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575
rnΔψusσvγGanαGασμμγrγntσaψGΔrossGsγΔtσonGmγasurγmγntsGoμGsσnνψγGtopGquarχGproαuΔtσonGσnGassoΔσatσonG
wσtπGaGµGΓosonGσnGprotonTprotonGΔoψψσsσonsGatGKKGsqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 0

574
|γarΔπGμorGμψavorTΔπanνσnνGnγutraψGΔurrγntGσntγraΔtσonsGoμGtπγGtopGquarχGanαGtπγGqσννsGΓosonG
αγΔayσnνGtoGaGΓottomGquarχTantσquarχGpaσrGatGKKGsqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 1

573 |γarΔπGμorGψonνTψσvγαGpartσΔψγsGαγΔayσnνGtoGψγptonsGwσtπGψarνγGσmpaΔtGparamγtγrGσnGprotonTprotonG
ΔoψψσsσonsGatGUUGEuropeanpPhysicalpJournalpCSG2022SGaYSGX]Z 4.2 0

572 |tuαyGoμGαστγtGγvγntsGwσtπGψarνγGrapσασtyGsγparatσonGσnGprotonTprotonGΔoψψσsσonsGatGKKGsqrt{s}GKKGfG
YU_^G}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4

571 |γarΔπGμorGψowTmassGασψγptonGrγsonanΔγsGσnGqσννsGΓosonGαγΔaysGtoGμourTψγptonGμσnaψGstatγsGσnG
protonTprotonGΔoψψσsσonsGatGUUGEuropeanpPhysicalpJournalpCSG2022SGaYSGYbW 4.2 0

570
|γarΔπGμorGsupγrsymmγtryGσnGμσnaψGstatγsGwσtπGtwoGorGtπrγγGsoμtGψγptonsGanαGmσssσnνGtransvγrsγG
momγntumGσnGprotonTprotonGΔoψψσsσonsGatGKKGsqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 0

569 |γarΔπGμorGaGrσνπtTπanαγαG GΓosonGanαGaGπγavyGnγutrσnoGσnGprotonTprotonGΔoψψσsσonsGatGKKGsqrt{s}GKKG
fGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

568 |γarΔπGμorGaGπγavyGrγsonanΔγGαγΔayσnνGσntoGaGtopGquarχGanαGaG GΓosonGσnGtπγGψγptonRτγtsGμσnaψGstatγG
atGKKGsqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

567 |γarΔπGμorGπγavyGrγsonanΔγsGαγΔayσnνGtoGµµGorGµ GanαGaxσonTψσχγGpartσΔψγsGmγασatσnνGnonrγsonantG
µµGorGµqGproαuΔtσonGatGKKGsqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

566 vγasurγmγntGanαGzlmGanaψysσsGoμGαouΓψγTασμμγrγntσaψGσnΔψusσvγGτγtGΔrossGsγΔtσonsGσnGprotonTprotonG
ΔoψψσsσonsGatGKKGsqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

565 |γarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosGanαGnγutraψσnosGσnGprotonTprotonGΔoψψσsσonsGatGKKG
sqrt{s}GKKGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

564 vγasurγmγntGoμGtπγGσnΔψusσvγGKKGmatπrm{t}ovγrψσnγ{matπrm{t}}GKKGproαuΔtσonGΔrossGsγΔtσonGσnG
protonTprotonGΔoψψσsσonsGatGKKGsqrt{s}GKKGfG]UWYG}γ–UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4

563 lomΓσnγαGsγarΔπγsGμorGtπγGproαuΔtσonGoμGsupγrsymmγtrσΔGtopGquarχGpartnγrsGσnGprotonTprotonG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2021SGaXSGb_W 4.2 3

562 vγasurγmγntsGoμGproαuΔtσonGΔrossGsγΔtσonsGanαGΔonstraσntsGonGanomaψousGtrσpψγGνauνγGΔoupψσnνsG
atUGEuropeanpPhysicalpJournalpCSG2021SGaXSGYWW 4.2 5

561 mγvγψopmγntGanαGvaψσαatσonGoμGqn{ rp´ _GtunγsGμromGlv|GunαγrψyσnνTγvγntGmγasurγmγntsUG
EuropeanpPhysicalpJournalpCSG2021SGaXSGZXY 4.2 1

560 vγasurγmγntGoμGtπγGqσννsGΓosonGproαuΔtσonGratγGσnGassoΔσatσonGwσtπGtopGquarχsGσnGμσnaψGstatγsGwσtπG
γψγΔtronsSGmuonsSGanαGπaαronσΔaψψyGαγΔayσnνGtauGψγptonsGatUGEuropeanpPhysicalpJournalpCSG2021SGaXSGZ_a 4.2 5

559 vaΔπσnγGuγarnσnνGvγtπoαsGμorGtπγGyrγασΔtσonGoμGtπγGrnΔψusσonGlontγntGoμGlψγanG|tγγψGoaΓrσΔatγαGΓyG
nψγΔtrσΔGjrΔGournaΔγGanαG{oψψσnνUGMetalsSG2021SGXXSGbX[ 2.3 3
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558 vγasurγmγntsGoμGproαuΔtσonGΔrossGsγΔtσonsGoμGtπγGqσννsGΓosonGσnGtπγGμourTψγptonGμσnaψGstatγGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2021SGaXSG[aa 4.2 5

557 vγasurγmγntsGoμGqσννsGΓosonGproαuΔtσonGΔrossGsγΔtσonsGanαGΔoupψσnνsGσnGtπγGασpπotonGαγΔayG
ΔπannγψGatGOGsqrt{matπrm{s}}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 3

556 |γarΔπGμorGαarχGmattγrGproαuΔγαGσnGassoΔσatσonGwσtπGaGψγptonσΔaψψyGαγΔayσnνGΓosonGσnGprotonTprotonG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2021SGaXSGXZ 4.2 7

555 |γarΔπGμorGtopGsquarχGpaσrGproαuΔtσonGusσnνGασψγptonGμσnaψGstatγsGσnGΔoψψσsσonGαataGΔoψψγΔtγαGatUG
EuropeanpPhysicalpJournalpCSG2021SGaXSGZ 4.2 5

554 v~|σlcGaGmoαγψTunspγΔσμσΔGsγarΔπGμorGnγwGpπysσΔsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalp
JournalpCSG2021SGaXSG^Yb 4.2 4

553 |γarΔπGμorGaGπγavyGvγΔtorGrγsonanΔγGαγΔayσnνGtoGaG´ ΓosonGanαGaGqσννsGΓosonGσnGprotonTprotonG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2021SGaXSG^aa 4.2 0

552 |γarΔπGμorGΔπarνγαGqσννsGΓosonsGproαuΔγαGσnGvγΔtorGΓosonGμusσonGproΔγssγsGanαGαγΔayσnνGσntoG
vγΔtorGΓosonGpaσrsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2021SGaXSG_YZ 4.2 3

551 vγasurγmγntsGoμGanνuψarGασstanΔγGanαGmomγntumGratσoGασstrσΓutσonsGσnGtπrγγTτγtGanαGRGtwoTτγtG
μσnaψGstatγsGσnGΔoψψσsσonsUGEuropeanpPhysicalpJournalpCSG2021SGaXSGa]Y 4.2 0

550 yrγΔσsσonGψumσnosσtyGmγasurγmγntGσnGprotonTprotonGΔoψψσsσonsGatGσnGYWX]GanαGYWX^GatGlv|UG
EuropeanpPhysicalpJournalpCSG2021SGaXSGaWW 4.2 7

549 yγrμormanΔγGoμGtπγGlv|GuγvγψTXGtrσννγrGσnGprotonTprotonGΔoψψσsσonsGatGâ��sGfGXZG}γ–UGJournalpofp
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

548 |γarΔπGμorGασrγΔtGtopGsquarχGpaσrGproαuΔtσonGσnGγvγntsGwσtπGonγGψγptonSGτγtsSGanαGmσssσnνGtransvγrsγG
momγntumGatGXZG}γ–GwσtπGtπγGlv|GγxpγrσmγntUGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 12

547 vγasurγmγntGoμGtopGquarχGpaσrGproαuΔtσonGσnGassoΔσatσonGwσtπGaGµGΓosonGσnGprotonTprotonGΔoψψσsσonsG
atGOGsqrt{matπrm{s}}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 8

546 |γarΔπGμorGασrγΔtGpaσrGproαuΔtσonGoμGsupγrsymmγtrσΔGpartnγrsGtoGtπγGψγptonGσnGprotonTprotonG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2020SGaWSGXab 4.2 3

545 vσxγαGπσνπγrTorαγrGanσsotropσΔGμψowGanαGnonψσnγarGrγsponsγGΔoγμμσΔσγntsGoμGΔπarνγαGpartσΔψγsGσnG
ΔoψψσsσonsGatGanαG]UWYUGEuropeanpPhysicalpJournalpCSG2020SGaWSG]Z[ 4.2 6

544 vγasurγmγntGoμGγψγΔtrowγaχGproαuΔtσonGoμGaGΓosonGσnGassoΔσatσonGwσtπGtwoGτγtsGσnGprotonTprotonG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2020SGaWSG[Z 4.2 6

543 nvσαγnΔγGμorGOtγxtG{ }tγxtG{ }PGproαuΔtσonGμromGαouΓψγTpartonGσntγraΔtσonsGσnGprotonâ��protonG
ΔoψψσsσonsGatGOsqrt{s}GfGXZGStγxtG{}γ–}GPUGEuropeanpPhysicalpJournalpCSG2020SGaWSGX 4.2 4

542 |γarΔπGμorGproαuΔtσonGoμGμourGtopGquarχsGσnGμσnaψGstatγsGwσtπGsamγTsσνnGorGmuψtσpψγGψγptonsGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2020SGaWSG_] 4.2 24

541 |γarΔπγsGμorGpπysσΔsGΓγyonαGtπγGstanαarαGmoαγψGwσtπGtπγGvarσaΓψγGσnGπaαronσΔGμσnaψGstatγsGwσtπGanαG
wσtπoutGασsappγarσnνGtraΔχsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2020SGaWSGZ 4.2 16
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540 nxtraΔtσonGanαGvaψσαatσonGoμGaGnγwGsγtGoμGlv|GpytπσaaGtunγsGμromGunαγrψyσnνTγvγntGmγasurγmγntsUG
EuropeanpPhysicalpJournalpCSG2020SGaWSG[ 4.2 61

539 |γarΔπGμorGαarχGmattγrGpartσΔψγsGproαuΔγαGσnGassoΔσatσonGwσtπGaGqσννsGΓosonGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{matπrm{s}}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 7

538 jGmuψtσTασmγnsσonaψGsγarΔπGμorGnγwGπγavyGrγsonanΔγsGαγΔayσnνGtoGΓoostγαGSGSGorGΓosonGpaσrsGσnGtπγG
αστγtGμσnaψGstatγGatGXZ´ UGEuropeanpPhysicalpJournalpCSG2020SGaWSGYZ_ 4.2 10

537 vγasurγmγntGoμGsσnνψγTασμμraΔtσvγGαστγtGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGwσtπGtπγGlv|GanαG
}x}nvGγxpγrσmγntsUGEuropeanpPhysicalpJournalpCSG2020SGaWSGXX^[ 4.2 0

536 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGanαGΔπarνγGratσosGμorGTΔπannγψGsσnνψγGtopGquarχG
proαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2020SGaWSGZ_W 4.2 4

535
vγasurγmγntGoμGOπΓoxG{t}{Γar{πΓoxG{t}}}PGnormaψσsγαGmuψtσTασμμγrγntσaψGΔrossGsγΔtσonsGσnGO{tγxtG
{p}}{tγxtG{p}}GPGΔoψψσsσonsGatGOsqrt{s}fXZS{tγxtG{}γ–}}GPSGanαGsσmuψtanγousGαγtγrmσnatσonGoμGtπγGstronνG
ΔoupψσnνGstrγnνtπSGtopGquarχGpoψγGmassSGanαGpartonGασstrσΓutσonGμunΔtσonsUGEuropeanpPhysicalp
JournalpCSG2020SGaWSGX

4.2 13

534 {γσntγrprγtatσonGoμGuqlG{γsuψtsGμorGwγwGyπysσΔscG|tatusGanαGrγΔommγnαatσonsGaμtγrG{unGYUGSciPostp
PhysicsSG2020SGbSG 6.1 17

533 jGmγγpGwγuraψGwγtworχGμorG|σmuψtanγousGnstσmatσonGoμGΓGsγtGnnγrνyGanαG{γsoψutσonUGComputingp
andpSoftwarepforpBigpScienceSG2020SG[SGXW 6 3

532 yγrμormanΔγGoμGtπγGrγΔonstruΔtσonGanαGσαγntσμσΔatσonGoμGπσνπTmomγntumGmuonsGσnGprotonTprotonG
ΔoψψσsσonsGatGâ��sGfGXZG}γ–UGJournalpofpInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

531 laψσΓratσonGoμGtπγGlv|GπaαronGΔaψorσmγtγrsGusσnνGprotonTprotonGΔoψψσsσonGαataGatGâ��sGfGXZG}γ–UG
JournalpofpInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

530 |tuαyGoμGΔγntraψGγxΔψusσvγGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGanαGXZ}γ–UGEuropeanpPhysicalp
JournalpCSG2020SGaWSG_Xa 4.2 2

529 |γarΔπGμorGpπysσΔsGΓγyonαGtπγGstanαarαGmoαγψGσnGγvγntsGwσtπGτγtsGanαGtwoGsamγTsσνnGorGatGψγastG
tπrγγGΔπarνγαGψγptonsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2020SGaWSG_]Y 4.2 2

528 jzσmutπaψGsγparatσonGσnGnγarψyGΓaΔχTtoTΓaΔχGτγtGtopoψoνσγsGσnGσnΔψusσvγGYTGanαGZTτγtGγvγntsGσnG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSG__Z 4.2 0

527 |γarΔπGμorGΔπarνγαGqσννsGΓosonsGσnGtπγGq´–GTgGˇ�´–˛‰ˇ�GαγΔayGΔπannγψGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 24

526 |γarΔπGμorGrγsonantGproαuΔtσonGoμGsγΔonαTνγnγratσonGsψγptonsGwσtπGsamγTsσνnGασmuonGγvγntsGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZW] 4.2 2

525
|γarΔπGμorGsupγrsymmγtryGwσtπGaGΔomprγssγαGmassGspγΔtrumGσnGtπγGvγΔtorGΓosonGμusσonGtopoψoνyG
wσtπGXTψγptonGanαGWTψγptonGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}GPGfGXZG}γ–UGJournalpofp
HighpEnergypPhysicsSG2019SGYWXbSGX

5.4 8

524 |γarΔπGμorGaGψowTmassGˇ�â��ˇ�RGrγsonanΔγGσnGassoΔσatσonGwσtπGaGΓottomGquarχGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 4

523
|γarΔπGμorGtπγGassoΔσatγαGproαuΔtσonGoμGtπγGqσννsGΓosonGanαGaGvγΔtorGΓosonGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}GPGfGXZG}γ–GvσaGqσννsGΓosonGαγΔaysGtoGˇ�GψγptonsUGJournalpofpHighpEnergypPhysicsSG
2019SGYWXbSGX

5.4 3
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522 |γarΔπGμorGtπγGpaσrGproαuΔtσonGoμGψσνπtGtopGsquarχsGσnGtπγGγ´–˛…hGμσnaψGstatγGσnGprotonTprotonGΔoψψσsσonsG
atGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 4

521 lomΓσnγαGmγasurγmγntsGoμGqσννsGΓosonGΔoupψσnνsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanp
PhysicalpJournalpCSG2019SG_bSG[YX 4.2 153

520 |γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGaGpπotonSGτγtsSGTτγtsSGanαGmσssσnνGtransvγrsγGmomγntumGσnG
protonTprotonGΔoψψσsσonsGatGXZUGEuropeanpPhysicalpJournalpCSG2019SG_bSG[[[ 4.2 1

519
vγasurγmγntsGoμGtπγGppGTgG µGσnΔψusσvγGanαGασμμγrγntσaψGproαuΔtσonGΔrossGsγΔtσonsGanαGΔonstraσntsG
onGΔπarνγαGanomaψousGtrσpψγGνauνγGΔoupψσnνsGatGOGsqrt{s}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG
2019SGYWXbSGX

5.4 10

518 vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonSGtπγGtopGquarχGmassSGanαGtπγGstronνGΔoupψσnνG
ΔonstantGusσnνGασψγptonGγvγntsGσnGppGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZ^a 4.2 27

517 vγasurγmγntGoμGtπγGγnγrνyGαγnsσtyGasGaGμunΔtσonGoμGpsγuαorapσασtyGσnGprotonâ��protonGΔoψψσsσonsGatG
Osqrt{s}GfXZStγxtG{}γ–}GPUGEuropeanpPhysicalpJournalpCSG2019SG_bSGX 4.2 7

516
|γarΔπGμorGnonrγsonantGqσννsGΓosonGpaσrGproαuΔtσonGσnGtπγGOG
matπrm{Γ}ovγrψσnγ{matπrm{Γ}}matπrm{Γ}ovγrψσnγ{matπrm{Γ}}GPGμσnaψGstatγGatGOGsqrt{s}GPGfGXZG}γ–UG
JournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX

5.4 4

515 |γarΔπGμorGαarχGmattγrGproαuΔγαGσnGassoΔσatσonGwσtπGaGqσννsGΓosonGαγΔayσnνGtoGaGpaσrGoμGΓottomG
quarχsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGYaW 4.2 12

514 |γarΔπGμorGΔontaΔtGσntγraΔtσonsGanαGψarνγGγxtraGασmγnsσonsGσnGtπγGασψγptonGmassGspγΔtraGμromG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 8

513 |γarΔπGμorGvγΔtorTψσχγGquarχsGσnGγvγntsGwσtπGtwoGopposσtγψyGΔπarνγαGψγptonsGanαGτγtsGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZ^[ 4.2 18

512 |γarΔπGμorGsσnνψγGproαuΔtσonGoμGvγΔtorTψσχγGquarχsGαγΔayσnνGtoGaGtopGquarχGanαGaGΓosonGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGbW 4.2 6

511 |tuαyGoμGtπγGunαγrψyσnνGγvγntGσnGtopGquarχGpaσrGproαuΔtσonGσnGΔoψψσsσonsGatGXZUGEuropeanpPhysicalp
JournalpCSG2019SG_bSGXYZ 4.2 4

510 |γarΔπGμorGrarγGαγΔaysGoμGanαGqσννsGΓosonsGtoGanαGaGpπotonGσnGprotonTprotonGΔoψψσsσonsGatGfGXZUG
EuropeanpPhysicalpJournalpCSG2019SG_bSGb[ 4.2 7

509 |γarΔπGμorGnγwGpπysσΔsGσnGμσnaψGstatγsGwσtπGaGsσnνψγGpπotonGanαGmσssσnνGtransvγrsγGmomγntumGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 9

508
vγasurγmγntsGoμGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGασμμγrγntσaψGΔrossGsγΔtσonsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{matπrm{s}}fXZGPG}γ–GusσnνGγvγntsGΔontaσnσnνGtwoGψγptonsUGJournalpofpHighpEnergyp
PhysicsSG2019SGYWXbSGX

5.4 15

507
|γarΔπGμorGOGmatπrm{t}ovγrψσnγ{matπrm{t}}matπrm{q}GPGproαuΔtσonGσnGtπγGOGmatπrm{q}toG
matπrm{Γ}ovγrψσnγ{matπrm{Γ}}GPGαγΔayGΔπannγψGwσtπGψγptonσΔGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPG
αγΔaysGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX

5.4 17

506 |γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGaGpπotonSGaGψγptonSGanαGmσssσnνGtransvγrsγGmomγntumGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}GfGXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 2

505
vγasurγmγntGoμGσnΔψusσvγGanαGασμμγrγntσaψGqσννsGΓosonGproαuΔtσonGΔrossGsγΔtσonsGσnGtπγGασpπotonG
αγΔayGΔπannγψGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SG
YWXbSGX

5.4 8
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504 |γarΔπGμorGrγsonantGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 13

503 |γarΔπGμorGproαuΔtσonGoμGqσννsGΓosonGpaσrsGσnGtπγGμourGΓGquarχGμσnaψGstatγGusσnνGψarνγTarγaGτγtsGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 7

502 |γarΔπGμorGπγavyGrγsonanΔγsGαγΔayσnνGσntoGtwoGqσννsGΓosonsGorGσntoGaGqσννsGΓosonGanαGaG GorGµG
ΓosonGσnGprotonTprotonGΔoψψσsσonsGatGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 7

501 |γarΔπGμorGπγavyGvaτoranaGnγutrσnosGσnGsamγTsσνnGασψγptonGΔπannγψsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 14

500 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGμorGσnΔψusσvγGσsoψatγαTpπotonGanαGpπotonRτγtG
proαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGYW 4.2 4

499
|γarΔπGμorGπγavyGnγutrσnosGanαGtπσrαTνγnγratσonGψγptoquarχsGσnGπaαronσΔGstatγsGoμGtwoGˇ�GψγptonsG
anαGtwoGτγtsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SG
YWXbSGX

5.4 18

498 |γarΔπGμorGaG hGΓosonGαγΔayσnνGtoGaGvγΔtorTψσχγGquarχGanαGaGtopGorGΓottomGquarχGσnGtπγGaψψTτγtsGμσnaψG
statγUGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 4

497 |γarΔπGμorGtopGquarχGpartnγrsGwσtπGΔπarνγG]VZGσnGtπγGsamγTsσνnGασψγptonGanαGsσnνψγTψγptonGμσnaψG
statγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 9

496
rnΔψusσvγGsγarΔπGμorGsupγrsymmγtryGσnGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–GusσnνGrazorGvarσaΓψγsGanαG
ΓoostγαGoΓτγΔtGσαγntσμσΔatσonGσnGzγroGanαGonγGψγptonGμσnaψGstatγsUGJournalpofpHighpEnergypPhysicsSG
2019SGYWXbSGX

5.4 2

495 |γarΔπGμorGαarχGmattγrGproαuΔγαGσnGassoΔσatσonGwσtπGaGsσnνψγGtopGquarχGorGaGtopGquarχGpaσrGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 8

494 |γarΔπGμorGγxΔσtγαGψγptonsGσnGâ��â�� ˛‡GμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{matπrm{s}}fXZGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 2

493 |γarΔπGμorGnγwGpartσΔψγsGαγΔayσnνGtoGaGτγtGanαGanGγmγrνσnνGτγtUGJournalpofpHighpEnergypPhysicsSG2019SG
YWXbSGX 5.4 15

492 |γarΔπGμorGaGπγavyGrγsonanΔγGαγΔayσnνGtoGaGtopGquarχGanαGaGvγΔtorTψσχγGtopGquarχGσnGtπγGψγptonGRG
τγtsGμσnaψGstatγGσnGppGΔoψψσsσonsGatGOsqrt{s}GfGXZStγxtG{}γ–}GPUGEuropeanpPhysicalpJournalpCSG2019SG_bSGX 4.2 6

491 vγasurγmγntGoμGγxΔψusσvγG´ pπotoproαuΔtσonGσnGuψtrapγrσpπγraψGpyΓGΔoψψσsσonsGatUGEuropeanpPhysicalp
JournalpCSG2019SG_bSG_WY 4.2 13

490 vγasurγmγntGoμGγxΔψusσvγGpπotoproαuΔtσonGμromGprotonsGσnGyΓGΔoψψσsσonsGatUGEuropeanpPhysicalp
JournalpCSG2019SG_bSGY__ 4.2 19

489 |γarΔπGμorGaGπγavyGpsγuαosΔaψarGΓosonGαγΔayσnνGtoGaGµGanαGaGqσννsGΓosonGatUGEuropeanpPhysicalp
JournalpCSG2019SG_bSG]^[ 4.2 20

488 |γarΔπGμorGsupγrsymmγtryGσnGμσnaψGstatγsGwσtπGpπotonsGanαGmσssσnνGtransvγrsγGmomγntumGσnG
protonTprotonGΔoψψσsσonsGatGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 5

487 vγasurγmγntGoμGtπγGtopGquarχGmassGσnGtπγGaψψTτγtsGμσnaψGstatγGatGanαGΔomΓσnatσonGwσtπGtπγG
ψγptonRτγtsGΔπannγψUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZXZ 4.2 13

Pablo Martinez Ruiz del Arbol

6



486 vγasurγmγntsGoμGασμμγrγntσaψGµGΓosonGproαuΔtσonGΔrossGsγΔtσonsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 11

485 vγasurγmγntGoμGtπγGασμμγrγntσaψGmrγψψT±anGΔrossGsγΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{matπrm{s}}GPGfGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 6

484 vγasurγmγntGoμGtπγGavγraνγGvγryGμorwarαGγnγrνyGasGaGμunΔtσonGoμGtπγGtraΔχGmuψtσpψσΔσtyGatGΔγntraψG
psγuαorapσασtσγsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2019SG_bSGabZ 4.2 6

483 |γarΔπGμorGnγwGpπysσΔsGσnGtopGquarχGproαuΔtσonGσnGασψγptonGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsG
atUGEuropeanpPhysicalpJournalpCSG2019SG_bSGaa^ 4.2 6

482 |tuαyGoμGαστγtGγvγntsGwσtπGaGψarνγGrapσασtyGνapGΓγtwγγnGtπγGtwoGψγaασnνGτγtsGσnGppGΔoψψσsσonsGatUG
EuropeanpPhysicalpJournalpCSG2018SG_aSGY[Y 4.2 4

481 ysγuαorapσασtyGασstrσΓutσonsGoμGΔπarνγαGπaαronsGσnGprotonTψγaαGΔoψψσsσonsGatGOG
sqrt{s≥{matπrm{ww}}}f]UWYGPGanαGaUX^G}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 4

480
|γarΔπGμorGrγsonantGanαGnonrγsonantGqσννsGΓosonGpaσrGproαuΔtσonGσnGtπγGOG
matπrm{Γ}ovγrψσnγ{matπrm{Γ}}matπσt{γψψGnuGγψψGnuG}GPGμσnaψGstatγGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX

5.4 19

479 |γarΔπGμorGnγwGpπysσΔsGσnGγvγntsGwσtπGaGψγptonσΔaψψyGαγΔayσnνGµGΓosonGanαGaGψarνγGtransvγrsγG
momγntumGσmΓaψanΔγGσnGprotonTprotonGΔoψψσsσonsGatGfGXZUGEuropeanpPhysicalpJournalpCSG2018SG_aSGYbX 4.2 17

478 vγasurγmγntsGoμGtπγGproαuΔtσonGΔrossGsγΔtσonGanαGtπγGΓranΔπσnνGμraΔtσonSGanαGΔonstraσntsGonG
anomaψousGtrσpψγGνauνγGΔoupψσnνsGatUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX^] 4.2 29

477 vγasurγmγntGoμGassoΔσatγαGµGRGΔπarmGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalp
JournalpCSG2018SG_aSGYa_ 4.2 11

476
vγasurγmγntGoμGtπγGσnΔψusσvγGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGOG
sqrt{s}f]UWYGPG}γ–GusσnνGμσnaψGstatγsGwσtπGatGψγastGonγGΔπarνγαGψγptonUGJournalpofpHighpEnergypPhysicsSG
2018SGYWXaSGX

5.4 3

475 |γarΔπGμorGnaturaψGsupγrsymmγtryGσnGγvγntsGwσtπGtopGquarχGpaσrsGanαGpπotonsGσnGppGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4

474
|γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGatGψγastGtπrγγGγψγΔtronsGorGmuonsSGτγtsSGanαGmσssσnνG
transvγrsγGmomγntumGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 4

473 lomΓσnγαGsγarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosGanαGnγutraψσnosGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 45

472 |γarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosGanαGnγutraψσnosGσnGmuψtσψγptonGμσnaψGstatγsGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 40

471 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGσnGtπγGχσnγmatσΔGanνuψarGvarσaΓψγGhQGμorGσnΔψusσvγGµG
ΓosonGproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 2

470 lomparσnνGtransvγrsγGmomγntumGΓaψanΔγGoμGΓGτγtGpaσrsGσnGppGanαGyΓyΓGΔoψψσsσonsGatGOG
sqrt{s≥{matπrm{ww}}}f]UWYGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 8

469 vγasurγmγntGoμGnormaψσzγαGασμμγrγntσaψGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGΔrossGsγΔtσonsGσnGtπγG
ασψγptonGΔπannγψGμromGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 12
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468 lonstraσntsGonGtπγGαouΓψγTpartonGsΔattγrσnνGΔrossGsγΔtσonGμromGsamγTsσνnG GΓosonGpaσrGproαuΔtσonG
σnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 13

467 |γarΔπGμorGµµGrγsonanΔγsGσnGtπγGYâ��Y˛‰GμσnaψGstatγGσnGprotonTprotonGΔoψψσsσonsGatGXZG}γ–UGJournalpofp
HighpEnergypPhysicsSG2018SGYWXaSGX 5.4 3

466 sγtGpropγrtσγsGσnGyΓyΓGanαGppGΔoψψσsσonsGatGOGsqrt{s≥{matπrm{w}dmatπrm{w}}}f]UWYGPG}γ–UGJournalpofp
HighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

465 |γarΔπGμorGstanαarαGmoαγψGproαuΔtσonGoμGμourGtopGquarχsGwσtπGsamγTsσνnGanαGmuψtσψγptonGμσnaψG
statγsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX[W 4.2 20

464
vγasurγmγntsGoμGtπγGOmatπrmG{p}matπrmG{p}rσνπtarrowGmatπrm{µ}matπrm{µ}PGproαuΔtσonGΔrossG
sγΔtσonGanαGtπγGOmatπrm{µ}rσνπtarrowG[γψψGPGΓranΔπσnνGμraΔtσonSGanαGΔonstraσntsGonGanomaψousGtrσpψγG
νauνγGΔoupψσnνsGatGOsqrt{s}GfGXZStγxtG{}γ–}GPG2018SG_aSGX

3

463 |γarΔπGμorGOGmatπrm{t}ovγrψσnγ{matπrm{t}}matπrm{q}GPGproαuΔtσonGσnGtπγGaψψTτγtGμσnaψGstatγGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 13

462 |γarΔπGμorGrγsonanΔγsGσnGtπγGmassGspγΔtrumGoμGmuonGpaσrsGproαuΔγαGσnGassoΔσatσonGwσtπGΓGquarχGτγtsG
σnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPGanαGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

461 vγasurγmγntGoμGtπγGνroomγαGτγtGmassGσnGyΓyΓGanαGppGΔoψψσsσonsGatGOGsqrt{s≥{matπrm{ww}}}f]UWYGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 5

460
|γarΔπGμorGπγavyGrγsonanΔγsGαγΔayσnνGσntoGaGvγΔtorGΓosonGanαGaGqσννsGΓosonGσnGμσnaψGstatγsGwσtπG
ΔπarνγαGψγptonsSGnγutrσnosGanαGΓGquarχsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SG
YWXaSGX

5.4 7

459 |γarΔπGμorGnaturaψGanαGspψσtGsupγrsymmγtryGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–GσnGμσnaψG
statγsGwσtπGτγtsGanαGmσssσnνGtransvγrsγGmomγntumUGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 39

458 |γarΔπGμorGαγΔaysGoμGstoppγαGγxotσΔGψonνTψσvγαGpartσΔψγsGproαuΔγαGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 6

457
|γarΔπGμorGanGγxotσΔGαγΔayGoμGtπγGqσννsGΓosonGtoGaGpaσrGoμGψσνπtGpsγuαosΔaψarsGσnGtπγGμσnaψGstatγGoμG
twoGmuonsGanαGtwoGˇ�GψγptonsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2018SGYWXaSGX

5.4 14

456 |γarΔπGμorGaGΔπarνγαGqσννsGΓosonGαγΔayσnνGtoGΔπarmGanαGΓottomGquarχsGσnGprotonTprotonGΔoψψσsσonsG
atGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 16

455 |γarΔπGμorGtopGsquarχsGαγΔayσnνGvσaGμourTΓoαyGorGΔπarνσnoTmγασatγαGmoαγsGσnGsσnνψγTψγptonGμσnaψG
statγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 6

454 lπarνγαTpartσΔψγGnuΔψγarGmoασμσΔatσonGμaΔtorsGσnG¯γ¯γGΔoψψσsσonsGatGOGsqrt{s≥{matπrm{ww}}}GfG]U[[GPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 11

453 vγasurγmγntGoμGtπγGtopGquarχGmassGwσtπGψγptonRτγtsGμσnaψGstatγsGusσnνGΔoψψσsσonsGatUGEuropeanp
PhysicalpJournalpCSG2018SG_aSGabX 4.2 13

452 vγasurγmγntsGoμGtπγGασμμγrγntσaψGτγtGΔrossGsγΔtσonGasGaGμunΔtσonGoμGtπγGτγtGmassGσnGαστγtGγvγntsGμromG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 14

451 vγasurγmγntsGoμGqσννsGΓosonGpropγrtσγsGσnGtπγGασpπotonGαγΔayGΔπannγψGσnGprotonTprotonGΔoψψσsσonsG
atGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 37
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450 nvγntGsπapγGvarσaΓψγsGmγasurγαGusσnνGmuψtστγtGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 3

449
|γarΔπγsGμorGpaσrGproαuΔtσonGoμGΔπarνσnosGanαGtopGsquarχsGσnGμσnaψGstatγsGwσtπGtwoGopposσtγψyG
ΔπarνγαGψγptonsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2018SGYWXaSGX

5.4 12

448
|γarΔπGμorGnarrowGanαGΓroaαGαστγtGrγsonanΔγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–GanαG
ΔonstraσntsGonGαarχGmattγrGmγασatorsGanαGotπγrGnγwGpartσΔψγsUGJournalpofpHighpEnergypPhysicsSG2018SG
YWXaSGX

5.4 50

447 |γarΔπGμorGµ˛‡GrγsonanΔγsGusσnνGψγptonσΔGanαGπaαronσΔGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 11

