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534
vργsurρmρntGoτGπouμlρTpγrtonGsνγttρrinψGinGinνlusivρGproπuνtionGoτGτourGjρtsGwithGlowGtrγnsvρrsρG
momρntumGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

533 |tuπyGoτGquγrkGγnπGψluonGjρtGsuμstruνturρGinGZRjρtGγnπGπijρtGρvρntsGτromGppGνollisionsUGJournalrofr
HighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

532
rnνlusivρGγnπGπiττρrρntiγlGνrossGsρνtionGmργsurρmρntsGoτGsinψlρGtopGquγrkGproπuνtionGinGγssoνiγtionG
withGγGZGμosonGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

531
|ργrνhGτorGτlγvorTνhγnψinψGnρutrγlGνurrρntGintρrγνtionsGoτGthρGtopGquγrkGγnπGthρGqiψψsGμosonG
πρνγyinψGtoGγGμottomGquγrkTγntiquγrkGpγirGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 1

530 |ργrνhGτorGlonψTlivρπGpγrtiνlρsGπρνγyinψGtoGlρptonsGwithGlγrψρGimpγνtGpγrγmρtρrGinGprotonTprotonG
νollisionsGγtGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGX]Z 4.2 0

529 |tuπyGoτGπijρtGρvρntsGwithGlγrψρGrγpiπityGsρpγrγtionGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfG
YU_^G}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4

528 |ργrνhGτorGlowTmγssGπilρptonGrρsonγnνρsGinGqiψψsGμosonGπρνγysGtoGτourTlρptonGτinγlGstγtρsGinG
protonTprotonGνollisionsGγtGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGYbW 4.2 0

527
|ργrνhGτorGsupρrsymmρtryGinGτinγlGstγtρsGwithGtwoGorGthrρρGsoτtGlρptonsGγnπGmissinψGtrγnsvρrsρG
momρntumGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

526 |ργrνhGτorGγGriψhtThγnπρπG–GμosonGγnπGγGhργvyGnρutrinoGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKG
fGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

525 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGintoGγGtopGquγrkGγnπGγG–GμosonGinGthρGlρptonRjρtsGτinγlGstγtρG
γtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

524 |ργrνhGτorGhργvyGrρsonγnνρsGπρνγyinψGtoGZZGorGZ–GγnπGγxionTlikρGpγrtiνlρsGmρπiγtinψGnonrρsonγntG
ZZGorGZqGproπuνtionGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

523 vργsurρmρntGγnπGzlmGγnγlysisGoτGπouμlρTπiττρrρntiγlGinνlusivρGjρtGνrossGsρνtionsGinGprotonTprotonG
νollisionsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

522 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGνhγrψinosGγnπGnρutrγlinosGinGprotonTprotonGνollisionsGγtGKKG
sqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

521 vργsurρmρntGoτGthρGinνlusivρGKKGmγthrm{t}ovρrlinρ{mγthrm{t}}GKKGproπuνtionGνrossGsρνtionGinG
protonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfG]UWYG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4

520 lomμinρπGsργrνhρsGτorGthρGproπuνtionGoτGsupρrsymmρtriνGtopGquγrkGpγrtnρrsGinGprotonTprotonG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGb_W 4.2 3

519 |ργrνhGτorGγGhργvyGqiψψsGμosonGπρνγyinψGintoGtwoGliψhtρrGqiψψsGμosonsGinGthρGˇ�ˇ�μμGτinγlGstγtρGγtGXZG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 2

518 |ργrνhGτorGnρwGpγrtiνlρsGinGρvρntsGwithGρnρrψρtiνGjρtsGγnπGlγrψρGmissinψGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 3
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517 xμsρrvγtionGoτGt–GproπuνtionGinGthρGsinψlρTlρptonGνhγnnρlGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 0

516 |ργrνhGτorGνhγrψinoTnρutrγlinoGproπuνtionGinGρvρntsGwithGqiψψsGγnπG–GμosonsGusinψGXZ_Gτμâ��XGoτG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 1

515 vργsurρmρntsGoτGthρGppGTgG–´–˛‡˛‡GγnπGppGTgGZ˛‡˛‡GνrossGsρνtionsGγtGOGsqrt{mγthrm{s}}GPGfGXZG}ρ’GγnπG
limitsGonGγnomγlousGquγrtiνGψγuψρGνouplinψsUGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 1

514 |ργrνhGτorGπγrkGphotonsGinGqiψψsGμosonGproπuνtionGviγGvρνtorGμosonGτusionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 2

513 vργsurρmρntsGoτGproπuνtionGνrossGsρνtionsGγnπGνonstrγintsGonGγnomγlousGtriplρGψγuψρGνouplinψsG
γtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGYWW 4.2 5

512 vργsurρmρntGoτGthρGinνlusivρGγnπGπiττρrρntiγlGqiψψsGμosonGproπuνtionGνrossGsρνtionsGinGthρG
lρptoniνG––GπρνγyGmoπρGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 3

511
|ργrνhGτorGnonrρsonγntGqiψψsGμosonGpγirGproπuνtionGinGτinγlGstγtρsGwithGtwoGμottomGquγrksGγnπG
twoGphotonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SG
YWYXSGX

5.4 4

510 |ργrνhGτorGnρwGphysiνsGinGtopGquγrkGproπuνtionGwithGγππitionγlGlρptonsGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}GPGfGXZG}ρ’GusinψGρττρνtivρGτiρlπGthρoryUGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 4

509 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGZGμosonsGproπuνρπGinGγssoνiγtionGwithGνhγrmGjρtsGinG
ppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 1

508 yrospρνtsGτorGμρyonπGthρG|tγnπγrπGvoπρlGphysiνsGsργrνhρsGγtGthρGmρρpG~nπρrψrounπGwρutrinoG
nxpρrimρntcGm~wnGlollγμorγtionUGEuropeanrPhysicalrJournalrCSG2021SGaXSGZYY 4.2 14

507
|ργrνhGτorGsupρrsymmρtryGinGτinγlGstγtρsGwithGtwoGoppositρlyGνhγrψρπGsγmρTτlγvorGlρptonsGγnπG
missinψGtrγnsvρrsρGmomρntumGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2021SGYWYXSGX

5.4 6

506 mρvρlopmρntGγnπGvγliπγtionGoτGqn{–rp´ _GtunρsGτromGlv|GunπρrlyinψTρvρntGmργsurρmρntsUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZXY 4.2 1

505 jnψulγrGγnγlysisGoτGthρGπρνγyGkRGTgGtQOabYPR˛…R˛…â��GinGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}GPGfG
aG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 2

504 vργsurρmρntGoτGthρGqiψψsGμosonGproπuνtionGrγtρGinGγssoνiγtionGwithGtopGquγrksGinGτinγlGstγtρsGwithG
ρlρνtronsSGmuonsSGγnπGhγπroniνγllyGπρνγyinψGtγuGlρptonsGγtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGZ_a 4.2 5

503 vργsurρmρntGoτGμGjρtGshγpρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfG]UWYG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2021SGYWYXSGX 5.4 0

502 |tuπyGoτGmrρllT±γnGπimuonGproπuνtionGinGprotonTlργπGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}GPGfGaUX^G
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 0

501
vργsurρmρntsGoτGthρGπiττρrρntiγlGνrossGsρνtionsGoτGthρGproπuνtionGoτGZGRGjρtsGγnπG˛‡GRGjρtsGγnπGoτGZG
μosonGρmissionGνollinργrGwithGγGjρtGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2021SGYWYXSGX

5.4

500 |upρrnovγGnρutrinoGμurstGπρtρνtionGwithGthρGmρρpG~nπρrψrounπGwρutrinoGnxpρrimρntUGEuropeanr
PhysicalrJournalrCSG2021SGaXSGX 4.2 16
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499 rnTmρπiumGmoπiτiνγtionGoτGπijρtsGinGyμyμGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}GPGfG]UWYG}ρ’UGJournalr
ofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 0

498
vργsurρmρntGoτGthρGZGμosonGπiττρrρntiγlGproπuνtionGνrossGsρνtionGusinψGitsGinvisiμlρGπρνγyGmoπρGOZG
TgGOGnuGovρrlinρ{nu}GPPGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2021SGYWYXSGX

5.4

497 vργsurρmρntsGoτGproπuνtionGνrossGsρνtionsGoτGthρGqiψψsGμosonGinGthρGτourTlρptonGτinγlGstγtρGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG[aa 4.2 5

496 vργsurρmρntsGoτGqiψψsGμosonGproπuνtionGνrossGsρνtionsGγnπGνouplinψsGinGthρGπiphotonGπρνγyG
νhγnnρlGγtGOGsqrt{mγthrm{s}}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 3

495 |ργrνhGτorGrρsonγntGγnπGnonrρsonγntGnρwGphρnomρnγGinGhiψhTmγssGπilρptonGτinγlGstγtρsGγtGOGsqrt{s}G
PGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 5

494 |ργrνhGτorGthρGlρptonGτlγvorGviolγtinψGπρνγyGˇ�GTgGZ˛…GinGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}GPGfG
XZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 1

493 |ργrνhGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwithGγGlρptoniνγllyGπρνγyinψGμosonGinGprotonTprotonG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGXZ 4.2 7

492 nviπρnνρGτorGqiψψsGμosonGπρνγyGtoGγGpγirGoτGmuonsUGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 14

491 |ργrνhGτorGtopGsquγrkGpγirGproπuνtionGusinψGπilρptonGτinγlGstγtρsGinGνollisionGπγtγGνollρνtρπGγtUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZ 4.2 5

490 v~|ilcGγGmoπρlTunspρνiτiνGsργrνhGτorGnρwGphysiνsGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalr
JournalrCSG2021SGaXSG^Yb 4.2 4

489 |ργrνhGτorGγGhργvyGvρνtorGrρsonγnνρGπρνγyinψGtoGγG´ μosonGγnπGγGqiψψsGμosonGinGprotonTprotonG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG^aa 4.2 0

488 |ργrνhGτorGνhγrψρπGqiψψsGμosonsGproπuνρπGinGvρνtorGμosonGτusionGproνρssρsGγnπGπρνγyinψGintoG
vρνtorGμosonGpγirsGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG_YZ 4.2 3

487 vργsurρmρntsGoτGγnψulγrGπistγnνρGγnπGmomρntumGrγtioGπistriμutionsGinGthrρρTjρtGγnπGRGtwoTjρtG
τinγlGstγtρsGinGνollisionsUGEuropeanrPhysicalrJournalrCSG2021SGaXSGa]Y 4.2 0

486 yrρνisionGluminosityGmργsurρmρntGinGprotonTprotonGνollisionsGγtGinGYWX]GγnπGYWX^GγtGlv|UG
EuropeanrPhysicalrJournalrCSG2021SGaXSGaWW 4.2 7

485 vργsurρmρntGoτGpromptGopρnTνhγrmGproπuνtionGνrossGsρνtionsGinGprotonTprotonGνollisionsGγtGKKG
sqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4

484 vργsurρmρntGoτGthρGinνlusivρGγnπGπiττρrρntiγlGtKKGovρrlinρ{t}GKK˛‡GνrossGsρνtionsGinGthρGsinψlρTlρptonG
νhγnnρlGγnπGno}GintρrprρtγtionGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 0

483 vργsurρmρntGoτGthρGtopGquγrkGmγssGusinψGρvρntsGwithGγGsinψlρGrρνonstruνtρπGtopGquγrkGinGppG
νollisionsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 0

482 yroμinψGρττρνtivρGτiρlπGthρoryGopρrγtorsGinGthρGγssoνiγtρπGproπuνtionGoτGtopGquγrksGwithGγGZGμosonG
inGmultilρptonGτinγlGstγtρsGγtGKKGsqrt{s}GKKGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 0
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481 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGtoGγGtopGquγrkGγnπGγG–GμosonGγtGKKGsqrt{s}GKKGfGXZG}ρ’GinGthρG
τullyGhγπroniνGτinγlGstγtρUGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 1

