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i Paper IF Citations

654
rψΞφusπvγGaψαGαπλλγrγψtπaφGΞrossGsγΞtπoψGχγasurγχγψtsGoλGsπψμφγGtopGquarτGproαuΞtπoψGπψGassoΞπatπoψG
wπtνGaG¯GΛosoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2022SGYWYYSGX

5.4 0

653
|γarΞνGλorGλφavorTΞνaψμπψμGψγutraφGΞurrγψtGπψtγraΞtπoψsGoλGtνγGtopGquarτGaψαGtνγGqπμμsGΛosoψG
αγΞayπψμGtoGaGΛottoχGquarτTaψtπquarτGpaπrGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2022SGYWYYSGX

5.4 1

652 |γarΞνGλorGφoψμTφπvγαGpartπΞφγsGαγΞayπψμGtoGφγptoψsGwπtνGφarμγGπχpaΞtGparaχγtγrGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGUUGEuropeaniPhysicaliJournaliCSG2022SGaYSGX]Z 4.2 0

651 |tuαyGoλGαπργtGγvγψtsGwπtνGφarμγGrapπαπtyGsγparatπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGKKGsqrt{s}GKKGfG
YU_^G}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4

650 |γarΞνGλorGφowTχassGαπφγptoψGrγsoψaψΞγsGπψGqπμμsGΛosoψGαγΞaysGtoGλourTφγptoψGλπψaφGstatγsGπψG
protoψTprotoψGΞoφφπsπoψsGatGUUGEuropeaniPhysicaliJournaliCSG2022SGaYSGYbW 4.2 0

649
|γarΞνGλorGsupγrsyχχγtryGπψGλπψaφGstatγsGwπtνGtwoGorGtνrγγGsoλtGφγptoψsGaψαGχπssπψμGtraψsvγrsγG
χoχγψtuχGπψGprotoψTprotoψGΞoφφπsπoψsGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2022SGYWYYSGX

5.4 0

648 |γarΞνGλorGaGrπμνtTνaψαγαG–GΛosoψGaψαGaGνγavyGψγutrπψoGπψGprotoψTprotoψGΞoφφπsπoψsGatGKKGsqrt{s}GKKG
fGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4 0

647 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGπψtoGaGtopGquarτGaψαGaG–GΛosoψGπψGtνγGφγptoψRργtsGλπψaφGstatγG
atGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4 0

646 |γarΞνGλorGνγavyGrγsoψaψΞγsGαγΞayπψμGtoG¯¯GorG¯–GaψαGaxπoψTφπτγGpartπΞφγsGχγαπatπψμGψoψrγsoψaψtG
¯¯GorG¯qGproαuΞtπoψGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4 0

645 vγasurγχγψtGaψαGzlmGaψaφysπsGoλGαouΛφγTαπλλγrγψtπaφGπψΞφusπvγGργtGΞrossGsγΞtπoψsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4 0

644 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosGaψαGψγutraφπψosGπψGprotoψTprotoψGΞoφφπsπoψsGatGKKG
sqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4 0

643 vγasurγχγψtGoλGtνγGπψΞφusπvγGKKGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GKKGproαuΞtπoψGΞrossGsγΞtπoψGπψG
protoψTprotoψGΞoφφπsπoψsGatGKKGsqrt{s}GKKGfG]UWYG}γ’UGJournaliofiHighiEnergyiPhysicsSG2022SGYWYYSGX 5.4

642 loχΛπψγαGsγarΞνγsGλorGtνγGproαuΞtπoψGoλGsupγrsyχχγtrπΞGtopGquarτGpartψγrsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2021SGaXSGb_W 4.2 3

641 |γarΞνGλorGψγwGpartπΞφγsGπψGγvγψtsGwπtνGγψγrμγtπΞGργtsGaψαGφarμγGχπssπψμGtraψsvγrsγGχoχγψtuχGπψG
protoψTprotoψGΞoφφπsπoψsGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 3

640 |γarΞνGλorGΞνarμπψoTψγutraφπψoGproαuΞtπoψGπψGγvγψtsGwπtνGqπμμsGaψαG–GΛosoψsGusπψμGXZ_GλΛâ��XGoλG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 1

639 |γarΞνGλorGαarτGpνotoψsGπψGqπμμsGΛosoψGproαuΞtπoψGvπaGvγΞtorGΛosoψGλusπoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 2

638 vγasurγχγψtsGoλGproαuΞtπoψGΞrossGsγΞtπoψsGaψαGΞoψstraπψtsGoψGaψoχaφousGtrπpφγGμauμγGΞoupφπψμsG
atUGEuropeaniPhysicaliJournaliCSG2021SGaXSGYWW 4.2 5
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637 vγasurγχγψtGoλGtνγGπψΞφusπvγGaψαGαπλλγrγψtπaφGqπμμsGΛosoψGproαuΞtπoψGΞrossGsγΞtπoψsGπψGtνγG
φγptoψπΞG––GαγΞayGχoαγGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 3

636
|γarΞνGλorGψoψrγsoψaψtGqπμμsGΛosoψGpaπrGproαuΞtπoψGπψGλπψaφGstatγsGwπtνGtwoGΛottoχGquarτsGaψαG
twoGpνotoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SG
YWYXSGX

5.4 4

635 |γarΞνGλorGψγwGpνysπΞsGπψGtopGquarτGproαuΞtπoψGwπtνGaααπtπoψaφGφγptoψsGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{s}GPGfGXZG}γ’GusπψμGγλλγΞtπvγGλπγφαGtνγoryUGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 4

634 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGλorG¯GΛosoψsGproαuΞγαGπψGassoΞπatπoψGwπtνGΞνarχGργtsGπψG
ppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 1

633
|γarΞνGλorGsupγrsyχχγtryGπψGλπψaφGstatγsGwπtνGtwoGopposπtγφyGΞνarμγαGsaχγTλφavorGφγptoψsGaψαG
χπssπψμGtraψsvγrsγGχoχγψtuχGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2021SGYWYXSGX

5.4 6

632 mγvγφopχγψtGaψαGvaφπαatπoψGoλGqn{–rp´ _GtuψγsGλroχGlv|GuψαγrφyπψμTγvγψtGχγasurγχγψtsUG
EuropeaniPhysicaliJournaliCSG2021SGaXSGZXY 4.2 1

631 jψμuφarGaψaφysπsGoλGtνγGαγΞayGkRGTgGtQOabYPR˛…R˛…â��GπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}GPGfG
aG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 2

630 vγasurγχγψtGoλGtνγGqπμμsGΛosoψGproαuΞtπoψGratγGπψGassoΞπatπoψGwπtνGtopGquarτsGπψGλπψaφGstatγsGwπtνG
γφγΞtroψsSGχuoψsSGaψαGνaαroψπΞaφφyGαγΞayπψμGtauGφγptoψsGatUGEuropeaniPhysicaliJournaliCSG2021SGaXSGZ_a 4.2 5

629 nφγΞtroψGaψαGpνotoψGrγΞoψstruΞtπoψGaψαGπαγψtπλπΞatπoψGwπtνGtνγGlv|GγxpγrπχγψtGatGtνγGln{wGuqlUG
JournaliofiInstrumentationSG2021SGX^SGyW]WX[ 1 11

628
vγasurγχγψtGoλGproχptGmWGaψαGmhWGχγsoψGazπχutνaφGaψπsotropyGaψαGsγarΞνGλorGstroψμGγφγΞtrπΞG
λπγφαsGπψGyΛyΛGΞoφφπsπoψsGatGswwf]UWY}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandi
HighwEnergyiPhysicsSG2021SGaX^SGXZ^Y]Z

4.2 2

627 vγasurγχγψtGoλGΛGργtGsνapγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfG]UWYG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2021SGYWYXSGX 5.4 0

626 oπrstGχγasurγχγψtGoλGφarμγGarγaGργtGtraψsvγrsγGχoχγψtuχGspγΞtraGπψGνγavyTπoψGΞoφφπsπoψsUGJournali
ofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 2

625 |tuαyGoλGmrγφφT aψGαπχuoψGproαuΞtπoψGπψGprotoψTφγaαGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{ww}}}GPGfGaUX^G
}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 0

624
vγasurγχγψtGoλGtνγGlyTvπoφatπψμGpνasγGhsGπψGtνγGksWTgsVˇ�hOXWYWPTg˛…R˛…â��tRtâ��GΞνaψψγφGπψG
protoψTprotoψGΞoφφπsπoψsGatGsfXZ}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandi
HighwEnergyiPhysicsSG2021SGaX^SGXZ^Xaa

4.2 1

623
vγasurγχγψtsGoλGtνγGαπλλγrγψtπaφGΞrossGsγΞtπoψsGoλGtνγGproαuΞtπoψGoλG¯GRGργtsGaψαG˛‡GRGργtsGaψαGoλG¯G
ΛosoψGγχπssπoψGΞoφφπψγarGwπtνGaGργtGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2021SGYWYXSGX

5.4

622 rψTχγαπuχGχoαπλπΞatπoψGoλGαπργtsGπψGyΛyΛGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{ww}}}GPGfG]UWYG}γ’UGJournali
ofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 0

621
vγasurγχγψtGoλGtνγG¯GΛosoψGαπλλγrγψtπaφGproαuΞtπoψGΞrossGsγΞtπoψGusπψμGπtsGπψvπsπΛφγGαγΞayGχoαγGO¯G
TgGOGψuGovγrφπψγ{ψu}GPPGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2021SGYWYXSGX

5.4

620 vγasurγχγψtGoλGtνγG–˛‡GyroαuΞtπoψGlrossG|γΞtπoψGπψGyrotoψTyrotoψGloφφπsπoψsGatGsqrt±sℓfXZGG}γ’G
aψαGloψstraπψtsGoψGnλλγΞtπvγGoπγφαG}νγoryGloγλλπΞπγψtsUGPhysicaliReviewiLettersSG2021SGXY^SGY]YWWY 7.4 0
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619 vγasurγχγψtsGoλGproαuΞtπoψGΞrossGsγΞtπoψsGoλGtνγGqπμμsGΛosoψGπψGtνγGλourTφγptoψGλπψaφGstatγGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2021SGaXSG[aa 4.2 5

618 xΛsγrvatπoψGoλGaGwγwGnxΞπtγαGkγautyG|traψμγGkaryoψGmγΞayπψμGtoG˛�√{Λ}−{T}ˇ�−{R}ˇ�−{T}UGPhysicali
ReviewiLettersSG2021SGXY^SGY]YWWZ 7.4 1

617 vγasurγχγψtsGoλGqπμμsGΛosoψGproαuΞtπoψGΞrossGsγΞtπoψsGaψαGΞoupφπψμsGπψGtνγGαπpνotoψGαγΞayG
ΞνaψψγφGatGOGsqrt{χatνrχ{s}}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 3

616 |γarΞνGλorGrγsoψaψtGaψαGψoψrγsoψaψtGψγwGpνγψoχγψaGπψGνπμνTχassGαπφγptoψGλπψaφGstatγsGatGOGsqrt{s}G
PGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 5

615 |γarΞνGλorGtνγGφγptoψGλφavorGvπoφatπψμGαγΞayGˇ�GTgGZ˛…GπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}GPGfG
XZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 1

614
vγasurγχγψtsGoλGproαuΞtπoψGΞrossGsγΞtπoψsGoλGpoφarπzγαGsaχγTsπμψG–GΛosoψGpaπrsGπψGassoΞπatπoψG
wπtνGtwoGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZG}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryi
ParticleiandiHighwEnergyiPhysicsSG2021SGaXYSGXZ^WXa

4.2 6

613 |γarΞνGλorGαarτGχattγrGproαuΞγαGπψGassoΞπatπoψGwπtνGaGφγptoψπΞaφφyGαγΞayπψμGΛosoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2021SGaXSGXZ 4.2 7

612 nvπαγψΞγGλorGqπμμsGΛosoψGαγΞayGtoGaGpaπrGoλGχuoψsUGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 14

611 |γarΞνGλorGtopGsquarτGpaπrGproαuΞtπoψGusπψμGαπφγptoψGλπψaφGstatγsGπψGΞoφφπsπoψGαataGΞoφφγΞtγαGatUG
EuropeaniPhysicaliJournaliCSG2021SGaXSGZ 4.2 5

610 |tuαπγsGoλGΞνarχGaψαGΛγautyGνaαroψGφoψμTraψμγGΞorrγφatπoψsGπψGppGaψαGpyΛGΞoφφπsπoψsGatGuqlG
γψγrμπγsUGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2021SGaXZSGXZ^WZ^4.2 1

609 }νγGvγryGλorwarαGlj|}x{GΞaφorπχγtγrGoλGtνγGlv|GγxpγrπχγψtUGJournaliofiInstrumentationSG2021SGX^SGyWYWXWTyWYWXW1 4

608 |γarΞνGλorGφoψμTφπvγαGpartπΞφγsGusπψμGαπspφaΞγαGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZGG}γ’UGPhysicali
ReviewiDSG2021SGXW[SG 4.9 4

607 v~|πlcGaGχoαγφTuψspγΞπλπΞGsγarΞνGλorGψγwGpνysπΞsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicali
JournaliCSG2021SGaXSG^Yb 4.2 4

606 |γarΞνGλorGtνγGrarγGαγΞayGoλGtνγG–GΛosoψGπψtoGaGpπoψGaψαGaGpνotoψGπψGprotoψTprotoψGΞoφφπsπoψsGatG
sfXZ}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2021SGaXbSGXZ^[Wb4.2 0

605 |γarΞνGλorGaGνγavyGvγΞtorGrγsoψaψΞγGαγΞayπψμGtoGaG´ ΛosoψGaψαGaGqπμμsGΛosoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2021SGaXSG^aa 4.2 0

604 |γarΞνGλorGΞνarμγαGqπμμsGΛosoψsGproαuΞγαGπψGvγΞtorGΛosoψGλusπoψGproΞγssγsGaψαGαγΞayπψμGπψtoG
vγΞtorGΛosoψGpaπrsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2021SGaXSG_YZ 4.2 3

603
|γarΞνGλorGsπψμφyGaψαGpaπrTproαuΞγαGφγptoquarτsGΞoupφπψμGtoGtνπrαTμγψγratπoψGλγrχπoψsGπψG
protoψTprotoψGΞoφφπsπoψsGatGsfXZ´ }γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandi
HighwEnergyiPhysicsSG2021SGaXbSGXZ^[[^

4.2 8

602 vγasurγχγψtsGoλGaψμuφarGαπstaψΞγGaψαGχoχγψtuχGratπoGαπstrπΛutπoψsGπψGtνrγγTργtGaψαGRGtwoTργtG
λπψaφGstatγsGπψGΞoφφπsπoψsUGEuropeaniPhysicaliJournaliCSG2021SGaXSGa]Y 4.2 0
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601 yrγΞπsπoψGφuχπψosπtyGχγasurγχγψtGπψGprotoψTprotoψGΞoφφπsπoψsGatGπψGYWX]GaψαGYWX^GatGlv|UG
EuropeaniPhysicaliJournaliCSG2021SGaXSGaWW 4.2 7

600
nvπαγψΞγGλorGγφγΞtrowγaτGproαuΞtπoψGoλGλourGΞνarμγαGφγptoψsGaψαGtwoGργtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGsfXZ}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysics
SG2021SGaXYSGXZ]bbY

4.2 4

599 vγasurγχγψtGoλGproχptGopγψTΞνarχGproαuΞtπoψGΞrossGsγΞtπoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGKKG
sqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4

598 vγasurγχγψtGoλGtνγGπψΞφusπvγGaψαGαπλλγrγψtπaφGtKKGovγrφπψγ{t}GKK˛‡GΞrossGsγΞtπoψsGπψGtνγGsπψμφγTφγptoψG
ΞνaψψγφGaψαGno}GπψtγrprγtatπoψGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 0

597 yroΛπψμGγλλγΞtπvγGλπγφαGtνγoryGopγratorsGπψGtνγGassoΞπatγαGproαuΞtπoψGoλGtopGquarτsGwπtνGaG¯GΛosoψG
πψGχuφtπφγptoψGλπψaφGstatγsGatGKKGsqrt{s}GKKGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 0

596 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGtoGaGtopGquarτGaψαGaG–GΛosoψGatGKKGsqrt{s}GKKGfGXZG}γ’GπψGtνγG
λuφφyGνaαroψπΞGλπψaφGstatγUGJournaliofiHighiEnergyiPhysicsSG2021SGYWYXSGX 5.4 1

595 yπφγupGχπtπμatπoψGatGlv|GπψGXZG}γ’GαataUGJournaliofiInstrumentationSG2020SGX]SGyWbWXaTyWbWXa 1 14

594 yγrλorχaψΞγGoλGtνγGlv|GuγvγφTXGtrπμμγrGπψGprotoψTprotoψGΞoφφπsπoψsGatGâ��sGfGXZG}γ’UGJournaliofi
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

593 |γarΞνGλorGαγΞaysGoλGtνγGXY]Gpγ’GqπμμsGΛosoψGπψtoGaG¯GΛosoψGaψαGaGˇ�GorGhGχγsoψUGJournaliofiHighi
EnergyiPhysicsSG2020SGYWYWSGX 5.4 2

592 vγasurγχγψtsGoλGtνγG–GΛosoψGrapπαπtySGνγφπΞπtySGαouΛφγTαπλλγrγψtπaφGΞrossGsγΞtπoψsSGaψαGΞνarμγG
asyχχγtryGπψGppGΞoφφπsπoψsGatGsfXZGG}γ’UGPhysicaliReviewiDSG2020SGXWYSG 4.9 4

591 vγasurγχγψtGoλGtνγGtopGquarτG uτawaGΞoupφπψμGλroχGtt´flGτπψγχatπΞGαπstrπΛutπoψsGπψGtνγGαπφγptoψG
λπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZGG}γ’UGPhysicaliReviewiDSG2020SGXWYSG 4.9 4