446 vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonGμorGsσnνψγGtopGquarχsGσnGassoΔσatσonGwσtπG GΓosonsGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 5

445 |γarΔπGμorGΓψaΔχGπoψγsGanαGspπaψγronsGσnGπσνπTmuψtσpψσΔσtyGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 9

444 |γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGaGˇ�GψγptonGpaσrGanαGmσssσnνGtransvγrsγGmomγntumGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 14

443 |γarΔπGμorGtπγGαγΔayGoμGaGqσννsGΓosonGσnGtπγGâ��â�� ˛‡GΔπannγψGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 11

442 |γarΔπGμorGtπσrαTνγnγratσonGsΔaψarGψγptoquarχsGαγΔayσnνGtoGaGtopGquarχGanαGaGψγptonGatUGEuropeanp
PhysicalpJournalpCSG2018SG_aSG_W_ 4.2 23

441 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGμorGΓosonGproαuΔtσonGσnGassoΔσatσonGwσtπGτγtsGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2018SG_aSGb^] 4.2 19

440 |tuασγsGoμGanαGmγsonsGσnΔψuασnνGtπγGoΓsγrvatσonGoμGtπγGαγΔayGσnGprotonTprotonGΔoψψσsσonsGatUG
EuropeanpPhysicalpJournalpCSG2018SG_aSGbZb 4.2 12

439 |γarΔπGμorGaGπγavyGrγsonanΔγGαγΔayσnνGσntoGaGµGΓosonGanαGaGµGorG GΓosonGσnGYâ��YqGμσnaψGstatγsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

438 vγasurγmγntGoμGΔπarνγαGpartσΔψγGspγΔtraGσnGmσnσmumTΓσasGγvγntsGμromGprotonTprotonGΔoψψσsσonsGatUG
EuropeanpPhysicalpJournalpCSG2018SG_aSG^b_ 4.2 9

437 |γarΔπGμorGψγptonTμψavorGvσoψatσnνGαγΔaysGoμGπγavyGrγsonanΔγsGanαGquantumGΓψaΔχGπoψγsGtoGγ˛…GμσnaψG
statγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 3

436 |γarΔπGμorGnγwGpπysσΔsGσnGαστγtGanνuψarGασstrσΓutσonsGusσnνGprotonTprotonGΔoψψσsσonsGatGanαG
ΔonstraσntsGonGαarχGmattγrGanαGotπγrGmoαγψsUGEuropeanpPhysicalpJournalpCSG2018SG_aSG_ab 4.2 19

435 jzσmutπaψGΔorrγψatσonsGμorGσnΔψusσvγGYTτγtSGZTτγtSGanαG[TτγtGγvγntsGσnGppGΔoψψσsσonsGatGOsqrt{s}fGXZ~πΓoxG
{}γ–}PUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX 4.2 4

434 |γarΔπGμorGπσνπTmassGrγsonanΔγsGσnGμσnaψGstatγsGwσtπGaGψγptonGanαGmσssσnνGtransvγrsγGmomγntumGatG
OGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 15

433 vγasurγmγntGoμGtπγGunαγrψyσnνGγvγntGaΔtσvσtyGσnGσnΔψusσvγGµGΓosonGproαuΔtσonGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 8

(2018-2018)
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432 |γarΔπGμorGrγsonantGpaσrGproαuΔtσonGoμGqσννsGΓosonsGαγΔayσnνGtoGΓottomGquarχTantσquarχGpaσrsGσnG
protonTprotonGΔoψψσsσonsGatGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 10

431 vγasurγmγntGoμGtπγGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGanαGvaψσαatσonGoμGψγptonGanaψysσsGtγΔπnσquγsUG
EuropeanpPhysicalpJournalpCSG2018SG_aSG_Wa 4.2 5

430 |γarΔπGμorGvγΔtorTψσχγG}GanαGkGquarχGpaσrsGσnGμσnaψGstatγsGwσtπGψγptonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofp
HighpEnergypPhysicsSG2018SGYWXaSGX 5.4 29

429 |γarΔπGμorGαarχGmattγrGproαuΔγαGσnGassoΔσatσonGwσtπGaGqσννsGΓosonGαγΔayσnνGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

428 |γarΔπGμorGaαασtσonaψGnγutraψGv||vGqσννsGΓosonsGσnGtπγGˇ�Gˇ�GμσnaψGstatγGσnGprotonTprotonGΔoψψσsσonsGatG
OGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 42

427 |γarΔπGμorGaGπγavyGrγsonanΔγGαγΔayσnνGtoGaGpaσrGoμGvγΔtorGΓosonsGσnGtπγGψγptonGpψusGmγrνγαGτγtGμσnaψG
statγGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

426 |γarΔπGμorGaGπγavyGrσνπtTπanαγαG GΓosonGanαGaGπγavyGnγutrσnoGσnGγvγntsGwσtπGtwoGsamγTμψavorG
ψγptonsGanαGtwoGτγtsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 20

425 |γarΔπGμorGaGπγavyGrγsonanΔγGαγΔayσnνGσntoGaGµGΓosonGanαGaGvγΔtorGΓosonGσnGtπγGOGnuG
ovγrψσnγ{nu}matπrm{q}ovγrψσnγ{matπrm{q}}GPGμσnaψGstatγUGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 6

424 vγasurγmγntGoμGtπγGΔrossGsγΔtσonGμorGtopGquarχGpaσrGproαuΔtσonGσnGassoΔσatσonGwσtπGaG GorGµGΓosonG
σnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 18

423
|γarΔπGμorGΓγyonαGtπγGstanαarαGmoαγψGqσννsGΓosonsGαγΔayσnνGσntoGaGOG
matπrm{Γ}ovγrψσnγ{matπrm{Γ}}GPGpaσrGσnGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 11

422 vγasurγmγntGoμGtπγGwγaχGmσxσnνGanνψγGusσnνGtπγGμorwarαTΓaΔχwarαGasymmγtryGoμGmrγψψT±anG
γvγntsGσnGΔoψψσsσonsGatGaUGEuropeanpPhysicalpJournalpCSG2018SG_aSG_WX 4.2 25

421 vγasurγmγntGoμGpromptGanαGnonpromptGΔπarmonσumGsupprγssσonGσnGΔoψψσsσonsGatG]UWYUGEuropeanp
PhysicalpJournalpCSG2018SG_aSG]Wb 4.2 37

420 |γarΔπGμorGψγptonGμψavourGvσoψatσnνGαγΔaysGoμGtπγGqσννsGΓosonGtoG˛…ˇ�GanαGγˇ�GσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 19

419
nvσαγnΔγGμorGassoΔσatγαGproαuΔtσonGoμGaGqσννsGΓosonGwσtπGaGtopGquarχGpaσrGσnGμσnaψGstatγsGwσtπG
γψγΔtronsSGmuonsSGanαGπaαronσΔaψψyGαγΔayσnνGˇ�GψγptonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 23

418 nψγΔtrowγaχGproαuΔtσonGoμGtwoGτγtsGσnGassoΔσatσonGwσtπGaGµGΓosonGσnGprotonâ��protonGΔoψψσsσonsGatG
Osqrt{s}fGPGXZOStγxtG{}γ–}PUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX 4.2 12

417
xΓsγrvatσonGoμGprotonTtaννγαSGΔγntraψGOsγmσPγxΔψusσvγGproαuΔtσonGoμGπσνπTmassGψγptonGpaσrsGσnGppG
ΔoψψσsσonsGatGXZG}γ–GwσtπGtπγGlv|T}x}nvGprγΔσsσonGprotonGspγΔtromγtγrUGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 14

416 |γarΔπGμorGαarχGmattγrGσnGγvγntsGwσtπGγnγrνγtσΔSGπaαronσΔaψψyGαγΔayσnνGtopGquarχsGanαGmσssσnνG
transvγrsγGmomγntumGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 16

415 |γarΔπGμorGsσnνψγGproαuΔtσonGoμGvγΔtorTψσχγGquarχsGαγΔayσnνGtoGaGΓGquarχGanαGaGqσννsGΓosonUGJournalp
ofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 12

Pablo Martinez Ruiz del Arbol
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414 |γarΔπGμorGtπγGμψavorTΔπanνσnνGnγutraψGΔurrγntGσntγraΔtσonsGoμGtπγGtopGquarχGanαGtπγGqσννsGΓosonG
wπσΔπGαγΔaysGσntoGaGpaσrGoμGΓGquarχsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 20

413
|γarΔπGμorGaGsσnνψyGproαuΔγαGtπσrαTνγnγratσonGsΔaψarGψγptoquarχGαγΔayσnνGtoGaGˇ�GψγptonGanαGaG
ΓottomGquarχGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SG
YWXaSGX

5.4 9

412
vγasurγmγntsGoμGασμμγrγntσaψGΔrossGsγΔtσonsGoμGtopGquarχGpaσrGproαuΔtσonGasGaGμunΔtσonGoμGχσnγmatσΔG
γvγntGvarσaΓψγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018
SGYWXaSGX

5.4 10

411 vγasurγmγntGoμGtπγGσnγψastσΔGprotonTprotonGΔrossGsγΔtσonGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2018SGYWXaSGX 5.4 41

410 |γarΔπGμorGασsappγarσnνGtraΔχsGasGaGsσνnaturγGoμGnγwGψonνTψσvγαGpartσΔψγsGσnGprotonTprotonGΔoψψσsσonsG
atGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 24

409 |γarΔπGμorGπσνπTmassGrγsonanΔγsGσnGασψγptonGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 63

408 |γarΔπGμorGψowGmassGvγΔtorGrγsonanΔγsGαγΔayσnνGσntoGquarχTantσquarχGpaσrsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 28

407 |γarΔπGμorGmarχGvattγrGanαG|upγrsymmγtryGwσtπGaGlomprγssγαGvassG|pγΔtrumGσnGtπγG–γΔtorGkosonG
ousσonG}opoψoνyGσnGyrotonTyrotonGloψψσsσonsGatGsqrtℓs−faGG}γ–UGPhysicalpReviewpLettersSG2017SGXXaSGWYXaWY7.4 23

406
|γarΔπGμorGπσνπTmassGασpπotonGrγsonanΔγsGσnGprotonâ��protonGΔoψψσsσonsGatGXZG}γ–GanαGΔomΓσnatσonG
wσtπGaG}γ–GsγarΔπUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG
2017SG_^_SGX[_TX_W

4.2 55

405 xΓsγrvatσonGoμGtπγGαγΔayGkRTgˇ�OY|PhOXWYWPtRGσnGppGΔoψψσsσonsGatGsfa}γ–UGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG_^[SG^^Ta^ 4.2 2

404 |γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGonγGψγptonGanαGmuψtσpψγGτγtsGσnGprotonTprotonGΔoψψσsσonsGatG
sfXZGG}γ–UGPhysicalpReviewpDSG2017SGb]SG 4.9 7

403 vγasurγmγntGoμGtπγG µGproαuΔtσonGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGsfXZG}γ–UGPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG_^^SGY^aTYbW 4.2 22

402 |γarΔπGμorG{TparσtyGvσoψatσnνGsupγrsymmγtryGwσtπGασspψaΔγαGvγrtσΔγsGσnGprotonTprotonGΔoψψσsσonsGatG
sfaGG}γ–UGPhysicalpReviewpDSG2017SGb]SG 4.9 11

401
vγasurγmγntsGoμGtπγGℓoormuψacGsγγGtγxt−GproαuΔtσonGΔrossGsγΔtσonGσnGψγptonRτγtsGμσnaψGstatγsGσnGppG
ΔoψψσsσonsGatGaGℓoormuψacGsγγGtγxt−GanαGratσoGoμGaGtoG_´ ℓoormuψacGsγγGtγxt−GΔrossGsγΔtσonsUGEuropeanp
PhysicalpJournalpCSG2017SG__SGX]

4.2 19

400 rnΔψusσvγGsγarΔπGμorGsupγrsymmγtryGusσnνGrazorGvarσaΓψγsGσnGppGΔoψψσsσonsGatGsfXZGG}γ–UGPhysicalp
ReviewpDSG2017SGb]SG 4.9 9

399 vγasurγmγntGoμGtπγGℓoormuψacGsγγGtγxt−GproαuΔtσonGΔrossGsγΔtσonGusσnνGγvγntsGσnGtπγGℓoormuψacGsγγG
tγxt−GμσnaψGstatγGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGX_Y 4.2 22

398
vγasurγmγntGanαGzlmGanaψysσsGoμGαouΓψγTασμμγrγntσaψGσnΔψusσvγGτγtGΔrossGsγΔtσonsGσnGppGΔoψψσsσonsGatG
OGsqrt{s}faGPG}γ–GanαGΔrossGsγΔtσonGratσosGtoGYU_^GanαG_G}γ–UGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 34

397 |γarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosGσnGμσnaψGstatγsGwσtπGtwoGˇ�GψγptonsGσnGppGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

(2017-2018)
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396 vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonGoμGaG ´ ΓosonGσnGassoΔσatσonGwσtπGtwoGΓGτγtsGσnGppG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGbY 4.2 7

395
vγasurγmγntGoμGtπγG µGproαuΔtσonGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−GanαG
aℓoormuψacGsγγGtγxt−GanαGsγarΔπGμorGanomaψousGtrσpψγGνauνγGΔoupψσnνsGatGℓoormuψacGsγγGtγxt−UG
EuropeanpPhysicalpJournalpCSG2017SG__SGYZ^

4.2 21

394 vγasurγmγntGoμGpromptGanαGnonpromptGℓoormuψacGsγγGtγxt−GproαuΔtσonGσnGℓoormuψacGsγγGtγxt−GanαG
ℓoormuψacGsγγGtγxt−GΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGY^b 4.2 26

393 |upprγssσonGoμGhOX|PSGhOY|PSGanαGhOZ|PGquarχonσumGstatγsGσnGyΓyΓGΔoψψσsσonsGatGswwfYU_^}γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG__WSGZ]_TZ_b 4.2 57

392
jGsγarΔπGμorGnγwGpπγnomγnaGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−GσnGμσnaψGstatγsGwσtπGmσssσnνG
transvγrsγGmomγntumGanαGatGψγastGonγGτγtGusσnνGtπγGℓoormuψacGsγγGtγxt−GvarσaΓψγUGEuropeanpPhysicalp
JournalpCSG2017SG__SGYb[

4.2 21

391
vγasurγmγntGoμGtπγGΔrossGsγΔtσonGμorGγψγΔtrowγaχGproαuΔtσonGoμGµ˛‡GσnGassoΔσatσonGwσtπGtwoGτγtsGanαG
ΔonstraσntsGonGanomaψousGquartσΔGνauνγGΔoupψσnνsGσnGprotonâ��protonGΔoψψσsσonsGatGsfaG}γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG__WSGZaWT[WY

4.2 22

390
vuψtσpψσΔσtyGanαGrapσασtyGαγpγnαγnΔγGoμGstranνγGπaαronGproαuΔtσonGσnGppSGpyΓSGanαGyΓyΓGΔoψψσsσonsG
atGtπγGuqlUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG
_^aSGXWZTXYb

4.2 23

389
|γarΔπGμorGtopGsquarχGpaσrGproαuΔtσonGσnGΔomprγssγαTmassTspγΔtrumGsΔγnarσosGσnGprotonâ��protonG
ΔoψψσsσonsGatGsfa´ }γ–GusσnνGtπγG˛–}GvarσaΓψγUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsSG2017SG_^_SG[WZT[ZW

4.2 15

388
|γarΔπGμorGnarrowGrγsonanΔγsGσnGασψγptonGmassGspγΔtraGσnGprotonâ��protonGΔoψψσsσonsGatGsfXZ}γ–GanαG
ΔomΓσnatσonGwσtπGaG}γ–GαataUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2017SG_^aSG]_TaW

4.2 50

387
|γarΔπGμorGπγavyGrγsonanΔγsGαγΔayσnνGσntoGaGvγΔtorGΓosonGanαGaGqσννsGΓosonGσnGμσnaψGstatγsGwσtπG
ΔπarνγαGψγptonsSGnγutrσnosSGanαGΓGquarχsUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2017SG_^aSGXZ_TX^Y

4.2 13

386 xΓsγrvatσonGoμGlπarνγTmγpγnαγntGjzσmutπaψGlorrγψatσonsGσnGpTyΓGloψψσsσonsGanαGrtsGrmpψσΔatσonGμorG
tπγG|γarΔπGμorGtπγGlπσraψGvaνnγtσΔGnμμγΔtUGPhysicalpReviewpLettersSG2017SGXXaSGXYYZWX 7.4 72

385 nvσαγnΔγGμorGΔoψψγΔtσvσtyGσnGppGΔoψψσsσonsGatGtπγGuqlUGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2017SG_^]SGXbZTYYW 4.2 171

384 |γarΔπGμorGnγwGpπysσΔsGσnGtπγGmonopπotonGμσnaψGstatγGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

383
vγasurγmγntGoμGαouΓψγTασμμγrγntσaψGΔrossGsγΔtσonsGμorGtopGquarχGpaσrGproαuΔtσonGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−GanαGσmpaΔtGonGpartonGασstrσΓutσonGμunΔtσonsUGEuropeanp
PhysicalpJournalpCSG2017SG__SG[]b