480 yρrτormγnνρGoτGthρGlv|GuρvρlTXGtriψψρrGinGprotonTprotonGνollisionsGγtGâ��sGfGXZG}ρ’UGJournalrofr
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

479 |ργrνhGτorGπρνγysGoτGthρGXY]Gpρ’GqiψψsGμosonGintoGγGZGμosonGγnπGγGˇ�GorGhGmρsonUGJournalrofrHighr
EnergyrPhysicsSG2020SGYWYWSGX 5.4 2

478 |ργrνhGτorGπirρνtGtopGsquγrkGpγirGproπuνtionGinGρvρntsGwithGonρGlρptonSGjρtsSGγnπGmissinψGtrγnsvρrsρG
momρntumGγtGXZG}ρ’GwithGthρGlv|GρxpρrimρntUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 12

477 |ργrνhGτorGhiψhGmγssGπijρtGrρsonγnνρsGwithGγGnρwGμγνkψrounπGprρπiνtionGmρthoπGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 20

476 ’olumρGrrrUGm~wnGτγrGπρtρνtorGtρνhniνγlGνoorπinγtionUGJournalrofrInstrumentationSG2020SGX]SG}WaWWbT}WaWWb1 8

475
|ργrνhGτorGsupρrsymmρtryGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’GinGρvρntsGwithG
hiψhTmomρntumGZGμosonsGγnπGmissinψGtrγnsvρrsρGmomρntumUGJournalrofrHighrEnergyrPhysicsSG2020SG
YWYWSGX

5.4 1

474 vργsurρmρntGoτGtopGquγrkGpγirGproπuνtionGinGγssoνiγtionGwithGγGZGμosonGinGprotonTprotonGνollisionsG
γtGOGsqrt{mγthrm{s}}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

473 |ργrνhGτorGγnGρxνitρπGlρptonGthγtGπρνγysGviγGγGνontγνtGintρrγνtionGtoGγGlρptonGγnπGtwoGjρtsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 1

472
|ργrνhGτorGnρwGnρutrγlGqiψψsGμosonsGthrouψhGthρGOGmγthrm{q}toGmγthrm{Zj}toG
{ρll}≥{R}{ρll}≥{T}mγthrm{μ}ovρrlinρ{mγthrm{μ}}GPGproνρssGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX

5.4 10

471 |ργrνhGτorGπirρνtGpγirGproπuνtionGoτGsupρrsymmρtriνGpγrtnρrsGtoGthρGlρptonGinGprotonTprotonG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGXab 4.2 3

470 vixρπGhiψhρrTorπρrGγnisotropiνGτlowGγnπGnonlinργrGrρsponsρGνoρττiνiρntsGoτGνhγrψρπGpγrtiνlρsGinG
νollisionsGγtGγnπG]UWYUGEuropeanrPhysicalrJournalrCSG2020SGaWSG]Z[ 4.2 6

469
vργsurρmρntGoτGthρGνrossGsρνtionGτorGρlρνtrowργkGproπuνtionGoτGγGZGμosonSGγGphotonGγnπGtwoGjρtsG
inGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}GPGfGXZG}ρ’GγnπGνonstrγintsGonGγnomγlousGquγrtiνG
νouplinψsUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX

5.4 7

468
mρtρrminγtionGoτGthρGstronψGνouplinψGνonstγntG˛–|OmZPGτromGmργsurρmρntsGoτGinνlusivρG–´–GγnπGZG
μosonGproπuνtionGνrossGsρνtionsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}GPGfG_GγnπGaG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX

5.4 2

467
vργsurρmρntGoτGthρGtopGquγrkGτorwγrπTμγνkwγrπGproπuνtionGγsymmρtryGγnπGthρGγnomγlousG
νhromoρlρνtriνGγnπGνhromomγψnρtiνGmomρntsGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2020SGYWYWSGX

5.4 3

466 vργsurρmρntGoτGρlρνtrowργkGproπuνtionGoτGγGμosonGinGγssoνiγtionGwithGtwoGjρtsGinGprotonTprotonG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG[Z 4.2 6

465 |ργrνhGτorGtopGsquγrkGpγirGproπuνtionGinGγGτinγlGstγtρGwithGtwoGtγuGlρptonsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 1

464 nviπρnνρGτorGOtρxtG{–}tρxtG{–}PGproπuνtionGτromGπouμlρTpγrtonGintρrγνtionsGinGprotonâ��protonG
νollisionsGγtGOsqrt{s}GfGXZGStρxtG{}ρ’}GPUGEuropeanrPhysicalrJournalrCSG2020SGaWSGX 4.2 4

(2020-2021)
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463 |ργrνhGτorGproπuνtionGoτGτourGtopGquγrksGinGτinγlGstγtρsGwithGsγmρTsiψnGorGmultiplρGlρptonsGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_] 4.2 24

462 |ργrνhρsGτorGphysiνsGμρyonπGthρGstγnπγrπGmoπρlGwithGthρGvγriγμlρGinGhγπroniνGτinγlGstγtρsGwithGγnπG
withoutGπisγppργrinψGtrγνksGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ 4.2 16

461 nxtrγνtionGγnπGvγliπγtionGoτGγGnρwGsρtGoτGlv|GpythiγaGtunρsGτromGunπρrlyinψTρvρntGmργsurρmρntsUG
EuropeanrPhysicalrJournalrCSG2020SGaWSG[ 4.2 61

460 |ργrνhGτorGlρptonGτlγvourGviolγtinψGπρνγysGoτGγGnρutrγlGhργvyGqiψψsGμosonGtoG˛…ˇ�GγnπGρˇ�GinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 6

459 jGsργrνhGτorGthρGstγnπγrπGmoπρlGqiψψsGμosonGπρνγyinψGtoGνhγrmGquγrksUGJournalrofrHighrEnergyr
PhysicsSG2020SGYWYWSGX 5.4 9

458 |ργrνhGτorGγGhργvyGqiψψsGμosonGπρνγyinψGtoGγGpγirGoτG–GμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 11

457 |ργrνhGτorGπγrkGmγttρrGpγrtiνlρsGproπuνρπGinGγssoνiγtionGwithGγGqiψψsGμosonGinGprotonTprotonG
νollisionsGγtGOGsqrt{mγthrm{s}}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 7

456 jGmultiTπimρnsionγlGsργrνhGτorGnρwGhργvyGrρsonγnνρsGπρνγyinψGtoGμoostρπGSGSGorGμosonGpγirsGinGthρG
πijρtGτinγlGstγtρGγtGXZ´ UGEuropeanrPhysicalrJournalrCSG2020SGaWSGYZ_ 4.2 10

455 vργsurρmρntGoτGsinψlρTπiττrγνtivρGπijρtGproπuνtionGinGprotonTprotonGνollisionsGγtGwithGthρGlv|GγnπG
}x}nvGρxpρrimρntsUGEuropeanrPhysicalrJournalrCSG2020SGaWSGXX^[ 4.2 0

454 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGγnπGνhγrψρGrγtiosGτorGTνhγnnρlGsinψlρGtopGquγrkG
proπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ_W 4.2 4

453
vργsurρmρntGoτGOhμoxG{t}{μγr{hμoxG{t}}}PGnormγlisρπGmultiTπiττρrρntiγlGνrossGsρνtionsGinGO{tρxtG
{p}}{tρxtG{p}}GPGνollisionsGγtGOsqrt{s}fXZS{tρxtG{}ρ’}}GPSGγnπGsimultγnρousGπρtρrminγtionGoτGthρGstronψG
νouplinψGstrρnψthSGtopGquγrkGpolρGmγssSGγnπGpγrtonGπistriμutionGτunνtionsUGEuropeanrPhysicalr
JournalrCSG2020SGaWSGX

4.2 13

452
|ργrνhGτorGγGνhγrψρπGqiψψsGμosonGπρνγyinψGintoGtopGγnπGμottomGquγrksGinGρvρntsGwithGρlρνtronsGorG
muonsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2020SGYWYWSGX

5.4 16

451 mρpρnπρnνρGoτGinνlusivρGjρtGproπuνtionGonGthρGγntiTk}GπistγnνρGpγrγmρtρrGinGppGνollisionsGγtGOG
sqrt{mγthrm{s}}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 3

450 rnνlusivρGsργrνhGτorGhiψhlyGμoostρπGqiψψsGμosonsGπρνγyinψGtoGμottomGquγrkTγntiquγrkGpγirsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 1

449 }hρGproπuνtionGoτGisolγtρπGphotonsGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}GPGfG]UWYG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 2

448 rnvρstiψγtionGintoGthρGρvρntTγνtivityGπρpρnπρnνρGoτGhOn|PGrρlγtivρGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfG_G}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 3

447 kosρTninstρinGνorrρlγtionsGoτGνhγrψρπGhγπronsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 2

446 jGmρρpGwρurγlGwρtworkGτorG|imultγnρousGnstimγtionGoτGμGsρtGnnρrψyGγnπG{ρsolutionUGComputingr
andrSoftwarerforrBigrScienceSG2020SG[SGXW 6 3
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445 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGγGvρνtorTlikρG}GquγrkGusinψGτullyGhγπroniνGτinγlGstγtρsUGJournalr
ofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

444
|ργrνhGτorGγGhργvyGpsρuπosνγlγrGqiψψsGμosonGπρνγyinψGintoGγGXY]Gpρ’GqiψψsGμosonGγnπGγGZGμosonGinG
τinγlGstγtρsGwithGtwoGtγuGγnπGtwoGliψhtGlρptonsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2020SGYWYWSGX

5.4 5

443 vργsurρmρntGoτGpropρrtiρsGoτGOG{mγthrm{k}}_{mγthrm{s}}≥WGPTgG˛…R˛…â��GπρνγysGγnπGsργrνhGτorGkWTgG˛…R˛…â��G
withGthρGlv|GρxpρrimρntUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 10

442 |ργrνhGτorGγGliψhtGpsρuπosνγlγrGqiψψsGμosonGinGthρGμoostρπG˛…˛…ˇ� ˇ�GτinγlGstγtρGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 9

441 yρrτormγnνρGoτGthρGrρνonstruνtionGγnπGiπρntiτiνγtionGoτGhiψhTmomρntumGmuonsGinGprotonTprotonG
νollisionsGγtGâ��sGfGXZG}ρ’UGJournalrofrInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

440 vργsurρmρntGoτGquγrkTGγnπGψluonTlikρGjρtGτrγνtionsGusinψGjρtGνhγrψρGinGyμyμGγnπGppGνollisionsGγtG
]UWYG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 4

439 vργsurρmρntGoτGthρGνrossGsρνtionGτorGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGwithGγππitionγlG
jρtsGγnπGμGjρtsGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 1

438 |ργrνhGτorGνhγrψρπGqiψψsGμosonsGπρνγyinψGintoGγGtopGγnπGγGμottomGquγrkGinGthρGγllTjρtGτinγlGstγtρGoτG
ppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 13

437 |ργrνhGτorGhργvyGqiψψsGμosonsGπρνγyinψGtoGγGtopGquγrkGpγirGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPG
fGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 18

436 lγliμrγtionGoτGthρGlv|GhγπronGνγlorimρtρrsGusinψGprotonTprotonGνollisionGπγtγGγtGâ��sGfGXZG}ρ’UG
JournalrofrInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

435 uonψTμγsρlinρGnρutrinoGosνillγtionGphysiνsGpotρntiγlGoτGthρGm~wnGρxpρrimρntUGEuropeanrPhysicalr
JournalrCSG2020SGaWSGX 4.2 24

434 |tuπyGoτGνρntrγlGρxνlusivρGproπuνtionGinGprotonTprotonGνollisionsGγtGγnπGXZ}ρ’UGEuropeanrPhysicalr
JournalrCSG2020SGaWSG_Xa 4.2 2

433 |ργrνhGτorGphysiνsGμρyonπGthρGstγnπγrπGmoπρlGinGρvρntsGwithGjρtsGγnπGtwoGsγmρTsiψnGorGγtGlργstG
thrρρGνhγrψρπGlρptonsGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_]Y 4.2 2

