47× 1020POTͷχϡʔτϦϊͷ

શσʔλΛ༻͍ͨղੳͷઆ໌Λ͢Δɻ

ৼಈղੳ,εʔύʔΧϛΦΧϯσ (SK)Ͱ༧ଌ͞ΕΔ

χϡʔτϦϊࣄͱ, ͦΕΒͷΤωϧΪʔεϖΫτϧ

ӡಈ ɾྔࢄཚ֯Λ, ʹࡍ࣮ SKͰ؍ଌ͞Εͨχϡʔ
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ΫثػͷͰ੍ޚωοτϫʔΫ͕μϯͯ͠ϏʔϜӡ
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ϏʔϜύϫʔ૿ڧ, ՃثͷํʑͷଟେͳΔྗͷ݁

ՌͰ͋Δɻ

,ࡏݱ J-PARC MRͷϏʔϜڧΛ੍͍ͯ͠ݶΔͷ
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Β 1.3ඵʹ, ·ͨͦͷઌʹ 1.1ඵ·Ͱ͘͢ΔܭըͰ,

ͦΕʹରԠͨ͠৽͍͠ి࣓ੴిݯΛݧࢼࡏݱதͰ͋Δɻ

1.3ඵ܁Γฦ͠ʹͳΕ, MRϏʔʹطͰࢠͷཅࡏݱ

ϜڧͷॳظઃܭͰ͋Δ 750kWҎ্ʹͳ͍ͬͯΔ͕,
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ϜڧΛ͢ࢦɻ

