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1 page summary of the “spin puzzle” history 
and RHIC contribution (gluon spin). Pointing 
out the prospect of orbital angular momentum 
measurement, possibly in EIC.



Sec. 1 Introduction
1. ͸͡Ίʹ

ɹཅࢠ͸ΫΥʔΫͱάϧʔΦϯ (߹Θͤͯύʔτϯͱݺ

Ϳ)͔Βߏ੒͞Ε͍ͯΔɻύʔτϯ͸ཅࢠͷӡಈྔͷҰ෦

Λ୲͍ཅࢠ಺Λӡಈ͓ͯ͠Γɺͦͷׂ߹Λ xͰද͢ɻӡಈ

ྔׂ߹ xΛͭ࣋ύʔτϯ͸ɺ0 < x < 1ͷൣғͰ࿈ଓతʹ

෼෍͠ɺͦͷ෼෍͸ύʔτϯͷछྨʹΑΓҟͳΔɻ͜ΕΛ

ύʔτϯͷ෼෍ؔ਺ (PDF)ͱݺͿɻxͷൺֱతେ͖͍ͳྖ

Ҭ (x ! 0.1)͸ՁΫΥʔΫ͕ࢧ഑తʹ෼෍͢Δͷʹର͠ɺx

͕খ͚͞Ε͹খ͍͞ྖҬ΄ͲւΫΥʔΫ΍άϧʔΦϯ͕ࢧ

഑తʹͳΔ͜ͱ͕஌ΒΕ͍ͯΔ1)ɻւΫΥʔΫ΍άϧʔΦϯ

͸ɺਫͷதͷ๐ͷΑ͏ʹཅࢠͷதͰμΠφϛοΫʹੜ੒ɾফ

໓Λ܁Γฦ͠ͳ͕Βଘ͓ͯ͠ࡏΓɺxΛ๐ͷαΠζͱ͑ߟ

Δͱɺখ͞ͳ๐΄Ͳ༰қ͘େྔʹൃੜ͠΍͍͢ࣄΛු͍ࢥ

͔΂Ε͹Πϝʔδ͠΍͍ͩ͢Ζ͏1 ɻՃ଎ݧ࣮ثͰ͸ɺՃ

଎͢ΔཻࢠͷΤωϧΪʔ΍ࢄཚ֯ͳͲͷӡಈֶͷબ୒ʹΑ

Γ෼ղೳ ӡಈྔߦҠݩ̐) Q2ʣ͕ҟͳΓɺ؍ଌʹ͔͔Δ x

ͷྖҬ΋ҟͳΔɻҰൠʹ x͕খ͍͞ྖҬͷύʔτϯ΄Ͳɺ

ΤωϧΪʔͷϓϩʔϒ͕ඞཁͱͳΔͨΊɺά͍ߴଌʹ͸؍

ϧʔΦϯͷ؍ଌʹ͸ΑΓߴΤωϧΪʔͷՃ଎͕ثඞཁʹͳ

Δ2ɻՃ଎ث͸ٕज़ͷਐาͱڞʹΑΓߴΤωϧΪʔͷཻࢠՃ

଎͕ՄೳͱͳΓɺͦΕʹ൐͍؍ଌͰ౸ୡͰ͖Δ xྖҬ͕খ

͘͞ͳͬͨɻਤ 1͸Ճ଎ثͷߴΤωϧΪʔԽʹ൐͍෼ղೳ

্͕͕Γɺཅࢠͷ಺෦ߏ଄͕៛ີʹͯ͑͘ݟΔ༷ࢠΛද͠

͍ͯΔɻQ2 ͷ൓ԠͱΈͳͤΔաఔΛ࢜ύʔτϯಉ͘ߴ͕

ϋʔυաఔͱݺͼɺͦͷٯΛιϑτաఔͱݺͿɻ͜ͷΑ͏

ʹཅࢠΛ؍ଌ͢Δϓϩʔϒͷ෼ղೳ΍ɺxʹΑͬͯཅࢠͷ

಺෦ߏ଄͸͕ํ͑ݟҧͬͯ͘Δɻ

ɹཅࢠͷ಺෦ߏ଄ʹ͸·ͩΑ͘Θ͔͍ͬͯͳ͍͜ͱ͕ଟ

͋͘Δ͕ɺͦΕΛඥղ͘ख͕͔Γ͸طʹ஌ΒΕ͍ͯΔిՙɺ

࣭ྔɺεϐϯͳͲͷཅࢠͷಛੑͰ͋Δɻ͜ΕΒͷཅࢠͷಛ

ੑ͸ɺ಺෦ߏ଄͔Βઆ໌͞ΕΔ΂͖ͱͷલఏʹ͖ͮجɺ௰

᧒ͷ߹͏Α͏ʹະ஌ͷΫΥʔΫ΍άϧʔΦϯͷಛੑ͕ಛఆ

͞Ε͍ͯ͘ɻ͜͜Ͱཅࢠͷεϐϯ 1/2͸ɺΫΥʔΫͱάϧʔ

ΦϯͷεϐϯͱͦΕͧΕͷيಓ֯ӡಈྔΛ଍͠߹Θͤͨશ

֯ӡಈྔͰઆ໌͞ΕΔɺͱ͢Δεϐϯ࿨ଇͷূݕΛ௨ͨ͠

಺෦ߏ଄ͷಛఆʹ͍ͭͯৄ͘͠۷ΓԼ͍͛ͯ͘ɻ͜Ε͸ݹ

యྗֶͰ͍͏ͱ͜Ζͷ֯ӡಈྔอଘଇʹ૬౰͠ɺҎԼͷࣜ

Α͏ʹ֤ߏ੒ཁૉͷઢܗ࿨Ͱ༩͑ΒΕΔ2)ɻ

1

2
=

1

2
∆Σ+∆G+ Lq

z + LG
z (1)

1
2∆Σ͸ՁͱւΛ߹ΘͤͨΫΥʔΫɾεϐϯɺ∆G͸άϧʔ

ΦϯɾεϐϯɺLq
z ͱ LG

z ͸ͦΕͧΕΫΥʔΫͱάϧʔΦϯ
1͜ͷཧ۶ͩͱάϧʔΦϯ਺͸ x → 0ͷݶۃͰൃ͢ࢄΔ͜ͱʹͳΔ͕ɺ

ཧ࿦తʹ͸཈੍͞ΕΔͱ༧ଌ͞Ε͍ͯΔɻ͜ͷݱ৅͸ʮάϧʔΦϯ཈੍ʯ
ͱݺ͹Ε͍ͯΔ͕ɺ࣮ݧͰ͸·࣮ͩূ͞Ε͍ͯͳ͍ɻ

͍ߴ2 x Λͭ࣋ύʔτϯ͸ݩʑཅࢠ಺Ͱେ͖ͳӡಈྔΛ͍ͯͬ࣋Δͷ
Ͱɺͦͷӡಈͷํ޲ʹܰ͘খಥ͘͜ͱͰཅ͔ࢠΒ؆୯ʹ஄͖ग़ͤΔ͕ɺx
͕খ͍͞ύʔτϯ͸ܹ͘͠ୟ͖ग़͞ͳ͍ͱग़ͯ͜ΒΕͳ͍ɻैͬͯখ͍͞
xͷύʔτϯΛ؍ଌ͢Δʹ͸ɺͦΕ͚ͩେ͖ͳিܸΛͦͷύʔτϯʹ༩͑
ΒΕΔߴΤωϧΪʔՃ଎͕ثඞཁͱͳΔɻҰൠతʹՃ଎ث͸ߴΤωϧΪʔ
Ͱ͋Ε͹͋Δ΄ͲେܕԽ͢Δɻ

海クォークと
グルーオンの
領域

ਤ 1 Ճ଎ٕثज़ͷਐԽʹΑΓϓϩʔϒͷΤωϧΪʔ͕͘ߴͳΓɺͦΕʹ
൐͍؍ଌ͞ΕΔཅࢠͷ಺෦ߏ଄ͷ෼ղೳ (Q2) ͕៛ີʹͳ͍༷ͬͯ͘ࢠɻ
෼ղೳ্͕͕ΔͱɺΑΓ x ͷখ͍͞ྖҬ΁ͷΞΫηε͕ՄೳʹͳΔɻxͷ
খ͍͞ྖҬ͸άϧʔΦϯີ౓͕͕ࣄ͍ߴ஌ΒΕɺ൓ԠʹάϧʔΦϯ͕ؔΘ
Δ֬཰͕͘ߴͳΔɻ

ͷيಓ֯ӡಈྔͰ͋Δɻཅࢠͷిՙ͸̏ͭͷՁΫΥʔΫͷ

ిՙͷ૯࿨Ͱ͏·͘આ໌Ͱ͖ͨͨΊɺεϐϯ΋ΫΥʔΫɾ

εϐϯͷ૯࿨Ͱઆ໌Ͱ͖Δͱ 1970∼80೥୅౰ॳָ͞؍Εͯ

͍͕ͨɺ࣮ݧͷ݁Ռཅࢠεϐϯͷ͍͍ͤͥ 1/3ఔ౓͔͠આ

໌Ͱ͖ͳ͍͜ͱ͕Θ͔ͬͨɻάϧʔΦϯͷಛੑ΋΄ͱΜͲ

ະ஌Ͱ͋ͬͨ౰࣌ɺ͜Ε͸ʮཅࢠεϐϯͷύζϧʢಾʣʯͱ

ͷࢠΛͨ͠3ɻཅىେ͖ͳ໰୊ఏʹڀݚ଄ߏͷࢠ͹Εͯཅݺ

εϐϯಛੑ͸օ̏ͭͷՁΫΥʔΫ͚ͩͰઆ໌Ͱ͖Δఔ୯७

Ͱ͸ͳ͘ɺւΫΥʔΫ΍άϧʔΦϯ΋ؚΊͨෳࡶͳܥͱߟ

͑ͳ͚Ε͹ͳΒͳ͍͜ͱ͕ࣔࠦ͞ΕͨͷͰ͋Δɻैͬͯ͜

ͷ໰୊ͷղ໌͸ɺࣜ 1ͷύζϧͷϐʔεͰ͋ΔͦΕͧΕͷ

߲Λߴਫ਼౓Ͱଌఆ͠ɺ͜ͷ࿨ଇ͕੒Γཱͭ͜ͱΛূ໌͢Δ

͜ͱͰୡ੒͞ΕΔɻ֤߲͸ 0 < x < 1ʹ෼෍͢Δύʔτϯ

ͷεϐϯ΍يಓ֯ӡಈྔͷੵ෼஋Ͱ͋Γɺ؍ଌ͢Δ෼ղೳ

Q2ʹΑΓ֤߲ͷد༩͸ҟͳΓ͏Δɻεϐϯͱيಓ֯ӡಈྔ

͸ৗʹม͠׵߹͍ɺւΫΥʔΫ΍άϧʔΦϯ͸ੜ੒ɾফ໓

Λ܁Γฦ͠ͳ͕Βଘ͢ࡏΔͷͰɺ࣮ݧͰ͸ϓϩʔϒͷٴͿ

Q2,xͷൣғͰཅࢠͷμΠφϛοΫͳ಺෦ߏ଄ͷฏۉ஋Λ؍

ଌ͍ͯ͠Δ͜ͱʹͳΔɻ

ཚͰ͸ɺՙిϨϓτϯʢిࢄࢠΤωϧΪʔϨϓτϯ-ཅߴ

ࢠͱԾ૝ޫࢠɺཅʹࡍཚ͞ΕΔࢄͳ͍͠ϛϡʔΦϯʣ͕ࢠ

3ʮཅࢠεϐϯͷಾʯͷܦҢͱಛʹΫΥʔΫͷد༩ͷղ໌͸ɺߟࢀจݙ
3) ͰΑ͘঺հ͞Ε͍ͯΔɻ

ղઆ ଄ߏͷεϐϯࢠিಥͰ୳Δཅࢠཅ–ࢠཅۃΤωϧΪʔภߴ 2

4

• History of proton structure from low energy to high 
energy scale

• High energy accelerator and resolution
• Importance of gluon role at low-x (high energy)
• Introduction of spin sum rule and where we are

1. ͸͡Ίʹ

ɹཅࢠ͸ΫΥʔΫͱάϧʔΦϯ (߹Θͤͯύʔτϯͱݺ

Ϳ)͔Βߏ੒͞Ε͍ͯΔɻύʔτϯ͸ཅࢠͷӡಈྔͷҰ෦

Λ୲͍ཅࢠ಺Λӡಈ͓ͯ͠Γɺͦͷׂ߹Λ xͰද͢ɻӡಈ

ྔׂ߹ xΛͭ࣋ύʔτϯ͸ɺ0 < x < 1ͷൣғͰ࿈ଓతʹ

෼෍͠ɺͦͷ෼෍͸ύʔτϯͷछྨʹΑΓҟͳΔɻ͜ΕΛ

ύʔτϯͷ෼෍ؔ਺ (PDF)ͱݺͿɻxͷൺֱతେ͖͍ͳྖ

Ҭ (x ! 0.1)͸ՁΫΥʔΫ͕ࢧ഑తʹ෼෍͢Δͷʹର͠ɺx

͕খ͚͞Ε͹খ͍͞ྖҬ΄ͲւΫΥʔΫ΍άϧʔΦϯ͕ࢧ

഑తʹͳΔ͜ͱ͕஌ΒΕ͍ͯΔ1)ɻւΫΥʔΫ΍άϧʔΦϯ

͸ɺਫͷதͷ๐ͷΑ͏ʹཅࢠͷதͰμΠφϛοΫʹੜ੒ɾফ

໓Λ܁Γฦ͠ͳ͕Βଘ͓ͯ͠ࡏΓɺxΛ๐ͷαΠζͱ͑ߟ

Δͱɺখ͞ͳ๐΄Ͳ༰қ͘େྔʹൃੜ͠΍͍͢ࣄΛු͍ࢥ

͔΂Ε͹Πϝʔδ͠΍͍ͩ͢Ζ͏1 ɻՃ଎ݧ࣮ثͰ͸ɺՃ

଎͢ΔཻࢠͷΤωϧΪʔ΍ࢄཚ֯ͳͲͷӡಈֶͷબ୒ʹΑ

Γ෼ղೳ ӡಈྔߦҠݩ̐) Q2ʣ͕ҟͳΓɺ؍ଌʹ͔͔Δ x

ͷྖҬ΋ҟͳΔɻҰൠʹ x͕খ͍͞ྖҬͷύʔτϯ΄Ͳɺ

ΤωϧΪʔͷϓϩʔϒ͕ඞཁͱͳΔͨΊɺά͍ߴଌʹ͸؍

ϧʔΦϯͷ؍ଌʹ͸ΑΓߴΤωϧΪʔͷՃ଎͕ثඞཁʹͳ

Δ2ɻՃ଎ث͸ٕज़ͷਐาͱڞʹΑΓߴΤωϧΪʔͷཻࢠՃ

଎͕ՄೳͱͳΓɺͦΕʹ൐͍؍ଌͰ౸ୡͰ͖Δ xྖҬ͕খ

͘͞ͳͬͨɻਤ 1͸Ճ଎ثͷߴΤωϧΪʔԽʹ൐͍෼ղೳ

্͕͕Γɺཅࢠͷ಺෦ߏ଄͕៛ີʹͯ͑͘ݟΔ༷ࢠΛද͠

͍ͯΔɻQ2 ͷ൓ԠͱΈͳͤΔաఔΛ࢜ύʔτϯಉ͘ߴ͕

ϋʔυաఔͱݺͼɺͦͷٯΛιϑτաఔͱݺͿɻ͜ͷΑ͏

ʹཅࢠΛ؍ଌ͢Δϓϩʔϒͷ෼ղೳ΍ɺxʹΑͬͯཅࢠͷ

಺෦ߏ଄͸͕ํ͑ݟҧͬͯ͘Δɻ

ɹཅࢠͷ಺෦ߏ଄ʹ͸·ͩΑ͘Θ͔͍ͬͯͳ͍͜ͱ͕ଟ

͋͘Δ͕ɺͦΕΛඥղ͘ख͕͔Γ͸طʹ஌ΒΕ͍ͯΔిՙɺ

࣭ྔɺεϐϯͳͲͷཅࢠͷಛੑͰ͋Δɻ͜ΕΒͷཅࢠͷಛ

ੑ͸ɺ಺෦ߏ଄͔Βઆ໌͞ΕΔ΂͖ͱͷલఏʹ͖ͮجɺ௰

᧒ͷ߹͏Α͏ʹະ஌ͷΫΥʔΫ΍άϧʔΦϯͷಛੑ͕ಛఆ

͞Ε͍ͯ͘ɻ͜͜Ͱཅࢠͷεϐϯ 1/2͸ɺΫΥʔΫͱάϧʔ

ΦϯͷεϐϯͱͦΕͧΕͷيಓ֯ӡಈྔΛ଍͠߹Θͤͨશ

֯ӡಈྔͰઆ໌͞ΕΔɺͱ͢Δεϐϯ࿨ଇͷূݕΛ௨ͨ͠

಺෦ߏ଄ͷಛఆʹ͍ͭͯৄ͘͠۷ΓԼ͍͛ͯ͘ɻ͜Ε͸ݹ

యྗֶͰ͍͏ͱ͜Ζͷ֯ӡಈྔอଘଇʹ૬౰͠ɺҎԼͷࣜ

Α͏ʹ֤ߏ੒ཁૉͷઢܗ࿨Ͱ༩͑ΒΕΔ2)ɻ

1

2
=

1

2
∆Σ+∆G+ Lq

z + LG
z (1)