4.2 16

382 vγasurγmγntGoμGtπγGτγtGmassGσnGπσνπψyGΓoostγαGℓoormuψacGsγγGtγxt−GγvγntsGμromGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SG[^_ 4.2 14

381 vγasurγmγntsGoμGtπγGassoΔσatγαGproαuΔtσonGoμGaGµGΓosonGanαGΓGτγtsGσnGppGΔoψψσsσonsGatUGEuropeanp
PhysicalpJournalpCSG2017SG__SG_]X 4.2 15

380 vγasurγmγntGoμGtπγGtransvγrsγGmomγntumGspγΔtrumGoμGtπγGqσννsGΓosonGproαuΔγαGσnGppGΔoψψσsσonsG
atGOGsqrt{s}faGPG}γ–GusσnνGqGTgG  GαγΔaysUGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 10

379 lπarνγαTpartσΔψγGnuΔψγarGmoασμσΔatσonGμaΔtorsGσnGyΓyΓGanαGpyΓGΔoψψσsσonsGatGOG
sqrt{s≥{matπrm{w}dmatπrm{w}}}f]UWYGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 64
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378 vγasurγmγntGoμGtπγGmassGασμμγrγnΔγGΓγtwγγnGtopGquarχGanαGantσquarχGσnGppGΔoψψσsσonsGatGsfa´ }γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG__WSG]WT_X 4.2 6

377
|γarΔπGμorGanomaψousGΔoupψσnνsGσnGΓoostγαG  V µTgâ��˛‰qqhGproαuΔtσonGσnGprotonâ��protonGΔoψψσsσonsG
atGsfa´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG
__YSGYXT[Y

4.2 22

376
|γarΔπGμorGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGrγsonanΔγsGσnGπσνπψyGΓoostγαGψγptonRτγtsGanαGμuψψyG
πaαronσΔGμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2017SGYWX_SGX

5.4 17

375 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGμorGtopGquarχGpaσrGproαuΔtσonGusσnνGtπγGψγptonRτγtsGμσnaψG
statγGσnGprotonTprotonGΔoψψσsσonsGatGXZG}γ–UGPhysicalpReviewpDSG2017SGb]SG 4.9 41

374
|γarΔπGμorGassoΔσatγαGproαuΔtσonGoμGαarχGmattγrGwσtπGaGqσννsGΓosonGαγΔayσnνGtoGOG
matπrm{Γ}ovγrψσnγ{matπrm{Γ}}GPGorG˛‡˛‡GatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 9

373 xΓsγrvatσonGoμG±OX|PGpaσrGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX 5.4 29

372
|γarΔπGμorGanomaψousG tΓGΔoupψσnνsGanαGμψavourTΔπanνσnνGnγutraψGΔurrγntsGσnGtTΔπannγψGsσnνψγGtopG
quarχGproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 26

371 |γarΔπGμorGsσnνψγGproαuΔtσonGoμGvγΔtorTψσχγGquarχsGαγΔayσnνGtoGaGµGΓosonGanαGaGtopGorGaGΓottomG
quarχGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 8

370 vγasurγmγntGoμGtπγGsγmσψγptonσΔGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGRG˛‡GproαuΔtσonGΔrossGsγΔtσonGσnG
ppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

369 vγasurγmγntsGoμGtπγGppGTgG ˛‡˛‡GanαGppGTgGµ˛‡˛‡GΔrossGsγΔtσonsGanαGψσmσtsGonGanomaψousGquartσΔGνauνγG
ΔoupψσnνsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 2

368 |γarΔπGμorGnγwGpπγnomγnaGwσtπGtπγGvarσaΓψγGσnGtπγGaψψTπaαronσΔGμσnaψGstatγGproαuΔγαGσnG
protonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2017SG__SG_XW 4.2 54

367 vγasurγmγntsGoμGασμμγrγntσaψGproαuΔtσonGΔrossGsγΔtσonsGμorGaGµGΓosonGσnGassoΔσatσonGwσtπGτγtsGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

366 |γarΔπGμorGπγavyGrγsonanΔγsGαγΔayσnνGtoGtauGψγptonGpaσrsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZG
PG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 19

365 |γarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGaGvγΔtorTψσχγGquarχGαγΔayσnνGtoGaGtopGquarχGanαGaGqσννsGΓosonG
usσnνGΓoostγαGtopoψoνσγsGσnGμuψψyGπaαronσΔGμσnaψGstatγsUGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 9

364 vγasurγmγntsGoμGασμμγrγntσaψGΔrossGsγΔtσonsGμorGassoΔσatγαGproαuΔtσonGoμGaG GΓosonGanαGτγtsGσnG
protonTprotonGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalpReviewpDSG2017SGb]SG 4.9 10

363 vγasurγmγntGoμGtπγGtransvγrsγGmomγntumGspγΔtraGoμGwγaχGvγΔtorGΓosonsGproαuΔγαGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 15

362 vγasurγmγntGoμGtπγGασμμγrγntσaψGσnΔψusσvγGkRGπaαronGΔrossGsγΔtσonsGσnGppGΔoψψσsσonsGatGsfXZ´ }γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2017SG__XSG[Z]T[]^ 4.2 15

361 |upprγssσonGanαGazσmutπaψGanσsotropyGoμGpromptGanαGnonpromptGℓoormuψacGsγγGtγxt−GproαuΔtσonGσnG
yΓyΓGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGY]Y 4.2 58
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360 |γarΔπγsGμorGpaσrGproαuΔtσonGoμGtπσrαTνγnγratσonGsquarχsGσnGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−G
ppGΔoψψσsσonsUGEuropeanpPhysicalpJournalpCSG2017SG__SGZY_ 4.2 17

359 vγasurγmγntGoμGtπγGtopGquarχGmassGusσnνGsσnνψγGtopGquarχGγvγntsGσnGprotonTprotonGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−´ }γ–UGEuropeanpPhysicalpJournalpCSG2017SG__SGZ][ 4.2 8

358 {γψatσvγGvoασμσΔatσonGoμGyromptGˇ�OY|PGanαGsVˇ�G±σγψαsGμromGppGtoGyΓyΓGloψψσsσonsGatG
sqrtℓs≥{ww}−f]UWYGG}γ–UGPhysicalpReviewpLettersSG2017SGXXaSGX^YZWX 7.4 18

357 |γarΔπγsGμorGσnvσsσΓψγGαγΔaysGoμGtπγGqσννsGΓosonGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfG_SGaSGanαGXZG}γ–UG
JournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 74

356 |γarΔπGμorGmassσvγGrγsonanΔγsGαγΔayσnνGσntoG  SG µGorGµµGΓosonsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 19

355 |γarΔπGμorGαarχGmattγrGproαuΔγαGσnGassoΔσatσonGwσtπGπγavyTμψavorGquarχGpaσrsGσnGprotonTprotonG
ΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2017SG__SGa[] 4.2 22

354
vγasurγmγntGoμGγψγΔtrowγaχTσnαuΔγαGproαuΔtσonGoμG ˛‡GwσtπGtwoGτγtsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG
}γ–GanαGΔonstraσntsGonGanomaψousGquartσΔGνauνγGΔoupψσnνsUGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 9

353 |γarΔπγsGμorG hGΓosonsGαγΔayσnνGtoGaGtopGquarχGanαGaGΓottomGquarχGσnGprotonTprotonGΔoψψσsσonsGatG
XZG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

352 vγasurγmγntGoμGtπγGσnΔψusσvγGγnγrνyGspγΔtrumGσnGtπγGvγryGμorwarαGασrγΔtσonGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 5

351 |γarΔπGμorGασrγΔtGproαuΔtσonGoμGsupγrsymmγtrσΔGpartnγrsGoμGtπγGtopGquarχGσnGtπγGaψψTτγtsGμσnaψGstatγG
σnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 18

350 |γarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosGanαGnγutraψσnosGσnG qGγvγntsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

349
|γarΔπGμorGpaσrGproαuΔtσonGoμGvγΔtorTψσχγG}GanαGkGquarχsGσnGsσnνψγTψγptonGμσnaψGstatγsGusσnνGΓoostγαG
τγtGsuΓstruΔturγGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2017SGYWX_SGX

5.4 20

348 |γarΔπGμorGtopGsquarχGpaσrGproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–GusσnνGsσnνψγGψγptonG
γvγntsUGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 25

347 |γarΔπGμorGtopGquarχGαγΔaysGvσaGqσννsTΓosonTmγασatγαGμψavorTΔπanνσnνGnγutraψGΔurrγntsGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 12

346
vγasurγmγntGoμGtπγGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGproαuΔtσonGΔrossGsγΔtσonGusσnνGγvγntsGwσtπG
onγGψγptonGanαGatGψγastGonγGτγtGσnGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2017SGYWX_SGX

5.4 14

345 |γarΔπGμorGaGπγavyGrγsonanΔγGαγΔayσnνGtoGaGtopGquarχGanαGaGvγΔtorTψσχγGtopGquarχGatGOGsqrt{s}fXZGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 4

344 }γstGΓγamGpγrμormanΔγGmγasurγmγntsGμorGtπγGyπasγGrGupνraαγGoμGtπγGlv|GpσxγψGαγtγΔtorUGJournalp
ofpInstrumentationSG2017SGXYSGyW]WYYTyW]WYY 1 3

343
|γarΔπGμorGpπysσΔsGΓγyonαGtπγGstanαarαGmoαγψGσnGγvγntsGwσtπGtwoGψγptonsGoμGsamγGsσνnSGmσssσnνG
transvγrsγGmomγntumSGanαGτγtsGσnGprotonTprotonGΔoψψσsσonsGatUGEuropeanpPhysicalpJournalpCSG2017SG
__SG]_a

4.2 21
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342 |γarΔπGμorGtopGquarχGpartnγrsGwσtπGΔπarνγG]VZGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UG
JournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 3

341 |γarΔπGμorGψσνπtGΓosonsGσnGαγΔaysGoμGtπγGXY]Gpγ–GqσννsGΓosonGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 21

340 vγasurγmγntsGoμGτγtGΔπarνγGwσtπGαστγtGγvγntsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX 5.4 10

339 |γarΔπGμorGassoΔσatγαGproαuΔtσonGoμGaGµGΓosonGwσtπGaGsσnνψγGtopGquarχGanαGμorGtµGμψavourTΔπanνσnνG
σntγraΔtσonsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 10

338 |γarΔπGμorGnγwGpπysσΔsGwσtπGαστγtGanνuψarGασstrσΓutσonsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

337 |γarΔπGμorGαarχGmattγrGproαuΔγαGwσtπGanGγnγrνγtσΔGτγtGorGaGπaαronσΔaψψyGαγΔayσnνG GorGµGΓosonGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 46

336
|γarΔπGμorGtπσrαTνγnγratσonGsΔaψarGψγptoquarχsGanαGπγavyGrσνπtTπanαγαGnγutrσnosGσnGμσnaψGstatγsGwσtπG
twoGtauGψγptonsGanαGtwoGτγtsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2017SGYWX_SGX

5.4 35

335 lπaraΔtγrσsatσonGoμGσrraασatγαGtπσnGsσψσΔonGsγnsorsGμorGtπγGlv|GpπasγGrrGpσxγψGupνraαγUGEuropeanp
PhysicalpJournalpCSG2017SG__SGX 4.2 2

334 |γarΔπGμorGnγwGpπγnomγnaGwσtπGmuψtσpψγGΔπarνγαGψγptonsGσnGprotonâ��protonGΔoψψσsσonsGatGOsqrt{s}fG
XZPGOStγxtG{}γ–}PUGEuropeanpPhysicalpJournalpCSG2017SG__SGX 4.2 2

333 |γarΔπGμorGπγavyGrγsonanΔγsGtπatGαγΔayGσntoGaGvγΔtorGΓosonGanαGaGqσννsGΓosonGσnGπaαronσΔGμσnaψG
statγsGatUGEuropeanpPhysicalpJournalpCSG2017SG__SG^Z^ 4.2 20

332 |γarΔπGμorGπσνπTmassGµ˛‡GrγsonanΔγsGσnGγRγâ��˛‡GanαG˛…GRG˛…Gâ��˛‡GμσnaψGstatγsGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}faGPGanαGXZG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 4

331
|γarΔπGμorGπγavyGnγutrσnosGorGtπσrαTνγnγratσonGψγptoquarχsGσnGμσnaψGstatγsGwσtπGtwoGπaαronσΔaψψyG
αγΔayσnνGˇ�GψγptonsGanαGtwoGτγtsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX

5.4 18

330 |γarΔπGμorGlyGvσoψatσonGσnGOGtovγrψσnγ{t}GPGproαuΔtσonGanαGαγΔayGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 4

329 vγasurγmγntGoμGtπγGtrσpψγTασμμγrγntσaψGαστγtGΔrossGsγΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGanαG
ΔonstraσntsGonGpartonGασstrσΓutσonGμunΔtσonsUGEuropeanpPhysicalpJournalpCSG2017SG__SG_[^ 4.2 8

328 |γarΔπGμorGaGψσνπtGpsγuαosΔaψarGqσννsGΓosonGproαuΔγαGσnGassoΔσatσonGwσtπGΓottomGquarχsGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

327
|γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGatGψγastGonγGpπotonSGmσssσnνGtransvγrsγGmomγntumSGanαG
ψarνγGtransvγrsγGγvγntGaΔtσvσtyGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX

5.4 10

326 vγasurγmγntsGoμGpropγrtσγsGoμGtπγGqσννsGΓosonGαγΔayσnνGσntoGtπγGμourTψγptonGμσnaψGstatγGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 77

325 |γarΔπGμorGαarχGmattγrGanαGunpartσΔψγsGσnGγvγntsGwσtπGaGµGΓosonGanαGmσssσnνGtransvγrsγGmomγntumG
σnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 16
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324 |γarΔπGμorGwarrowG{γsonanΔγsGσnGmστγtGoσnaψG|tatγsGatGsqrtℓs−faGG}γ–GwσtπGtπγGwovγψGlv|G}γΔπnσquγG
oμGmataG|ΔoutσnνUGPhysicalpReviewpLettersSG2016SGXX_SGWZXaWY 7.4 57

323 oorwarαTΓaΔχwarαGasymmγtryGoμGmrγψψT±anGψγptonGpaσrsGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγG
tγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGZY] 4.2 13

322 |γarΔπGμorGnγwGpπysσΔsGσnGsamγTsσνnGασψγptonGγvγntsGσnGprotonTprotonGΔoψψσsσonsGatGℓoormuψacGsγγG
tγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[Zb 4.2 34

321 |γarΔπGμorG{γsonantGyroαuΔtσonGoμGqσνπTvassGyπotonGyaσrsGσnGyrotonTyrotonGloψψσsσonsGatGsqrtℓs−faG
anαGXZ´ }γ–UGPhysicalpReviewpLettersSG2016SGXX_SGW]XaWY 7.4 61

320 vγasurγmγntGoμGtπγGασμμγrγntσaψGΔrossGsγΔtσonsGμorGtopGquarχGpaσrGproαuΔtσonGasGaGμunΔtσonGoμG
χσnγmatσΔGγvγntGvarσaΓψγsGσnGppGΔoψψσsσonsGatGsf_GanαGaG}γ–UGPhysicalpReviewpDSG2016SGb[SG 4.9 2

319 |γarΔπGμorGvγΔtorψσχγGΔπarνγGYVZG}GquarχsGσnGprotonTprotonGΔoψψσsσonsGatGOsPfaGG}γ–UGPhysicalpReviewpD
SG2016SGbZSG 4.9 66

318 |γarΔπGμorGsσnνψγGproαuΔtσonGoμGsΔaψarGψγptoquarχsGσnGprotonTprotonGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalp
ReviewpDSG2016SGbZSG 4.9 21

317 vγasurγmγntsGoμGtt´flGspσnGΔorrγψatσonsGanαGtopGquarχGpoψarσzatσonGusσnνGασψγptonGμσnaψGstatγsGσnGppG
ΔoψψσsσonsGatGsfaGG}γ–UGPhysicalpReviewpDSG2016SGbZSG 4.9 21

316 vγasurγmγntGoμGtπγGtopGquarχGmassGusσnνGΔπarνγαGpartσΔψγsGσnGppGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalp
ReviewpDSG2016SGbZSG 4.9 10

315 |γarΔπGμorGsupγrsymmγtryGσnGppGΔoψψσsσonsGatGsfaGG}γ–GσnGμσnaψGstatγsGwσtπGΓoostγαG GΓosonsGanαGΓG
τγtsGusσnνGrazorGvarσaΓψγsUGPhysicalpReviewpDSG2016SGbZSG 4.9 10

314 |γarΔπGμorGpaσrTproαuΔγαGvγΔtorψσχγGkGquarχsGσnGprotonTprotonGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalp
ReviewpDSG2016SGbZSG 4.9 35

313 vγasurγmγntGoμGuonνT{anνγGwγarT|σαγG}woTyartσΔψγGjnνuψarGlorrγψatσonsGσnGppGloψψσsσonsGatG
sqrtℓs−fXZGG}γ–UGPhysicalpReviewpLettersSG2016SGXX^SGX_YZWY 7.4 90