590 nvπαγψΞγGλorG}opGzuarτGyroαuΞtπoψGπψGwuΞφγusTwuΞφγusGloφφπsπoψsUGPhysicaliReviewiLettersSG2020SG
XY]SGYYYWWX 7.4 1

589 |γarΞνGλorGαπrγΞtGtopGsquarτGpaπrGproαuΞtπoψGπψGγvγψtsGwπtνGoψγGφγptoψSGργtsSGaψαGχπssπψμGtraψsvγrsγG
χoχγψtuχGatGXZG}γ’GwπtνGtνγGlv|GγxpγrπχγψtUGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 12

588 |γarΞνGλorGνπμνGχassGαπργtGrγsoψaψΞγsGwπtνGaGψγwGΛaΞτμrouψαGprγαπΞtπoψGχγtνoαGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 20

587 |γarΞνGλorGΛottoχTtypγSGvγΞtorφπτγGquarτGpaπrGproαuΞtπoψGπψGaGλuφφyGνaαroψπΞGλπψaφGstatγGπψG
protoψTprotoψGΞoφφπsπoψsGatGsfXZGG}γ’UGPhysicaliReviewiDSG2020SGXWYSG 4.9 3

586 rαγψtπλπΞatπoψGoλGνγavySGγψγrμγtπΞSGνaαroψπΞaφφyGαγΞayπψμGpartπΞφγsGusπψμGχaΞνπψγTφγarψπψμG
tγΞνψπquγsUGJournaliofiInstrumentationSG2020SGX]SGyW^WW]TyW^WW] 1 18

585 vγasurγχγψtsGwπtνGsπφπΞoψGpνotoχuφtπpφπγrsGoλGαosγTratγGγλλγΞtsGπψGtνγGraαπatπoψGαaχaμγGoλGpφastπΞG
sΞπψtπφφatorGtπφγsGπψGtνγGlv|GνaαroψGγψαΞapGΞaφorπχγtγrUGJournaliofiInstrumentationSG2020SGX]SGyW^WWbTyW^WWb1 2

584
|γarΞνGλorGsupγrsyχχγtryGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’GπψGγvγψtsGwπtνG
νπμνTχoχγψtuχG¯GΛosoψsGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχUGJournaliofiHighiEnergyiPhysicsSG2020SG
YWYWSGX

5.4 1
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583 loχΛπψatπoψGoλGtνγG–GΛosoψGpoφarπzatπoψGχγasurγχγψtsGπψGtopGquarτGαγΞaysGusπψμGj}uj|GaψαGlv|G
αataGatGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 2

582 |γarΞνGλorGrγsoψaψtGpaπrGproαuΞtπoψGoλGqπμμsGΛosoψsGπψGtνγGΛΛ¯¯GΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsG
atGsfXZGG}γ’UGPhysicaliReviewiDSG2020SGXWYSG 4.9 4

581 vγasurγχγψtGoλGtopGquarτGpaπrGproαuΞtπoψGπψGassoΞπatπoψGwπtνGaG¯GΛosoψGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{χatνrχ{s}}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 8

580 |γarΞνGλorGαπργtGrγsoψaψΞγsGusπψμGγvγψtsGwπtνGtνrγγGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZ}γ’UG
PhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2020SGaW]SGXZ][[a 4.2 1

579 |γarΞνGλorGaψGγxΞπtγαGφγptoψGtνatGαγΞaysGvπaGaGΞoψtaΞtGπψtγraΞtπoψGtoGaGφγptoψGaψαGtwoGργtsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 1

578 |γarΞνGλorGαπsappγarπψμGtraΞτsGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZ}γ’UGPhysicsiLettersviSectioniB:i
NuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2020SGaW^SGXZ]]WY 4.2 14

577
|γarΞνGλorGψγwGψγutraφGqπμμsGΛosoψsGtνrouμνGtνγGOGχatνrχ{q}toGχatνrχ{¯j}toG
{γφφ}−{R}{γφφ}−{T}χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}GPGproΞγssGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX

5.4 10

576 |γarΞνGλorGαπrγΞtGpaπrGproαuΞtπoψGoλGsupγrsyχχγtrπΞGpartψγrsGtoGtνγGφγptoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2020SGaWSGXab 4.2 3

575 vπxγαGνπμνγrTorαγrGaψπsotropπΞGλφowGaψαGψoψφπψγarGrγspoψsγGΞoγλλπΞπγψtsGoλGΞνarμγαGpartπΞφγsGπψG
ΞoφφπsπoψsGatGaψαG]UWYUGEuropeaniPhysicaliJournaliCSG2020SGaWSG]Z[ 4.2 6

574
vγasurγχγψtGoλGtνγGΞrossGsγΞtπoψGλorGγφγΞtrowγaτGproαuΞtπoψGoλGaG¯GΛosoψSGaGpνotoψGaψαGtwoGργtsG
πψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}GPGfGXZG}γ’GaψαGΞoψstraπψtsGoψGaψoχaφousGquartπΞG
ΞoupφπψμsUGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX

5.4 7

573
mγtγrχπψatπoψGoλGtνγGstroψμGΞoupφπψμGΞoψstaψtG˛–|Oχ¯PGλroχGχγasurγχγψtsGoλGπψΞφusπvγG–´–GaψαG¯G
ΛosoψGproαuΞtπoψGΞrossGsγΞtπoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}GPGfG_GaψαGaG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX

5.4 2

572
vγasurγχγψtGoλGtνγGtopGquarτGλorwarαTΛaΞτwarαGproαuΞtπoψGasyχχγtryGaψαGtνγGaψoχaφousG
ΞνroχoγφγΞtrπΞGaψαGΞνroχoχaμψγtπΞGχoχγψtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2020SGYWYWSGX

5.4 3

571 vγasurγχγψtGoλGγφγΞtrowγaτGproαuΞtπoψGoλGaGΛosoψGπψGassoΞπatπoψGwπtνGtwoGργtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2020SGaWSG[Z 4.2 6

570 |γarΞνGλorGtopGsquarτGpaπrGproαuΞtπoψGπψGaGλπψaφGstatγGwπtνGtwoGtauGφγptoψsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 1

569 nvπαγψΞγGλorGOtγxtG{–}tγxtG{–}PGproαuΞtπoψGλroχGαouΛφγTpartoψGπψtγraΞtπoψsGπψGprotoψâ��protoψG
ΞoφφπsπoψsGatGOsqrt{s}GfGXZGStγxtG{}γ’}GPUGEuropeaniPhysicaliJournaliCSG2020SGaWSGX 4.2 4

568 |γarΞνGλorGproαuΞtπoψGoλGλourGtopGquarτsGπψGλπψaφGstatγsGwπtνGsaχγTsπμψGorGχuφtπpφγGφγptoψsGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2020SGaWSG_] 4.2 24

567 |γarΞνγsGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGwπtνGtνγGvarπaΛφγGπψGνaαroψπΞGλπψaφGstatγsGwπtνGaψαG
wπtνoutGαπsappγarπψμGtraΞτsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2020SGaWSGZ 4.2 16

566 nxtraΞtπoψGaψαGvaφπαatπoψGoλGaGψγwGsγtGoλGlv|GpytνπaaGtuψγsGλroχGuψαγrφyπψμTγvγψtGχγasurγχγψtsUG
EuropeaniPhysicaliJournaliCSG2020SGaWSG[ 4.2 61
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565 |γarΞνGλorGφγptoψGλφavourGvπoφatπψμGαγΞaysGoλGaGψγutraφGνγavyGqπμμsGΛosoψGtoG˛…ˇ�GaψαGγˇ�GπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 6

564 jGsγarΞνGλorGtνγGstaψαarαGχoαγφGqπμμsGΛosoψGαγΞayπψμGtoGΞνarχGquarτsUGJournaliofiHighiEnergyi
PhysicsSG2020SGYWYWSGX 5.4 9

563 |tuαyGoλGsVˇ�GχγsoψGproαuΞtπoψGπψsπαγGργtsGπψGppGΞoφφπsπoψsGatGsfa}γ’UGPhysicsiLettersviSectioniB:i
NuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2020SGaW[SGXZ][Wb 4.2 3

562 |γarΞνGλorGaGνγavyGqπμμsGΛosoψGαγΞayπψμGtoGaGpaπrGoλG–GΛosoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 11

561 jGχγasurγχγψtGoλGtνγGqπμμsGΛosoψGχassGπψGtνγGαπpνotoψGαγΞayGΞνaψψγφUGPhysicsiLettersviSectioniB:i
NuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2020SGaW]SGXZ][Y] 4.2 25

560 |γarΞνGλorGαarτGχattγrGpartπΞφγsGproαuΞγαGπψGassoΞπatπoψGwπtνGaGqπμμsGΛosoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 7

559 jGχuφtπTαπχγψsπoψaφGsγarΞνGλorGψγwGνγavyGrγsoψaψΞγsGαγΞayπψμGtoGΛoostγαGSGSGorGΛosoψGpaπrsGπψGtνγG
απργtGλπψaφGstatγGatGXZ´ UGEuropeaniPhysicaliJournaliCSG2020SGaWSGYZ_ 4.2 10

558 vγasurγχγψtGoλGsπψμφγTαπλλraΞtπvγGαπργtGproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGwπtνGtνγGlv|GaψαG
}x}nvGγxpγrπχγψtsUGEuropeaniPhysicaliJournaliCSG2020SGaWSGXX^[ 4.2 0

557 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGaψαGΞνarμγGratπosGλorGTΞνaψψγφGsπψμφγGtopGquarτG
proαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2020SGaWSGZ_W 4.2 4

556
vγasurγχγψtGoλGOνΛoxG{t}{Λar{νΛoxG{t}}}PGψorχaφπsγαGχuφtπTαπλλγrγψtπaφGΞrossGsγΞtπoψsGπψGO{tγxtG
{p}}{tγxtG{p}}GPGΞoφφπsπoψsGatGOsqrt{s}fXZS{tγxtG{}γ’}}GPSGaψαGsπχuφtaψγousGαγtγrχπψatπoψGoλGtνγGstroψμG
ΞoupφπψμGstrγψμtνSGtopGquarτGpoφγGχassSGaψαGpartoψGαπstrπΛutπoψGλuψΞtπoψsUGEuropeaniPhysicali
JournaliCSG2020SGaWSGX

4.2 13

555
|γarΞνGλorGaGΞνarμγαGqπμμsGΛosoψGαγΞayπψμGπψtoGtopGaψαGΛottoχGquarτsGπψGγvγψtsGwπtνGγφγΞtroψsGorG
χuoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2020SGYWYWSGX

5.4 16

554 mγpγψαγψΞγGoλGπψΞφusπvγGργtGproαuΞtπoψGoψGtνγGaψtπTτ}GαπstaψΞγGparaχγtγrGπψGppGΞoφφπsπoψsGatGOG
sqrt{χatνrχ{s}}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 3

553 rψΞφusπvγGsγarΞνGλorGνπμνφyGΛoostγαGqπμμsGΛosoψsGαγΞayπψμGtoGΛottoχGquarτTaψtπquarτGpaπrsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 1

552 xΛsγrvatπoψGoλGγφγΞtrowγaτGproαuΞtπoψGoλG–˛‡GwπtνGtwoGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZG}γ’UG
PhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2020SGaXXSGXZ]baa 4.2 3

551 {γΞoψstruΞtπoψGoλGsπμψaφGaχpφπtuαγsGπψGtνγGlv|GγφγΞtroχaμψγtπΞGΞaφorπχγtγrGπψGtνγGprγsγψΞγGoλG
ovγrφappπψμGprotoψTprotoψGπψtγraΞtπoψsUGJournaliofiInstrumentationSG2020SGX]SGyXWWWYTyXWWWY 1 4

550 xΛsγrvatπoψGoλGtνγGyroαuΞtπoψGoλG}νrγγGvassπvγGpauμγGkosoψsGatGsqrt±sℓfXZGG}γ’UGPhysicaliReviewi
LettersSG2020SGXY]SGX]XaWY 7.4 2

549
vγasurγχγψtsGoλGproαuΞtπoψGΞrossGsγΞtπoψsGoλG–¯GaψαGsaχγTsπμψG––GΛosoψGpaπrsGπψGassoΞπatπoψG
wπtνGtwoGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZ}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryi
ParticleiandiHighwEnergyiPhysicsSG2020SGaWbSGXZ]_XW

4.2 14

548 }νγGproαuΞtπoψGoλGπsoφatγαGpνotoψsGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{ww}}}GPGfG]UWYG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 2

(2020-2020)
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547
vγasurγχγψtGoλGltvGχatrπxGγφγχγψtsGπψGsπψμφγGtopGquarτGtTΞνaψψγφGproαuΞtπoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGsfXZ´ }γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryiParticleiandiHighwEnergyi
PhysicsSG2020SGaWaSGXZ]^Wb

4.2 3

546 rψvγstπμatπoψGπψtoGtνγGγvγψtTaΞtπvπtyGαγpγψαγψΞγGoλGhOψ|PGrγφatπvγGproαuΞtπoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 3

545 kosγTnπψstγπψGΞorrγφatπoψsGoλGΞνarμγαGνaαroψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 2

544 jGmγγpGwγuraφGwγtworτGλorG|πχuφtaψγousGnstπχatπoψGoλGΛGsγtGnψγrμyGaψαG{γsoφutπoψUGComputingi
andiSoftwareiforiBigiScienceSG2020SG[SGXW 6 3

543 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGaGvγΞtorTφπτγG}GquarτGusπψμGλuφφyGνaαroψπΞGλπψaφGstatγsUGJournali
ofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 8

542
|γarΞνGλorGaGνγavyGpsγuαosΞaφarGqπμμsGΛosoψGαγΞayπψμGπψtoGaGXY]Gpγ’GqπμμsGΛosoψGaψαGaG¯GΛosoψGπψG
λπψaφGstatγsGwπtνGtwoGtauGaψαGtwoGφπμνtGφγptoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2020SGYWYWSGX

5.4 5

541 vγasurγχγψtGoλGpropγrtπγsGoλGOG{χatνrχ{k}}√{χatνrχ{s}}−WGPTgG˛…R˛…â��GαγΞaysGaψαGsγarΞνGλorGkWTgG˛…R˛…â��G
wπtνGtνγGlv|GγxpγrπχγψtUGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 10

540 |γarΞνGλorGaGφπμνtGpsγuαosΞaφarGqπμμsGΛosoψGπψGtνγGΛoostγαG˛…˛…ˇ� ˇ�GλπψaφGstatγGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 9

539 vγasurγχγψtsGoλGtt±ovγrG´flℓqGyroαuΞtπoψGaψαGtνγGlyG|truΞturγGoλGtνγG uτawaGrψtγraΞtπoψGΛγtwγγψG
tνγGqπμμsGkosoψGaψαG}opGzuarτGπψGtνγGmπpνotoψGmγΞayGlνaψψγφUGPhysicaliReviewiLettersSG2020SGXY]SGW^XaWX7.4 15

538 yγrλorχaψΞγGoλGtνγGrγΞoψstruΞtπoψGaψαGπαγψtπλπΞatπoψGoλGνπμνTχoχγψtuχGχuoψsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGâ��sGfGXZG}γ’UGJournaliofiInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

537 vγasurγχγψtGoλGquarτTGaψαGμφuoψTφπτγGργtGλraΞtπoψsGusπψμGργtGΞνarμγGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatG
]UWYG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 4

536 vγasurγχγψtGoλGtνγGΞrossGsγΞtπoψGλorGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGwπtνGaααπtπoψaφG
ργtsGaψαGΛGργtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 1

535 |γarΞνGλorGΞνarμγαGqπμμsGΛosoψsGαγΞayπψμGπψtoGaGtopGaψαGaGΛottoχGquarτGπψGtνγGaφφTργtGλπψaφGstatγGoλG
ppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 13

534
vγasurγχγψtGoλGtνγG OX|PGpaπrGproαuΞtπoψGΞrossGsγΞtπoψGaψαGsγarΞνGλorGrγsoψaψΞγsGαγΞayπψμGtoG
 OX|P˛…R˛…â��GπψGprotoψTprotoψGΞoφφπsπoψsGatGsfXZ}γ’UGPhysicsiLettersviSectioniB:iNuclearviElementaryi
ParticleiandiHighwEnergyiPhysicsSG2020SGaWaSGXZ]]_a

4.2 10

533 |γarΞνGλorGνγavyGqπμμsGΛosoψsGαγΞayπψμGtoGaGtopGquarτGpaπrGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPG
fGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 18

532 laφπΛratπoψGoλGtνγGlv|GνaαroψGΞaφorπχγtγrsGusπψμGprotoψTprotoψGΞoφφπsπoψGαataGatGâ��sGfGXZG}γ’UG
JournaliofiInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

531 |tuαyGoλGΞγψtraφGγxΞφusπvγGproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGaψαGXZ}γ’UGEuropeaniPhysicali
JournaliCSG2020SGaWSG_Xa 4.2 2

530 |γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGγvγψtsGwπtνGργtsGaψαGtwoGsaχγTsπμψGorGatGφγastG
tνrγγGΞνarμγαGφγptoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2020SGaWSG_]Y 4.2 2
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529 |γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGχuφtπφγptoψGλπψaφGstatγsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 8

528 vγasurγχγψtGoλGtνγGtopGquarτGpaπrGproαuΞtπoψGΞrossGsγΞtπoψGπψGαπφγptoψGλπψaφGstatγsGΞoψtaπψπψμGoψγG
ˇ�GφγptoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2020SGYWYWSGX 5.4 0

527 jzπχutνaφGsγparatπoψGπψGψγarφyGΛaΞτTtoTΛaΞτGργtGtopoφoμπγsGπψGπψΞφusπvγGYTGaψαGZTργtGγvγψtsGπψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSG__Z 4.2 0

526 |γarΞνGλorGΞνarμγαGqπμμsGΛosoψsGπψGtνγGq´–GTgGˇ�´–˛‰ˇ�GαγΞayGΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 24

