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j Paper IF Citations

439
rnνlusivρGγnπGπiττρrρntiγlGνrossGsρνtionGmργsurρmρntsGoτGsinχlρGtopGquγrkGproπuνtionGinGγssoνiγtionG
witψGγG±GμosonGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2022SGYWYYSGX

5.4 0

438
}ργrνψGτorGτlγvorTνψγnχinχGnρutrγlGνurrρntGintρrγνtionsGoτGtψρGtopGquγrkGγnπGtψρGqiχχsGμosonG
πρνγyinχGtoGγGμottomGquγrkTγntiquγrkGpγirGγtGKKGsqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2022SGYWYYSGX

5.4 1

437 }ργrνψGτorGlonχTlivρπGpγrtiνlρsGπρνγyinχGtoGlρptonsGwitψGlγrχρGimpγνtGpγrγmρtρrGinGprotonTprotonG
νollisionsGγtGUUGEuropeansPhysicalsJournalsCSG2022SGaYSGX]Z 4.2 0

436 }tuπyGoτGπijρtGρvρntsGwitψGlγrχρGrγpiπityGsρpγrγtionGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfG
YU_^G~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4

435 }ργrνψGτorGlowTmγssGπilρptonGrρsonγnνρsGinGqiχχsGμosonGπρνγysGtoGτourTlρptonGτinγlGstγtρsGinG
protonTprotonGνollisionsGγtGUUGEuropeansPhysicalsJournalsCSG2022SGaYSGYbW 4.2 0

434
}ργrνψGτorGsupρrsymmρtryGinGτinγlGstγtρsGwitψGtwoGorGtψrρρGsoτtGlρptonsGγnπGmissinχGtrγnsvρrsρG
momρntumGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2022SGYWYYSGX

5.4 0

433 }ργrνψGτorGγGriχψtTψγnπρπG—GμosonGγnπGγGψργvyGnρutrinoGinGprotonTprotonGνollisionsGγtGKKGsqrt{s}GKKG
fGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4 0

432 }ργrνψGτorGγGψργvyGrρsonγnνρGπρνγyinχGintoGγGtopGquγrkGγnπGγG—GμosonGinGtψρGlρptonRjρtsGτinγlGstγtρG
γtGKKGsqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4 0

431 }ργrνψGτorGψργvyGrρsonγnνρsGπρνγyinχGtoG±±GorG±—GγnπGγxionTlikρGpγrtiνlρsGmρπiγtinχGnonrρsonγntG
±±GorG±qGproπuνtionGγtGKKGsqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4 0

430 vργsurρmρntGγnπGzlmGγnγlysisGoτGπouμlρTπiττρrρntiγlGinνlusivρGjρtGνrossGsρνtionsGinGprotonTprotonG
νollisionsGγtGKKGsqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4 0

429 }ργrνψGτorGρlρνtrowργkGproπuνtionGoτGνψγrχinosGγnπGnρutrγlinosGinGprotonTprotonGνollisionsGγtGKKG
sqrt{s}GKKGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4 0

428 vργsurρmρntGoτGtψρGinνlusivρGKKGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GKKGproπuνtionGνrossGsρνtionGinG
protonTprotonGνollisionsGγtGKKGsqrt{s}GKKGfG]UWYG~ρ–UGJournalsofsHighsEnergysPhysicsSG2022SGYWYYSGX 5.4

427 lomμinρπGsργrνψρsGτorGtψρGproπuνtionGoτGsupρrsymmρtriνGtopGquγrkGpγrtnρrsGinGprotonTprotonG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2021SGaXSGb_W 4.2 3

426 }ργrνψGτorGπγrkGpψotonsGinGqiχχsGμosonGproπuνtionGviγGvρνtorGμosonGτusionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 2

425 vργsurρmρntsGoτGproπuνtionGνrossGsρνtionsGγnπGνonstrγintsGonGγnomγlousGtriplρGχγuχρGνouplinχsG
γtUGEuropeansPhysicalsJournalsCSG2021SGaXSGYWW 4.2 5

424 vργsurρmρntGoτGtψρGinνlusivρGγnπGπiττρrρntiγlGqiχχsGμosonGproπuνtionGνrossGsρνtionsGinGtψρG
lρptoniνG——GπρνγyGmoπρGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 3

423
}ργrνψGτorGnonrρsonγntGqiχχsGμosonGpγirGproπuνtionGinGτinγlGstγtρsGwitψGtwoGμottomGquγrksGγnπG
twoGpψotonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SG
YWYXSGX

5.4 4

Alberto Sanchez-Hernandez

2



422 }ργrνψGτorGnρwGpψysiνsGinGtopGquγrkGproπuνtionGwitψGγππitionγlGlρptonsGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}GPGfGXZG~ρ–GusinχGρττρνtivρGτiρlπGtψρoryUGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 4

421 lv}G{ylGμγνkχrounπGâ��GstuπiρsGγnπGmργsurρmρntsUGJournalsofsInstrumentationSG2021SGX^SGlW[WW] 1 0

420 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorG±GμosonsGproπuνρπGinGγssoνiγtionGwitψGνψγrmGjρtsGinG
ppGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 1

419 ~owγrπsGγGtwoTπimρnsionγlGrργπoutGoτGtψρGimprovρπGlv}G{ρsistivρGylγtρGlψγmμρrGwitψGγGnρwG
τrontTρnπGρlρνtroniνsUGJournalsofsInstrumentationSG2021SGX^SGlW[WWX 1 1

418
}ργrνψGτorGsupρrsymmρtryGinGτinγlGstγtρsGwitψGtwoGoppositρlyGνψγrχρπGsγmρTτlγvorGlρptonsGγnπG
missinχGtrγnsvρrsρGmomρntumGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2021SGYWYXSGX

5.4 6

417 mρvρlopmρntGγnπGvγliπγtionGoτGqn{—rp´ _GtunρsGτromGlv}GunπρrlyinχTρvρntGmργsurρmρntsUG
EuropeansPhysicalsJournalsCSG2021SGaXSGZXY 4.2 1

416 jnχulγrGγnγlysisGoτGtψρGπρνγyGkRGTgGtQOabYPR˛…R˛…â��GinGprotonTprotonGνollisionsGγtGOGsqrt{mγtψrm{s}}GPGfG
aG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 2

415 vργsurρmρntGoτGtψρGqiχχsGμosonGproπuνtionGrγtρGinGγssoνiγtionGwitψGtopGquγrksGinGτinγlGstγtρsGwitψG
ρlρνtronsSGmuonsSGγnπGψγπroniνγllyGπρνγyinχGtγuGlρptonsGγtUGEuropeansPhysicalsJournalsCSG2021SGaXSGZ_a 4.2 5

414 orontTρnπGρlρνtroniνsGτorGlv}Gi{ylGπρtρνtorsUGJournalsofsInstrumentationSG2021SGX^SGlW]WWY 1 1

413 vργsurρmρntGoτGμGjρtGsψγpρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfG]UWYG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2021SGYWYXSGX 5.4 0

412 rnTmρπiumGmoπiτiνγtionGoτGπijρtsGinGyμyμGνollisionsGγtGOGsqrt{s_{mγtψrm{ww}}}GPGfG]UWYG~ρ–UGJournals
ofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 0

411 vργsurρmρntsGoτGproπuνtionGνrossGsρνtionsGoτGtψρGqiχχsGμosonGinGtψρGτourTlρptonGτinγlGstγtρGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2021SGaXSG[aa 4.2 5

410 vργsurρmρntsGoτGqiχχsGμosonGproπuνtionGνrossGsρνtionsGγnπGνouplinχsGinGtψρGπipψotonGπρνγyG
νψγnnρlGγtGOGsqrt{mγtψrm{s}}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 3