3 χϡʔτϦϊσʔλΛՃ͑ͨ࠷

৽݁Ռ

͜͜Ͱ, 2016Ն·Ͱʹऔಘͨ͠ 7.48× 1020POT

ͷχϡʔτϦϊͱ 7.47× 1020POTͷχϡʔτϦϊͷ

શσʔλΛ༻͍ͨղੳͷઆ໌Λ͢Δɻ

ৼಈղੳ,εʔύʔΧϛΦΧϯσ (SK)Ͱ༧ଌ͞ΕΔ

χϡʔτϦϊࣄͱ, ͦΕΒͷΤωϧΪʔεϖΫτϧ

ӡಈ ɾྔࢄཚ֯Λ, ʹࡍ࣮ SKͰ؍ଌ͞Εͨχϡʔ

3

τϦϊࣄͷͷͱൺֱ͢Δ͜ͱʹΑͬͯߦΘΕΔɻ༧

ଌʹෆఆੑΛྀ͠ߟͳ͚Ε͍͚ͳ͍ͷ͕ͩɼ֎෦࣮

ங͞ΕͨχϡʔτϦϊϑϥοΫεͷߏʹσʔλΛͱݧ

༧ଌɼχϡʔτϦϊ֩ࢠݪԠϞσϧʹɼલஔݕग़ثͷ

ଌఆ݁ՌΛөͤ͞Δ͜ͱͰ,ΑΓਖ਼֬ʹ SKͰͷχϡʔ

τϦϊͷࣄΛ༧ଌ͍ͯ͠ΔɻલஔχϡʔτϦϊݕग़ث

ͷଌఆٴͼ SKͰͷχϡʔτϦϊࣄબͷৄࡉաڈ

ͷࣄه [4]Λࢀর͍͖͍ͯͨͩͨ͠ɻ

SKͰͷ؍ଌࣄͷ͏ͪফࣦݱΛଌఆ͢Δ νµαϯϓ

ϧࠞ߹֯ͷؔ sin2 2θ23 ͱ࣭ྔݻ༗ೋࠩ ∆m2
32

֬ݱͰ͋Γͦͷग़ݱݱ͕͋Δɻνeαϯϓϧग़ײʹ

 θ23,∆m2
32 ͷଞʹ sin2 2θ13 ͷؔͱͳΔɻͦΕͩ

͚Ͱͳ͘ɺ͞Βʹੈࡾͷৼಈͷׯব߲ͱͯ͠ sin δCP

ʹൺྫ͢Δ߲͕ՃΘΓɺχϡʔτϦϊͱχϡʔτϦϊ

Ͱग़֬ݱʹҧ͍͕ग़Δɻ

͜Ε·ͰͷղੳͰɼχϡʔτϦϊϏʔϜͰಘΒΕͨ

σʔλ͔Β νµ ɼνeࣄ ϑΟοτʹ࣌Λબ͠ɼಉࣄ

͢Δ͜ͱͰৼಈύϥϝʔλΛܾఆ͖ͯͨ͠ɻࠓճͷղ

ੳͰ, ͞ΒʹχϡʔτϦϊϏʔϜͷσʔλՃ͑ͯ

ಉ࣌ʹϑΟοτΛͨͬߦɻද 1χϡʔτϦϊϏʔϜ

Ͱͷબݱʹର͢Δܥ౷ࠩޡΛ·ͱΊͨͷͰ͋Δɻ

χϡʔτϦϊϏʔϜͰͷࠩޡɼେ·͔ʹಉ͡Α͏ͳ

େ͖͞Ͱ͋Δɻ

ཁҼࠩޡ νe νµ

δN/N δN/N

χϡʔτϦϊϑϥοΫε ×அ໘ੵ 3.22% 3.26%

ʢલஔͰͷଌఆޙʣ

அ໘ੵ 4.32% 4.13%

ʢલஔͰଌఆͰ͖ͳ͍ͷʣ

SKݕग़͓ثΑͼ 3.95% 3.90%

ऴঢ়ଶཻࢠͷϋυϩϯԠ

શମ 6.19% 5.22%

ද 1: χϡʔτϦϊϏʔϜͰͷࣄ༧ଌʹର͢Δܥ

౷ࠩޡɻ

νµ → νe νµ → νµ νµ → νe νµ → νµ

δCP = −π
2 28.7 135.8 6.0 64.2

δCP = 0 24.2 135.5 6.9 64.1

δCP = +π
2 19.6 135.7 7.7 64.2

δCP = π 24.1 136.0 6.8 64.4

ଌ؍ 32 135 4 66

ද 2: χϡʔτϦϊϏʔϜͱχϡʔτϦϊϏʔϜͰظ

͞ΕΔࣄͱ࣮؍ʹࡍଌ͞ΕͨࣄΛ·ͱΊͨ

ͷɻ

3.1 ඪ४తͳৼಈղੳ݁Ռ

χϡʔτϦϊͷ CPҐ૬ʢδCPʣͱͯ̐ͭ͠ͷҟͳΔ

ΛԾఆͨ͠߹ʹ SKͰظ͞ΕΔࣄͱɼ࣮ࡍʹ

Λ·ͱΊͨͷ͕දࣄଌ͞Εͨ؍ 2Ͱ͋Δɻظ͞

ΕΔࣄ͍ͣΕॱ֊ͷ࣭ྔॱং1ΛԾఆͨ͠

߹ͷͷͰ͋Δɻ7.48× 1020POTͷχϡʔτϦϊϏʔ

Ϝͷσʔλʹର͠, SKͰ࣮؍ʹࡍଌ͞Εͨ νµࣄ

135, νeࣄ 32Ͱ, 7.47×1020POTͷχϡʔτϦ

ϊϏʔϜͷσʔλʹର͠, SKͰ࣮؍ʹࡍଌ͞Εͨ νµফ

ࣄࣦ 66, νe ग़ࣄݱ 4Ͱ͋ͬͨɻͦΕͧΕ

ͷ؍ଌ݁ՌΛɼৼಈ͕ͳ͍߹͓Αͼৼಈͷ࠷ਪఆ

ͰͷΤωϧΪʔͷͱൺֱͨ͠ͷ͕ਤ 3, 4Ͱ͋Δɻ

ओʹ νµ/νµ ফࣦݱͰܾ·Δ sin2 θ23 ͱ ∆m2
32 ʹ

ର͢Δ T2Kͷղੳ݁ՌΛ, ଞͷ࣮ݧͷ݁Ռͱൺֱͨ͠

ͷ͕ਤ 5Ͱ͋ΔɻT2Kͷ࠷ਪఆ sin2 θ23 = 0.532,
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(b) χϡʔτϦϊϏʔϜͷ݁Ռ

ਤ 3: SKͰ؍ଌ͞Εͨ νµ/ν̄µ ফࣦࣄʢࠩޡ͖ͭͷ

ʣͷΤωϧΪʔɻɼχϡʔτϦϊৼಈ͕ͳ͍߹

ͱৼಈͷ࠷ਪఆͰͷ༧ଌ͕ॏͶΒΕ͍ͯΔɻԼͷਤ

χϡʔτϦϊৼಈ͕ͳ͍߹ͱͷൺɻ

1χϡʔτϦϊͷ̏ͭͷ࣭ྔݻ༗͕ m1 < m2 < m3 ͷ߹Λ
ॱ֊ɺm3 < m1 < m2 ͷ߹Λٯ֊ͱݺͿɻͲͪΒ͔·ͩΘ
͔͍ͬͯͳ͍ɻ࣭ྔॱংʹΑͬͯதΛඈ͢ߦΔؒʹ࣭͔Β͡ײΔ
ϙςϯγϟϧ͕ҟͳΔͨΊৼಈ͕֬ӨڹΛड͚Δɻ
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(b) χϡʔτϦϊϏʔϜͷ݁Ռ

