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1 Summer Student Programme

,ࢲ 2014 6݄ 23͔Β 8݄ 29·Ͱͷ 10िؒ,

Summer Student ͱͯ͠ CERNʹͨ͠ࡏɻࡏத

CMSͷιϑτΣΞάϧʔϓ SFTʹॴଐ͠, GENAT4

ʹ͓͚ΔߴΤωϧΪʔཅిࢠͷରফ໓աఔʹ͍ͭͯݚ

ϫʔΫγϣοϓΛٛߨಈҎ֎ʹ׆ڀݚɻͨͬߦΛڀ

௨ͯ͠ଟ͘ͷ͜ͱΛֶͼशಘ͢Δ͜ͱ͕Ͱ͖, ·ͨຊ

ͱҟͳΔੜ׆श׳׆ڀݚʹڞಈΛͨ͠༑ਓ͔ͨͪΒ

ͷܹʹΑͬͯಘΒΕͨͷଟ͋ͬͨ͘ɻ͜͜Ͱ,

CERNͰͷ׆ಈ༰ͱࡏதͰಘΒΕ͍ͨͯͭݧܦใ

Δɻ͢ࠂ

2 ಈ༰׆

2.1 Lecture

7݄ 1͔Βͷ 6िؒޕલதʹٛߨΛड͚Δ͜ͱ͕

Ͱ͖ͨɻ༰༷ʑͰ, ૉཻࢠཧඪ४ܕͷཧత

ͳ༰͔Β, ,ثग़ݕ τϦΨʔ, DAQʹ͍ͭͯͳͲ࣮ݧ

తͳ༰ͷͷ·Ͱ͋ͬͨɻӳޠͰٛߨΛड͚Δͱ͍͏

͜ͱ͚ͩͰࢲʹͱͬͯوॏͳݧܦͰ͕͋ͬͨ, ͦͷ

༰͜Ε͔Βͷڀݚੜ׆ʹͱͬͯ༗ӹͰ͋Ζ͏ͱ͡ײ

ΒΕΔͷ͔ΓͰ͋ͬͨɻ

2.2 Visit

͜ͷϓϩάϥϜதʹCERNͷதͷ༷ʑͳࢪઃΛֶݟ

͢Δػձ͕ଟ͘ઃ͚ΒΕ͍ͯͨɻATLAS, CMS, ALICE,

LHCbͳͲͷݕग़ثͪΖΜ, Data Centre Anti-

Matter FactoryͳͲͷࢪઃΛֶ͢ݟΔ͜ͱ͕Ͱ͖ͨɻ

2.3 ಈ׆ڀݚ

2.3.1 Study of High Energy Positron Annihi-

lation in GEANT4

ཅిࢠ࣭தΛ௨ա͢Δͱ࣭ࢠݪதͷిࢠͱର

ফ໓͢Δ͜ͱʹΑͬͯೋͭͷޫࢠΛੜ͢Δɻ͔͠͠ཅ

ͷΤωϧΪʔ͕ेʹେ͖͘ͳΔͱରফ໓ʹΑͬͯࢠి

ϛϡʔΦϯϖΞΛੜ͢Δ͜ͱ͕ՄʹͳΔ (ਤ 1)ɻͦ

ͷΤωϧΪʔᮢ Eth , ,͍͓ͯʹܥࣨݧ࣮

Eth =
2m2

µ

me
−me ≈ 43.69 GeV (1)

Ͱ༩͑ΒΕΔɻ͞ΒʹߴΤωϧΪʔͰ, ͦΕͧΕ

ͷΤωϧΪʔᮢʹରԠͯ͠ (π+,π−), (π+.π−,π0),

(K+,K−), (KL,KS), (η, γ), (π0, γ)ͳͲͷϋυϩϯ

ੜ͠ಘΔΑ͏ʹͳΔɻ

ɹ͜ΕΒͷߴΤωϧΪʔి࣓Ԡաఔͷ͜ىΔ֬

 10−6 ͔Β 10−5 ఔͱඇৗʹখ͍͕͞, LHC ͷ 13

TeV ϥϯʹ͓͚Δ৽ཧͷ୳ࡧ [1]  CLIC[2] ͳͲ

ͷઢܗՃݧ࣮ثʹ͓͍ͯॏཁͳόοΫάϥϯυ

ͱͳΓಘΔͨΊਖ਼֬ͳ༧ଌ͕ඞཁͱͳΔɻຊڀݚͰ

GEANT4(vesion 10.01.b01)ʹ͓͍ͯ͜ΕΒͷաఔͷ

Ԡஅ໘ੵͷ validationΛޙͨͬߦ,؆୯ͳγϛϡϨʔγϣ

ϯΛ࣮ͨ͠ߦɻ

γ∗

e−

e+

µ+

µ−

ਤ 1: ϛϡʔΦϯϖΞΛੜ͢Δిࢠཅిࢠରফ໓
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1 ͡Ίʹ