409 }ργrνψGτorGtψρGlρptonGτlγvorGviolγtinχGπρνγyGˇ�GTgGZ˛…GinGprotonTprotonGνollisionsGγtGOGsqrt{mγtψrm{s}}GPGfG
XZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 1

408 }ργrνψGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwitψGγGlρptoniνγllyGπρνγyinχGμosonGinGprotonTprotonG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2021SGaXSGXZ 4.2 7

407 nviπρnνρGτorGqiχχsGμosonGπρνγyGtoGγGpγirGoτGmuonsUGJournalsofsHighsEnergysPhysicsSG2021SGYWYXSGX 5.4 14

406 }ργrνψGτorGtopGsquγrkGpγirGproπuνtionGusinχGπilρptonGτinγlGstγtρsGinGνollisionGπγtγGνollρνtρπGγtUG
EuropeansPhysicalsJournalsCSG2021SGaXSGZ 4.2 5

405 ~ψρGvρryGτorwγrπGlj}~x{GνγlorimρtρrGoτGtψρGlv}GρxpρrimρntUGJournalsofsInstrumentationSG2021SGX^SGyWYWXWTyWYWXW1 4
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404 v’}ilcGγGmoπρlTunspρνiτiνGsργrνψGτorGnρwGpψysiνsGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicals
JournalsCSG2021SGaXSG^Yb 4.2 4

403 }ργrνψGτorGγGψργvyGvρνtorGrρsonγnνρGπρνγyinχGtoGγG´ μosonGγnπGγGqiχχsGμosonGinGprotonTprotonG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2021SGaXSG^aa 4.2 0

402 }ργrνψGτorGνψγrχρπGqiχχsGμosonsGproπuνρπGinGvρνtorGμosonGτusionGproνρssρsGγnπGπρνγyinχGintoG
vρνtorGμosonGpγirsGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2021SGaXSG_YZ 4.2 3

401 vργsurρmρntsGoτGγnχulγrGπistγnνρGγnπGmomρntumGrγtioGπistriμutionsGinGtψrρρTjρtGγnπGRGtwoTjρtG
τinγlGstγtρsGinGνollisionsUGEuropeansPhysicalsJournalsCSG2021SGaXSGa]Y 4.2 0

400 yrρνisionGluminosityGmργsurρmρntGinGprotonTprotonGνollisionsGγtGinGYWX]GγnπGYWX^GγtGlv}UG
EuropeansPhysicalsJournalsCSG2021SGaXSGaWW 4.2 7

399 nττρνtsGoτGtψρGρlρνtroniνGtψrρsψolπGonGtψρGpρrτormγnνρGoτGtψρG{ylGsystρmGoτGtψρGlv}GρxpρrimρntUG
JournalsofsInstrumentationSG2020SGX]SGlWbWY]TlWbWY] 1

398 yρrτormγnνρGoτGtψρGlv}GuρvρlTXGtriχχρrGinGprotonTprotonGνollisionsGγtGâ��sGfGXZG~ρ–UGJournalsofs
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

397 }ργrνψGτorGπρνγysGoτGtψρGXY]Gpρ–GqiχχsGμosonGintoGγG±GμosonGγnπGγGˇ�GorGhGmρsonUGJournalsofsHighs
EnergysPhysicsSG2020SGYWYWSGX 5.4 2

396 nviπρnνρGτorG~opGzuγrkGyroπuνtionGinGwuνlρusTwuνlρusGlollisionsUGPhysicalsReviewsLettersSG2020SG
XY]SGYYYWWX 7.4 1

395 }ργrνψGτorGπirρνtGtopGsquγrkGpγirGproπuνtionGinGρvρntsGwitψGonρGlρptonSGjρtsSGγnπGmissinχGtrγnsvρrsρG
momρntumGγtGXZG~ρ–GwitψGtψρGlv}GρxpρrimρntUGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 12

394 }ργrνψGτorGψiχψGmγssGπijρtGrρsonγnνρsGwitψGγGnρwGμγνkχrounπGprρπiνtionGmρtψoπGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 20

393
}ργrνψGτorGsupρrsymmρtryGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–GinGρvρntsGwitψG
ψiχψTmomρntumG±GμosonsGγnπGmissinχGtrγnsvρrsρGmomρntumUGJournalsofsHighsEnergysPhysicsSG2020SG
YWYWSGX

5.4 1

392 vργsurρmρntGoτGtopGquγrkGpγirGproπuνtionGinGγssoνiγtionGwitψGγG±GμosonGinGprotonTprotonGνollisionsG
γtGOGsqrt{mγtψrm{s}}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 8

391 }ργrνψGτorGγnGρxνitρπGlρptonGtψγtGπρνγysGviγGγGνontγνtGintρrγνtionGtoGγGlρptonGγnπGtwoGjρtsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 1

390
}ργrνψGτorGnρwGnρutrγlGqiχχsGμosonsGtψrouχψGtψρGOGmγtψrm{q}toGmγtψrm{±j}toG
{ρll}√{R}{ρll}√{T}mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}GPGproνρssGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX

5.4 10

389 }ργrνψGτorGπirρνtGpγirGproπuνtionGoτGsupρrsymmρtriνGpγrtnρrsGtoGtψρGlρptonGinGprotonTprotonG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2020SGaWSGXab 4.2 3

388 {ylGupχrγπρGprojρνtGτorGlv}GyψγsρGrrUGJournalsofsInstrumentationSG2020SGX]SGlW]W_YTlW]W_Y 1 1

387 vixρπGψiχψρrTorπρrGγnisotropiνGτlowGγnπGnonlinργrGrρsponsρGνoρττiνiρntsGoτGνψγrχρπGpγrtiνlρsGinG
νollisionsGγtGγnπG]UWYUGEuropeansPhysicalsJournalsCSG2020SGaWSG]Z[ 4.2 6
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386
vργsurρmρntGoτGtψρGνrossGsρνtionGτorGρlρνtrowργkGproπuνtionGoτGγG±GμosonSGγGpψotonGγnπGtwoGjρtsG
inGprotonTprotonGνollisionsGγtGOGsqrt{mγtψrm{s}}GPGfGXZG~ρ–GγnπGνonstrγintsGonGγnomγlousGquγrtiνG
νouplinχsUGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX

5.4 7

385
mρtρrminγtionGoτGtψρGstronχGνouplinχGνonstγntG˛–}Om±PGτromGmργsurρmρntsGoτGinνlusivρG—´–GγnπG±G
μosonGproπuνtionGνrossGsρνtionsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγtψrm{s}}GPGfG_GγnπGaG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX

5.4 2

384
vργsurρmρntGoτGtψρGtopGquγrkGτorwγrπTμγνkwγrπGproπuνtionGγsymmρtryGγnπGtψρGγnomγlousG
νψromoρlρνtriνGγnπGνψromomγχnρtiνGmomρntsGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2020SGYWYWSGX

5.4 3

383 vργsurρmρntGoτGρlρνtrowργkGproπuνtionGoτGγGμosonGinGγssoνiγtionGwitψGtwoGjρtsGinGprotonTprotonG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2020SGaWSG[Z 4.2 6

382 }ργrνψGτorGtopGsquγrkGpγirGproπuνtionGinGγGτinγlGstγtρGwitψGtwoGtγuGlρptonsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 1

381 nviπρnνρGτorGOtρxtG{—}tρxtG{—}PGproπuνtionGτromGπouμlρTpγrtonGintρrγνtionsGinGprotonâ��protonG
νollisionsGγtGOsqrt{s}GfGXZGStρxtG{~ρ–}GPUGEuropeansPhysicalsJournalsCSG2020SGaWSGX 4.2 4