ਤ 4: SKͰ؍ଌ͞Εͨ νe/ν̄e ग़ࣄݱʢࠩޡ͖ͭͷ

ʣͷΤωϧΪʔɻɼχϡʔτϦϊৼಈ͕ͳ͍߹

ͱ͓Αͼৼಈͷ࠷ਪఆͰͷ༧ଌ͕ॏͶΒΕ͍ͯΔɻ

ԼͷਤχϡʔτϦϊৼಈ͕ͳ͍߹ͱͷൺɻ

∆m2
32 = 2.545×10−3eV2/c4Ͱ͋ͬͨɻਤ 5ʹ SKେ

χϡʔτϦϊଌఆؾ [7], MINOS+࣮ݧ [8], NOνA࣮ݧ

[9], IceCubeେؾχϡʔτϦϊଌఆ [10]ͷ৴པྖҬࣔ

ͨ͠ɻ͍ͣΕ 90%৴པͰແໃ६Ͱ͋Δ͕, NOνAͷ

߹େࠞ࠷ਪఆ࠷ 45◦͔ΒͣΕ͍ͯͯڵຯਂ͍ɻࠓ

ɺT2Kͱޙ NOνAͰਫ਼Λ্͍͛ͯͬͨ࣌ʹͲ͏

ͳΔͷָ͔͠ΈͰ͋Δɻ

CPҐ૬ͷղੳ݁ՌͯݟΈΑ͏ɻsin2 θ13 ͱ δCP ʹ

ର͢Δ৴པྖҬͱ࠷ਪఆΛࣔͨ͠ͷ͕ਤ 6 Ͱ͋

Δɻ࣭ྔॱংʹ͍ͭͯɺॱ֊ͱٯ֊ΛͦΕͧΕԾఆ

ͯ͠ղੳΛࢉ͍ߦग़ͨ͠৴པྖҬͱ࠷ਪఆ͕ࣔͯ͠

͋ΔɻχϡʔτϦϊͷଌఆ͚ͩͰɺδCPΛҰҙతʹܾ

ΊΔ͜ͱͰ͖ͳ͍͕ɼχϡʔτϦϊͷଌఆΛՃ͑ͨ

͜ͱͰ δCP ͷ͕؇͍ͳ͕Β੍͞ݶΕ͍ͯΔɻࢠݪ

࣮͔ݧΒͷ sin2 θ13ʹର͢Δ੍ݶʢ0.085± 0.005[11]ʣ

͕Ө͕͚ͭΒΕͨྖҬͰࣔ͞Ε͍ͯΔɻT2Kͷղੳ݁

Ռࢠݪ࣮ݧͷͦΕͱͷҰ؏ੑ͕ݟΒΕΔɻ

ਤ 6Λͯݟ͔ΔΑ͏ʹ, ΑΔʹݧ࣮ࢠݪ θ13 ͷ

ଌఆਫ਼͕ඇৗʹ͍ߴɻͦͷͨΊɼࢠݪ࣮ݧʹΑΔ
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Super-K
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Normal Hierarchy

ਤ 5: sin2 θ23 ͱ ∆m2
32 ʹର͢Δ৴པྖҬͱ࠷ਪఆ

ʢࠇઢɾʣɻൺֱͷͨΊʹ SK େؾχϡʔτϦϊ,

MINOS+࣮ݧ, NOνA ,ݧ࣮ IceCube ͷ݁Ռࣔݧ࣮

͢ɻ

Λ༻͍ͯ, δCP ʹ͞Βʹ੍ݶΛ͔͚Δ͜ͱ͕Ͱ͖Δɻ

ਖ਼֬ʹɺCPҐ૬ͷ߲ੈࡾৼಈͷׯব߲ͱͯ͠ݱ

ΕΔͷͰɺଠཅχϡʔτϦϊ͓ΑͼࢠݪχϡʔτϦϊ

ʢΧϜϥϯυʣଌఆͰܾΊΒΕͨ θ12,∆m2
21ɼڑࢠݪ

χϡʔτϦϊͷଌఆͰܾΊΒΕͨ θ13ɼͦͯ͠T2Kͷ

νµ ফࣦͰओʹܾ·Δ θ23,∆m2
32 ͷͯ͢ͷใΛͬ

ͯɼνe ग़ݱΛղੳ͢Δ͜ͱͰɼΔ δCP ͔͔͕ݶ੍ʹ

Δɻͦ͏ͯ͠ಘΒΕͨ δCPͷղੳ݁Ռ͕ਤ 7Ͱ͋Δɻਤ

7ʹ 90%ͷ৴པͷྖҬʹ૬͢Δ ∆χ2 ͷ͕ࣔ͞

Ε͓ͯΓ, ͦͷྖҬ࣭ྔॱং͕ॱ֊ͱٯ֊ͷ߹

ͦΕͧΕͰ [−179◦,−22◦], [−120◦,−42◦] Ͱ͋ͬͨɻͭ

·Γ͜ͷ݁Ռ, CPରশੑͷഁΕΛ 90%ͷ৴པͰࣔ

͍ࠦͯ͠Δɻ

χϡʔτϦϊͰଟΊʹɺχϡʔ͕ݱճͷɺνe/ν̄eग़ࠓ

τϦϊͰগͳΊʹͰ͍ͯΔͱ͍͏݁Ռ࣭ྔॱংʹ͍ͭ

ͯॱ֊ΛΜͰ͍Δ͜ͱΛ͍ࣔͯ͠Δ͕ɼ֬ޙࣄͱ

ͯ͠ॱ֊͕ 75%ɼٯ֊͕ 25%ͱ͍͏݁ՌͰ͋ͬͨɻ

3.2 νµͱ νµফࣦݱͷղੳ

χϡʔτϦϊϞʔυͷ౷ܭͷ্ʹ͍, νµͱ νµফ

৽ͨ͠ɻsin2ߋͷಠཱղੳΛݱࣦ θ23ͱ∆m2
32Λχϡʔ

τϦϊϏʔϜͱχϡʔτϦϊϏʔϜͰಠཱʹѻ͍ফࣦ

ࣄͷղੳ݁ՌΛൺֱ͢ΔɻCPTఆཧʹΑΓফࣦݱ

χϡʔτϦϊͱχϡʔτϦϊͰີݫʹಉ͡Ͱͳ͚Ε

ͳΒͣɺҧ͍͕͔ͭݟΕ CPTͷഁΕͳ͍͠ɺதͷ

࣭ͱͷඪ४ཧΛ͑ͨ૬࡞ޓ༻͕͋Δ͜ͱΛࣔ͢ɻ

ਤ 8χϡʔτϦϊϏʔϜ͓ΑͼχϡʔτϦϊϏʔ

ϜͦΕͧΕͷσʔλͰٻΊͨ sin2 θ23ͱ∆m2
32ʹର͢Δ

৴པྖҬͱ࠷ਪఆΛࣔ͢ɻSKେؾχϡʔτϦϊଌ

ఆ [13]ͱMINOS࣮ݧ [14]ͷχϡʔτϦϊʹର͢Δ৴
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(b) χϡʔτϦϊϏʔϜͷ݁Ռ

