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1 ͡Ίʹ

2015ͷ CERN LHCՃثͷୈ̎ཧӡస (Run-

2) ͷ։࢝ʹ߹Θͤͯɼզʑ͕ࢀՃ͍ͯ͠Δ ALICE ࣮

ݧ [1, 2]Ͱɼੈքߴ࠷ΤωϧΪʔʹΑΔॏΠΦϯিಥ

ΤωϧΪʔॏΠΦϯিಥ࣮ߴͷୈೋນ্͕͕ͬͨɻݧ࣮

ͷΤωϧΪʔϑϩϯςΟΞͰ͋Δݧ ALICE ɼॏݧ࣮

ΠΦϯিಥʹΑΓੜ͞ΕΔߴԹ࣭ʮΫΥʔΫɾά

ϧʔΦϯɾϓϥζϚ (QGP)ʯΛੜ͠ɼͦͷੑղ໌

Λ࠷େͷతͱ͍ͯ͠Δɻͦ͜Ͱɼϋυϩϯͷด͡ࠐ

Ί͔Βղ์͞ΕͨΫΥʔΫͱάϧʔΦϯͷࣗ༝͕ൃݱ

͠ɼੈքߴ࠷ԹͰੜ͞ΕΔQGP͕ڀݚՄͱͳΔɻ

ALICE࣮ݧͷ Run-2σʔλऩूʹ͓͍ͯɼࡏݱ·

Ͱʹཅࢠɾཅࢠ 13 TeV, 5.02 TeV σʔλʹՃ͑ͯɼ֩

ΤωϧΪʔܥΓͷॏ৺িಥͨ͋ࢠ 5.02 TeVͷԖɾԖি

ಥ࣮ݧɼ5.02 TeV, 8 TeVͷཅࢠɾԖিಥ࣮ݧΛ͍ߦɼ·

ͨ Run-2 ͷͱͳΔޙ࠷ 2018 11݄ʹɼߴ౷ܭͷ

ԖɾԖ 5.02 TeVিಥ࣮ߦ͕ݧΘΕΔ༧ఆͰ͋ΔɻRun-2

ͷσʔλऩूͷඪɼԖɾԖ 5.02 TeVিಥ࣮ݧͰɼ

1 nb−1 (250 MϛχϚϜόΠΞεࣄ, 200 Mߴଟॏ

(ࣄ Ͱ͋Δɻ

͜ͷڀݚհͰɼALICE Δ͚͓ʹݧ࣮ Run-2 ͷ

σʔλɼٴͼ ୈ̍ཧӡస (Run-1)ͷσʔλ͔Βɼ৽

͔ͬͨ͘͜͠ͱΛத৺ʹใ͢ࠂΔɻ·ͨɼຊάϧʔ

ϓ͕த৺ͱͳΓ Run-2ʹ͚ͯ৽ͨʹఏҊɼݐઃɾઃ

ஔɼཧӡసΛ࢝Ίͨݕग़ثʮμΠδΣοτΧϩϦϝʔ

λݕग़ث (Di-jet Calorimeter; DCal) ʯΛհ͠ɼͦͷ

ӡసঢ়گͱੑʹ͍ͭͯड़Δɻޙ࠷ʹ·ͱΊͱޙࠓͷ

কདྷలΛ֓͢؍ΔɻLHC ୈ̍Քಇظͷॳ݁ظՌʹͭ

͍ͯ [3]Λࢀরͷ͜ͱɻ

1.1 ALICE ݧ࣮

ɹ ALICE࣮ݧ (ਤ 1, 2)ɼ2017 ɼ42ࡏݱ12݄

Χࠃɼ176 ࠃܕΒͳΔେ͔ऀڀݚɼ1,800໊ͷؔػڀݚ

ͱͯ͠ɼஜؔػنͰ͋Δɻຊ͔Βɼਖ਼ݧಉ࣮ڞࡍ

େֶɼ౦ژେֶɼ࡚૯߹Պֶେֶɼಸྑঁࢠେֶɼ

ౡେֶͷ ͱͯ͠ɼຊؔػنՃ͠ɼ·ͨ४ਖ਼ࢀ͕ؔػ5

ॴͷڀݚɼཧԽֶߏػ։ൃڀݚྗࢠݪ Ճͯ͠ࢀ͕ؔػ2

͍Δɻ࣌ݱͰɼελοϑ 13໊ɼେֶӃੜ 24໊ ( 10

໊͕തظޙ࢜՝ఔֶੜ)ɼ߹ܭ 37໊ʹΑΓ ALICE-Jά

ϧʔϓ [4]Λ৫͍ͯ͠Δɻ

ਤ 1: ALICE ίϥϘϨʔγϣϯɻALICE ΤϦΞݧ࣮

(Point-2) લʹͯࡱӨ [5]ɻ

ALICE ɼLHCݧ࣮ িಥͷཧ֩ࢠݪͷதͰݧ࣮

ʹಛԽͨ͠།Ұͷ࣮ݧͰ͋ΓɼओͳతɼߴΤωϧ

ΪʔॏΠΦϯিಥʹ͓͍ͯɼΫΥʔΫɾάϧʔΦϯɾϓ

ϥζϚ (QGP)૬Λੜ͠ɼͦͷߴԹΫΥʔΫ૬ͷੑ

৭ྗֶɼΧΠϥϧରশੑͷࣗൃతࢠঢ়ଶͷྔݶۃɼڀݚ
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ഁΕʹ͏ϋυϩϯ࣭ྔൃߏػݱͷղ໌ʹ͋ΔɻͦΕʹ

ΑΓɼӉϏοΫόϯ͔Β 10µsec ͷؒʹଘͨ͠ࡏͱ

͞ΕΔ QGPঢ়ଶΛ্Ͱ͠ݱ࠶ɼͦͷঢ়ଶΛௐΔɻ

ถࠃɾϒϧοΫϔϒϯڀݚཱࠃॴͰ 2000 ʹՔಇ։࢝

ͨ͠ RHICՃثʹΑͬͯɼQGP૬ͷੜ͕͔֬ΊΒ

Ε [6, 7, 8]ɼ·ͨશྲྀମʹ͍ۙੑ࣭Λͭ࣋͜ͱ͕

͔ͬͨɻLHCͰɼRHICҎ্ʹߴԹͷQGP૬Λ҆ఆ

͔ͭେྔʹੜ͠ɼΑΓৄࡉͳ QGPੑڀݚΛ͏ߦɻ

ΤωϧΪʔྖҬͰ༰қʹੜՄͳɼδΣοτ͍ߴ

ޫࢠɼνϟʔϜϘτϜͱ͍ͬͨॏΫΥʔΫΛ͏

͜ͱʹΑΓɼͦͷੑΛৄࡉʹܾΊΔ͜ͱ͕Ͱ͖Δɻ

ਤ 2: Run-2 ʹ͓͚Δ ALICE ɻثग़ݕ

2 ALICE࣮ݧʹ͓͚ΔRun-2ॏΠΦ

ϯཧͷϋΠϥΠτ

LHC Run-2͕࢝·Γɼ͜Ε·Ͱͷ֩ͨ͋ࢠΓͷॏ৺

িಥΤωϧΪʔ ԖɾԖ
√
sNN=2.76 TeV ͔Β 2 ഒ

ͱͳΔ 5.02 TeVͰͷ֩ࢠݪিಥ࣮͕࢝ݧ·ͬͨɻ͜͜

Ͱɼ͜Ε·Ͱʹ͔͖ͬͯͨ Run-2ͷϋΠϥΠτΛɼ

Run-1ͷ݁Ռͱ߹Θͤͯհ͢Δɻ

2.1 ԹΫΥʔΫ࣭ͷόϧΫͳੑ࣭ߴ (େ͖
ͳूஂுͱ౷ܭϞσϧͷ༧ྗݴ)