380 }ργrνψGτorGproπuνtionGoτGτourGtopGquγrksGinGτinγlGstγtρsGwitψGsγmρTsiχnGorGmultiplρGlρptonsGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2020SGaWSG_] 4.2 24

379 }ργrνψρsGτorGpψysiνsGμρyonπGtψρGstγnπγrπGmoπρlGwitψGtψρGvγriγμlρGinGψγπroniνGτinγlGstγtρsGwitψGγnπG
witψoutGπisγppργrinχGtrγνksGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2020SGaWSGZ 4.2 16

378 nxtrγνtionGγnπGvγliπγtionGoτGγGnρwGsρtGoτGlv}GpytψiγaGtunρsGτromGunπρrlyinχTρvρntGmργsurρmρntsUG
EuropeansPhysicalsJournalsCSG2020SGaWSG[ 4.2 61

377 lonstrγintsGonGtψρGˇ�_{νX}GvρrsusGˇ�_{νY}GyolγrizγtionsGinGyrotonTyrotonGlollisionsGγtGsqrtµs−faGG~ρ–UG
PhysicalsReviewsLettersSG2020SGXY[SGX^YWWY 7.4 6

376 }ργrνψGτorGlρptonGτlγvourGviolγtinχGπρνγysGoτGγGnρutrγlGψργvyGqiχχsGμosonGtoG˛…ˇ�GγnπGρˇ�GinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 6

375 jGsργrνψGτorGtψρGstγnπγrπGmoπρlGqiχχsGμosonGπρνγyinχGtoGνψγrmGquγrksUGJournalsofsHighsEnergys
PhysicsSG2020SGYWYWSGX 5.4 9

374 }ργrνψGτorGγGwγrrowG{ρsonγnνρGuiχψtρrGtψγnGYWW´ pρ–GmρνγyinχGtoGγGyγirGoτGvuonsGinGyrotonTyrotonG
lollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2020SGXY[SGXZXaWY 7.4 12

373 }ργrνψGτorGγGψργvyGqiχχsGμosonGπρνγyinχGtoGγGpγirGoτG—GμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 11

372 }ργrνψGτorGπγrkGmγttρrGpγrtiνlρsGproπuνρπGinGγssoνiγtionGwitψGγGqiχχsGμosonGinGprotonTprotonG
νollisionsGγtGOGsqrt{mγtψrm{s}}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 7

371 jGmultiTπimρnsionγlGsργrνψGτorGnρwGψργvyGrρsonγnνρsGπρνγyinχGtoGμoostρπGSGSGorGμosonGpγirsGinGtψρG
πijρtGτinγlGstγtρGγtGXZ´ UGEuropeansPhysicalsJournalsCSG2020SGaWSGYZ_ 4.2 10

370 vργsurρmρntGoτGsinχlρTπiττrγνtivρGπijρtGproπuνtionGinGprotonTprotonGνollisionsGγtGwitψGtψρGlv}GγnπG
~x~nvGρxpρrimρntsUGEuropeansPhysicalsJournalsCSG2020SGaWSGXX^[ 4.2 0

369 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGγnπGνψγrχρGrγtiosGτorGTνψγnnρlGsinχlρGtopGquγrkG
proπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2020SGaWSGZ_W 4.2 4
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368
vργsurρmρntGoτGOψμoxG{t}{μγr{ψμoxG{t}}}PGnormγlisρπGmultiTπiττρrρntiγlGνrossGsρνtionsGinGO{tρxtG
{p}}{tρxtG{p}}GPGνollisionsGγtGOsqrt{s}fXZS{tρxtG{~ρ–}}GPSGγnπGsimultγnρousGπρtρrminγtionGoτGtψρGstronχG
νouplinχGstrρnχtψSGtopGquγrkGpolρGmγssSGγnπGpγrtonGπistriμutionGτunνtionsUGEuropeansPhysicals
JournalsCSG2020SGaWSGX

4.2 13

367 {ylGsystρmGinGtψρGlv}GuρvρlTXGvuonG~riχχρrUGJournalsofsInstrumentationSG2020SGX]SGlXWWW_TlXWWW_ 1 0

366 jGnρwGγpproγνψGτorGlv}G{ylGνurrρntGmonitorinχGusinχGvγνψinρGuργrninχGtρνψniquρsUGJournalsofs
InstrumentationSG2020SGX]SGlXWWWbTlXWWWb 1

365 lv}G{ylGγνtivitiρsGπurinχGuqlGu}TYUGJournalsofsInstrumentationSG2020SGX]SGlXWWY]TlXWWY] 1 0

364 jχinχGstuπyGonG{ρsistivρGylγtρGlψγmμρrsGoτGtψρGlv}GvuonGmρtρνtorGτorGquTuqlUGJournalsofs
InstrumentationSG2020SGX]SGlXXWWYTlXXWWY 1 0

363 rmprovρπT{ylGτorGtψρGlv}GmuonGsystρmGupχrγπρGτorGtψρGquTuqlUGJournalsofsInstrumentationSG2020SG
X]SGlXXWXYTlXXWXY 1 1

362
}ργrνψGτorGγGνψγrχρπGqiχχsGμosonGπρνγyinχGintoGtopGγnπGμottomGquγrksGinGρvρntsGwitψGρlρνtronsGorG
muonsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγtψrm{s}}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2020SGYWYWSGX

5.4 16

361 mρpρnπρnνρGoτGinνlusivρGjρtGproπuνtionGonGtψρGγntiTk~GπistγnνρGpγrγmρtρrGinGppGνollisionsGγtGOG
sqrt{mγtψrm{s}}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 3

360 rnνlusivρGsργrνψGτorGψiχψlyGμoostρπGqiχχsGμosonsGπρνγyinχGtoGμottomGquγrkTγntiquγrkGpγirsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 1

359 nxpρriρnνρsGτromGtψρG{ylGπγtγGtγkinχGπurinχGtψρGlv}G{’wTYUGJournalsofsInstrumentationSG2020SGX]SGlXWWY_TlXWWY_1 2

358 xμsρrvγtionGoτGtψρGyroπuνtionGoτG~ψrρρGvγssivρGpγuχρGkosonsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviews
LettersSG2020SGXY]SGX]XaWY 7.4 2

357 ~ψρGproπuνtionGoτGisolγtρπGpψotonsGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγtψrm{ww}}}GPGfG]UWYG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 2

356 rnvρstiχγtionGintoGtψρGρvρntTγνtivityGπρpρnπρnνρGoτGhOn}PGrρlγtivρGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfG_G~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 3

355 kosρTninstρinGνorrρlγtionsGoτGνψγrχρπGψγπronsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 2

354 nxpρrimρntγlGstuπyGoτGπiττρrρntGsiliνonGsρnsorGoptionsGτorGtψρGupχrγπρGoτGtψρGlv}GxutρrG~rγνkρrUG
JournalsofsInstrumentationSG2020SGX]SGyW[WX_TyW[WX_ 1 2

353 }ργrνψGτorGρlρνtrowργkGproπuνtionGoτGγGvρνtorTlikρG~GquγrkGusinχGτullyGψγπroniνGτinγlGstγtρsUGJournals
ofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 8

352
}ργrνψGτorGγGψργvyGpsρuπosνγlγrGqiχχsGμosonGπρνγyinχGintoGγGXY]Gpρ–GqiχχsGμosonGγnπGγG±GμosonGinG
τinγlGstγtρsGwitψGtwoGtγuGγnπGtwoGliχψtGlρptonsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2020SGYWYWSGX

5.4 5

351 vργsurρmρntGoτGpropρrtiρsGoτGOG{mγtψrm{k}}_{mγtψrm{s}}√WGPTgG˛…R˛…â��GπρνγysGγnπGsργrνψGτorGkWTgG˛…R˛…â��G
witψGtψρGlv}GρxpρrimρntUGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 10
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350 }ργrνψGτorGγGliχψtGpsρuπosνγlγrGqiχχsGμosonGinGtψρGμoostρπG˛…˛…ˇ� ˇ�GτinγlGstγtρGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 9