432 |ργrνhGτorGphysiνsGμρyonπGthρGstγnπγrπGmoπρlGinGmultilρptonGτinγlGstγtρsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

431 vργsurρmρntGoτGthρGtopGquγrkGpγirGproπuνtionGνrossGsρνtionGinGπilρptonGτinγlGstγtρsGνontγininψGonρG
ˇ�GlρptonGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 0

430 jzimuthγlGsρpγrγtionGinGnργrlyGμγνkTtoTμγνkGjρtGtopoloψiρsGinGinνlusivρGYTGγnπGZTjρtGρvρntsGinG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSG__Z 4.2 0

429 |ργrνhGτorGνhγrψρπGqiψψsGμosonsGinGthρGq´–GTgGˇ�´–˛‰ˇ�GπρνγyGνhγnnρlGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 24

428 |ργrνhGτorGrρsonγntGproπuνtionGoτGsρνonπTψρnρrγtionGslρptonsGwithGsγmρTsiψnGπimuonGρvρntsGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZW] 4.2 2
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427
|ργrνhGτorGsupρrsymmρtryGwithGγGνomprρssρπGmγssGspρνtrumGinGthρGvρνtorGμosonGτusionGtopoloψyG
withGXTlρptonGγnπGWTlρptonGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 8

426 |ργrνhGτorGγGlowTmγssGˇ�â��ˇ�RGrρsonγnνρGinGγssoνiγtionGwithGγGμottomGquγrkGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

425
|ργrνhGτorGthρGγssoνiγtρπGproπuνtionGoτGthρGqiψψsGμosonGγnπGγGvρνtorGμosonGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’GviγGqiψψsGμosonGπρνγysGtoGˇ�GlρptonsUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 3

424 |ργrνhGτorGthρGpγirGproπuνtionGoτGliψhtGtopGsquγrksGinGthρGρ´–˛…hGτinγlGstγtρGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

423 lomμinρπGmργsurρmρntsGoτGqiψψsGμosonGνouplinψsGinGprotonTprotonGνollisionsGγtUGEuropeanr
PhysicalrJournalrCSG2019SG_bSG[YX 4.2 153

422 |ργrνhGτorGsupρrsymmρtryGinGρvρntsGwithGγGphotonSGjρtsSGTjρtsSGγnπGmissinψGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGXZUGEuropeanrPhysicalrJournalrCSG2019SG_bSG[[[ 4.2 1

421
vργsurρmρntsGoτGthρGppGTgG–ZGinνlusivρGγnπGπiττρrρntiγlGproπuνtionGνrossGsρνtionsGγnπGνonstrγintsG
onGνhγrψρπGγnomγlousGtriplρGψγuψρGνouplinψsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 10

420 vργsurρmρntGoτGthρGproπuνtionGνrossGsρνtionSGthρGtopGquγrkGmγssSGγnπGthρGstronψGνouplinψG
νonstγntGusinψGπilρptonGρvρntsGinGppGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^a 4.2 27

419 vργsurρmρntGoτGthρGρnρrψyGπρnsityGγsGγGτunνtionGoτGpsρuπorγpiπityGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}GfXZStρxtG{}ρ’}GPUGEuropeanrPhysicalrJournalrCSG2019SG_bSGX 4.2 7

418
|ργrνhGτorGnonrρsonγntGqiψψsGμosonGpγirGproπuνtionGinGthρGOG
mγthrm{μ}ovρrlinρ{mγthrm{μ}}mγthrm{μ}ovρrlinρ{mγthrm{μ}}GPGτinγlGstγtρGγtGOGsqrt{s}GPGfGXZG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 4

417 |ργrνhGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwithGγGqiψψsGμosonGπρνγyinψGtoGγGpγirGoτGμottomG
quγrksGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYaW 4.2 12

416 |ργrνhGτorGνontγνtGintρrγνtionsGγnπGlγrψρGρxtrγGπimρnsionsGinGthρGπilρptonGmγssGspρνtrγGτromG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

415 |ργrνhGτorGvρνtorTlikρGquγrksGinGρvρntsGwithGtwoGoppositρlyGνhγrψρπGlρptonsGγnπGjρtsGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^[ 4.2 18

414 |ργrνhGτorGsinψlρGproπuνtionGoτGvρνtorTlikρGquγrksGπρνγyinψGtoGγGtopGquγrkGγnπGγGμosonGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGbW 4.2 6

413 |tuπyGoτGthρGunπρrlyinψGρvρntGinGtopGquγrkGpγirGproπuνtionGinGνollisionsGγtGXZUGEuropeanrPhysicalr
JournalrCSG2019SG_bSGXYZ 4.2 4

412 |ργrνhGτorGrγrρGπρνγysGoτGγnπGqiψψsGμosonsGtoGγnπGγGphotonGinGprotonTprotonGνollisionsGγtGfGXZUG
EuropeanrPhysicalrJournalrCSG2019SG_bSGb[ 4.2 7

411 |ργrνhGτorGnρwGphysiνsGinGτinγlGstγtρsGwithGγGsinψlρGphotonGγnπGmissinψGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

410
vργsurρmρntsGoτGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGπiττρrρntiγlGνrossGsρνtionsGinGprotonTprotonG
νollisionsGγtGOGsqrt{mγthrm{s}}fXZGPG}ρ’GusinψGρvρntsGνontγininψGtwoGlρptonsUGJournalrofrHighrEnergyr
PhysicsSG2019SGYWXbSGX

5.4 15
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409
|ργrνhGτorGOGmγthrm{t}ovρrlinρ{mγthrm{t}}mγthrm{q}GPGproπuνtionGinGthρGOGmγthrm{q}toG
mγthrm{μ}ovρrlinρ{mγthrm{μ}}GPGπρνγyGνhγnnρlGwithGlρptoniνGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPG
πρνγysGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 17

408 |ργrνhGτorGsupρrsymmρtryGinGρvρntsGwithGγGphotonSGγGlρptonSGγnπGmissinψGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GfGXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

407
vργsurρmρntGoτGinνlusivρGγnπGπiττρrρntiγlGqiψψsGμosonGproπuνtionGνrossGsρνtionsGinGthρGπiphotonG
πρνγyGνhγnnρlGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 8

406 |ργrνhGτorGrρsonγntGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 13

405 |ργrνhGτorGproπuνtionGoτGqiψψsGμosonGpγirsGinGthρGτourGμGquγrkGτinγlGstγtρGusinψGlγrψρTγrργGjρtsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

404 |ργrνhGτorGhργvyGrρsonγnνρsGπρνγyinψGintoGtwoGqiψψsGμosonsGorGintoGγGqiψψsGμosonGγnπGγG–GorGZG
μosonGinGprotonTprotonGνollisionsGγtGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

403 |ργrνhGτorGhργvyGvγjorγnγGnρutrinosGinGsγmρTsiψnGπilρptonGνhγnnρlsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 14

402 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGinνlusivρGisolγtρπTphotonGγnπGphotonRjρtG
proπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYW 4.2 4

401
|ργrνhGτorGhργvyGnρutrinosGγnπGthirπTψρnρrγtionGlρptoquγrksGinGhγπroniνGstγtρsGoτGtwoGˇ�GlρptonsG
γnπGtwoGjρtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 18

400 |ργrνhGτorGγG–hGμosonGπρνγyinψGtoGγGvρνtorTlikρGquγrkGγnπGγGtopGorGμottomGquγrkGinGthρGγllTjρtsGτinγlG
stγtρUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

399 |ργrνhGτorGtopGquγrkGpγrtnρrsGwithGνhγrψρG]VZGinGthρGsγmρTsiψnGπilρptonGγnπGsinψlρTlρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

398
rnνlusivρGsργrνhGτorGsupρrsymmρtryGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’GusinψGrγzorGvγriγμlρsGγnπG
μoostρπGoμjρνtGiπρntiτiνγtionGinGzρroGγnπGonρGlρptonGτinγlGstγtρsUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 2

397 |ργrνhGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwithGγGsinψlρGtopGquγrkGorGγGtopGquγrkGpγirGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

396 |ργrνhGτorGρxνitρπGlρptonsGinGâ��â�� ˛‡GτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}fXZGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

395 |ργrνhGτorGnρwGpγrtiνlρsGπρνγyinψGtoGγGjρtGγnπGγnGρmρrψinψGjρtUGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX 5.4 15

394 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGtoGγGtopGquγrkGγnπGγGvρνtorTlikρGtopGquγrkGinGthρGlρptonGRG
jρtsGτinγlGstγtρGinGppGνollisionsGγtGOsqrt{s}GfGXZStρxtG{}ρ’}GPUGEuropeanrPhysicalrJournalrCSG2019SG_bSGX 4.2 6

393 vργsurρmρntGoτGρxνlusivρG´ photoproπuνtionGinGultrγpρriphρrγlGpyμGνollisionsGγtUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG_WY 4.2 13

392 vργsurρmρntGoτGρxνlusivρGphotoproπuνtionGτromGprotonsGinGyμGνollisionsGγtUGEuropeanrPhysicalr
JournalrCSG2019SG_bSGY__ 4.2 19

(2019-2019)
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391 |ργrνhGτorGγGhργvyGpsρuπosνγlγrGμosonGπρνγyinψGtoGγGZGγnπGγGqiψψsGμosonGγtUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG]^[ 4.2 20

390 |ργrνhGτorGsupρrsymmρtryGinGτinγlGstγtρsGwithGphotonsGγnπGmissinψGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 5

389 vργsurρmρntGoτGthρGtopGquγrkGmγssGinGthρGγllTjρtsGτinγlGstγtρGγtGγnπGνomμinγtionGwithGthρG
lρptonRjρtsGνhγnnρlUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZXZ 4.2 13

388 |ργrνhGτorGπγrkGphotonsGinGπρνγysGoτGqiψψsGμosonsGproπuνρπGinGγssoνiγtionGwithGZGμosonsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

387 |ργrνhGτorGsupρrsymmρtryGusinψGqiψψsGμosonGtoGπiphotonGπρνγysGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

386 vργsurρmρntsGoτGπiττρrρntiγlGZGμosonGproπuνtionGνrossGsρνtionsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 11

385 |ργrνhGτorGγnomγlousGtriplρGψγuψρGνouplinψsGinG––GγnπG–ZGproπuνtionGinGlρptonGRGjρtGρvρntsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

384 |tuπyGoτGthρGOG{mγthrm{k}}≥{R}toGmγthrm{s}VuppsiGovρrlinρ{uγmμπγ}mγthrm{p}GPGπρνγyGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGaG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 1

383
|ργrνhGτorGrρsonγnνρsGπρνγyinψGtoGγGpγirGoτGqiψψsGμosonsGinGthρGμOGovρrlinρ{mγthrm{μ}}GPqOG
ovρrlinρ{mγthrm{q}}GPâ��â�� ˛‰GτinγlGstγtρGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2019SGYWXbSGX

5.4 5

382 vργsurρmρntsGoτGtriplρTπiττρrρntiγlGνrossGsρνtionsGτorGinνlusivρGisolγtρπTphotonRjρtGρvρntsGinG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGb^b 4.2 1

381 vργsurρmρntGoτGthρGπiττρrρntiγlGmrρllT±γnGνrossGsρνtionGinGprotonTprotonGνollisionsGγtGOG
sqrt{mγthrm{s}}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 6

380 |ργrνhGτorGthρGproπuνtionGoτGτourGtopGquγrksGinGthρGsinψlρTlρptonGγnπGoppositρTsiψnGπilρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

379 vργsurρmρntGoτGthρGγvρrγψρGvρryGτorwγrπGρnρrψyGγsGγGτunνtionGoτGthρGtrγνkGmultipliνityGγtGνρntrγlG
psρuπorγpiπitiρsGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGabZ 4.2 6

378 |ργrνhGτorGsupρrsymmρtryGinGprotonTprotonGνollisionsGγtGXZG}ρ’GinGτinγlGstγtρsGwithGjρtsGγnπGmissinψG
trγnsvρrsρGmomρntumUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 21