2014 6݄ 30͔Β 9݄ 5·ͰɼCERNͰ։͞࠵

Εͨ Summer Student Programme 2014 Ճ͖ͯ͠ࢀʹ

·ͨ͠ɻ10िؒͷϓϩάϥϜͷؒɼڀݚ·ΘΓͷਓʑ

͔Βࢁͷ͜ͱΛֶͼ·ͨ͠ɻ͜ͷΛ͓आΓͯ͠ɼࢲ

ͷ CERNͰͷࣄɼϓϩάϥϜͷ༰ɼੜ׆ʹ͍ͭͯ

ͷใࠂΛ͍͖ͤͯͨͩ͞·͢ɻ

2 ڀݚ

2.1 ༰ڀݚ

ຊϓϩάϥϜͰ͕ࢲ୲ͨ͠ͷɼCMS detect࣮ݧ

ͷϛϡʔΦϯݕग़ثώοτ͔ΒϛϡʔΦϯީิࣄΛந

ग़͢ΔΞϧΰϦζϜΛվྑ͢Δ͜ͱͰ͢ɻ͜Εϛϡʔ

Φϯͷඈߏ࠶ͷͨΊʹ͔ܽͤͳ͍ۀ࡞Ͱɼ͜͜

Ͱநग़ɼબผ͞ΕͨϛϡʔΦϯީิࣄΛݩʹϛϡʔΦ

ϯͷඈߏ࠶ɼ͓Αͼཧղੳ͕ߦΘΕ·͢ɻߦݱͷ

ΞϧΰϦζϜͰर͏͜ͱͷͰ͖ͳ͍Α͏ͳϛϡʔΦϯ

·ΛਐΊ͖ͯڀݚʹબग़Ͱ͖Δ͜ͱΛඪࣄิީ

ͨ͠ɻ

2.2 CMSݕग़ث [1]

CMSݕग़ث Higgsཻࢠ SMΛ͑Δཧͷ୳ࡧ

Λओͳతͱͯ͠ݐઃ͞Εɼࡏݱ LHC(Large Hadron

Collider)ʹઃஔ͞Ε͍ͯΔ൚༻ཻݕࢠग़ثͰ͢ɻਤ 1ʹ

CMSݕग़ثͷ֓ཁਤΛͤࡌ·ͨ͠ɻ͜ΕΒͷਤ͔Β

Θ͔ΔΑ͏ʹɼCMSݕग़ثෳͷ෦͔Βߏ͞Ε

͓ͯΓɼͦΕͧΕͷύʔτ͕ಛఆͷཻࢠΛݕग़͢Δͷʹ

ಛԽͨ͠ߏʹͳ͍ͬͯ·͢ɻਤ 2ʹ֤ύʔτ͕ɼͦΕ

ͧΕͲͷΑ͏ͳཻࢠΛͲͷΑ͏ʹݕग़͢Δͷ͔ͱ͍͏֓

ཁਤ͕ࣔ͞Ε͍ͯ·͢ɻ

ਤ 1: CMSݕग़ث

ਤ 2: ग़͍ͯ͠ΔݕΛࢠͷͦΕͧΕͷύʔτཻ͕ثग़ݕ

֓ཁਤ

ਤ 3: ϛϡʔΦϯγεςϜͷ֓ཁਤ
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2.3.2 Modification and Validation of High En-