1
2∆Σ͸ՁͱւΛ߹ΘͤͨΫΥʔΫɾεϐϯɺ∆G͸άϧʔ

ΦϯɾεϐϯɺLq
z ͱ LG

z ͸ͦΕͧΕΫΥʔΫͱάϧʔΦϯ
1͜ͷཧ۶ͩͱάϧʔΦϯ਺͸ x → 0ͷݶۃͰൃ͢ࢄΔ͜ͱʹͳΔ͕ɺ

ཧ࿦తʹ͸཈੍͞ΕΔͱ༧ଌ͞Ε͍ͯΔɻ͜ͷݱ৅͸ʮάϧʔΦϯ཈੍ʯ
ͱݺ͹Ε͍ͯΔ͕ɺ࣮ݧͰ͸·࣮ͩূ͞Ε͍ͯͳ͍ɻ

͍ߴ2 x Λͭ࣋ύʔτϯ͸ݩʑཅࢠ಺Ͱେ͖ͳӡಈྔΛ͍ͯͬ࣋Δͷ
Ͱɺͦͷӡಈͷํ޲ʹܰ͘খಥ͘͜ͱͰཅ͔ࢠΒ؆୯ʹ஄͖ग़ͤΔ͕ɺx
͕খ͍͞ύʔτϯ͸ܹ͘͠ୟ͖ग़͞ͳ͍ͱग़ͯ͜ΒΕͳ͍ɻैͬͯখ͍͞
xͷύʔτϯΛ؍ଌ͢Δʹ͸ɺͦΕ͚ͩେ͖ͳিܸΛͦͷύʔτϯʹ༩͑
ΒΕΔߴΤωϧΪʔՃ଎͕ثඞཁͱͳΔɻҰൠతʹՃ଎ث͸ߴΤωϧΪʔ
Ͱ͋Ε͹͋Δ΄ͲେܕԽ͢Δɻ

海クォークと
グルーオンの
領域

ਤ 1 Ճ଎ٕثज़ͷਐԽʹΑΓϓϩʔϒͷΤωϧΪʔ͕͘ߴͳΓɺͦΕʹ
൐͍؍ଌ͞ΕΔཅࢠͷ಺෦ߏ଄ͷ෼ղೳ (Q2) ͕៛ີʹͳ͍༷ͬͯ͘ࢠɻ
෼ղೳ্͕͕ΔͱɺΑΓ x ͷখ͍͞ྖҬ΁ͷΞΫηε͕ՄೳʹͳΔɻxͷ
খ͍͞ྖҬ͸άϧʔΦϯີ౓͕͕ࣄ͍ߴ஌ΒΕɺ൓ԠʹάϧʔΦϯ͕ؔΘ
Δ֬཰͕͘ߴͳΔɻ

ͷيಓ֯ӡಈྔͰ͋Δɻཅࢠͷిՙ͸̏ͭͷՁΫΥʔΫͷ

ిՙͷ૯࿨Ͱ͏·͘આ໌Ͱ͖ͨͨΊɺεϐϯ΋ΫΥʔΫɾ

εϐϯͷ૯࿨Ͱઆ໌Ͱ͖Δͱ 1970∼80೥୅౰ॳָ͞؍Εͯ

͍͕ͨɺ࣮ݧͷ݁Ռཅࢠεϐϯͷ͍͍ͤͥ 1/3ఔ౓͔͠આ

໌Ͱ͖ͳ͍͜ͱ͕Θ͔ͬͨɻάϧʔΦϯͷಛੑ΋΄ͱΜͲ

ະ஌Ͱ͋ͬͨ౰࣌ɺ͜Ε͸ʮཅࢠεϐϯͷύζϧʢಾʣʯͱ

ͷࢠΛͨ͠3ɻཅىେ͖ͳ໰୊ఏʹڀݚ଄ߏͷࢠ͹Εͯཅݺ

εϐϯಛੑ͸օ̏ͭͷՁΫΥʔΫ͚ͩͰઆ໌Ͱ͖Δఔ୯७

Ͱ͸ͳ͘ɺւΫΥʔΫ΍άϧʔΦϯ΋ؚΊͨෳࡶͳܥͱߟ

͑ͳ͚Ε͹ͳΒͳ͍͜ͱ͕ࣔࠦ͞ΕͨͷͰ͋Δɻैͬͯ͜

ͷ໰୊ͷղ໌͸ɺࣜ 1ͷύζϧͷϐʔεͰ͋ΔͦΕͧΕͷ

߲Λߴਫ਼౓Ͱଌఆ͠ɺ͜ͷ࿨ଇ͕੒Γཱͭ͜ͱΛূ໌͢Δ

͜ͱͰୡ੒͞ΕΔɻ֤߲͸ 0 < x < 1ʹ෼෍͢Δύʔτϯ

ͷεϐϯ΍يಓ֯ӡಈྔͷੵ෼஋Ͱ͋Γɺ؍ଌ͢Δ෼ղೳ

Q2ʹΑΓ֤߲ͷد༩͸ҟͳΓ͏Δɻεϐϯͱيಓ֯ӡಈྔ

͸ৗʹม͠׵߹͍ɺւΫΥʔΫ΍άϧʔΦϯ͸ੜ੒ɾফ໓

Λ܁Γฦ͠ͳ͕Βଘ͢ࡏΔͷͰɺ࣮ݧͰ͸ϓϩʔϒͷٴͿ

Q2,xͷൣғͰཅࢠͷμΠφϛοΫͳ಺෦ߏ଄ͷฏۉ஋Λ؍

ଌ͍ͯ͠Δ͜ͱʹͳΔɻ

ཚͰ͸ɺՙిϨϓτϯʢిࢄࢠΤωϧΪʔϨϓτϯ-ཅߴ

ࢠͱԾ૝ޫࢠɺཅʹࡍཚ͞ΕΔࢄͳ͍͠ϛϡʔΦϯʣ͕ࢠ
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1. ͸͡Ίʹ

ɹཅࢠ͸ΫΥʔΫͱάϧʔΦϯ (߹Θͤͯύʔτϯͱݺ

Ϳ)͔Βߏ੒͞Ε͍ͯΔɻύʔτϯ͸ཅࢠͷӡಈྔͷҰ෦

Λ୲͍ཅࢠ಺Λӡಈ͓ͯ͠Γɺͦͷׂ߹Λ xͰද͢ɻӡಈ

ྔׂ߹ xΛͭ࣋ύʔτϯ͸ɺ0 < x < 1ͷൣғͰ࿈ଓతʹ

෼෍͠ɺͦͷ෼෍͸ύʔτϯͷछྨʹΑΓҟͳΔɻ͜ΕΛ

ύʔτϯͷ෼෍ؔ਺ (PDF)ͱݺͿɻxͷൺֱతେ͖͍ͳྖ

Ҭ (x ! 0.1)͸ՁΫΥʔΫ͕ࢧ഑తʹ෼෍͢Δͷʹର͠ɺx

͕খ͚͞Ε͹খ͍͞ྖҬ΄ͲւΫΥʔΫ΍άϧʔΦϯ͕ࢧ

഑తʹͳΔ͜ͱ͕஌ΒΕ͍ͯΔ1)ɻւΫΥʔΫ΍άϧʔΦϯ

͸ɺਫͷதͷ๐ͷΑ͏ʹཅࢠͷதͰμΠφϛοΫʹੜ੒ɾফ

໓Λ܁Γฦ͠ͳ͕Βଘ͓ͯ͠ࡏΓɺxΛ๐ͷαΠζͱ͑ߟ

Δͱɺখ͞ͳ๐΄Ͳ༰қ͘େྔʹൃੜ͠΍͍͢ࣄΛු͍ࢥ

͔΂Ε͹Πϝʔδ͠΍͍ͩ͢Ζ͏1 ɻՃ଎ݧ࣮ثͰ͸ɺՃ

଎͢ΔཻࢠͷΤωϧΪʔ΍ࢄཚ֯ͳͲͷӡಈֶͷબ୒ʹΑ

Γ෼ղೳ ӡಈྔߦҠݩ̐) Q2ʣ͕ҟͳΓɺ؍ଌʹ͔͔Δ x

ͷྖҬ΋ҟͳΔɻҰൠʹ x͕খ͍͞ྖҬͷύʔτϯ΄Ͳɺ

ΤωϧΪʔͷϓϩʔϒ͕ඞཁͱͳΔͨΊɺά͍ߴଌʹ͸؍

ϧʔΦϯͷ؍ଌʹ͸ΑΓߴΤωϧΪʔͷՃ଎͕ثඞཁʹͳ

Δ2ɻՃ଎ث͸ٕज़ͷਐาͱڞʹΑΓߴΤωϧΪʔͷཻࢠՃ

଎͕ՄೳͱͳΓɺͦΕʹ൐͍؍ଌͰ౸ୡͰ͖Δ xྖҬ͕খ

͘͞ͳͬͨɻਤ 1͸Ճ଎ثͷߴΤωϧΪʔԽʹ൐͍෼ղೳ

্͕͕Γɺཅࢠͷ಺෦ߏ଄͕៛ີʹͯ͑͘ݟΔ༷ࢠΛද͠

͍ͯΔɻQ2 ͷ൓ԠͱΈͳͤΔաఔΛ࢜ύʔτϯಉ͘ߴ͕

ϋʔυաఔͱݺͼɺͦͷٯΛιϑτաఔͱݺͿɻ͜ͷΑ͏

ʹཅࢠΛ؍ଌ͢Δϓϩʔϒͷ෼ղೳ΍ɺxʹΑͬͯཅࢠͷ

಺෦ߏ଄͸͕ํ͑ݟҧͬͯ͘Δɻ

ɹཅࢠͷ಺෦ߏ଄ʹ͸·ͩΑ͘Θ͔͍ͬͯͳ͍͜ͱ͕ଟ

͋͘Δ͕ɺͦΕΛඥղ͘ख͕͔Γ͸طʹ஌ΒΕ͍ͯΔిՙɺ

࣭ྔɺεϐϯͳͲͷཅࢠͷಛੑͰ͋Δɻ͜ΕΒͷཅࢠͷಛ

ੑ͸ɺ಺෦ߏ଄͔Βઆ໌͞ΕΔ΂͖ͱͷલఏʹ͖ͮجɺ௰

᧒ͷ߹͏Α͏ʹະ஌ͷΫΥʔΫ΍άϧʔΦϯͷಛੑ͕ಛఆ

͞Ε͍ͯ͘ɻ͜͜Ͱཅࢠͷεϐϯ 1/2͸ɺΫΥʔΫͱάϧʔ

ΦϯͷεϐϯͱͦΕͧΕͷيಓ֯ӡಈྔΛ଍͠߹Θͤͨશ

֯ӡಈྔͰઆ໌͞ΕΔɺͱ͢Δεϐϯ࿨ଇͷূݕΛ௨ͨ͠

಺෦ߏ଄ͷಛఆʹ͍ͭͯৄ͘͠۷ΓԼ͍͛ͯ͘ɻ͜Ε͸ݹ

యྗֶͰ͍͏ͱ͜Ζͷ֯ӡಈྔอଘଇʹ૬౰͠ɺҎԼͷࣜ

Α͏ʹ֤ߏ੒ཁૉͷઢܗ࿨Ͱ༩͑ΒΕΔ2)ɻ

1

2
=

1

2
∆Σ+∆G+ Lq

z + LG
z (1)

1
2∆Σ͸ՁͱւΛ߹ΘͤͨΫΥʔΫɾεϐϯɺ∆G͸άϧʔ

ΦϯɾεϐϯɺLq
z ͱ LG

z ͸ͦΕͧΕΫΥʔΫͱάϧʔΦϯ
1͜ͷཧ۶ͩͱάϧʔΦϯ਺͸ x → 0ͷݶۃͰൃ͢ࢄΔ͜ͱʹͳΔ͕ɺ

ཧ࿦తʹ͸཈੍͞ΕΔͱ༧ଌ͞Ε͍ͯΔɻ͜ͷݱ৅͸ʮάϧʔΦϯ཈੍ʯ
ͱݺ͹Ε͍ͯΔ͕ɺ࣮ݧͰ͸·࣮ͩূ͞Ε͍ͯͳ͍ɻ

͍ߴ2 x Λͭ࣋ύʔτϯ͸ݩʑཅࢠ಺Ͱେ͖ͳӡಈྔΛ͍ͯͬ࣋Δͷ
Ͱɺͦͷӡಈͷํ޲ʹܰ͘খಥ͘͜ͱͰཅ͔ࢠΒ؆୯ʹ஄͖ग़ͤΔ͕ɺx
͕খ͍͞ύʔτϯ͸ܹ͘͠ୟ͖ग़͞ͳ͍ͱग़ͯ͜ΒΕͳ͍ɻैͬͯখ͍͞
xͷύʔτϯΛ؍ଌ͢Δʹ͸ɺͦΕ͚ͩେ͖ͳিܸΛͦͷύʔτϯʹ༩͑
ΒΕΔߴΤωϧΪʔՃ଎͕ثඞཁͱͳΔɻҰൠతʹՃ଎ث͸ߴΤωϧΪʔ
Ͱ͋Ε͹͋Δ΄ͲେܕԽ͢Δɻ

海クォークと
グルーオンの
領域

ਤ 1 Ճ଎ٕثज़ͷਐԽʹΑΓϓϩʔϒͷΤωϧΪʔ͕͘ߴͳΓɺͦΕʹ
൐͍؍ଌ͞ΕΔཅࢠͷ಺෦ߏ଄ͷ෼ղೳ (Q2) ͕៛ີʹͳ͍༷ͬͯ͘ࢠɻ
෼ղೳ্͕͕ΔͱɺΑΓ x ͷখ͍͞ྖҬ΁ͷΞΫηε͕ՄೳʹͳΔɻxͷ
খ͍͞ྖҬ͸άϧʔΦϯີ౓͕͕ࣄ͍ߴ஌ΒΕɺ൓ԠʹάϧʔΦϯ͕ؔΘ
Δ֬཰͕͘ߴͳΔɻ

ͷيಓ֯ӡಈྔͰ͋Δɻཅࢠͷిՙ͸̏ͭͷՁΫΥʔΫͷ

ిՙͷ૯࿨Ͱ͏·͘આ໌Ͱ͖ͨͨΊɺεϐϯ΋ΫΥʔΫɾ

εϐϯͷ૯࿨Ͱઆ໌Ͱ͖Δͱ 1970∼80೥୅౰ॳָ͞؍Εͯ

͍͕ͨɺ࣮ݧͷ݁Ռཅࢠεϐϯͷ͍͍ͤͥ 1/3ఔ౓͔͠આ

໌Ͱ͖ͳ͍͜ͱ͕Θ͔ͬͨɻάϧʔΦϯͷಛੑ΋΄ͱΜͲ

ະ஌Ͱ͋ͬͨ౰࣌ɺ͜Ε͸ʮཅࢠεϐϯͷύζϧʢಾʣʯͱ

ͷࢠΛͨ͠3ɻཅىେ͖ͳ໰୊ఏʹڀݚ଄ߏͷࢠ͹Εͯཅݺ

εϐϯಛੑ͸օ̏ͭͷՁΫΥʔΫ͚ͩͰઆ໌Ͱ͖Δఔ୯७

Ͱ͸ͳ͘ɺւΫΥʔΫ΍άϧʔΦϯ΋ؚΊͨෳࡶͳܥͱߟ

͑ͳ͚Ε͹ͳΒͳ͍͜ͱ͕ࣔࠦ͞ΕͨͷͰ͋Δɻैͬͯ͜

ͷ໰୊ͷղ໌͸ɺࣜ 1ͷύζϧͷϐʔεͰ͋ΔͦΕͧΕͷ

߲Λߴਫ਼౓Ͱଌఆ͠ɺ͜ͷ࿨ଇ͕੒Γཱͭ͜ͱΛূ໌͢Δ

͜ͱͰୡ੒͞ΕΔɻ֤߲͸ 0 < x < 1ʹ෼෍͢Δύʔτϯ

ͷεϐϯ΍يಓ֯ӡಈྔͷੵ෼஋Ͱ͋Γɺ؍ଌ͢Δ෼ղೳ

Q2ʹΑΓ֤߲ͷد༩͸ҟͳΓ͏Δɻεϐϯͱيಓ֯ӡಈྔ

͸ৗʹม͠׵߹͍ɺւΫΥʔΫ΍άϧʔΦϯ͸ੜ੒ɾফ໓

Λ܁Γฦ͠ͳ͕Βଘ͢ࡏΔͷͰɺ࣮ݧͰ͸ϓϩʔϒͷٴͿ

Q2,xͷൣғͰཅࢠͷμΠφϛοΫͳ಺෦ߏ଄ͷฏۉ஋Λ؍

ଌ͍ͯ͠Δ͜ͱʹͳΔɻ

ཚͰ͸ɺՙిϨϓτϯʢిࢄࢠΤωϧΪʔϨϓτϯ-ཅߴ

ࢠͱԾ૝ޫࢠɺཅʹࡍཚ͞ΕΔࢄͳ͍͠ϛϡʔΦϯʣ͕ࢠ

3ʮཅࢠεϐϯͷಾʯͷܦҢͱಛʹΫΥʔΫͷد༩ͷղ໌͸ɺߟࢀจݙ
3) ͰΑ͘঺հ͞Ε͍ͯΔɻ

ղઆ ଄ߏͷεϐϯࢠিಥͰ୳Δཅࢠཅ–ࢠཅۃΤωϧΪʔภߴ 2
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Sec.2 Gluon Spin Measurement at RHIC
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ਤ 2 িಥʹ͓͚Δแׅతϋυϩϯੜ੒൓Ԡͷμࢠཅ–ࢠΤωϧΪʔཅߴ
ΠΞάϥϜɻ
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q,q
q,q

q,q
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ਤ 3 িಥʹ͓͚ΔύʔτϯͷૉաఔμΠΞάϥࢠཅ–ࢠΤωϧΪʔཅߴ
Ϝͷྫɻਤ 2 ͷύʔτϯ a, b ͕ͦΕͧΕʢIʣάϧʔΦϯ-άϧʔΦϯͷ
൓ԠɺʢIIʣ άϧʔΦϯ-(൓) ΫΥʔΫͷ൓ԠɺʢIIIʣ(൓) ΫΥʔΫ-(൓)
ΫΥʔΫͷ൓Ԡɻ