349 yρrτormγnνρGoτGtψρGrρνonstruνtionGγnπGiπρntiτiνγtionGoτGψiχψTmomρntumGmuonsGinGprotonTprotonG
νollisionsGγtGâ��sGfGXZG~ρ–UGJournalsofsInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

348 vργsurρmρntGoτGquγrkTGγnπGχluonTlikρGjρtGτrγνtionsGusinχGjρtGνψγrχρGinGyμyμGγnπGppGνollisionsGγtG
]UWYG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 4

347 vργsurρmρntGoτGtψρGνrossGsρνtionGτorGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGproπuνtionGwitψGγππitionγlG
jρtsGγnπGμGjρtsGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 1

346 }ργrνψGτorGνψγrχρπGqiχχsGμosonsGπρνγyinχGintoGγGtopGγnπGγGμottomGquγrkGinGtψρGγllTjρtGτinγlGstγtρGoτG
ppGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 13

345 }ργrνψGτorGψργvyGqiχχsGμosonsGπρνγyinχGtoGγGtopGquγrkGpγirGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPG
fGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 18

344 lγliμrγtionGoτGtψρGlv}GψγπronGνγlorimρtρrsGusinχGprotonTprotonGνollisionGπγtγGγtGâ��sGfGXZG~ρ–UG
JournalsofsInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

343 vργsurρmρntGoτGtψρGsρtGvγssGmistriμutionGγnπG~opGzuγrkGvγssGinGqγπroniνGmρνγysGoτGkoostρπG~opG
zuγrksGinGppGlollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2020SGXY[SGYWYWWX 7.4 2

342 xμsρrvγtionGoτGtψρGk_{s}√{W}Tg OZa_YPhGmρνγyUGPhysicalsReviewsLettersSG2020SGXY]SGX]YWWX 7.4 4

341 }tuπyGoτGνρntrγlGρxνlusivρGproπuνtionGinGprotonTprotonGνollisionsGγtGγnπGXZ~ρ–UGEuropeansPhysicals
JournalsCSG2020SGaWSG_Xa 4.2 2

340 }ργrνψGτorGpψysiνsGμρyonπGtψρGstγnπγrπGmoπρlGinGρvρntsGwitψGjρtsGγnπGtwoGsγmρTsiχnGorGγtGlργstG
tψrρρGνψγrχρπGlρptonsGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2020SGaWSG_]Y 4.2 2

339 }tuπiρsGoτGlψγrmGzuγrkGmiττusionGinsiπρGsρtsG’sinχGyμTyμGγnπGppGlollisionsGγtG
sqrtµs_{ww}−f]UWYGG~ρ–UGPhysicalsReviewsLettersSG2020SGXY]SGXWYWWX 7.4 3

338 }ργrνψGτorGpψysiνsGμρyonπGtψρGstγnπγrπGmoπρlGinGmultilρptonGτinγlGstγtρsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 8

337 vργsurρmρntGoτGtψρGtopGquγrkGpγirGproπuνtionGνrossGsρνtionGinGπilρptonGτinγlGstγtρsGνontγininχGonρG
ˇ�GlρptonGinGppGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2020SGYWYWSGX 5.4 0

336 jzimutψγlGsρpγrγtionGinGnργrlyGμγνkTtoTμγνkGjρtGtopoloχiρsGinGinνlusivρGYTGγnπGZTjρtGρvρntsGinG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSG__Z 4.2 0

335
}ργrνψGτorGγGuiχψtGlψγrχρπGqiχχsGkosonGmρνγyinχGtoGγG—GkosonGγnπGγGlyTxππGqiχχsGkosonGinGoinγlG
}tγtρsGwitψGρ˛…˛…GorG˛…˛…˛…GinGyrotonTyrotonGlollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2019SG
XYZSGXZXaWY

7.4 6

334 }ργrνψGτorGνψγrχρπGqiχχsGμosonsGinGtψρGq´–GTgGˇ�´–˛‰ˇ�GπρνγyGνψγnnρlGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 24

333 }ργrνψGτorGrρsonγntGproπuνtionGoτGsρνonπTχρnρrγtionGslρptonsGwitψGsγmρTsiχnGπimuonGρvρntsGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGZW] 4.2 2
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332 }ργrνψGτorGtψρGνψirγlGmγχnρtiνGρττρνtGγtGtψρGuqlGwitψGtψρGlv}GρxpρrimρntUGNuclearsPhysicssASG2019SG
baYSG]Y_T]ZW 1.3 1

331
}ργrνψGτorGsupρrsymmρtryGwitψGγGνomprρssρπGmγssGspρνtrumGinGtψρGvρνtorGμosonGτusionGtopoloχyG
witψGXTlρptonGγnπGWTlρptonGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofs
HighsEnergysPhysicsSG2019SGYWXbSGX

5.4 8

330 uonχρvityGstuπiρsGonGtψρGlv}T{ylGsystρmUGJournalsofsInstrumentationSG2019SGX[SGlW]WXYTlW]WXY 1

329 }ργrνψGτorGγGlowTmγssGˇ�â��ˇ�RGrρsonγnνρGinGγssoνiγtionGwitψGγGμottomGquγrkGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 4

328
}ργrνψGτorGtψρGγssoνiγtρπGproπuνtionGoτGtψρGqiχχsGμosonGγnπGγGvρνtorGμosonGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–GviγGqiχχsGμosonGπρνγysGtoGˇ�GlρptonsUGJournalsofsHighsEnergysPhysicsSG
2019SGYWXbSGX

5.4 3

327 }ργrνψGτorGtψρGpγirGproπuνtionGoτGliχψtGtopGsquγrksGinGtψρGρ´–˛…hGτinγlGstγtρGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 4

326 vργsurρmρntGoτGγssoνiγtρπGproπuνtionGoτGγGμosonGγnπGγGνψγrmGquγrkGinGprotonTprotonGνollisionsGγtUG
EuropeansPhysicalsJournalsCSG2019SG_bSGY^b 4.2 9

325 lomμinρπGmργsurρmρntsGoτGqiχχsGμosonGνouplinχsGinGprotonTprotonGνollisionsGγtUGEuropeans
PhysicalsJournalsCSG2019SG_bSG[YX 4.2 153

324 }ργrνψGτorGsupρrsymmρtryGinGρvρntsGwitψGγGpψotonSGjρtsSGTjρtsSGγnπGmissinχGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGXZUGEuropeansPhysicalsJournalsCSG2019SG_bSG[[[ 4.2 1

323
vργsurρmρntsGoτGtψρGppGTgG—±GinνlusivρGγnπGπiττρrρntiγlGproπuνtionGνrossGsρνtionsGγnπGνonstrγintsG
onGνψγrχρπGγnomγlousGtriplρGχγuχρGνouplinχsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2019SGYWXbSGX

5.4 10

322 vργsurρmρntGoτGtψρGproπuνtionGνrossGsρνtionSGtψρGtopGquγrkGmγssSGγnπGtψρGstronχGνouplinχG
νonstγntGusinχGπilρptonGρvρntsGinGppGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGZ^a 4.2 27

321 vργsurρmρntGoτGtψρGρnρrχyGπρnsityGγsGγGτunνtionGoτGpsρuπorγpiπityGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}GfXZStρxtG{~ρ–}GPUGEuropeansPhysicalsJournalsCSG2019SG_bSGX 4.2 7

320
}ργrνψGτorGnonrρsonγntGqiχχsGμosonGpγirGproπuνtionGinGtψρGOG
mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}GPGτinγlGstγtρGγtGOGsqrt{s}GPGfGXZG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX

5.4 4

319 }ργrνψGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwitψGγGqiχχsGμosonGπρνγyinχGtoGγGpγirGoτGμottomG
quγrksGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGYaW 4.2 12

318 }ργrνψGτorGνontγνtGintρrγνtionsGγnπGlγrχρGρxtrγGπimρnsionsGinGtψρGπilρptonGmγssGspρνtrγGτromG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 8

317 }ργrνψGτorGvρνtorTlikρGquγrksGinGρvρntsGwitψGtwoGoppositρlyGνψγrχρπGlρptonsGγnπGjρtsGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGZ^[ 4.2 18

316 sρtG}ψγpρsGoτGrsolγtρπGyψotonT~γχχρπGsρtsGinGyμTyμGγnπGppGlollisionsGγtGsqrtµs_{ww}−f]UWYGG~ρ–UG
PhysicalsReviewsLettersSG2019SGXYYSGX]YWWX 7.4 8

315 }ργrνψGτorG—GkosonGmρνγysGtoG~ψrρρGlψγrχρπGyionsUGPhysicalsReviewsLettersSG2019SGXYYSGX]XaWY 7.4 1
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314 }ργrνψGτorGsinχlρGproπuνtionGoτGvρνtorTlikρGquγrksGπρνγyinχGtoGγGtopGquγrkGγnπGγGμosonGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGbW 4.2 6

313 }tuπyGoτGtψρGunπρrlyinχGρvρntGinGtopGquγrkGpγirGproπuνtionGinGνollisionsGγtGXZUGEuropeansPhysicals
JournalsCSG2019SG_bSGXYZ 4.2 4

312 }ργrνψGτorGrγrρGπρνγysGoτGγnπGqiχχsGμosonsGtoGγnπGγGpψotonGinGprotonTprotonGνollisionsGγtGfGXZUG
EuropeansPhysicalsJournalsCSG2019SG_bSGb[ 4.2 7

311 jG{oγπmγpGτorGqnyG}oτtwγrρGγnπGlomputinχG{MmGτorGtψρGYWYWsUGComputingsandsSoftwaresforsBigs
ScienceSG2019SGZSGX 6 43

310 }ργrνψGτorGnρwGpψysiνsGinGτinγlGstγtρsGwitψGγGsinχlρGpψotonGγnπGmissinχGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 9

309
vργsurρmρntsGoτGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGπiττρrρntiγlGνrossGsρνtionsGinGprotonTprotonG
νollisionsGγtGOGsqrt{mγtψrm{s}}fXZGPG~ρ–GusinχGρvρntsGνontγininχGtwoGlρptonsUGJournalsofsHighsEnergys
PhysicsSG2019SGYWXbSGX

5.4 15

308
}ργrνψGτorGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}mγtψrm{q}GPGproπuνtionGinGtψρGOGmγtψrm{q}toG
mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}GPGπρνγyGνψγnnρlGwitψGlρptoniνGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPG
πρνγysGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX

5.4 17

307 }ργrνψGτorGsupρrsymmρtryGinGρvρntsGwitψGγGpψotonSGγGlρptonSGγnπGmissinχGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GfGXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 2

306
vργsurρmρntGoτGinνlusivρGγnπGπiττρrρntiγlGqiχχsGμosonGproπuνtionGνrossGsρνtionsGinGtψρGπipψotonG
πρνγyGνψγnnρlGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SG
YWXbSGX

5.4 8

305 }ργrνψGτorGrρsonγntGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGproπuνtionGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 13

304 xμsρrvγtionGoτG}inχlρG~opGzuγrkGyroπuνtionGinGjssoνiγtionGwitψGγG±GkosonGinGyrotonTyrotonG
lollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2019SGXYYSGXZYWWZ 7.4 6

303 xμsρrvγtionGoτG~woGnxνitρπGk_{ν}√{R}G}tγtρsGγnπGvργsurρmρntGoτGtψρGk_{ν}√{R}OY}PGvγssGinGppG
lollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2019SGXYYSGXZYWWX 7.4 31

302 }ργrνψGτorGproπuνtionGoτGqiχχsGμosonGpγirsGinGtψρGτourGμGquγrkGτinγlGstγtρGusinχGlγrχρTγrργGjρtsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 7

301 }ργrνψGτorGψργvyGrρsonγnνρsGπρνγyinχGintoGtwoGqiχχsGμosonsGorGintoGγGqiχχsGμosonGγnπGγG—GorG±G
μosonGinGprotonTprotonGνollisionsGγtGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 7

300 }ργrνψGτorGψργvyGvγjorγnγGnρutrinosGinGsγmρTsiχnGπilρptonGνψγnnρlsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 14

299 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGinνlusivρGisolγtρπTpψotonGγnπGpψotonRjρtG
proπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGYW 4.2 4

298
}ργrνψGτorGψργvyGnρutrinosGγnπGtψirπTχρnρrγtionGlρptoquγrksGinGψγπroniνGstγtρsGoτGtwoGˇ�GlρptonsG
γnπGtwoGjρtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SG
YWXbSGX

5.4 18

297 }ργrνψGτorGγG—hGμosonGπρνγyinχGtoGγGvρνtorTlikρGquγrkGγnπGγGtopGorGμottomGquγrkGinGtψρGγllTjρtsGτinγlG
stγtρUGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 4
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296 }ργrνψGτorGtopGquγrkGpγrtnρrsGwitψGνψγrχρG]VZGinGtψρGsγmρTsiχnGπilρptonGγnπGsinχlρTlρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 9

295
rnνlusivρGsργrνψGτorGsupρrsymmρtryGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–GusinχGrγzorGvγriγμlρsGγnπG
μoostρπGoμjρνtGiπρntiτiνγtionGinGzρroGγnπGonρGlρptonGτinγlGstγtρsUGJournalsofsHighsEnergysPhysicsSG
2019SGYWXbSGX

5.4 2

294 }ργrνψGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwitψGγGsinχlρGtopGquγrkGorGγGtopGquγrkGpγirGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 8

293 }ργrνψGτorGρxνitρπGlρptonsGinGâ��â�� ˛‡GτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγtψrm{s}}fXZGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 2

292 }ργrνψGτorGnρwGpγrtiνlρsGπρνγyinχGtoGγGjρtGγnπGγnGρmρrχinχGjρtUGJournalsofsHighsEnergysPhysicsSG2019SG
YWXbSGX 5.4 15

291 }ργrνψGτorGγGψργvyGrρsonγnνρGπρνγyinχGtoGγGtopGquγrkGγnπGγGvρνtorTlikρGtopGquγrkGinGtψρGlρptonGRG
jρtsGτinγlGstγtρGinGppGνollisionsGγtGOsqrt{s}GfGXZStρxtG{~ρ–}GPUGEuropeansPhysicalsJournalsCSG2019SG_bSGX 4.2 6

290 vργsurρmρntGoτGρxνlusivρG´ pψotoproπuνtionGinGultrγpρripψρrγlGpyμGνollisionsGγtUGEuropeansPhysicals
JournalsCSG2019SG_bSG_WY 4.2 13

289 vργsurρmρntGoτGρxνlusivρGpψotoproπuνtionGτromGprotonsGinGyμGνollisionsGγtUGEuropeansPhysicals
JournalsCSG2019SG_bSGY__ 4.2 19

288 }ργrνψGτorGγGψργvyGpsρuπosνγlγrGμosonGπρνγyinχGtoGγG±GγnπGγGqiχχsGμosonGγtUGEuropeansPhysicals
JournalsCSG2019SG_bSG]^[ 4.2 20

287 }ργrνψGτorGsupρrsymmρtryGinGτinγlGstγtρsGwitψGpψotonsGγnπGmissinχGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 5