312 |γarΔπGμorGrγsonantGtt´flGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalpReviewpDSG2016SG
bZSG 4.9 48

311 |γarΔπGμorGpaσrGproαuΔtσonGoμGμσrstGanαGsγΔonαGνγnγratσonGψγptoquarχsGσnGprotonTprotonGΔoψψσsσonsGatG
sfaGG}γ–UGPhysicalpReviewpDSG2016SGbZSG 4.9 39

310 vγasurγmγntGoμGtπγGΔπarνγGasymmγtryGσnGtopGquarχGpaσrGproαuΔtσonGσnGppGΔoψψσsσonsGatGsfaGG}γ–G
usσnνGaGtγmpψatγGmγtπoαUGPhysicalpReviewpDSG2016SGbZSG 4.9 11

309 |γarΔπGμorGαarχGmattγrGanαGunpartσΔψγsGproαuΔγαGσnGassoΔσatσonGwσtπGaGµGΓosonGσnGprotonTprotonG
ΔoψψσsσonsGatGsfaGG}γ–UGPhysicalpReviewpDSG2016SGbZSG 4.9 18

308 vγasurγmγntGoμGtπγGtopGquarχGmassGusσnνGprotonTprotonGαataGatGOsPf_GanαGaG}γ–UGPhysicalpReviewpD
SG2016SGbZSG 4.9 69

307 |tuαyGoμGkGvγsonGyroαuΔtσonGσnGpRyΓGloψψσsσonsGatGâ��ℓ|OwwP−f]UWYG}γ–G~sσnνGnxΔψusσvγGqaαronσΔG
mγΔaysUGPhysicalpReviewpLettersSG2016SGXX^SGWZYZWX 7.4 19
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306 vγasurγmγntGoμGtπγG}opGzuarχGyaσrGyroαuΔtσonGlrossG|γΔtσonGσnGyrotonTyrotonGloψψσsσonsGatG
â��ℓs−fXZGG}γ–UGPhysicalpReviewpLettersSG2016SGXX^SGW]YWWY 7.4 28

305
|γarΔπGμorGsupγrsymmγtryGσnGγψγΔtrowγaχGproαuΔtσonGwσtπGpπotonsGanαGψarνγGmσssσnνGtransvγrsγG
γnγrνyGσnGppGΔoψψσsσonsGatGsfa}γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2016SG_]bSG[_bT]WW

4.2 6

304 lomΓσnγαGsγarΔπGμorGanomaψousGpsγuαosΔaψarGq––GΔoupψσnνsGσnG–qOqTgΓΓhPGproαuΔtσonGanαGqGTgG––G
αγΔayUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]bSG^_YT^b 4̂.2 28

303 vγasurγmγntsGoμGtthGΔπarνγGasymmγtryGusσnνGασψγptonGμσnaψGstatγsGσnGppGΔoψψσsσonsGatGsfa}γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_^WSGZ^]TZa^ 4.2 9

302
vγasurγmγntsGoμGtπγGqσννsGΓosonGproαuΔtσonGanαGαγΔayGratγsGanαGΔonstraσntsGonGσtsGΔoupψσnνsG
μromGaGΔomΓσnγαGj}uj|GanαGlv|GanaψysσsGoμGtπγGuqlGppGΔoψψσsσonGαataGatGOGsqrt{s}f_GPGanαGaG}γ–UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX

5.4 364

301 vγasurγmγntGoμGαστγtGazσmutπaψGαγΔorrγψatσonGσnGpp´ ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanp
PhysicalpJournalpCSG2016SG_^SG]Z^ 4.2 6

300 |γarΔπGμorGαarχGmattγrGpartσΔψγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–GusσnνGtπγGrazorG
varσaΓψγsUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 2

299 |γarΔπGμorGsGΔπannγψGsσnνψγGtopGquarχGproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UGJournalpofp
HighpEnergypPhysicsSG2016SGYWX^SGX 5.4 8

298 vγasurγmγntGoμGσnΔψusσvγGτγtGproαuΔtσonGanαGnuΔψγarGmoασμσΔatσonsGσnGpyΓGΔoψψσsσonsGatGℓoormuψacG
sγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGZ_Y 4.2 24

297
vγasurγmγntGoμGασμμγrγntσaψGanαGσntγνratγαGμσαuΔσaψGΔrossGsγΔtσonsGμorGqσννsGΓosonGproαuΔtσonGσnG
tπγGμourTψγptonGαγΔayGΔπannγψGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2016SGYWX^SGX

5.4 15

296 vγasurγmγntGoμGtπγGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGproαuΔtσonGΔrossGsγΔtσonGσnGtπγGγ˛…GΔπannγψGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 30

295 |γarΔπGμorGnγwGpπysσΔsGwσtπGtπγGvG}YGvarσaΓψγGσnGaψψTτγtsGμσnaψGstatγsGproαuΔγαGσnGppGΔoψψσsσonsGatGOG
sqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 16

294 |γarΔπGμorGαarχGmattγrGσnGprotonTprotonGΔoψψσsσonsGatGaG}γ–GwσtπGmσssσnνGtransvγrsγGmomγntumGanαG
vγΔtorGΓosonGtaννγαGτγtsUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 9

293 nvσαγnΔγGμorGγxΔψusσvγG˛‡˛‡GTgG GRG Gâ��GproαuΔtσonGanαGΔonstraσntsGonGanomaψousGquartσΔGνauνγG
ΔoupψσnνsGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 27

292 |γarΔπGμorGsupγrsymmγtryGσnGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–GσnGtπγGsσnνψγTψγptonGμσnaψGstatγGusσnνG
tπγGsumGoμGmassγsGoμGψarνγTraασusGτγtsUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 7

291 |γarΔπGμorGασrγΔtGpaσrGproαuΔtσonGoμGsupγrsymmγtrσΔGtopGquarχsGαγΔayσnνGtoGaψψTπaαronσΔGμσnaψGstatγsG
σnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[^W 4.2 14

290 jzσmutπaψGαγΔorrγψatσonGoμGτγtsGwσαγψyGsγparatγαGσnGrapσασtyGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 9

289 yπγnomγnoψoνσΔaψGv||vGσntγrprγtatσonGoμGlv|GsγarΔπγsGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 11
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288 vγasurγmγntGoμGtπγGmassGoμGtπγGtopGquarχGσnGαγΔaysGwσtπGaGsVˇ�GmγsonGσnGppGΔoψψσsσonsGatGaG}γ–UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 5

287 vγasurγmγntGoμGtπγGσnΔψusσvγGτγtGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGOsqrt{s}GfGYU_^StγxtG{}γ–}PUG
EuropeanpPhysicalpJournalpCSG2016SG_^SGX 4.2 17

286
vγasurγmγntGoμGℓoormuψacGsγγGtγxt−GproαuΔtσonGwσtπGaαασtσonaψGτγtGaΔtσvσtySGσnΔψuασnνGℓoormuψacGsγγG
tγxt−GquarχGτγtsSGσnGtπγGασψγptonGαγΔayGΔπannγψGusσnνGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanp
PhysicalpJournalpCSG2016SG_^SGZ_b

4.2 20

285 vγasurγmγntGoμGtπγGασμμγrγntσaψGΔrossGsγΔtσonGanαGΔπarνγGasymmγtryGμorGσnΔψusσvγGℓoormuψacGsγγG
tγxt−GproαuΔtσonGatGℓoormuψacGsγγGtγxt−G}γ–UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[^b 4.2 37

284 xΓsγrvatσonGoμGtopGquarχGpaσrsGproαuΔγαGσnGassoΔσatσonGwσtπGaGvγΔtorGΓosonGσnGppGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 18

283 |γarΔπGμorG hGTgGtΓGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2016SGYWX^SGX 5.4 2

282 lorrγψatσonsGΓγtwγγnGτγtsGanαGΔπarνγαGpartσΔψγsGσnGyΓyΓGanαGppGΔoψψσsσonsGatGOG
sqrt{s≥{matπrm{ww}}}fYU_^GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 21

281 |γarΔπGμorGtπγGproαuΔtσonGoμGanGγxΔσtγαGΓottomGquarχGαγΔayσnνGtoGt GσnGprotonTprotonGΔoψψσsσonsGatG
OGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 2

280 |γarΔπGμorGγxΔσtγαGψγptonsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2016SGYWX^SGX 5.4 10

279 vγasurγmγntGoμGtπγGratσoGkOksWTgsVˇ�μWObaWPPVkOksWTgsVˇ�hOXWYWPPGσnGppGΔoψψσsσonsGatGsf_´ }γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]^SGa[TXWY 4.2 4

278
votσonGoμGlv|GαγtγΔtorGanαGmγΔπanσΔaψGstruΔturγsGαurσnνGvaνnγtGlyΔψγsGanαG|taΓσψσtyGyγrσoαsG
μromGYWWaGtoGYWXZGasGoΓsγrvγαGΓyGtπγGuσnχGjψσνnmγntG|ystγmUGNuclearpInstrumentspandpMethodspinp
PhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentSG2016SG
aXZSGZ^T]]

1.2 1

277 |γarΔπGμorGnγutraψGv||vGqσννsGΓosonsGαγΔayσnνGtoG˛…R˛…â��GσnGppGΔoψψσsσonsGatGsf_´ anα´ a´ }γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]YSGYYXTY[^ 4.2 11

276 |γarΔπGμorGaGqσννsGΓosonGαγΔayσnνGσntoG˛‡h˛‡Tgâ��â�� ˛‡GwσtπGψowGασψγptonGmassGσnGppGΔoψψσsσonsGatGsfa´ }γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]ZSGZ[XTZ^Y 4.2 13

275 |γarΔπGμorG hGαγΔayσnνGtoGtauGψγptonGanαGnγutrσnoGσnGprotonâ��protonGΔoψψσsσonsGatGsfa´ }γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]]SGXb^TYX^ 4.2 14

274
|γarΔπGμorGaGψowTmassGpsγuαosΔaψarGqσννsGΓosonGproαuΔγαGσnGassoΔσatσonGwσtπGaGΓΓhGpaσrGσnGppG
ΔoψψσsσonsGatGsfa´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG
2016SG_]aSGYb^TZYW

4.2 20

273
vγasurγmγntGoμGspσnGΔorrγψatσonsGσnGtthGproαuΔtσonGusσnνGtπγGmatrσxGγψγmγntGmγtπoαGσnGtπγG
muonRτγtsGμσnaψGstatγGσnGppGΔoψψσsσonsGatGsfa´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2016SG_]aSGZYXTZ[^

4.2 10

272 |tuαyGoμGµGΓosonGproαuΔtσonGσnGpyΓGΔoψψσsσonsGatGswwf]UWY}γ–UGPhysicspLetters,pSectionpB:pNuclear,p
ElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]bSGZ^T]_ 4.2 35

271 jGsγarΔπGμorGpaσrGproαuΔtσonGoμGnγwGψσνπtGΓosonsGαγΔayσnνGσntoGmuonsUGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]YSGX[^TX^a 4.2 51
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270 }ransvγrsγGmomγntumGspγΔtraGoμGσnΔψusσvγGΓGτγtsGσnGpyΓGΔoψψσsσonsGatGswwf]UWY´ }γ–UGPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_][SG]bTaW 4.2 22

269
|γarΔπGμorGsupγrsymmγtryGσnGtπγGmuψtστγtGanαGmσssσnνGtransvγrsγGmomγntumGμσnaψGstatγGσnGppG
ΔoψψσsσonsGatGXZG}γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG
2016SG_]aSGX]YTXaW

4.2 30

268
|γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGsoμtGψγptonsSGψowGτγtGmuψtσpψσΔσtySGanαGmσssσnνGtransvγrsγG
γnγrνyGσnGprotonâ��protonGΔoψψσsσonsGatGsfa´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2016SG_]bSGbTZ]

4.2 12

267 vγasurγmγntGoμGtπγGℓoormuψacGsγγGtγxt−GproαuΔtσonGΔrossGsγΔtσonGσnGtπγGaψψTτγtsGμσnaψGstatγGσnGppG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGXYa 4.2 21

266 nvγntGνγnγratorGtunγsGoΓtaσnγαGμromGunαγrψyσnνGγvγntGanαGmuψtσpartonGsΔattγrσnνGmγasurγmγntsUG
EuropeanpPhysicalpJournalpCSG2016SG_^SGX]] 4.2 250

265 |γarΔπGμorGmassσvγG qGrγsonanΔγsGαγΔayσnνGσntoGtπγGℓoormuψacGsγγGtγxt−GμσnaψGstatγGatGℓoormuψacGsγγG
tγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGYZ_ 4.2 19

264 |γarΔπGμorGnγwGpπγnomγnaGσnGmonopπotonGμσnaψGstatγsGσnGprotonâ��protonGΔoψψσsσonsGatGsfa´ }γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]]SGXWYTXY[ 4.2 42

263
vγasurγmγntGoμGtπγGlyTvσoψatσnνGwγaχGpπasγGhsGanαGtπγGαγΔayGwσαtπGασμμγrγnΔγG˛�˛�sGusσnνGtπγG
ksWTgsVˇ�hOXWYWPGαγΔayGΔπannγψGσnGppGΔoψψσsσonsGatGsfaG}γ–UGPhysicspLetters,pSectionpB:pNuclear,p
ElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]_SGb_TXYW

4.2 26

262 rnΔψusσvγGanαGασμμγrγntσaψGmγasurγmγntsGoμGtπγGtt´flGΔπarνγGasymmγtryGσnGppGΔoψψσsσonsGatGsfa}γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]_SGX][TX_b 4.2 15

261 |γarΔπGμorGaGmassσvγGrγsonanΔγGαγΔayσnνGσntoGaGqσννsGΓosonGanαGaG GorGµGΓosonGσnGπaαronσΔGμσnaψG
statγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 14

260 vγasurγmγntGoμGtopGquarχGpoψarσsatσonGσnGtTΔπannγψGsσnνψγGtopGquarχGproαuΔtσonUGJournalpofpHighp
EnergypPhysicsSG2016SGYWX^SGX 5.4 7

259 |γarΔπGμorGπγavyGvaτoranaGnγutrσnosGσnGγ´–γ´–RGτγtsGanαGγ´–G˛…G´–RGτγtsGγvγntsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 28

258 |γarΔπGμorGwarrowG{γsonanΔγsGmγΔayσnνGtoGmστγtsGσnGyrotonTyrotonGloψψσsσonsGatGâ��ℓs−fXZGG}γ–UG
PhysicalpReviewpLettersSG2016SGXX^SGW_XaWX 7.4 96

257
|γarΔπGμorGaGvγryGψσνπtGwv||vGqσννsGΓosonGproαuΔγαGσnGαγΔaysGoμGtπγGXY]Gpγ–GsΔaψarGΓosonGanαG
αγΔayσnνGσntoGˇ�GψγptonsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SG
YWX^SGX

5.4 16

256 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGμorGqσννsGΓosonGproαuΔtσonGσnGtπγGασpπotonGαγΔayG
ΔπannγψGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGXZ 4.2 35

255
|γarΔπγsGμorGaGπγavyGsΔaψarGΓosonGqGαγΔayσnνGtoGaGpaσrGoμGXY]Gpγ–GqσννsGΓosonsGππGorGμorGaGπγavyG
psγuαosΔaψarGΓosonGjGαγΔayσnνGtoGµπSGσnGtπγGμσnaψGstatγsGwσtπGπGTgˇ�ˇ�UGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]]SGYX_TY[[

4.2 46

254 |γarΔπGμorGγxotσΔGαγΔaysGoμGaGqσννsGΓosonGσntoGunαγtγΔtaΓψγGpartσΔψγsGanαGonγGorGmorγGpπotonsUG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]ZSGZ^ZTZaa 4.2 9

253
|γarΔπGμorGnγwGpπysσΔsGσnGμσnaψGstatγsGwσtπGtwoGopposσtγTsσνnSGsamγTμψavorGψγptonsSGτγtsSGanαGmσssσnνG
transvγrsγGmomγntumGσnGppGΔoψψσsσonsGatGOGsqrt{s}fXZGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SG
YWX^SGX

5.4 7
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252 mγΔomposσnνGtransvγrsγGmomγntumGΓaψanΔγGΔontrσΓutσonsGμorGquγnΔπγαGτγtsGσnGyΓyΓGΔoψψσsσonsGatGOG
sqrt{s≥{matπrm{w}dmatπrm{w}}}fYU_^GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 13

251 vγasurγmγntGoμGtπγGαouΓψγTασμμγrγntσaψGσnΔψusσvγGτγtGΔrossGsγΔtσonGσnGprotonTprotonGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[]X 4.2 36

250 vγasurγmγntGoμGtπγGℓoormuψacGsγγGtγxt−GΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−G}γ–anαG
ψσmσtsGonGanomaψousGνauνγGΔoupψσnνsUGEuropeanpPhysicalpJournalpCSG2016SG_^SG[WX 4.2 38

249 |γarΔπGμorGπγavyGrγsonanΔγsGαγΔayσnνGtoGtwoGqσννsGΓosonsGσnGμσnaψGstatγsGΔontaσnσnνGμourGΓGquarχsUG
EuropeanpPhysicalpJournalpCSG2016SG_^SGZ_X 4.2 25