525 |γarΞνGλorGrγsoψaψtGproαuΞtπoψGoλGsγΞoψαTμγψγratπoψGsφγptoψsGwπtνGsaχγTsπμψGαπχuoψGγvγψtsGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGZW] 4.2 2

524
|γarΞνGλorGsupγrsyχχγtryGwπtνGaGΞoχprγssγαGχassGspγΞtruχGπψGtνγGvγΞtorGΛosoψGλusπoψGtopoφoμyG
wπtνGXTφγptoψGaψαGWTφγptoψGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2019SGYWXbSGX

5.4 8

523 |γarΞνGλorGaGφowTχassGˇ�â��ˇ�RGrγsoψaψΞγGπψGassoΞπatπoψGwπtνGaGΛottoχGquarτGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 4

522
|γarΞνGλorGtνγGassoΞπatγαGproαuΞtπoψGoλGtνγGqπμμsGΛosoψGaψαGaGvγΞtorGΛosoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’GvπaGqπμμsGΛosoψGαγΞaysGtoGˇ�GφγptoψsUGJournaliofiHighiEnergyiPhysicsSG
2019SGYWXbSGX

5.4 3

521 |γarΞνGλorGtνγGpaπrGproαuΞtπoψGoλGφπμνtGtopGsquarτsGπψGtνγGγ´–˛…hGλπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 4

520 loχΛπψγαGχγasurγχγψtsGoλGqπμμsGΛosoψGΞoupφπψμsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeani
PhysicaliJournaliCSG2019SG_bSG[YX 4.2 153

519 |γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGaGpνotoψSGργtsSGTργtsSGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGπψG
protoψTprotoψGΞoφφπsπoψsGatGXZUGEuropeaniPhysicaliJournaliCSG2019SG_bSG[[[ 4.2 1

518
vγasurγχγψtsGoλGtνγGppGTgG–¯GπψΞφusπvγGaψαGαπλλγrγψtπaφGproαuΞtπoψGΞrossGsγΞtπoψsGaψαGΞoψstraπψtsG
oψGΞνarμγαGaψoχaφousGtrπpφγGμauμγGΞoupφπψμsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2019SGYWXbSGX

5.4 10

517 vγasurγχγψtGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψSGtνγGtopGquarτGχassSGaψαGtνγGstroψμGΞoupφπψμG
ΞoψstaψtGusπψμGαπφγptoψGγvγψtsGπψGppGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGZ^a 4.2 27

516 vγasurγχγψtGoλGtνγGγψγrμyGαγψsπtyGasGaGλuψΞtπoψGoλGpsγuαorapπαπtyGπψGprotoψâ��protoψGΞoφφπsπoψsGatG
Osqrt{s}GfXZStγxtG{}γ’}GPUGEuropeaniPhysicaliJournaliCSG2019SG_bSGX 4.2 7

515
|γarΞνGλorGψoψrγsoψaψtGqπμμsGΛosoψGpaπrGproαuΞtπoψGπψGtνγGOG
χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}GPGλπψaφGstatγGatGOGsqrt{s}GPGfGXZG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX

5.4 4

514 |γarΞνGλorGαarτGχattγrGproαuΞγαGπψGassoΞπatπoψGwπtνGaGqπμμsGΛosoψGαγΞayπψμGtoGaGpaπrGoλGΛottoχG
quarτsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGYaW 4.2 12

513 |γarΞνGλorGΞoψtaΞtGπψtγraΞtπoψsGaψαGφarμγGγxtraGαπχγψsπoψsGπψGtνγGαπφγptoψGχassGspγΞtraGλroχG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 8

512 |γarΞνGλorGvγΞtorTφπτγGquarτsGπψGγvγψtsGwπtνGtwoGopposπtγφyGΞνarμγαGφγptoψsGaψαGργtsGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGZ^[ 4.2 18
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511 |γarΞνGλorGsπψμφγGproαuΞtπoψGoλGvγΞtorTφπτγGquarτsGαγΞayπψμGtoGaGtopGquarτGaψαGaGΛosoψGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGbW 4.2 6

510 |tuαyGoλGtνγGuψαγrφyπψμGγvγψtGπψGtopGquarτGpaπrGproαuΞtπoψGπψGΞoφφπsπoψsGatGXZUGEuropeaniPhysicali
JournaliCSG2019SG_bSGXYZ 4.2 4

509 |γarΞνGλorGrarγGαγΞaysGoλGaψαGqπμμsGΛosoψsGtoGaψαGaGpνotoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGfGXZUG
EuropeaniPhysicaliJournaliCSG2019SG_bSGb[ 4.2 7

508 |γarΞνGλorGψγwGpνysπΞsGπψGλπψaφGstatγsGwπtνGaGsπψμφγGpνotoψGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 9

507
vγasurγχγψtsGoλGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGαπλλγrγψtπaφGΞrossGsγΞtπoψsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}fXZGPG}γ’GusπψμGγvγψtsGΞoψtaπψπψμGtwoGφγptoψsUGJournaliofiHighiEnergyi
PhysicsSG2019SGYWXbSGX

5.4 15

506
|γarΞνGλorGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}χatνrχ{q}GPGproαuΞtπoψGπψGtνγGOGχatνrχ{q}toG
χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}GPGαγΞayGΞνaψψγφGwπtνGφγptoψπΞGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPG
αγΞaysGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX

5.4 17

505 |γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGaGpνotoψSGaGφγptoψSGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GfGXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 2

504
vγasurγχγψtGoλGπψΞφusπvγGaψαGαπλλγrγψtπaφGqπμμsGΛosoψGproαuΞtπoψGΞrossGsγΞtπoψsGπψGtνγGαπpνotoψG
αγΞayGΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SG
YWXbSGX

5.4 8

503 |γarΞνGλorGrγsoψaψtGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 13

502 |γarΞνGλorGproαuΞtπoψGoλGqπμμsGΛosoψGpaπrsGπψGtνγGλourGΛGquarτGλπψaφGstatγGusπψμGφarμγTarγaGργtsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 7

501 |γarΞνGλorGνγavyGrγsoψaψΞγsGαγΞayπψμGπψtoGtwoGqπμμsGΛosoψsGorGπψtoGaGqπμμsGΛosoψGaψαGaG–GorG¯G
ΛosoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 7

500 |γarΞνGλorGνγavyGvaρoraψaGψγutrπψosGπψGsaχγTsπμψGαπφγptoψGΞνaψψγφsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 14

499 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGλorGπψΞφusπvγGπsoφatγαTpνotoψGaψαGpνotoψRργtG
proαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGYW 4.2 4

498
|γarΞνGλorGνγavyGψγutrπψosGaψαGtνπrαTμγψγratπoψGφγptoquarτsGπψGνaαroψπΞGstatγsGoλGtwoGˇ�GφγptoψsG
aψαGtwoGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SG
YWXbSGX

5.4 18

497 |γarΞνGλorGaG–hGΛosoψGαγΞayπψμGtoGaGvγΞtorTφπτγGquarτGaψαGaGtopGorGΛottoχGquarτGπψGtνγGaφφTργtsGλπψaφG
statγUGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 4

496 |γarΞνGλorGtopGquarτGpartψγrsGwπtνGΞνarμγG]VZGπψGtνγGsaχγTsπμψGαπφγptoψGaψαGsπψμφγTφγptoψGλπψaφG
statγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 9

495
rψΞφusπvγGsγarΞνGλorGsupγrsyχχγtryGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’GusπψμGrazorGvarπaΛφγsGaψαG
ΛoostγαGoΛργΞtGπαγψtπλπΞatπoψGπψGzγroGaψαGoψγGφγptoψGλπψaφGstatγsUGJournaliofiHighiEnergyiPhysicsSG
2019SGYWXbSGX

5.4 2

494 |γarΞνGλorGαarτGχattγrGproαuΞγαGπψGassoΞπatπoψGwπtνGaGsπψμφγGtopGquarτGorGaGtopGquarτGpaπrGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 8
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493 |γarΞνGλorGγxΞπtγαGφγptoψsGπψGâ��â�� ˛‡GλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{χatνrχ{s}}fXZGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 2

492 |γarΞνGλorGψγwGpartπΞφγsGαγΞayπψμGtoGaGργtGaψαGaψGγχγrμπψμGργtUGJournaliofiHighiEnergyiPhysicsSG2019SG
YWXbSGX 5.4 15

491 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGtoGaGtopGquarτGaψαGaGvγΞtorTφπτγGtopGquarτGπψGtνγGφγptoψGRG
ργtsGλπψaφGstatγGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfGXZStγxtG{}γ’}GPUGEuropeaniPhysicaliJournaliCSG2019SG_bSGX 4.2 6

490 vγasurγχγψtGoλGγxΞφusπvγG´ pνotoproαuΞtπoψGπψGuφtrapγrπpνγraφGpyΛGΞoφφπsπoψsGatUGEuropeaniPhysicali
JournaliCSG2019SG_bSG_WY 4.2 13

489 vγasurγχγψtGoλGγxΞφusπvγGpνotoproαuΞtπoψGλroχGprotoψsGπψGyΛGΞoφφπsπoψsGatUGEuropeaniPhysicali
JournaliCSG2019SG_bSGY__ 4.2 19

488 |γarΞνGλorGsupγrsyχχγtryGπψGλπψaφGstatγsGwπtνGpνotoψsGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGπψG
protoψTprotoψGΞoφφπsπoψsGatGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 5

487 vγasurγχγψtGoλGtνγGtopGquarτGχassGπψGtνγGaφφTργtsGλπψaφGstatγGatGaψαGΞoχΛπψatπoψGwπtνGtνγG
φγptoψRργtsGΞνaψψγφUGEuropeaniPhysicaliJournaliCSG2019SG_bSGZXZ 4.2 13

486 |γarΞνGλorGαarτGpνotoψsGπψGαγΞaysGoλGqπμμsGΛosoψsGproαuΞγαGπψGassoΞπatπoψGwπtνG¯GΛosoψsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 7

485 |γarΞνGλorGsupγrsyχχγtryGusπψμGqπμμsGΛosoψGtoGαπpνotoψGαγΞaysGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 2

484 vγasurγχγψtsGoλGαπλλγrγψtπaφG¯GΛosoψGproαuΞtπoψGΞrossGsγΞtπoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 11

483 |tuαyGoλGtνγGOG{χatνrχ{k}}−{R}toGχatνrχ{s}VuppsπGovγrφπψγ{uaχΛαa}χatνrχ{p}GPGαγΞayGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 1

482
|γarΞνGλorGrγsoψaψΞγsGαγΞayπψμGtoGaGpaπrGoλGqπμμsGΛosoψsGπψGtνγGΛOGovγrφπψγ{χatνrχ{Λ}}GPqOG
ovγrφπψγ{χatνrχ{q}}GPâ��â�� ˛‰GλπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2019SGYWXbSGX

5.4 5

481 vγasurγχγψtGoλGtνγGαπλλγrγψtπaφGmrγφφT aψGΞrossGsγΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{χatνrχ{s}}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 6

480 |γarΞνGλorGtνγGproαuΞtπoψGoλGλourGtopGquarτsGπψGtνγGsπψμφγTφγptoψGaψαGopposπtγTsπμψGαπφγptoψGλπψaφG
statγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 2

479 vγasurγχγψtGoλGtνγGavγraμγGvγryGλorwarαGγψγrμyGasGaGλuψΞtπoψGoλGtνγGtraΞτGχuφtπpφπΞπtyGatGΞγψtraφG
psγuαorapπαπtπγsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2019SG_bSGabZ 4.2 6

478 |γarΞνGλorGsupγrsyχχγtryGπψGprotoψTprotoψGΞoφφπsπoψsGatGXZG}γ’GπψGλπψaφGstatγsGwπtνGργtsGaψαGχπssπψμG
traψsvγrsγGχoχγψtuχUGJournaliofiHighiEnergyiPhysicsSG2019SGYWXbSGX 5.4 21

477 |γarΞνGλorGψγwGpνysπΞsGπψGtopGquarτGproαuΞtπoψGπψGαπφγptoψGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsG
atUGEuropeaniPhysicaliJournaliCSG2019SG_bSGaa^ 4.2 6

476 |tuαyGoλGtνγGγλλγΞtsGoλGraαπatπoψGoψGtνγGlv|GmrπλtG}uΛγsGvuoψGmγtγΞtorGλorGtνγGquTuqlUGJournaliofi
InstrumentationSG2019SGX[SGlXYWXWTlXYWXW 1 2
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475 |tuαyGoλGαπργtGγvγψtsGwπtνGaGφarμγGrapπαπtyGμapGΛγtwγγψGtνγGtwoGφγaαπψμGργtsGπψGppGΞoφφπsπoψsGatUG
EuropeaniPhysicaliJournaliCSG2018SG_aSGY[Y 4.2 4

474 ysγuαorapπαπtyGαπstrπΛutπoψsGoλGΞνarμγαGνaαroψsGπψGprotoψTφγaαGΞoφφπsπoψsGatGOG
sqrt{s√{χatνrχ{ww}}}f]UWYGPGaψαGaUX^G}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 4

473
|γarΞνGλorGrγsoψaψtGaψαGψoψrγsoψaψtGqπμμsGΛosoψGpaπrGproαuΞtπoψGπψGtνγGOG
χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}χatνπt{γφφGψuGγφφGψuG}GPGλπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX

5.4 19

472 |γarΞνGλorGψγwGpνysπΞsGπψGγvγψtsGwπtνGaGφγptoψπΞaφφyGαγΞayπψμG¯GΛosoψGaψαGaGφarμγGtraψsvγrsγG
χoχγψtuχGπχΛaφaψΞγGπψGprotoψTprotoψGΞoφφπsπoψsGatGfGXZUGEuropeaniPhysicaliJournaliCSG2018SG_aSGYbX 4.2 17

471 vγasurγχγψtsGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψGaψαGtνγGΛraψΞνπψμGλraΞtπoψSGaψαGΞoψstraπψtsGoψG
aψoχaφousGtrπpφγGμauμγGΞoupφπψμsGatUGEuropeaniPhysicaliJournaliCSG2018SG_aSGX^] 4.2 29

470 vγasurγχγψtGoλGassoΞπatγαG¯GRGΞνarχGproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicali
JournaliCSG2018SG_aSGYa_ 4.2 11

469
vγasurγχγψtGoλGtνγGπψΞφusπvγGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}f]UWYGPG}γ’GusπψμGλπψaφGstatγsGwπtνGatGφγastGoψγGΞνarμγαGφγptoψUGJournaliofiHighiEnergyiPhysicsSG
2018SGYWXaSGX

5.4 3

468 |γarΞνGλorGψaturaφGsupγrsyχχγtryGπψGγvγψtsGwπtνGtopGquarτGpaπrsGaψαGpνotoψsGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4

467
|γarΞνGλorGψγwGpνγψoχγψaGπψGλπψaφGstatγsGwπtνGtwoGopposπtγTΞνarμγSGsaχγTλφavorGφγptoψsSGργtsSGaψαG
χπssπψμGtraψsvγrsγGχoχγψtuχGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2018SGYWXaSGX

5.4 2

466
|γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGatGφγastGtνrγγGγφγΞtroψsGorGχuoψsSGργtsSGaψαGχπssπψμG
traψsvγrsγGχoχγψtuχGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2018SGYWXaSGX

5.4 4

465 loχΛπψγαGsγarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosGaψαGψγutraφπψosGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 45

464 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosGaψαGψγutraφπψosGπψGχuφtπφγptoψGλπψaφGstatγsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 40

463 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGπψGtνγGτπψγχatπΞGaψμuφarGvarπaΛφγGhQGλorGπψΞφusπvγG¯G
ΛosoψGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 2

462 loχparπψμGtraψsvγrsγGχoχγψtuχGΛaφaψΞγGoλGΛGργtGpaπrsGπψGppGaψαGyΛyΛGΞoφφπsπoψsGatGOG
sqrt{s√{χatνrχ{ww}}}f]UWYGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 8

461 vγasurγχγψtGoλGψorχaφπzγαGαπλλγrγψtπaφGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGΞrossGsγΞtπoψsGπψGtνγG
απφγptoψGΞνaψψγφGλroχGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 12

460 loψstraπψtsGoψGtνγGαouΛφγTpartoψGsΞattγrπψμGΞrossGsγΞtπoψGλroχGsaχγTsπμψG–GΛosoψGpaπrGproαuΞtπoψG
πψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 13

459 |γarΞνGλorG¯¯GrγsoψaψΞγsGπψGtνγGYâ��Y˛‰GλπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatGXZG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 3

458 sγtGpropγrtπγsGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{w}dχatνrχ{w}}}f]UWYGPG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 7
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457 |γarΞνGλorGaGψγwGsΞaφarGrγsoψaψΞγGαγΞayπψμGtoGaGpaπrGoλG¯GΛosoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 22

456 |γarΞνGλorGstaψαarαGχoαγφGproαuΞtπoψGoλGλourGtopGquarτsGwπtνGsaχγTsπμψGaψαGχuφtπφγptoψGλπψaφG
statγsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2018SG_aSGX[W 4.2 20

455 vγasurγχγψtGoλGΛGνaαroψGφπλγtπχγsGπψGppGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2018SG_aSG[]_ 4.2 9

454
vγasurγχγψtsGoλGtνγGOχatνrχG{p}χatνrχG{p}rπμνtarrowGχatνrχ{¯}χatνrχ{¯}PGproαuΞtπoψGΞrossG
sγΞtπoψGaψαGtνγGOχatνrχ{¯}rπμνtarrowG[γφφGPGΛraψΞνπψμGλraΞtπoψSGaψαGΞoψstraπψtsGoψGaψoχaφousGtrπpφγG
μauμγGΞoupφπψμsGatGOsqrt{s}GfGXZStγxtG{}γ’}GPG2018SG_aSGX

3

453 |γarΞνGλorGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}χatνrχ{q}GPGproαuΞtπoψGπψGtνγGaφφTργtGλπψaφGstatγGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 13