ਤ 4: SKͰ؍ଌ͞Εͨ νe/ν̄e ग़ࣄݱʢࠩޡ͖ͭͷ

ʣͷΤωϧΪʔɻɼχϡʔτϦϊৼಈ͕ͳ͍߹

ͱ͓Αͼৼಈͷ࠷ਪఆͰͷ༧ଌ͕ॏͶΒΕ͍ͯΔɻ

ԼͷਤχϡʔτϦϊৼಈ͕ͳ͍߹ͱͷൺɻ

∆m2
32 = 2.545×10−3eV2/c4Ͱ͋ͬͨɻਤ 5ʹ SKେ

χϡʔτϦϊଌఆؾ [7], MINOS+࣮ݧ [8], NOνA࣮ݧ

[9], IceCubeେؾχϡʔτϦϊଌఆ [10]ͷ৴པྖҬࣔ

ͨ͠ɻ͍ͣΕ 90%৴པͰແໃ६Ͱ͋Δ͕, NOνAͷ

߹େࠞ࠷ਪఆ࠷ 45◦͔ΒͣΕ͍ͯͯڵຯਂ͍ɻࠓ

ɺT2Kͱޙ NOνAͰਫ਼Λ্͍͛ͯͬͨ࣌ʹͲ͏

ͳΔͷָ͔͠ΈͰ͋Δɻ

CPҐ૬ͷղੳ݁ՌͯݟΈΑ͏ɻsin2 θ13 ͱ δCP ʹ

ର͢Δ৴པྖҬͱ࠷ਪఆΛࣔͨ͠ͷ͕ਤ 6 Ͱ͋

Δɻ࣭ྔॱংʹ͍ͭͯɺॱ֊ͱٯ֊ΛͦΕͧΕԾఆ

ͯ͠ղੳΛࢉ͍ߦग़ͨ͠৴པྖҬͱ࠷ਪఆ͕ࣔͯ͠

͋ΔɻχϡʔτϦϊͷଌఆ͚ͩͰɺδCPΛҰҙతʹܾ

ΊΔ͜ͱͰ͖ͳ͍͕ɼχϡʔτϦϊͷଌఆΛՃ͑ͨ

͜ͱͰ δCP ͷ͕؇͍ͳ͕Β੍͞ݶΕ͍ͯΔɻࢠݪ

࣮͔ݧΒͷ sin2 θ13ʹର͢Δ੍ݶʢ0.085± 0.005[11]ʣ

͕Ө͕͚ͭΒΕͨྖҬͰࣔ͞Ε͍ͯΔɻT2Kͷղੳ݁

Ռࢠݪ࣮ݧͷͦΕͱͷҰ؏ੑ͕ݟΒΕΔɻ

ਤ 6Λͯݟ͔ΔΑ͏ʹ, ΑΔʹݧ࣮ࢠݪ θ13 ͷ

ଌఆਫ਼͕ඇৗʹ͍ߴɻͦͷͨΊɼࢠݪ࣮ݧʹΑΔ
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Super-K
NOvA (2016) MINOS+IceCube