·ͣɼԖɾԖিಥ࣮ݧͰݟΒΕͨόϧΫͳੑ࣭Λͯݟ

ΈΑ͏ɻόϧΫͳੑ࣭ͷදྫͱͯ͠ɼ֩ࢠݪিಥͰ

ੜ͡Δϋυϩϯੜྔ ɼूஂతͳӡಈ(ଟॏࢠཻ) (

ํతுɼཻࢠͷํҐ֯ҟํੑ)ɼԹɼϋυϩϯੜ

ݯͷαΠζ (HBT ܘ) ͳͲ͕͛ڍΒΕΔɻ͜͜Ͱ

·ͣɼํతͳूஂӡಈΛද͢ྔͰ͋Δɼܥͷு

 (radial flow)ͱ, ͦͷͱ͖ͷԹ (ӡಈֶతϋυϩϯ

ౚ݁Թ; kinetic freeze-out temperature)ʹண͢Δɻ

ਤ 3ɼཻࣝࢠผ͞Εͨ π±, K±, ཅࢠɼཅࢠͷԣӡ

ಈྔΛɼுϞσϧͷ̍ͭͰ͋ΔBoltzmann-Gibbs

Blast-WaveϞσϧ [9]ͰϑΟοτ͠ɼಘΒΕΔ̎ͭͷύ

ϥϝʔλΛΛඳ͍ͨͷͰ͋Δɻύϥϝʔλͷ̍

ͭɼޫ c Λج४ͱͨ͠ฏۉͷܥͷுΛද͢

< βT >ɼ͏̍ͭɼϋυϩϯ͕͔ܥΒӡಈֶతʹΕ

ͨ (ӡಈΤωϧΪʔ͕ݻఆ͞Εͨ)࣌ͷԹ TkinͰ͋Δɻ

ਤ 3ɼԣӡಈྔͷϑΟοτ͔ΒಘΒΕΔ < βT >

ͱ TkinΛɼ༷ʑͳিಥܥɼத৺িಥɼিಥΤωϧΪʔ

Ͱଌఆͨ͠ͷͰ͋Δɻத৺িಥͱ,֩ࢠݪɾࢠݪ

֩িಥʹ͓͚Δিಥܘ impact parameter ʹ૬͢Δ

ྔͰ͋Γɼ0 %ʹ͍ۙ΄Ͳத৺িಥͰ͋Δ͜ͱΛࣔ͠,

100 %ʹ͍ۙ΄ͲपลিಥͰ͋Δ͜ͱΛࣔ͢ɻ͜͜Ͱ

ଟॏࢠཻ (dN/dη, ηٖϥϐσΟςΟ)ͷେখͰ৭

͚͍ͯ͠ΔɻRun-2Ͱଌఆ͞Εͨ < βT >ɼޫͷ

 0.65ഒʹୡ͠ɼ·ͨେ͖ͳுͷͨΊɼϋυ

ϩϯͷӡಈֶత์ग़ԹͦΕʹͬͯ͘ͳ͍ͬͯΔ

͜ͱ͕Θ͔Δɻ͜ͷுɼLHC 5.02 TeVʹ͓͚

ΔԖɾԖத৺িಥͰ࠷େ͖͍ɻ͜ͷେ͖ͳूஂӡಈɼ

LHCͰͷॏΠΦϯিಥͷॏཁͳಛͷ̍ͭͰ͋Δɻ໘

ന͍͜ͱʹɼখ͞ͳܥͰ͋ΔཅࢠɾཅࢠɼཅࢠɾԖࢠݪ

֩িಥʹ͓͍ͯɼཻࢠଟॏ্͕͕ΔʹͭΕͯɼॏΠ

Φϯিಥͱಉ༷ʹେ͖ͳूஂுΛͭ͜ͱ͕Θ͔

Δɻখ͞ͳܥͰͷৼΔ͍ʹ͍ͭͯɼ͜ͷޙͰ·ͨৄ

͘͠ड़Δ͜ͱʹ͢Δɻಉ͡ଟॏͰɼখ͞ͳܥͰͷ

ுͷํ͕ɼԖɾԖিಥͷͦΕͱൺͯେ͖͍݁Ռ

͕ग़͍ͯΔ͜ͱڵຯਂ͍ɻ
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 = 5.02 TeVsALICE, p-Pb, 

 = 2.76 TeVNNsALICE, Pb-Pb, 

 = 5.02 TeVNNsALICE Preliminary, Pb-Pb, 

ALI-PREL-122516

ਤ 3: π±ɼK±ɼཅࢠɼཅࢠͷԣӡಈྔΛͨͬ

Blast-WaveϞσϧͰͷϑΟοτ݁ՌɻϑΟοτʹΑͬͯಘ

ΒΕΔύϥϝʔλ < βT > −Tkin ͷཻࢠଟॏґଘੑɻ

ਤ 4ʹࣔͨ͠ͷɼ2.76 TeVͰͷԖɾԖিಥʹ͓͚

Δཻࣝࢠผ͞Ε༷ͨʑͳϋυϩϯͷੜྔ (dN/dy, y

ϥϐσΟςΟ)Ͱ͋Δɻ͜ΕߴΤωϧΪʔॏΠΦϯ

িಥΛද͢όϧΫͳଌఆྔͷදྫͰ͋Δ͕ɼ͜ΕΒ

ͷσʔλɼ౷ܭతαʔϚϧϞσϧ (statistical thermal

model) [10] Λͯͬɼجຊతʹ̎ͭͷύϥϝʔλͷΈ

ͰɼશͯͷϋυϩϯͷऩྔΛඇৗʹΑ͘هड़͢Δ͜ͱ͕

Ͱ͖Δɻ̎ͭͷύϥϝʔλͱɼϋυϩϯͷԽֶతౚ݁
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Թ Tch(chemical freeze-out temperature)ͱɼόϦΦ

ϯԽֶϙςϯγϟϧ (µB)Ͱ͋ΔɻLHCͷΤωϧΪʔͰ

ɼཅࢠͱཅࢠͷੜൺ͕΄΅ 1Ͱ͋Δ͜ͱ͔Β

͔ΔΑ͏ʹɼµB ≈ 0ͱͯ͠Α͘ɼ֤ʑͷϋυϩϯͷऩ

ྔ΄΅ TchͷΈͰܾఆ͞ΕΔɻܾఆ͞Εͨ Tchɼ͜

ͷ߹ɼ155 MeVͰ͋Δɻ͜ͷԹ RHICͰͷ݁Ռ

Ͱಉ༷Ͱ͋Δ͕ɼ֨ࢠQCD͕ࢉܭ༧͢ݴΔϋυϩϯ

૬ͱQGP૬ͷΫϩεΦʔόʔ૬సҠԹͱ΄΅ಉ͡
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ਤ 4: ϋυϩϯͷऩྔͱ౷ܭతαʔϚϧϞσϧɻ

2.2 J/ψཻࢠͰݟΒΕͨνϟʔϜΫΥʔΫ࠶
݁߹

ɼLHCσʔλͰΈΒΕͨϢχʔΫͳಛͷ̍ͭʹ࣍

Ͱ͋Δ J/ψ ͷੜʹ͍ͭͯͯݟΈΑ͏ɻߴΤωϧΪʔ

ॏΠΦϯԠʹ͓͍ͯɼJ/ψཻࢠಛผͳҙຯΛͭɻ

1980 ɼQGP தͰͷΧϥʔσόΠःณޮՌʹΑΔ

J/ψ(cc̄) ੜͷ੍͕ɼদҪɾSatz ΒʹΑͬͯఏএ͞

Ε [11]ɼͦͷޙQGPੜͷ༗ྗͳϓϩʔϒͱͯ͠ੜ

ɻ1990ͷ͖ͨͬ SPSՃثͰͷॏΠΦϯԠͰ

ͦͷ੍ͷஹީ͕ɼ·ͨ 2000ʹೖΓ RHIC࣮ݧ

ɻͨͬࢸʹΓɼJ/ψੜͷ੍ޮՌ͕֬ೝ͞ΕΔ·͕࢝

ҰํɼLHCͰͲ͏ͩΖ͏͔ɻLHCͷ࣮݁ݧՌ͔ΒΘ

͔ͬͨ͜ͱɼ͘ڻ͖͜ͱʹɼJ/ψ ͷ੍Ͱͳ͘ɼ

ͦͷରͷ૿େݱͰ͋ͬͨɻ

ਤ 5ʹࣔͨ͠ͷɼJ/ψ ͷ RAA(֩ࢠݪ੍Ҽࢠ 1)

Λԣ࣠ pT (ԣӡಈྔ)Ͱϓϩοτͨ͠ͷͰ͋Δɻࢠݪ

੍֩Ҽࢠ RAA ɼ֩ࢠݪিಥʹ͓͚ΔޮՌΛද͢ྔ

ͱͯ͠ɼҎԼͷࣜͰఆٛ͞ΕΔɻ

RAA(pT) =
d2NAA/dpTdy

⟨Ncoll⟩ × d2Npp/dpTdy
(1)