377 |ργrνhGτorGnρwGphysiνsGinGtopGquγrkGproπuνtionGinGπilρptonGτinγlGstγtρsGinGprotonTprotonGνollisionsG
γtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGaa^ 4.2 6

376 |tuπyGoτGπijρtGρvρntsGwithGγGlγrψρGrγpiπityGψγpGμρtwρρnGthρGtwoGlργπinψGjρtsGinGppGνollisionsGγtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGY[Y 4.2 4

375 ysρuπorγpiπityGπistriμutionsGoτGνhγrψρπGhγπronsGinGprotonTlργπGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}f]UWYGPGγnπGaUX^G}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 4

374
|ργrνhGτorGrρsonγntGγnπGnonrρsonγntGqiψψsGμosonGpγirGproπuνtionGinGthρGOG
mγthrm{μ}ovρrlinρ{mγthrm{μ}}mγthit{ρllGnuGρllGnuG}GPGτinγlGstγtρGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX

5.4 19

AlexandertTapper
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373 |ργrνhGτorGnρwGphysiνsGinGρvρntsGwithGγGlρptoniνγllyGπρνγyinψGZGμosonGγnπGγGlγrψρGtrγnsvρrsρG
momρntumGimμγlγnνρGinGprotonTprotonGνollisionsGγtGfGXZUGEuropeanrPhysicalrJournalrCSG2018SG_aSGYbX 4.2 17

372 vργsurρmρntsGoτGthρGproπuνtionGνrossGsρνtionGγnπGthρGμrγnνhinψGτrγνtionSGγnπGνonstrγintsGonG
γnomγlousGtriplρGψγuψρGνouplinψsGγtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX^] 4.2 29

371 vργsurρmρntGoτGγssoνiγtρπGZGRGνhγrmGproπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalr
JournalrCSG2018SG_aSGYa_ 4.2 11

370
vργsurρmρntGoτGthρGinνlusivρGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGνrossGsρνtionGinGppGνollisionsGγtGOG
sqrt{s}f]UWYGPG}ρ’GusinψGτinγlGstγtρsGwithGγtGlργstGonρGνhγrψρπGlρptonUGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 3

369 |ργrνhGτorGnγturγlGsupρrsymmρtryGinGρvρntsGwithGtopGquγrkGpγirsGγnπGphotonsGinGppGνollisionsGγtGOG
sqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4

368
|ργrνhGτorGsupρrsymmρtryGinGρvρntsGwithGγtGlργstGthrρρGρlρνtronsGorGmuonsSGjρtsSGγnπGmissinψG
trγnsvρrsρGmomρntumGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 4

367 lomμinρπGsργrνhGτorGρlρνtrowργkGproπuνtionGoτGνhγrψinosGγnπGnρutrγlinosGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 45

366 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGνhγrψinosGγnπGnρutrγlinosGinGmultilρptonGτinγlGstγtρsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 40

365 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGinGthρGkinρmγtiνGγnψulγrGvγriγμlρGhQGτorGinνlusivρGZG
μosonGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 2

364 lompγrinψGtrγnsvρrsρGmomρntumGμγlγnνρGoτGμGjρtGpγirsGinGppGγnπGyμyμGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}f]UWYGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

363 vργsurρmρntGoτGnormγlizρπGπiττρrρntiγlGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGνrossGsρνtionsGinGthρG
πilρptonGνhγnnρlGτromGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

362 lonstrγintsGonGthρGπouμlρTpγrtonGsνγttρrinψGνrossGsρνtionGτromGsγmρTsiψnG–GμosonGpγirGproπuνtionG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

361 |ργrνhGτorGZZGrρsonγnνρsGinGthρGYâ��Y˛‰GτinγlGstγtρGinGprotonTprotonGνollisionsGγtGXZG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

360 sρtGpropρrtiρsGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγthrm{w}dmγthrm{w}}}f]UWYGPG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

359 |ργrνhGτorGγGnρwGsνγlγrGrρsonγnνρGπρνγyinψGtoGγGpγirGoτGZGμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 22

358 |ργrνhGτorGstγnπγrπGmoπρlGproπuνtionGoτGτourGtopGquγrksGwithGsγmρTsiψnGγnπGmultilρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX[W 4.2 20

357
vργsurρmρntsGoτGthρGOmγthrmG{p}mγthrmG{p}riψhtγrrowGmγthrm{Z}mγthrm{Z}PGproπuνtionGνrossG
sρνtionGγnπGthρGOmγthrm{Z}riψhtγrrowG[ρllGPGμrγnνhinψGτrγνtionSGγnπGνonstrγintsGonGγnomγlousGtriplρG
ψγuψρGνouplinψsGγtGOsqrt{s}GfGXZStρxtG{}ρ’}GPG2018SG_aSGX

3

356 |ργrνhGτorGOGmγthrm{t}ovρrlinρ{mγthrm{t}}mγthrm{q}GPGproπuνtionGinGthρGγllTjρtGτinγlGstγtρGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

(2018-2018)
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355 |ργrνhGτorGrρsonγnνρsGinGthρGmγssGspρνtrumGoτGmuonGpγirsGproπuνρπGinGγssoνiγtionGwithGμGquγrkGjρtsG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPGγnπGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

354 vργsurρmρntGoτGthρGψroomρπGjρtGmγssGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}f]UWYGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

353
|ργrνhGτorGhργvyGrρsonγnνρsGπρνγyinψGintoGγGvρνtorGμosonGγnπGγGqiψψsGμosonGinGτinγlGstγtρsGwithG
νhγrψρπGlρptonsSGnρutrinosGγnπGμGquγrksGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 7

352
|ργrνhGτorGnρwGphρnomρnγGinGτinγlGstγtρsGwithGtwoGoppositρTνhγrψρSGsγmρTτlγvorGlρptonsSGjρtsSGγnπG
missinψGtrγnsvρrsρGmomρntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 14

351 |ργrνhGτorGnγturγlGγnπGsplitGsupρrsymmρtryGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’GinGτinγlG
stγtρsGwithGjρtsGγnπGmissinψGtrγnsvρrsρGmomρntumUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 39

350 |ργrνhGτorGπρνγysGoτGstoppρπGρxotiνGlonψTlivρπGpγrtiνlρsGproπuνρπGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

349
|ργrνhGτorGγnGρxotiνGπρνγyGoτGthρGqiψψsGμosonGtoGγGpγirGoτGliψhtGpsρuπosνγlγrsGinGthρGτinγlGstγtρGoτG
twoGmuonsGγnπGtwoGˇ�GlρptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX

5.4 14

348 |ργrνhGτorGγGνhγrψρπGqiψψsGμosonGπρνγyinψGtoGνhγrmGγnπGμottomGquγrksGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

347 |ργrνhGτorGtopGsquγrksGπρνγyinψGviγGτourTμoπyGorGνhγrψinoTmρπiγtρπGmoπρsGinGsinψlρTlρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

346 lhγrψρπTpγrtiνlρGnuνlργrGmoπiτiνγtionGτγνtorsGinG ρ ρGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}GfG]U[[GPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

345 vργsurρmρntGoτGthρGtopGquγrkGmγssGwithGlρptonRjρtsGτinγlGstγtρsGusinψGνollisionsGγtUGEuropeanr
PhysicalrJournalrCSG2018SG_aSGabX 4.2 13

344 vργsurρmρntsGoτGthρGπiττρrρntiγlGjρtGνrossGsρνtionGγsGγGτunνtionGoτGthρGjρtGmγssGinGπijρtGρvρntsGτromG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

343 vργsurρmρntsGoτGqiψψsGμosonGpropρrtiρsGinGthρGπiphotonGπρνγyGνhγnnρlGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 37

342 nvρntGshγpρGvγriγμlρsGmργsurρπGusinψGmultijρtGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

341
|ργrνhρsGτorGpγirGproπuνtionGoτGνhγrψinosGγnπGtopGsquγrksGinGτinγlGstγtρsGwithGtwoGoppositρlyG
νhγrψρπGlρptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 12

340
|ργrνhGτorGnγrrowGγnπGμroγπGπijρtGrρsonγnνρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’GγnπG
νonstrγintsGonGπγrkGmγttρrGmρπiγtorsGγnπGothρrGnρwGpγrtiνlρsUGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 50

339 |ργrνhGτorGZ˛‡GrρsonγnνρsGusinψGlρptoniνGγnπGhγπroniνGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

338 vργsurρmρntGoτGthρGproπuνtionGνrossGsρνtionGτorGsinψlρGtopGquγrksGinGγssoνiγtionGwithG–GμosonsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

AlexandertTapper
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337 |ργrνhGτorGμlγνkGholρsGγnπGsphγlρronsGinGhiψhTmultipliνityGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 9

336 |ργrνhGτorGsupρrsymmρtryGinGρvρntsGwithGγGˇ�GlρptonGpγirGγnπGmissinψGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

335 |ργrνhGτorGthρGπρνγyGoτGγGqiψψsGμosonGinGthρGâ��â�� ˛‡GνhγnnρlGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

334 |ργrνhGτorGthirπTψρnρrγtionGsνγlγrGlρptoquγrksGπρνγyinψGtoGγGtopGquγrkGγnπGγGlρptonGγtUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG_W_ 4.2 23

333 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGμosonGproπuνtionGinGγssoνiγtionGwithGjρtsGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGb^] 4.2 19

332 |tuπiρsGoτGγnπGmρsonsGinνluπinψGthρGoμsρrvγtionGoτGthρGπρνγyGinGprotonTprotonGνollisionsGγtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGbZb 4.2 12

331 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGintoGγGZGμosonGγnπGγGZGorG–GμosonGinGYâ��YqGτinγlGstγtρsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

330 vργsurρmρntGoτGνhγrψρπGpγrtiνlρGspρνtrγGinGminimumTμiγsGρvρntsGτromGprotonTprotonGνollisionsGγtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG^b_ 4.2 9

329 |ργrνhGτorGlρptonTτlγvorGviolγtinψGπρνγysGoτGhργvyGrρsonγnνρsGγnπGquγntumGμlγνkGholρsGtoGρ˛…GτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

328 |ργrνhGτorGnρwGphysiνsGinGπijρtGγnψulγrGπistriμutionsGusinψGprotonTprotonGνollisionsGγtGγnπG
νonstrγintsGonGπγrkGmγttρrGγnπGothρrGmoπρlsUGEuropeanrPhysicalrJournalrCSG2018SG_aSG_ab 4.2 19

327 jzimuthγlGνorrρlγtionsGτorGinνlusivρGYTjρtSGZTjρtSGγnπG[TjρtGρvρntsGinGppGνollisionsGγtGOsqrt{s}fGXZ~hμoxG
{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX 4.2 4

326 |ργrνhGτorGhiψhTmγssGrρsonγnνρsGinGτinγlGstγtρsGwithGγGlρptonGγnπGmissinψGtrγnsvρrsρGmomρntumGγtG
OGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 15

325 vργsurρmρntGoτGthρGunπρrlyinψGρvρntGγνtivityGinGinνlusivρGZGμosonGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

324 |ργrνhGτorGrρsonγntGpγirGproπuνtionGoτGqiψψsGμosonsGπρνγyinψGtoGμottomGquγrkTγntiquγrkGpγirsGinG
protonTprotonGνollisionsGγtGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 10

323 vργsurρmρntGoτGthρGνrossGsρνtionGinGppGνollisionsGγtGγnπGvγliπγtionGoτGlρptonGγnγlysisGtρνhniquρsUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG_Wa 4.2 5

322 |ργrνhGτorGvρνtorTlikρG}GγnπGkGquγrkGpγirsGinGτinγlGstγtρsGwithGlρptonsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 29

321 |ργrνhGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwithGγGqiψψsGμosonGπρνγyinψGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

320 |ργrνhGτorGγππitionγlGnρutrγlGv||vGqiψψsGμosonsGinGthρGˇ�Gˇ�GτinγlGstγtρGinGprotonTprotonGνollisionsGγtG
OGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 42