Normal Hierarchy

ਤ 5: sin2 θ23 ͱ ∆m2
32 ʹର͢Δ৴པྖҬͱ࠷ਪఆ

ʢࠇઢɾʣɻൺֱͷͨΊʹ SK େؾχϡʔτϦϊ,

MINOS+࣮ݧ, NOνA ,ݧ࣮ IceCube ͷ݁Ռࣔݧ࣮

͢ɻ

Λ༻͍ͯ, δCP ʹ͞Βʹ੍ݶΛ͔͚Δ͜ͱ͕Ͱ͖Δɻ

ਖ਼֬ʹɺCPҐ૬ͷ߲ੈࡾৼಈͷׯব߲ͱͯ͠ݱ

ΕΔͷͰɺଠཅχϡʔτϦϊ͓ΑͼࢠݪχϡʔτϦϊ

ʢΧϜϥϯυʣଌఆͰܾΊΒΕͨ θ12,∆m2
21ɼڑࢠݪ

χϡʔτϦϊͷଌఆͰܾΊΒΕͨ θ13ɼͦͯ͠T2Kͷ

νµ ফࣦͰओʹܾ·Δ θ23,∆m2
32 ͷͯ͢ͷใΛͬ

ͯɼνe ग़ݱΛղੳ͢Δ͜ͱͰɼΔ δCP ͔͔͕ݶ੍ʹ

Δɻͦ͏ͯ͠ಘΒΕͨ δCPͷղੳ݁Ռ͕ਤ 7Ͱ͋Δɻਤ

7ʹ 90%ͷ৴པͷྖҬʹ૬͢Δ ∆χ2 ͷ͕ࣔ͞

Ε͓ͯΓ, ͦͷྖҬ࣭ྔॱং͕ॱ֊ͱٯ֊ͷ߹

ͦΕͧΕͰ [−179◦,−22◦], [−120◦,−42◦] Ͱ͋ͬͨɻͭ

·Γ͜ͷ݁Ռ, CPରশੑͷഁΕΛ 90%ͷ৴པͰࣔ

͍ࠦͯ͠Δɻ

χϡʔτϦϊͰଟΊʹɺχϡʔ͕ݱճͷɺνe/ν̄eग़ࠓ

τϦϊͰগͳΊʹͰ͍ͯΔͱ͍͏݁Ռ࣭ྔॱংʹ͍ͭ

ͯॱ֊ΛΜͰ͍Δ͜ͱΛ͍ࣔͯ͠Δ͕ɼ֬ޙࣄͱ

ͯ͠ॱ֊͕ 75%ɼٯ֊͕ 25%ͱ͍͏݁ՌͰ͋ͬͨɻ

3.2 νµͱ νµফࣦݱͷղੳ

χϡʔτϦϊϞʔυͷ౷ܭͷ্ʹ͍, νµͱ νµফ

৽ͨ͠ɻsin2ߋͷಠཱղੳΛݱࣦ θ23ͱ∆m2
32Λχϡʔ

τϦϊϏʔϜͱχϡʔτϦϊϏʔϜͰಠཱʹѻ͍ফࣦ

ࣄͷղੳ݁ՌΛൺֱ͢ΔɻCPTఆཧʹΑΓফࣦݱ

χϡʔτϦϊͱχϡʔτϦϊͰີݫʹಉ͡Ͱͳ͚Ε

ͳΒͣɺҧ͍͕͔ͭݟΕ CPTͷഁΕͳ͍͠ɺதͷ

࣭ͱͷඪ४ཧΛ͑ͨ૬࡞ޓ༻͕͋Δ͜ͱΛࣔ͢ɻ

ਤ 8χϡʔτϦϊϏʔϜ͓ΑͼχϡʔτϦϊϏʔ

ϜͦΕͧΕͷσʔλͰٻΊͨ sin2 θ23ͱ∆m2
32ʹର͢Δ

৴པྖҬͱ࠷ਪఆΛࣔ͢ɻSKେؾχϡʔτϦϊଌ

ఆ [13]ͱMINOS࣮ݧ [14]ͷχϡʔτϦϊʹର͢Δ৴
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ਤ 6: sin2 θ13 ͱ δCP ʹର͢Δ৴པྖҬʢઢʣͱ࠷ਪ

ఆʢʣɻ࣭ྔॱংͷॱ֊ʢࠇʣͱٯ֊ʢʣͷ

ͦΕͧΕͷ߹ʹ͍ͭͯද͍ࣔͯ͠Δɻࢠݪ࣮͔ݧΒ

ͷ sin2 θ13 ʹର͢Δ੍ݶʢ0.085 ± 0.005[11]ʣ͕Ө͕ͭ

͚ΒΕͨྖҬͰࣔ͞Ε͍ͯΔɻ
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ਤ 7: ଠཅχϡʔτϦϊ͓ΑͼࢠݪχϡʔτϦϊͷଌ

ఆ݁Ռ༻͍ͯ T2K࣮ݧͰಘΒΕͨ δCPͷ∆χ2ɻ

ॱ֊ʢࠇʣͱٯ֊ʢʣͷ࣭ྔॱংͦΕͧΕΛԾఆ

ͨ݁͠ՌΛ͍ͯͤࡌΔɻFeldman-Cousinsͷํ๏ [12]Λ

༻͍ͯಘΒΕͨ δCPͷ 90%৴པྖҬʢਨઢͷྖҬʣ

Λࣔ͢ɻ

པྖҬࣔͯ͋͠Δɻલճͷղੳ݁Ռ [1]ͱಉ༷,χϡʔ

τϦϊͱχϡʔτϦϊͰৼಈύϥϝʔλͷ༗ҙͳҧ͍

؍ଌ͞Εͳ͔ͬͨɻ

4 CPରশੑͷഁΕͷ3σൃݟΛࢦ

ͯ͠

جઢՃثχϡʔτϦϊৼಈ࣮ݧʹΑͬͯɼϨϓτ

ϯɾηΫλʔͷ CPͷഁΕΛଌఆ͢ΔՄੑ͕ਅ໘ʹ

ٞ͞Ε࢝Ίͨͷ 1999ࠒͰ͋Δɻͦͷ࣌Ͱɼ͜

ͷࣄهͷஶऀશһֶੜ (খֶੜΛؚΉ)Ͱ͋ͬͨɻ
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 best fitνSuper-K  90% CLνSuper-K 