1nuclear modification factor

͜͜ͰɼNcoll ֩ࢠݪিಥʹ͓͚Δ֩ؒࢠೋମিಥ

Ͱ͋Δɻͭ·ΓɼRAAɼ֩ࢠରিಥ͋ͨΓͷ֩ࢠݪ

িಥͱ p+pিಥͰͷऩྔൺͰ͋Δɻ͠ A+Aিಥ͕

p+pিಥͷॏͶ߹ΘͤͰද͞ΕΔͱ͢ΔͱɼRAA = 1

ͱͳΓɼऩྔʹ੍͕͋Δͱ RAA < 1ͱͳΔɻ

ਤ ΒΕΔ༷ʹɼ͍ӡಈྔྖҬͰ૿Ճݟʹ5 (RAA >

1)͕ɼ͍ߴӡಈྔྖҬͰ੍ (RAA < 1)͞Ε͍ͯΔ

͜ͱ͕͔Δɻ͜ͷσʔλͷղऍͱͯ͠ɼQGPதͰ

ͷ cc̄ ͷ͏ͪɼҐ૬ۭؒͷ͍ۙ cc̄ ɼJ/ψ͠߹݁࠶͕ ͕

ύʔτϯಉ࢜ͷॳظিಥͰੜ͞ΕͨͷΑΓଟ͘ੜ

͞ΕͯΔͱ͍͏͕ํݟ༗ྗͰ͋ΔɻҰํͰɼ͍ߴӡಈ

ྔྖҬͰɼRHICΤωϧΪʔͱಉ༷ɼ͍ڧ੍͕ݟΒ

ΕΔɻ͜ͷ͍ӡಈྔྖҬͰͷ J/ψ ੜ૿େɼLHC

ͷॏΠΦϯσʔλͷΈͰݟΒΕΔେ͖ͳಛͰ͋Δɻcc̄

ͷେ͖ࢠΛࣔࠦ͢Δ͏ҰͭͷσʔλɼJ/ψཻ߹݁࠶

ͳํҐ֯ҟํੑͰ͋ΔɻํҐ֯ҟํੑͱɼ֩ࢠݪಉ࢜

ͷඇத৺িಥԠʹ͓͍ͯɼিಥܘϕΫτϧ b⃗ ͕ுΔ

ฏ໘ (Ԡฏ໘ Ψ)ʹରͯ͠ɼཻࢠͷ์ग़֯ΛํҐ֯

φͰଌͬͨࡍɼdN/d(Ψ − φ)ͰཻࢠͷऩྔΛଌఆ͠ɼͦ

ͷ̎࣍ͷϑʔϦΤͷ͜ͱͰ͋Δɻ۩ମతʹɼࣜ࣍

Ͱද͞ΕΔྔͰ͋Γɼ̎࣍ͷϑʔϦΤͷ͜ͱΛ v2

Ͱද͢ɻ

dN

d(Ψ − φ)
= A · (1 + 2v2 cos(2(Ψ − φ))) (2)

ਤ 6ʹ͋Δ༷ʹɼJ/ψͷํҐ֯ҟํੑ v2େ͖͘ɼ·

ͨͦͷେ͖͞ɼଞͷ (u, d, sΫΥʔΫΛؚΉ)͍ܰϋυ

ϩϯͱಉ༷ͷେ͖͞Λͭ࣋͜ͱ͕Θ͔ͬͨɻϞσϧͱͷൺ

ֱͰɼେ͖ͳ v2ͷد༩ɼॳظੜݯى (Primordial)

ͷͷΑΓɼ݁࠶߹ (Inclusive)͔Β͖͍ͯΔ͜ͱ

͔͖ͬͯͨ (ਤ 7)ɻ·ͨɼνϟʔϜΫΥʔΫΛؚΉDத

ͷࢠؒ v2 ɼେ͖ͳΛ؍ଌ͍ͯ͠Δʢਤ 6ʣɻ

2.3 খ͞ͳিಥܥͰQGPੜʁ

ۙಛʹΛཋͼ͍ͯΔͷɼখ͞ͳিಥܥ (Small

System)ͰͷूஂӡಈతͳৼΔ͍Ͱ͋ΔɻSmall Sys-

temͱɼ2֩ܥࢠͰ͋Δཅࢠɾཅࢠিಥɼ·ͨҰํ

ཅ͕ͩࢠɼ͏Ұํ֩ࢠݪ (ྫ͑ p+Pb p+Auি

ಥ)ͳͲͷিಥܥΛ͢ࢦɻLHCՃ͕ثՔಇ͠ɼ
√
sNN

= 7 TeV Ͱͷཅࢠɾཅࢠিಥσʔλ͕ग़࢝Ίͯ·ͳ

͘ͷ 2010 9݄ɼCMS ࢠཻ͍ߴʹΑΓɼඇৗʹݧ࣮

ଟॏͷΠϕϯτΛબͿͱɼ͔͋ͨॏΠΦϯিಥͰΈ

ΒΕ༷ͨͳݱ͕؍ଌ͞Εͨͱͷใ͕ͨͬ͋ࠂ [12]ɻͦ

ͷޙɼLHCͰͷ࣮ݧͷΈͳΒͣɼRHICʹ͓͍ͯಉ

༷ͷղੳ͕ͳ͞ΕɼࡏݱͰ༷ʑͳϓϩʔϒΛ༻͍ͯ͜

ͷখ͞ͳܥͷ͕ڀݚਐΜͰ͍Δɻ
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Թ Tch(chemical freeze-out temperature)ͱɼόϦΦ

ϯԽֶϙςϯγϟϧ (µB)Ͱ͋ΔɻLHCͷΤωϧΪʔͰ

ɼཅࢠͱཅࢠͷੜൺ͕΄΅ 1Ͱ͋Δ͜ͱ͔Β

͔ΔΑ͏ʹɼµB ≈ 0ͱͯ͠Α͘ɼ֤ʑͷϋυϩϯͷऩ

ྔ΄΅ TchͷΈͰܾఆ͞ΕΔɻܾఆ͞Εͨ Tchɼ͜

ͷ߹ɼ155 MeVͰ͋Δɻ͜ͷԹ RHICͰͷ݁Ռ

Ͱಉ༷Ͱ͋Δ͕ɼ֨ࢠQCD͕ࢉܭ༧͢ݴΔϋυϩϯ

૬ͱQGP૬ͷΫϩεΦʔόʔ૬సҠԹͱ΄΅ಉ͡

ΛͱΔɻ

2

-π++π
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3
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10
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Model T (MeV) /NDF2χ
THERMUS 2.3  2 ±155 24.5/9

GSI-Heidelberg       2  ±156 18.4/9

SHARE 3      3 ±156 �15.1/9

ALICE Preliminary

 = 2.76 TeV, 0-10%NNsPb-Pb 

BR = 25%

Not in fit
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ਤ 4: ϋυϩϯͷऩྔͱ౷ܭతαʔϚϧϞσϧɻ

2.2 J/ψཻࢠͰݟΒΕͨνϟʔϜΫΥʔΫ࠶
݁߹

ɼLHCσʔλͰΈΒΕͨϢχʔΫͳಛͷ̍ͭʹ࣍

Ͱ͋Δ J/ψ ͷੜʹ͍ͭͯͯݟΈΑ͏ɻߴΤωϧΪʔ

ॏΠΦϯԠʹ͓͍ͯɼJ/ψཻࢠಛผͳҙຯΛͭɻ

1980 ɼQGP தͰͷΧϥʔσόΠःณޮՌʹΑΔ

J/ψ(cc̄) ੜͷ੍͕ɼদҪɾSatz ΒʹΑͬͯఏএ͞

Ε [11]ɼͦͷޙQGPੜͷ༗ྗͳϓϩʔϒͱͯ͠ੜ

ɻ1990ͷ͖ͨͬ SPSՃثͰͷॏΠΦϯԠͰ

ͦͷ੍ͷஹީ͕ɼ·ͨ 2000ʹೖΓ RHIC࣮ݧ

ɻͨͬࢸʹΓɼJ/ψੜͷ੍ޮՌ͕֬ೝ͞ΕΔ·͕࢝

ҰํɼLHCͰͲ͏ͩΖ͏͔ɻLHCͷ࣮݁ݧՌ͔ΒΘ

͔ͬͨ͜ͱɼ͘ڻ͖͜ͱʹɼJ/ψ ͷ੍Ͱͳ͘ɼ

ͦͷରͷ૿େݱͰ͋ͬͨɻ

ਤ 5ʹࣔͨ͠ͷɼJ/ψ ͷ RAA(֩ࢠݪ੍Ҽࢠ 1)