248 {γΔonstruΔtσonGanαGσαγntσμσΔatσonGoμGˇ�GψγptonGαγΔaysGtoGπaαronsGanαG˛‰ˇ�atGlv|UGJournalpofp
InstrumentationSG2016SGXXSGyWXWXbTyWXWXb 1 75

247 |γarΔπGμorGψonνTψσvγαGΔπarνγαGpartσΔψγsGσnGprotonTprotonGΔoψψσsσonsGatGsfXZGG}γ–UGPhysicalpReviewpDSG
2016SGb[SG 4.9 55

246
vγasurγmγntGoμGtπγG GΓosonGπγψσΔσtyGμraΔtσonsGσnGtπγGαγΔaysGoμGtopGquarχGpaσrsGtoGψγptonGRGτγtsGμσnaψG
statγsGproαuΔγαGσnGppGΔoψψσsσonsGatGsfa}γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsSG2016SG_^YSG]XYT]Z[

4.2 17

245 |γarΔπGμorGqσννsGΓosonGoμμTsπγψψGproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatG_GanαGaG}γ–GanαG
αγrσvatσonGoμGΔonstraσntsGonGσtsGtotaψGαγΔayGwσαtπUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 14

244
|γarΔπGμorGψγptonGμψavourGvσoψatσnνGαγΔaysGoμGπγavyGrγsonanΔγsGanαGquantumGΓψaΔχGπoψγsGtoGanG
ℓoormuψacGsγγGtγxt−GpaσrGσnGprotonTprotonGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalp
CSG2016SG_^SGZX_

4.2 9

243 |γarΔπGμorGtwoGqσννsGΓosonsGσnGμσnaψGstatγsGΔontaσnσnνGtwoGpπotonsGanαGtwoGΓottomGquarχsGσnG
protonTprotonGΔoψψσsσonsGatGaG}γ–UGPhysicalpReviewpDSG2016SGb[SG 4.9 44

242 vγasurγmγntGoμGγψγΔtrowγaχGproαuΔtσonGoμGaG GΓosonGanαGtwoGμorwarαGτγtsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 4

241 |tuασγsGoμGσnΔψusσvγGμourTτγtGproαuΔtσonGwσtπGtwoGΓTtaννγαGτγtsGσnGprotonTprotonGΔoψψσsσonsGatG_G}γ–UG
PhysicalpReviewpDSG2016SGb[SG 4.9 3

240
vγasurγmγntGoμGtπγGµµGproαuΔtσonGΔrossGsγΔtσonGanαGµGTgâ��Râ��â�� â��hRâ��hâ��GΓranΔπσnνGμraΔtσonGσnGppG
ΔoψψσsσonsGatGsfXZ´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2016SG_^ZSGYaWTZWZ

4.2 22

239 |γarΔπγsGμorG{TparσtyTvσoψatσnνGsupγrsymmγtryGσnGppGΔoψψσsσonsGatGsfaGG}γ–GσnGμσnaψGstatγsGwσtπGWâ��[G
ψγptonsUGPhysicalpReviewpDSG2016SGb[SG 4.9 7

238 vγasurγmγntGoμGtπγGσntγνratγαGanαGασμμγrγntσaψGtt´flGproαuΔtσonGΔrossGsγΔtσonsGμorGπσνπTp}GtopG
quarχsGσnGppGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalpReviewpDSG2016SGb[SG 4.9 21

237
|γarΔπGμorGsupγrsymmγtryGσnGγvγntsGwσtπGaGpπotonSGaGψγptonSGanαGmσssσnνGtransvγrsγGmomγntumGσnG
ppGΔoψψσsσonsGatGsfa´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2016SG_]_SG^TZX

4.2 5

236 jnνuψarGanaψysσsGoμGtπγGαγΔayGkWTgGthW˛…R˛…â��GμromGppGΔoψψσsσonsGatGsfa´ }γ–UGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]ZSG[Y[T[[a 4.2 59

235 vγasurγmγntGoμGtransvγrsγGmomγntumGrγψatσvγGtoGαστγtGsystγmsGσnGyΓyΓGanαGppGΔoψψσsσonsGatGOG
sqrt{s≥{matπrm{ww}}}fYU_^GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 21
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234 |γarΔπGμorGanomaψousGsσnνψγGtopGquarχGproαuΔtσonGσnGassoΔσatσonGwσtπGaGpπotonGσnGppGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 20

233 |γarΔπGμorGασrγΔtGpaσrGproαuΔtσonGoμGsΔaψarGtopGquarχsGσnGtπγGsσnνψγTGanαGασψγptonGΔπannγψsGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 6

232 |γarΔπGμorGkγyonαGtπγG|tanαarαGvoαγψGyπysσΔsGσnGmuψtσTψγptonσΔGanαGpπotonσΔGμσnaψGstatγsGwσtπGtπγG
lv|GαγtγΔtorUGNuclearpandpParticlepPhysicspProceedingsSG2016SGY_ZTY_]SG^[[T^[a 0.4

231 |γarΔπGμorGnγutraψGrγsonanΔγsGαγΔayσnνGσntoGaGµGΓosonGanαGaGpaσrGoμGΓGτγtsGorGˇ�GψγptonsUGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]bSGZ^bTZb[ 4.2 33

230
vγasurγmγntGoμGtπγGµ˛‡Tg˛‰˛‰h˛‡GproαuΔtσonGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGsfaG}γ–GanαGψσmσtsGonG
anomaψousGµµ˛‡GanαGµ˛‡˛‡GtrσψσnγarGνauνγGΓosonGΔoupψσnνsUGPhysicspLetters,pSectionpB:pNuclear,p
ElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_^WSG[[aT[^a

4.2 10

229 hOn|PGpoψarσzatσonsGvγrsusGpartσΔψγGmuψtσpψσΔσtyGσnGppGΔoψψσsσonsGatGsf_´ }γ–UGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_^XSGZXT]Y 4.2 5

228
|γarΔπGμorGψγptonGμψavourGvσoψatσnνGαγΔaysGoμGtπγGqσννsGΓosonGtoGγˇ�GanαGγ˛…GσnGprotonâ��protonG
ΔoψψσsσonsGatGsfa´ }γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG
2016SG_^ZSG[_YT]WW

4.2 35

227 vγasurγmγntGoμGtπγGσnγψastσΔGΔrossGsγΔtσonGσnGprotonâ��ψγaαGΔoψψσsσonsGatGswwf]UWY}γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_]bSG^[XT^^Y 4.2 10

226 |γarΔπGμorG{TparσtyGvσoψatσnνGαγΔaysGoμGaGtopGsquarχGσnGprotonâ��protonGΔoψψσsσonsGatGsfa}γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG_^WSGX_aTYWX 4.2 4

225 |γarΔπGμorGtπγGassoΔσatγαGproαuΔtσonGoμGaGqσννsGΓosonGwσtπGaGsσnνψγGtopGquarχGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 10

224
vγasurγmγntGoμGtπγGppTgµµGproαuΔtσonGΔrossGsγΔtσonGanαGΔonstraσntsGonGanomaψousGtrσpψγGνauνγG
ΔoupψσnνsGσnGμourTψγptonGμσnaψGstatγsGatGsfaG}γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2015SG_[WSGY]WTY_Y

4.2 38

223
mσμμγrγntσaψGΔrossGsγΔtσonGmγasurγmγntsGμorGtπγGproαuΔtσonGoμGaG GΓosonGσnGassoΔσatσonGwσtπGτγtsGσnG
protonâ��protonGΔoψψσsσonsGatGsf_G}γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2015SG_[XSGXYTZ_

4.2 37

222 vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonGratσoGˇ�Oˇ�ΓYOXyPPVˇ�Oˇ�ΓXOXyPPGσnGppGΔoψψσsσonsGatGsfa}γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_[ZSGZaZT[WY 4.2 14

221 |γarΔπGμorGaGstanαarαGmoαγψTψσχγGqσννsGΓosonGσnGtπγG˛…R˛…â��GanαGγRγâ��GαγΔayGΔπannγψsGatGtπγGuqlUG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_[[SGXa[TYW_ 4.2 59

220 vγasurγmγntGoμGtπγGΔrossGsγΔtσonGratσoGˇ�tt´flΓΓ´flVˇ�tt´flττGσnGppGΔoψψσsσonsGatGsfaG}γ–UGPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_[^SGXZYTX]Z 4.2 15

219 vγasurγmγntsGoμGτγtGmuψtσpψσΔσtyGanαGασμμγrγntσaψGproαuΔtσonGΔrossGsγΔtσonsGoμGµRτγtsGγvγntsGσnG
protonTprotonGΔoψψσsσonsGatGsf_GG}γ–UGPhysicalpReviewpDSG2015SGbXSG 4.9 24

218 |γarΔπGμorGψonνTψσvγαGnγutraψGpartσΔψγsGαγΔayσnνGtoGquarχTantσquarχGpaσrsGσnGprotonTprotonGΔoψψσsσonsG
atGsfaGG}γ–UGPhysicalpReviewpDSG2015SGbXSG 4.9 83

217 |γarΔπGμorGmonotopGsσνnaturγsGσnGprotonTprotonGΔoψψσsσonsGatGâ��sfaGG}γ–UGPhysicalpReviewpLettersSG
2015SGXX[SGXWXaWX 7.4 25
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216 |γarΔπGμorGaGstanαarαGmoαγψGqσννsGΓosonGproαuΔγαGσnGassoΔσatσonGwσtπGaGtopTquarχGpaσrGanαG
αγΔayσnνGtoGΓottomGquarχsGusσnνGaGmatrσxGγψγmγntGmγtπoαUGEuropeanpPhysicalpJournalpCSG2015SG_]SGY]X 4.2 55

215 |γarΔπGμorGασspψaΔγαGsupγrsymmγtryGσnGγvγntsGwσtπGanGγψγΔtronGanαGaGmuonGwσtπGψarνγGσmpaΔtG
paramγtγrsUGPhysicalpReviewpLettersSG2015SGXX[SGW^XaWX 7.4 39

214 vγasurγmγntGoμGsVˇ�GanαGˇ�OY|PGyromptGmouΓψγTmσμμγrγntσaψGlrossG|γΔtσonsGσnGppGloψψσsσonsGatG
sqrtℓs−f_G}γ–UGPhysicalpReviewpLettersSG2015SGXX[SGXbXaWY 7.4 41

213 |γarΔπGμorGsupγrsymmγtryGusσnνGrazorGvarσaΓψγsGσnGγvγntsGwσtπGΓTtaννγαGτγtsGσnGppGΔoψψσsσonsGatG
sfaGG}γ–UGPhysicalpReviewpDSG2015SGbXSG 4.9 41

212 vγasurγmγntGoμGγψγΔtrowγaχGproαuΔtσonGoμGtwoGτγtsGσnGassoΔσatσonGwσtπGaGµGΓosonGσnGprotonTprotonG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SG^^ 4.2 21

211 vγasurγmγntsGoμGασμμγrγntσaψGanαGαouΓψγTασμμγrγntσaψGmrγψψT±anGΔrossGsγΔtσonsGσnGprotonTprotonG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGX[_ 4.2 50

210 |γarΔπGμorGαγΔaysGoμGstoppγαGψonνTψσvγαGpartσΔψγsGproαuΔγαGσnGprotonTprotonGΔoψψσsσonsGatGℓoormuψacG
sγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGX]X 4.2 33

209 vγasurγmγntGoμGtπγG GΓosonGπγψσΔσtyGσnGγvγntsGwσtπGaGsσnνψγGrγΔonstruΔtγαGtopGquarχGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 19

208
vγasurγmγntGoμGtπγGratσoGoμGtπγGproαuΔtσonGΔrossGsγΔtσonsGtσmγsGΓranΔπσnνGμraΔtσonsGoμGkG´–ΔGGTgGsVˇ�ˇ�G
´–GanαGk´–GTgGsVˇ�tG´–GanαGOGmatπrm{matπΔaψ{k}}ψγμtO{matπrm{k}}≥{matπrm{Δ}}√{pm}toGmatπrm{s}VpsσG
{pσ}√{pmG}{pσ}√{pmG}{pσ}√{mp}rσνπtPVmatπrm{matπΔaψ{k}}ψγμtO{matπrm{k}}≥{matπrm{Δ}}√{pm}toG
matπrm{s}VpsσG{pσ}√{pm}rσνπtPGPGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2015SGYWX]SGX

5.4 13

207 |γarΔπGμorGασsappγarσnνGtraΔχsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2015SGYWX]SGX 5.4 35

206 |tuαyGoμGµGproαuΔtσonGσnGyΓyΓGanαGppGΔoψψσsσonsGatGOGsqrt{s≥{matπrm{ww}}}fYU_^GPG}γ–GσnGtπγGασmuonG
anαGασγψγΔtronGαγΔayGΔπannγψsUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 18

205 |γarΔπGμorGpπysσΔsGΓγyonαGtπγGstanαarαGmoαγψGσnGασψγptonGmassGspγΔtraGσnGprotonTprotonGΔoψψσsσonsG
atGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 69

204 xΓsγrvatσonGoμGtπγGrarγGkOsPOWPGTg´µR´µâ��GαγΔayGμromGtπγGΔomΓσnγαGanaψysσsGoμGlv|GanαGuqlΓGαataUG
NatureSG2015SG]YYSG^aT_Y 50.4 326

203 vγasurγmγntGoμGtπγGunαγrψyσnνGγvγntGaΔtσvσtyGusσnνGΔπarνγαTpartσΔψγGτγtsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}fYU_^GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 6

202 ysγuαorapσασtyGασstrσΓutσonGoμGΔπarνγαGπaαronsGσnGprotonâ��protonGΔoψψσsσonsGatGsfXZ´ }γ–UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_]XSGX[ZTX^Z 4.2 34

201
|γarΔπGμorGnarrowGπσνπTmassGrγsonanΔγsGσnGprotonâ��protonGΔoψψσsσonsGatGsfaG}γ–GαγΔayσnνGtoGaGµGanαG
aGqσννsGΓosonUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG
_[aSGY]]TY__

4.2 30

200 |γarΔπGμorGαarχGmattγrSGγxtraGασmγnsσonsSGanαGunpartσΔψγsGσnGmonoτγtGγvγntsGσnGprotonTprotonG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGYZ] 4.2 250

199
lonstraσntsGonGpartonGασstrσΓutσonGμunΔtσonsGanαGγxtraΔtσonGoμGtπγGstronνGΔoupψσnνGΔonstantGμromG
tπγGσnΔψusσvγGτγtGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanp
PhysicalpJournalpCSG2015SG_]SGYaa

4.2 37
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198 wuΔψγarGγμμγΔtsGonGtπγGtransvγrsγGmomγntumGspγΔtraGoμGΔπarνγαGpartσΔψγsGσnGpyΓGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGYZ_ 4.2 48

197 vγasurγmγntsGoμGtπγGhOX|PSGhOY|PSGanαGhOZ|PGασμμγrγntσaψGΔrossGsγΔtσonsGσnGppGΔoψψσsσonsGatGsf_}γ–UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_[bSGX[TZ[ 4.2 27

196 mσstrσΓutσonsGoμGtopoψoνσΔaψGoΓsγrvaΓψγsGσnGσnΔψusσvγGtπrγγTGanαGμourTτγtGγvγntsGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGZWY 4.2 4

195
lonstraσntsGonGtπγGpv||vSGjv|kGmoαγψGanαGonGotπγrGmoαγψsGμromGtπγGsγarΔπGμorGψonνTψσvγαG
ΔπarνγαGpartσΔψγsGσnGprotonTprotonGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG
2015SG_]SGZY]

4.2 24

194
jnνuψarGΔoγμμσΔσγntsGoμGµGΓosonsGproαuΔγαGσnGppGΔoψψσsσonsGatGsfa´ }γ–GanαGαγΔayσnνGtoG˛…R˛…â��GasGaG
μunΔtσonGoμGtransvγrsγGmomγntumGanαGrapσασtyUGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2015SG_]WSGX][TX_]

4.2 42

193 nvσαγnΔγGμorGtransvγrsγTmomγntumTGanαGpsγuαorapσασtyTαγpγnαγntGγvγntTpψanγGμψuΔtuatσonsGσnG
yΓyΓGanαGpyΓGΔoψψσsσonsUGPhysicalpReviewpCSG2015SGbYSG 2.7 104

192 yroαuΔtσonGoμGψγaασnνGΔπarνγαGpartσΔψγsGanαGψγaασnνGΔπarνγαTpartσΔψγGτγtsGatGsmaψψGtransvγrsγG
momγntaGσnGppGΔoψψσsσonsGatGsfaGG}γ–UGPhysicalpReviewpDSG2015SGbYSG 4.9 5

191 vγasurγmγntGoμGασμμraΔtσvγGασssoΔσatσonGΔrossGsγΔtσonsGσnGppGΔoψψσsσonsGatGsf_GG}γ–UGPhysicalpReviewp
DSG2015SGbYSG 4.9 29