 best fitνT2K Run1-7  90% CLνT2K 
 best fitνT2K Run1-7  68% CLνT2K Run1-7 

 90% CLνT2K Run1-7 

ਤ 8: sin2 θ23/sin
2 θ23 ͱ ∆m2

32/∆m2
32 ʹର͢Δ৴པྖ

Ҭͱ࠷ਪఆʢࠇ/ࢵ ઢɾʣɻൺֱͷͨΊʹ SKେ

,χϡʔτϦϊؾ MINOS࣮ݧͷχϡʔτϦϊʹର͢

Δ݁Ռࣔ͢ɻ

Β͔ࢯදऀͷެҰݧॳ࣮ݧɼT2K࣮࣌ ࢠి“

χϡʔτϦϊͷग़ݱΛଊ͑Δ͜ͱ͕Ͱ͖ͨΒɼϋΠύʔ

ΧϛΦΧϯσΛͯͬ࡞ CPͷഁΕΛଌΖ͏ʂ”ͱݴΘΕ

ͨ͜ͱΛஶऀͷҰਓ͍֮͑ͯΔɻ࣌ͷ༧ͰɼCP

ͷഁΕΛ “discover”͢ΔʹϋΠύʔΧϛΦΧϯσ͕

ඞਢͱ͑ߟΒΕ͍ͯͨɻ͜ΕࠓͰਖ਼͍͕͠ɼ͔͠

͢Δͱɼͦͷલʹɼ“evidence”͕͑ݟΔՄੑ͕ग़͖ͯ

ͨɼͱ͍͏ͷ͕ۙ࠷ͷ T2K࣮ݧͷࣔ͢ॴͰ͋Δɻ

͜͜·ͰͷηΫγϣϯʹ͋ΔΑ͏ʹɼCPҐ૬ɼ࣭ྔ

ͷॱংͱʹɼࣗવ νµ → νeΛΈɼνµ → νeΛ੍

͍ͯ͠ΔΑ͏ʹ͑ݟΔɻ·ͩ·ͩ౷͕ܭΓͣ͵͔تͼ

ͷՄੑ͋Δ͕ɼͦ͠ͷ௨ΓʹCPରশੑ͕࠷େʹ

ഁΕ͍ͯͯɼT2K࣮ݧΛԆ͢Δ͜ͱͰ CPରশ

ੑͷഁΕͷ”evidence”͕͑ݟΔͷͰ͋Εɼݟͳ͍ख͕

͋Ζ͏͔ɼ͍͋Δ·͍ɻੈ࣍جઢՃثχϡʔτ

Ϧϊৼಈ࣮ݧͰ͋ΔϋΠύʔΧϛΦΧϯσܭըถࠃͷ

DUNEܭը͕Γ࢝ΊΔͷɼૣͯ͘ 2026ࠒͰ͋

ΔɻT2K࣮ݧΛͦͷࠒ·ͰʹԆͯ͠ɼ“evidence=3σ

Ͱͷൃݟ”ʹखΛಧ͔ͤΔͨΊʹͲ͏͢Ε͍͍Ͱ͋

Ζ͏͔ɼͱ͍͏Α͏ͳ͕ٞ 2015ʹάϧʔϓͰ࢝

·ͬͨɻຊͷχϡʔτϦϊৼಈ࣮ݧͷઓུͱͯ͠ɼ

ϋΠύʔΧϛΦΧϯσ͕Քಇ͢Δࠒʹ͔ʹ J-PARC

ՃثΛେڧԽ͢ΔʹɼۭനؒظΛઃ͚ͣʹՃث

Λӡసɼ্͚ͮͭ͠Δ͜ͱ͕ॏཁͰ͋Δɻ

4.1 Կ͕ඞཁ͔ʁ

CP͕࠷େݶʹഁΕ͍ͯͯ (δCP = −π/2)࣭ྔॱং͕

ॱ֊ͱ͍͏ӡͳ߹ʹɼCPͷഁΕΛ 3σ Ͱଌఆ͢
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Δʹɼ୯ʹ T2K࣮ݧΛϋΠύʔΧϛΦΧϯσ͕

͢Δ 2026·ͰԆ͢ΕΑ͍ɼͱ͍͏ͷͰͳ͘ɼ

͔ͳΓ৺తͳ ඞཁͳ͜ͱ͕͙͢ʹΘ͔ͬͨɻ͕”্“

ͦ͜ͰɼT2K phase IIͱͯ͠ɼզʑ͕ఏҊ͢ΔͷɼҎ

Լͷ௨Γ [15] ɻ

• ঢ়ݱ 425 kW ͷ J-PARC MR ʹΛஈ֊తڧ

1.3 MW·Ͱ૿͢ڧΔ!

• ి࣓ϗʔϯͷిྲྀΛࡏݱͷ 250 kA͔Β 320 kA!ʹ

χϡʔτϦϊͷऩྔΛͯ͠ڧ૿ 10%૿͢ɻ

• εʔύʔΧϛΦΧϯσͷࣄબͷΞϧΰϦζϜΛ
վྑ͠ɼ͑ΔࣄΛ 40%૿͢ʂ

• ͷࡏݱΛࠩޡ౷ܥ !Δ͢ݮʹ2/3 (6%ఔΛ 4%ఔ

ʹݮΒ͢)

ͲΕɼΕΔͳΒͬ͞͞ͱͬͯΔͰ͠ΐɼࠓΕͯ

͍ͳ͍ͷͰ͖ͳ͍͔ΒͰ͠ΐ͏ɼͱಥͬࠐ·Εͦ͏ͳ

߲Ͱ͋Δɻ͕ɼ͜ΕΒࡏݱͷ੍͕ݶԿͰܾ·͍ͬͯ

Δͷ͔Λ໖ີʹۛຯཱͯͯͨ͠ඪͰ͋Δɻ

Ճثͷڧʹؔͯ͠ɼՃثάϧʔϓͱ࣮ݧά

ϧʔϓͰٞΛॏͶɼՃثάϧʔϓ͔Βʰ͜ΕͳΒ

ྗඪͱͯ͠Ұॹʹ͕ΜΓ·͢ʱͱ͍͏ઢͰ࡞ΒΕ

ͨγφϦΦ͕ਤ 9Ͱ͋ΔɻࡏݱਐΜͰ͍Δओిݯ RF

ۭಎͷߋ৽ɼϏʔϜϩεͷݮΛࠐݟΜͰ͍Δɻ
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ਤ 9: ఆ͍ͯ͠Δ J-PARC MRͷϏʔϜڧͱσʔλ