286 vργsurρmρntGoτGtψρGtopGquγrkGmγssGinGtψρGγllTjρtsGτinγlGstγtρGγtGγnπGνomμinγtionGwitψGtψρG
lρptonRjρtsGνψγnnρlUGEuropeansPhysicalsJournalsCSG2019SG_bSGZXZ 4.2 13

285 {ylGrγπiγtionGμγνkχrounπGsimulγtionsGτorGtψρGψiχψGluminosityGpψγsρGinGtψρGlv}GρxpρrimρntUG
JournalsofsInstrumentationSG2019SGX[SGlWbW[]TlWbW[] 1 2

284 qiχψGvoltγχρGνγliμrγtionGmρtψoπGτorGtψρGlv}G{ylGπρtρνtorUGJournalsofsInstrumentationSG2019SGX[SGlWbW[^TlWbW[^1 1

283 }ργrνψGτorGπγrkGpψotonsGinGπρνγysGoτGqiχχsGμosonsGproπuνρπGinGγssoνiγtionGwitψG±GμosonsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 7

282 }ργrνψGτorGsupρrsymmρtryGusinχGqiχχsGμosonGtoGπipψotonGπρνγysGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofs
HighsEnergysPhysicsSG2019SGYWXbSGX 5.4 2

281 vργsurρmρntsGoτGπiττρrρntiγlG±GμosonGproπuνtionGνrossGsρνtionsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 11

280 }ργrνψGτorGγnomγlousGtriplρGχγuχρGνouplinχsGinG——GγnπG—±GproπuνtionGinGlρptonGRGjρtGρvρntsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 9

279 }tuπyGoτGtψρGOG{mγtψrm{k}}√{R}toGmγtψrm{s}VuppsiGovρrlinρ{uγmμπγ}mγtψrm{p}GPGπρνγyGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GPGfGaG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 1

Alberto Sanchez-Hernandez

10



278
}ργrνψGτorGrρsonγnνρsGπρνγyinχGtoGγGpγirGoτGqiχχsGμosonsGinGtψρGμOGovρrlinρ{mγtψrm{μ}}GPqOG
ovρrlinρ{mγtψrm{q}}GPâ��â�� ˛‰GτinγlGstγtρGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2019SGYWXbSGX

5.4 5

277 qiχψG{γtρG{ylGπρtρνtorGτorGuqlUGJournalsofsInstrumentationSG2019SGX[SGlXWWZ_TlXWWZ_ 1

276 {nZVXGMG{n[VXG{ylGνψγmμρrsGintρχrγtionGinGtψρGinnρrGrρχionGoτGtψρGτorwγrπGmuonGspρνtromρtρrGinG
tψρGlv}GρxpρrimρntUGJournalsofsInstrumentationSG2019SGX[SGlXWWY_TlXWWY_ 1 1

275 ~ψρGlv}G{ylGπρtρνtorGpρrτormγnνρGγnπGstγμilityGπurinχGuqlG{’wTYUGJournalsofsInstrumentationSG
2019SGX[SGlXXWXYTlXXWXY 1 5

274 lv}G{ylGρττiνiρnνyGmργsurρmρntGusinχGtψρGtγχTγnπTproμρGmρtψoπUGJournalsofsInstrumentationSG
2019SGX[SGlXWWYWTlXWWYW 1

273 vργsurρmρntsGoτGtriplρTπiττρrρntiγlGνrossGsρνtionsGτorGinνlusivρGisolγtρπTpψotonRjρtGρvρntsGinG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGb^b 4.2 1

272 }ργrνψGτorGqργvyG}tγμlρGlψγrχρπGyγrtiνlρsGinGtψρGlv}GnxpρrimρntGusinχGtψρG{ylGyψγsρGrrGupχrγπρπG
πρtρνtorsUGJournalsofsInstrumentationSG2019SGX[SGlXXWXXTlXXWXX 1

271 vργsurρmρntGoτGtψρGπiττρrρntiγlGmrρllT¯γnGνrossGsρνtionGinGprotonTprotonGνollisionsGγtGOG
sqrt{mγtψrm{s}}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 6

270 }ργrνψGτorGtψρGproπuνtionGoτGτourGtopGquγrksGinGtψρGsinχlρTlρptonGγnπGoppositρTsiχnGπilρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 2

269 vργsurρmρntGoτGtψρGγvρrγχρGvρryGτorwγrπGρnρrχyGγsGγGτunνtionGoτGtψρGtrγνkGmultipliνityGγtGνρntrγlG
psρuπorγpiπitiρsGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2019SG_bSGabZ 4.2 6

268 }ργrνψGτorGsupρrsymmρtryGinGprotonTprotonGνollisionsGγtGXZG~ρ–GinGτinγlGstγtρsGwitψGjρtsGγnπGmissinχG
trγnsvρrsρGmomρntumUGJournalsofsHighsEnergysPhysicsSG2019SGYWXbSGX 5.4 21

267 }ργrνψGτorGnρwGpψysiνsGinGtopGquγrkGproπuνtionGinGπilρptonGτinγlGstγtρsGinGprotonTprotonGνollisionsG
γtUGEuropeansPhysicalsJournalsCSG2019SG_bSGaa^ 4.2 6

266 }ργrνψGτorGuowTvγssGzuγrkTjntiquγrkG{ρsonγnνρsGyroπuνρπGinGjssoνiγtionGwitψGγGyψotonGγtG
sqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2019SGXYZSGYZXaWZ 7.4 7

265 }tuπyGoτGπijρtGρvρntsGwitψGγGlγrχρGrγpiπityGχγpGμρtwρρnGtψρGtwoGlργπinχGjρtsGinGppGνollisionsGγtUG
EuropeansPhysicalsJournalsCSG2018SG_aSGY[Y 4.2 4

264 vργsurρmρntGoτGtψρG}plittinχGounνtionGinGppGγnπGyμTyμGlollisionsGγtGsqrtµs_{ww}−f]UWYGG~ρ–UG
PhysicalsReviewsLettersSG2018SGXYWSGX[YZWY 7.4 27

263 ysρuπorγpiπityGπistriμutionsGoτGνψγrχρπGψγπronsGinGprotonTlργπGνollisionsGγtGOG
sqrt{s_{mγtψrm{ww}}}f]UWYGPGγnπGaUX^G~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 4

262 }upprρssionGoτGnxνitρπGhG}tγtρsG{ρlγtivρGtoGtψρGprounπG}tγtρGinGyμTyμGlollisionsGγtG
sqrtµs−_{ww}f]UWYGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYWSGX[YZWX 7.4 12

261
}ργrνψGτorGrρsonγntGγnπGnonrρsonγntGqiχχsGμosonGpγirGproπuνtionGinGtψρGOG
mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}mγtψit{ρllGnuGρllGnuG}GPGτinγlGstγtρGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX

5.4 19
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260 }ργrνψGτorGnρwGpψysiνsGinGρvρntsGwitψGγGlρptoniνγllyGπρνγyinχG±GμosonGγnπGγGlγrχρGtrγnsvρrsρG
momρntumGimμγlγnνρGinGprotonTprotonGνollisionsGγtGfGXZUGEuropeansPhysicalsJournalsCSG2018SG_aSGYbX 4.2 17

259 vργsurρmρntsGoτGtψρGproπuνtionGνrossGsρνtionGγnπGtψρGμrγnνψinχGτrγνtionSGγnπGνonstrγintsGonG
γnomγlousGtriplρGχγuχρGνouplinχsGγtUGEuropeansPhysicalsJournalsCSG2018SG_aSGX^] 4.2 29

258 vργsurρmρntGoτGγssoνiγtρπG±GRGνψγrmGproπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicals
JournalsCSG2018SG_aSGYa_ 4.2 11