ergy Electromagnetic Process

GEANT4 ͷΧʔωϧ͔Βి࣓աఔͷԠஅ໘ੵ

ΛϢʔβʔΞΫγϣϯʹऔΓग़͢ͱ͖, ϔϧύʔ

Ϋϥε G4EmCalculator Ͱ͖Δɻ͜ͷΫϥ༺͕

ε G4VEmProcess ͷΈΛࢀর͍͕ͯͨ͠, ճࠓ

G4AnnihiToMuPairࢀর͢ΔΑ͏ʹमਖ਼ΛՃ͑ͨ͜

ͱͰ্هͷߴΤωϧΪʔి࣓աఔͯ͢ʹ͓͍ͯԠஅ

໘ੵΛѻ͑ΔΑ͏ʹͳͬͨ (ਤ 2)ɻ͜ΕΒͯ͢ͷΞο

ϓσʔτGEANT4ͷͯ͢ͷ validationաఔΛ௨ա

͠ CMSιϑτΣΞͷ private patchʹஔ͔Ε͍ͯΔɻ

ਤ 2: ΤωϧΪʔి࣓աఔΛఆٛ͢ΔΫϥεߴ

͍ͭͮͯ, GEANT4ͷԠஅ໘ੵΛཧࢉܭͱൺֱ

͢Δ͜ͱʹΑͬͯ validationΛͨͬߦɻରফ໓ͷޙʹೋ

ͭͷޫࢠ, ·ͨϛϡʔΦϯϖΞΛੜ͢ΔաఔͷԠ

அ໘ੵ࣍ͷΑ͏ʹ͞ࢉܭΕͨɻ

σ(e+e− → γγ)

=
Zπr2e
γ + 1

[
γ2 + 4γ + 1

γ2 − 1
ln (γ +

√
γ2 − 1)− γ + 3√

γ2 − 1

]

(2)

σ(e+e− → µ+µ−) =
πr2µ
3

ξ

(
1 +

ξ

2

)√
1− ξ (3)

͜ΕΒͷࣜʹ͓͍ͯ, E:ཅిࢠͷશΤωϧΪʔ ࣨݧ࣮)

,(ܥ γ = E/me, re:ݹయిࢠܘ, rµ = reme/mµ, ξ =

Eth/E, Eth = 2m2
µ/me − me Ͱ͋ΔɻGEANT4ͷஅ

໘ੵ͜ͷཧࢉܭͷ݁Ռͱਖ਼֬ʹҰக͢Δ͜ͱ͕֬

ೝͰ͖ͨ (ਤ 3)ɻϋυϩϯͷରফ໓աఔͷஅ໘ੵͷ

validation, ϛϡʔΦϯϖΞͷରফ໓ͷஅ໘ੵͱͷ

ൺΛ༻͍ͯ, Particle Data Groupͷ࣮ݧσʔλ (ਤ 4)