औಘͷγφϦΦɻੵࢉऔಘσʔλྔΛ POT(ඪతʹೖࣹ

͢Δཅࢠͷ)Ͱද͍ͯ͠Δɻ

χϡʔτϦϊϏʔϜϥΠϯͰɼϏʔϜύϫʔͷ૿ڧ

ʹରԠ͢ΔͨΊɼσʔλऩूܥϞχλʔͷΞοϓά

Ϩʔυɼྫྷ٫ྗͷ૿ڧͳͲʹՃ͑ͯɼి࣓ϗʔϯͷి

ྲྀΛ 250 kA͔Β 320 kAʹ૿͢͜ͱΛݕ౼͍ͯ͠Δɻ

ͦͷͨΊʹओʹిݯपΓΛ૿͢ڧΔɻϩʔϨϯπྗʹ

Αͬͯి࣓ϗʔϯʹ͔͔ΔετϨεిྲྀͷ̎ʹൺྫ

͢ΔͨΊஔ͕͑ΒΕΔ͔Ͳ͏͔ΛۃݟΊͳ͕Β͋͛

Δ͜ͱʹͳΔɻχϡʔτϦϊͷऩྔͷ૿Ճ 10%ఔͰ

͋Δ͕ɼwrong signഎࣄܠ (χϡʔτϦϊϏʔϜ

ʹ͍ࠞͬͯ͡ΔχϡʔτϦϊʣͷࠞೖΛݮͰ͖Δɻ

ͷࡏݱ SKͷࣄબͰɼࣄߏ࠶ͷਫ਼Λอͭ

ͨΊʹԠͷҐஔ͕ PMTน͔Β̎ϝʔτϧҎ্ͱ͠

͍ͯΔɻ͜ΕͰɼPMTଆͷମੵͷ͏ͪ 31%͕ඪత࣭

ྔ͔Βআ֎͞Εͯ͠·͏ɻนۙ͘ͰԠͨ͠߹Ͱɼ

ग़ͯ͘Δཻ͕ࢠน͔Βԕ͔͟ΔํͰ͋Εɼߏ࠶ͷ

࣭ͦΕ΄Ͳམͪͳ͍ͩΖ͏ͱظ͞ΕΔͨΊɼԠ

ͷҐஔͷΧοτΛϦϯάͷํʹΑͬͯม͑Δ͜ͱ͕ݕ

౼͞Ε͍ͯΔɻ·ͨɼߏ࠶͞ΕͨνΣϨϯίϑϦϯά

χϡʔτϦϊࢠΔ͠ɺి͍ͯ͠ٻͰ͋Δ͜ͱΛཁݸ͕̍

બͰ͞ΒʹɼΕͯͰͯ͘ΔϛϡʔΦϯ่յ͔ࣄ

Βͷిࢠͷݕग़Λ 0 ࢠͱ͍ͯ͠Δɻ͜ͷ߹ɼిݸ

χϡʔτϦϊࣄͩͱͯ͠ՙిΧϨϯτԠͰ πཻࢠ

Λग़͢Α͏ͳࣄ͕আ֎͞ΕΔɻࣄͷߏ࠶ΞϧΰϦ

ζϜΛվྑ͢Δ͜ͱͰɼ͜ͷΑ͏ͳࣄɼഎࣄܠ͔

Β۠ผͯ͠બͼग़ͤΕɼݕग़ޮΛ࠷େ Δ্͢35%

͜ͱ͕Ͱ͖Δɻ߹ܭͰ 40%ͷ౷૿ܭΛݟӽ͍ͯ͠Δ͕ɼ

͜ΕΒ͕Մ͔Ͳ͏͔ɼ͜Ε͔Βͷղੳͷͷͤݟॴ

Ͱ͋Δɻ

ޡ౷ܥग़ޮͷݕঢ়ɼSKͷݱɼͯؔ͠ʹࠩޡ౷ܥ

ࠩɼπཻࢠͷϋυϩχοΫͳԠͷෆఆੑɼલஔͰଌఆ

ΔχϡʔτϦϊϑϥοΫεͱχϡʔτϦϊԠͷޙ

ෆఆੑɼલஔͰଌఆͰ͖͍ͯͳ͍χϡʔτϦϊԠͷෆ

ఆੑ͕ɼ΄΅ಉ͘͡Β͍ͷׂ߹Ͱد༩͍ͯͯ͠ɼଟ໘త

Ί͍ͯ͘ඞཁ͕͋ΔɻχϡʔτϦϊϑϥοΫε߈ʹ π

ͷϋυϩχοΫͳԠʹ͍ͭͯɼ֎෦σʔλΛͯͬ

ʢ͋Δ͍ඞཁ͕͋Ε֎෦σʔλΛ৽ͨʹऔΔʂ)

ɻSKલஔͰͷଌఆʹ͍ͭͯɼΩϟϦϒ͢ࢦΛݮ

Ϩʔγϣϯ๏Λվྑ͢ΔͳͲͯ͠ෆఆੑΛݮΒ͢ɻ͞Β

ʹલஔݕग़ثΛେʑతʹΞοϓάϨʔυ͠Α͏ɼͱ͍͏

ٞ࢝·͍ͬͯΔɻ

4.2 ײ͞ΕΔظ

4.1ʹड़ͨྗΛͯ͠ಘΒΕΔײ͕ਤ 10Ͱ͋Δɻ

͜Εɼ࣭ྔॱং͕ॱ֊ͷ߹ͷਤͰɼٯ֊ͷ߹

ʹɼδCP = 0Ͱసͨ͠Α͏ͳਤʹͳΔɻ2026ࠒ

ʹɼ࣭ྔॱং͕ଞͷ࣮ݧͰܾΊΒΕ͍ͯΔՄੑ͕ߴ

͍ɻͦͷ߹ɼྫ͑ sin2 θ23 = 0.5ͷ߹ͰɼδCP ͷ

36%ͷྖҬͰ CPରশੑͷഁΕΛ 3σͰ؍ଌ͢Δ͜ͱ͕

͞ΕΔɻظ

·ͨɼࠞ߹֯ θ23ʹؔͯ͠ɼࡏݱͷଌఆ݁Ռ 46±
3◦[16] ͱ࠷େࠞ߹ʹۙ͘ɼ͔ͦ͜ΒͷͣΕ͕͑ݟΔ͔Ͳ

͏͔͕যͱͳ͍ͬͯΔɻਤ 11ɼsin2 θ23 = 0.6͢

ͳΘͪ θ23 = 51◦ ͷ߹ʹظ͞ΕΔ 90%C.L.ྖҬͰɼ

ΔՄੑ͕͋Δɻθ23ͷଌఆ͑ݟେࠞ߹͔ΒͷͣΕ͕࠷

ਫ਼ͱͯ͠ 0.5◦ ∼ 1.7◦ɼ∆m2
32ʹؔͯ͠ 1%ఔ͕
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ਤ 10: T2K Phase IIͷCPରশੑͷഁΕʹର͢Δײɻ