452 |γarΞνGλorGrγsoψaψΞγsGπψGtνγGχassGspγΞtruχGoλGχuoψGpaπrsGproαuΞγαGπψGassoΞπatπoψGwπtνGΛGquarτGργtsG
πψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPGaψαGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 7

451 vγasurγχγψtGoλGtνγGμrooχγαGργtGχassGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{ww}}}f]UWYGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 5

450
|γarΞνGλorGνγavyGrγsoψaψΞγsGαγΞayπψμGπψtoGaGvγΞtorGΛosoψGaψαGaGqπμμsGΛosoψGπψGλπψaφGstatγsGwπtνG
ΞνarμγαGφγptoψsSGψγutrπψosGaψαGΛGquarτsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SG
YWXaSGX

5.4 7

449
|γarΞνGλorGψγwGpνγψoχγψaGπψGλπψaφGstatγsGwπtνGtwoGopposπtγTΞνarμγSGsaχγTλφavorGφγptoψsSGργtsSGaψαG
χπssπψμGtraψsvγrsγGχoχγψtuχGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2018SGYWXaSGX

5.4 14

448 |γarΞνGλorGψaturaφGaψαGspφπtGsupγrsyχχγtryGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’GπψGλπψaφG
statγsGwπtνGργtsGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχUGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 39

447 |γarΞνGλorGαγΞaysGoλGstoppγαGγxotπΞGφoψμTφπvγαGpartπΞφγsGproαuΞγαGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 6

446
|γarΞνGλorGaψGγxotπΞGαγΞayGoλGtνγGqπμμsGΛosoψGtoGaGpaπrGoλGφπμνtGpsγuαosΞaφarsGπψGtνγGλπψaφGstatγGoλG
twoGχuoψsGaψαGtwoGˇ�GφγptoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2018SGYWXaSGX

5.4 14

445 |γarΞνGλorGaGΞνarμγαGqπμμsGΛosoψGαγΞayπψμGtoGΞνarχGaψαGΛottoχGquarτsGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 16

444 |γarΞνGλorGtopGsquarτsGαγΞayπψμGvπaGλourTΛoαyGorGΞνarμπψoTχγαπatγαGχoαγsGπψGsπψμφγTφγptoψGλπψaφG
statγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 6

443 lνarμγαTpartπΞφγGψuΞφγarGχoαπλπΞatπoψGλaΞtorsGπψG—γ—γGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{ww}}}GfG]U[[GPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 11

442 vγasurγχγψtGoλGtνγGtopGquarτGχassGwπtνGφγptoψRργtsGλπψaφGstatγsGusπψμGΞoφφπsπoψsGatUGEuropeani
PhysicaliJournaliCSG2018SG_aSGabX 4.2 13

441 vγasurγχγψtsGoλGtνγGαπλλγrγψtπaφGργtGΞrossGsγΞtπoψGasGaGλuψΞtπoψGoλGtνγGργtGχassGπψGαπργtGγvγψtsGλroχG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 14

440 vγasurγχγψtsGoλGqπμμsGΛosoψGpropγrtπγsGπψGtνγGαπpνotoψGαγΞayGΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 37
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439 nvγψtGsνapγGvarπaΛφγsGχγasurγαGusπψμGχuφtπργtGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 3

438
|γarΞνγsGλorGpaπrGproαuΞtπoψGoλGΞνarμπψosGaψαGtopGsquarτsGπψGλπψaφGstatγsGwπtνGtwoGopposπtγφyG
ΞνarμγαGφγptoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2018SGYWXaSGX

5.4 12

437
|γarΞνGλorGψarrowGaψαGΛroaαGαπργtGrγsoψaψΞγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’GaψαG
ΞoψstraπψtsGoψGαarτGχattγrGχγαπatorsGaψαGotνγrGψγwGpartπΞφγsUGJournaliofiHighiEnergyiPhysicsSG2018SG
YWXaSGX

5.4 50

436 |γarΞνGλorG¯˛‡GrγsoψaψΞγsGusπψμGφγptoψπΞGaψαGνaαroψπΞGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 11

435 vγasurγχγψtGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψGλorGsπψμφγGtopGquarτsGπψGassoΞπatπoψGwπtνG–GΛosoψsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 5

434 |γarΞνGλorGΛφaΞτGνoφγsGaψαGspνaφγroψsGπψGνπμνTχuφtπpφπΞπtyGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 9

433 |γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGaGˇ�GφγptoψGpaπrGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 14

432 |γarΞνGλorGtνγGαγΞayGoλGaGqπμμsGΛosoψGπψGtνγGâ��â�� ˛‡GΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 11

431 |γarΞνGλorGtνπrαTμγψγratπoψGsΞaφarGφγptoquarτsGαγΞayπψμGtoGaGtopGquarτGaψαGaGφγptoψGatUGEuropeani
PhysicaliJournaliCSG2018SG_aSG_W_ 4.2 23

430 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGλorGΛosoψGproαuΞtπoψGπψGassoΞπatπoψGwπtνGργtsGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2018SG_aSGb^] 4.2 19

429 |tuαπγsGoλGaψαGχγsoψsGπψΞφuαπψμGtνγGoΛsγrvatπoψGoλGtνγGαγΞayGπψGprotoψTprotoψGΞoφφπsπoψsGatUG
EuropeaniPhysicaliJournaliCSG2018SG_aSGbZb 4.2 12

428 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGπψtoGaG¯GΛosoψGaψαGaG¯GorG–GΛosoψGπψGYâ��YqGλπψaφGstatγsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 7

427 vγasurγχγψtGoλGΞνarμγαGpartπΞφγGspγΞtraGπψGχπψπχuχTΛπasGγvγψtsGλroχGprotoψTprotoψGΞoφφπsπoψsGatUG
EuropeaniPhysicaliJournaliCSG2018SG_aSG^b_ 4.2 9

426 |γarΞνGλorGφγptoψTλφavorGvπoφatπψμGαγΞaysGoλGνγavyGrγsoψaψΞγsGaψαGquaψtuχGΛφaΞτGνoφγsGtoGγ˛…GλπψaφG
statγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 3

425 |γarΞνGλorGψγwGpνysπΞsGπψGαπργtGaψμuφarGαπstrπΛutπoψsGusπψμGprotoψTprotoψGΞoφφπsπoψsGatGaψαG
ΞoψstraπψtsGoψGαarτGχattγrGaψαGotνγrGχoαγφsUGEuropeaniPhysicaliJournaliCSG2018SG_aSG_ab 4.2 19

424 jzπχutνaφGΞorrγφatπoψsGλorGπψΞφusπvγGYTργtSGZTργtSGaψαG[TργtGγvγψtsGπψGppGΞoφφπsπoψsGatGOsqrt{s}fGXZ~νΛoxG
{}γ’}PUGEuropeaniPhysicaliJournaliCSG2018SG_aSGX 4.2 4

423 |γarΞνGλorGνπμνTχassGrγsoψaψΞγsGπψGλπψaφGstatγsGwπtνGaGφγptoψGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGatG
OGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 15

422 vγasurγχγψtGoλGtνγGuψαγrφyπψμGγvγψtGaΞtπvπtyGπψGπψΞφusπvγG¯GΛosoψGproαuΞtπoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 8
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421 |γarΞνGλorGrγsoψaψtGpaπrGproαuΞtπoψGoλGqπμμsGΛosoψsGαγΞayπψμGtoGΛottoχGquarτTaψtπquarτGpaπrsGπψG
protoψTprotoψGΞoφφπsπoψsGatGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 10

420 vγasurγχγψtGoλGtνγGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGaψαGvaφπαatπoψGoλGφγptoψGaψaφysπsGtγΞνψπquγsUG
EuropeaniPhysicaliJournaliCSG2018SG_aSG_Wa 4.2 5

419 |γarΞνGλorGvγΞtorTφπτγG}GaψαGkGquarτGpaπrsGπψGλπψaφGstatγsGwπtνGφγptoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 29

418 |γarΞνGλorGαarτGχattγrGproαuΞγαGπψGassoΞπatπoψGwπtνGaGqπμμsGΛosoψGαγΞayπψμGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 7

417 |γarΞνGλorGaααπtπoψaφGψγutraφGv||vGqπμμsGΛosoψsGπψGtνγGˇ�Gˇ�GλπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatG
OGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 42

416 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGtoGaGpaπrGoλGvγΞtorGΛosoψsGπψGtνγGφγptoψGpφusGχγrμγαGργtGλπψaφG
statγGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 7

415 |γarΞνGλorGaGνγavyGrπμνtTνaψαγαG–GΛosoψGaψαGaGνγavyGψγutrπψoGπψGγvγψtsGwπtνGtwoGsaχγTλφavorG
φγptoψsGaψαGtwoGργtsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 20

414 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGπψtoGaG¯GΛosoψGaψαGaGvγΞtorGΛosoψGπψGtνγGOGψuG
ovγrφπψγ{ψu}χatνrχ{q}ovγrφπψγ{χatνrχ{q}}GPGλπψaφGstatγUGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 6

413 vγasurγχγψtGoλGtνγGΞrossGsγΞtπoψGλorGtopGquarτGpaπrGproαuΞtπoψGπψGassoΞπatπoψGwπtνGaG–GorG¯GΛosoψG
πψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 18

412
|γarΞνGλorGΛγyoψαGtνγGstaψαarαGχoαγφGqπμμsGΛosoψsGαγΞayπψμGπψtoGaGOG
χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}GPGpaπrGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2018SGYWXaSGX

5.4 11

411 vγasurγχγψtGoλGtνγGwγaτGχπxπψμGaψμφγGusπψμGtνγGλorwarαTΛaΞτwarαGasyχχγtryGoλGmrγφφT aψG
γvγψtsGπψGΞoφφπsπoψsGatGaUGEuropeaniPhysicaliJournaliCSG2018SG_aSG_WX 4.2 25

410 vγasurγχγψtGoλGproχptGaψαGψoψproχptGΞνarχoψπuχGsupprγssπoψGπψGΞoφφπsπoψsGatG]UWYUGEuropeani
PhysicaliJournaliCSG2018SG_aSG]Wb 4.2 37

409 |γarΞνGλorGφγptoψGλφavourGvπoφatπψμGαγΞaysGoλGtνγGqπμμsGΛosoψGtoG˛…ˇ�GaψαGγˇ�GπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 19

408
nvπαγψΞγGλorGassoΞπatγαGproαuΞtπoψGoλGaGqπμμsGΛosoψGwπtνGaGtopGquarτGpaπrGπψGλπψaφGstatγsGwπtνG
γφγΞtroψsSGχuoψsSGaψαGνaαroψπΞaφφyGαγΞayπψμGˇ�GφγptoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2018SGYWXaSGX

5.4 23

407 nφγΞtrowγaτGproαuΞtπoψGoλGtwoGργtsGπψGassoΞπatπoψGwπtνGaG¯GΛosoψGπψGprotoψâ��protoψGΞoφφπsπoψsGatG
Osqrt{s}fGPGXZOStγxtG{}γ’}PUGEuropeaniPhysicaliJournaliCSG2018SG_aSGX 4.2 12

406
xΛsγrvatπoψGoλGprotoψTtaμμγαSGΞγψtraφGOsγχπPγxΞφusπvγGproαuΞtπoψGoλGνπμνTχassGφγptoψGpaπrsGπψGppG
ΞoφφπsπoψsGatGXZG}γ’GwπtνGtνγGlv|T}x}nvGprγΞπsπoψGprotoψGspγΞtroχγtγrUGJournaliofiHighiEnergyi
PhysicsSG2018SGYWXaSGX

5.4 14

405 |γarΞνGλorGαarτGχattγrGπψGγvγψtsGwπtνGγψγrμγtπΞSGνaαroψπΞaφφyGαγΞayπψμGtopGquarτsGaψαGχπssπψμG
traψsvγrsγGχoχγψtuχGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 16

404 |γarΞνGλorGsπψμφγGproαuΞtπoψGoλGvγΞtorTφπτγGquarτsGαγΞayπψμGtoGaGΛGquarτGaψαGaGqπμμsGΛosoψUGJournali
ofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 12
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403 |γarΞνGλorGtνγGλφavorTΞνaψμπψμGψγutraφGΞurrγψtGπψtγraΞtπoψsGoλGtνγGtopGquarτGaψαGtνγGqπμμsGΛosoψG
wνπΞνGαγΞaysGπψtoGaGpaπrGoλGΛGquarτsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 20

402
|γarΞνGλorGaGsπψμφyGproαuΞγαGtνπrαTμγψγratπoψGsΞaφarGφγptoquarτGαγΞayπψμGtoGaGˇ�GφγptoψGaψαGaG
ΛottoχGquarτGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SG
YWXaSGX

5.4 9

401
vγasurγχγψtsGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGoλGtopGquarτGpaπrGproαuΞtπoψGasGaGλuψΞtπoψGoλGτπψγχatπΞG
γvγψtGvarπaΛφγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018
SGYWXaSGX

5.4 10

400 vγasurγχγψtGoλGtνγGπψγφastπΞGprotoψTprotoψGΞrossGsγΞtπoψGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2018SGYWXaSGX 5.4 41

399 |γarΞνGλorGαπsappγarπψμGtraΞτsGasGaGsπμψaturγGoλGψγwGφoψμTφπvγαGpartπΞφγsGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 24

398 |γarΞνGλorGνπμνTχassGrγsoψaψΞγsGπψGαπφγptoψGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 63

397 |γarΞνGλorGφowGχassGvγΞtorGrγsoψaψΞγsGαγΞayπψμGπψtoGquarτTaψtπquarτGpaπrsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2018SGYWXaSGX 5.4 28

396
vγasurγχγψtsGoλGtνγG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGΞrossGsγΞtπoψGπψGφγptoψRργtsGλπψaφGstatγsGπψGppG
ΞoφφπsπoψsGatGaG±oorχuφacGsγγGtγxtℓGaψαGratπoGoλGaGtoG_´ ±oorχuφacGsγγGtγxtℓGΞrossGsγΞtπoψsUGEuropeani
PhysicaliJournaliCSG2017SG__SGX]

4.2 19

395 vγasurγχγψtGoλGtνγG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGΞrossGsγΞtπoψGusπψμGγvγψtsGπψGtνγG±oorχuφacGsγγG
tγxtℓGλπψaφGstatγGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2017SG__SGX_Y 4.2 22

394
vγasurγχγψtGaψαGzlmGaψaφysπsGoλGαouΛφγTαπλλγrγψtπaφGπψΞφusπvγGργtGΞrossGsγΞtπoψsGπψGppGΞoφφπsπoψsGatG
OGsqrt{s}faGPG}γ’GaψαGΞrossGsγΞtπoψGratπosGtoGYU_^GaψαG_G}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SG
YWX_SGX

5.4 34

393 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosGπψGλπψaφGstatγsGwπtνGtwoGˇ�GφγptoψsGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 7

392 vγasurγχγψtGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψGoλGaG–´ ΛosoψGπψGassoΞπatπoψGwπtνGtwoGΛGργtsGπψGppG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2017SG__SGbY 4.2 7

391
vγasurγχγψtGoλGtνγG–¯GproαuΞtπoψGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓGaψαG
a±oorχuφacGsγγGtγxtℓGaψαGsγarΞνGλorGaψoχaφousGtrπpφγGμauμγGΞoupφπψμsGatG±oorχuφacGsγγGtγxtℓUG
EuropeaniPhysicaliJournaliCSG2017SG__SGYZ^

4.2 21

390 vγasurγχγψtGoλGproχptGaψαGψoψproχptG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGπψG±oorχuφacGsγγGtγxtℓGaψαG
±oorχuφacGsγγGtγxtℓGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2017SG__SGY^b 4.2 26

389
jGsγarΞνGλorGψγwGpνγψoχγψaGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓGπψGλπψaφGstatγsGwπtνGχπssπψμG
traψsvγrsγGχoχγψtuχGaψαGatGφγastGoψγGργtGusπψμGtνγG±oorχuφacGsγγGtγxtℓGvarπaΛφγUGEuropeaniPhysicali
JournaliCSG2017SG__SGYb[

4.2 21

388 |γarΞνGλorGψγwGpνysπΞsGπψGtνγGχoψopνotoψGλπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 11

387
vγasurγχγψtGoλGαouΛφγTαπλλγrγψtπaφGΞrossGsγΞtπoψsGλorGtopGquarτGpaπrGproαuΞtπoψGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓGaψαGπχpaΞtGoψGpartoψGαπstrπΛutπoψGλuψΞtπoψsUGEuropeani
PhysicaliJournaliCSG2017SG__SG[]b

4.2 16

386 vγasurγχγψtGoλGtνγGργtGχassGπψGνπμνφyGΛoostγαG±oorχuφacGsγγGtγxtℓGγvγψtsGλroχGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2017SG__SG[^_ 4.2 14
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385 vγasurγχγψtsGoλGtνγGassoΞπatγαGproαuΞtπoψGoλGaG¯GΛosoψGaψαGΛGργtsGπψGppGΞoφφπsπoψsGatUGEuropeani
PhysicaliJournaliCSG2017SG__SG_]X 4.2 15

384 vγasurγχγψtGoλGtνγGtraψsvγrsγGχoχγψtuχGspγΞtruχGoλGtνγGqπμμsGΛosoψGproαuΞγαGπψGppGΞoφφπsπoψsG
atGOGsqrt{s}faGPG}γ’GusπψμGqGTgG––GαγΞaysUGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 10

383 lνarμγαTpartπΞφγGψuΞφγarGχoαπλπΞatπoψGλaΞtorsGπψGyΛyΛGaψαGpyΛGΞoφφπsπoψsGatGOG
sqrt{s√{χatνrχ{w}dχatνrχ{w}}}f]UWYGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 64

382
|γarΞνGλorGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGrγsoψaψΞγsGπψGνπμνφyGΛoostγαGφγptoψRργtsGaψαGλuφφyG
νaαroψπΞGλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2017SGYWX_SGX