Λԣ࣠ pT (ԣӡಈྔ)Ͱϓϩοτͨ͠ͷͰ͋Δɻࢠݪ

੍֩Ҽࢠ RAA ɼ֩ࢠݪিಥʹ͓͚ΔޮՌΛද͢ྔ

ͱͯ͠ɼҎԼͷࣜͰఆٛ͞ΕΔɻ

RAA(pT) =
d2NAA/dpTdy

⟨Ncoll⟩ × d2Npp/dpTdy
(1)

1nuclear modification factor

͜͜ͰɼNcoll ֩ࢠݪিಥʹ͓͚Δ֩ؒࢠೋମিಥ

Ͱ͋Δɻͭ·ΓɼRAAɼ֩ࢠରিಥ͋ͨΓͷ֩ࢠݪ

িಥͱ p+pিಥͰͷऩྔൺͰ͋Δɻ͠ A+Aিಥ͕

p+pিಥͷॏͶ߹ΘͤͰද͞ΕΔͱ͢ΔͱɼRAA = 1

ͱͳΓɼऩྔʹ੍͕͋Δͱ RAA < 1ͱͳΔɻ

ਤ ΒΕΔ༷ʹɼ͍ӡಈྔྖҬͰ૿Ճݟʹ5 (RAA >

1)͕ɼ͍ߴӡಈྔྖҬͰ੍ (RAA < 1)͞Ε͍ͯΔ

͜ͱ͕͔Δɻ͜ͷσʔλͷղऍͱͯ͠ɼQGPதͰ

ͷ cc̄ ͷ͏ͪɼҐ૬ۭؒͷ͍ۙ cc̄ ɼJ/ψ͠߹݁࠶͕ ͕

ύʔτϯಉ࢜ͷॳظিಥͰੜ͞ΕͨͷΑΓଟ͘ੜ

͞ΕͯΔͱ͍͏͕ํݟ༗ྗͰ͋ΔɻҰํͰɼ͍ߴӡಈ

ྔྖҬͰɼRHICΤωϧΪʔͱಉ༷ɼ͍ڧ੍͕ݟΒ

ΕΔɻ͜ͷ͍ӡಈྔྖҬͰͷ J/ψ ੜ૿େɼLHC

ͷॏΠΦϯσʔλͷΈͰݟΒΕΔେ͖ͳಛͰ͋Δɻcc̄

ͷେ͖ࢠΛࣔࠦ͢Δ͏ҰͭͷσʔλɼJ/ψཻ߹݁࠶

ͳํҐ֯ҟํੑͰ͋ΔɻํҐ֯ҟํੑͱɼ֩ࢠݪಉ࢜

ͷඇத৺িಥԠʹ͓͍ͯɼিಥܘϕΫτϧ b⃗ ͕ுΔ

ฏ໘ (Ԡฏ໘ Ψ)ʹରͯ͠ɼཻࢠͷ์ग़֯ΛํҐ֯

φͰଌͬͨࡍɼdN/d(Ψ − φ)ͰཻࢠͷऩྔΛଌఆ͠ɼͦ

ͷ̎࣍ͷϑʔϦΤͷ͜ͱͰ͋Δɻ۩ମతʹɼࣜ࣍

Ͱද͞ΕΔྔͰ͋Γɼ̎࣍ͷϑʔϦΤͷ͜ͱΛ v2

Ͱද͢ɻ

dN

d(Ψ − φ)
= A · (1 + 2v2 cos(2(Ψ − φ))) (2)

ਤ 6ʹ͋Δ༷ʹɼJ/ψͷํҐ֯ҟํੑ v2େ͖͘ɼ·

ͨͦͷେ͖͞ɼଞͷ (u, d, sΫΥʔΫΛؚΉ)͍ܰϋυ

ϩϯͱಉ༷ͷେ͖͞Λͭ࣋͜ͱ͕Θ͔ͬͨɻϞσϧͱͷൺ

ֱͰɼେ͖ͳ v2ͷد༩ɼॳظੜݯى (Primordial)

ͷͷΑΓɼ݁࠶߹ (Inclusive)͔Β͖͍ͯΔ͜ͱ

͔͖ͬͯͨ (ਤ 7)ɻ·ͨɼνϟʔϜΫΥʔΫΛؚΉDத

ͷࢠؒ v2 ɼେ͖ͳΛ؍ଌ͍ͯ͠Δʢਤ 6ʣɻ

2.3 খ͞ͳিಥܥͰQGPੜʁ

ۙಛʹΛཋͼ͍ͯΔͷɼখ͞ͳিಥܥ (Small

System)ͰͷूஂӡಈతͳৼΔ͍Ͱ͋ΔɻSmall Sys-

temͱɼ2֩ܥࢠͰ͋Δཅࢠɾཅࢠিಥɼ·ͨҰํ

ཅ͕ͩࢠɼ͏Ұํ֩ࢠݪ (ྫ͑ p+Pb p+Auি

ಥ)ͳͲͷিಥܥΛ͢ࢦɻLHCՃ͕ثՔಇ͠ɼ
√
sNN

= 7 TeV Ͱͷཅࢠɾཅࢠিಥσʔλ͕ग़࢝Ίͯ·ͳ

͘ͷ 2010 9݄ɼCMS ࢠཻ͍ߴʹΑΓɼඇৗʹݧ࣮

ଟॏͷΠϕϯτΛબͿͱɼ͔͋ͨॏΠΦϯিಥͰΈ

ΒΕ༷ͨͳݱ͕؍ଌ͞Εͨͱͷใ͕ͨͬ͋ࠂ [12]ɻͦ

ͷޙɼLHCͰͷ࣮ݧͷΈͳΒͣɼRHICʹ͓͍ͯಉ

༷ͷղੳ͕ͳ͞ΕɼࡏݱͰ༷ʑͳϓϩʔϒΛ༻͍ͯ͜

ͷখ͞ͳܥͷ͕ڀݚਐΜͰ͍Δɻ
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 (GeV/c)
T

p
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A
A

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 = 5.02 TeV, 0-20%NNsPb −ALICE, Pb

 2.5 < y < 4, (PLB 766 (2017), 212)-µ+µ → ψJ/

 |y| < 0.9 (Preliminary)-e+ e→ ψJ/

ALI-PREL-132236

ਤ 5: J/ψ ࢠ੍Ҽ֩ࢠݪͷࢠཻ (ԖɾԖ
√
sNN =

5.02 TeV,0-20 %த৺িಥ)ɻத৺ϥϐσΟςΟʔྖҬ

ͰଌΒΕͨ J/ψ → e+e− (֯)ɼલํํͰଌΒΕͨ

J/ψ → µ+µ−(੨ؙ)ͷσʔλɻRAA =1ɼӈଆͷόʔɼ

ऩྔ֨نԽʹىҼ͢Δܥ౷తෆ͔֬͞ɻ

)c (GeV/
T

p

0 2 4 6 8 10 12

 {
E

P
}

2
v

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25
 = 5.02 TeVNNsALICE Pb-Pb,  1%±global syst : 