ͱൺֱ͢Δ͜ͱʹΑͬͯͨͬߦɻ

2.3.3 Simulation in a Simple Setup

͍ͯͭʹΤωϧΪʔి࣓աఔߴ Validation͕ऴྃ͠

,ޙͨ ͜ΕΒͷաఔ͕Ͳͷఔͷ֬Ͱ͜ىΓಘΔͷ͔

֬ೝ͢ΔͨΊʹ, ेʹް͍ඪతΛ༻ҙ͠ ͷཅిݸ107

ɻͨͬߦΛরࣹ͢Δͱ͍͏؆୯ͳγϛϡϨʔγϣϯΛࢠ

ਤ 3: Γͷશஅ໘ੵɻͨ͋ࢠݪରফ໓աఔͷࢠཅిࢠి

ԣ࣠ిࢠ੩ܥࢭʹ͓͚ΔཅిࢠͷશΤωϧΪʔɻ࣮ઢ

 GEANT4ͷஅ໘ੵ, ɻࢉܭͷϚʔΫཧ֯ࡾ

ਤ 4: ରফ໓ʹ͓͚Δϋυϩϯੜաఔͱࢠཅిࢠి

ϛϡʔΦϯੜաఔͷશஅ໘ੵൺ (PDGσʔλ)ɻR =

σ(e+e− → hadrons)/σ(e+e− → µ+µ−)ɻԣ࣠ॏ৺ܥ

ʹ͓͚ΔશΤωϧΪʔɻ

݁ՌΛਤ 5ʹࣔ͢ɻ֬ 10−6 ∼ 10−5 ͱখ͍͞ͳ͕Β

͔֬ʹ͜ͷԠ͕͜ىΔ͜ͱ͕֬ೝͰ͖, ޙࠓ 13 TeV

ͷ LHCͰ͏ߦΑ͏ͳߴΤωϧΪʔߴΠϕϯτϨʔτͱ

ͳΔ࣮ݧʹ͓͍ͯ, ͜ΕΒͷԠաఔʹ͍ͭͯ৻ॏ

ʹ༧ଌ͢Δඞཁ͕͋Δ͜ͱ͕ࣔࠦ͞Εͨɻ

3 ੜ׆໘ͰͷΤϐιʔυ

,͜ͷϓϩάϥϜͷؒࢲ ϑϥϯεͷ St. Genisʹ͋

Δ CERN Hostelʹͨ͠ࡏɻϗεςϧʹ, ಉ͡Α͏

ʹ Summer Studentͱ֤͔ͯ͠ࠃΒू·ֶͬͨੜ͕

,͍ͯͯ͠ࡏ ൴Βͱͷڞಉੜ׆ඇৗʹ༗ҙٛͳͷͰ

͋ͬͨɻCERN Summer Student Programme ཧͷ

ֶੜ͚ͩͰͳ͘ engineer  computer science ͷֶੜ

,Ճ͍ͯ͠ΔͨΊࢀ ͦͷΑ͏ͳֶੜͱ CERNͰͷڀݚ

ʹ͍ͭͯӳޠͰٞΛͨ͠Γಉٛ͡ߨΛड͚ͯ൴Βͱࣗ

ͱͷཧղͷํͷҧ͍ΛͬͨΓͰ͖Δ͜ͱ, ʹࢲ

ͱͬͯॳΊͯͷݧܦͰ͋Γوॏͳͷͱͳͬͨɻͦͷଞ

ʹ, ަͰͦΕͧΕࣗͷࠃͷྉཧΛօʹৼͬͨΓ

ҰॹʹεϙʔπΛͨ͠ΓͳͲ, ͍ΘΏΔจԽͷҧ͍Λײ
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ਤ 5: ཅి͕ࢠରফ໓ʹΑͬͯϛϡʔΦϯϖΞ·ͨϋ