ʹΑΓͦΕͧΕͷૉաఔͷׂ߹9) ͸ਤ 4ͷΑ͏ʹ༧ଌ͞Ε

Δ7ɻԣ࣠͸ π0 ͷԣӡಈྔ8ͰɺpT ͷখ͍͞ྖҬ͸άϧʔ

Φϯ͕ૉաఔʹ઎ΊΔׂ߹͕͕͍ߴɺpT ͕େ͖͘ͳΔʹ͠

͕ͨͬͯάϧʔΦϯͷد༩͸ݮগ͠ɺ୅ΘͬͯΫΥʔΫͷ

༩͕େ͖͘ͳΔɻ͜Ε͸د pT ͕ૉաఔͷύʔτϯ a, bͷ

xͱൺྫؔ܎ʹ͋ΔͷͰɺpT ͷখ͍͞ྖҬ͸খ͍͞ xྖҬ

Ͱࢧ഑తͳάϧʔΦϯͷد༩͕େ͖͘ͳΔͨΊͰ͋Δɻ

Ұํഁؔࡅ਺͸ιϑτաఔͳͷͰ pQCD ͷద༻֎Ͱ͋

Δɻͦ͜Ͱɺ͜͜Ͱ͸ e+e− ൓Ԡͷ࣮ݧσʔλΛੜ੒ϋυ

ϩϯछຖʹάϩʔόϧQCDղੳͨ͠Ϟσϧ9ࢉܭΛഁؔࡅ

਺ʹద༻͢Δɻ

άϧʔΦϯɾεϐϯͷଌఆʹ͸ɺিಥཅࢠΛͲͪΒ΋ॎภ

Δ͜ͱͰਤͤ͞ۃ 2ͷඇภۃ෼෍ؔ਺ͱඇภۃඍ෼அ໘ੵ

ΛɺͦΕͧΕภۃ෼෍ؔ਺ ∆fa(x1)ɺ∆fb(x2)ͱภۃඍ෼

அ໘ੵ d∆σ̂ab→cX ʹஔ͖͑׵Δɻ࣮ݧͰ͸ɺཅࢠͷਐํߦ

ͷ࢜ಉࢠཅͨ͠ۃॎภʹ޲ํߦͱʢ൓ʣฏ޲ํߦର͠ฏʹ޲

িಥ൓Ԡஅ໘ੵ σ++(σ+−)Λ༻͍ͯ10)ɺೋॏϔϦγςΟʔ

ඇରশ౓ ALL

ALL =
σ++ − σ+−

σ++ + σ+− (2)

7ਤ 2ͷ hΛ π0 ͱͨ͠৔߹ͷࢉܭͰɺޙʹൺֱ͢Δ࣮ݧσʔλͱ৚݅
Λଗ͑ΔͨΊϥϐσΟςΟʔΛ |η| < 0.35 ͷதԝྖҬʹݶఆ͍ͯ͠Δ9)ɻ

8π0 ͷӡಈྔΛϏʔϜ࣠ʹਨ௚ͳฏ໘ʹࣹӨͨ͠੒෼ɻ
9DIS/SIDIS ΍ RHIC σʔλݧσʔλͳͲҟͳΔ൓Ԡաఔͷ࣮ݧ࣮

ΛूͤدΊ্ͨͰɺϑϨΩγϒϧͳؔ਺ͰશͯͷσʔλΛटඌҰ؏ͯ͠
ϑΟοτ͢Δݱ৅࿦తͳղੳख๏ɻϑΟοτ͢Δؔ਺ܥ΍σʔληοτͷ
ҧ͍ʹΑΓҟͳΔϞσϧ͕͋Δɻ

pT [GeV]

gg

qg
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ਤ 4
√
s = 200 GeVʹ͓͚Δཅࢠ–ཅࢠিಥ൓ԠͷதԝϥϐσΟςΟʔ

ྖҬ (|η| < 0.35) ͷ π0 ੜ੒ͷૉաఔׂ߹ͷ pQCD ༧ଌɻάϧʔΦϯ-
άϧʔΦϯʢ࣮ઢʣɺάϧʔΦϯ-ΫΥʔΫʢഁઢʣɺΫΥʔΫ-ΫΥʔΫ൓
Ԡʢ఺ઢʣɺͦΕͧΕͷׂ߹Λ π0 ͷԣӡಈྔ pT ͷؔ਺Ͱ͍ࣔͯ͠Δɻ

Λଌఆ͠ɺάϧʔΦϯ g ͷภۃ෼෍ؔ਺ ∆g(x) Λࢉग़͢

Δ10 ɻύʔτϯ a, b͸ pT ʹΑΓΫΥʔΫ΍άϧʔΦϯͷ

஫ҙ͕ඞཁͰ͋Δɻʹࣄ༩ͷׂ߹͕มԽ͢Δد

·ͱΊΔͱɺਤ 2Λॎภۃཅࢠ–ཅࢠিಥͱͨ͠৔߹ͷ൓

ԠͰະ஌਺͸ a, b͕άϧʔΦϯͷ৔߹ͷ∆fg(x) ≡ ∆g(x)ͩ

͚ͰɺΫΥʔΫภۃ෼෍ؔ਺∆fq(x) ≡ ∆q(x)ɺd∆σ̂ab→cXɺ

ͦͯ͠Dh
c (z)͸ࠩޡ෇͖͕ͩط஌ͷ෺ཧྔͱͯ͠ѻ͏ɻҰͭ

ͷALLଌఆʹରͯ͠ະ஌਺͕ҰͭͳͷͰɺݪཧతʹ∆g(x)

Λࢉग़Ͱ͖Δ11ɻ

2.2. RHICͷೋॏϔϦγςΟඇରশ౓ଌఆ

ඇରশ౓ଌఆʹͱͬͯɺεϐϯґଘͷஅ໘ੵࠩΛΑΓݦ

ஶʹ؍ଌͰ͖ΔͨΊɺϏʔϜͷภۃ౓͸͚ߴΕ͹͍ߴ΄Ͳ

ྑ͍ɻRHICͰ͸ϏʔϜͷڧ౓ͱภۃ౓Λঃʑʹվળ͠ɺภ

ۉϥϯฏ͍ͨͯ͛ܝ౓͸౰ॳͷ໨ඪͱͯ͠ۃ 50 ∼ 65 %Λ

ୡ੒͍ͯ͠ΔɻALL͸ɺPHENIXͱ STARͱݺ͹ΕΔ̎ͭ

ͷେ͕ݧ࣮ܕಉ࣌ʹଌఆ͍ͯ͠Δɻೋͭͷ࣮ݧͰ͸ݕग़ث

ग़ޮ཰ݕ੒ͱΞΫηϓλϯε͕େ͖͘ҟͳΓɺͦͷ݁Ռߏ

ͷཻࢠ΍ӡಈྔ΁ͷґଘੑ΋ҟͳΔɻॎภۃཅࢠ–ཅࢠিಥ

ʹ͓͍ͯ PHENIXͷதԝϥϐσΟςΟʔྖҬ (|η| < 0.35)

Ͱ؍ଌ͞Εͨ π0 ͷੜ੒ඇରশ౓ ALL Λਤ 5ʹࣔ͢ ɻԣ

࣠ xT ͸িಥΤωϧΪʔͷҧ͍Λ֨نԽ͢Δҝʹಋೖͨ͠

ԣӡಈྔͰɺxTࢉ׵ = 2pT /
√
sͰఆٛ͞ΕΔɻ࢛֯Ͱࣔ͢

√
s = 510 GeVͷσʔλ͸ɺؙͰࣔ͞Εͨ

√
s = 200 GeV

ͷσʔλ11)ʹൺ΂ͯখ͍͞ xT ྖҬʹ෼෍͢Δɻ
√
s = 200

GeV ͷσʔλͰ͸ ALL ͸̌ͱ͢Δղऍͱໃ६͠ͳ͍͕ɺ√
s = 510 GeVͷσʔλͰ͸໌Β͔ʹਖ਼ͷ޲܏Λ͍ࣔͯ͠

Δɻ͜ΕΒͷ࣮ݧσʔλ͸࣮ઢɺഁઢɺ఺ઢͰࣔ̏ͭ͢ͷ

ҟͳΔάϩʔόϧQCDղੳϞσϧ12, 13, 14)ʹΑΓΑ͘ݱ࠶

͞Ε͍ͯΔɻxT ͕େ͖͘ͳΔʹैͬͯඇରশ౓͕େ͖͘ͳ

10∆g(x),∆q(x)౳ͷύʔτϯ෼෍ؔ਺͸ Q2 ͷؔ਺Ͱ΋͋Δ͕ɺ؆ૉ
ԽͷͨΊ Q2 ґଘੑ͸লུ͢Δɻ

ग़ʹ͸લग़ͷάϩʔόϧࢉͷࡍ11࣮ QCDղੳٕज़Λͯ͠࢖ۦɺӡಈֶ
తʹྡΓ߹͏σʔλ͕׈Β͔ʹ͕ܨΔͳͲͷ৚݅ΛՃ͑ͯࢉग़͢Δɻ

ղઆ ଄ߏͷεϐϯࢠিಥͰ୳Δཅࢠཅ–ࢠཅۃΤωϧΪʔภߴ 4
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ਤ 3 িಥʹ͓͚ΔύʔτϯͷૉաఔμΠΞάϥࢠཅ–ࢠΤωϧΪʔཅߴ
Ϝͷྫɻਤ 2 ͷύʔτϯ a, b ͕ͦΕͧΕʢIʣάϧʔΦϯ-άϧʔΦϯͷ
൓ԠɺʢIIʣ άϧʔΦϯ-(൓) ΫΥʔΫͷ൓ԠɺʢIIIʣ(൓) ΫΥʔΫ-(൓)
ΫΥʔΫͷ൓Ԡɻ

ʹΑΓͦΕͧΕͷૉաఔͷׂ߹9) ͸ਤ 4ͷΑ͏ʹ༧ଌ͞Ε

Δ7ɻԣ࣠͸ π0 ͷԣӡಈྔ8ͰɺpT ͷখ͍͞ྖҬ͸άϧʔ

Φϯ͕ૉաఔʹ઎ΊΔׂ߹͕͕͍ߴɺpT ͕େ͖͘ͳΔʹ͠

͕ͨͬͯάϧʔΦϯͷد༩͸ݮগ͠ɺ୅ΘͬͯΫΥʔΫͷ

༩͕େ͖͘ͳΔɻ͜Ε͸د pT ͕ૉաఔͷύʔτϯ a, bͷ

xͱൺྫؔ܎ʹ͋ΔͷͰɺpT ͷখ͍͞ྖҬ͸খ͍͞ xྖҬ

Ͱࢧ഑తͳάϧʔΦϯͷد༩͕େ͖͘ͳΔͨΊͰ͋Δɻ

Ұํഁؔࡅ਺͸ιϑτաఔͳͷͰ pQCD ͷద༻֎Ͱ͋

Δɻͦ͜Ͱɺ͜͜Ͱ͸ e+e− ൓Ԡͷ࣮ݧσʔλΛੜ੒ϋυ

ϩϯछຖʹάϩʔόϧQCDղੳͨ͠Ϟσϧ9ࢉܭΛഁؔࡅ

਺ʹద༻͢Δɻ

άϧʔΦϯɾεϐϯͷଌఆʹ͸ɺিಥཅࢠΛͲͪΒ΋ॎภ

Δ͜ͱͰਤͤ͞ۃ 2ͷඇภۃ෼෍ؔ਺ͱඇภۃඍ෼அ໘ੵ

ΛɺͦΕͧΕภۃ෼෍ؔ਺ ∆fa(x1)ɺ∆fb(x2)ͱภۃඍ෼

அ໘ੵ d∆σ̂ab→cX ʹஔ͖͑׵Δɻ࣮ݧͰ͸ɺཅࢠͷਐํߦ

ͷ࢜ಉࢠཅͨ͠ۃॎภʹ޲ํߦͱʢ൓ʣฏ޲ํߦର͠ฏʹ޲

িಥ൓Ԡஅ໘ੵ σ++(σ+−)Λ༻͍ͯ10)ɺೋॏϔϦγςΟʔ

ඇରশ౓ ALL

ALL =
σ++ − σ+−

σ++ + σ+− (2)

7ਤ 2ͷ hΛ π0 ͱͨ͠৔߹ͷࢉܭͰɺޙʹൺֱ͢Δ࣮ݧσʔλͱ৚݅
Λଗ͑ΔͨΊϥϐσΟςΟʔΛ |η| < 0.35 ͷதԝྖҬʹݶఆ͍ͯ͠Δ9)ɻ

8π0 ͷӡಈྔΛϏʔϜ࣠ʹਨ௚ͳฏ໘ʹࣹӨͨ͠੒෼ɻ
9DIS/SIDIS ΍ RHIC σʔλݧσʔλͳͲҟͳΔ൓Ԡաఔͷ࣮ݧ࣮

ΛूͤدΊ্ͨͰɺϑϨΩγϒϧͳؔ਺ͰશͯͷσʔλΛटඌҰ؏ͯ͠
ϑΟοτ͢Δݱ৅࿦తͳղੳख๏ɻϑΟοτ͢Δؔ਺ܥ΍σʔληοτͷ
ҧ͍ʹΑΓҟͳΔϞσϧ͕͋Δɻ
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ਤ 4
√
s = 200 GeVʹ͓͚Δཅࢠ–ཅࢠিಥ൓ԠͷதԝϥϐσΟςΟʔ

ྖҬ (|η| < 0.35) ͷ π0 ੜ੒ͷૉաఔׂ߹ͷ pQCD ༧ଌɻάϧʔΦϯ-
άϧʔΦϯʢ࣮ઢʣɺάϧʔΦϯ-ΫΥʔΫʢഁઢʣɺΫΥʔΫ-ΫΥʔΫ൓
Ԡʢ఺ઢʣɺͦΕͧΕͷׂ߹Λ π0 ͷԣӡಈྔ pT ͷؔ਺Ͱ͍ࣔͯ͠Δɻ

Λଌఆ͠ɺάϧʔΦϯ g ͷภۃ෼෍ؔ਺ ∆g(x) Λࢉग़͢

Δ10 ɻύʔτϯ a, b͸ pT ʹΑΓΫΥʔΫ΍άϧʔΦϯͷ

஫ҙ͕ඞཁͰ͋Δɻʹࣄ༩ͷׂ߹͕มԽ͢Δد

·ͱΊΔͱɺਤ 2Λॎภۃཅࢠ–ཅࢠিಥͱͨ͠৔߹ͷ൓

ԠͰະ஌਺͸ a, b͕άϧʔΦϯͷ৔߹ͷ∆fg(x) ≡ ∆g(x)ͩ

͚ͰɺΫΥʔΫภۃ෼෍ؔ਺∆fq(x) ≡ ∆q(x)ɺd∆σ̂ab→cXɺ

ͦͯ͠Dh
c (z)͸ࠩޡ෇͖͕ͩط஌ͷ෺ཧྔͱͯ͠ѻ͏ɻҰͭ

ͷALLଌఆʹରͯ͠ະ஌਺͕ҰͭͳͷͰɺݪཧతʹ∆g(x)