5-20% 40-60%
20-40%    

arXiv:1707.0100530-50%, 

,−µ+µ → ψInclusive J/
 < 4y, 2.5 <  = 1.1}η∆{EP, 2v

 average,*+, D+, D0Prompt D
 < 0.8⎜y⎜,  = 0.9}⎜η∆⎜{EP, 2v

ALI−PUB−138837

ਤ 6: J/ψͱ DதؒࢠͷํҐ֯ҟํੑ (v2)ɻD தؒࢠ

ɼD0ɼD+ɼD− ͷଌఆΛฏۉԽ͍ͯ͠Δɻ

খ͞ͳܥͰͷଟॏཻࢠੜΠϕϯτʹ͓͍ͯɼQGP

ੜ͞ΕͨͷͰ͋Ζ͏͔ʁ·ͣɼ͜Ε·Ͱ ALICE Ͱ

ΈΒΕͨɼখ͞ͳܥͰͷ݁ՌΛͯݟΈΔ͜ͱʹ͢Δɻ

ਤ 8ɼԣཻ͕࣠ࢠͷଟॏ (dN/dη)Ͱɼॎ͕࣠ε

τϨϯδωεΛؚΉ༷ʑͳϋυϩϯ (K0
sɼΛɼΞɼΩ)ͷऩྔ

ͱɼՙి π தؒࢠͷऩྔͷൺΛͱͬͨͷͰ͋Δɻϓ

ϩοτ͍ͯ͠Δিಥܥɼ7 TeVͷཅࢠɾཅࢠɼ5.02 TeV

ͷཅࢠɾԖɼ2.76 TeVͷԖɾԖͰ͋Δɻཅࢠɾཅࢠɼཅ

ଟॏ͕ͦΕͧΕ্͕ΔʹͭΕͯɼετϨࢠɾԖͷཻࢠ

ϯδωεɾϋυϩϯͷऩྔ૿Ճ͠ɼ΄΅̍ͭͷϥΠϯ

Λܗ͍ͯ͠Δ͜ͱ͕Θ͔Δɻ·ͨཅࢠɾԖͰͷ࠷ߴ

ଟॏͷɼԖɾԖσʔλͷपลিಥͷσʔλࢠཻ͍

ͱྑ͘Ұக͍ͯ͠ΔɻਤʹϞσϧࢉܭͷࣔͯ͠

͓ΓɼPYTHIAͳͲͷैདྷͷΠϕϯτδΣωϨʔλʔ

(softͳQCDϞσϧ)Ͱݱ࠶Ͱ͖ͣɼϚϧνύʔτϯ

૬࡞ޓ༻ΛؚΉϞσϧ (DIPSYɼEPOS)ͳͲͰͳ͍ͱ

)c (GeV/
T

p

0 2 4 6 8 10 12

 {
E

P
}

2
v

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

 = 5.02 TeVNNsALICE 20 - 40% Pb-Pb, 
ψInclusive J/

X. Du et al.  < 4)y(2.5 < K. Zhou et al. 

 = 0}η∆{EP, 2v| < 0.9, y, |-e+e

 = 1.1}η∆{EP, 2v < 4, y, 2.5 < -µ+µ

 - global syst : 1%

| < 0.9y |, ψInclusive J/
 < 4y 2.5 < , ψInclusive J/

 < 4y 2.5 < , ψPrimordial J/

 w non-collectiveψInclusive J/
 w/o non-collectiveψInclusive J/
ψPrimordial J/

ALI−PUB−138833

ਤ 7: J/ψதؒࢠͷํҐ֯ҟํੑ (v2)ͱϞσϧͱͷൺֱɻ

͍͜͠ͱΘ͔͍ͬͯΔɻʮετϨϯδωε૿͕ݱ࠶

େʯݱɼ͔ͭͯQGPͷγάωνϟͱͯ͠ఏএ͞

Ε [13]ɼ͜Ε·ͰॏΠΦϯিಥಛ༗ͷͷͩͱࢥΘΕͯ

͍͓ʹܥଟॏͷখ͞ͳিಥࢠཻ͍ߴ͕ɼ࣮ݱ͖ͨ

ͯɼݦஶʹʮετϨϯδωε૿େʯ͕͋Δ͜ͱ͕ॳΊ

ͯ໌Β͔ʹͳͬͨ [14]ɻ

Ͱɼখ͍͞িಥܥͰͷूஂతͳӡಈͲ͏Ͱ͋Ζ͏

͔ɻਤ 9 ɼԣ͕࣠ԣӡಈྔɼॎ͕࣠લग़ͷํҐ֯ҟํ

ੑ v2Ͱ͋ΔɻিಥܥཅࢠɾԖিಥ
√
sNN = 5.02 TeV

Ͱɼࢠཻ͍ߴଟॏࣄΛબΜͰ͍Δɻσʔλओʹཻ

ผ͞ΕͨϋυϩϯͰ͋ΔɻॏΠΦϯিಥͰΈΒΕࣝࢠ

ͨେ͖ͳ v2͕ɼখ͞ͳܥͰ͋ΔཅࢠɾԖͰ͍ͯ͑ݟ

Δ͜ͱ͕͔ͬͨɻ

ͦΕͰɼQGPੜͷূڌͷ̍ͭͰ͋ΔδΣοτ

੍খ͞ͳিಥܥͰͨ͑ݟͷͩΖ͏͔ɻਤ 10 ʹࣔ͢

ͷɼཻࣝࢠผ͞Ε༷ͨʑͳཻࢠͷ֩ࢠݪ੍ҼࢠΛ

ཅࢠɾԖিಥܥ
√
sNN = 5.02 TeVͰͨݟͷͰ͋Δɻ

ԣӡಈྔྖҬ͍ߴ (8 GeV/cҎ্)ͷϋυϩϯɼͦͷ

ੜݯىΛॳظύʔτϯͷࢄߗཚ (hard scattering)ʹ

ͭɻͦΕΒδΣοτͱͳͬͯऴঢ়ଶͰ؍ଌ͞ΕΔɻ

ਤ 10ͷ֯ͷσʔλ (த৺ϥϐσΟςΟʔྖҬ |y| <
0.9ɼJ/ψ → ɹ e+e−)ʹݟΒΕΔΑ͏ʹɼ8 GeV/cҎ

্ͷԣӡಈྔͷ֩ࢠݪ੍Ҽࢠ RpPb Ͳͷཻࢠछ 1

ۙʹ͋ΓɼδΣοτ੍ޮՌ͕খ͞ͳিಥܥͰݟΒ

Ε͍ͯͳ͍ɻ͜ͷਤத৺িಥΛ͚͍ͯͳ͍͕ɼ

͚ͨ߹ͰδΣοτ੍ޮՌݟΒΕͳ͔ͬͨɻ

খ͞ͳিಥܥͰूஂӡಈετϨϯδωε૿େ͕ݟ

ΒΕͨͷʹؔΘΒͣɼδΣοτ੍͕ݟΒΕ͍ͯͳ͍

͜ͱͷղऍͱͯ͠ɼQGPతͳͷ͕࡞ΒΕͨͱͯ͠ɼ

ͦͷαΠζ͕খ͍͞ҝʹेͳύʔτϯͷΤωϧΪʔଛ

ࣦ͕ੜ͡ͳ͍Ͱɼܥͷ֎ʹग़͖ͯͯ͠·ͬͨͱͷํݟ

͋Δɻͨͩ͜ͷখ͍͞িಥܥͰͷूஂӡಈͷ͕ݯىϚϧ

νύʔτϯ૬࡞ޓ༻͔Βੜ͡Δྲྀମݱͱͯ͠ղऍͰ͖

Δͷ͔ɼ͋Δ͍ɼিಥॳظͷ݅ͱͯ͑͠ߟΒΕ͍ͯ
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ਤ 8: ετϨϯδωεΛؚΉϋυϩϯͱ πதؒࢠͷऩྔ

ൺͷཻࢠଟॏٴͼিಥܥґଘੑɻ

ΔάϧʔΦϯݱ (CGC, Color Glass Condensate)

ͷॏޙࠓΛͭͷͳͷ͔·͔͓ͩͬͯΒͣɼݯىʹ

ཁͳڀݚ՝ͷ 1ͭͱͯ͠͞Ε͍ͯΔɻ

2.4 δΣοτͰ୳ΔύʔτϯͷΤωϧΪʔଛ
ߏػࣦ

QGPͷ༌ૹಛੑQGPதͰͷύʔτϯͷΤωϧΪʔ

ଛࣦߏػͷ୳ࡧʹ͓͍ͯɼিಥॳظʹੜ͡Δࢄߗཚύʔ

τϯɼඇৗʹ༗ޮͳϓϩʔϒͱͳΔɻͳͥͳΒɼͦͷ

༷ͳύʔτϯɼߴΤωϧΪʔॏΠΦϯিಥͰੜ͞

ΕΔ࣭Λ௨ա͢ΔࡍʹɼͦͷੑΛөͨ͠ӨڹΛ

ड͚Δ͔ΒͰ͋Δɻཧతʹɼύʔτϯ͕QGPதΛ

௨ա͢Δ࣌ɼओʹάϧʔΦϯ์ࣹʹΑΓɼQGPதͷά

ϧʔΦϯີ (dNg/dy)ٴͼɼ௨աڑʹԠͨ͡Τωϧ

ΪʔΛࣦ͏ͱ͑ߟΒΕ͍ͯΔɻ࣮ݧʹ͓͍ͯɼ͜ΕΒͷ

ύʔτϯͷଟ͍͘ߴԣӡಈྔ (pT)Λͭ࣋ϋυϩϯͷ

ଋ (δΣοτ) ͱͯ͠؍ଌ͞ΕΔɻ͕ͨͬͯ͠ɼύʔτϯ

ͷΤωϧΪʔଛࣦɼߴΤωϧΪʔδΣοτͷऩྔݮগ

)c (GeV/
T

p
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∆
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ALICE Preliminary 0-20% (V0A) | < 0.8η|

without non-flow subtraction
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ਤ 9: ཅࢠɾԖিಥ
√
sNN = 5.02 TeVͷࢠཻߴଟॏ