190 lonstraσntsGonGtπγGspσnTparσtyGanαGanomaψousGq––GΔoupψσnνsGoμGtπγGqσννsGΓosonGσnGprotonGΔoψψσsσonsG
atG_GanαGaG}γ–UGPhysicalpReviewpDSG2015SGbYSG 4.9 142

189 uσmσtsGonGtπγGqσννsGΓosonGψσμγtσmγGanαGwσαtπGμromGσtsGαγΔayGtoGμourGΔπarνγαGψγptonsUGPhysicalp
ReviewpDSG2015SGbYSG 4.9 37

188 nvσαγnΔγGμorGloψψγΔtσvγGvuψtσpartσΔψγGlorrγψatσonsGσnGpTyΓGloψψσsσonsUGPhysicalpReviewpLettersSG2015SG
XX]SGWXYZWX 7.4 145

187 yγrμormanΔγGoμGγψγΔtronGrγΔonstruΔtσonGanαGsγψγΔtσonGwσtπGtπγGlv|GαγtγΔtorGσnGprotonTprotonG
ΔoψψσsσonsGatGâ��sfGaG}γ–UGJournalpofpInstrumentationSG2015SGXWSGyW^WW]TyW^WW] 1 357

186 yγrμormanΔγGoμGpπotonGrγΔonstruΔtσonGanαGσαγntσμσΔatσonGwσtπGtπγGlv|GαγtγΔtorGσnGprotonTprotonG
ΔoψψσsσonsGatGâ��sfGaG}γ–UGJournalpofpInstrumentationSG2015SGXWSGyWaWXWTyWaWXW 1 141

185 yγrμormanΔγGoμGtπγGlv|GmσssσnνGtransvγrsγGmomγntumGrγΔonstruΔtσonGσnGppGαataGatGâ��sGfGaG}γ–UG
JournalpofpInstrumentationSG2015SGXWSGyWYWW^TyWYWW^ 1 84

184
rmpaΔtGoμGψowTαosγGγψγΔtronGσrraασatσonGonGnRpGsσψσΔonGstrσpGsγnsorsUGNuclearpInstrumentspandp
MethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedp
EquipmentSG2015SGaWZSGXWWTXXY

1.2 6

183
|γarΔπGμorGaGpsγuαosΔaψarGΓosonGαγΔayσnνGσntoGaGµGΓosonGanαGtπγGXY]Gpγ–GqσννsGΓosonGσnGâ��Râ��â��ΓΓhG
μσnaψGstatγsUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG
_[aSGYYXTY[Z

4.2 48

182
|γarΔπGμorGpπysσΔsGΓγyonαGtπγGstanαarαGmoαγψGσnGγvγntsGwσtπGtwoGψγptonsSGτγtsSGanαGmσssσnνG
transvγrsγGmomγntumGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SG
YWX]SGX

5.4 22

181 |γarΔπGμorGtπσrαTνγnγratσonGsΔaψarGψγptoquarχsGσnGtπγGtˇ�GΔπannγψGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 19
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180 |γarΔπGμorGψγptonTμψavourTvσoψatσnνGαγΔaysGoμGtπγGqσννsGΓosonUGPhysicspLetters,pSectionpB:pNuclear,p
ElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_[bSGZZ_TZ^Y 4.2 175

179 |γarΔπγsGμorGsupγrsymmγtryGusσnνGtπγGvG}YGvarσaΓψγGσnGπaαronσΔGγvγntsGproαuΔγαGσnGppGΔoψψσsσonsGatG
aG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 26

178 |γarΔπγsGμorGtπσrαTνγnγratσonGsquarχGproαuΔtσonGσnGμuψψyGπaαronσΔGμσnaψGstatγsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 33

177 |γarΔπGμorGtπγGproαuΔtσonGoμGαarχGmattγrGσnGassoΔσatσonGwσtπGtopTquarχGpaσrsGσnGtπγGsσnνψγTψγptonG
μσnaψGstatγGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 17

176 |γarΔπGμorGaGΔπarνγαGqσννsGΓosonGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2015SGYWX]SGX 5.4 61

175 |γarΔπGμorGsupγrsymmγtryGσnGtπγGvγΔtorTΓosonGμusσonGtopoψoνyGσnGprotonTprotonGΔoψψσsσonsGatGOG
sqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 11

174 |γarΔπGμorGaGψσνπtGΔπarνγαGqσννsGΓosonGαγΔayσnνGtoGOGmatπrm{Δ}ovγrψσnγ{matπrm{s}}GPGσnGppGΔoψψσsσonsG
atGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

173 |γarΔπGμorGvγΔtorTψσχγG}GquarχsGαγΔayσnνGtoGtopGquarχsGanαGqσννsGΓosonsGσnGtπγGaψψTπaαronσΔGΔπannγψG
usσnνGτγtGsuΓstruΔturγUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 16

172 |γarΔπGμorGnγutraψGΔoψorToΔtγtGwγaχTtrσpψγtGsΔaψarGpartσΔψγsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}faGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4

171 |γarΔπGμorGaGqσννsGΓosonGσnGtπγGmassGranνγGμromGX[]GtoGXWWWGpγ–GαγΔayσnνGtoGaGpaσrGoμG GorGµG
ΓosonsUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 73

170
yrγΔσsγGαγtγrmσnatσonGoμGtπγGmassGoμGtπγGqσννsGΓosonGanαGtγstsGoμGΔompatσΓσψσtyGoμGσtsGΔoupψσnνsG
wσtπGtπγGstanαarαGmoαγψGprγασΔtσonsGusσnνGprotonGΔoψψσsσonsGatG_GanαGaℓoormuψacGsγγGtγxt−UGEuropeanp
PhysicalpJournalpCSG2015SG_]SGYXY

4.2 399

169 lomΓσnγαGvγasurγmγntGoμGtπγGqσννsGkosonGvassGσnGppGloψψσsσonsGatGsqrtℓs−f_GanαGaG}γ–GwσtπGtπγG
j}uj|GanαGlv|GnxpγrσmγntsUGPhysicalpReviewpLettersSG2015SGXX[SGXbXaWZ 7.4 709

168 vγasurγmγntGoμGtπγGµ˛‡GproαuΔtσonGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGaG}γ–GanαGsγarΔπGμorGanomaψousG
trσpψγGνauνγGΓosonGΔoupψσnνsUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 7

167
vγasurγmγntGoμGtπγGσnΔψusσvγGZTτγtGproαuΔtσonGασμμγrγntσaψGΔrossGsγΔtσonGσnGprotonTprotonGΔoψψσsσonsG
atG_G}γ–´ anαGαγtγrmσnatσonGoμGtπγGstronνGΔoupψσnνGΔonstantGσnGtπγG}γ–´ ranνγUGEuropeanpPhysicalp
JournalpCSG2015SG_]SGXa^

4.2 41

166 vγasurγmγntGoμGtπγGασμμγrγntσaψGΔrossGsγΔtσonGμorGtopGquarχGpaσrGproαuΔtσonGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SG][Y 4.2 98

165
vγasurγmγntsGoμGtπγGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−GproαuΔtσonGΔrossGsγΔtσonsGσnGtπγG
ℓoormuψacGsγγGtγxt−GΔπannγψGσnGprotonTprotonGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−GanαGℓoormuψacGsγγG
tγxt−GanαGΔomΓσnγαGΔonstraσntsGonGtrσpψγGνauνγGΔoupψσnνsUGEuropeanpPhysicalpJournalpCSG2015SG_]SG]XX

4.2 25

164
vγasurγmγntGoμGtπγGµGΓosonGασμμγrγntσaψGΔrossGsγΔtσonGσnGtransvγrsγGmomγntumGanαGrapσασtyGσnG
protonâ��protonGΔoψψσsσonsGatGaG}γ–UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2015SG_[bSGXa_TYWb

4.2 36

163 lomparσsonGoμGtπγGµV˛‡GQGRGτγtsGtoG˛‡GRGτγtsGΔrossGsγΔtσonsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalp
ofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 5
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162 |γarΔπGμorGnγutraψGv||vGqσννsGΓosonsGαγΔayσnνGσntoGaGpaσrGoμGΓottomGquarχsUGJournalpofpHighp
EnergypPhysicsSG2015SGYWX]SGX 5.4 18

161
uonνTranνγGtwoTpartσΔψγGΔorrγψatσonsGoμGstranνγGπaαronsGwσtπGΔπarνγαGpartσΔψγsGσnGpyΓGanαGyΓyΓG
ΔoψψσsσonsGatGuqlGγnγrνσγsUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2015SG_[YSGYWWTYY[

4.2 64

160 vγasurγmγntGoμGtπγGOGtovγrψσnγ{t}GPGproαuΔtσonGΔrossGsγΔtσonGσnGtπγGασψγptonGΔπannγψGσnGppGΔoψψσsσonsG
atGOGsqrt{s}GPGfGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 43

159 |tuασγsGoμGazσmutπaψGασπaαronGΔorrγψatσonsGσnGuψtraTΔγntraψGyΓyΓGΔoψψσsσonsGatGOGsqrt{{{s≥{wwG}}}}GPG
fYU_^G}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 60

158 vγasurγmγntGoμGassoΔσatγαG GRGΔπarmGproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfG_G}γ–UGJournalpofp
HighpEnergypPhysicsSG2014SGYWX[SGX 5.4 37

157 |γarΔπGμorGnγwGpπysσΔsGσnGγvγntsGwσtπGsamγTsσνnGασψγptonsGanαGτγtsGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfGaG
}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 38

156 |tuασγsGoμGαστγtGtransvγrsγGmomγntumGΓaψanΔγGanαGpsγuαorapσασtyGασstrσΓutσonsGσnGpyΓGΔoψψσsσonsGatG
Osqrt{s≥{matπrm{ww}}}GfG]UWYPGOStγxtG{}γ–}PUGEuropeanpPhysicalpJournalpCSG2014SG_[SGX 4.2 67

155 vγasurγmγntGoμG µGanαGµµGproαuΔtσonGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−GσnGμσnaψGstatγsGwσtπG
ΓTtaννγαGτγtsUGEuropeanpPhysicalpJournalpCSG2014SG_[SGYb_Z 4.2 16

154 |γarΔπGμorGσnvσsσΓψγGαγΔaysGoμGqσννsGΓosonsGσnGtπγGvγΔtorGΓosonGμusσonGanαGassoΔσatγαGµqG
proαuΔtσonGmoαγsUGEuropeanpPhysicalpJournalpCSG2014SG_[SGYbaW 4.2 131

153 vγasurγmγntGoμGτγtGmuψtσpψσΔσtyGασstrσΓutσonsGσnGℓoormuψacGsγγGtγxt−GproαuΔtσonGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZWX[ 4.2 11

152 |tuαyGoμGαouΓψγGpartonGsΔattγrσnνGusσnνG GRGYTτγtGγvγntsGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrt{s}GPGfG_G
}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 61

151 nvγntGaΔtσvσtyGαγpγnαγnΔγGoμGOG±GPOn|PGproαuΔtσonGσnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}γ–GpyΓGanαGOGsqrt{s}GPG
fGYU_^G}γ–GppGΔoψψσsσonsUGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 42

150 UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 18

149 nvσαγnΔγGμorGtπγGXY]Gpγ–GqσννsGΓosonGαγΔayσnνGtoGaGpaσrGoμGˇ�GψγptonsUGJournalpofpHighpEnergypPhysics
SG2014SGYWX[SGX 5.4 101

148 |γarΔπGμorG hGTgGtΓGαγΔaysGσnGtπγGψγptonGRGτγtsGμσnaψGstatγGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfGaG}γ–UGJournalp
ofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 23

147 vγasurγmγntGoμGtπγGtrσpψγTασμμγrγntσaψGΔrossGsγΔtσonGμorGpπotonGRGτγtsGproαuΔtσonGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}GPGfG_G}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 15

146 |γarΔπGμorGnγwGpπysσΔsGσnGtπγGmuψtστγtGanαGmσssσnνGtransvγrsγGmomγntumGμσnaψGstatγGσnG
protonTprotonGΔoψψσsσonsGatGOGsqrt{s}GPGfGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 81

145 vγasurγmγntGoμGtπγGtTΔπannγψGsσnνψγTtopTquarχGproαuΔtσonGΔrossGsγΔtσonGanαGoμGtπγG|–GtΓ|GltvG
matrσxGγψγmγntGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 48
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144 vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonsGμorGaGµGΓosonGanαGonγGorGmorγGΓGτγtsGσnGppGΔoψψσsσonsG
atGOGsqrt{s}GPGfG_G}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 21

143 |γarΔπGμorGpaσrGproαuΔtσonGoμGγxΔσtγαGtopGquarχsGσnGtπγGψγptonGRGτγtsGμσnaψGstatγUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 3

142 |γarΔπGμorGmassσvγGrγsonanΔγsGσnGαστγtGsystγmsGΔontaσnσnνGτγtsGtaννγαGasG GorGµGΓosonGαγΔaysGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}GPGfGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 74

141 |γarΔπGμorGmassσvγGrγsonanΔγsGαγΔayσnνGσntoGpaσrsGoμGΓoostγαGΓosonsGσnGsγmσTψγptonσΔGμσnaψGstatγsG
atGOGsqrt{s}GPGfGaG}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 59

140 vγasurγmγntGoμGtπγGtopTquarχGmassGσnGaψψTτγtsGℓoormuψacGsγγGtγxt−GγvγntsGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−G}γ–UGEuropeanpPhysicalpJournalpCSG2014SG_[SGY_]a 4.2 21

139 |tuαyGoμGtπγGproαuΔtσonGoμGΔπarνγαGpσonsSGχaonsSGanαGprotonsGσnGpyΓGΔoψψσsσonsGatGℓoormuψacGsγγG
tγxt−]UWYℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGYa[_ 4.2 71

138 yroΓσnνGΔoψorGΔoπγrγnΔγGγμμγΔtsGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG
2014SG_[SGYbWX 4.2 13

137 |γarΔπGμorGπγavyGnγutrσnosGanαGℓoormuψacGsγγGtγxt−GΓosonsGwσtπGrσνπtTπanαγαGΔoupψσnνsGσnG
protonTprotonGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZX[b 4.2 149

136 vγasurγmγntGoμGtopGquarχTantσquarχGpaσrGproαuΔtσonGσnGassoΔσatσonGwσtπGaG GorGµGΓosonGσnGppG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZW^W 4.2 29

135 vγasurγmγntGoμGασμμγrγntσaψGΔrossGsγΔtσonsGμorGtπγGproαuΔtσonGoμGaGpaσrGoμGσsoψatγαGpπotonsGσnGppG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZXYb 4.2 29

134 |γarΔπGμorGnγutraψGv||vGqσννsGΓosonsGαγΔayσnνGtoGaGpaσrGoμGtauGψγptonsGσnGppGΔoψψσsσonsUGJournalpofp
HighpEnergypPhysicsSG2014SGYWX[SGX 5.4 70

133 vγasurγmγntGoμGpsγuαorapσασtyGασstrσΓutσonsGoμGΔπarνγαGpartσΔψγsGσnGprotonâ��protonGΔoψψσsσonsGatG
Osqrt{s}GfGaPG}γ–GΓyGtπγGlv|GanαG}x}nvGγxpγrσmγntsUGEuropeanpPhysicalpJournalpCSG2014SG_[SGX 4.2 37

132 |γarΔπγsGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosSGnγutraψσnosSGanαGsψγptonsGαγΔayσnνGtoGψγptonsG
anαG SGµSGanαGqσννsGΓosonsGσnGppGΔoψψσsσonsGatGa´ }γ–UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZWZ^ 4.2 183

131 vγasurγmγntGoμGpromptGsVˇ�GpaσrGproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfG_G}γvUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 41

130 xΓsγrvatσonGoμGtπγGασpπotonGαγΔayGoμGtπγGqσννsGΓosonGanαGmγasurγmγntGoμGσtsGpropγrtσγsUG
EuropeanpPhysicalpJournalpCSG2014SG_[SGZW_^ 4.2 239

129 |γarΔπGμorGtπγGassoΔσatγαGproαuΔtσonGoμGtπγGqσννsGΓosonGwσtπGaGtopTquarχGpaσrUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 45

128 |tuαyGoμGπaαronσΔGγvγntTsπapγGvarσaΓψγsGσnGmuψtστγtGμσnaψGstatγsGσnGppGΔoψψσsσonsGatGOGsqrt{s}GfG_GPG}γ–UG
JournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 3

127 |γarΔπGμorGstanαarαGmoαγψGproαuΔtσonGoμGμourGtopGquarχsGσnGtπγGψγptonGRGτγtsGΔπannγψGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 15
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126 rαγntσμσΔatσonGtγΔπnσquγsGμorGπσνπψyGΓoostγαG GΓosonsGtπatGαγΔayGσntoGπaαronsUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 32

125 vγasurγmγntGoμGqσννsGΓosonGproαuΔtσonGanαGpropγrtσγsGσnGtπγG  GαγΔayGΔπannγψGwσtπGψγptonσΔG
μσnaψGstatγsUGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 144

124 vγasurγmγntGoμGtπγGOGtovγrψσnγ{t}GPGproαuΔtσonGΔrossGsγΔtσonGσnGtπγGασψγptonGΔπannγψGσnGppGΔoψψσsσonsG
atGOGsqrt{s}GPGfGaG}γ–G2014SGYWX[SGX 3