Λࢉग़Ͱ͖Δ11ɻ

2.2. RHICͷೋॏϔϦγςΟඇରশ౓ଌఆ

ඇରশ౓ଌఆʹͱͬͯɺεϐϯґଘͷஅ໘ੵࠩΛΑΓݦ

ஶʹ؍ଌͰ͖ΔͨΊɺϏʔϜͷภۃ౓͸͚ߴΕ͹͍ߴ΄Ͳ

ྑ͍ɻRHICͰ͸ϏʔϜͷڧ౓ͱภۃ౓Λঃʑʹվળ͠ɺภ

ۉϥϯฏ͍ͨͯ͛ܝ౓͸౰ॳͷ໨ඪͱͯ͠ۃ 50 ∼ 65 %Λ

ୡ੒͍ͯ͠ΔɻALL͸ɺPHENIXͱ STARͱݺ͹ΕΔ̎ͭ

ͷେ͕ݧ࣮ܕಉ࣌ʹଌఆ͍ͯ͠Δɻೋͭͷ࣮ݧͰ͸ݕग़ث

ग़ޮ཰ݕ੒ͱΞΫηϓλϯε͕େ͖͘ҟͳΓɺͦͷ݁Ռߏ

ͷཻࢠ΍ӡಈྔ΁ͷґଘੑ΋ҟͳΔɻॎภۃཅࢠ–ཅࢠিಥ

ʹ͓͍ͯ PHENIXͷதԝϥϐσΟςΟʔྖҬ (|η| < 0.35)

Ͱ؍ଌ͞Εͨ π0 ͷੜ੒ඇରশ౓ ALL Λਤ 5ʹࣔ͢ ɻԣ

࣠ xT ͸িಥΤωϧΪʔͷҧ͍Λ֨نԽ͢Δҝʹಋೖͨ͠

ԣӡಈྔͰɺxTࢉ׵ = 2pT /
√
sͰఆٛ͞ΕΔɻ࢛֯Ͱࣔ͢

√
s = 510 GeVͷσʔλ͸ɺؙͰࣔ͞Εͨ

√
s = 200 GeV

ͷσʔλ11)ʹൺ΂ͯখ͍͞ xT ྖҬʹ෼෍͢Δɻ
√
s = 200

GeV ͷσʔλͰ͸ ALL ͸̌ͱ͢Δղऍͱໃ६͠ͳ͍͕ɺ√
s = 510 GeVͷσʔλͰ͸໌Β͔ʹਖ਼ͷ޲܏Λ͍ࣔͯ͠

Δɻ͜ΕΒͷ࣮ݧσʔλ͸࣮ઢɺഁઢɺ఺ઢͰࣔ̏ͭ͢ͷ

ҟͳΔάϩʔόϧQCDղੳϞσϧ12, 13, 14)ʹΑΓΑ͘ݱ࠶

͞Ε͍ͯΔɻxT ͕େ͖͘ͳΔʹैͬͯඇରশ౓͕େ͖͘ͳ

10∆g(x),∆q(x)౳ͷύʔτϯ෼෍ؔ਺͸ Q2 ͷؔ਺Ͱ΋͋Δ͕ɺ؆ૉ
ԽͷͨΊ Q2 ґଘੑ͸লུ͢Δɻ

ग़ʹ͸લग़ͷάϩʔόϧࢉͷࡍ11࣮ QCDղੳٕज़Λͯ͠࢖ۦɺӡಈֶ
తʹྡΓ߹͏σʔλ͕׈Β͔ʹ͕ܨΔͳͲͷ৚݅ΛՃ͑ͯࢉग़͢Δɻ
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ਤ 3 িಥʹ͓͚ΔύʔτϯͷૉաఔμΠΞάϥࢠཅ–ࢠΤωϧΪʔཅߴ
Ϝͷྫɻਤ 2 ͷύʔτϯ a, b ͕ͦΕͧΕʢIʣάϧʔΦϯ-άϧʔΦϯͷ
൓ԠɺʢIIʣ άϧʔΦϯ-(൓) ΫΥʔΫͷ൓ԠɺʢIIIʣ(൓) ΫΥʔΫ-(൓)
ΫΥʔΫͷ൓Ԡɻ

ʹΑΓͦΕͧΕͷૉաఔͷׂ߹9) ͸ਤ 4ͷΑ͏ʹ༧ଌ͞Ε

Δ7ɻԣ࣠͸ π0 ͷԣӡಈྔ8ͰɺpT ͷখ͍͞ྖҬ͸άϧʔ

Φϯ͕ૉաఔʹ઎ΊΔׂ߹͕͕͍ߴɺpT ͕େ͖͘ͳΔʹ͠

͕ͨͬͯάϧʔΦϯͷد༩͸ݮগ͠ɺ୅ΘͬͯΫΥʔΫͷ

༩͕େ͖͘ͳΔɻ͜Ε͸د pT ͕ૉաఔͷύʔτϯ a, bͷ

xͱൺྫؔ܎ʹ͋ΔͷͰɺpT ͷখ͍͞ྖҬ͸খ͍͞ xྖҬ

Ͱࢧ഑తͳάϧʔΦϯͷد༩͕େ͖͘ͳΔͨΊͰ͋Δɻ

Ұํഁؔࡅ਺͸ιϑτաఔͳͷͰ pQCD ͷద༻֎Ͱ͋

Δɻͦ͜Ͱɺ͜͜Ͱ͸ e+e− ൓Ԡͷ࣮ݧσʔλΛੜ੒ϋυ

ϩϯछຖʹάϩʔόϧQCDղੳͨ͠Ϟσϧ9ࢉܭΛഁؔࡅ

਺ʹద༻͢Δɻ

άϧʔΦϯɾεϐϯͷଌఆʹ͸ɺিಥཅࢠΛͲͪΒ΋ॎภ

Δ͜ͱͰਤͤ͞ۃ 2ͷඇภۃ෼෍ؔ਺ͱඇภۃඍ෼அ໘ੵ

ΛɺͦΕͧΕภۃ෼෍ؔ਺ ∆fa(x1)ɺ∆fb(x2)ͱภۃඍ෼

அ໘ੵ d∆σ̂ab→cX ʹஔ͖͑׵Δɻ࣮ݧͰ͸ɺཅࢠͷਐํߦ

ͷ࢜ಉࢠཅͨ͠ۃॎภʹ޲ํߦͱʢ൓ʣฏ޲ํߦର͠ฏʹ޲

িಥ൓Ԡஅ໘ੵ σ++(σ+−)Λ༻͍ͯ10)ɺೋॏϔϦγςΟʔ

ඇରশ౓ ALL

ALL =
σ++ − σ+−

σ++ + σ+− (2)

7ਤ 2ͷ hΛ π0 ͱͨ͠৔߹ͷࢉܭͰɺޙʹൺֱ͢Δ࣮ݧσʔλͱ৚݅
Λଗ͑ΔͨΊϥϐσΟςΟʔΛ |η| < 0.35 ͷதԝྖҬʹݶఆ͍ͯ͠Δ9)ɻ

8π0 ͷӡಈྔΛϏʔϜ࣠ʹਨ௚ͳฏ໘ʹࣹӨͨ͠੒෼ɻ
9DIS/SIDIS ΍ RHIC σʔλݧσʔλͳͲҟͳΔ൓Ԡաఔͷ࣮ݧ࣮

ΛूͤدΊ্ͨͰɺϑϨΩγϒϧͳؔ਺ͰશͯͷσʔλΛटඌҰ؏ͯ͠
ϑΟοτ͢Δݱ৅࿦తͳղੳख๏ɻϑΟοτ͢Δؔ਺ܥ΍σʔληοτͷ
ҧ͍ʹΑΓҟͳΔϞσϧ͕͋Δɻ

pT [GeV]

gg

qg

qq + qq + ...

0

0.2

0.4

0.6

0.8

0 5 10 15

!"

!!
"" # "

$" # %

!
"
#
"
$
%
&
'
(
)
*
+
,
-
.
/
0

1 2 31 32
π!$4567 !! 89:;<=>

1

1?@

1?A

1?B

1?C

ਤ 4
√
s = 200 GeVʹ͓͚Δཅࢠ–ཅࢠিಥ൓ԠͷதԝϥϐσΟςΟʔ

ྖҬ (|η| < 0.35) ͷ π0 ੜ੒ͷૉաఔׂ߹ͷ pQCD ༧ଌɻάϧʔΦϯ-
άϧʔΦϯʢ࣮ઢʣɺάϧʔΦϯ-ΫΥʔΫʢഁઢʣɺΫΥʔΫ-ΫΥʔΫ൓
Ԡʢ఺ઢʣɺͦΕͧΕͷׂ߹Λ π0 ͷԣӡಈྔ pT ͷؔ਺Ͱ͍ࣔͯ͠Δɻ

Λଌఆ͠ɺάϧʔΦϯ g ͷภۃ෼෍ؔ਺ ∆g(x) Λࢉग़͢

Δ10 ɻύʔτϯ a, b͸ pT ʹΑΓΫΥʔΫ΍άϧʔΦϯͷ

஫ҙ͕ඞཁͰ͋Δɻʹࣄ༩ͷׂ߹͕มԽ͢Δد

·ͱΊΔͱɺਤ 2Λॎภۃཅࢠ–ཅࢠিಥͱͨ͠৔߹ͷ൓

ԠͰະ஌਺͸ a, b͕άϧʔΦϯͷ৔߹ͷ∆fg(x) ≡ ∆g(x)ͩ

͚ͰɺΫΥʔΫภۃ෼෍ؔ਺∆fq(x) ≡ ∆q(x)ɺd∆σ̂ab→cXɺ

ͦͯ͠Dh
c (z)͸ࠩޡ෇͖͕ͩط஌ͷ෺ཧྔͱͯ͠ѻ͏ɻҰͭ

ͷALLଌఆʹରͯ͠ະ஌਺͕ҰͭͳͷͰɺݪཧతʹ∆g(x)

Λࢉग़Ͱ͖Δ11ɻ

2.2. RHICͷೋॏϔϦγςΟඇରশ౓ଌఆ

ඇରশ౓ଌఆʹͱͬͯɺεϐϯґଘͷஅ໘ੵࠩΛΑΓݦ

ஶʹ؍ଌͰ͖ΔͨΊɺϏʔϜͷภۃ౓͸͚ߴΕ͹͍ߴ΄Ͳ

ྑ͍ɻRHICͰ͸ϏʔϜͷڧ౓ͱภۃ౓Λঃʑʹվળ͠ɺภ

ۉϥϯฏ͍ͨͯ͛ܝ౓͸౰ॳͷ໨ඪͱͯ͠ۃ 50 ∼ 65 %Λ

ୡ੒͍ͯ͠ΔɻALL͸ɺPHENIXͱ STARͱݺ͹ΕΔ̎ͭ

ͷେ͕ݧ࣮ܕಉ࣌ʹଌఆ͍ͯ͠Δɻೋͭͷ࣮ݧͰ͸ݕग़ث

ग़ޮ཰ݕ੒ͱΞΫηϓλϯε͕େ͖͘ҟͳΓɺͦͷ݁Ռߏ

ͷཻࢠ΍ӡಈྔ΁ͷґଘੑ΋ҟͳΔɻॎภۃཅࢠ–ཅࢠিಥ

ʹ͓͍ͯ PHENIXͷதԝϥϐσΟςΟʔྖҬ (|η| < 0.35)

Ͱ؍ଌ͞Εͨ π0 ͷੜ੒ඇରশ౓ ALL Λਤ 5ʹࣔ͢ ɻԣ

࣠ xT ͸িಥΤωϧΪʔͷҧ͍Λ֨نԽ͢Δҝʹಋೖͨ͠

ԣӡಈྔͰɺxTࢉ׵ = 2pT /
√
sͰఆٛ͞ΕΔɻ࢛֯Ͱࣔ͢

√
s = 510 GeVͷσʔλ͸ɺؙͰࣔ͞Εͨ

√
s = 200 GeV

ͷσʔλ11)ʹൺ΂ͯখ͍͞ xT ྖҬʹ෼෍͢Δɻ
√
s = 200

GeV ͷσʔλͰ͸ ALL ͸̌ͱ͢Δղऍͱໃ६͠ͳ͍͕ɺ√
s = 510 GeVͷσʔλͰ͸໌Β͔ʹਖ਼ͷ޲܏Λ͍ࣔͯ͠

Δɻ͜ΕΒͷ࣮ݧσʔλ͸࣮ઢɺഁઢɺ఺ઢͰࣔ̏ͭ͢ͷ

ҟͳΔάϩʔόϧQCDղੳϞσϧ12, 13, 14)ʹΑΓΑ͘ݱ࠶

͞Ε͍ͯΔɻxT ͕େ͖͘ͳΔʹैͬͯඇରশ౓͕େ͖͘ͳ

10∆g(x),∆q(x)౳ͷύʔτϯ෼෍ؔ਺͸ Q2 ͷؔ਺Ͱ΋͋Δ͕ɺ؆ૉ
ԽͷͨΊ Q2 ґଘੑ͸লུ͢Δɻ

ग़ʹ͸લग़ͷάϩʔόϧࢉͷࡍ11࣮ QCDղੳٕज़Λͯ͠࢖ۦɺӡಈֶ
తʹྡΓ߹͏σʔλ͕׈Β͔ʹ͕ܨΔͳͲͷ৚݅ΛՃ͑ͯࢉग़͢Δɻ
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Sec. 2 Gluon Spin Measurement ResultsΔͷ͸ɺૉաఔͷ x͕େ͖͘ͳΔͨΊΫΥʔΫɾεϐϯͷ

ׂ߹͕૿͍͑ͯͨ͘ΊͰ͋Δɻ

 )s/
T

 (=2pTx
0 0.05 0.1

LL
A

0

0.01

0.02

PHENIX

|<0.35!+X  |0" #pp 
510 GeV: Run12-13
510 GeV: rel. lum. uncertainty
200 GeV: Run6-9 (PRD90,012007)
200 GeV: rel. lum. uncertainty

510 GeV / 200 GeV pol. scale uncert. 6.5% / 4.8%

Theory curves: LSS10p (dashed), DSSV14 (solid) and NNPDF1.1 (dotted)

ਤ 5 PHENIX িಥ൓Ԡͷதԝϥϐࢠཅ-ࢠཅۃͰଌఆ͞Εͨॎภݧ࣮
σΟςΟʔྖҬ (|η| < 0.35)ͷ π0 ੜ੒ඇରশ౓ ALLɻ࢛֯͸

√
s = 510

GeVɺؙ ͸
√
s = 200 GeVͷσʔλ11)ɻԣ࣠͸ԣӡಈྔ xT = 2pT /

√
sɻ

࣮ઢɺഁઢɺ఺ઢ͸ͦΕͧΕͷিಥΤωϧΪʔʹର͢Δάϩʔόϧ QCD
ղੳϞσϧ12ࢉܭ, 13, 14)ɻ

STAR࣮ݧͰ͸େ͖ͳΞΫηϓλϯεΛ׆༻ͯ͠ऴঢ়ଶʹ

୯δΣοτ12Λݕग़͠ɺδΣοτͷALLΛଌఆͨ͠15, 16)(ਤ

6)ɻδΣοτଌఆ͸ɺ∆g(x)ͷࢉग़աఔͰਤ 2ͷ π0ଌఆͰ
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90%Ҏ্Ͱ Q2 = 10 (GeV/c)2 ʹ͓͚ΔάϧʔΦϯɾεϐ