ผ͞ΕͨϋυϩϯͷํҐ֯ҟํੑࣝࢠʹ͓͚Δཻࣄ

(v2)ɻ

)c (GeV/
T

p
0 2 4 6 8 10 12 14

p
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b
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-π++π

c < 2.0 GeV/
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p < 0    for 
CMS

y-0.5 < 

c > 2.0 GeV/
T

p < 0.3 for 
CMS

y-0.3 < 
-

+K
+

K

c < 2.8 GeV/
T

p < 0    for 
CMS

y-0.5 < 

c > 2.8 GeV/
T

p < 0.3 for 
CMS

y-0.3 < 

pp+

c < 3.0 GeV/
T

p < 0    for 
CMS

y-0.5 < 

c > 3.0 GeV/
T

p < 0.3 for 
CMS

y-0.3 < 

 < 0
CMS

y   -0.5 < 
+

Ξ+
-

Ξ

 < 0
CMS

y  -0.5 < 
+

Ω+
-

Ω

ALICE Preliminary
 = 5.02 TeVNNsNSD, p-Pb 

Uncertainties: stat. (bars), sys. (boxes)
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ਤ 10: ཅࢠɾԖিಥ
√
sNN = 5.02 TeVͷཻࣝࢠผ͞

Εͨϋυϩϯͷ֩ࢠݪ੍Ҽࢠɻ

ͱͭͳ͕Δɻ͜ΕΛɼδΣοτ੍ޮՌ2ͱݺͿɻ͜͜

ͰɼδΣοτ੍ޮՌͱύʔτϯͷΤωϧΪʔଛࣦʹ

ؔ͢Δ࠷৽ͷ࣮݁ݧՌΛใ͢ࠂΔɻ

લड़ͷ௨ΓɼδΣοτߴԣӡಈྔͷϋυϩϯͷଋͰ͋

ΔͨΊɼߴԣӡಈྔϋυϩϯऩྔΛଌఆ͢Δ͜ͱʹΑΓɼ

δΣοτ੍ޮՌΛؒతʹௐΔ͜ͱ͕Ͱ͖Δɻਤ 11

ɼALICEʹ͓͍ͯଌఆ͞Εͨ
√
sNN = 2.76 TeVɼٴ

ͼɼ5.02 TeVͷԖɾԖিಥʹ͓͚ΔՙిཻࢠͷRAA Ͱ

͋Δɻ֩ࢠݪͷத৺িಥ (0 ∼ 5 %)ͰɼδΣοτىҼ

ͷཻ͕ࢠ༏ҐͱͳΔߴӡಈྔྖҬʹ͓͍ͯɼ͍ڧऩྔ

੍͕ଌఆ͞Εɼٯʹɼपลিಥ (60 ∼ 80 %)Ͱɼͦͷ

ޮՌ͕ऑ͍͜ͱ͕Θ͔Δɻ͜ͷҧ͍ɼத৺িಥʹ͓͍

ͯɼQGPதͰͷࢄߗཚύʔτϯͷฏۉ௨աڑ͕͍

ҝͰ͋Δͱ͑ߟΒΕΔɻ

LHCͰͷॏΠΦϯিಥͰɼੜ͞ΕΔߴΤωϧΪʔ

ύʔτϯ࣭தͰͷΤωϧΪʔଛࣦͱൺɼॆେ͖ͳ

2jet quenching effect
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ਤ 8: ετϨϯδωεΛؚΉϋυϩϯͱ πதؒࢠͷऩྔ

ൺͷཻࢠଟॏٴͼিಥܥґଘੑɻ

ΔάϧʔΦϯݱ (CGC, Color Glass Condensate)

ͷॏޙࠓΛͭͷͳͷ͔·͔͓ͩͬͯΒͣɼݯىʹ

ཁͳڀݚ՝ͷ 1ͭͱͯ͠͞Ε͍ͯΔɻ

2.4 δΣοτͰ୳ΔύʔτϯͷΤωϧΪʔଛ
ߏػࣦ

QGPͷ༌ૹಛੑQGPதͰͷύʔτϯͷΤωϧΪʔ

ଛࣦߏػͷ୳ࡧʹ͓͍ͯɼিಥॳظʹੜ͡Δࢄߗཚύʔ

τϯɼඇৗʹ༗ޮͳϓϩʔϒͱͳΔɻͳͥͳΒɼͦͷ

༷ͳύʔτϯɼߴΤωϧΪʔॏΠΦϯিಥͰੜ͞

ΕΔ࣭Λ௨ա͢ΔࡍʹɼͦͷੑΛөͨ͠ӨڹΛ

ड͚Δ͔ΒͰ͋Δɻཧతʹɼύʔτϯ͕QGPதΛ

௨ա͢Δ࣌ɼओʹάϧʔΦϯ์ࣹʹΑΓɼQGPதͷά

ϧʔΦϯີ (dNg/dy)ٴͼɼ௨աڑʹԠͨ͡Τωϧ

ΪʔΛࣦ͏ͱ͑ߟΒΕ͍ͯΔɻ࣮ݧʹ͓͍ͯɼ͜ΕΒͷ

ύʔτϯͷଟ͍͘ߴԣӡಈྔ (pT)Λͭ࣋ϋυϩϯͷ

ଋ (δΣοτ) ͱͯ͠؍ଌ͞ΕΔɻ͕ͨͬͯ͠ɼύʔτϯ

ͷΤωϧΪʔଛࣦɼߴΤωϧΪʔδΣοτͷऩྔݮগ
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ਤ 9: ཅࢠɾԖিಥ
√
sNN = 5.02 TeVͷࢠཻߴଟॏ

ผ͞ΕͨϋυϩϯͷํҐ֯ҟํੑࣝࢠʹ͓͚Δཻࣄ
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p < 0.3 for 
CMS
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ALICE Preliminary
 = 5.02 TeVNNsNSD, p-Pb 

Uncertainties: stat. (bars), sys. (boxes)
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ਤ 10: ཅࢠɾԖিಥ
√
sNN = 5.02 TeVͷཻࣝࢠผ͞

Εͨϋυϩϯͷ֩ࢠݪ੍Ҽࢠɻ

ͱͭͳ͕Δɻ͜ΕΛɼδΣοτ੍ޮՌ2ͱݺͿɻ͜͜

ͰɼδΣοτ੍ޮՌͱύʔτϯͷΤωϧΪʔଛࣦʹ

ؔ͢Δ࠷৽ͷ࣮݁ݧՌΛใ͢ࠂΔɻ

લड़ͷ௨ΓɼδΣοτߴԣӡಈྔͷϋυϩϯͷଋͰ͋

ΔͨΊɼߴԣӡಈྔϋυϩϯऩྔΛଌఆ͢Δ͜ͱʹΑΓɼ

δΣοτ੍ޮՌΛؒతʹௐΔ͜ͱ͕Ͱ͖Δɻਤ 11

ɼALICEʹ͓͍ͯଌఆ͞Εͨ
√
sNN = 2.76 TeVɼٴ

ͼɼ5.02 TeVͷԖɾԖিಥʹ͓͚ΔՙిཻࢠͷRAA Ͱ

͋Δɻ֩ࢠݪͷத৺িಥ (0 ∼ 5 %)ͰɼδΣοτىҼ

ͷཻ͕ࢠ༏ҐͱͳΔߴӡಈྔྖҬʹ͓͍ͯɼ͍ڧऩྔ

੍͕ଌఆ͞Εɼٯʹɼपลিಥ (60 ∼ 80 %)Ͱɼͦͷ

ޮՌ͕ऑ͍͜ͱ͕Θ͔Δɻ͜ͷҧ͍ɼத৺িಥʹ͓͍

ͯɼQGPதͰͷࢄߗཚύʔτϯͷฏۉ௨աڑ͕͍

ҝͰ͋Δͱ͑ߟΒΕΔɻ

LHCͰͷॏΠΦϯিಥͰɼੜ͞ΕΔߴΤωϧΪʔ

ύʔτϯ࣭தͰͷΤωϧΪʔଛࣦͱൺɼॆେ͖ͳ

2jet quenching effect
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ਤ 11:
√
sNN = 2.76 TeVɼٴͼɼ5.02 TeV Pb+Pbি