(2018-2018)
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319 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGtoGγGpγirGoτGvρνtorGμosonsGinGthρGlρptonGplusGmρrψρπGjρtGτinγlG
stγtρGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

318 |ργrνhGτorGγGhργvyGriψhtThγnπρπG–GμosonGγnπGγGhργvyGnρutrinoGinGρvρntsGwithGtwoGsγmρTτlγvorG
lρptonsGγnπGtwoGjρtsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 20

317 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGintoGγGZGμosonGγnπGγGvρνtorGμosonGinGthρGOGnuG
ovρrlinρ{nu}mγthrm{q}ovρrlinρ{mγthrm{q}}GPGτinγlGstγtρUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

316 }hρGlv|GuρvρlTXGtriψψρrGτorGuqlG{unGrrUGJournalrofrInstrumentationSG2018SGXZSGlWYW[WTlWYW[W 1

315 vργsurρmρntGoτGthρGνrossGsρνtionGτorGtopGquγrkGpγirGproπuνtionGinGγssoνiγtionGwithGγG–GorGZGμosonG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 18

314
|ργrνhGτorGμρyonπGthρGstγnπγrπGmoπρlGqiψψsGμosonsGπρνγyinψGintoGγGOG
mγthrm{μ}ovρrlinρ{mγthrm{μ}}GPGpγirGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 11

313 vργsurρmρntGoτGthρGwργkGmixinψGγnψlρGusinψGthρGτorwγrπTμγνkwγrπGγsymmρtryGoτGmrρllT±γnG
ρvρntsGinGνollisionsGγtGaUGEuropeanrPhysicalrJournalrCSG2018SG_aSG_WX 4.2 25

312 vργsurρmρntGoτGpromptGγnπGnonpromptGνhγrmoniumGsupprρssionGinGνollisionsGγtG]UWYUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG]Wb 4.2 37

311 |ργrνhGτorGlρptonGτlγvourGviolγtinψGπρνγysGoτGthρGqiψψsGμosonGtoG˛…ˇ�GγnπGρˇ�GinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 19

310
nviπρnνρGτorGγssoνiγtρπGproπuνtionGoτGγGqiψψsGμosonGwithGγGtopGquγrkGpγirGinGτinγlGstγtρsGwithG
ρlρνtronsSGmuonsSGγnπGhγπroniνγllyGπρνγyinψGˇ�GlρptonsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 23

309 nlρνtrowργkGproπuνtionGoτGtwoGjρtsGinGγssoνiγtionGwithGγGZGμosonGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}fGPGXZOStρxtG{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX 4.2 12

308
xμsρrvγtionGoτGprotonTtγψψρπSGνρntrγlGOsρmiPρxνlusivρGproπuνtionGoτGhiψhTmγssGlρptonGpγirsGinGppG
νollisionsGγtGXZG}ρ’GwithGthρGlv|T}x}nvGprρνisionGprotonGspρνtromρtρrUGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 14

307 |ργrνhGτorGπγrkGmγttρrGinGρvρntsGwithGρnρrψρtiνSGhγπroniνγllyGπρνγyinψGtopGquγrksGγnπGmissinψG
trγnsvρrsρGmomρntumGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

306 |ργrνhGτorGsinψlρGproπuνtionGoτGvρνtorTlikρGquγrksGπρνγyinψGtoGγGμGquγrkGγnπGγGqiψψsGμosonUGJournalr
ofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

305 |ργrνhGτorGthρGτlγvorTνhγnψinψGnρutrγlGνurrρntGintρrγνtionsGoτGthρGtopGquγrkGγnπGthρGqiψψsGμosonG
whiνhGπρνγysGintoGγGpγirGoτGμGquγrksGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 20

304
|ργrνhGτorGγGsinψlyGproπuνρπGthirπTψρnρrγtionGsνγlγrGlρptoquγrkGπρνγyinψGtoGγGˇ�GlρptonGγnπGγG
μottomGquγrkGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 9

303
vργsurρmρntsGoτGπiττρrρntiγlGνrossGsρνtionsGoτGtopGquγrkGpγirGproπuνtionGγsGγGτunνtionGoτGkinρmγtiνG
ρvρntGvγriγμlρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018
SGYWXaSGX

5.4 10

302 vργsurρmρntGoτGthρGinρlγstiνGprotonTprotonGνrossGsρνtionGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX 5.4 41
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301 |ργrνhGτorGπisγppργrinψGtrγνksGγsGγGsiψnγturρGoτGnρwGlonψTlivρπGpγrtiνlρsGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 24

300 |ργrνhGτorGhiψhTmγssGrρsonγnνρsGinGπilρptonGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 63

299 |ργrνhGτorGlowGmγssGvρνtorGrρsonγnνρsGπρνγyinψGintoGquγrkTγntiquγrkGpγirsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 28

298
vργsurρmρntsGoτGthρGℓoormulγcGsρρGtρxt√GproπuνtionGνrossGsρνtionGinGlρptonRjρtsGτinγlGstγtρsGinGppG
νollisionsGγtGaGℓoormulγcGsρρGtρxt√GγnπGrγtioGoτGaGtoG_´ ℓoormulγcGsρρGtρxt√GνrossGsρνtionsUGEuropeanr
PhysicalrJournalrCSG2017SG__SGX]

4.2 19

297 vργsurρmρntGoτGthρGℓoormulγcGsρρGtρxt√GproπuνtionGνrossGsρνtionGusinψGρvρntsGinGthρGℓoormulγcGsρρG
tρxt√GτinγlGstγtρGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2017SG__SGX_Y 4.2 22

296
vργsurρmρntGγnπGzlmGγnγlysisGoτGπouμlρTπiττρrρntiγlGinνlusivρGjρtGνrossGsρνtionsGinGppGνollisionsGγtG
OGsqrt{s}faGPG}ρ’GγnπGνrossGsρνtionGrγtiosGtoGYU_^GγnπG_G}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 34

295 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGνhγrψinosGinGτinγlGstγtρsGwithGtwoGˇ�GlρptonsGinGppGνollisionsGγtGOG
sqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

294 vργsurρmρntGoτGthρGproπuνtionGνrossGsρνtionGoτGγG–´ μosonGinGγssoνiγtionGwithGtwoGμGjρtsGinGppG
νollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2017SG__SGbY 4.2 7

293
vργsurρmρntGoτGthρG–ZGproπuνtionGνrossGsρνtionGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√GγnπG
aℓoormulγcGsρρGtρxt√GγnπGsργrνhGτorGγnomγlousGtriplρGψγuψρGνouplinψsGγtGℓoormulγcGsρρGtρxt√UG
EuropeanrPhysicalrJournalrCSG2017SG__SGYZ^

4.2 21

292 vργsurρmρntGoτGpromptGγnπGnonpromptGℓoormulγcGsρρGtρxt√GproπuνtionGinGℓoormulγcGsρρGtρxt√GγnπG
ℓoormulγcGsρρGtρxt√GνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2017SG__SGY^b 4.2 26

291
jGsργrνhGτorGnρwGphρnomρnγGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√GinGτinγlGstγtρsGwithGmissinψG
trγnsvρrsρGmomρntumGγnπGγtGlργstGonρGjρtGusinψGthρGℓoormulγcGsρρGtρxt√GvγriγμlρUGEuropeanrPhysicalr
JournalrCSG2017SG__SGYb[

4.2 21

290 |ργrνhGτorGnρwGphysiνsGinGthρGmonophotonGτinγlGstγtρGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

289
vργsurρmρntGoτGπouμlρTπiττρrρntiγlGνrossGsρνtionsGτorGtopGquγrkGpγirGproπuνtionGinGppGνollisionsGγtG
ℓoormulγcGsρρGtρxt√ℓoormulγcGsρρGtρxt√GγnπGimpγνtGonGpγrtonGπistriμutionGτunνtionsUGEuropeanr
PhysicalrJournalrCSG2017SG__SG[]b

4.2 16

288 vργsurρmρntGoτGthρGjρtGmγssGinGhiψhlyGμoostρπGℓoormulγcGsρρGtρxt√GρvρntsGτromGppGνollisionsGγtG
ℓoormulγcGsρρGtρxt√ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2017SG__SG[^_ 4.2 14

287 vργsurρmρntsGoτGthρGγssoνiγtρπGproπuνtionGoτGγGZGμosonGγnπGμGjρtsGinGppGνollisionsGγtUGEuropeanr
PhysicalrJournalrCSG2017SG__SG_]X 4.2 15

286 lhγrψρπTpγrtiνlρGnuνlργrGmoπiτiνγtionGτγνtorsGinGyμyμGγnπGpyμGνollisionsGγtGOG
sqrt{s_{mγthrm{w}dmγthrm{w}}}f]UWYGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 64

285
|ργrνhGτorGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGrρsonγnνρsGinGhiψhlyGμoostρπGlρptonRjρtsGγnπGτullyG
hγπroniνGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 17

284
|ργrνhGτorGγssoνiγtρπGproπuνtionGoτGπγrkGmγttρrGwithGγGqiψψsGμosonGπρνγyinψGtoGOG
mγthrm{μ}ovρrlinρ{mγthrm{μ}}GPGorG˛‡˛‡GγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 9
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283 xμsρrvγtionGoτG±OX|PGpγirGproπuνtionGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 29

282
|ργrνhGτorGγnomγlousG–tμGνouplinψsGγnπGτlγvourTνhγnψinψGnρutrγlGνurrρntsGinGtTνhγnnρlGsinψlρGtopG
quγrkGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 26

281 vργsurρmρntGoτGthρGsρmilρptoniνGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGRG˛‡GproπuνtionGνrossGsρνtionGinG
ppGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

280 vργsurρmρntsGoτGthρGppGTgG–˛‡˛‡GγnπGppGTgGZ˛‡˛‡GνrossGsρνtionsGγnπGlimitsGonGγnomγlousGquγrtiνGψγuψρG
νouplinψsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 2

279 |ργrνhGτorGnρwGphρnomρnγGwithGthρGvγriγμlρGinGthρGγllThγπroniνGτinγlGstγtρGproπuνρπGinG
protonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2017SG__SG_XW 4.2 54

278 vργsurρmρntsGoτGπiττρrρntiγlGproπuνtionGνrossGsρνtionsGτorGγGZGμosonGinGγssoνiγtionGwithGjρtsGinGppG
νollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

277 |ργrνhGτorGhργvyGrρsonγnνρsGπρνγyinψGtoGtγuGlρptonGpγirsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZG
PG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

276 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGγGvρνtorTlikρGquγrkGπρνγyinψGtoGγGtopGquγrkGγnπGγGqiψψsGμosonG
usinψGμoostρπGtopoloψiρsGinGτullyGhγπroniνGτinγlGstγtρsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 9

275 vργsurρmρntGoτGthρGtrγnsvρrsρGmomρntumGspρνtrγGoτGwργkGvρνtorGμosonsGproπuνρπGinG
protonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 15

274 |upprρssionGγnπGγzimuthγlGγnisotropyGoτGpromptGγnπGnonpromptGℓoormulγcGsρρGtρxt√GproπuνtionGinG
yμyμGνollisionsGγtGℓoormulγcGsρρGtρxt√ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2017SG__SGY]Y 4.2 58

273 |ργrνhρsGτorGpγirGproπuνtionGoτGthirπTψρnρrγtionGsquγrksGinGℓoormulγcGsρρGtρxt√ℓoormulγcGsρρGtρxt√G
ppGνollisionsUGEuropeanrPhysicalrJournalrCSG2017SG__SGZY_ 4.2 17

272 vργsurρmρntGoτGthρGtopGquγrkGmγssGusinψGsinψlρGtopGquγrkGρvρntsGinGprotonTprotonGνollisionsGγtG
ℓoormulγcGsρρGtρxt√´ }ρ’UGEuropeanrPhysicalrJournalrCSG2017SG__SGZ][ 4.2 8

271 |ργrνhρsGτorGinvisiμlρGπρνγysGoτGthρGqiψψsGμosonGinGppGνollisionsGγtGOGsqrt{s}GPGfG_SGaSGγnπGXZG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 74