ϯͷੵ෼͸
∫ 0.2
0.05 ∆g(x)dx = 0.20+0.06

−0.07 ͕ಘΒΕͨ
13ɻ͜ͷ

0.20ͱ͍͏஋͸ɺཅࢠεϐϯ 1/2 = 0.5ͷຌͦ 40%ʹ૬౰

͠ɺΫΥʔΫɾεϐϯͱಉ౳ϨϕϧΛάϧʔΦϯɾεϐϯ

͕୲͏͜ͱΛ͍ࣔࠦͯ͠ΔɻRHICͰ͸͞ޙࠓΒʹ͜ͷਫ਼

౓্޲ʹ౒Ί͍ͯ͘ɻSTAR࣮ݧͰ͸ऴঢ়ଶʹ̎δΣοτ

Λಉܭ࣌ଌ͠ʢp+ p → jet+ jet+Xʣɺύʔτϯ a, bͷͦ

ΕͧΕͷӡಈྔׂ߹ xa, xbΛಛఆ͢Δ͜ͱͰɺ౷ܭ͸མͪ

Δ͕ӡಈֶม਺ͷܾఆਫ਼౓ΛߴΊΔଌఆ΋ͳ͞Ε͍ͯΔ14ɻ

12ύʔτϯ͕ඈͼग़͢ࡍɺయܕతʹΫϥελʔঢ়ͷෳ਺ͷϋυϩϯͳͲ
ͷཻ࢟ʹࢠΛม͑ͯग़ͯ͘Δɻ͜ͷΫϥελʔΛδΣοτͱݺͿɻ

13ੵ෼ൣғͷ 0.05 < x < 0.2 ͸ RHIC ౓ͷ͋ΔྖҬɻײʹݧ࣮
14DIS Ͱ͸ࢄཚϨϓτϯΛଌఆ͢Δ͜ͱͰɺ൓Ԡͷ Q2, x Λಛఆ͢Δ
͜ͱ͕Ͱ͖Δɻ͔͠͠ཅࢠ–ཅࢠিಥͰͷϋυϩϯੜ੒ p+ p → h+X ΍
δΣοτੜ੒ p+ p → h+ jetͰ͸ɺ൓Ԡͷ Q2, xΛಛఆ͢Δ͜ͱ͸Ͱ͖
ͳ͍ͷͰɺ൓ԠͷϞϯςΧϧϩγϛϡϨʔγϣϯʹΑΔ༧ଌΛར༻͢Δɻ

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

s/
T

p = 2Tx Parton Jet 

0.00

0.02

0.04

0.06

L
L

A

 = 200 GeVsSTAR,
 Jet + X→p+p

| < 1η = 0.6, |R
T

kAnti-

 STAR 2015, This work
 STAR 2009, PRL 115 (2015) 092002
 DSSV14
 NNPDFpol1.1

Rel. Lumi. Sys.
2015     2009

 6.5% (2009) scale uncertainty from polarization not shown± 6.1% (2015) and ±

ਤ 6 STAR Ͱଌఆ͞Εͨݧ࣮
√
s = 200 GeV ʹ͓͚Δॎภۃཅࢠ-ཅ

িಥ൓ԠͷதԝϥϐσΟςΟʔྖҬࢠ (|η| < 1) ͷ୯δΣοτੜ੒ඇରশ
౓ ALLɻԣ࣠͸δΣοτͷԣӡಈྔ xT = 2pT /

√
s Ͱɺ2009 ೥ͱ 2015

೥ʹऔಘ࣮ͨ͠ݧσʔλΛͦΕͧΕ15֯ࡾ)ɺ16࢛֯) Ͱࣔ͢ɻ࣮ઢͱͦͷ
ઢӨɺഁઢ͸িಥΤωϧΪʔʹର͢Δάϩʔόϧ QCD ղੳϞσϧࢉܭ
14, 12)ɻ

ҰํάϧʔΦϯͷεϐϯͷد༩Λଌఆ͢Δͷʹɺ͜ͷ

0.05 < x < 0.2 ͱ͍͏ՁΫΥʔΫ͕ࢧ഑తʹଘ͢ࡏΔྖ

Ҭ͚ͩͰྑ͍ͷ͔ʁͱͷ൷൑͸ৗʹ͋Δɻਤ 1͕ࣔ͢Α͏

ʹɺάϧʔΦϯ͕ଘײࡏΛ૿͢ͷ͸ΑΓ௿͍ x͔ͩΒάϧʔ

Φϯ͕ࢧ഑తʹͳΔ௿ xྖҬ΁ੵ෼ൣғΛ͛޿ͳ͚Ε͹ɺ

άϧʔΦϯɾεϐϯଌఆͷܾணʹ͸ࢸΒͳ͍ɻ͜ͷܾண͸ɺ

௿ xྖҬΛߴ౷ܭଌఆͰ͖Δ EIC࣮ݧΛ଴ͨͳ͚Ε͹͚Ε

͹ͳΒͳ͍5) ɻ

3. ւΫΥʔΫɾεϐϯ

ऑ͍૬࡞ޓ༻ͷύϦςΟඇอଘ͸Α͘஌ΒΕ͍ͯΔɻऑ

͍૬࡞ޓ༻Λഔհ͢ΔW/ZϘιϯͷଘࡏ͸ 1980೥୅ʹݟ

͔ͭͬͨɻಛʹՙిW ͸ࢠཻ͖רࠨɾӈ͖ר൓ཻࢠͱ͔͠

૬࡞ޓ༻Λ͠ͳ͍ಛ௃Λͭ࣋ɻӈ͖רɺ͖רࠨ͸ཻࢠͷε

ϐϯͷ͕͖ͦ޲ͷӡಈྔํ޲ʹରͯ͠ฏߦɺ൓ฏߦʹ૬౰

͢Δɻ࣭ྔ̌ͷཻࢠʹͱͬͯ͜Ε͸อଘྔͰ͋ΔɻRHIC

ͷߴΤωϧΪʔภۃཅࢠ–ཅࢠিಥͷW ੜ੒൓Ԡ͸ɺ͜ͷ

ಛ௃Λ͔ͤ׆͹ཅࢠεϐϯʹ͓͚ΔΫΥʔΫͱ൓ΫΥʔΫɾ

εϐϯͷد༩Λௐ΂Δϓϩʔϒͱͯ͠༗༻Ͱ͋ΔɻҰํͷ

ภۃཅࢠϏʔϜͷεϐϯͷ͖޲Λಛఆ͢Δͱɺྫ͑͹ɺཅ

ͳεϐϯߦΫΥʔΫͱ൓ฏͭ࣋ͳεϐϯΛߦεϐϯʹฏࢠ

Λͭ࣋൓ΫΥʔΫʹΑΔW ੜ੒ͱಛఆ͢Δ͜ͱ͕Ͱ͖Δɻ

͠ۃεϐϯภʹߦɾ൓ฏߦରͯ͠ฏʹ޲Ͱ͸ɺӡಈํݧ࣮

ͨཅࢠͷW ੜ੒அ໘ੵ σ+
W , σ−

W Λଌఆ͠ɺҎԼͷࣜࢉܭ

ͰύϦςΟඇอଘ୯εϐϯඇରশ౓ AL ͱͯ͠ٻΊΔɻ

AL =
σ+
W − σ−

W

σ+
W + σ−

W

(3)

΋͏Ұͭͷར఺͸ɺW ϘιϯͷిՙʹΑͬͯؔ༩͢Δ

ΫΥʔΫɾ൓ΫΥʔΫͷϑϨʔόʔΛ΄΅ಛఆͰ͖Δ͜ͱɻ

ਤ 7ͷμΠΞάϥϜ (a) ͕ࣔ͢௨ΓɺW+ Ϙιϯ͸ओʹి
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~40% of Proton Spin



Sec 3. Sea Quark Spin

ՙ +2/3ͷ uΫΥʔΫͱిՙ +1/3ͷ൓ dΫΥʔΫ (d̄)ͷ

ରফ໓աఔͰੜ੒͞ΕΔɻಉ༷ʹW−Ϙιϯ͸ (b)ͷΑ͏

ʹओʹిՙ −1/3ͷ dΫΥʔΫͱిՙ −2/3ͷ൓ uΫΥʔ

Ϋ (ū)ͷରফ໓աఔͰੜ੒͞ΕΔ15ɻલड़ͷ௨Γ͢Ͱʹ u

ΫΥʔΫͱ dΫΥʔΫɾεϐϯͷد༩͸ RHICͷӡಈֶྖ

ҬͰ͸ྑ͘ଌΒΕ͍ͯΔͷͰɺଌఆͨ͠ AL ͔Β൓ΫΥʔ

Ϋɾεϐϯͷد༩ΛϑϨʔόʔຖʹࢉग़͢Δ͜ͱ͕Ͱ͖Δɻ

ऴঢ়ଶʹϋυϩϯΛଌఆ͢Δ SIDISͱ͸ҟͳΓɺRHICͰ

͸W ͷϋυϩϯ่յͰ͸ͳ͘Ϩϓτϯ่յνϟϯωϧΛଌ

ఆ͢Δ͜ͱͰɺഁؔࡅ਺ʹΑΔϞσϧґଘΛࢉग़աఔ͔Β

ഉআ͍ͯ͠ΔɻҎ্ͷར఺͔ΒɺւΫΥʔΫͷੈ࣍୅ଌఆ

ͷҐஔ෇͚ͱ͞ΕΔɻRHICͰ͸̎ͭͷཅࢠϏʔϜͲͪΒ

΋ภ͍ͯ͠ۃΔ͕ɺALͷଌఆͰ͸ͲͪΒ͔ͷཅࢠͷΈॎภ

Δͱͯ͠ѻ͏ɻW͍ͯ͠ۃ Ϙιϯ͸ཅࢠͷ 80ഒͷ࣭ྔ (໿
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ਤ 7 িಥͷࢠཅ–ࢠཅۃΤωϧΪʔඇภߴ (a)W+ ੜ੒൓Ԡɺ(b)W− ੜ
੒൓ԠμΠΞάϥϜɻ

80 GeV/c2)Λͭ࣋ɻ͜ͷ༷ͳॏཻ͍ࢠΛे෼ͳ౷ྔܭੜ੒

͢ΔͨΊʹɺRHIC͸ߴ࠷িಥিಥΤωϧΪʔ
√
s = 510

GeVͰՔಇͨ͠ɻPHENIX࣮ݧͱ STAR࣮͍ͣݧΕ΋W

ϘιϯͷϨϓτϯ่յνϟϯωϧΛଌఆର৅ͱ͓ͯ͠Γɺ

ʢ൓ʣి17ࢠ) ·ͨ͸ʢ൓ʣϛϡʔΦϯ18)Λݕग़ͨ͠ɻχϡʔ

τϦϊ͸ଌఆʹ͔͔Βͳ͍͕ɺதԝϥϐσΟςΟʔྖҬͰ

͸W ͷ࣭ྔΤωϧΪʔΛ΄΅ϨϓτϯͱχϡʔτϦϊ͕

όϥϯεྑ͘൒෼ͣͭ෼͚߹͏ͷͰɺϨϓτϯ͚ͩଌఆ͠

ͯ΋ൺֱత༰қʹW ่յ༝དྷͰ͋Δ͜ͱΛಛఆͰ͖ΔɻҰ

ํલํɾํޙͷϥϐσΟςΟʔྖҬͰ͸ɺ(W ੜ੒ʹؔΘ

Δύʔτϯͷݩʑͷӡಈྔׂ߹ x͕ӡಈֶʹد༩͢ΔޮՌ

͕ແࢹͰ͖ͳ͘ͳΓɺ) ͜ͷόϥϯε͸ద༻Ͱ͖ͣߴΤω

ϧΪʔ͔ͭϨϓτϯ୯ಠͰݕग़͞ΕΔࣄ৅ΛɺଞͷόοΫ

άϥ΢ϯυϨϓτϯࣄ৅͔Βࣝผ͢Δ৻ॏͳղੳΛཁ͢Δɻ

͜ͷΑ͏ͳղੳΛͯܦɺPHENIXɺSTAR࣮྆ݧͱ΋ʹW

ͷ୯εϐϯඇରশ౓ AL ͷଌఆʹ੒ޭͨ͠ɻͦͷ݁ՌΛਤ

8ʹ·ͱΊͯࣔ͢ɻPHENIXͱ STARͰ͸ΞΫηϓλϯε

΍ϨϓτϯΤωϧΪʔͷΧοτ৚͕݅ҧ͏ͷͰɺ஫ҙ͕ඞ

ཁͰ͋Δɻ৽ͨʹಘΒΕͨ RHICͷσʔλ͸શମతʹ༗ݶ

ͷඇରশੑΛ͍ࣔͯ͠ΔͷͰɺūΫΥʔΫ16ɺd̄ΫΥʔΫɾ

15W+(W−)͸͘͝كʹ us̄(sū)ͷΑ͏ͳॏ͍ϑϨʔόʔͷ૊Έ߹Θͤ
Ͱ΋ੜ੒͞ΕΔ͕ɺRHIC ͷΤωϧΪʔͰ͸ແࢹͰ͖Δఔස౓͕௿͍ɻ

16ൺֱతߴਫ਼౓ͷW+ ͷதԝϥϐσΟςΟʔ෇ۙͷσʔλ͸ ūΫΥʔ
Ϋɾεϐϯ͕༗ݶͱ͠ͳ͍ͱઆ໌Ͱ͖ͳ͍ɻ

εϐϯ17ڞʹθϩͰ͸ͳ͍͜ͱΛ͍ࣔࠦͯ͠Δɻ·ͨɺա

ͷڈ SIDISσʔλ͕৭ೱ͘൓ө͞Εͨάϩʔόϧ QCDղ

ੳͰ༧ଌͨ͠ཧ࿦༧ଌʢ࣮ઢɺ఺ઢ΍ഁઢ౳ʣͱҰக͠ͳ

͍఺΋ݟΒΕɺطଘͷཧղʹվળΛଅ͍ͯ͠ΔɻW+ͷޙ

ํʢෛͷ ηʣσʔλ͕͍͔͞͞༧ଌΑΓ΋ඇରশ౓͕খ͞

ཧ࿦༧ଌΑߦݱ༩͸دΒɺd̄ΫΥʔΫɾεϐϯͷ͔޲܏͍

Γ΋΍΍খ͍͜͞ͱΛࣔࠦ͠ɺW− ͷσʔλ͕༧ଌ AL Λ

༩دஶʹ্ճ͍ͬͯΔ͜ͱ͔ΒɺūΫΥʔΫɾεϐϯͷݦ

͸େ͖͍͜ͱΛ͍ࣔࠦͯ͠Δɻ

    
l
η

2− 1− 0 1 2

L
A

1.0−

0.5−

0.0

0.5
+,e+µ→+Z+W

 = 510 GeVsp+p at 
>16 GeVµ

T
 (2012), pµ

LPHENIX A
>16 GeVµ

T
 (2013), pµ

LPHENIX A
 > 30 GeVe

T
 (2011-2012), pe

LPHENIX A
 > 30 GeVe

T
 (2013), pe

LPHENIX A

(a)

    
l
η

2− 1− 0 1 2

L
A

0.5−

0.0

0.5

1.0
-,e-µ→+Z-W >25GeV

T
(2012), Ee

LSTAR A
>25GeV

T
(2013), Ee

LSTAR A
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(b)

ਤ 8 Wͱ ZϘιϯ͔Βͷਖ਼ɾෛ่յϨϓτϯͷ୯ॎεϐϯඇରশ౓ AL

ΛϨϓτϯͷϥϐσΟςΟʔͷؔ਺ͱͯ͠ϓϩοτͨ͠17, 18)ɻൺֱͷͨ
ΊʹɺRHIC ͷσʔλΛؚΊͣʹάϩʔόϧ QCD ղੳͨ͠ҟͳΔೋͭ
ͷཧ࿦༧ଌΛ࣮ઢ14)ɺ఺ઢ΍ഁઢ౳12) Ͱࣔ͢ɻ