ಥʹ͓͚Δՙిཻࢠͷ֩ࢠݪ੍Ҽࢠ RAAɻ

ΤωϧΪʔΛͭ࣋ଟͷࢄߗཚύʔτϯ͕ੜ͞ΕΔɻ

ͦͷͨΊɼδΣοτߏ࠶Λ༻͍ͨδΣοτͷଌఆ͕

Մͱͳͬͨɻਤ 12ʹɼԖɾԖিಥ
√
sNN = 5.02 TeVʹ

͓͍ͯଌఆ͞ΕͨՙిཻࢠδΣοτͷRAAΛࣔ͢ [15]ɻ

લઅͰࣔͨ͠ՙిཻࢠͷ RAA ͱಉఔͷ͍ڧऩྔ੍

͕ଌఆ͞Εͨ 3ɻ·ͨɼಉਤதͷ
√
sNN = 2.76 TeVͰ

ͷՙిཻࢠͱதੑཻࢠʹΑͬͯߏ࠶͞ΕͨδΣοτͷ

݁Ռͱͷൺֱ͢ΔͱɼՙిδΣοτ੍ͱಉఔͷδΣο

τ੍͕ੜ͍ͯ͡Δ͜ͱ͕͔ͬͨɻ

3 ALICE ΧϩϦϝʔλ࣓ి

ALICE࣮ݧ 2013∼2015ͷ LHCӡసఀؒظࢭத

(LS1)ʹ͍͔ͭ͘ͷݕग़ثΞοϓάϨʔυΛͨͬߦɻ͜

͜Ͱɼຊάϧʔϓ͕ࢀը͠େ͖ͳׂΛՌͨͨ͠ɼ

(1) δΣοτରଌఆ༻ి࣓ΧϩϦϝʔλ “DCal4” ͷ৽ઃ

ͱɼ(2)ి࣓ΧϩϦϝʔλΛ׆༻ͨ͠δΣοτٴͼߴΤ

ωϧΪʔޫࢠτϦΨͷ։ൃʹ͍ͭͯհ͢Δɻ

ݕड़ͷΧϩϦϝʔλޙͼٴथɼຊσʔλղੳࢁஶऀͷԣڞ3
ग़ثͷ Level-1 τϦΨͷ։ൃʹΑΓɼୈ̎ճɹ TYL-FJPPL Young
Investigator Award Λडͨ͠ (2017  5 ݄)ɻ

4Di - jet CALorimeter

ALI-PREL-114186

ਤ 12: ԖɾԖিಥʹ͓͚ΔՙిཻࢠδΣοτ (
√
sNN =

5.02 TeV)ɼٴͼՙి+தੑཻࢠδΣοτ (
√
sNN =

2.76 TeV) ͷ֩ࢠݪ੍Ҽࢠ RAA [15]ɻ

3.1 ΧϩϦϝʔλ܈ͷΞοϓάϨʔυ

LHCͷΤωϧΪʔྖҬͰɼRHICͱൺֱͯ͠ଟ͘

ͷߴΤωϧΪʔδΣοτ͕ੜ͞ΕɼδΣοτͷଌ

ఆʹΑΔύʔτϯͷΤωϧΪʔଛࣦͷ͕ڀݚՄͱͳ

ΔɻδΣοτύʔτϯͷೋରࢄཚΛݯىΛͨͭ࣋Ίɼ

δΣοτࣄํҐ֯ํʹ૬ରͨ͠δΣοτର (Di -

jet)ɼ·ͨޫࢠ -δΣοτର (γ - jet) ͱͯ͠؍ଌ͞Ε

ΔɻDCalϓϩδΣΫτɼطଘͷେཱମ֯ి࣓ΧϩϦ

ϝʔλ “EMCal5” ͷରଆʹ৽ͨͳి࣓ΧϩϦϝʔλ

Λઃஔ͠ɼDi - jetɾγ - jetΛߴΤωϧΪʔղͰଌఆ

͢Δ͜ͱΛతͱ͍ͯ͠Δ (ਤ 13 ,র)ɻEMCalࢀ DCal

ͷݕग़ثσβΠϯಉ͡Ͱ͋ΓɼԖɾγϯνϨʔλͷα

ϯϓϦϯά࣓ిܕΧϩϦϝʔλͰ͋ΓɼγϟγϦΫߏ

WLSϑΝΠόʔʹͯγϟϫʔݯىͷޫΛूޫ͠ɼAPD

(Avalanche Photo Diode)Ͱޫݕग़ͯ͠ಡΈग़͢ɻΤω

ϧΪʔղ∆E/E ≈ 8 %/
√
E + 2 %Ͱ͋Δɻ

ຊϓϩδΣΫτ 2008ʹถҏதͷ 5Χڞࠃಉ

ʹ্ཱͯͪ͛ΒΕɼஜେֶओʹɼDCalಋೖʹΑΔ

ཧͷ༗༻ੑͷධՁɼݕग़ث࡞ɼLevel-1 τϦΨΞϧΰ

ϦζϜͷ։ൃʹܞΘͬͨɻશ෦Ͱ 8εʔύʔϞδϡʔϧɼ

1,344ϞδϡʔϧΛRun-2ʹ͚ͯ৽ͨʹಋೖ͠ɼ2014

ʹશͯͷϞδϡʔϧͷΠϯετʔϧΛྃ (ਤ 14)ɼ

2015 ͷ Run-2 ΑΓཧଌఆΛ։ͨ࢝͠ɻRun-2 ͷ

Pb+PbিಥʹͯಘΒΕͨμΠδΣοτީิΛؚΉΠϕ

ϯτσΟεϓϨΠ (ਤ 15)Λࣔ͢ɻDCalͷσʔλ͕ਖ਼

ৗʹऔಘͰ͖͍ͯΔ͜ͱ͕Θ͔Δɻ

5ElectroMagnetic CALorimeter
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ਤ 13: ALICE ʹ͓͚ΔΧϩϦϝʔλݕग़܈ثɻࠨ