5.4 17

381
|γarΞνGλorGassoΞπatγαGproαuΞtπoψGoλGαarτGχattγrGwπtνGaGqπμμsGΛosoψGαγΞayπψμGtoGOG
χatνrχ{Λ}ovγrφπψγ{χatνrχ{Λ}}GPGorG˛‡˛‡GatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SG
YWX_SGX

5.4 9

380 xΛsγrvatπoψGoλG OX|PGpaπrGproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2017SGYWX_SGX 5.4 29

379
|γarΞνGλorGaψoχaφousG–tΛGΞoupφπψμsGaψαGλφavourTΞνaψμπψμGψγutraφGΞurrγψtsGπψGtTΞνaψψγφGsπψμφγGtopG
quarτGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SG
YWX_SGX

5.4 26

378 |γarΞνGλorGsπψμφγGproαuΞtπoψGoλGvγΞtorTφπτγGquarτsGαγΞayπψμGtoGaG¯GΛosoψGaψαGaGtopGorGaGΛottoχG
quarτGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 8

377 vγasurγχγψtGoλGtνγGsγχπφγptoψπΞGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGRG˛‡GproαuΞtπoψGΞrossGsγΞtπoψGπψG
ppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 7

376 vγasurγχγψtsGoλGtνγGppGTgG–˛‡˛‡GaψαGppGTgG¯˛‡˛‡GΞrossGsγΞtπoψsGaψαGφπχπtsGoψGaψoχaφousGquartπΞGμauμγG
ΞoupφπψμsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 2

375 |γarΞνGλorGψγwGpνγψoχγψaGwπtνGtνγGvarπaΛφγGπψGtνγGaφφTνaαroψπΞGλπψaφGstatγGproαuΞγαGπψG
protoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2017SG__SG_XW 4.2 54

374 vγasurγχγψtsGoλGαπλλγrγψtπaφGproαuΞtπoψGΞrossGsγΞtπoψsGλorGaG¯GΛosoψGπψGassoΞπatπoψGwπtνGργtsGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 11

373 |γarΞνGλorGνγavyGrγsoψaψΞγsGαγΞayπψμGtoGtauGφγptoψGpaπrsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZG
PG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 19

372 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGaGvγΞtorTφπτγGquarτGαγΞayπψμGtoGaGtopGquarτGaψαGaGqπμμsGΛosoψG
usπψμGΛoostγαGtopoφoμπγsGπψGλuφφyGνaαroψπΞGλπψaφGstatγsUGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 9

371 vγasurγχγψtGoλGtνγGtraψsvγrsγGχoχγψtuχGspγΞtraGoλGwγaτGvγΞtorGΛosoψsGproαuΞγαGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 15

370 |upprγssπoψGaψαGazπχutνaφGaψπsotropyGoλGproχptGaψαGψoψproχptG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGπψG
yΛyΛGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2017SG__SGY]Y 4.2 58

369 |γarΞνγsGλorGpaπrGproαuΞtπoψGoλGtνπrαTμγψγratπoψGsquarτsGπψG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓG
ppGΞoφφπsπoψsUGEuropeaniPhysicaliJournaliCSG2017SG__SGZY_ 4.2 17

368 vγasurγχγψtGoλGtνγGtopGquarτGχassGusπψμGsπψμφγGtopGquarτGγvγψtsGπψGprotoψTprotoψGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓ´ }γ’UGEuropeaniPhysicaliJournaliCSG2017SG__SGZ][ 4.2 8
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367 |γarΞνγsGλorGπψvπsπΛφγGαγΞaysGoλGtνγGqπμμsGΛosoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfG_SGaSGaψαGXZG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 74

366 |γarΞνGλorGχassπvγGrγsoψaψΞγsGαγΞayπψμGπψtoG––SG–¯GorG¯¯GΛosoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 19

365 |γarΞνGλorGαarτGχattγrGproαuΞγαGπψGassoΞπatπoψGwπtνGνγavyTλφavorGquarτGpaπrsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2017SG__SGa[] 4.2 22

364
vγasurγχγψtGoλGγφγΞtrowγaτTπψαuΞγαGproαuΞtπoψGoλG–˛‡GwπtνGtwoGργtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG
}γ’GaψαGΞoψstraπψtsGoψGaψoχaφousGquartπΞGμauμγGΞoupφπψμsUGJournaliofiHighiEnergyiPhysicsSG2017SG
YWX_SGX

5.4 9

363 |γarΞνγsGλorG–hGΛosoψsGαγΞayπψμGtoGaGtopGquarτGaψαGaGΛottoχGquarτGπψGprotoψTprotoψGΞoφφπsπoψsGatG
XZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 7

362 vγasurγχγψtGoλGtνγGπψΞφusπvγGγψγrμyGspγΞtruχGπψGtνγGvγryGλorwarαGαπrγΞtπoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 5

361 |γarΞνGλorGαπrγΞtGproαuΞtπoψGoλGsupγrsyχχγtrπΞGpartψγrsGoλGtνγGtopGquarτGπψGtνγGaφφTργtsGλπψaφGstatγG
πψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 18

360 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosGaψαGψγutraφπψosGπψG–qGγvγψtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 11

359
|γarΞνGλorGpaπrGproαuΞtπoψGoλGvγΞtorTφπτγG}GaψαGkGquarτsGπψGsπψμφγTφγptoψGλπψaφGstatγsGusπψμGΛoostγαG
ργtGsuΛstruΞturγGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2017SGYWX_SGX

5.4 20

358 |γarΞνGλorGtopGsquarτGpaπrGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’GusπψμGsπψμφγGφγptoψG
γvγψtsUGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 25

357 |γarΞνGλorGtopGquarτGαγΞaysGvπaGqπμμsTΛosoψTχγαπatγαGλφavorTΞνaψμπψμGψγutraφGΞurrγψtsGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 12

356
vγasurγχγψtGoλGtνγGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGΞrossGsγΞtπoψGusπψμGγvγψtsGwπtνG
oψγGφγptoψGaψαGatGφγastGoψγGργtGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2017SGYWX_SGX

5.4 14

355 |γarΞνGλorGaGνγavyGrγsoψaψΞγGαγΞayπψμGtoGaGtopGquarτGaψαGaGvγΞtorTφπτγGtopGquarτGatGOGsqrt{s}fXZGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 4

354
|γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGγvγψtsGwπtνGtwoGφγptoψsGoλGsaχγGsπμψSGχπssπψμG
traψsvγrsγGχoχγψtuχSGaψαGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatUGEuropeaniPhysicaliJournaliCSG2017SG
__SG]_a

4.2 21

353 |γarΞνGλorGtopGquarτGpartψγrsGwπtνGΞνarμγG]VZGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 3

352 |γarΞνGλorGφπμνtGΛosoψsGπψGαγΞaysGoλGtνγGXY]Gpγ’GqπμμsGΛosoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 21

351 vγasurγχγψtsGoλGργtGΞνarμγGwπtνGαπργtGγvγψtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2017SGYWX_SGX 5.4 10

350 |γarΞνGλorGassoΞπatγαGproαuΞtπoψGoλGaG¯GΛosoψGwπtνGaGsπψμφγGtopGquarτGaψαGλorGt¯GλφavourTΞνaψμπψμG
πψtγraΞtπoψsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 10
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349 |γarΞνGλorGψγwGpνysπΞsGwπtνGαπργtGaψμuφarGαπstrπΛutπoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 11

348 |γarΞνGλorGαarτGχattγrGproαuΞγαGwπtνGaψGγψγrμγtπΞGργtGorGaGνaαroψπΞaφφyGαγΞayπψμG–GorG¯GΛosoψGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 46

347
|γarΞνGλorGtνπrαTμγψγratπoψGsΞaφarGφγptoquarτsGaψαGνγavyGrπμνtTνaψαγαGψγutrπψosGπψGλπψaφGstatγsGwπtνG
twoGtauGφγptoψsGaψαGtwoGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2017SGYWX_SGX

5.4 35

346 |γarΞνGλorGψγwGpνγψoχγψaGwπtνGχuφtπpφγGΞνarμγαGφγptoψsGπψGprotoψâ��protoψGΞoφφπsπoψsGatGOsqrt{s}fG
XZPGOStγxtG{}γ’}PUGEuropeaniPhysicaliJournaliCSG2017SG__SGX 4.2 2

345 |γarΞνGλorGνγavyGrγsoψaψΞγsGtνatGαγΞayGπψtoGaGvγΞtorGΛosoψGaψαGaGqπμμsGΛosoψGπψGνaαroψπΞGλπψaφG
statγsGatUGEuropeaniPhysicaliJournaliCSG2017SG__SG^Z^ 4.2 20

344 |γarΞνGλorGνπμνTχassG¯˛‡GrγsoψaψΞγsGπψGγRγâ��˛‡GaψαG˛…GRG˛…Gâ��˛‡GλπψaφGstatγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}faGPGaψαGXZG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 4

343
|γarΞνGλorGνγavyGψγutrπψosGorGtνπrαTμγψγratπoψGφγptoquarτsGπψGλπψaφGstatγsGwπtνGtwoGνaαroψπΞaφφyG
αγΞayπψμGˇ�GφγptoψsGaψαGtwoGργtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2017SGYWX_SGX

5.4 18

342 |γarΞνGλorGlyGvπoφatπoψGπψGOGtovγrφπψγ{t}GPGproαuΞtπoψGaψαGαγΞayGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 4

341 vγasurγχγψtGoλGtνγGtrπpφγTαπλλγrγψtπaφGαπργtGΞrossGsγΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGaψαG
ΞoψstraπψtsGoψGpartoψGαπstrπΛutπoψGλuψΞtπoψsUGEuropeaniPhysicaliJournaliCSG2017SG__SG_[^ 4.2 8

340 |γarΞνGλorGaGφπμνtGpsγuαosΞaφarGqπμμsGΛosoψGproαuΞγαGπψGassoΞπatπoψGwπtνGΛottoχGquarτsGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 7

339
|γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGatGφγastGoψγGpνotoψSGχπssπψμGtraψsvγrsγGχoχγψtuχSGaψαG
φarμγGtraψsvγrsγGγvγψtGaΞtπvπtyGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2017SGYWX_SGX

5.4 10

338 vγasurγχγψtsGoλGpropγrtπγsGoλGtνγGqπμμsGΛosoψGαγΞayπψμGπψtoGtνγGλourTφγptoψGλπψaφGstatγGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 77

337 |γarΞνGλorGαarτGχattγrGaψαGuψpartπΞφγsGπψGγvγψtsGwπtνGaG¯GΛosoψGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχG
πψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2017SGYWX_SGX 5.4 16

336 oorwarαTΛaΞτwarαGasyχχγtryGoλGmrγφφT aψGφγptoψGpaπrsGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγG
tγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SGZY] 4.2 13

335 |γarΞνGλorGψγwGpνysπΞsGπψGsaχγTsπμψGαπφγptoψGγvγψtsGπψGprotoψTprotoψGΞoφφπsπoψsGatG±oorχuφacGsγγG
tγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SG[Zb 4.2 34

334 vγasurγχγψtGoλGαπργtGazπχutνaφGαγΞorrγφatπoψGπψGpp´ ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeani
PhysicaliJournaliCSG2016SG_^SG]Z^ 4.2 6

333 |γarΞνGλorGαarτGχattγrGpartπΞφγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’GusπψμGtνγGrazorG
varπaΛφγsUGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 2

332 |γarΞνGλorGsGΞνaψψγφGsπψμφγGtopGquarτGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 8
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331 vγasurγχγψtGoλGπψΞφusπvγGργtGproαuΞtπoψGaψαGψuΞφγarGχoαπλπΞatπoψsGπψGpyΛGΞoφφπsπoψsGatG±oorχuφacG
sγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SGZ_Y 4.2 24

330
vγasurγχγψtGoλGαπλλγrγψtπaφGaψαGπψtγμratγαGλπαuΞπaφGΞrossGsγΞtπoψsGλorGqπμμsGΛosoψGproαuΞtπoψGπψG
tνγGλourTφγptoψGαγΞayGΞνaψψγφGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2016SGYWX^SGX

5.4 15

329 vγasurγχγψtGoλGtνγGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGΞrossGsγΞtπoψGπψGtνγGγ˛…GΞνaψψγφGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 30

328 |γarΞνGλorGψγwGpνysπΞsGwπtνGtνγGvG}YGvarπaΛφγGπψGaφφTργtsGλπψaφGstatγsGproαuΞγαGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 16

327 |γarΞνGλorGαarτGχattγrGπψGprotoψTprotoψGΞoφφπsπoψsGatGaG}γ’GwπtνGχπssπψμGtraψsvγrsγGχoχγψtuχGaψαG
vγΞtorGΛosoψGtaμμγαGργtsUGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 9

326 nvπαγψΞγGλorGγxΞφusπvγG˛‡˛‡GTgG–GRG–Gâ��GproαuΞtπoψGaψαGΞoψstraπψtsGoψGaψoχaφousGquartπΞGμauμγG
ΞoupφπψμsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 27

325 |γarΞνGλorGsupγrsyχχγtryGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’GπψGtνγGsπψμφγTφγptoψGλπψaφGstatγGusπψμG
tνγGsuχGoλGχassγsGoλGφarμγTraαπusGργtsUGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 7

324 |γarΞνGλorGαπrγΞtGpaπrGproαuΞtπoψGoλGsupγrsyχχγtrπΞGtopGquarτsGαγΞayπψμGtoGaφφTνaαroψπΞGλπψaφGstatγsG
πψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SG[^W 4.2 14

323 jzπχutνaφGαγΞorrγφatπoψGoλGργtsGwπαγφyGsγparatγαGπψGrapπαπtyGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 9

322 yνγψoχγψoφoμπΞaφGv||vGπψtγrprγtatπoψGoλGlv|GsγarΞνγsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 11

321 vγasurγχγψtGoλGtνγGχassGoλGtνγGtopGquarτGπψGαγΞaysGwπtνGaGsVˇ�GχγsoψGπψGppGΞoφφπsπoψsGatGaG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 5

320 vγasurγχγψtGoλGtνγGπψΞφusπvγGργtGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfGYU_^StγxtG{}γ’}PUG
EuropeaniPhysicaliJournaliCSG2016SG_^SGX 4.2 17

319
vγasurγχγψtGoλG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGwπtνGaααπtπoψaφGργtGaΞtπvπtySGπψΞφuαπψμG±oorχuφacGsγγG
tγxtℓGquarτGργtsSGπψGtνγGαπφγptoψGαγΞayGΞνaψψγφGusπψμGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeani
PhysicaliJournaliCSG2016SG_^SGZ_b

4.2 20

318 vγasurγχγψtGoλGtνγGαπλλγrγψtπaφGΞrossGsγΞtπoψGaψαGΞνarμγGasyχχγtryGλorGπψΞφusπvγG±oorχuφacGsγγG
tγxtℓGproαuΞtπoψGatG±oorχuφacGsγγGtγxtℓG}γ’UGEuropeaniPhysicaliJournaliCSG2016SG_^SG[^b 4.2 37

317 xΛsγrvatπoψGoλGtopGquarτGpaπrsGproαuΞγαGπψGassoΞπatπoψGwπtνGaGvγΞtorGΛosoψGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 18

316 |γarΞνGλorG–hGTgGtΛGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2016SGYWX^SGX 5.4 2

315 lorrγφatπoψsGΛγtwγγψGργtsGaψαGΞνarμγαGpartπΞφγsGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatGOG
sqrt{s√{χatνrχ{ww}}}fYU_^GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 21

314 |γarΞνGλorGtνγGproαuΞtπoψGoλGaψGγxΞπtγαGΛottoχGquarτGαγΞayπψμGtoGt–GπψGprotoψTprotoψGΞoφφπsπoψsGatG
OGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 2
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313 |γarΞνGλorGγxΞπtγαGφγptoψsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2016SGYWX^SGX 5.4 10

312 vγasurγχγψtGoλGtνγG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGΞrossGsγΞtπoψGπψGtνγGaφφTργtsGλπψaφGstatγGπψGppG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SGXYa 4.2 21

311 nvγψtGμγψγratorGtuψγsGoΛtaπψγαGλroχGuψαγrφyπψμGγvγψtGaψαGχuφtπpartoψGsΞattγrπψμGχγasurγχγψtsUG
EuropeaniPhysicaliJournaliCSG2016SG_^SGX]] 4.2 250

310 |γarΞνGλorGχassπvγG–qGrγsoψaψΞγsGαγΞayπψμGπψtoGtνγG±oorχuφacGsγγGtγxtℓGλπψaφGstatγGatG±oorχuφacGsγγG
tγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SGYZ_ 4.2 19

309 |γarΞνGλorGaGχassπvγGrγsoψaψΞγGαγΞayπψμGπψtoGaGqπμμsGΛosoψGaψαGaG–GorG¯GΛosoψGπψGνaαroψπΞGλπψaφG
statγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 14

308 vγasurγχγψtGoλGtopGquarτGpoφarπsatπoψGπψGtTΞνaψψγφGsπψμφγGtopGquarτGproαuΞtπoψUGJournaliofiHighi
EnergyiPhysicsSG2016SGYWX^SGX 5.4 7

307 |γarΞνGλorGνγavyGvaρoraψaGψγutrπψosGπψGγ´–γ´–RGργtsGaψαGγ´–G˛…G´–RGργtsGγvγψtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 28

306
|γarΞνGλorGaGvγryGφπμνtGwv||vGqπμμsGΛosoψGproαuΞγαGπψGαγΞaysGoλGtνγGXY]Gpγ’GsΞaφarGΛosoψGaψαG
αγΞayπψμGπψtoGˇ�GφγptoψsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SG
YWX^SGX

5.4 16

305 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGλorGqπμμsGΛosoψGproαuΞtπoψGπψGtνγGαπpνotoψGαγΞayG
ΞνaψψγφGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SGXZ 4.2 35