͜ΕΒͷੈ࣍୅৽ଌఆσʔλ͸༷ʑͳϞσϧͷূݕʹ໾

ཱͯΒΕ͍ͯΔɻཅࢠͷجఈঢ়ଶΛ֩ࢠͱ πதؒࢠͷܥͷ

ෳ߹ঢ়ଶͰ͋Δͱ͢Δ πதؒࢠͷӢϞσϧ͸ɺཅࢠͷ༷ʑ

ͳಛੑΛهड़͢Δͷʹ੒ޭ͍ͯ͠Δ͕ɺϞσϧͷதʹ͸ւ

ΫΥʔΫ ūͱ d̄ͷεϐϯภۃ෼෍ͷࠩ͸ւΫΥʔΫ ūͱ d̄

ඇภۃ෼෍ͷࠩͱಉ͡ූ߸Λͭ࣋ͱ༧ଌ͢Δ΋ͷ΋͋Δɻ

RHICͷW ଌఆ݁Ռ͸ɺͦͷϞσϧΛ٫ͨ͠غɻରরతʹ

ଞͷϞσϧɺྫ͑͹ΧΠϥϧΫΥʔΫɾιϦτϯɾϞσϧ

͕༧ଌ͢Δූ߸͸࣮ݧσʔλʹҰக͓ͯ͠Γɺఆੑతʹ͸

σʔλͱ߹͍ͬͯΔɻݧ࣮

4. ԣภۃཅࢠিಥʹΑΔཅࢠ಺෦ͷيಓӡಈͷ
ڀݚ

ཅࢠεϐϯ 1/2 ʹର͢ΔάϧʔΦϯɾεϐϯͷد༩ͷ஋

͕໌Β͔ʹͳ͖ͬͯͨͨΊɺཅࢠεϐϯͷཧղͱͯ͠ॏཁ

17W− ͷσʔλ͕ η < 1 ҎԼͰৗʹཧ࿦ϞσϧΑΓ΋େ͖͍ͷ͸ɺd̄
͕ཧ࿦ͷ૝ఆΑΓ΋େ͖ͭ͘׌θϩͰ͸ͳ͍͜ͱΛ͍ࣔࠦͯ͠Δɻ

ղઆ ଄ߏͷεϐϯࢠিಥͰ୳Δཅࢠཅ–ࢠཅۃΤωϧΪʔภߴ 6

ՙ +2/3ͷ uΫΥʔΫͱిՙ +1/3ͷ൓ dΫΥʔΫ (d̄)ͷ

ରফ໓աఔͰੜ੒͞ΕΔɻಉ༷ʹW−Ϙιϯ͸ (b)ͷΑ͏

ʹओʹిՙ −1/3ͷ dΫΥʔΫͱిՙ −2/3ͷ൓ uΫΥʔ

Ϋ (ū)ͷରফ໓աఔͰੜ੒͞ΕΔ15ɻલड़ͷ௨Γ͢Ͱʹ u

ΫΥʔΫͱ dΫΥʔΫɾεϐϯͷد༩͸ RHICͷӡಈֶྖ

ҬͰ͸ྑ͘ଌΒΕ͍ͯΔͷͰɺଌఆͨ͠ AL ͔Β൓ΫΥʔ

Ϋɾεϐϯͷد༩ΛϑϨʔόʔຖʹࢉग़͢Δ͜ͱ͕Ͱ͖Δɻ

ऴঢ়ଶʹϋυϩϯΛଌఆ͢Δ SIDISͱ͸ҟͳΓɺRHICͰ

͸W ͷϋυϩϯ่յͰ͸ͳ͘Ϩϓτϯ่յνϟϯωϧΛଌ

ఆ͢Δ͜ͱͰɺഁؔࡅ਺ʹΑΔϞσϧґଘΛࢉग़աఔ͔Β

ഉআ͍ͯ͠ΔɻҎ্ͷར఺͔ΒɺւΫΥʔΫͷੈ࣍୅ଌఆ

ͷҐஔ෇͚ͱ͞ΕΔɻRHICͰ͸̎ͭͷཅࢠϏʔϜͲͪΒ

΋ภ͍ͯ͠ۃΔ͕ɺALͷଌఆͰ͸ͲͪΒ͔ͷཅࢠͷΈॎภ

Δͱͯ͠ѻ͏ɻW͍ͯ͠ۃ Ϙιϯ͸ཅࢠͷ 80ഒͷ࣭ྔ (໿
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ਤ 7 িಥͷࢠཅ–ࢠཅۃΤωϧΪʔඇภߴ (a)W+ ੜ੒൓Ԡɺ(b)W− ੜ
੒൓ԠμΠΞάϥϜɻ

80 GeV/c2)Λͭ࣋ɻ͜ͷ༷ͳॏཻ͍ࢠΛे෼ͳ౷ྔܭੜ੒

͢ΔͨΊʹɺRHIC͸ߴ࠷িಥিಥΤωϧΪʔ
√
s = 510

GeVͰՔಇͨ͠ɻPHENIX࣮ݧͱ STAR࣮͍ͣݧΕ΋W

ϘιϯͷϨϓτϯ่յνϟϯωϧΛଌఆର৅ͱ͓ͯ͠Γɺ

ʢ൓ʣి17ࢠ) ·ͨ͸ʢ൓ʣϛϡʔΦϯ18)Λݕग़ͨ͠ɻχϡʔ

τϦϊ͸ଌఆʹ͔͔Βͳ͍͕ɺதԝϥϐσΟςΟʔྖҬͰ

͸W ͷ࣭ྔΤωϧΪʔΛ΄΅ϨϓτϯͱχϡʔτϦϊ͕

όϥϯεྑ͘൒෼ͣͭ෼͚߹͏ͷͰɺϨϓτϯ͚ͩଌఆ͠

ͯ΋ൺֱత༰қʹW ่յ༝དྷͰ͋Δ͜ͱΛಛఆͰ͖ΔɻҰ

ํલํɾํޙͷϥϐσΟςΟʔྖҬͰ͸ɺ(W ੜ੒ʹؔΘ

Δύʔτϯͷݩʑͷӡಈྔׂ߹ x͕ӡಈֶʹد༩͢ΔޮՌ

͕ແࢹͰ͖ͳ͘ͳΓɺ) ͜ͷόϥϯε͸ద༻Ͱ͖ͣߴΤω

ϧΪʔ͔ͭϨϓτϯ୯ಠͰݕग़͞ΕΔࣄ৅ΛɺଞͷόοΫ

άϥ΢ϯυϨϓτϯࣄ৅͔Βࣝผ͢Δ৻ॏͳղੳΛཁ͢Δɻ

͜ͷΑ͏ͳղੳΛͯܦɺPHENIXɺSTAR࣮྆ݧͱ΋ʹW

ͷ୯εϐϯඇରশ౓ AL ͷଌఆʹ੒ޭͨ͠ɻͦͷ݁ՌΛਤ

8ʹ·ͱΊͯࣔ͢ɻPHENIXͱ STARͰ͸ΞΫηϓλϯε

΍ϨϓτϯΤωϧΪʔͷΧοτ৚͕݅ҧ͏ͷͰɺ஫ҙ͕ඞ

ཁͰ͋Δɻ৽ͨʹಘΒΕͨ RHICͷσʔλ͸શମతʹ༗ݶ

ͷඇରশੑΛ͍ࣔͯ͠ΔͷͰɺūΫΥʔΫ16ɺd̄ΫΥʔΫɾ

15W+(W−)͸͘͝كʹ us̄(sū)ͷΑ͏ͳॏ͍ϑϨʔόʔͷ૊Έ߹Θͤ
Ͱ΋ੜ੒͞ΕΔ͕ɺRHIC ͷΤωϧΪʔͰ͸ແࢹͰ͖Δఔස౓͕௿͍ɻ

16ൺֱతߴਫ਼౓ͷW+ ͷதԝϥϐσΟςΟʔ෇ۙͷσʔλ͸ ūΫΥʔ
Ϋɾεϐϯ͕༗ݶͱ͠ͳ͍ͱઆ໌Ͱ͖ͳ͍ɻ

εϐϯ17ڞʹθϩͰ͸ͳ͍͜ͱΛ͍ࣔࠦͯ͠Δɻ·ͨɺա

ͷڈ SIDISσʔλ͕৭ೱ͘൓ө͞Εͨάϩʔόϧ QCDղ

ੳͰ༧ଌͨ͠ཧ࿦༧ଌʢ࣮ઢɺ఺ઢ΍ഁઢ౳ʣͱҰக͠ͳ

͍఺΋ݟΒΕɺطଘͷཧղʹվળΛଅ͍ͯ͠ΔɻW+ͷޙ

ํʢෛͷ ηʣσʔλ͕͍͔͞͞༧ଌΑΓ΋ඇରশ౓͕খ͞

ཧ࿦༧ଌΑߦݱ༩͸دΒɺd̄ΫΥʔΫɾεϐϯͷ͔޲܏͍

Γ΋΍΍খ͍͜͞ͱΛࣔࠦ͠ɺW− ͷσʔλ͕༧ଌ AL Λ

༩دஶʹ্ճ͍ͬͯΔ͜ͱ͔ΒɺūΫΥʔΫɾεϐϯͷݦ

͸େ͖͍͜ͱΛ͍ࣔࠦͯ͠Δɻ

    
l
η

2− 1− 0 1 2

L
A

1.0−

0.5−

0.0

0.5
+,e+µ→+Z+W

 = 510 GeVsp+p at 
>16 GeVµ

T
 (2012), pµ

LPHENIX A
>16 GeVµ

T
 (2013), pµ

LPHENIX A
 > 30 GeVe

T
 (2011-2012), pe

LPHENIX A
 > 30 GeVe

T
 (2013), pe

LPHENIX A

(a)

    
l
η

2− 1− 0 1 2

L
A

0.5−

0.0

0.5

1.0
-,e-µ→+Z-W >25GeV

T
(2012), Ee

LSTAR A
>25GeV

T
(2013), Ee

LSTAR A

NNPDFpol1.1
DSSV

(b)

ਤ 8 Wͱ ZϘιϯ͔Βͷਖ਼ɾෛ่յϨϓτϯͷ୯ॎεϐϯඇରশ౓ AL

ΛϨϓτϯͷϥϐσΟςΟʔͷؔ਺ͱͯ͠ϓϩοτͨ͠17, 18)ɻൺֱͷͨ
ΊʹɺRHIC ͷσʔλΛؚΊͣʹάϩʔόϧ QCD ղੳͨ͠ҟͳΔೋͭ
ͷཧ࿦༧ଌΛ࣮ઢ14)ɺ఺ઢ΍ഁઢ౳12) Ͱࣔ͢ɻ

͜ΕΒͷੈ࣍୅৽ଌఆσʔλ͸༷ʑͳϞσϧͷূݕʹ໾

ཱͯΒΕ͍ͯΔɻཅࢠͷجఈঢ়ଶΛ֩ࢠͱ πதؒࢠͷܥͷ

ෳ߹ঢ়ଶͰ͋Δͱ͢Δ πதؒࢠͷӢϞσϧ͸ɺཅࢠͷ༷ʑ

ͳಛੑΛهड़͢Δͷʹ੒ޭ͍ͯ͠Δ͕ɺϞσϧͷதʹ͸ւ

ΫΥʔΫ ūͱ d̄ͷεϐϯภۃ෼෍ͷࠩ͸ւΫΥʔΫ ūͱ d̄

ඇภۃ෼෍ͷࠩͱಉ͡ූ߸Λͭ࣋ͱ༧ଌ͢Δ΋ͷ΋͋Δɻ

RHICͷW ଌఆ݁Ռ͸ɺͦͷϞσϧΛ٫ͨ͠غɻରরతʹ

ଞͷϞσϧɺྫ͑͹ΧΠϥϧΫΥʔΫɾιϦτϯɾϞσϧ

͕༧ଌ͢Δූ߸͸࣮ݧσʔλʹҰக͓ͯ͠Γɺఆੑతʹ͸

σʔλͱ߹͍ͬͯΔɻݧ࣮

4. ԣภۃཅࢠিಥʹΑΔཅࢠ಺෦ͷيಓӡಈͷ
ڀݚ

ཅࢠεϐϯ 1/2 ʹର͢ΔάϧʔΦϯɾεϐϯͷد༩ͷ஋

͕໌Β͔ʹͳ͖ͬͯͨͨΊɺཅࢠεϐϯͷཧղͱͯ͠ॏཁ

17W− ͷσʔλ͕ η < 1 ҎԼͰৗʹཧ࿦ϞσϧΑΓ΋େ͖͍ͷ͸ɺd̄
͕ཧ࿦ͷ૝ఆΑΓ΋େ͖ͭ͘׌θϩͰ͸ͳ͍͜ͱΛ͍ࣔࠦͯ͠Δɻ

ղઆ ଄ߏͷεϐϯࢠিಥͰ୳Δཅࢠཅ–ࢠཅۃΤωϧΪʔภߴ 6
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New generation sea-quark measurement at RHIC
Advantages in 
1. Avoid ambiguity introduced by the hadron 

fragmentation function.
2. Hard scale reliable description by pQCD.
3. Flavor is almost fixed.



Transverse Single Spin Asymmetry

ੑ͕૿͍ͯ͠Δͷ͸ΫΥʔΫͱάϧʔΦϯͷيಓӡಈʹΑ

Δد༩ͷڀݚͰ͋ΔɻΫΥʔΫɾεϐϯͷد༩͕ 30%ɺά

ϧʔΦϯɾεϐϯͷد༩͕ 40%Ͱ͋ΔͳΒ͹ɺ࢒Γͷ 30%

͸ΫΥʔΫͱάϧʔΦϯͷيಓ֯ӡಈྔ͕୲͏ͱ͍͏ͷ͕

ࣜʢ1ʣͷεϐϯ࿨ଇͷࣔ͢ͱ͜ΖͰ͋Γɺ͜ΕΛূ໌ͨ͠

͍ɻRHICͰͷ͚ͩڀݚͰ͸يಓ֯ӡಈྔʹ௚઀݁ͼ෇͚

ܾͯఆ͢Δ͜ͱ͸Ͱ͖ͳ͍͕ɺΫΥʔΫͱάϧʔΦϯͷي

ಓӡಈͷଌఆΛͨ͏ߦΊͷཧ࿦త࿮૊Έ͸੔͍ͬͯΔɻͦ

୅ͷੈ࣍ͯ͠ EIC࣮ݧͱ߹ΘͤΔ͜ͱʹΑΓɺيಓ֯ӡಈ

ྔͷܾఆ͕Ͱ͖Δ͜ͱ͕ࣔ͞Ε͍ͯΔɻ

ʢԣۃภʹ޲ରͯ͠ਨ௚ํʹ޲ํߦ͸ਐڀݚಓӡಈͷي

ภۃʣͨ͠ཅࢠϏʔϜΛ༻͍ͨલํଌఆ࣮ݧͰͷ πதؒࢠ

ͷେ͖ͳࠨӈඇରশ౓ͷൃ͔ݟΒൃల͖ͯͨ͠ɻਤ 9ʹࣔ

͞ΕΔΑ͏ʹɺԣภͨ͠ۃཅࢠͱແภۃͳཅࢠͱͷিಥʹ

͓͍ͯɺऴঢ়ଶʹϋυϩϯʢК, K, Б, D, J/С தؒࢠ౳ʣ

΍ʢԾ૝ʣޫࢠΛੜ੒͢Δ൓ԠͰɺੜ੒அ໘ੵ͕ೖࣹཅࢠ

ͷεϐϯͷ͖޲ʹґଘ͢Δݱ৅Λ୯εϐϯඇରশ (SSA) ͱ

ͼɺিಥ࣠ͷํҐ֯ݺ φʹର͢Δඇରশੑͱͯ͠දΕΔ19)ɻ

SSAΛද͢ࠨӈඇରশ౓AN ͸ภۃͷ࣠ʹରͯ͠ࠨଆ΁ͷ

ੜ੒அ໘ੵࢠཻ σL ͱӈଆ΁ͷஅ໘ੵ σR ͔Β

AN =
σL − σR

σL + σR
(4)

ͷΑ͏ʹٻΊΒΕΔɻ

φ!
"

# ! "

!"#$%

ਤ 9 ԣภͨ͠ۃཅࢠͱແภۃͳཅࢠͱͷিಥʹ͓͍ͯɺऴঢ়ଶʹϋυϩ
ϯ΍ޫࢠΛੜ੒͢Δ൓ԠͰɺੜ੒அ໘ੵ͕ೖࣹཅࢠͷεϐϯͷ͖޲ʹґଘ
͢Δݱ৅Λ୯εϐϯඇରশʢSSAʣͱݺͿɻ