্:EMCal, ӈԼ:DCal ग़ݕɻӈԼͷ৭தԝͷثग़ݕ

ث PHOSɻ

ਤ 14: DCalεʔύʔϞδϡʔϧͷΠϯετʔϧલͷࣸ

ਅ (ALICE point-2ʹͯ)ɻ2013 9 Өɻࡱ݄

3.2 τϦΨγεςϜͷΞοϓάϨʔυ

Ͱ͋ΓɼࣄͳࡶΊͯෳۃΤωϧΪʔॏΠΦϯিಥߴ

1ͷিಥʹ 2ສݸͷଟͷཻ͕ࢠੜ͞ΕΔɻͦͷ

ͨΊɼޮྑ͘ߴΤωϧΪʔδΣοτΛؚΉΠϕϯτΛ

நग़͢ΔͨΊͷΦϯϥΠϯτϦΨγεςϜ͕ඞਢͱͳ

ΔɻδΣοτٴͼߴΤωϧΪʔޫࢠͷτϦΨͱͯ͠ɼಡ

ग़͠ͷൺֱతߴͳΧϩϦϝʔλͷ༻͕༗ޮͰ͋

ΔɻALICE࣮ݧͰɼLS1ؒظʹ͓͍ͯΧϩϦϝʔλ

Λ༻͍ͨτϦΨγεςϜͷΞοϓάϨʔυ͕ߦΘΕͨɻ

ΧϩϦϝʔλͷτϦΨɼਤ 16 ͷΑ͏ʹஈͷϞ

δϡʔϧΛ௨ͯ͠࡞͞ΕΔɻͦͷதͷ࠷ऴஈͰ͋Δτ

ϦΨஔ “STU6”(ਤ 17)ͰɼԼҐϞδϡʔϧ͕౷߹

͞ΕɼτϦΨΞϧΰϦζϜ͕࣮͞ߦΕΔɻࠓճͷΞοϓ

6Summary Trigger Unit

ਤ 15: Run-2
√
sNN = 5.02 TeV ԖɾԖিಥ࣮ݧʹ͓

͚ΔμΠδΣοτΠϕϯτީิͷΠϕϯτσΟεϓϨΠ

(ӈ্ɿEMCalɼࠨԼɿDCal)ɻ(plot: (ࡉ

άϨʔυͰɼޮΑ͘ߴΤωϧΪʔδΣοτΛؚΉΠ

ϕϯτΛબͼͩͨ͢ΊɼҎԼͷΛ՝ͱ͠ɼτϦΨΞ

ϧΰϦζϜͷมߦ͕ߋΘΕͨɻ

1. ΠϕϯτόοΫάϥϯυͷੵݟΓ

2. ॲཧؒ࣌ͷॖ

՝ 1ͷղܾͷͨΊʹɼALICE࣮ݧʹΠϯετʔϧ͞

Ε͍ͯΔ 3छͷΧϩϦϝʔλɼEMCal, DCal, PHOSΛ

౷߹ͨ͠৽ͨͳτϦΨΞϧΰϦζϜΛ࠾༻ͨ͠ (ਤ 16)ɻ

͜͜ͰɼॏΠΦϯিಥͷಛͰ͋Δେ͖ͳόοΫάϥ

ϯυΛ EMCalͱ DCal+PHOSͰͦΕͧΕੵݟΓɼ

ͦΕΛ૬ର͢Δݕग़ثͰ͋Δ DCal+PHOS ͱ EMCal

ͷฏۉόοΫάϥϯυͱͯ͠औΓѻ͏͜ͱʹΑΓɼࣗ

গΛਤͬͨɻݮόΠΞεͷݾ

Ұํɼ՝ 2ʹؔͯ͠ɼτϦΨϞδϡʔϧؒͷσʔ

λ௨৴தʹՄͳݶΓॲཧΛਐΊɼ௨৴ؒ࣌ΛؚΊͨॲ

ཧؒ࣌ͷ࠷దԽΛͨͬߦɻ݁ՌɼALICEͷཁ༷ٻͰ

͋Δ 7µsҎͱ͍͏ؒ࣌ͰશॲཧΛͤྃ͞Δ͜ͱʹ

ޭͨ͠ɻ

͜ͷ৽͍͠τϦΨγεςϜɼ2015ͷԖɾԖিಥ࣮

ͷޙΕɼͦͷ࢝͞ΑΓӡ༻͕։ݧ Run-2ͷσʔλऩू

ʹ͓͍ͯ҆ఆͨ͠τϦΨੑΛ࣮͍ͯ͠ݱΔɻσʔλऔ

ಘޙɼઃఆᮢʹ͓͚ΔδΣοτͷϦδΣΫγϣϯྗɼ
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ਤ 13: ALICE ʹ͓͚ΔΧϩϦϝʔλݕग़܈ثɻࠨ

্:EMCal, ӈԼ:DCal ग़ݕɻӈԼͷ৭தԝͷثग़ݕ

ث PHOSɻ

ਤ 14: DCalεʔύʔϞδϡʔϧͷΠϯετʔϧલͷࣸ
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ਤ 16: ALICE࣮ݧʹ͓͚ΔΧϩϦϝʔλτϦΨͷσʔ

λϑϩʔ֓ཁɻ͔ࠨΒ FEE (Front End Electronics),

TRU (Trigger Region Unit), STU (Summary Trigger

Unit), CTP (Central Trigger Processor)ɻ

ਤ 17: ΧϩϦϝʔλݕग़ث༻ɼLevel-1τϦΨஔ STU

(Summary Trigger Unit)ɻ

τϦΨޮͷධՁΛ͍ߦɼτϦΨγεςϜ͕ਖ਼ৗɾ҆

ఆʹಈ͢࡞Δ͜ͱΛ֬ೝͨ͠ɻ

ਤ 18ɼ2015ͷԖɾԖিಥ࣮ݧʹ͓͚ΔDCalݕग़

ଆDCalࠨͰಘΒΕͨδΣοττϦΨσʔλͰ͋Δɻث

ͰͷΫϥελʔΤωϧΪʔΛϛχϚϜόΠΞثग़ݕ

ετϦΨ (kINT7)ͱδΣοττϦΨ (DJ1)ͰಘΒΕͨ

ͷΛॏͶͯϓϩοτ͍ͯ͠Δɻͦͷ྆ऀͷൺ͕ӈଆͷਤ

Ͱ͋ΓɼϛχϚϜόΠΞετϦΨʹର͢ΔϦδΣΫγϣ

ϯྗ͕͓Αͦ 200ɼ·ͨઃఆͨ͠ᮢ͔Βͷ্ཱ͕ͪ

Γɼ 30 GeVʹͯฏୱͳʹͳ͓ͬͯΓɼͦΕΑΓ

΅΄ΤωϧΪʔྖҬͰτϦΨޮ͕͍ߴ 100 %ʹୡ͠

͍ͯΔ͜ͱ͕ࣔ͞Ε͍ͯΔɻ
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ਤ 18: DCal ͰಘΒΕͨδΣοττϦΨσʔλɻثग़ݕ

ɿΫϥελʔΤωϧΪʔɻӈɿϦδΣΫγϣϯࠨ

ྗ (plot: ΩϜ Ϗϣϯνϣϧ)ɻ

4 ·ͱΊͱల

Ҏ্ɼ͜Ε·ͰಘΒΕͨALICEͷ࣮݁ݧՌϋΠϥΠ

τɼٴͼɼRun-2 ͰຊάϧʔϓΒ͕৽͘͠ಋೖͨ͠

DCalݕग़ثͷհΛͨͬߦɻ2018Run-2ޙ࠷ͷ

Ͱ͋Γɼ11݄ʹ࠶ͷԖɾԖ 5.02 TeVͷߴ౷ܭσʔλ

ऩू͕ߦΘΕΔ༧ఆͰ͋Δɻޙࠓɼະղ໌ͷখ͞ͳি

ಥܥͰݟΒΕͨॏΠΦϯతͳৼΔ͍ͷཧղΛ༷ʑͳϓ

ϩʔϒΛͯͬ୳ࠪ͢Δ͜ͱʹͳΔͩΖ͏ɻྫ͑ɼখ

͞ͳܥͰͷతޫࢠ୳ࠪɼ͋Δ͍δΣοτॏΫΥʔ

ΫΛͨͬখ͞ͳিಥܥͷཧɼͦͷੜݯىʹ͍ͭͯ

ͷڀݚͰ͋ΔɻͦͷΑ͏ͳཧʹ͓͍ͯɼզʑ͕ઃஔ͠

ͨDCalͳͲΛؚΉΧϩϦϝʔλݕग़܈ثେ͖ͳҖྗ

Λൃ͢شΔ͜ͱ͕ظ͞Ε͍ͯΔɻ͞ΒʹɼδΣοτ

ͱ QGPഔ࣭ͱͷ૬࡞ޓ༻ɾԠ (medium response)ɼ

͓Αͼ c, bΫΥʔΫΛؚΉॏΫΥʔΫϋυϩϯͷཧͷ

৽ల։ظ͞ΕΔɻ

͞Βʹɼ2019͔Β LHCͷୈ γϟοτμظظ2

ϯ (LS2)͕ߦΘΕɼALICEͷେنͳΞοϓάϨʔυ

TPCΞοϓάϨʔυɼͨͬΘΕΔɻ1ͭGEMΛߦ͕

͏ҰͭMAPSݕग़ٕثज़Λͨͬ ITS (γϦίϯݕ

ग़ث)ΞοϓάϨʔυͰ͋ΔɻͦΕΒʹΑΓɼ50 kHzϛ

χϚϜόΠΞεࣄͷ࿈ଓಡΈग़͠Λ࣮͠ݱɼ͜Ε·Ͱ

ͷ 100ഒͷσʔλಡΈग़͠Λ͍ߦɼτϦΨ͕͍͠ࣄ

(ྫ͑νϟʔϜϋυϩϯͷ่յ)ͳͲΛ༨͢͜ͱͳ͘ه

͠ɼղੳΛ͜͏ߦͱ͕ՄͱͳΔɻ͜ͷߴಡΈग़͠

ͷΞοϓάϨʔυ͕ɼO2 ϓϩδΣΫτ (Online-Offline

computing)Ͱ͋ΔɻՃ͑ͯɼલํϛϡʔཻࢠରଌఆʹ

͓͍࣭ͯྔΛΑΓਖ਼֬ʹଌఆ͢Δ͜ͱΛతͱͨ͠

MFT(Muon Forward Tracker)ϓϩδΣΫτਐߦதͰ

͋ΓɼRun-2ͷؒظதʹΞοϓάϨʔυΛ͏ߦɻTPCɼ

ITSɼMFTɼO2 ͷΞοϓάϨʔυʹΑΓɼϨϓτϯର

(ԾతޫࢠɼతిࢠରɼΫΥʔίχΞ)ͷߴਫ਼ଌ

ఆ͕ՄͱͳΔɻ͞Βʹɼલํͷޫࢠɼϋυϩϯɼ
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δΣοτΛଊ͑ɼલํͷཧΛ৽ن։͢Δ৽͍͠ϓϩ

δΣΫτ FoCal(Forward Calorimeter)࢝ಈதͰ͋Γɼ

ຊάϧʔϓͷد༩େ͖͍ɻߴԹQGPੑͱͦͷੜ

ݯىղ໌ʹ͚ͯɼզʑ ALICE ຊάϧʔϓɼࠓ

ޙ ALICE Ίɼ৽͍͠ཧΛਪߴʹΛ͞Βݙߩͷݧ࣮
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