270 |ργrνhGτorGmγssivρGrρsonγnνρsGπρνγyinψGintoG––SG–ZGorGZZGμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

269 |ργrνhGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwithGhργvyTτlγvorGquγrkGpγirsGinGprotonTprotonG
νollisionsGγtUGEuropeanrPhysicalrJournalrCSG2017SG__SGa[] 4.2 22

268 }hρGlv|GuρvρlTXGρlρνtronGγnπGphotonGtriψψρrcGτorG{unGrrGoτGuqlUGJournalrofrInstrumentationSG2017SG
XYSGlWYWX[TlWYWX[ 1 2

267
vργsurρmρntGoτGρlρνtrowργkTinπuνρπGproπuνtionGoτG–˛‡GwithGtwoGjρtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
}ρ’GγnπGνonstrγintsGonGγnomγlousGquγrtiνGψγuψρGνouplinψsUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 9

266 |ργrνhρsGτorG–hGμosonsGπρνγyinψGtoGγGtopGquγrkGγnπGγGμottomGquγrkGinGprotonTprotonGνollisionsGγtG
XZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7
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265 vργsurρmρntGoτGthρGinνlusivρGρnρrψyGspρνtrumGinGthρGvρryGτorwγrπGπirρνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 5

264 |ργrνhGτorGπirρνtGproπuνtionGoτGsupρrsymmρtriνGpγrtnρrsGoτGthρGtopGquγrkGinGthρGγllTjρtsGτinγlGstγtρG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 18

263 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGνhγrψinosGγnπGnρutrγlinosGinG–qGρvρntsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

262
|ργrνhGτorGpγirGproπuνtionGoτGvρνtorTlikρG}GγnπGkGquγrksGinGsinψlρTlρptonGτinγlGstγtρsGusinψGμoostρπG
jρtGsuμstruνturρGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 20

261 |ργrνhGτorGtopGsquγrkGpγirGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’GusinψGsinψlρGlρptonG
ρvρntsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 25

260 |ργrνhGτorGtopGquγrkGπρνγysGviγGqiψψsTμosonTmρπiγtρπGτlγvorTνhγnψinψGnρutrγlGνurrρntsGinGppG
νollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 12

259
vργsurρmρntGoτGthρGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGνrossGsρνtionGusinψGρvρntsGwithG
onρGlρptonGγnπGγtGlργstGonρGjρtGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 14

258 |ργrνhGτorGγGhργvyGrρsonγnνρGπρνγyinψGtoGγGtopGquγrkGγnπGγGvρνtorTlikρGtopGquγrkGγtGOGsqrt{s}fXZGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

257
|ργrνhGτorGphysiνsGμρyonπGthρGstγnπγrπGmoπρlGinGρvρntsGwithGtwoGlρptonsGoτGsγmρGsiψnSGmissinψG
trγnsvρrsρGmomρntumSGγnπGjρtsGinGprotonTprotonGνollisionsGγtUGEuropeanrPhysicalrJournalrCSG2017SG
__SG]_a

4.2 21

256 |ργrνhGτorGtopGquγrkGpγrtnρrsGwithGνhγrψρG]VZGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 3

255 |ργrνhGτorGliψhtGμosonsGinGπρνγysGoτGthρGXY]Gpρ’GqiψψsGμosonGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 21

254 vργsurρmρntsGoτGjρtGνhγrψρGwithGπijρtGρvρntsGinGppGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 10

253 |ργrνhGτorGγssoνiγtρπGproπuνtionGoτGγGZGμosonGwithGγGsinψlρGtopGquγrkGγnπGτorGtZGτlγvourTνhγnψinψG
intρrγνtionsGinGppGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 10

252 |ργrνhGτorGnρwGphysiνsGwithGπijρtGγnψulγrGπistriμutionsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

251 |ργrνhGτorGπγrkGmγttρrGproπuνρπGwithGγnGρnρrψρtiνGjρtGorGγGhγπroniνγllyGπρνγyinψG–GorGZGμosonGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 46

250
|ργrνhGτorGthirπTψρnρrγtionGsνγlγrGlρptoquγrksGγnπGhργvyGriψhtThγnπρπGnρutrinosGinGτinγlGstγtρsGwithG
twoGtγuGlρptonsGγnπGtwoGjρtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2017SGYWX_SGX

5.4 35

249 |ργrνhGτorGnρwGphρnomρnγGwithGmultiplρGνhγrψρπGlρptonsGinGprotonâ��protonGνollisionsGγtGOsqrt{s}fG
XZPGOStρxtG{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2017SG__SGX 4.2 2

248 |ργrνhGτorGhργvyGrρsonγnνρsGthγtGπρνγyGintoGγGvρνtorGμosonGγnπGγGqiψψsGμosonGinGhγπroniνGτinγlG
stγtρsGγtUGEuropeanrPhysicalrJournalrCSG2017SG__SG^Z^ 4.2 20
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247 }hρGlv|GuρvρlTXGlγlorimρtρrG}riψψρrGτorGthρGuqlG{unGrrUGJournalrofrInstrumentationSG2017SGXYSGlWXW^]TlWXW^]1 4

246 |ργrνhGτorGhiψhTmγssGZ˛‡GrρsonγnνρsGinGρRρâ��˛‡GγnπG˛…GRG˛…Gâ��˛‡GτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPGγnπGXZG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

245
|ργrνhGτorGhργvyGnρutrinosGorGthirπTψρnρrγtionGlρptoquγrksGinGτinγlGstγtρsGwithGtwoGhγπroniνγllyG
πρνγyinψGˇ�GlρptonsGγnπGtwoGjρtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 18

244 |ργrνhGτorGlyGviolγtionGinGOGtovρrlinρ{t}GPGproπuνtionGγnπGπρνγyGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

243 vργsurρmρntGoτGthρGtriplρTπiττρrρntiγlGπijρtGνrossGsρνtionGinGprotonTprotonGνollisionsGγtGγnπG
νonstrγintsGonGpγrtonGπistriμutionGτunνtionsUGEuropeanrPhysicalrJournalrCSG2017SG__SG_[^ 4.2 8

242 |ργrνhGτorGγGliψhtGpsρuπosνγlγrGqiψψsGμosonGproπuνρπGinGγssoνiγtionGwithGμottomGquγrksGinGppG
νollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

241
|ργrνhGτorGsupρrsymmρtryGinGρvρntsGwithGγtGlργstGonρGphotonSGmissinψGtrγnsvρrsρGmomρntumSGγnπG
lγrψρGtrγnsvρrsρGρvρntGγνtivityGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 10

240 jGnovρlGoypjTμγsρπGtrγνkGrρνonstruνtionGγpproγνhGτorGthρGlρvρlTXGtriψψρrGoτGthρGlv|GρxpρrimρntGγtG
ln{wG2017SG 1

239 vργsurρmρntsGoτGpropρrtiρsGoτGthρGqiψψsGμosonGπρνγyinψGintoGthρGτourTlρptonGτinγlGstγtρGinGppG
νollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 77

238 jnGoypjGμγsρπGtrγνkGτinπρrGτorGthρGuXGtriψψρrGoτGthρGlv|GρxpρrimρntGγtGthρGqiψhGuuminosityGuqlUG
JournalrofrInstrumentationSG2017SGXYSGyXYWXbTyXYWXb 1 20

237 |ργrνhGτorGπγrkGmγttρrGγnπGunpγrtiνlρsGinGρvρntsGwithGγGZGμosonGγnπGmissinψGtrγnsvρrsρGmomρntumG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 16

236 oorwγrπTμγνkwγrπGγsymmρtryGoτGmrρllT±γnGlρptonGpγirsGinGppGνollisionsGγtGℓoormulγcGsρρG
tρxt√ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZY] 4.2 13

235 |ργrνhGτorGnρwGphysiνsGinGsγmρTsiψnGπilρptonGρvρntsGinGprotonTprotonGνollisionsGγtGℓoormulγcGsρρG
tρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[Zb 4.2 34

234 {unGYGupψrγπρsGtoGthρGlv|GuρvρlTXGνγlorimρtρrGtriψψρrUGJournalrofrInstrumentationSG2016SGXXSGlWXW]XTlWXW]X1 1

233 jnGoypjTμγsρπGtrγνkGτinπρrGτorGthρGuXGtriψψρrGoτGthρGlv|GρxpρrimρntGγtGthρGhiψhGluminosityGuqlG
2016SG 4

232 vργsurρmρntGoτGπijρtGγzimuthγlGπρνorrρlγtionGinGpp´ νollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanr
PhysicalrJournalrCSG2016SG_^SG]Z^ 4.2 6

231 |ργrνhGτorGπγrkGmγttρrGpγrtiνlρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’GusinψGthρGrγzorG
vγriγμlρsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 2

230 |ργrνhGτorGsGνhγnnρlGsinψlρGtopGquγrkGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 8
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229 vργsurρmρntGoτGinνlusivρGjρtGproπuνtionGγnπGnuνlργrGmoπiτiνγtionsGinGpyμGνollisionsGγtGℓoormulγcG
sρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZ_Y 4.2 24

228
vργsurρmρntGoτGπiττρrρntiγlGγnπGintρψrγtρπGτiπuνiγlGνrossGsρνtionsGτorGqiψψsGμosonGproπuνtionGinG
thρGτourTlρptonGπρνγyGνhγnnρlGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX

5.4 15

227 vργsurρmρntGoτGthρGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGνrossGsρνtionGinGthρGρ˛…GνhγnnρlGinG
protonTprotonGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 30

226 |ργrνhGτorGnρwGphysiνsGwithGthρGvG}YGvγriγμlρGinGγllTjρtsGτinγlGstγtρsGproπuνρπGinGppGνollisionsGγtGOG
sqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 16

225 |ργrνhGτorGπγrkGmγttρrGinGprotonTprotonGνollisionsGγtGaG}ρ’GwithGmissinψGtrγnsvρrsρGmomρntumGγnπG
vρνtorGμosonGtγψψρπGjρtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

224 nviπρnνρGτorGρxνlusivρG˛‡˛‡GTgG–GRG–Gâ��GproπuνtionGγnπGνonstrγintsGonGγnomγlousGquγrtiνGψγuψρG
νouplinψsGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 27

223 |ργrνhGτorGsupρrsymmρtryGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’GinGthρGsinψlρTlρptonGτinγlGstγtρGusinψG
thρGsumGoτGmγssρsGoτGlγrψρTrγπiusGjρtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 7

222 |ργrνhGτorGπirρνtGpγirGproπuνtionGoτGsupρrsymmρtriνGtopGquγrksGπρνγyinψGtoGγllThγπroniνGτinγlGstγtρsG
inGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^W 4.2 14

221 jzimuthγlGπρνorrρlγtionGoτGjρtsGwiπρlyGsρpγrγtρπGinGrγpiπityGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

220 yhρnomρnoloψiνγlGv||vGintρrprρtγtionGoτGlv|GsργrνhρsGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 11

219 vργsurρmρntGoτGthρGmγssGoτGthρGtopGquγrkGinGπρνγysGwithGγGsVˇ�GmρsonGinGppGνollisionsGγtGaG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 5

218 vργsurρmρntGoτGthρGinνlusivρGjρtGνrossGsρνtionGinGppGνollisionsGγtGOsqrt{s}GfGYU_^StρxtG{}ρ’}PUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX 4.2 17

217
vργsurρmρntGoτGℓoormulγcGsρρGtρxt√GproπuνtionGwithGγππitionγlGjρtGγνtivitySGinνluπinψGℓoormulγcGsρρG
tρxt√GquγrkGjρtsSGinGthρGπilρptonGπρνγyGνhγnnρlGusinψGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanr
PhysicalrJournalrCSG2016SG_^SGZ_b

4.2 20

216 vργsurρmρntGoτGthρGπiττρrρntiγlGνrossGsρνtionGγnπGνhγrψρGγsymmρtryGτorGinνlusivρGℓoormulγcGsρρG
tρxt√GproπuνtionGγtGℓoormulγcGsρρGtρxt√G}ρ’UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^b 4.2 37