257
vργsurρmρntGoτGtψρGinνlusivρGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGνrossGsρνtionGinGppGνollisionsGγtGOG
sqrt{s}f]UWYGPG~ρ–GusinχGτinγlGstγtρsGwitψGγtGlργstGonρGνψγrχρπGlρptonUGJournalsofsHighsEnergysPhysicsSG
2018SGYWXaSGX

5.4 3

256 }ργrνψGτorGnγturγlGsupρrsymmρtryGinGρvρntsGwitψGtopGquγrkGpγirsGγnπGpψotonsGinGppGνollisionsGγtGOG
sqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4

255
}ργrνψGτorGsupρrsymmρtryGinGρvρntsGwitψGγtGlργstGtψrρρGρlρνtronsGorGmuonsSGjρtsSGγnπGmissinχG
trγnsvρrsρGmomρntumGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2018SGYWXaSGX

5.4 4

254 lomμinρπGsργrνψGτorGρlρνtrowργkGproπuνtionGoτGνψγrχinosGγnπGnρutrγlinosGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 45

253 }ργrνψGτorGρlρνtrowργkGproπuνtionGoτGνψγrχinosGγnπGnρutrγlinosGinGmultilρptonGτinγlGstγtρsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 40

252 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGinGtψρGkinρmγtiνGγnχulγrGvγriγμlρGhQGτorGinνlusivρG±G
μosonGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 2

251 lompγrinχGtrγnsvρrsρGmomρntumGμγlγnνρGoτGμGjρtGpγirsGinGppGγnπGyμyμGνollisionsGγtGOG
sqrt{s_{mγtψrm{ww}}}f]UWYGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 8

250 vργsurρmρntGoτGnormγlizρπGπiττρrρntiγlGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGνrossGsρνtionsGinGtψρG
πilρptonGνψγnnρlGτromGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 12

249 lonstrγintsGonGtψρGπouμlρTpγrtonGsνγttρrinχGνrossGsρνtionGτromGsγmρTsiχnG—GμosonGpγirGproπuνtionG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 13

248 }ργrνψGτorG±±GrρsonγnνρsGinGtψρGYâ��Y˛‰GτinγlGstγtρGinGprotonTprotonGνollisionsGγtGXZG~ρ–UGJournalsofs
HighsEnergysPhysicsSG2018SGYWXaSGX 5.4 3

247 sρtGpropρrtiρsGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγtψrm{w}dmγtψrm{w}}}f]UWYGPG~ρ–UGJournalsofs
HighsEnergysPhysicsSG2018SGYWXaSGX 5.4 7

246 }ργrνψGτorGγGnρwGsνγlγrGrρsonγnνρGπρνγyinχGtoGγGpγirGoτG±GμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 22

245 }ργrνψGτorGstγnπγrπGmoπρlGproπuνtionGoτGτourGtopGquγrksGwitψGsγmρTsiχnGγnπGmultilρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2018SG_aSGX[W 4.2 20

244 vργsurρmρntGoτGμGψγπronGliτρtimρsGinGppGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2018SG_aSG[]_ 4.2 9

243 xμsρrvγtionGoτGttµovρrG´fl−qGyroπuνtionUGPhysicalsReviewsLettersSG2018SGXYWSGYZXaWX 7.4 96
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242
}ργrνψGτorGyψysiνsGkρyonπGtψρG}tγnπγrπGvoπρlGinGnvρntsGwitψGqiχψTvomρntumGqiχχsGkosonsGγnπG
vissinχG~rγnsvρrsρGvomρntumGinGyrotonTyrotonGlollisionsGγtGXZ´ ~ρ–UGPhysicalsReviewsLettersSG2018SG
XYWSGY[XaWX

7.4 9

241 }ργrνψGτorGqργvyGwρutrγlGuρptonsGinGnvρntsGwitψG~ψrρρGlψγrχρπGuρptonsGinGyrotonTyrotonG
lollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYWSGYYXaWX 7.4 62

240 }ργrνψGτorGtψρG O]]^aPG}tγtρGmρνγyinχGintoGk_{s}√{W}ˇ�√{´–}GinGyrotonTyrotonGlollisionsGγtG
sqrtµs−faGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYWSGYWYWW] 7.4 36

239
vργsurρmρntsGoτGtψρGOmγtψrmG{p}mγtψrmG{p}riχψtγrrowGmγtψrm{±}mγtψrm{±}PGproπuνtionGνrossG
sρνtionGγnπGtψρGOmγtψrm{±}riχψtγrrowG[ρllGPGμrγnνψinχGτrγνtionSGγnπGνonstrγintsGonGγnomγlousGtriplρG
χγuχρGνouplinχsGγtGOsqrt{s}GfGXZStρxtG{~ρ–}GPG2018SG_aSGX

3

238 }ργrνψGτorGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}mγtψrm{q}GPGproπuνtionGinGtψρGγllTjρtGτinγlGstγtρGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 13

237 }ργrνψGτorGrρsonγnνρsGinGtψρGmγssGspρνtrumGoτGmuonGpγirsGproπuνρπGinGγssoνiγtionGwitψGμGquγrkGjρtsG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPGγnπGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 7

236 vργsurρmρntGoτGtψρGχroomρπGjρtGmγssGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγtψrm{ww}}}f]UWYGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 5

235
}ργrνψGτorGψργvyGrρsonγnνρsGπρνγyinχGintoGγGvρνtorGμosonGγnπGγGqiχχsGμosonGinGτinγlGstγtρsGwitψG
νψγrχρπGlρptonsSGnρutrinosGγnπGμGquγrksGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SG
YWXaSGX

5.4 7

234
}ργrνψGτorGnρwGpψρnomρnγGinGτinγlGstγtρsGwitψGtwoGoppositρTνψγrχρSGsγmρTτlγvorGlρptonsSGjρtsSGγnπG
missinχGtrγnsvρrsρGmomρntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2018SGYWXaSGX

5.4 14

233 }ργrνψGτorGnγturγlGγnπGsplitGsupρrsymmρtryGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–GinGτinγlG
stγtρsGwitψGjρtsGγnπGmissinχGtrγnsvρrsρGmomρntumUGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 39

232 }ργrνψGτorGπρνγysGoτGstoppρπGρxotiνGlonχTlivρπGpγrtiνlρsGproπuνρπGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 6

231
}ργrνψGτorGγnGρxotiνGπρνγyGoτGtψρGqiχχsGμosonGtoGγGpγirGoτGliχψtGpsρuπosνγlγrsGinGtψρGτinγlGstγtρGoτG
twoGmuonsGγnπGtwoGˇ�GlρptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2018SGYWXaSGX

5.4 14

230 }ργrνψGτorGγGνψγrχρπGqiχχsGμosonGπρνγyinχGtoGνψγrmGγnπGμottomGquγrksGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 16

229 }ργrνψGτorGtopGsquγrksGπρνγyinχGviγGτourTμoπyGorGνψγrχinoTmρπiγtρπGmoπρsGinGsinχlρTlρptonGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 6

228 lψγrχρπTpγrtiνlρGnuνlργrGmoπiτiνγtionGτγνtorsGinG ρ ρGνollisionsGγtGOGsqrt{s_{mγtψrm{ww}}}GfG]U[[GPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 11

227 vργsurρmρntGoτGtψρGtopGquγrkGmγssGwitψGlρptonRjρtsGτinγlGstγtρsGusinχGνollisionsGγtUGEuropeans
PhysicalsJournalsCSG2018SG_aSGabX 4.2 13

226 vργsurρmρntsGoτGtψρGπiττρrρntiγlGjρtGνrossGsρνtionGγsGγGτunνtionGoτGtψρGjρtGmγssGinGπijρtGρvρntsGτromG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 14