123 |γarΔπGμorGtπγGassoΔσatγαGproαuΔtσonGoμGtπγGqσννsGΓosonGwσtπGaGtopTquarχGpaσrG2014SGYWX[SGX 6

122 |γarΔπGμorGmσΔrosΔopσΔGΓψaΔχGπoψγsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG}γ–UGJournalpofpHighpEnergypPhysics
SG2013SGYWXZSGX 5.4 38

121 vγasurγmγntGoμGtπγGOGuamΓαa≥{matπrm{Γ}}√WGPGψσμγtσmγGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalp
ofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 14

120 |γarΔπγsGμorGψonνTψσvγαGΔπarνγαGpartσΔψγsGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGf_GanαGaG}γ–UGJournalpofpHighp
EnergypPhysicsSG2013SGYWXZSGX 5.4 96

119 |tuαyGoμGγxΔψusσvγGtwoTpπotonGproαuΔtσonGoμG R â��GσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–GanαG
ΔonstraσntsGonGanomaψousGquartσΔGνauνγGΔoupψσnνsUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 56

118 xΓsγrvatσonGoμGaGnγwGΓosonGwσtπGmassGnγarGXY]Gpγ–GσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPGanαGaG}γ–UG
JournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 261

117 |γarΔπGμorGtπγGstanαarαGmoαγψGqσννsGΓosonGproαuΔγαGσnGassoΔσatσonGwσtπGaGtopTquarχGpaσrGσnGppG
ΔoψψσsσonsGatGtπγGuqlUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 35

116 |tuασγsGoμGτγtGmassGσnGαστγtGanαG VµGRGτγtGγvγntsUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 39

115 vγasurγmγntGoμGtπγGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGproαuΔtσonGΔrossGsγΔtσonGσnGtπγGaψψTτγtGμσnaψG
statγGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 14

114 vγasurγmγntGoμGtπγG¯OZa_YPGproαuΔtσonGΔrossGsγΔtσonGvσaGαγΔaysGtoGsVˇ�ˇ�GRGˇ�Gâ��GσnGppGΔoψψσsσonsGatGOG
sqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 44

113 |tuαyGoμGtπγGunαγrψyσnνGγvγntGatGμorwarαGrapσασtyGσnGppGΔoψψσsσonsGatGOG
sqrt{s}fWUbSYU_^Sdmatπrm{anα}d_dmatπrm{}γ–}GPUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 39

112 |γarΔπGμorGnγwGpπysσΔsGσnGγvγntsGwσtπGpπotonsSGτγtsSGanαGmσssσnνGtransvγrsγGγnγrνyGσnGppGΔoψψσsσonsG
atGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 15

111 |γarΔπGμorGnγwGpπysσΔsGσnGγvγntsGwσtπGsamγTsσνnGασψγptonsGanαGΓGτγtsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 33

110 |γarΔπGσnGψγptonσΔGΔπannγψsGμorGπγavyGrγsonanΔγsGαγΔayσnνGtoGψonνTψσvγαGnγutraψGpartσΔψγsUGJournalpofp
HighpEnergypPhysicsSG2013SGYWXZSGX 5.4 30

109 |γarΔπGμorGγxotσΔGrγsonanΔγsGαγΔayσnνGσntoG µVµµGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofp
HighpEnergypPhysicsSG2013SGYWXZSGX 5.4 16
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108 |γarΔπGμorGsupγrsymmγtryGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−G}γ–GσnGγvγntsGwσtπGaGsσnνψγGψγptonSG
τγtsSGanαGmσssσnνGtransvγrsγGmomγntumUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY[W[ 4.2 15

107 |γarΔπGμorGaGstanαarαTmoαγψTψσχγGqσννsGΓosonGwσtπGaGmassGσnGtπγGranνγGX[]GtoGXWWWGpγ–GatGtπγGuqlUG
EuropeanpPhysicalpJournalpCSG2013SG_ZSGY[^b 4.2 49

106
vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonGμorGOGmatπrm{µ}νammaGtoGnuGovγrψσnγ{nu}νammaGPGσnG
ppGΔoψψσsσonsGatGOGsqrt{s}GfG_GPG}γ–GanαGψσmσtsGonGµµ˛‡GanαGµ˛‡˛‡GtrσpψγGνauνγGΓosonGΔoupψσnνsUGJournalpofp
HighpEnergypPhysicsSG2013SGYWXZSGX

5.4 12

105
vγasurγmγntGoμGtπγG TΓosonGπγψσΔσtyGσnGtopTquarχGαγΔaysGμromGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPG
proαuΔtσonGσnGψγptonRτγtsGγvγntsGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2013SGYWXZSGX

5.4 25

104
|γarΔπGμorGsupγrsymmγtryGσnGπaαronσΔGμσnaψGstatγsGwσtπGmσssσnνGtransvγrsγGγnγrνyGusσnνGtπγG
varσaΓψγsGanαGΓTquarχGmuψtσpψσΔσtyGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG
2013SG_ZSGY]^a

4.2 82

103
vγasurγmγntGoμGtπγGπaαronσΔGaΔtσvσtyGσnGγvγntsGwσtπGaGµGanαGtwoGτγtsGanαGγxtraΔtσonGoμGtπγGΔrossG
sγΔtσonGμorGtπγGγψγΔtrowγaχGproαuΔtσonGoμGaGµGwσtπGtwoGτγtsGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UG
JournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX

5.4 10

102 vγasurγmγntGoμGmassγsGσnGtπγGℓoormuψacGsγγGtγxt−GsystγmGΓyGχσnγmatσΔGγnαpoσntsGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY[b[ 4.2 37

101 |γarΔπGμorGpπysσΔsGΓγyonαGtπγGstanαarαGmoαγψGσnGγvγntsGwσtπGψγptonsSGτγtsSGanαGψarνγGtransvγrsγG
momγntumGσmΓaψanΔγGσnGppGΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY[bZ4.2 10

100 vγasurγmγntGoμGtπγGOmatπrm{t}Γar{matπrm{t}}PGproαuΔtσonGΔrossGsγΔtσonGσnGtπγGˇ�RτγtsGΔπannγψGσnGppG
ΔoψψσsσonsGatGOsqrt{s}f_GmΓox{}γ–}PUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX 4.2 21

99 sγtGanαGunαγrψyσnνGγvγntGpropγrtσγsGasGaGμunΔtσonGoμGΔπarνγαTpartσΔψγGmuψtσpψσΔσtyGσnGprotonTprotonG
ΔoψψσsσonsGatGℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY^_[ 4.2 24

98 |γarΔπGμorGtopTsquarχGpaσrGproαuΔtσonGσnGtπγGsσnνψγTψγptonGμσnaψGstatγGσnGppGΔoψψσsσonsGatGOsqrt{s}faG
matπrm{}γ–}PUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX 4.2 162

97 vγasurγmγntGoμGtπγGασμμγrγntσaψGanαGαouΓψγTασμμγrγntσaψGmrγψψT±anGΔrossGsγΔtσonsGσnGprotonTprotonG
ΔoψψσsσonsGatGOGsqrt{s}GPGfG_G}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 43

96 vγasurγmγntGoμGtπγGΔrossGsγΔtσonGanαGanνuψarGΔorrγψatσonsGμorGassoΔσatγαGproαuΔtσonGoμGaGµGΓosonG
wσtπGΓGπaαronsGσnGppGΔoψψσsσonsGatGOGsqrt{s}GPGfG_G}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 26

95
vγasurγmγntGoμGtπγGratσoGoμGtπγGσnΔψusσvγGZTτγtGΔrossGsγΔtσonGtoGtπγGσnΔψusσvγGYTτγtGΔrossGsγΔtσonGσnG
ppGΔoψψσsσonsGatGOsqrt{s}GfG_Gmatπrm{}γ–}PGanαGμσrstGαγtγrmσnatσonGoμGtπγGstronνGΔoupψσnνGΔonstantGσnG
tπγG}γ–GranνγUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX

4.2 50

94 vγasurγmγntGoμGtπγG R â��GΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGOsqrt{s}GfG_mΓox{G}γ–}PGanαGψσmσtsGonG
anomaψousG  ˛‡GanαG  µGΔoupψσnνsUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX 4.2 56

93 |γarΔπGμorGnarrowGrγsonanΔγsGanαGquantumGΓψaΔχGπoψγsGσnGσnΔψusσvγGanαGΓTtaννγαGαστγtGmassGspγΔtraG
μromGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 37

92 vγasurγmγntGoμGtπγGµµGproαuΔtσonGΔrossGsγΔtσonGanαGsγarΔπGμorGanomaψousGΔoupψσnνsGσnGYâ��Yâ��hGμσnaψG
statγsGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 39

91 |γarΔπGμorGsupγrsymmγtryGσnGμσnaψGstatγsGwσtπGmσssσnνGtransvγrsγGγnγrνyGanαGWSGXSGYSGorGâ�¥ZGΓTquarχG
τγtsGσnG_G}γ–GppGΔoψψσsσonsGusσnνGtπγGvarσaΓψγG˛–G}UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 29
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90 |γarΔπGμorGπγavyGquarχsGαγΔayσnνGσntoGaGtopGquarχGanαGaG GorGµGΓosonGusσnνGψγptonGRGτγtsGγvγntsGσnG
ppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 12

89 vγasurγmγntGoμGtπγGsumGoμG  GanαG µGproαuΔtσonGwσtπG RαστγtGγvγntsGσnGppGΔoψψσsσonsGatG
ℓoormuψacGsγγGtγxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGYYaZ 4.2 45

88 vγasurγmγntGoμGασμμγrγntσaψGtopTquarχTpaσrGproαuΔtσonGΔrossGsγΔtσonsGσnGppGΔoψψσsσonsGatGOsqrt{s}GfG_G
matπrm{}γ–}PUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX 4.2 102

87 |γarΔπGμorGnγwGpπysσΔsGσnGγvγntsGwσtπGsamγTsσνnGασψγptonsGanαGΓGτγtsGσnGppGΔoψψσsσonsGatGOGsqrt{s}faGPG
}γ–G2013SGYWXZSGX 2

86 |tuαyGoμGπσνπTpG}GΔπarνγαGpartσΔψγGsupprγssσonGσnGyΓyΓGΔomparγαGtoGppGΔoψψσsσonsGatG
Osqrt{s≥{matπrm{ww}}}fYU_^~matπrm{}γ–}PUGEuropeanpPhysicalpJournalpCSG2012SG_YSGX 4.2 316

85 lγntraψσtyGαγpγnαγnΔγGoμGασπaαronGΔorrγψatσonsGanαGazσmutπaψGanσsotropyGπarmonσΔsGσnGyΓyΓG
ΔoψψσsσonsGatGOsqrt{s≥{ww}}fGYU_^GmΓox{}γ–}PUGEuropeanpPhysicalpJournalpCSG2012SG_YSGX 4.2 158

84 sγtGproαuΔtσonGratγsGσnGassoΔσatσonGwσtπG GanαGµGΓosonsGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_G{tγxt{}γ–}}GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 37

83 nxΔψusσvγG˛‡˛‡GTgG˛…GRG˛…Gâ��GproαuΔtσonGσnGprotonTprotonGΔoψψσsσonsGatGOGsqrtG{s}GfG{_}GPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 45

82 vγasurγmγntGoμGtπγGproαuΔtσonGΔrossGsγΔtσonGμorGpaσrsGoμGσsoψatγαGpπotonsGσnGppGΔoψψσsσonsGatGOGsqrtG
{s}GfG_d}γ–GPUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 20

81 rnΔψusσvγGΓTτγtGproαuΔtσonGσnGppGΔoψψσsσonsGatGOsqrtG{s}GfG_}γ–PUGJournalpofpHighpEnergypPhysicsSG2012SG
YWXYSGX 5.4 30

80 |γarΔπGμorGquarχGΔomposσtγnγssGσnGαστγtGanνuψarGασstrσΓutσonsGμromGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_{G}GPG
}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 12

79 |upprγssσonGoμGnonTpromptGsVˇ�SGpromptGsVˇ�SGanαGOG~psσψonGPOX|PGσnGyΓyΓGΔoψψσsσonsGatGOGsqrtG
{{{s≥{tγxt{ww}}}}}GfGYU_^GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 184

78 |γarΔπGμorGπγavyGΓottomTψσχγGquarχsGσnG[UbGμΓâ��XGoμGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_GPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 44

77 vγasurγmγntGoμGtπγGΔrossGsγΔtσonGμorGproαuΔtσonGoμGOGΓovγrψσnγGΓG¯GPGαγΔayσnνGtoGmuonsGσnGppG
ΔoψψσsσonsGatGOGsqrtG{s}GfG_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 3

76 vγasurγmγntGoμGtπγGµV˛‡QGRGΓTτγtGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_GPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 24

75 |πapγSGtransvγrsγGsσzγSGanαGΔπarνγαTπaαronGmuψtσpψσΔσtyGoμGτγtsGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_d}γ–GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 27

74 |γarΔπGμorGanomaψousGproαuΔtσonGoμGmuψtσψγptonGγvγntsGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_S}γ–GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 65

73 |γarΔπGμorGaGψσνπtGΔπarνγαGqσννsGΓosonGσnGtopGquarχGαγΔaysGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_d}γ–GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 101
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72 |γarΔπGμorGψγptonσΔGαγΔaysGoμG hGΓosonsGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG{_}GPG}γ–UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 43

71 |γarΔπGμorGstoppγαGψonνTψσvγαGpartσΔψγsGproαuΔγαGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG{tγxt{_}γ–}}GPUGJournalp
ofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 17

70 |γarΔπGμorGnγwGpπysσΔsGσnGγvγntsGwσtπGsamγTsσνnGασψγptonsGanαGΓTtaννγαGτγtsGσnGppGΔoψψσsσonsGatGOGsqrtG
{s}GfG_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 24

69 vγasurγmγntGoμGtπγGunαγrψyσnνGγvγntGaΔtσvσtyGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfGWUbGPGanαG_G}γ–GwσtπGtπγG
novγψGτγtTarγaVmγασanGapproaΔπUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 11

68 |γarΔπGμorGanomaψousGOGtovγrψσnγGtGPGproαuΔtσonGσnGtπγGπσνπψyTΓoostγαGaψψTπaαronσΔGμσnaψGstatγUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 57

67 |γarΔπGμorGαarχGmattγrGanαGψarνγGγxtraGασmγnsσonsGσnGmonoτγtGγvγntsGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG
{_}GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 155

66 |γarΔπGμorGaGμγrmσopπoΓσΔGqσννsGΓosonGσnGppGΔoψψσsσonsGatGOGsqrtG{s}GfG_GPG}γ–UGJournalpofpHighpEnergyp
PhysicsSG2012SGYWXYSGX 5.4 13

65 |γarΔπGμorGsupγrsymmγtryGσnGπaαronσΔGμσnaψGstatγsGusσnνGvG}YGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 92

64 vγasurγmγntGoμGτγtGμraνmγntatσonGσntoGΔπarνγαGpartσΔψγsGσnGppGanαGyΓyΓGΔoψψσsσonsGatGOG
sqrt{{{s≥{matπrm{ww}}}}}GfGYU_^GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 73

63 vγasurγmγntGoμGtπγGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGproαuΔtσonGΔrossGsγΔtσonGσnGtπγGασψγptonG
ΔπannγψGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 64

62
|γarΔπGμorGγxΔψusσvγGorGsγmσTγxΔψusσvγG˛‡˛‡GproαuΔtσonGanαGoΓsγrvatσonGoμGγxΔψusσvγGanαG
sγmσTγxΔψusσvγGγRγâ��GproαuΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG
2012SGYWXYSGX

5.4 45

61 |γarΔπGμorGtπγGstanαarαGmoαγψGqσννsGΓosonGproαuΔγαGσnGassoΔσatσonGwσtπG GanαGµGΓosonsGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}f_GP}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 6

60 |γarΔπGμorGγψγΔtrowγaχGproαuΔtσonGoμGΔπarνσnosGanαGnγutraψσnosGusσnνGψγptonσΔGμσnaψGstatγsGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 41

59 |γarΔπGμorGnγwGpπysσΔsGwσtπGψonνTψσvγαGpartσΔψγsGαγΔayσnνGtoGpπotonsGanαGmσssσnνGγnγrνyGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 10

58 |γarΔπGμorGrγsonantGOGmatπrm{t}ovγrψσnγ{matπrm{t}}GPGproαuΔtσonGσnGψγptonRτγtsGγvγntsGσnGppG
ΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 25

57 xΓsγrvatσonGoμGµGαγΔaysGtoGμourGψγptonsGwσtπGtπγGlv|GαγtγΔtorGatGtπγGuqlUGJournalpofpHighpEnergyp
PhysicsSG2012SGYWXYSGX 5.4 30

56 vγasurγmγntGoμGtπγGsσnνψγTtopTquarχGtTΔπannγψGΔrossGsγΔtσonGσnGppGΔoψψσsσonsGatGOGsqrt{s}f_GPG}γ–UG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 70
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