215 xμsρrvγtionGoτGtopGquγrkGpγirsGproπuνρπGinGγssoνiγtionGwithGγGvρνtorGμosonGinGppGνollisionsGγtGOG
sqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 18

214 |ργrνhGτorG–hGTgGtμGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2016SGYWX^SGX 5.4 2

213 lorrρlγtionsGμρtwρρnGjρtsGγnπGνhγrψρπGpγrtiνlρsGinGyμyμGγnπGppGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}fYU_^GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

212 |ργrνhGτorGthρGproπuνtionGoτGγnGρxνitρπGμottomGquγrkGπρνγyinψGtoGt–GinGprotonTprotonGνollisionsGγtG
OGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 2
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211 |ργrνhGτorGρxνitρπGlρptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX 5.4 10

210 vργsurρmρntGoτGthρGℓoormulγcGsρρGtρxt√GproπuνtionGνrossGsρνtionGinGthρGγllTjρtsGτinγlGstγtρGinGppG
νollisionsGγtGℓoormulγcGsρρGtρxt√ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXYa 4.2 21

209 nvρntGψρnρrγtorGtunρsGoμtγinρπGτromGunπρrlyinψGρvρntGγnπGmultipγrtonGsνγttρrinψGmργsurρmρntsUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX]] 4.2 250

208 |ργrνhGτorGmγssivρG–qGrρsonγnνρsGπρνγyinψGintoGthρGℓoormulγcGsρρGtρxt√GτinγlGstγtρGγtGℓoormulγcGsρρG
tρxt√ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SGYZ_ 4.2 19

207 |ργrνhGτorGγGmγssivρGrρsonγnνρGπρνγyinψGintoGγGqiψψsGμosonGγnπGγG–GorGZGμosonGinGhγπroniνGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

206 vργsurρmρntGoτGtopGquγrkGpolγrisγtionGinGtTνhγnnρlGsinψlρGtopGquγrkGproπuνtionUGJournalrofrHighr
EnergyrPhysicsSG2016SGYWX^SGX 5.4 7

205 |ργrνhGτorGhργvyGvγjorγnγGnρutrinosGinGρ´–ρ´–RGjρtsGγnπGρ´–G˛…G´–RGjρtsGρvρntsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 28

204
|ργrνhGτorGγGvρryGliψhtGwv||vGqiψψsGμosonGproπuνρπGinGπρνγysGoτGthρGXY]Gpρ’GsνγlγrGμosonGγnπG
πρνγyinψGintoGˇ�GlρptonsGinGppGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 16

203 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGqiψψsGμosonGproπuνtionGinGthρGπiphotonGπρνγyG
νhγnnρlGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXZ 4.2 35

202
|ργrνhGτorGnρwGphysiνsGinGτinγlGstγtρsGwithGtwoGoppositρTsiψnSGsγmρTτlγvorGlρptonsSGjρtsSGγnπGmissinψG
trγnsvρrsρGmomρntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 7

201 }riψψρrinψGonGρlρνtronsSGjρtsGγnπGtγuGlρptonsGwithGthρGlv|GupψrγπρπGνγlorimρtρrGtriψψρrGτorGthρG
uqlG{~wGrrUGJournalrofrInstrumentationSG2016SGXXSGlWYWWaTlWYWWa 1 6

200 mρνomposinψGtrγnsvρrsρGmomρntumGμγlγnνρGνontriμutionsGτorGquρnνhρπGjρtsGinGyμyμGνollisionsGγtGOG
sqrt{s_{mγthrm{w}dmγthrm{w}}}fYU_^GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 13

199 vργsurρmρntGoτGthρGπouμlρTπiττρrρntiγlGinνlusivρGjρtGνrossGsρνtionGinGprotonTprotonGνollisionsGγtG
ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[]X 4.2 36

198 vργsurρmρntGoτGthρGℓoormulγcGsρρGtρxt√GνrossGsρνtionGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√G}ρ’γnπG
limitsGonGγnomγlousGψγuψρGνouplinψsUGEuropeanrPhysicalrJournalrCSG2016SG_^SG[WX 4.2 38

197 |ργrνhGτorGqiψψsGμosonGoττTshρllGproπuνtionGinGprotonTprotonGνollisionsGγtG_GγnπGaG}ρ’GγnπG
πρrivγtionGoτGνonstrγintsGonGitsGtotγlGπρνγyGwiπthUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

196
|ργrνhGτorGlρptonGτlγvourGviolγtinψGπρνγysGoτGhργvyGrρsonγnνρsGγnπGquγntumGμlγνkGholρsGtoGγnG
ℓoormulγcGsρρGtρxt√GpγirGinGprotonTprotonGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalr
CSG2016SG_^SGZX_

4.2 9

195 vργsurρmρntGoτGρlρνtrowργkGproπuνtionGoτGγG–GμosonGγnπGtwoGτorwγrπGjρtsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 4

194 uXGtrγνkGτinπinψGτorGγGtimρGmultiplρxρπGtriψψρrUGNuclearrInstrumentsrandrMethodsrinrPhysicsrResearch,r
SectionrA:rAccelerators,rSpectrometers,rDetectorsrandrAssociatedrEquipmentSG2016SGaY[SGY^aTY^b 1.2 2
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193 vργsurρmρntGoτGtrγnsvρrsρGmomρntumGrρlγtivρGtoGπijρtGsystρmsGinGyμyμGγnπGppGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}fYU_^GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

192 |ργrνhGτorGγnomγlousGsinψlρGtopGquγrkGproπuνtionGinGγssoνiγtionGwithGγGphotonGinGppGνollisionsGγtGOG
sqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 20

191 |ργrνhGτorGπirρνtGpγirGproπuνtionGoτGsνγlγrGtopGquγrksGinGthρGsinψlρTGγnπGπilρptonGνhγnnρlsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 6

190 |ργrνhGτorGthρGγssoνiγtρπGproπuνtionGoτGγGqiψψsGμosonGwithGγGsinψlρGtopGquγrkGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 10

189 |ργrνhGτorGγGstγnπγrπGmoπρlGqiψψsGμosonGproπuνρπGinGγssoνiγtionGwithGγGtopTquγrkGpγirGγnπG
πρνγyinψGtoGμottomGquγrksGusinψGγGmγtrixGρlρmρntGmρthoπUGEuropeanrPhysicalrJournalrCSG2015SG_]SGY]X 4.2 55

188 vργsurρmρntGoτGρlρνtrowργkGproπuνtionGoτGtwoGjρtsGinGγssoνiγtionGwithGγGZGμosonGinGprotonTprotonG
νollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2015SG_]SG^^ 4.2 21
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νollisionsGγtGthρGuqlUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 35

114 |tuπiρsGoτGjρtGmγssGinGπijρtGγnπG–VZGRGjρtGρvρntsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

113 vργsurρmρntGoτGthρGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGνrossGsρνtionGinGthρGγllTjρtGτinγlG
stγtρGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14

112 vργsurρmρntGoτGthρG OZa_YPGproπuνtionGνrossGsρνtionGviγGπρνγysGtoGsVˇ�ˇ�GRGˇ�Gâ��GinGppGνollisionsGγtGOG
sqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 44

111 |tuπyGoτGthρGunπρrlyinψGρvρntGγtGτorwγrπGrγpiπityGinGppGνollisionsGγtGOG
sqrt{s}fWUbSYU_^Sdmγthrm{γnπ}d_dmγthrm{}ρ’}GPUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

110 |ργrνhGτorGnρwGphysiνsGinGρvρntsGwithGphotonsSGjρtsSGγnπGmissinψGtrγnsvρrsρGρnρrψyGinGppGνollisionsG
γtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 15

109 |ργrνhGτorGnρwGphysiνsGinGρvρntsGwithGsγmρTsiψnGπilρptonsGγnπGμGjρtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 33

108 |ργrνhGinGlρptoniνGνhγnnρlsGτorGhργvyGrρsonγnνρsGπρνγyinψGtoGlonψTlivρπGnρutrγlGpγrtiνlρsUGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 30

107 |ργrνhGτorGρxotiνGrρsonγnνρsGπρνγyinψGintoG–ZVZZGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 16

106 |ργrνhGτorGsupρrsymmρtryGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√G}ρ’GinGρvρntsGwithGγGsinψlρGlρptonSG
jρtsSGγnπGmissinψGtrγnsvρrsρGmomρntumUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[W[ 4.2 15

105 |ργrνhGτorGγGstγnπγrπTmoπρlTlikρGqiψψsGμosonGwithGγGmγssGinGthρGrγnψρGX[]GtoGXWWWGpρ’GγtGthρGuqlUG
EuropeanrPhysicalrJournalrCSG2013SG_ZSGY[^b 4.2 49

104
vργsurρmρntGoτGthρGproπuνtionGνrossGsρνtionGτorGOGmγthrm{Z}ψγmmγGtoGnuGovρrlinρ{nu}ψγmmγGPGinG
ppGνollisionsGγtGOGsqrt{s}GfG_GPG}ρ’GγnπGlimitsGonGZZ˛‡GγnπGZ˛‡˛‡GtriplρGψγuψρGμosonGνouplinψsUGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX

5.4 12
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25



103
vργsurρmρntGoτGthρG–TμosonGhρliνityGinGtopTquγrkGπρνγysGτromGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPG
proπuνtionGinGlρptonRjρtsGρvρntsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2013SGYWXZSGX

5.4 25

102
|ργrνhGτorGsupρrsymmρtryGinGhγπroniνGτinγlGstγtρsGwithGmissinψGtrγnsvρrsρGρnρrψyGusinψGthρG
vγriγμlρsGγnπGμTquγrkGmultipliνityGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG
2013SG_ZSGY]^a

4.2 82

101
vργsurρmρntGoτGthρGhγπroniνGγνtivityGinGρvρntsGwithGγGZGγnπGtwoGjρtsGγnπGρxtrγνtionGoτGthρGνrossG
sρνtionGτorGthρGρlρνtrowργkGproπuνtionGoτGγGZGwithGtwoGjρtsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX

5.4 10

100 vργsurρmρntGoτGmγssρsGinGthρGℓoormulγcGsρρGtρxt√GsystρmGμyGkinρmγtiνGρnπpointsGinGppGνollisionsGγtG
ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[b[ 4.2 37

99 |ργrνhGτorGphysiνsGμρyonπGthρGstγnπγrπGmoπρlGinGρvρntsGwithGlρptonsSGjρtsSGγnπGlγrψρGtrγnsvρrsρG
momρntumGimμγlγnνρGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[bZ4.2 10

98 vργsurρmρntGoτGthρGOmγthrm{t}μγr{mγthrm{t}}PGproπuνtionGνrossGsρνtionGinGthρGˇ�RjρtsGνhγnnρlGinGppG
νollisionsGγtGOsqrt{s}f_Gmμox{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 21

97 sρtGγnπGunπρrlyinψGρvρntGpropρrtiρsGγsGγGτunνtionGoτGνhγrψρπTpγrtiνlρGmultipliνityGinGprotonTprotonG
νollisionsGγtGℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY^_[ 4.2 24

96 |ργrνhGτorGtopTsquγrkGpγirGproπuνtionGinGthρGsinψlρTlρptonGτinγlGstγtρGinGppGνollisionsGγtGOsqrt{s}faG
mγthrm{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 162

95 vργsurρmρntGoτGthρGπiττρrρntiγlGγnπGπouμlρTπiττρrρntiγlGmrρllT±γnGνrossGsρνtionsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfG_G}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 43

94 vργsurρmρntGoτGthρGνrossGsρνtionGγnπGγnψulγrGνorrρlγtionsGτorGγssoνiγtρπGproπuνtionGoτGγGZGμosonG
withGμGhγπronsGinGppGνollisionsGγtGOGsqrt{s}GPGfG_G}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 26