υϩϯΛੜ͢Δ֬ɻཅిࢠͷΤωϧΪʔΛ 1 TeVʹ

,ఆͨ͠ͱ͖ͷݻ ඪతͷ࣭ґଘΛࣔ͢ɻ

͡Δػձଟ͋ͬͨ͘ɻӳ͑͞ޠͤΕ༷ʑͳ͔ࠃΒ

ͷ༑ਓͱίϛϡχέʔγϣϯΛͱΔ͜ͱ͕Ͱ͖, ൴Βࣗ

ͷ͜ͱ൴Βͷࠃͷ͜ͱʹ͍ͭͯΕͨ͜ͱ·ͨͱ

ͳ͍ػձͰ͋ͬͨͱ͏ࢥɻ

ɹ͕ࢲͬͱ͍ͨڻͷຊޠຊͷจԽʹڵຯΛ

,͍ͯͯͬ࣋ ษ͍ͯ͠ڧΔਓͷଟ͞Ͱ͋Δɻ͔ࢲΒΈΔ

ͱ, ൴Βࣗͷࠃʹ͍ͭͯඇৗʹྑ͘ཧղ͠, ͔ͭ

ࣗ৴Λ͍ͯͬ࣋ΔΑ͏ʹͨ͑ݟɻͦͷ্Ͱຊͷ͜ͱ

ʹڵຯΛͯͬ࣋͘Ε͍ͯͨͷ͕ͩ, ͦͷΑ͏ͳ༑ਓͨ

ͪͱຊͷ͜ͱΛ͑ڭͳ͕Β͍ͯ͠Δͱ, վΊͯࣗࢲ

͕ຊͷ͜ͱΛΑ͘Βͳ͍͜ͱʹ͔ͮ͞ؾΕͨɻ

ਤ 6: Summer Student ͷ༑ਓͨͪͱσΟφʔʹͨͬߦ

ͱ͖ɻӈʹࢲɻ

4 ͷ๊ෛޙࠓ

CERNͰͷڀݚੜ׆Λ௨ͯ͠, େ͖ͳάϧʔϓͷதʹ

͍ͯҰਓͻͱΓͷͦࣄΕͧΕ͕શମͱͯ͠ॏཁʹ

ͳΓ, ͳ͓͔֤ͭʑ͕ࣗΒͷࣄʹΛ͍ͬͯΔ͜

ͱΛ֬࠶ೝͤ͞ΒΕͨɻ ࢲ Summer Student ͱͯ͠

CMSͱ͍͏େ͖ͳάϧʔϓʹଐͦ͠ͷதͷ͘͝Ұ෦ͷ

,Λ͞Εͨʹա͗ͳ͔͕ͬͨڀݚ ͲͷձٞͰࣗͷ

ΊΒΕͨɻٻऀͱͯ͠ѻΘΕ݁Ռ͕͍ͯͭʹڀݚ

ຊͰ T2K࣮ݧʹॴଐ͠ڀݚΛ࢝Ί͍ͯΔ͕, ࣗ

ࣗͷڀݚʹΛͭ࣋͜ͱΛΕͣ, ·ͨࣗ৴Λͬ

ͯଓ͚Δ͜ͱ͕Ͱ͖ΔΑ͏ਫ਼ਐ͍͖͍ͯͨ͠ɻ

ɹଞʹ, Β͞Εͨɻଞ͍ࢥͷॏཁੑվΊͯྗֶޠ

ͷ͔ࠃΒࢀՃ͍ͯ͠Δ Summer Student ͨͪͷӳྗޠ

໌Β͔ʹຊਓͷͦΕΑΓ༏Ε͍ͯͯ, ͍͘Βࣗ

ͷํ͕ྑ͘ཧղ͍ͯ͠Δͱͯͬࢥ൴Βͷձͷ͞ʹ

͍͍͚ͭͯͣओுͰ͖ͳ͍, ͱ͍͏͜ͱ͕ CERN౸ண

ޙଟʑ͋ͬͨɻ͜ͷ 10िؒͰࢲͷӳྗޠগ͠

,Δ͕͍ͯͬࢥͱ্ͨ͠ άݧతͳ࣮ࡍࠃຊͰޙࠓ

ϧʔϓʹॴଐ͠׆༂͢Δ͘, ͞ΒʹྗֶޠߴΊ͍ͨ

ͱ͍ͯͬࢥΔɻ

5 ͷαϚʔενϡʔσϯτϓ͜ޙࠓ

ϩάϥϜʹΉ͜ͱ

͜ͷCERNࣗࢲ Summer Student Programmeͷ

ؒेʹຬͰ͖Δڀݚੜ׆ΛૹΔ͜ͱ͕Ͱ͖ͨͨΊ,

ಛʹ͜ΕҎ্Ήͷͳ͍ͱ͍ͯͬࢥΔɻ͏ݴ͍ͯڧ

ͳΒ, ΑΓଟ͘ͷຊਓֶੜʹ͜ͷϓϩάϥϜΛݧܦ

͢Δػձ͕͋ΕΑ͍ͱࢥΘΕΔɻਓ͕ଟ͚Εྑ͍

ͷͪΖΜ, ຊҎ֎ͷࠃͷΑ͏ʹཧҎ֎ͷͷ

ֶੜʹػձ͕༩͑ΒΕΕ, ຊਓಉ࢜ͷؒͰࠓΑ

Γ͞ΒʹֶͿ͜ͱ͕͋ΔͷͰͳ͍͔ͱͨͬࢥɻ

6 ँࣙ

,ʹޙ࠷ ͜ͷϓϩάϥϜʹࢀՃ͢Δʹ͋ͨΓ͓ੈʹ

ͳͬͨօ༷ʹਂ͘ँײਃ্͛͠·͢ɻ ͜ͷΑ͏ͳوॏ

ͳػձΛ༩͑ͯͩͬͨ͘͞KEKͷօ༷, CERNͰͷݚ

ͨͬͩͯ͑͘͞ࢧಈΛ׆ڀ CMS SFTάϧʔϓͷօ༷,

͜ͷϓϩάϥϜʹԠื͢Δࢦ͝ʹࡍಋͯͩͬͨ͘͠͞ԣ

,तڭ।ࢁ ʹڞ Summer Studentͱͯ͠ࢀՃֶͨ͠ੜͷ

օ༷, ͦͷ΄͔͍͍ͨͩͨ͝ྗڠଟ͘ͷօ༷ʹྱޚΛਃ

্͛ͨ͘͠, ँࣙʹ͔͍͖͑ͤͯͨͩ͞·͢ɻ
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