304
|γarΞνGλorGψγwGpνysπΞsGπψGλπψaφGstatγsGwπtνGtwoGopposπtγTsπμψSGsaχγTλφavorGφγptoψsSGργtsSGaψαGχπssπψμG
traψsvγrsγGχoχγψtuχGπψGppGΞoφφπsπoψsGatGOGsqrt{s}fXZGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SG
YWX^SGX

5.4 7

303 mγΞoχposπψμGtraψsvγrsγGχoχγψtuχGΛaφaψΞγGΞoψtrπΛutπoψsGλorGquγψΞνγαGργtsGπψGyΛyΛGΞoφφπsπoψsGatGOG
sqrt{s√{χatνrχ{w}dχatνrχ{w}}}fYU_^GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 13

302 nxpφoπtπψμGχuφtπΞorγGΞoχputγGrγsourΞγsGπψGtνγGlv|GγxpγrπχγψtUGJournaliofiPhysics:iConferencei
SeriesSG2016SG_^YSGWXYWXa 0.3 1

301 vγasurγχγψtGoλGtνγGαouΛφγTαπλλγrγψtπaφGπψΞφusπvγGργtGΞrossGsγΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2016SG_^SG[]X 4.2 36

300 vγasurγχγψtGoλGtνγG±oorχuφacGsγγGtγxtℓGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓG}γ’aψαG
φπχπtsGoψGaψoχaφousGμauμγGΞoupφπψμsUGEuropeaniPhysicaliJournaliCSG2016SG_^SG[WX 4.2 38

299 |γarΞνGλorGνγavyGrγsoψaψΞγsGαγΞayπψμGtoGtwoGqπμμsGΛosoψsGπψGλπψaφGstatγsGΞoψtaπψπψμGλourGΛGquarτsUG
EuropeaniPhysicaliJournaliCSG2016SG_^SGZ_X 4.2 25

298 |γarΞνGλorGqπμμsGΛosoψGoλλTsνγφφGproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatG_GaψαGaG}γ’GaψαG
αγrπvatπoψGoλGΞoψstraπψtsGoψGπtsGtotaφGαγΞayGwπαtνUGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 14

297
|γarΞνGλorGφγptoψGλφavourGvπoφatπψμGαγΞaysGoλGνγavyGrγsoψaψΞγsGaψαGquaψtuχGΛφaΞτGνoφγsGtoGaψG
±oorχuφacGsγγGtγxtℓGpaπrGπψGprotoψTprotoψGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournali
CSG2016SG_^SGZX_

4.2 9

296 vγasurγχγψtGoλGγφγΞtrowγaτGproαuΞtπoψGoλGaG–GΛosoψGaψαGtwoGλorwarαGργtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 4
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295 vγasurγχγψtGoλGtraψsvγrsγGχoχγψtuχGrγφatπvγGtoGαπργtGsystγχsGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatGOG
sqrt{s√{χatνrχ{ww}}}fYU_^GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 21

294 |γarΞνGλorGaψoχaφousGsπψμφγGtopGquarτGproαuΞtπoψGπψGassoΞπatπoψGwπtνGaGpνotoψGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 20

293 |γarΞνGλorGαπrγΞtGpaπrGproαuΞtπoψGoλGsΞaφarGtopGquarτsGπψGtνγGsπψμφγTGaψαGαπφγptoψGΞνaψψγφsGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 6

292 |γarΞνGλorGtνγGassoΞπatγαGproαuΞtπoψGoλGaGqπμμsGΛosoψGwπtνGaGsπψμφγGtopGquarτGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2016SGYWX^SGX 5.4 10

291 |γarΞνGλorGaGstaψαarαGχoαγφGqπμμsGΛosoψGproαuΞγαGπψGassoΞπatπoψGwπtνGaGtopTquarτGpaπrGaψαG
αγΞayπψμGtoGΛottoχGquarτsGusπψμGaGχatrπxGγφγχγψtGχγtνoαUGEuropeaniPhysicaliJournaliCSG2015SG_]SGY]X 4.2 55

290 |γarΞνGλorGαπspφaΞγαGsupγrsyχχγtryGπψGγvγψtsGwπtνGaψGγφγΞtroψGaψαGaGχuoψGwπtνGφarμγGπχpaΞtG
paraχγtγrsUGPhysicaliReviewiLettersSG2015SGXX[SGW^XaWX 7.4 39

289 |tuαyGoλGvγΞtorGΛosoψGsΞattγrπψμGaψαGsγarΞνGλorGψγwGpνysπΞsGπψGγvγψtsGwπtνGtwoGsaχγTsπμψGφγptoψsG
aψαGtwoGργtsUGPhysicaliReviewiLettersSG2015SGXX[SGW]XaWX 7.4 62

288 vγasurγχγψtGoλGγφγΞtrowγaτGproαuΞtπoψGoλGtwoGργtsGπψGassoΞπatπoψGwπtνGaG¯GΛosoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SG^^ 4.2 21

287 vγasurγχγψtsGoλGαπλλγrγψtπaφGaψαGαouΛφγTαπλλγrγψtπaφGmrγφφT aψGΞrossGsγΞtπoψsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SGX[_ 4.2 50

286 |γarΞνGλorGαγΞaysGoλGstoppγαGφoψμTφπvγαGpartπΞφγsGproαuΞγαGπψGprotoψTprotoψGΞoφφπsπoψsGatG±oorχuφacG
sγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SGX]X 4.2 33

285 vγasurγχγψtGoλGtνγG–GΛosoψGνγφπΞπtyGπψGγvγψtsGwπtνGaGsπψμφγGrγΞoψstruΞtγαGtopGquarτGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 19

284
vγasurγχγψtGoλGtνγGratπoGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψsGtπχγsGΛraψΞνπψμGλraΞtπoψsGoλGkG´–ΞGGTgGsVˇ�ˇ�G
´–GaψαGk´–GTgGsVˇ�tG´–GaψαGOGχatνrχ{χatνΞaφ{k}}φγλtO{χatνrχ{k}}√{χatνrχ{Ξ}}−{pχ}toGχatνrχ{s}VpsπG
{pπ}−{pχG}{pπ}−{pχG}{pπ}−{χp}rπμνtPVχatνrχ{χatνΞaφ{k}}φγλtO{χatνrχ{k}}√{χatνrχ{Ξ}}−{pχ}toG
χatνrχ{s}VpsπG{pπ}−{pχ}rπμνtPGPGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2015SGYWX]SGX

5.4 13

283 |γarΞνGλorGαπsappγarπψμGtraΞτsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2015SGYWX]SGX 5.4 35

282 |tuαyGoλG¯GproαuΞtπoψGπψGyΛyΛGaψαGppGΞoφφπsπoψsGatGOGsqrt{s√{χatνrχ{ww}}}fYU_^GPG}γ’GπψGtνγGαπχuoψG
aψαGαπγφγΞtroψGαγΞayGΞνaψψγφsUGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 18

281 |γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGαπφγptoψGχassGspγΞtraGπψGprotoψTprotoψGΞoφφπsπoψsG
atGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 69

280 vγasurγχγψtGoλGtνγGuψαγrφyπψμGγvγψtGaΞtπvπtyGusπψμGΞνarμγαTpartπΞφγGργtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}fYU_^GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 6

279 |γarΞνGλorGαarτGχattγrSGγxtraGαπχγψsπoψsSGaψαGuψpartπΞφγsGπψGχoψoργtGγvγψtsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SGYZ] 4.2 250

278
loψstraπψtsGoψGpartoψGαπstrπΛutπoψGλuψΞtπoψsGaψαGγxtraΞtπoψGoλGtνγGstroψμGΞoupφπψμGΞoψstaψtGλroχG
tνγGπψΞφusπvγGργtGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeani
PhysicaliJournaliCSG2015SG_]SGYaa

4.2 37
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277 wuΞφγarGγλλγΞtsGoψGtνγGtraψsvγrsγGχoχγψtuχGspγΞtraGoλGΞνarμγαGpartπΞφγsGπψGpyΛGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SGYZ_ 4.2 48

276 mπstrπΛutπoψsGoλGtopoφoμπΞaφGoΛsγrvaΛφγsGπψGπψΞφusπvγGtνrγγTGaψαGλourTργtGγvγψtsGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SGZWY 4.2 4

275
loψstraπψtsGoψGtνγGpv||vSGjv|kGχoαγφGaψαGoψGotνγrGχoαγφsGλroχGtνγGsγarΞνGλorGφoψμTφπvγαG
ΞνarμγαGpartπΞφγsGπψGprotoψTprotoψGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG
2015SG_]SGZY]

4.2 24

274 jsyψΞ|taμγxutcGmπstrπΛutγαGusγrGαataGχaψaμγχγψtGλorGlv|GjψaφysπsUGJournaliofiPhysics:iConferencei
SeriesSG2015SG^^[SGW^YW]Y 0.3 1

273
|γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGγvγψtsGwπtνGtwoGφγptoψsSGργtsSGaψαGχπssπψμG
traψsvγrsγGχoχγψtuχGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SG
YWX]SGX

5.4 22

272 |γarΞνGλorGtνπrαTμγψγratπoψGsΞaφarGφγptoquarτsGπψGtνγGtˇ�GΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 19

271 |γarΞνγsGλorGsupγrsyχχγtryGusπψμGtνγGvG}YGvarπaΛφγGπψGνaαroψπΞGγvγψtsGproαuΞγαGπψGppGΞoφφπsπoψsGatG
aG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 26

270 |γarΞνγsGλorGtνπrαTμγψγratπoψGsquarτGproαuΞtπoψGπψGλuφφyGνaαroψπΞGλπψaφGstatγsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 33

269 |γarΞνGλorGtνγGproαuΞtπoψGoλGαarτGχattγrGπψGassoΞπatπoψGwπtνGtopTquarτGpaπrsGπψGtνγGsπψμφγTφγptoψG
λπψaφGstatγGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 17

268 |γarΞνGλorGaGΞνarμγαGqπμμsGΛosoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2015SGYWX]SGX 5.4 61

267 |γarΞνGλorGsupγrsyχχγtryGπψGtνγGvγΞtorTΛosoψGλusπoψGtopoφoμyGπψGprotoψTprotoψGΞoφφπsπoψsGatGOG
sqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 11

266 |γarΞνGλorGaGφπμνtGΞνarμγαGqπμμsGΛosoψGαγΞayπψμGtoGOGχatνrχ{Ξ}ovγrφπψγ{χatνrχ{s}}GPGπψGppGΞoφφπsπoψsG
atGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

265 |γarΞνGλorGvγΞtorTφπτγG}GquarτsGαγΞayπψμGtoGtopGquarτsGaψαGqπμμsGΛosoψsGπψGtνγGaφφTνaαroψπΞGΞνaψψγφG
usπψμGργtGsuΛstruΞturγUGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 16

264 |γarΞνGλorGψγutraφGΞoφorToΞtγtGwγaτTtrπpφγtGsΞaφarGpartπΞφγsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}faGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4

263 |γarΞνGλorGaGqπμμsGΛosoψGπψGtνγGχassGraψμγGλroχGX[]GtoGXWWWGpγ’GαγΞayπψμGtoGaGpaπrGoλG–GorG¯G
ΛosoψsUGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 73

262 lv|GαπstrπΛutγαGαataGaψaφysπsGwπtνGl{jkZUGJournaliofiPhysics:iConferenceiSeriesSG2015SG^^[SGW^YWZa 0.3 6

261 nvoφutπoψGoλGlv|GworτφoaαGχaψaμγχγψtGtowarαsGχuφtπΞorγGρoΛGsupportUGJournaliofiPhysics:i
ConferenceiSeriesSG2015SG^^[SGW^YW[^ 0.3 1

260
yrγΞπsγGαγtγrχπψatπoψGoλGtνγGχassGoλGtνγGqπμμsGΛosoψGaψαGtγstsGoλGΞoχpatπΛπφπtyGoλGπtsGΞoupφπψμsG
wπtνGtνγGstaψαarαGχoαγφGprγαπΞtπoψsGusπψμGprotoψGΞoφφπsπoψsGatG_GaψαGa±oorχuφacGsγγGtγxtℓUGEuropeani
PhysicaliJournaliCSG2015SG_]SGYXY

4.2 399

(2015-2015)

23



259 vγasurγχγψtGoλGtνγG¯˛‡GproαuΞtπoψGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGaG}γ’GaψαGsγarΞνGλorGaψoχaφousG
trπpφγGμauμγGΛosoψGΞoupφπψμsUGJournaliofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 7

258
vγasurγχγψtGoλGtνγGπψΞφusπvγGZTργtGproαuΞtπoψGαπλλγrγψtπaφGΞrossGsγΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsG
atG_G}γ’´ aψαGαγtγrχπψatπoψGoλGtνγGstroψμGΞoupφπψμGΞoψstaψtGπψGtνγG}γ’´ raψμγUGEuropeaniPhysicali
JournaliCSG2015SG_]SGXa^

4.2 41

257 vγasurγχγψtGoλGtνγGαπλλγrγψtπaφGΞrossGsγΞtπoψGλorGtopGquarτGpaπrGproαuΞtπoψGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2015SG_]SG][Y 4.2 98

256
vγasurγχγψtsGoλGtνγG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓGproαuΞtπoψGΞrossGsγΞtπoψsGπψGtνγG
±oorχuφacGsγγGtγxtℓGΞνaψψγφGπψGprotoψTprotoψGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓGaψαG±oorχuφacGsγγG
tγxtℓGaψαGΞoχΛπψγαGΞoψstraπψtsGoψGtrπpφγGμauμγGΞoupφπψμsUGEuropeaniPhysicaliJournaliCSG2015SG_]SG]XX

4.2 25

255 loχparπsoψGoλGtνγG¯V˛‡GQGRGργtsGtoG˛‡GRGργtsGΞrossGsγΞtπoψsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournali
ofiHighiEnergyiPhysicsSG2015SGYWX]SGX 5.4 5

254 |γarΞνGλorGψγutraφGv||vGqπμμsGΛosoψsGαγΞayπψμGπψtoGaGpaπrGoλGΛottoχGquarτsUGJournaliofiHighi
EnergyiPhysicsSG2015SGYWX]SGX 5.4 18

253 vγasurγχγψtGoλGtνγGOGtovγrφπψγ{t}GPGproαuΞtπoψGΞrossGsγΞtπoψGπψGtνγGαπφγptoψGΞνaψψγφGπψGppGΞoφφπsπoψsG
atGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 43

252 |tuαπγsGoλGazπχutνaφGαπνaαroψGΞorrγφatπoψsGπψGuφtraTΞγψtraφGyΛyΛGΞoφφπsπoψsGatGOGsqrt{{{s√{wwG}}}}GPG
fYU_^G}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 60

251 vγasurγχγψtGoλGassoΞπatγαG–GRGΞνarχGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G}γ’UGJournaliofi
HighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 37

250 |γarΞνGλorGψγwGpνysπΞsGπψGγvγψtsGwπtνGsaχγTsπμψGαπφγptoψsGaψαGργtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 38

249 |tuαπγsGoλGαπργtGtraψsvγrsγGχoχγψtuχGΛaφaψΞγGaψαGpsγuαorapπαπtyGαπstrπΛutπoψsGπψGpyΛGΞoφφπsπoψsGatG
Osqrt{s√{χatνrχ{ww}}}GfG]UWYPGOStγxtG{}γ’}PUGEuropeaniPhysicaliJournaliCSG2014SG_[SGX 4.2 67

248 vγasurγχγψtGoλG–¯GaψαG¯¯GproαuΞtπoψGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓGπψGλπψaφGstatγsGwπtνG
ΛTtaμμγαGργtsUGEuropeaniPhysicaliJournaliCSG2014SG_[SGYb_Z 4.2 16

247 |γarΞνGλorGπψvπsπΛφγGαγΞaysGoλGqπμμsGΛosoψsGπψGtνγGvγΞtorGΛosoψGλusπoψGaψαGassoΞπatγαG¯qG
proαuΞtπoψGχoαγsUGEuropeaniPhysicaliJournaliCSG2014SG_[SGYbaW 4.2 131

246 vγasurγχγψtGoλGργtGχuφtπpφπΞπtyGαπstrπΛutπoψsGπψG±oorχuφacGsγγGtγxtℓGproαuΞtπoψGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2014SG_[SGZWX[ 4.2 11

245 |tuαyGoλGαouΛφγGpartoψGsΞattγrπψμGusπψμG–GRGYTργtGγvγψtsGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G
}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 61

244 nvγψtGaΞtπvπtyGαγpγψαγψΞγGoλGOG GPOψ|PGproαuΞtπoψGπψGOGsqrt{{{s√{wwG}}}}GPGfG]UWYG}γ’GpyΛGaψαGOGsqrt{s}GPG
fGYU_^G}γ’GppGΞoφφπsπoψsUGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 42

243 UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 18

242 nvπαγψΞγGλorGtνγGXY]Gpγ’GqπμμsGΛosoψGαγΞayπψμGtoGaGpaπrGoλGˇ�GφγptoψsUGJournaliofiHighiEnergyiPhysics
SG2014SGYWX[SGX 5.4 101
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241 |γarΞνGλorG–hGTgGtΛGαγΞaysGπψGtνγGφγptoψGRGργtsGλπψaφGstatγGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG}γ’UGJournali
ofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 23

240 vγasurγχγψtGoλGtνγGtrπpφγTαπλλγrγψtπaφGΞrossGsγΞtπoψGλorGpνotoψGRGργtsGproαuΞtπoψGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 15

239 |γarΞνGλorGψγwGpνysπΞsGπψGtνγGχuφtπργtGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGλπψaφGstatγGπψG
protoψTprotoψGΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 81

238 vγasurγχγψtGoλGtνγGtTΞνaψψγφGsπψμφγTtopTquarτGproαuΞtπoψGΞrossGsγΞtπoψGaψαGoλGtνγG|’GtΛ|GltvG
χatrπxGγφγχγψtGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 48