લํʹੜ੒͞Εͨ πத͕ؒࢠେ͖ͳࠨӈඇରশ౓Λͭ࣋

͜ͱ͸ 1970೥୅ʹ 10 GeVҎԼͷภۃཅࢠϏʔϜʹΑΔ

ޙΕɺͦͷ͞ݟͰൃݧఆඪత࣮ݻ 1990೥ࠒʹถࠃϑΣϧϛ

Ճ଎ڀݚثॴͰ 200 GeVͷภۃཅࢠϏʔϜΛ༻͍ͨݻఆඪ

త࣮ߦ͕ݧΘΕɺߴΤωϧΪʔͰ΋ AN ͕ফ͑ͳ͍͜ͱ͕

ࣔ͞Εͨ 20)ɻߴΤωϧΪʔࢄཚ࣮ݧͷଟ͘ͷݱ৅ΛΑ͘࠶

ʯࢠಠཱͳΫΥʔΫɺάϧʔΦϯ͔Β੒Δཅʹ͍ޓΔʮ͢ݱ

ͱ͍͏୯७ͳඳ૾Ͱ͸͜ͷେ͖ͳඇରশ౓Λઆ໌Ͱ͖ͳ͍

͜ͱ͕஌ΒΕ͍ͯͨɻߴΤωϧΪʔաఔͷهड़ʹ੒ޭͯ͠

͖ͨ pQCDͷύʔτϯϞσϧͰ͸ɺSSA͸ αsmq/Q ʢαs

͸݁ڧ߹ఆ਺ɺmq ͸ uɺdΫΥʔΫͷ࣭ྔɺQ͸ 1 GeV

Ҏ্ͷߴΤωϧΪʔεέʔϧʣఔ౓ͷແࢹͰ͖Δ஋͔͠༩

͑ͳ͍ 21)ɻͦͯ͠RHICͰͷภۃཅࢠিಥݧ࣮ܕͰ͸ɺ͞

Βʹ 10ഒ͍ߴॏ৺ܥΤωϧΪʔͷিಥͰ΋ π தؒࢠͷࠨ

ӈඇରশ౓͸ɺಉ༷ͳେ͖͞Λͭ࣋͜ͱ͕ࣔ͞Εͨɻਤ 10

͸ɺπ0 িಥΤωϧΪʔͱԣӡಈྔ͍޿͕ pT ͷൣғͰେ͖

ͳεϐϯඇରশ౓Λͭ࣋͜ͱΛ͍ࣔͯ͠Δ 22)ɻ

ਤ 10 Fermilab-E704 ɺSTARݧ࣮ ɺPHENIXݧ࣮ ɺRHICfݧ࣮ ࣮
ΑΓଌఆ͞Εͨʹݧ π0 ͷ AN ͷ݁Ռɻ

Ίͯ୯७ͳۃ৅ͱͯ͠͸ݱ SSA Ͱ͋Δ͕ɺͦͷൃੜػ

Λߏ QCD͔Βղ໌͢ΔͨΊ͸ɺࢄཚաఔΛղੳ͢Δཧ࿦

త࿮૊Έͷ֦ு͕ඞཁͰ͋Δɻཅࢠͷߏ଄Λ୯ʹॎํ޲ͷ

ӡಈྔ෼෍ͱ͍͏̍ݩ࣍తͳهड़Ͱཧղ͢ΔͷͰ͸ͳ͘ɺ

ʮΫΥʔΫɾάϧʔΦϯඳ૾ʯͰলུ͞Ε͖ͯͨࣗ༝౓ʹޫ

Λ౰ͯΔɻSSA ͸ϋυϩϯੜ੒Λ൐͏ SIDIS΍ཅࢠ–ཅࢠ

িಥաఔͷஅ໘ੵʹ༷ʑͳํҐ֯ඇରশੑͱͯ͠ݱΕΔͨ

ΊɺͦͷݯىΛ໌Β͔ʹ͢΂͘ɺRHICʹ͓͍ͯ΋͞Βʹ

Δɻ͍ͯ͠ߦͳଌఆ͕ਐࡉৄ

SSAཧ࿦ͷൃలʹΑΓɺେ͖ͳ SSAΛՄೳʹ͢Δ̎ͭͷ

ϝΧχζϜ͕ఏҊ͞Ε͍ͯΔɻͦͷ̍ͭ͸ɺ2.1ষͰड़΂ͨ

ҼࢠԽΛɺύʔτϯͷԣӡಈྔΛؚΊ֦ͯுͨ͠ʮԣӡಈ

ྔґଘʢTMD=Transverse Momentum DependentʣҼࢠ

Խʯͷ࿮૊Έ 23)Ͱఆٛ͞ΕΔύʔτϯ෼෍ɾഁؔࡅ਺ʹΑ

Γ SSAΛهड़͢Δ΋ͷͰ͋Δɻཅࢠͷӡಈํ޲ʢॎํ޲ʣ

ʹର͢Δطଘͷύʔτϯ෼෍ؔ਺ʹର͠ɺͦΕʹਨ௚ͳʡ

ԣ ʡํ ࣍଄Λ̏ߏࢠɻ͜Ε͸ཅ͏ߦ΁ͷ֦ுɺҰൠԽΛ޲

ಓӡಈΛؚΉɻཅيுͨ͠΋ͷͰ͋Γɺύʔτϯͷ֦ʹݩ

಺෦ͷࢠಓӡಈΛදͨ͢Ίʹ͸ɺཅي಺෦ͷύʔτϯͷࢠ

Ґஔͱӡಈྔ͕ඞཁͳͷͰɺ̏ݩ࣍΁ͷ֦ு͕ඞཁͱͳΔɻ

΋͏̍ͭ͸ɺԣӡಈྔΛಋೖͤͣطଘͷҼࢠԽͷ࿮૊ΈͰɺ

ύʔτϯͷྔࢠతଟମ૬ؔͷ݁ՌݱΕΔʮπΠετ̏؍ଌ

ྔʯ 24, 25) ͱͯ͠ SSAΛهड़͢ΔʢπΠετ̏ߏػʣ΋ͷ
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ੑ͕૿͍ͯ͠Δͷ͸ΫΥʔΫͱάϧʔΦϯͷيಓӡಈʹΑ

Δد༩ͷڀݚͰ͋ΔɻΫΥʔΫɾεϐϯͷد༩͕ 30%ɺά

ϧʔΦϯɾεϐϯͷد༩͕ 40%Ͱ͋ΔͳΒ͹ɺ࢒Γͷ 30%

͸ΫΥʔΫͱάϧʔΦϯͷيಓ֯ӡಈྔ͕୲͏ͱ͍͏ͷ͕

ࣜʢ1ʣͷεϐϯ࿨ଇͷࣔ͢ͱ͜ΖͰ͋Γɺ͜ΕΛূ໌ͨ͠

͍ɻRHICͰͷ͚ͩڀݚͰ͸يಓ֯ӡಈྔʹ௚઀݁ͼ෇͚

ܾͯఆ͢Δ͜ͱ͸Ͱ͖ͳ͍͕ɺΫΥʔΫͱάϧʔΦϯͷي

ಓӡಈͷଌఆΛͨ͏ߦΊͷཧ࿦త࿮૊Έ͸੔͍ͬͯΔɻͦ

୅ͷੈ࣍ͯ͠ EIC࣮ݧͱ߹ΘͤΔ͜ͱʹΑΓɺيಓ֯ӡಈ

ྔͷܾఆ͕Ͱ͖Δ͜ͱ͕ࣔ͞Ε͍ͯΔɻ

ʢԣۃภʹ޲ରͯ͠ਨ௚ํʹ޲ํߦ͸ਐڀݚಓӡಈͷي

ภۃʣͨ͠ཅࢠϏʔϜΛ༻͍ͨલํଌఆ࣮ݧͰͷ πதؒࢠ

ͷେ͖ͳࠨӈඇରশ౓ͷൃ͔ݟΒൃల͖ͯͨ͠ɻਤ 9ʹࣔ

͞ΕΔΑ͏ʹɺԣภͨ͠ۃཅࢠͱແภۃͳཅࢠͱͷিಥʹ

͓͍ͯɺऴঢ়ଶʹϋυϩϯʢК, K, Б, D, J/С தؒࢠ౳ʣ

΍ʢԾ૝ʣޫࢠΛੜ੒͢Δ൓ԠͰɺੜ੒அ໘ੵ͕ೖࣹཅࢠ

ͷεϐϯͷ͖޲ʹґଘ͢Δݱ৅Λ୯εϐϯඇରশ (SSA) ͱ

ͼɺিಥ࣠ͷํҐ֯ݺ φʹର͢Δඇରশੑͱͯ͠දΕΔ19)ɻ

SSAΛද͢ࠨӈඇରশ౓AN ͸ภۃͷ࣠ʹରͯ͠ࠨଆ΁ͷ

ੜ੒அ໘ੵࢠཻ σL ͱӈଆ΁ͷஅ໘ੵ σR ͔Β

AN =
σL − σR

σL + σR
(4)

ͷΑ͏ʹٻΊΒΕΔɻ

φ!
"

# ! "

!"#$%

ਤ 9 ԣภͨ͠ۃཅࢠͱແภۃͳཅࢠͱͷিಥʹ͓͍ͯɺऴঢ়ଶʹϋυϩ
ϯ΍ޫࢠΛੜ੒͢Δ൓ԠͰɺੜ੒அ໘ੵ͕ೖࣹཅࢠͷεϐϯͷ͖޲ʹґଘ
͢Δݱ৅Λ୯εϐϯඇରশʢSSAʣͱݺͿɻ

લํʹੜ੒͞Εͨ πத͕ؒࢠେ͖ͳࠨӈඇରশ౓Λͭ࣋

͜ͱ͸ 1970೥୅ʹ 10 GeVҎԼͷภۃཅࢠϏʔϜʹΑΔ

ޙΕɺͦͷ͞ݟͰൃݧఆඪత࣮ݻ 1990೥ࠒʹถࠃϑΣϧϛ

Ճ଎ڀݚثॴͰ 200 GeVͷภۃཅࢠϏʔϜΛ༻͍ͨݻఆඪ

త࣮ߦ͕ݧΘΕɺߴΤωϧΪʔͰ΋ AN ͕ফ͑ͳ͍͜ͱ͕

ࣔ͞Εͨ 20)ɻߴΤωϧΪʔࢄཚ࣮ݧͷଟ͘ͷݱ৅ΛΑ͘࠶

ʯࢠಠཱͳΫΥʔΫɺάϧʔΦϯ͔Β੒Δཅʹ͍ޓΔʮ͢ݱ

ͱ͍͏୯७ͳඳ૾Ͱ͸͜ͷେ͖ͳඇରশ౓Λઆ໌Ͱ͖ͳ͍

͜ͱ͕஌ΒΕ͍ͯͨɻߴΤωϧΪʔաఔͷهड़ʹ੒ޭͯ͠

͖ͨ pQCDͷύʔτϯϞσϧͰ͸ɺSSA͸ αsmq/Q ʢαs

͸݁ڧ߹ఆ਺ɺmq ͸ uɺdΫΥʔΫͷ࣭ྔɺQ͸ 1 GeV

Ҏ্ͷߴΤωϧΪʔεέʔϧʣఔ౓ͷແࢹͰ͖Δ஋͔͠༩

͑ͳ͍ 21)ɻͦͯ͠RHICͰͷภۃཅࢠিಥݧ࣮ܕͰ͸ɺ͞

Βʹ 10ഒ͍ߴॏ৺ܥΤωϧΪʔͷিಥͰ΋ π தؒࢠͷࠨ

ӈඇରশ౓͸ɺಉ༷ͳେ͖͞Λͭ࣋͜ͱ͕ࣔ͞Εͨɻਤ 10

͸ɺπ0 িಥΤωϧΪʔͱԣӡಈྔ͍޿͕ pT ͷൣғͰେ͖

ͳεϐϯඇରশ౓Λͭ࣋͜ͱΛ͍ࣔͯ͠Δ 22)ɻ

ਤ 10 Fermilab-E704 ɺSTARݧ࣮ ɺPHENIXݧ࣮ ɺRHICfݧ࣮ ࣮
ΑΓଌఆ͞Εͨʹݧ π0 ͷ AN ͷ݁Ռɻ

Ίͯ୯७ͳۃ৅ͱͯ͠͸ݱ SSA Ͱ͋Δ͕ɺͦͷൃੜػ

Λߏ QCD͔Βղ໌͢ΔͨΊ͸ɺࢄཚաఔΛղੳ͢Δཧ࿦

త࿮૊Έͷ֦ு͕ඞཁͰ͋Δɻཅࢠͷߏ଄Λ୯ʹॎํ޲ͷ

ӡಈྔ෼෍ͱ͍͏̍ݩ࣍తͳهड़Ͱཧղ͢ΔͷͰ͸ͳ͘ɺ

ʮΫΥʔΫɾάϧʔΦϯඳ૾ʯͰলུ͞Ε͖ͯͨࣗ༝౓ʹޫ

Λ౰ͯΔɻSSA ͸ϋυϩϯੜ੒Λ൐͏ SIDIS΍ཅࢠ–ཅࢠ

িಥաఔͷஅ໘ੵʹ༷ʑͳํҐ֯ඇରশੑͱͯ͠ݱΕΔͨ

ΊɺͦͷݯىΛ໌Β͔ʹ͢΂͘ɺRHICʹ͓͍ͯ΋͞Βʹ

Δɻ͍ͯ͠ߦͳଌఆ͕ਐࡉৄ

SSAཧ࿦ͷൃలʹΑΓɺେ͖ͳ SSAΛՄೳʹ͢Δ̎ͭͷ

ϝΧχζϜ͕ఏҊ͞Ε͍ͯΔɻͦͷ̍ͭ͸ɺ2.1ষͰड़΂ͨ

ҼࢠԽΛɺύʔτϯͷԣӡಈྔΛؚΊ֦ͯுͨ͠ʮԣӡಈ

ྔґଘʢTMD=Transverse Momentum DependentʣҼࢠ

Խʯͷ࿮૊Έ 23)Ͱఆٛ͞ΕΔύʔτϯ෼෍ɾഁؔࡅ਺ʹΑ

Γ SSAΛهड़͢Δ΋ͷͰ͋Δɻཅࢠͷӡಈํ޲ʢॎํ޲ʣ

ʹର͢Δطଘͷύʔτϯ෼෍ؔ਺ʹର͠ɺͦΕʹਨ௚ͳʡ

ԣ ʡํ ࣍଄Λ̏ߏࢠɻ͜Ε͸ཅ͏ߦ΁ͷ֦ுɺҰൠԽΛ޲

ಓӡಈΛؚΉɻཅيுͨ͠΋ͷͰ͋Γɺύʔτϯͷ֦ʹݩ

಺෦ͷࢠಓӡಈΛදͨ͢Ίʹ͸ɺཅي಺෦ͷύʔτϯͷࢠ

Ґஔͱӡಈྔ͕ඞཁͳͷͰɺ̏ݩ࣍΁ͷ֦ு͕ඞཁͱͳΔɻ

΋͏̍ͭ͸ɺԣӡಈྔΛಋೖͤͣطଘͷҼࢠԽͷ࿮૊ΈͰɺ

ύʔτϯͷྔࢠతଟମ૬ؔͷ݁ՌݱΕΔʮπΠετ̏؍ଌ

ྔʯ 24, 25) ͱͯ͠ SSAΛهड़͢ΔʢπΠετ̏ߏػʣ΋ͷ
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The last missing piece of the ”Spin Puzzle”
Not yet established neither theoretically nor experimentally.



Transverse Single Spin Asymmetry

Ͱ͋Δɻ

ਤ 11 ॎ࣠ํ޲ʹԣภͨ͠ۃཅࢠதͰͷΫΥʔΫͷيಓӡಈΛࣔ͢ԣӡ
ಈྔ෼෍ͷඇରশੑΛද͢ Sivers ؔ਺?)ɻ

TMD෼෍ؔ਺ͷ̍ͭʹԣภۃཅࢠதͰͷແภۃΫΥʔ

Ϋͷԣӡಈྔ෼෍ͷཅࢠεϐϯͷ͖޲ʹର͢ΔඇରশੑΛ

ࣔ͢΋ͷ͕͋Γɺൃऀݟͷ໊ʹͪͳΜͰ Sivers෼෍ؔ਺ 26)