ԣ࣠ɼCPҐ૬ͷɻ࣭ྔॱংͱͯ͠ॱ֊ͷ߹ͷ

ਤɻਤ (a)࣭ྔॱং͕ͲͪΒ͔Θ͔͍ͬͯͳ͍߹ͷ

ɻਤײ (b)ɼଞͷ࣮ݧͰ࣭ྔॱং͕ܾΊΒΕͨ

߹ͷײɻ

͞ΕΔɻظ

͜͜·Ͱհͨ͠ײɼඪ४ཧʹ৽͘͠ՃΘΔ

ͷ͕ੈࡾؒͷχϡʔτϦϊৼಈͷΈͰ͋ΔͱԾఆ͠

ͨ߹Ͱ͋Δɻ࣮ࡍɼCPͷഁΕͷଌఆɼີݫʹ͍͏

ͱଠཅχϡʔτϦϊ͓ΑͼࢠݪχϡʔτϦϊʹΑΔ

θ12,∆m21, θ13 ͷΛ༻্͍ͨͰɼT2K ͷ؍ଌ͔Β

θ23,∆m2
32, δCPΛϑΟοτ͠ɼδCPͷͷ 0ͳ͍͠ π͔

ΒͷͣΕͱ͍͏ܗͰಋग़͍ͯ͠Δɻ͠ ͔͠ɼՃثχϡʔ

τϦϊৼಈʹΑΔʢʣϛϡʔΦϯχϡʔτϦϊফࣦɼ

ʢʣిࢠχϡʔτϦϊग़ݱͷଌఆͷਫ਼্͕͕Εɼࡾ

ੈৼಈͷΛ͑ͨͳଌఆ͕ՄͱͳΔɻྫ͑

ɼࢠݪͷଌఆʹΑΓܾΊΒΕͨ θ13ͱಠཱʹɼՃ

ثχϡʔτϦϊͷଌఆͰ θ13Λܾఆ͠ൺΔ͜ͱͰࡾ

ੈৼಈͷςετ͕ՄͱͳΔɻͭ·ΓΫΦʔΫʹ͓͚

ΔϢχλϦʔͷςετʹ૬͢ΔΑ͏ͳςετ͕Մ

ͱͳΔɻ·ͨɼϛϡʔΦϯχϡʔτϦϊͷফࣦΛχϡʔ

τϦϊͱχϡʔτϦϊͰൺֱ͠ɼҧ͍͕͔ͭݟΕɼ

23
θ2sin

0.4 0.5 0.6

3
2

2
 m∆

2.2

2.4

2.6

2.8

3
3−10×

POT by 2014 , 90% C.L

 POT, 90% C.L217.8x10

 POT w/improvement, 90% C.L2120x10

Stat. only

Systematics

ਤ 11: sin2 θ23 = 0.6ͷ߹ʹظ͞ΕΔ 90%C.L.ྖ

Ҭɻ

CPTͷഁΕɼͳ͍͠ʢʣχϡʔτϦϊͱʢ௨աதͷ

͕͋༺࡞ޓͷʣ࣭ͱͷඪ४ཧͰઆ໌Ͱ͖ͳ͍૬ٿ

Δ͜ͱΛࣔ͢ɻT2Kͷ phase IIͷײݶΒΕ͓ͯΓɼ

ਫ਼ͷଌఆϋΠύʔΧϛΦΧϯσΛͨͳ͚Εͳߴ

Βͳ͍͕ɼχϡʔτϦϊͰɼͼͬ͘Γ͢Δ΄Ͳେ͖ͳ

৽ݱ͕͋Δ͜ͱ͕աڈʹ͋ͬͨͷͰɼҊ֎ɼT2KͰ

Γɼͱ͍͏͜ͱ͋Δ͔͠Εͳ͍ɻ͔ͨͬͭݟ

5 ·ͱΊ

ଟ͘ͷਓͷଟେͳྗͰ J-PARC MR 425 kWͷ

ϏʔϜڧΛୡͨ͠ɻ͜͜·Ͱ͍ಓͷΓͰ͋ͬͨ

͠ɺ20ʹͬͯεʔύʔΧϛΦΧϯσͷੑߴΛ

ҡ࣋͢ΔͷେมͰ͋ͬͨͱ͏ࢥɻ2016Նͷ݁Ռ

CPͷഁΕ͕࢝͑ݟΊ͖ͯͨ͜ͱΛ͍ࣔͯ͠Δͷ͔͠

Εͳ͍͕ɺͦΕΛ֬ೝ͢Δʹɺ·ͩ·͍ͩؒظͱ

ྗ͕ඞཁͰ͋Δɻ͘ଓ͚͍ͯΔਓؒʹͱͬͯɺஔ

ͷੑ͍ߴΛҡ࣋͢ΔྗΛ͚ͭͮ͠Δͱ͍͏͜ͱ͕Ұ

൪ɺ͍͠ͷ͔͠Εͳ͍ɻ͞Βʹɺ750 kWΛ͑ͯ

1.3 MWΛୡ͠ɺ·ͨ 50%ͷղੳޮͷ্Λ͢Δ

ʹଟ͘ͷ՝ΛղܾͤͶͳΒͣɺͯ͠͠ࢼΖ͏

ͱ͍͏ए͍ਓͷࢀೖඞཁͩͱ͏ࢥɻCPͷഁΕͷൃݟ

ʹண࣮ʹ͖ۙͮͭͭ͋Γɺ·ͨະͩͰਫ਼ີͳଌఆ

͕ͳ͞Ε͍ͯͳ͍χϡʔτϦϊʹ͍ͭͯɺඪ४ཧΛ

͍͑ͯΔχϡʔτϦϊৼಈݱΛ͞Βʹ͑ͨݱ͕

खͷಧ͘ॴʹ͋Δ͔͠Εͳ͍ɻͥͻɺҰॹʹΓ·ͤ
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