237 vγasurγχγψtGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψsGλorGaG¯GΛosoψGaψαGoψγGorGχorγGΛGργtsGπψGppGΞoφφπsπoψsG
atGOGsqrt{s}GPGfG_G}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 21

236 |γarΞνGλorGpaπrGproαuΞtπoψGoλGγxΞπtγαGtopGquarτsGπψGtνγGφγptoψGRGργtsGλπψaφGstatγUGJournaliofiHighi
EnergyiPhysicsSG2014SGYWX[SGX 5.4 3

235 |γarΞνGλorGχassπvγGrγsoψaψΞγsGπψGαπργtGsystγχsGΞoψtaπψπψμGργtsGtaμμγαGasG–GorG¯GΛosoψGαγΞaysGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 74

234 |γarΞνGλorGχassπvγGrγsoψaψΞγsGαγΞayπψμGπψtoGpaπrsGoλGΛoostγαGΛosoψsGπψGsγχπTφγptoψπΞGλπψaφGstatγsG
atGOGsqrt{s}GPGfGaG}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 59

233 vγasurγχγψtGoλGtνγGtopTquarτGχassGπψGaφφTργtsG±oorχuφacGsγγGtγxtℓGγvγψtsGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓG}γ’UGEuropeaniPhysicaliJournaliCSG2014SG_[SGY_]a 4.2 21

232 |tuαyGoλGtνγGproαuΞtπoψGoλGΞνarμγαGpπoψsSGτaoψsSGaψαGprotoψsGπψGpyΛGΞoφφπsπoψsGatG±oorχuφacGsγγG
tγxtℓ]UWY±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2014SG_[SGYa[_ 4.2 71

231 yroΛπψμGΞoφorGΞoνγrγψΞγGγλλγΞtsGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG
2014SG_[SGYbWX 4.2 13

230 lv|GusγrsGαataGχaψaμγχγψtGsγrvπΞγGπψtγμratπoψGaψαGλπrstGγxpγrπγψΞγsGwπtνGπtsGwo|zuGαataGstoraμγUG
JournaliofiPhysics:iConferenceiSeriesSG2014SG]XZSGWZYW_b 0.3

229 |γarΞνGλorGνγavyGψγutrπψosGaψαG±oorχuφacGsγγGtγxtℓGΛosoψsGwπtνGrπμνtTνaψαγαGΞoupφπψμsGπψG
protoψTprotoψGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2014SG_[SGZX[b 4.2 149

228 vγasurγχγψtGoλGtopGquarτTaψtπquarτGpaπrGproαuΞtπoψGπψGassoΞπatπoψGwπtνGaG–GorG¯GΛosoψGπψGppG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓ±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2014SG_[SGZW^W 4.2 29

227 vγasurγχγψtGoλGαπλλγrγψtπaφGΞrossGsγΞtπoψsGλorGtνγGproαuΞtπoψGoλGaGpaπrGoλGπsoφatγαGpνotoψsGπψGppG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2014SG_[SGZXYb 4.2 29

226 |γarΞνGλorGψγutraφGv||vGqπμμsGΛosoψsGαγΞayπψμGtoGaGpaπrGoλGtauGφγptoψsGπψGppGΞoφφπsπoψsUGJournaliofi
HighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 70

225 vγasurγχγψtGoλGpsγuαorapπαπtyGαπstrπΛutπoψsGoλGΞνarμγαGpartπΞφγsGπψGprotoψâ��protoψGΞoφφπsπoψsGatG
Osqrt{s}GfGaPG}γ’GΛyGtνγGlv|GaψαG}x}nvGγxpγrπχγψtsUGEuropeaniPhysicaliJournaliCSG2014SG_[SGX 4.2 37

224 |γarΞνγsGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosSGψγutraφπψosSGaψαGsφγptoψsGαγΞayπψμGtoGφγptoψsG
aψαG–SG¯SGaψαGqπμμsGΛosoψsGπψGppGΞoφφπsπoψsGatGa´ }γ’UGEuropeaniPhysicaliJournaliCSG2014SG_[SGZWZ^ 4.2 183
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223 vγasurγχγψtGoλGproχptGsVˇ�GpaπrGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G}γvUGJournaliofiHighi
EnergyiPhysicsSG2014SGYWX[SGX 5.4 41

222 xΛsγrvatπoψGoλGtνγGαπpνotoψGαγΞayGoλGtνγGqπμμsGΛosoψGaψαGχγasurγχγψtGoλGπtsGpropγrtπγsUG
EuropeaniPhysicaliJournaliCSG2014SG_[SGZW_^ 4.2 239

221 |γarΞνGλorGtνγGassoΞπatγαGproαuΞtπoψGoλGtνγGqπμμsGΛosoψGwπtνGaGtopTquarτGpaπrUGJournaliofiHighi
EnergyiPhysicsSG2014SGYWX[SGX 5.4 45

220 |tuαyGoλGνaαroψπΞGγvγψtTsνapγGvarπaΛφγsGπψGχuφtπργtGλπψaφGstatγsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GfG_GPG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 3

219 |γarΞνGλorGstaψαarαGχoαγφGproαuΞtπoψGoλGλourGtopGquarτsGπψGtνγGφγptoψGRGργtsGΞνaψψγφGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 15

218 rαγψtπλπΞatπoψGtγΞνψπquγsGλorGνπμνφyGΛoostγαG–GΛosoψsGtνatGαγΞayGπψtoGνaαroψsUGJournaliofiHighi
EnergyiPhysicsSG2014SGYWX[SGX 5.4 32

217 mγtγrχπψatπoψGoλGtνγGtopTquarτGpoφγGχassGaψαGstroψμGΞoupφπψμGΞoψstaψtGλroχGtνγGUGPhysicsiLettersvi
SectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2014SG_YaSG[b^T]X_ 4.2 64

216 vγasurγχγψtGoλGqπμμsGΛosoψGproαuΞtπoψGaψαGpropγrtπγsGπψGtνγG––GαγΞayGΞνaψψγφGwπtνGφγptoψπΞG
λπψaφGstatγsUGJournaliofiHighiEnergyiPhysicsSG2014SGYWX[SGX 5.4 144

215 |γarΞνGλorGtνγGassoΞπatγαGproαuΞtπoψGoλGtνγGqπμμsGΛosoψGwπtνGaGtopTquarτGpaπrG2014SGYWX[SGX 6

214 |γarΞνGλorGχπΞrosΞopπΞGΛφaΞτGνoφγsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG}γ’UGJournaliofiHighiEnergyiPhysics
SG2013SGYWXZSGX 5.4 38

213 vγasurγχγψtGoλGtνγGOGuaχΛαa√{χatνrχ{Λ}}−WGPGφπλγtπχγGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournali
ofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 14

212 |γarΞνγsGλorGφoψμTφπvγαGΞνarμγαGpartπΞφγsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGf_GaψαGaG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2013SGYWXZSGX 5.4 96

211 |tuαyGoλGγxΞφusπvγGtwoTpνotoψGproαuΞtπoψGoλG–R–â��GπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’GaψαG
ΞoψstraπψtsGoψGaψoχaφousGquartπΞGμauμγGΞoupφπψμsUGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 56

210 xΛsγrvatπoψGoλGaGψγwGΛosoψGwπtνGχassGψγarGXY]Gpγ’GπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPGaψαGaG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 261

209 |γarΞνGλorGtνγGstaψαarαGχoαγφGqπμμsGΛosoψGproαuΞγαGπψGassoΞπatπoψGwπtνGaGtopTquarτGpaπrGπψGppG
ΞoφφπsπoψsGatGtνγGuqlUGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 35

208 |tuαπγsGoλGργtGχassGπψGαπργtGaψαG–V¯GRGργtGγvγψtsUGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 39

207 vγasurγχγψtGoλGtνγGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGΞrossGsγΞtπoψGπψGtνγGaφφTργtGλπψaφG
statγGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 14

206 vγasurγχγψtGoλGtνγG—OZa_YPGproαuΞtπoψGΞrossGsγΞtπoψGvπaGαγΞaysGtoGsVˇ�ˇ�GRGˇ�Gâ��GπψGppGΞoφφπsπoψsGatGOG
sqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 44
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205 |tuαyGoλGtνγGuψαγrφyπψμGγvγψtGatGλorwarαGrapπαπtyGπψGppGΞoφφπsπoψsGatGOG
sqrt{s}fWUbSYU_^Sdχatνrχ{aψα}d_dχatνrχ{}γ’}GPUGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 39

204 |γarΞνGλorGψγwGpνysπΞsGπψGγvγψtsGwπtνGpνotoψsSGργtsSGaψαGχπssπψμGtraψsvγrsγGγψγrμyGπψGppGΞoφφπsπoψsG
atGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 15

203 |γarΞνGλorGψγwGpνysπΞsGπψGγvγψtsGwπtνGsaχγTsπμψGαπφγptoψsGaψαGΛGργtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}faGPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 33

202 |γarΞνGπψGφγptoψπΞGΞνaψψγφsGλorGνγavyGrγsoψaψΞγsGαγΞayπψμGtoGφoψμTφπvγαGψγutraφGpartπΞφγsUGJournaliofi
HighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 30

201 |γarΞνGλorGγxotπΞGrγsoψaψΞγsGαγΞayπψμGπψtoG–¯V¯¯GπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 16

200 |γarΞνGλorGsupγrsyχχγtryGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓG}γ’GπψGγvγψtsGwπtνGaGsπψμφγGφγptoψSG
ργtsSGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGY[W[ 4.2 15

199 |γarΞνGλorGaGstaψαarαTχoαγφTφπτγGqπμμsGΛosoψGwπtνGaGχassGπψGtνγGraψμγGX[]GtoGXWWWGpγ’GatGtνγGuqlUG
EuropeaniPhysicaliJournaliCSG2013SG_ZSGY[^b 4.2 49

198
vγasurγχγψtGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψGλorGOGχatνrχ{¯}μaχχaGtoGψuGovγrφπψγ{ψu}μaχχaGPGπψG
ppGΞoφφπsπoψsGatGOGsqrt{s}GfG_GPG}γ’GaψαGφπχπtsGoψG¯¯˛‡GaψαG¯˛‡˛‡GtrπpφγGμauμγGΛosoψGΞoupφπψμsUGJournaliofi
HighiEnergyiPhysicsSG2013SGYWXZSGX

5.4 12

197
vγasurγχγψtGoλGtνγG–TΛosoψGνγφπΞπtyGπψGtopTquarτGαγΞaysGλroχGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPG
proαuΞtπoψGπψGφγptoψRργtsGγvγψtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2013SGYWXZSGX

5.4 25

196
|γarΞνGλorGsupγrsyχχγtryGπψGνaαroψπΞGλπψaφGstatγsGwπtνGχπssπψμGtraψsvγrsγGγψγrμyGusπψμGtνγG
varπaΛφγsGaψαGΛTquarτGχuφtπpφπΞπtyGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG
2013SG_ZSGY]^a

4.2 82

195
vγasurγχγψtGoλGtνγGνaαroψπΞGaΞtπvπtyGπψGγvγψtsGwπtνGaG¯GaψαGtwoGργtsGaψαGγxtraΞtπoψGoλGtνγGΞrossG
sγΞtπoψGλorGtνγGγφγΞtrowγaτGproαuΞtπoψGoλGaG¯GwπtνGtwoGργtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX

5.4 10

194 vγasurγχγψtGoλGχassγsGπψGtνγG±oorχuφacGsγγGtγxtℓGsystγχGΛyGτπψγχatπΞGγψαpoπψtsGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGY[b[ 4.2 37

193 |γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGγvγψtsGwπtνGφγptoψsSGργtsSGaψαGφarμγGtraψsvγrsγG
χoχγψtuχGπχΛaφaψΞγGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGY[bZ4.2 10

192 vγasurγχγψtGoλGtνγGOχatνrχ{t}Λar{χatνrχ{t}}PGproαuΞtπoψGΞrossGsγΞtπoψGπψGtνγGˇ�RργtsGΞνaψψγφGπψGppG
ΞoφφπsπoψsGatGOsqrt{s}f_GχΛox{}γ’}PUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGX 4.2 21

191 sγtGaψαGuψαγrφyπψμGγvγψtGpropγrtπγsGasGaGλuψΞtπoψGoλGΞνarμγαTpartπΞφγGχuφtπpφπΞπtyGπψGprotoψTprotoψG
ΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGY^_[ 4.2 24

190 |γarΞνGλorGtopTsquarτGpaπrGproαuΞtπoψGπψGtνγGsπψμφγTφγptoψGλπψaφGstatγGπψGppGΞoφφπsπoψsGatGOsqrt{s}faG
χatνrχ{}γ’}PUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGX 4.2 162

189 vγasurγχγψtGoλGtνγGαπλλγrγψtπaφGaψαGαouΛφγTαπλλγrγψtπaφGmrγφφT aψGΞrossGsγΞtπoψsGπψGprotoψTprotoψG
ΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 43

188 vγasurγχγψtGoλGtνγGΞrossGsγΞtπoψGaψαGaψμuφarGΞorrγφatπoψsGλorGassoΞπatγαGproαuΞtπoψGoλGaG¯GΛosoψG
wπtνGΛGνaαroψsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}GPGfG_G}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 26

(2013-2013)
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187
vγasurγχγψtGoλGtνγGratπoGoλGtνγGπψΞφusπvγGZTργtGΞrossGsγΞtπoψGtoGtνγGπψΞφusπvγGYTργtGΞrossGsγΞtπoψGπψG
ppGΞoφφπsπoψsGatGOsqrt{s}GfG_Gχatνrχ{}γ’}PGaψαGλπrstGαγtγrχπψatπoψGoλGtνγGstroψμGΞoupφπψμGΞoψstaψtGπψG
tνγG}γ’GraψμγUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGX

4.2 50

186 vγasurγχγψtGoλGtνγG–R–â��GΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfG_χΛox{G}γ’}PGaψαGφπχπtsGoψG
aψoχaφousG––˛‡GaψαG––¯GΞoupφπψμsUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGX 4.2 56

185 |γarΞνGλorGψarrowGrγsoψaψΞγsGaψαGquaψtuχGΛφaΞτGνoφγsGπψGπψΞφusπvγGaψαGΛTtaμμγαGαπργtGχassGspγΞtraG
λroχGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 37

184 vγasurγχγψtGoλGtνγG¯¯GproαuΞtπoψGΞrossGsγΞtπoψGaψαGsγarΞνGλorGaψoχaφousGΞoupφπψμsGπψGYâ��Yâ��hGλπψaφG
statγsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 39

183 |γarΞνGλorGsupγrsyχχγtryGπψGλπψaφGstatγsGwπtνGχπssπψμGtraψsvγrsγGγψγrμyGaψαGWSGXSGYSGorGâ�¥ZGΛTquarτG
ργtsGπψG_G}γ’GppGΞoφφπsπoψsGusπψμGtνγGvarπaΛφγG˛–G}UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 29

182 |γarΞνGλorGνγavyGquarτsGαγΞayπψμGπψtoGaGtopGquarτGaψαGaG–GorG¯GΛosoψGusπψμGφγptoψGRGργtsGγvγψtsGπψG
ppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2013SGYWXZSGX 5.4 12

181 oorwarαâ��ΛaΞτwarαGasyχχγtryGoλGmrγφφâ�� aψGφγptoψGpaπrsGπψGppGΞoφφπsπoψsGatGsf_}γ’UGPhysicsiLettersvi
SectioniB:iNuclearviElementaryiParticleiandiHighwEnergyiPhysicsSG2013SG_XaSG_]YT__Y 4.2 24

180 vγasurγχγψtGoλGtνγGsuχGoλG––GaψαG–¯GproαuΞtπoψGwπtνG–RαπργtGγvγψtsGπψGppGΞoφφπsπoψsGatG
±oorχuφacGsγγGtγxtℓUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGYYaZ 4.2 45

179 vγasurγχγψtGoλGαπλλγrγψtπaφGtopTquarτTpaπrGproαuΞtπoψGΞrossGsγΞtπoψsGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfG_G
χatνrχ{}γ’}PUGEuropeaniPhysicaliJournaliCSG2013SG_ZSGX 4.2 102

178 |yχχγtryGΛrγaτπψμGπψGψoψuψπλorχGψoψΞoχχutatπvγG˛»h[GtνγoryGatGλπψπtγGtγχpγraturγUGPhysicali
ReviewiDSG2013SGa_SG 4.9 1

177 |tuαyGoλGνπμνTpG}GΞνarμγαGpartπΞφγGsupprγssπoψGπψGyΛyΛGΞoχparγαGtoGppGΞoφφπsπoψsGatG
Osqrt{s√{χatνrχ{ww}}}fYU_^~χatνrχ{}γ’}PUGEuropeaniPhysicaliJournaliCSG2012SG_YSGX 4.2 316

176 lγψtraφπtyGαγpγψαγψΞγGoλGαπνaαroψGΞorrγφatπoψsGaψαGazπχutνaφGaψπsotropyGνarχoψπΞsGπψGyΛyΛG
ΞoφφπsπoψsGatGOsqrt{s√{ww}}fGYU_^GχΛox{}γ’}PUGEuropeaniPhysicaliJournaliCSG2012SG_YSGX 4.2 158

175 sγtGproαuΞtπoψGratγsGπψGassoΞπatπoψGwπtνG–GaψαG¯GΛosoψsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_G{tγxt{}γ’}}GPUG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 37

174 nxΞφusπvγG˛‡˛‡GTgG˛…GRG˛…Gâ��GproαuΞtπoψGπψGprotoψTprotoψGΞoφφπsπoψsGatGOGsqrtG{s}GfG{_}GPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2012SGYWXYSGX 5.4 45

173 vγasurγχγψtGoλGtνγGproαuΞtπoψGΞrossGsγΞtπoψGλorGpaπrsGoλGπsoφatγαGpνotoψsGπψGppGΞoφφπsπoψsGatGOGsqrtG
{s}GfG_d}γ’GPUGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 20

172 rψΞφusπvγGΛTργtGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOsqrtG{s}GfG_}γ’PUGJournaliofiHighiEnergyiPhysicsSG2012SG
YWXYSGX 5.4 30

171 |γarΞνGλorGquarτGΞoχposπtγψγssGπψGαπργtGaψμuφarGαπstrπΛutπoψsGλroχGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_{G}GPG
}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 12

170 |upprγssπoψGoλGψoψTproχptGsVˇ�SGproχptGsVˇ�SGaψαGOG~psπφoψGPOX|PGπψGyΛyΛGΞoφφπsπoψsGatGOGsqrtG
{{{s√{tγxt{ww}}}}}GfGYU_^GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 184
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169 |γarΞνGλorGνγavyGΛottoχTφπτγGquarτsGπψG[UbGλΛâ��XGoλGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2012SGYWXYSGX 5.4 44

168 vγasurγχγψtGoλGtνγGΞrossGsγΞtπoψGλorGproαuΞtπoψGoλGOGΛovγrφπψγGΛG—GPGαγΞayπψμGtoGχuoψsGπψGppG
ΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 3

167 vγasurγχγψtGoλGtνγG¯V˛‡QGRGΛTργtGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2012SGYWXYSGX 5.4 24

166 |νapγSGtraψsvγrsγGsπzγSGaψαGΞνarμγαTνaαroψGχuφtπpφπΞπtyGoλGργtsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_d}γ’GPUG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 27

165 |γarΞνGλorGaψoχaφousGproαuΞtπoψGoλGχuφtπφγptoψGγvγψtsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_S}γ’GPUG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 65

164 |γarΞνGλorGaGφπμνtGΞνarμγαGqπμμsGΛosoψGπψGtopGquarτGαγΞaysGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_d}γ’GPUG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 101

163 |γarΞνGλorGφγptoψπΞGαγΞaysGoλG–hGΛosoψsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG{_}GPG}γ’UGJournaliofiHighi
EnergyiPhysicsSG2012SGYWXYSGX 5.4 43

162 |γarΞνGλorGstoppγαGφoψμTφπvγαGpartπΞφγsGproαuΞγαGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG{tγxt{_}γ’}}GPUGJournali
ofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 17

161 |γarΞνGλorGψγwGpνysπΞsGπψGγvγψtsGwπtνGsaχγTsπμψGαπφγptoψsGaψαGΛTtaμμγαGργtsGπψGppGΞoφφπsπoψsGatGOGsqrtG
{s}GfG_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 24

160 vγasurγχγψtGoλGtνγGuψαγrφyπψμGγvγψtGaΞtπvπtyGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfGWUbGPGaψαG_G}γ’GwπtνGtνγG
ψovγφGργtTarγaVχγαπaψGapproaΞνUGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 11

159 |γarΞνGλorGaψoχaφousGOGtovγrφπψγGtGPGproαuΞtπoψGπψGtνγGνπμνφyTΛoostγαGaφφTνaαroψπΞGλπψaφGstatγUG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 57

158 |γarΞνGλorGαarτGχattγrGaψαGφarμγGγxtraGαπχγψsπoψsGπψGχoψoργtGγvγψtsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG
{_}GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 155

157 |γarΞνGλorGaGλγrχπopνoΛπΞGqπμμsGΛosoψGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighiEnergyi
PhysicsSG2012SGYWXYSGX 5.4 13

156 |γarΞνGλorGsupγrsyχχγtryGπψGνaαroψπΞGλπψaφGstatγsGusπψμGvG}YGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 92

155 vγasurγχγψtGoλGργtGλraμχγψtatπoψGπψtoGΞνarμγαGpartπΞφγsGπψGppGaψαGyΛyΛGΞoφφπsπoψsGatGOG
sqrt{{{s√{χatνrχ{ww}}}}}GfGYU_^GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 73

154 vγasurγχγψtGoλGtνγGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGΞrossGsγΞtπoψGπψGtνγGαπφγptoψG
ΞνaψψγφGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 64

153
|γarΞνGλorGγxΞφusπvγGorGsγχπTγxΞφusπvγG˛‡˛‡GproαuΞtπoψGaψαGoΛsγrvatπoψGoλGγxΞφusπvγGaψαG
sγχπTγxΞφusπvγGγRγâ��GproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2012SGYWXYSGX

5.4 45

152 |γarΞνGλorGtνγGstaψαarαGχoαγφGqπμμsGΛosoψGproαuΞγαGπψGassoΞπatπoψGwπtνG–GaψαG¯GΛosoψsGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}f_GP}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 6
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151 |γarΞνGλorGγφγΞtrowγaτGproαuΞtπoψGoλGΞνarμπψosGaψαGψγutraφπψosGusπψμGφγptoψπΞGλπψaφGstatγsGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 41

150 |γarΞνGλorGψγwGpνysπΞsGwπtνGφoψμTφπvγαGpartπΞφγsGαγΞayπψμGtoGpνotoψsGaψαGχπssπψμGγψγrμyGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 10

149 |γarΞνGλorGrγsoψaψtGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGproαuΞtπoψGπψGφγptoψRργtsGγvγψtsGπψGppG
ΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 25

148 xΛsγrvatπoψGoλG¯GαγΞaysGtoGλourGφγptoψsGwπtνGtνγGlv|GαγtγΞtorGatGtνγGuqlUGJournaliofiHighiEnergyi
PhysicsSG2012SGYWXYSGX 5.4 30

147 vγasurγχγψtGoλGtνγGsπψμφγTtopTquarτGtTΞνaψψγφGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UG
JournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 70

146 |γarΞνGλorGtνπrαTμγψγratπoψGφγptoquarτsGaψαGsΞaφarGΛottoχGquarτsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_d}γ’G
PUGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 12

145 vγasurγχγψtGoλGtνγGtopTquarτGχassGπψGOGχatνrχ{t}ovγrφπψγ{χatνrχ{t}}GPGγvγψtsGwπtνGφγptoψRργtsG
λπψaφGstatγsGπψGppGΞoφφπsπoψsGatGOGsqrt{s}f_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 30

144 vγasurγχγψtGoλGtνγGuψαγrφyπψμGγvγψtGπψGtνγGmrγφφâ�� aψGproΞγssGπψGprotoψâ��protoψGΞoφφπsπoψsGatG
Osqrt{s}GfG_~χΛox{}γ’}PUGEuropeaniPhysicaliJournaliCSG2012SG_YSGX 4.2 30

143 |tuαyGoλGtνγGπψΞφusπvγGproαuΞtπoψGoλGΞνarμγαGpπoψsSGτaoψsSGaψαGprotoψsGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfG
WUbSGYU_^SχΛox{GaψαG}_~χΛox{}γ’}PUGEuropeaniPhysicaliJournaliCSG2012SG_YSGX 4.2 133

142 jGsγarΞνGλorGaGαouΛφyTΞνarμγαGqπμμsGΛosoψGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfG_GχΛox{}γ’}PUGEuropeani
PhysicaliJournaliCSG2012SG_YSGX 4.2 111

141 vγasurγχγψtGoλGtνγGtopTquarτGχassGπψGOχatνrχ{t}ovγrφπψγ{χatνrχ{t}}PGγvγψtsGwπtνGαπφγptoψGλπψaφG
statγsGπψGppGΞoφφπsπoψsGatGOsqrt{s}f_GχΛox{}γ’}PUGEuropeaniPhysicaliJournaliCSG2012SG_YSGX 4.2 36

140
{atπosGoλGαπργtGproαuΞtπoψGΞrossGsγΞtπoψsGasGaGλuψΞtπoψGoλGtνγGaΛsoφutγGαπλλγrγψΞγGπψGrapπαπtyG
ΛγtwγγψGργtsGπψGprotoψâ��protoψGΞoφφπsπoψsGatGOsqrt{s}GfG_Gχatνrχ{}γ’}PUGEuropeaniPhysicaliJournaliCSG
2012SG_YSGX

4.2 17

139 vγasurγχγψtGoλGtνγGrγφatπvγGproχptGproαuΞtπoψGratγGoλGaψαGπψGppGΞoφφπsπoψsGatG±oorχuφacGsγγGtγxtℓUG
EuropeaniPhysicaliJournaliCSG2012SG_YSGYY]X 4.2 46

138 oorwarαGγψγrμyGλφowSGΞγψtraφGΞνarμγαTpartπΞφγGχuφtπpφπΞπtπγsSGaψαGpsγuαorapπαπtyGμapsGπψG–GaψαG¯G
ΛosoψGγvγψtsGλroχGppGΞoφφπsπoψsGatGOsqrt{s}fG_PG}γ’UGEuropeaniPhysicaliJournaliCSG2012SG_YSGX 4.2 11

137 sVˇ�GaψαGˇ�OY|PGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_{tγxt{}γv}}GPUGJournaliofiHighiEnergyiPhysicsSG
2012SGYWXYSGX 5.4 69

136 |γarΞνGλorGtνγGstaψαarαGχoαγφGqπμμsGΛosoψGπψGtνγGqGTgG¯¯GTgGYâ��Y˛‰GΞνaψψγφGπψGppGΞoφφπsπoψsGatGOGsqrtG
{tγxt{s}}GfG{_}d{tγxt{}γ’}}GPUGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 24

135 |γarΞνGλorGtνγGstaψαarαGχoαγφGqπμμsGΛosoψGπψGtνγGqGTgG¯¯GTgGâ��Râ��â�� ˇ�Rˇ�â��GαγΞayGΞνaψψγφGπψGppGΞoφφπsπoψsGatG
OGsqrtG{s}GfG{_}d{tγxt{}γ’}}GPUGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 11

134 |γarΞνGλorGOG{tγxt{k}}√{tγxt{s}}−WGPGTgG˛…GRG˛…Gâ��GaψαGkWGTgG˛…GRG˛…Gâ��GαγΞaysUGJournaliofiHighiEnergyiPhysicsSG
2012SGYWXYSGX 5.4 52
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133 |γarΞνGλorGaGqπμμsGΛosoψGπψGtνγGαγΞayGΞνaψψγφGqGTgG¯¯OQPGTgGqOGovγrφπψγG{tγxt{q}}GPGâ��Gâ��Gâ��GRGπψGppGΞoφφπsπoψsG
atGOGsqrtG{s}GfG_GP}γ’UGJournaliofiHighiEnergyiPhysicsSG2012SGYWXYSGX 5.4 21

132 |γarΞνGλorGχπΞrosΞopπΞGΛφaΞτGνoφγsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG{tγxt{_}γ’}}GPUGJournaliofiHighi
EnergyiPhysicsSG2012SGYWXYSGX 5.4 34

131
vγasurγχγψtGoλGtνγGπψΞφusπvγGproαuΞtπoψGΞrossGsγΞtπoψsGλorGλorwarαGργtsGaψαGλorGαπργtGγvγψtsGwπtνG
oψγGλorwarαGaψαGoψγGΞγψtraφGργtGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG
2012SGYWXYSGX

5.4 13

130 vγasurγχγψtGoλGtνγGχassGαπλλγrγψΞγGΛγtwγγψGtopGaψαGaψtπtopGquarτsUGJournaliofiHighiEnergyi
PhysicsSG2012SGYWXYSGX 5.4 13

129 }νγGΛγψγλπtsGaψαGΞνaφφγψμγsGoλGsνarπψμGμφπαγπψGλaΞtoryGopγratπoψsGaΞrossGψπψγGtπχγGzoψγsGΛγtwγγψG
x|pGaψαGlv|UGJournaliofiPhysics:iConferenceiSeriesSG2012SGZb^SGWZYXWZ 0.3 1

128 vuφtπTΞorγGproΞγssπψμGaψαGsΞνγαuφπψμGpγrλorχaψΞγGπψGlv|UGJournaliofiPhysics:iConferenceiSeriesSG
2012SGZb^SGWZYW]] 0.3 3

127 l{jkZcGnstaΛφπsνπψμGaGψγwGμγψγratπoψGoλGsγrvπΞγsGλorGαπstrπΛutγαGaψaφysπsGatGlv|UGJournaliofiPhysics:i
ConferenceiSeriesSG2012SGZb^SGWZYWY^ 0.3 8

126 voψπtorπψμGtνγG{γaαπψγssGaψαG~tπφπzatπoψGoλGtνγGmπstrπΛutγαGlv|GloχputπψμGoaΞπφπtπγsUGJournaliofi
Physics:iConferenceiSeriesSG2011SGZZXSGW_YWYW 0.3 3

125 lv|GmπstrπΛutγαGloχputπψμGrψtγμratπoψGπψGtνγGuqlGsustaπψγαGopγratπoψsGγraUGJournaliofiPhysics:i
ConferenceiSeriesSG2011SGZZXSGW^YWZY 0.3 1

124 yroχptGaψαGψoψTproχptGsVˇ�GproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOsqrt{s}GfG_PG}γ’UGEuropeaniPhysicali
JournaliCSG2011SG_XSGX 4.2 118

123
vγasurγχγψtGoλGtνγGOχatνrχ{{tΛar{t}}}PGproαuΞtπoψGΞrossGsγΞtπoψGπψGppGΞoφφπsπoψsGatGOsqrt{s}f_PG}γ’G
usπψμGtνγGτπψγχatπΞGpropγrtπγsGoλGγvγψtsGwπtνGφγptoψsGaψαGργtsUGEuropeaniPhysicaliJournaliCSG2011SG
_XSGX

4.2 35

122 lνarμγαGpartπΞφγGχuφtπpφπΞπtπγsGπψGppGπψtγraΞtπoψsGatGOGsqrtG{s}GfGWUbGPSGYUZ^SGaψαG_G}γ’UGJournaliofiHighi
EnergyiPhysicsSG2011SGYWXXSGX 5.4 89

121 vγasurγχγψtsGoλGπψΞφusπvγG–GaψαG¯GΞrossGsγΞtπoψsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofi
HighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 104

120 |γarΞνGλorGνγavyGstaΛφγGΞνarμγαGpartπΞφγsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_d{tγxt{}γ’}}GPUGJournaliofi
HighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 34

119 rψΞφusπvγGΛTνaαroψGproαuΞtπoψGΞrossGsγΞtπoψGwπtνGχuoψsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_d{tγxt{}γ’}}GPUG
JournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 21

118 vγasurγχγψtGoλGOG{tγxt{k}}ovγrφπψγG{tγxt{k}}GPGaψμuφarGΞorrγφatπoψsGΛasγαGoψGsγΞoψαaryGvγrtγxG
rγΞoψstruΞtπoψGatGOGsqrtG{s}GfG_S{tγxt{}γ’}}GPUGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 27

117 vγasurγχγψtGoλGtνγGφγptoψGΞνarμγGasyχχγtryGπψGπψΞφusπvγG–GproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}G
fG_d{tγxt{}γ’}}GPUGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 38

116 vγasurγχγψtGoλGkosγTnπψstγπψGΞorrγφatπoψsGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfGWUbGPGaψαG_G}γ’UGJournaliofi
HighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 22
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115 |traψμγGpartπΞφγGproαuΞtπoψGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfGWUbGPGaψαG_G}γ’UGJournaliofiHighiEnergyi
PhysicsSG2011SGYWXXSGX 5.4 78

114 |γarΞνGλorGφarμγGγxtraGαπχγψsπoψsGπψGtνγGαπpνotoψGλπψaφGstatγGatGtνγGuarμγGqaαroψGloφφπαγrUGJournali
ofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 21

113 |γarΞνGλorGrγsoψaψΞγsGπψGtνγGαπφγptoψGχassGαπstrπΛutπoψGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournali
ofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 32

112 |γarΞνGλorGpνysπΞsGΛγyoψαGtνγGstaψαarαGχoαγφGπψGopposπtγTsπμψGαπφγptoψGγvγψtsGπψGppGΞoφφπsπoψsGatGOG
sqrtG{s}GfG_S{tγxt{}γ’}}GPUGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 26

111 |γarΞνGλorGψγwGpνysπΞsGwπtνGsaχγTsπμψGπsoφatγαGαπφγptoψGγvγψtsGwπtνGργtsGaψαGχπssπψμGtraψsvγrsγG
γψγrμyGatGtνγGuqlUGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 46

110 |γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGaGφγptoψSGaGpνotoψSGaψαGφarμγGχπssπψμGtraψsvγrsγGγψγrμyGπψG
ppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 10

109 vγasurγχγψtGoλGtνγGOG{{rχGt}Λar{rχGt}}GPGproαuΞtπoψGΞrossGsγΞtπoψGaψαGtνγGtopGquarτGχassGπψGtνγG
απφγptoψGΞνaψψγφGπψGppGΞoφφπsπoψsGatGOGsqrtG{s}GfG_GPG}γ’UGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 48

108 uoψμTraψμγGaψαGsνortTraψμγGαπνaαroψGaψμuφarGΞorrγφatπoψsGπψGΞγψtraφGyΛyΛGΞoφφπsπoψsGatGOGsqrtG
{{{s√{tγxt{ww}}}}}GPGfGYU_^G}γ’UGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 56

107 |γarΞνGλorGφπμνtGrγsoψaψΞγsGαγΞayπψμGπψtoGpaπrsGoλGχuoψsGasGaGsπμψaφGoλGψγwGpνysπΞsUGJournaliofiHighi
EnergyiPhysicsSG2011SGYWXXSGX 5.4 12

106 |γarΞνGλorGsupγrsyχχγtryGπψGγvγψtsGwπtνGΛGργtsGaψαGχπssπψμGtraψsvγrsγGχoχγψtuχGatGtνγGuqlUG
JournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 28

105 |γarΞνGλorGsaχγTsπμψGtopTquarτGpaπrGproαuΞtπoψGatGOGsqrtG{s}GfG_GPG}γ’GaψαGφπχπtsGoψGλφavourGΞνaψμπψμG
ψγutraφGΞurrγψtsGπψGtνγGtopGsγΞtorUGJournaliofiHighiEnergyiPhysicsSG2011SGYWXXSGX 5.4 39
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