ͱݺ͹Ε͍ͯΔɻਤ 11͸ԣภͨ͠ۃཅࢠதͰͷΫΥʔΫͷ

ಓӡಈΛද͠ɺuΫΥʔΫͱي dΫΥʔΫ͸൓ରํ޲ͷي

ಓӡಈΛ͍ͯͬߦΔ͜ͱΛࣔ͢ɻ͜ͷؔ਺͸௨ৗͷഁؔࡅ

਺ͱରΛͳ͢͜ͱͰɺπதؒࢠੜ੒ʹ͓͚Δ AN Λهड़Ͱ

͖Δɻ

TMDഁؔࡅ਺΋ఆٛ͞ΕΔɻಛʹॏཁͳͷ͸ɺTransver-

sity෼෍ δq(x)ͱରΛͳ͢͜ͱͰ SSAΛҾ͖͢͜ىCollins

਺Ͱ͋Δؔࡅഁ 27)ɻ͜Ε͸ɺԣภͨ͠ۃΫΥʔΫ͔Βɺπ

தؒࢠͳͲͷʢແภۃʣϋυϩϯ͕ΫΥʔΫɾεϐϯͱਨ

௚ํ޲ͷԣӡಈྔΛ൐ͬͯੜ੒͞ΕΔࡍͷɺΫΥʔΫɾε

ϐϯͱԣӡಈྔͱͷ૬ؔΛදؔ͢਺Ͱ͋Δɻ

ཅࢠதͷύʔτϯͷӡಈ͸ຊདྷ̏ݩ࣍తͰ͋Δ͸ͣͳͷ

ͰɺύʔτϯͷԣӡಈྔґଘΛؚΉ TMD෼෍ɾഁؔࡅ਺

͸ɺ̍ݩ࣍తͳॎํ޲ͷӡಈྔ෼෍Λهड़͢Δύʔτϯ෼

෍ɾഁؔࡅ਺ͷࣗવͳ֦ுͱ͔ͯ͠ͳΓ͔͘ݹΒͦͷଘࡏ

͕ೝࣝ͞Ε͍ͯͨɻ͔͠͠ͳ͕Βɺಛʹ஫໨͞ΕΔΑ͏ʹ

ͳͬͨͷ͸ൺֱతۙ࠷Ͱ͋Γɺͦͷഎܠʹ͸ɺ্ड़ͨ͠େ

͖ͳ AN ͷൃ͕͋ݟΔɻTMD෼෍ؔ਺͸ɺཅࢠதʹ͓͚

ΔΫΥʔΫ෼෍ͷӡಈྔۭؒʹ͓͚Δ̏ߏݩ࣍଄Λදͯ͠

͍Δ఺Ͱ͓͓͖ͳؔ৺ΛूΊɺͦͷଌఆ͕ਐ͍ͯ͠ߦΔɻ

ҰํɺTMDҼࢠԽʹΑΒͣطଘͷҼࢠԽͷ࿮૊Έ SSA

Λهड़͢Δํ๏Ͱ͸ɺpQCDͰ͞ࢉܭΕΔϋʔυաఔͷஅ

໘ੵʹ (M/Q)t−2ʢM ͸ཅࢠͷ࣭ྔʣͷΦʔμʔͰد༩͢

Δ෼෍ɾഁؔࡅ਺͸ʮπΠετ tʯͷؔ਺ͱݺ͹ΕΔɻߴΤ

ωϧΪʔͰओཁ߲ͱͯ͠ޮ͘πΠετ̎ͷ෼෍ɾഁؔࡅ਺

͸ɺ֬཰෼෍ؔ਺ͱͯ͠ͷҙຯΛ18ͭ࣋ɻπΠετ͕̏Ҏ

্ͷ෼෍ɾഁؔࡅ਺ͷد༩͸ʮ࣍ߴπΠετޮՌʯͱݺ͹

ΕΔɻͦΕΒ͸ɺύʔτϯؒͷྔࢠతଟମ૬ؔʹΑΔޮՌ

Ͱ͋Γɺ֬཰ղऍΛͨͬ࣋ύʔτϯ෼෍ؔ਺ͷد༩ͱ͸ຊ

࣭తʹҟͳΔɻπΠετ̏૬ؔؔ਺ͷ୅දతͳ΋ͷͱͯ͠

ԣภۃཅࢠதͷΫΥʔΫɾάϧʔΦϯ૬ؔؔ਺΍७ਮʹά

ϧʔΦϯؒͷ૬ؔΛද̏͢άϧʔΦϯ૬ؔؔ਺ɺύʔτϯ
18͜ͷπΠετ͕͍̎ΘΏΔύʔτϯϞσϧͷ࿮૊Έɻ

͔Βϋυϩϯ΁ͷഁࡅաఔʹݱΕΔπΠετ̏ഁؔࡅ਺ͳ

Ͳ͕͋Δɻ

ͷه্ TMD෼෍ɾഁؔࡅ਺ͱπΠετ̏૬ؔؔ਺ͷ̎

ͭͷߏػ͸ҟͳΔӡಈֶྖҬͷ SSAΛهड़͢Δ఺Ͱ૬ิత

Ͱ͋ΔɻRHICͰͷԣภۃʹର͢Δଌఆͱͯ͠ॏཁͳ՝୊

͸ɺલํͷཻࢠੜ੒ʹର͢Δඇରশ౓ͷɺཻࢠͷͭ࣋ԣӡ

ಈྔ pT ΁ͷґଘੑΛ໌Β͔ʹ͢Δ͜ͱͰ͋Δɻཅࢠ–ཅࢠ

িಥʹ͓͚Δϋυϩϯੜ੒աఔʹର͢Δ͍ߴ pT Ͱͷඇର

শ౓͸πΠετ 3ͷޮՌʹΑΓઆ໌͢Δ͜ͱ͕Ͱ͖Δɻ

ਤ 12 JAMڞಉڀݚάϧʔϓʹΑΔάϩʔόϧQCDղੳͷ݁ՌɻTMD
ͷޮՌͱπΠετ 3 ͷޮՌΛऔΓೖΕɺDIS աఔɺe+e− িಥɺཅࢠি
ಥͷඇରশ౓σʔλʹର͢Δάϩʔόϧ QCD ղੳ͕ߦΘΕͨ28)ɻ

ਤ 12ʹ͸ۙ࠷ JAMڞಉڀݚάϧʔϓʹΑΓߦΘΕͨά

ϩʔόϧ QCDղੳͷ݁ՌΛࣔ͢ɻTMDͷޮՌͱπΠε

τ 3ͷޮՌΛऔΓೖΕɺDISաఔɺe+e−িಥɺཅࢠিಥͷ

ඇରশ౓σʔλʹର͢Δάϩʔόϧ QCDղੳ͕ߦΘΕͨ
28)ɻRHICͷॳظʹ PHENIX࣮ݧɺSTAR࣮ݧͱ͸ҟͳ

Δিಥ఺ͰߦΘΕͨ BRAHMS࣮ݧ͸લํεϖΫτϩϝʔ

λʹΑΔՙిཻࢠੜ੒Λଌఆͨ͠ൺֱతখن໛ͳ࣮ݧͰ͋

Δ29)ɻ୯ಠͷϝΧχζϜɺ୯ಠͷؔ਺͚ͩͰ͸͜ͷ݁Ռ͕

ࣔ͢Α͏ͳਫ਼౓Ͱશͯͷ࣮݁ݧՌΛઆ໌͢Δ͜ͱ͸Ͱ͖ͳ

͍ɻpQCDΛ֦ுͨ͠ 2ͭͷϝΧχζϜΛؚΊͯάϩʔό

ϧ QCDղੳΛ͜͏ߦͱʹΑΓ͜͜·Ͱͷ੔߹ੑΛͨͬ࣋

੒ޭΛऩΊΔ͜ͱ͕Ͱ͖Δɻ

ਤ 13 PHENIX ͷ௚઀ੜ੒ࢠޫ͍ͨ༺ͷதԝి࣓ΧϩϦϝʔλΛݧ࣮
աఔʹର͢Δ AN ଌఆ݁Ռɻ

JAMͷΑ͏ͳάϩʔόϧQCDղੳʹ͓͍ͯཅࢠ಺෦ͷ

3άϧʔΦϯ૬ؔؔ਺ʹେ͖ͳ੍ݶΛ༩͑Δ AN ͷଌఆ݁

ղઆ ଄ߏͷεϐϯࢠিಥͰ୳Δཅࢠཅ–ࢠཅۃΤωϧΪʔภߴ 8
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Ռ͕ۙ࠷ಘΒΕͨɻPHENIX࣮ݧʹ͓͚Δޫࢠͷ௚઀ੜ੒

աఔʹର͢Δ AN ͷଌఆͰ͋Δɻਤ 13ʹͦͷ݁ՌΛࣔ͢
30)ɻޫࢠͷ௚઀ੜ੒աఔͰ͸άϧʔΦϯͱΫΥʔΫͷࢄཚ

͔Β௚઀ޫ͕ࢠੜ੒͞ΕΔɻάϧʔΦϯಉ࢜ͷ༥߹ʹΑΔ

ॏ͍ΫΥʔΫੜ੒ͱڞʹཅࢠ಺෦ͷάϧʔΦϯΛௐ΂Δ͜

ͱ͕Ͱ͖Δ࠷΋͖Ε͍ͳաఔͰ͋ΔɻRHICʹ͓͍ͯภۃ

ཅࢠিಥً͕ߴ౓ɺߴภۃ౓Ͱୡ੒͞Εͨ͜ͱʹΑΓɺޫ

ͷ௚઀ੜ੒աఔʹର͢Δࢠ AN ͷଌఆ͸ 1%ҎԼͱ͍͏ਫ਼

౓ͰߦΘΕͨɻ͜Ε͸ 3άϧʔΦϯ૬ؔؔ਺ͷཧ࿦ࢉܭͷ

༧૝ͱಉఔ౓Ͱ͋Γɺ3άϧʔΦϯ૬ؔؔ਺ʹର͢Δେ͖

ͳ੍໿ͱͳΔɻ

ҰํɺRHICͰͷԣภۃিಥͷඇରশ౓ଌఆͱͯ͠ɺpQCD

͚ͩͰ͸આ໌Ͱ͖ͳ͍ݱ৅΋ಘΒΕͨɻAnDY࣮ݧ͸લํ

ͷδΣοτੜ੒ʹର͢Δ AN Λଌఆͨ͠ͱ͜Ζඇৗʹখ͞

͍஋Ͱ͋Δ͜ͱΛใͨ͠ࠂ 31)ɻAnDY࣮ݧ͸BRAHMS࣮

ͷ੻஍ʹલํి࣓ΧϩϦϝʔλΛઃஔͯ͠લํδΣοτͷݧ

ి࣓੒෼Λଌఆ࣮ͨ͠ݧͰ͋Δɻલํͷϋυϩϯੜ੒͕େ

͖ͳ஋ͷ AN Λࣔ͢ͷʹରͯ͠ɺົحͳ݁ՌͰ͋Δɻ͜ͷ

݁Ռ͸ STAR࣮ݧͷલํి࣓ΧϩϦϝʔλΛ༻͍ͨδΣο

τͷి࣓੒෼ͷଌఆʹ͓͍ͯ΋͔֬ΊΒΕͨ 22)ʢਤ 14ʣɻ

ਤ 14 STAR ͷલํి࣓ΧϩϦϝʔλΛ༻͍ͨδΣοτͷి࣓੒෼ݧ࣮
ʹର͢Δ AN ଌఆ݁Ռͱ AnDY ͷ݁Ռͷൺֱɻݧ࣮

δΣοτ͸ཅࢠ಺෦ͷύʔτϯʢΫΥʔΫɺάϧʔΦϯʣ

͕িಥաఔͰࢄཚ͞Εɺऴঢ়ଶͷύʔτϯͷഁࡅͷ݁Ռͱ

ͯ͠ੜ੒͞ΕΔɻpQCDͰ͸δΣοτੜ੒ͷ AN ΋ϋυϩ

ϯੜ੒ͷ AN ͱಉ༷ʹେ͖ͳ஋Λͭ࣋͜ͱ͕ظ଴͞Εͨɻ

͜ͷ݁Ռ͸ɺuΫΥʔΫͱ dΫΥʔΫʹىҼ͢ΔδΣοτੜ

੒ͷ AN ͷූ߸͕ٯʹ͍ޓͷͨΊʹΩϟϯηϧ͞ΕͨՄೳ

ੑ΋͋Δɻ͔͠͠ɺϋυϩϯੜ੒ͷAN ࣗମ͕ pQCDҎ֎

ͷϝΧχζϜʹҼΔՄೳੑ΋͑ߟΒΕΔɻ

ͦ͜Ͱϋυϩϯੜ੒ͱͯ͠δΣοτ಺෦ͷϋυϩϯͱɺͦ

ΕҎ֎ͷϋυϩϯͷAN ͷൺֱ͕ߦΘΕͨɻδΣοτ͸ύʔ

τϯ͕ഁͨ͠ࡅ΋ͷͳͷͰɺੜ੒͞ΕΔཻࢠͷଟॏ౓͕ߴ

͍ɻSTAR࣮͕ݧલํͷి࣓ΧϩϦϝʔλΛ༻͍ͨ π0 ੜ

੒ͷ AN ʹରͯ͠ޫࢠͷଟॏ౓ґଘੑΛௐ΂ͨͱ͜Ζɺଟ

ॏ౓͕͍ߴδΣοτݯىͱ͑ߟΒΕΔ π0ͷ AN ͸ɺδΣο

τ͔Β੾Γ཭͞Εͨʢisolatedʣπ0 ͷ AN ʹֱ΂ͯখ͍͞

஋ͱͳΔ͜ͱΛࣔͨ͠22)ɻ͜ͷ݁Ռͷղऍͱͯ͑͠ߟΒΕ

ΔҰͭ͸Collinsഁؔࡅ਺ͷ zґଘੑ19Ͱ͋Γɺ΋͏Ұͭ͸

લํϋυϩϯੜ੒ͷAN ͕ pQCDͰ͞ࢉܭΕΔϋʔυͳա

ఔͱ͸ҟͳΔճંݱ৅ͳͲͷιϑτͳաఔʹͮ͘جՄೳੑ

Ͱ͋Δɻ

·ͨલड़ͷਤ 10ʹࣔ͞ΕΔRHICf࣮͕ࣔ͢ݧ௿͍ pT ͷ

π0ͷAN ΋·ͨಉ༷ͳՄೳੑΛࣔ݁͢ՌͰ͋Δ 33)ɻRHICf

͸௒લํʹੜ੒͞ΕΔݧ࣮ π0ੜ੒ͷAN Λଌఆͨ͠ɻ͜ͷ

pT ͷ௿͍ྖҬ͸ pQCD͕ద༻Ͱ͖ͳ͍ιϑτͳաఔʹࢧ

഑͞ΕΔྖҬͷͨΊɺ͍ߴ pT Ͱࣔ͞ΕΔΑ͏ͳେ͖ͳAN

͸ͳ͍͔ຢ͸ҟͳΔ AN ͷ஋ͷৼ෣͕༧૝͞Ε͕ͨɺଌఆ

ͨ͠ͱ͜Ζਤ 10͕ࣔ͢Α͏ʹɺ͍ߴ pT ͷ݁Ռͱඇৗʹۙ

͍εέʔϧ͞Εͨ݁Ռ͕ࣔ͞Εͨɻ͜ͷεέʔϧ͞Εͨ݁

Ռ͸લํͷ π0ͷAN ͍޿͕ pT ͷൣғʹ౉Δڞ௨ͳϝΧχ

ζϜʹΑΔ΋ͷͰ͋Δ͜ͱΛࣔࠦ͢Δ͕ɺͦΕ͸ιϑτͳ

աఔͰ͋ΔՄೳੑΛ͍ࣔͯ͠Δɻ

͜ΕΒͷݱ৅͸ɺيಓӡಈͷཅࢠεϐϯʹର͢Δد༩ͷ

ʹͱͱ΋ڀݚ RHICͷӡసऴྃ·Ͱͷภۃཅࢠিಥ࣮ݧͷ

த৺తͳ՝୊ͱͳΓɺߴ౓Խ͞Ε࣮ͨݧ૷ஔʹΑΔڀݚΛ

ଓ͢Δɻܧ

5. ·ͱΊͱޙࠓͷల๬

ཅࢠͷεϐϯ 1/2͕ɺཅࢠΛߏ੒͢ΔΫΥʔΫ΍άϧʔΦ

ϯ͔ΒͲͷΑ͏ʹͭ͘ΒΕ͍ͯΔ͔આ໌͢ΔࢼΈ͸ɺQCD

ͷ௕೥ͷ՝୊Ͱ͋Δɻཅࢠͷεϐϯ࿨ଇʹΑΕ͹ɺཅࢠε

ϐϯ 1/2͸ΫΥʔΫͷεϐϯɺάϧʔΦϯͷεϐϯɺΫΥʔ

ΫͱάϧʔΦϯͷيಓ֯ӡಈྔͷ࿨Ͱ༩͑ΒΕΔɻ࣮ٕݧ

ज़ͱ QCDͷൃలʹ൐͍ɺͦΕͧΕͷཁૉ͸ҰͭҰͭஸೡ

ʹଌఆ͞Ε͖ͯͨɻઌ͢ߦΔߴΤωϧΪʔภۃϨϓτϯ–ཅ

༩͸دཚʹΑͬͯΫΥʔΫɾεϐϯͷࢄࢠ 1/3ఔ౓Ͱ͋Δ͜

ͱ͕ಛఆ͞ΕͨɻάϧʔΦϯɾεϐϯد༩΍ΫΥʔΫɾεϐ

ϯد༩ͷւΫΥʔΫ੒෼ͷਫ਼ີଌఆΛ໨͠ࢦɺ2000೥୅ʹ

RHICͷภۃཅࢠ–ཅࢠিಥ࣮ݧϓϩάϥϜ͕ʹ্ཱ͕ͪͬ

ͨɻւΫΥʔΫɾεϐϯͷد༩ʹରͯ͠͸ɺPHENIXٴͼ

STARͷ̎େ࣮ݧͰW Ϙιϯੜ੒Λհͨ͠ੈ࣍୅ଌఆʹΑ

Γɺैདྷͷ஌ݟͷਫ਼౓্޲ʹ੒ՌΛग़ͨ͠ɻ·ͨɺάϧʔ

Φϯɾεϐϯͷد༩͸ 10೥ʹٴͿଌఆͷ຤ɺ͍ͭʹθϩͰ

͸ͳ͘େຌΫΥʔΫɾεϐϯͱಉఔ౓ͱͷ͋ͨΓ͕͚ͭΒ

Εͨɻ͜ͷ݁ՌʹΑΓɺཅࢠͷεϐϯ࿨ଇʹ͓͚Δޙ࠷ͷ

ະ஌੒෼ͱͳͬͨيಓ֯ӡಈྔ੒෼͕վΊͯޫ٭Λཋͼͯ

19Collins ਺ʹ͸ؔࡅഁ z ґଘੑ͕͋Γɺz ͕௿͍ͱඇରশ౓͸খ͘͞
ͳΓɺٯʹ z ͕େ͖͘ͳΔͱ͘ߴͳΔ͕͋޲܏Δ32)ɻଟॏ౓͕͍ߴͱݸʑ
ͷཻࢠͷ z ͸খ͘͞ͳΔͷͰɺඞવతʹඇରশ౓͸খ͘͞ͳΔɻ
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Summary and Future Prospect 
• RHICʼs contribution to Spin 

Puzzle 
• EIC
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