93
vργsurρmρntGoτGthρGrγtioGoτGthρGinνlusivρGZTjρtGνrossGsρνtionGtoGthρGinνlusivρGYTjρtGνrossGsρνtionGinG
ppGνollisionsGγtGOsqrt{s}GfG_Gmγthrm{}ρ’}PGγnπGτirstGπρtρrminγtionGoτGthρGstronψGνouplinψGνonstγntGinG
thρG}ρ’GrγnψρUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX

4.2 50

92 vργsurρmρntGoτGthρG–R–â��GνrossGsρνtionGinGppGνollisionsGγtGOsqrt{s}GfG_mμox{G}ρ’}PGγnπGlimitsGonG
γnomγlousG––˛‡GγnπG––ZGνouplinψsUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 56

91 |ργrνhGτorGnγrrowGrρsonγnνρsGγnπGquγntumGμlγνkGholρsGinGinνlusivρGγnπGμTtγψψρπGπijρtGmγssGspρνtrγG
τromGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 37

90 vργsurρmρntGoτGthρGZZGproπuνtionGνrossGsρνtionGγnπGsργrνhGτorGγnomγlousGνouplinψsGinGYâ��Yâ��hGτinγlG
stγtρsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

89 |ργrνhGτorGsupρrsymmρtryGinGτinγlGstγtρsGwithGmissinψGtrγnsvρrsρGρnρrψyGγnπGWSGXSGYSGorGâ�¥ZGμTquγrkG
jρtsGinG_G}ρ’GppGνollisionsGusinψGthρGvγriγμlρG˛–G}UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 29

88 |ργrνhGτorGhργvyGquγrksGπρνγyinψGintoGγGtopGquγrkGγnπGγG–GorGZGμosonGusinψGlρptonGRGjρtsGρvρntsGinG
ppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 12

87 vργsurρmρntGoτGthρGsumGoτG––GγnπG–ZGproπuνtionGwithG–RπijρtGρvρntsGinGppGνollisionsGγtG
ℓoormulγcGsρρGtρxt√UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGYYaZ 4.2 45

86 vργsurρmρntGoτGπiττρrρntiγlGtopTquγrkTpγirGproπuνtionGνrossGsρνtionsGinGppGνollisionsGγtGOsqrt{s}GfG_G
mγthrm{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 102
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85 lv|GlρvρlTXGupψrγπρGνγlorimρtρrGtriψψρrGprototypρGπρvρlopmρntUGJournalrofrInstrumentationSG2013SG
aSGlWYWXZTlWYWXZ 1 1

84 |tuπyGoτGhiψhTpG}GνhγrψρπGpγrtiνlρGsupprρssionGinGyμyμGνompγrρπGtoGppGνollisionsGγtG
Osqrt{s_{mγthrm{ww}}}fYU_^~mγthrm{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 316

83 lρntrγlityGπρpρnπρnνρGoτGπihγπronGνorrρlγtionsGγnπGγzimuthγlGγnisotropyGhγrmoniνsGinGyμyμG
νollisionsGγtGOsqrt{s_{ww}}fGYU_^Gmμox{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 158

82 sρtGproπuνtionGrγtρsGinGγssoνiγtionGwithG–GγnπGZGμosonsGinGppGνollisionsGγtGOGsqrtG{s}GfG_G{tρxt{}ρ’}}GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 37

81 nxνlusivρG˛‡˛‡GTgG˛…GRG˛…Gâ��GproπuνtionGinGprotonTprotonGνollisionsGγtGOGsqrtG{s}GfG{_}GPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 45

80 vργsurρmρntGoτGthρGproπuνtionGνrossGsρνtionGτorGpγirsGoτGisolγtρπGphotonsGinGppGνollisionsGγtGOGsqrtG
{s}GfG_d}ρ’GPUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 20

79 rnνlusivρGμTjρtGproπuνtionGinGppGνollisionsGγtGOsqrtG{s}GfG_}ρ’PUGJournalrofrHighrEnergyrPhysicsSG2012SG
YWXYSGX 5.4 30

78 |ργrνhGτorGquγrkGνompositρnρssGinGπijρtGγnψulγrGπistriμutionsGτromGppGνollisionsGγtGOGsqrtG{s}GfG_{G}GPG
}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 12

77 |upprρssionGoτGnonTpromptGsVˇ�SGpromptGsVˇ�SGγnπGOG~psilonGPOX|PGinGyμyμGνollisionsGγtGOGsqrtG
{{{s_{tρxt{ww}}}}}GfGYU_^GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 184

76 |ργrνhGτorGhργvyGμottomTlikρGquγrksGinG[UbGτμâ��XGoτGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 44

75 vργsurρmρntGoτGthρGνrossGsρνtionGτorGproπuνtionGoτGOGμovρrlinρGμG GPGπρνγyinψGtoGmuonsGinGppG
νollisionsGγtGOGsqrtG{s}GfG_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 3

74 vργsurρmρntGoτGthρGZV˛‡QGRGμTjρtGνrossGsρνtionGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 24

73 |hγpρSGtrγnsvρrsρGsizρSGγnπGνhγrψρπThγπronGmultipliνityGoτGjρtsGinGppGνollisionsGγtGOGsqrt{s}f_d}ρ’GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 27

72 |ργrνhGτorGγnomγlousGproπuνtionGoτGmultilρptonGρvρntsGinGppGνollisionsGγtGOGsqrtG{s}GfG_S}ρ’GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 65

71 |ργrνhGτorGγGliψhtGνhγrψρπGqiψψsGμosonGinGtopGquγrkGπρνγysGinGppGνollisionsGγtGOGsqrtG{s}GfG_d}ρ’GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 101

70 |ργrνhGτorGlρptoniνGπρνγysGoτG–hGμosonsGinGppGνollisionsGγtGOGsqrtG{s}GfG{_}GPG}ρ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 43

69 |ργrνhGτorGstoppρπGlonψTlivρπGpγrtiνlρsGproπuνρπGinGppGνollisionsGγtGOGsqrtG{s}GfG{tρxt{_}ρ’}}GPUGJournalr
ofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 17

68 |ργrνhGτorGnρwGphysiνsGinGρvρntsGwithGsγmρTsiψnGπilρptonsGγnπGμTtγψψρπGjρtsGinGppGνollisionsGγtGOGsqrtG
{s}GfG_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 24
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67 vργsurρmρntGoτGthρGunπρrlyinψGρvρntGγνtivityGinGppGνollisionsGγtGOGsqrtG{s}GfGWUbGPGγnπG_G}ρ’GwithGthρG
novρlGjρtTγrργVmρπiγnGγpproγνhUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 11

66 |ργrνhGτorGγnomγlousGOGtovρrlinρGtGPGproπuνtionGinGthρGhiψhlyTμoostρπGγllThγπroniνGτinγlGstγtρUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 57

65 |ργrνhGτorGπγrkGmγttρrGγnπGlγrψρGρxtrγGπimρnsionsGinGmonojρtGρvρntsGinGppGνollisionsGγtGOGsqrtG{s}GfG
{_}GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 155

64 |ργrνhGτorGγGτρrmiophoμiνGqiψψsGμosonGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}ρ’UGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 13

63 |ργrνhGτorGsupρrsymmρtryGinGhγπroniνGτinγlGstγtρsGusinψGvG}YGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 92

62 vργsurρmρntGoτGjρtGτrγψmρntγtionGintoGνhγrψρπGpγrtiνlρsGinGppGγnπGyμyμGνollisionsGγtGOG
sqrt{{{s_{mγthrm{ww}}}}}GfGYU_^GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 73

61 vργsurρmρntGoτGthρGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGνrossGsρνtionGinGthρGπilρptonG
νhγnnρlGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 64

60
|ργrνhGτorGρxνlusivρGorGsρmiTρxνlusivρG˛‡˛‡GproπuνtionGγnπGoμsρrvγtionGoτGρxνlusivρGγnπG
sρmiTρxνlusivρGρRρâ��GproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG
2012SGYWXYSGX

5.4 45

59 |ργrνhGτorGthρGstγnπγrπGmoπρlGqiψψsGμosonGproπuνρπGinGγssoνiγtionGwithG–GγnπGZGμosonsGinGppG
νollisionsGγtGOGsqrt{s}f_GP}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 6

58 |ργrνhGτorGρlρνtrowργkGproπuνtionGoτGνhγrψinosGγnπGnρutrγlinosGusinψGlρptoniνGτinγlGstγtρsGinGppG
νollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 41

57 |ργrνhGτorGnρwGphysiνsGwithGlonψTlivρπGpγrtiνlρsGπρνγyinψGtoGphotonsGγnπGmissinψGρnρrψyGinGppG
νollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 10

56 |ργrνhGτorGrρsonγntGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGproπuνtionGinGlρptonRjρtsGρvρntsGinGppG
νollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 25

55 xμsρrvγtionGoτGZGπρνγysGtoGτourGlρptonsGwithGthρGlv|GπρtρνtorGγtGthρGuqlUGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 30

54 vργsurρmρntGoτGthρGsinψlρTtopTquγrkGtTνhγnnρlGνrossGsρνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 70

53 |ργrνhGτorGthirπTψρnρrγtionGlρptoquγrksGγnπGsνγlγrGμottomGquγrksGinGppGνollisionsGγtGOGsqrt{s}f_d}ρ’G
PUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 12

52 vργsurρmρntGoτGthρGtopTquγrkGmγssGinGOGmγthrm{t}ovρrlinρ{mγthrm{t}}GPGρvρntsGwithGlρptonRjρtsG
τinγlGstγtρsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}ρ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 30

51 vργsurρmρntGoτGthρGunπρrlyinψGρvρntGinGthρGmrρllâ��±γnGproνρssGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}GfG_~mμox{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 30

50 |tuπyGoτGthρGinνlusivρGproπuνtionGoτGνhγrψρπGpionsSGkγonsSGγnπGprotonsGinGppGνollisionsGγtGOsqrt{s}GfG
WUbSGYU_^Smμox{GγnπG}_~mμox{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 133
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49 jGsργrνhGτorGγGπouμlyTνhγrψρπGqiψψsGμosonGinGppGνollisionsGγtGOsqrt{s}GfG_Gmμox{}ρ’}PUGEuropeanr
PhysicalrJournalrCSG2012SG_YSGX 4.2 111

48 vργsurρmρntGoτGthρGtopTquγrkGmγssGinGOmγthrm{t}ovρrlinρ{mγthrm{t}}PGρvρntsGwithGπilρptonGτinγlG
stγtρsGinGppGνollisionsGγtGOsqrt{s}f_Gmμox{}ρ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 36

47
{γtiosGoτGπijρtGproπuνtionGνrossGsρνtionsGγsGγGτunνtionGoτGthρGγμsolutρGπiττρrρnνρGinGrγpiπityG
μρtwρρnGjρtsGinGprotonâ��protonGνollisionsGγtGOsqrt{s}GfG_Gmγthrm{}ρ’}PUGEuropeanrPhysicalrJournalrCSG
2012SG_YSGX

4.2 17

46 vργsurρmρntGoτGthρGrρlγtivρGpromptGproπuνtionGrγtρGoτGγnπGinGppGνollisionsGγtGℓoormulγcGsρρGtρxt√UG
EuropeanrPhysicalrJournalrCSG2012SG_YSGYY]X 4.2 46

45 oorwγrπGρnρrψyGτlowSGνρntrγlGνhγrψρπTpγrtiνlρGmultipliνitiρsSGγnπGpsρuπorγpiπityGψγpsGinG–GγnπGZG
μosonGρvρntsGτromGppGνollisionsGγtGOsqrt{s}fG_PG}ρ’UGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 11

44 sVˇ�GγnπGˇ�OY|PGproπuνtionGinGppGνollisionsGγtGOGsqrtG{s}GfG_{tρxt{}ρv}}GPUGJournalrofrHighrEnergyrPhysicsSG
2012SGYWXYSGX 5.4 69

43 |ργrνhGτorGthρGstγnπγrπGmoπρlGqiψψsGμosonGinGthρGqGTgGZZGTgGYâ��Y˛‰GνhγnnρlGinGppGνollisionsGγtGOGsqrtG
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