225 vργsurρmρntsGoτGqiχχsGμosonGpropρrtiρsGinGtψρGπipψotonGπρνγyGνψγnnρlGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 37
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224 nvρntGsψγpρGvγriγμlρsGmργsurρπGusinχGmultijρtGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 3

223 }ργrνψGτorGuρptoquγrksGlouplρπGtoG~ψirπTpρnρrγtionGzuγrksGinGyrotonTyrotonGlollisionsGγtG
sqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYXSGY[XaWY 7.4 20

222
}ργrνψρsGτorGpγirGproπuνtionGoτGνψγrχinosGγnπGtopGsquγrksGinGτinγlGstγtρsGwitψGtwoGoppositρlyG
νψγrχρπGlρptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2018SGYWXaSGX

5.4 12

221
}ργrνψGτorGnγrrowGγnπGμroγπGπijρtGrρsonγnνρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–GγnπG
νonstrγintsGonGπγrkGmγttρrGmρπiγtorsGγnπGotψρrGnρwGpγrtiνlρsUGJournalsofsHighsEnergysPhysicsSG2018SG
YWXaSGX

5.4 50

220 }ργrνψGτorG±˛‡GrρsonγnνρsGusinχGlρptoniνGγnπGψγπroniνGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 11

219 vργsurρmρntGoτGtψρGproπuνtionGνrossGsρνtionGτorGsinχlρGtopGquγrksGinGγssoνiγtionGwitψG—GμosonsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 5

218 }ργrνψGτorGμlγνkGψolρsGγnπGspψγlρronsGinGψiχψTmultipliνityGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 9

217 }ργrνψGτorGsupρrsymmρtryGinGρvρntsGwitψGγGˇ�GlρptonGpγirGγnπGmissinχGtrγnsvρrsρGmomρntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 14

216 xμsρrvγtionGoτGvρπiumTrnπuνρπGvoπiτiνγtionsGoτGsρtGorγχmρntγtionGinGyμTyμGlollisionsGγtG
sqrtµs_{ww}−f]UWYGG~ρ–G’sinχGrsolγtρπGyψotonT~γχχρπGsρtsUGPhysicalsReviewsLettersSG2018SGXYXSGY[YZWX 7.4 15

215 }ργrνψGτorGtψρGπρνγyGoτGγGqiχχsGμosonGinGtψρGâ��â�� ˛‡GνψγnnρlGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 11

214 nviπρnνρGτorGtψρGjssoνiγtρπGyroπuνtionGoτGγG}inχlρG~opGzuγrkGγnπGγGyψotonGinGyrotonTyrotonG
lollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYXSGYYXaWY 7.4 6

213 }ργrνψGτorGtψirπTχρnρrγtionGsνγlγrGlρptoquγrksGπρνγyinχGtoGγGtopGquγrkGγnπGγGlρptonGγtUGEuropeans
PhysicalsJournalsCSG2018SG_aSG_W_ 4.2 23

212 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGμosonGproπuνtionGinGγssoνiγtionGwitψGjρtsGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2018SG_aSGb^] 4.2 19

211 }tuπiρsGoτGγnπGmρsonsGinνluπinχGtψρGoμsρrvγtionGoτGtψρGπρνγyGinGprotonTprotonGνollisionsGγtUG
EuropeansPhysicalsJournalsCSG2018SG_aSGbZb 4.2 12

210 oγstGtiminχGmργsurρmρntGτorGlv}G{ylGyψγsρTrrGupχrγπρUGJournalsofsInstrumentationSG2018SGXZSGlWbWWXTlWbWWX1 2

209 xμsρrvγtionGoτGtψρG±Tgˇ�â��√{R}â��√{T}GmρνγyGinGppGlollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG
2018SGXYXSGX[XaWX 7.4 1

208 }ργrνψGτorGγGψργvyGrρsonγnνρGπρνγyinχGintoGγG±GμosonGγnπGγG±GorG—GμosonGinGYâ��YqGτinγlGstγtρsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 7

207 vργsurρmρntGoτGνψγrχρπGpγrtiνlρGspρνtrγGinGminimumTμiγsGρvρntsGτromGprotonTprotonGνollisionsGγtUG
EuropeansPhysicalsJournalsCSG2018SG_aSG^b_ 4.2 9

Alberto Sanchez-Hernandez

14



206 }ργrνψGτorGlρptonTτlγvorGviolγtinχGπρνγysGoτGψργvyGrρsonγnνρsGγnπGquγntumGμlγνkGψolρsGtoGρ˛…GτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 3

205 uonχTtρrmGpρrτormγnνρGγnπGlonχρvityGstuπiρsGoτGtψρGlv}G{ρsistivρGylγtρGlψγmμρrsUGJournalsofs
InstrumentationSG2018SGXZSGyWaWY[TyWaWY[ 1 3

204 }ργrνψGτorGnρwGpψysiνsGinGπijρtGγnχulγrGπistriμutionsGusinχGprotonTprotonGνollisionsGγtGγnπG
νonstrγintsGonGπγrkGmγttρrGγnπGotψρrGmoπρlsUGEuropeansPhysicalsJournalsCSG2018SG_aSG_ab 4.2 19

203 jzimutψγlGνorrρlγtionsGτorGinνlusivρGYTjρtSGZTjρtSGγnπG[TjρtGρvρntsGinGppGνollisionsGγtGOsqrt{s}fGXZ~ψμoxG
{~ρ–}PUGEuropeansPhysicalsJournalsCSG2018SG_aSGX 4.2 4

202 }ργrνψGτorGψiχψTmγssGrρsonγnνρsGinGτinγlGstγtρsGwitψGγGlρptonGγnπGmissinχGtrγnsvρrsρGmomρntumGγtG
OGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 15

201 vργsurρmρntGoτGtψρGunπρrlyinχGρvρntGγνtivityGinGinνlusivρG±GμosonGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 8

200 }ργrνψGτorGrρsonγntGpγirGproπuνtionGoτGqiχχsGμosonsGπρνγyinχGtoGμottomGquγrkTγntiquγrkGpγirsGinG
protonTprotonGνollisionsGγtGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 10

199 vργsurρmρntGoτGtψρGνrossGsρνtionGinGppGνollisionsGγtGγnπGvγliπγtionGoτGlρptonGγnγlysisGtρνψniquρsUG
EuropeansPhysicalsJournalsCSG2018SG_aSG_Wa 4.2 5

198 }ργrνψGτorGvρνtorTlikρG~GγnπGkGquγrkGpγirsGinGτinγlGstγtρsGwitψGlρptonsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofs
HighsEnergysPhysicsSG2018SGYWXaSGX 5.4 29

197 }ργrνψGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwitψGγGqiχχsGμosonGπρνγyinχGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 7

196 }ργrνψGτorGγππitionγlGnρutrγlGv}}vGqiχχsGμosonsGinGtψρGˇ�Gˇ�GτinγlGstγtρGinGprotonTprotonGνollisionsGγtG
OGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 42

195 }ργrνψGτorGγGψργvyGrρsonγnνρGπρνγyinχGtoGγGpγirGoτGvρνtorGμosonsGinGtψρGlρptonGplusGmρrχρπGjρtGτinγlG
stγtρGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 7

194 }ργrνψGτorGγGψργvyGriχψtTψγnπρπG—GμosonGγnπGγGψργvyGnρutrinoGinGρvρntsGwitψGtwoGsγmρTτlγvorG
lρptonsGγnπGtwoGjρtsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 20

193 }ργrνψGτorGγGψργvyGrρsonγnνρGπρνγyinχGintoGγG±GμosonGγnπGγGvρνtorGμosonGinGtψρGOGnuG
ovρrlinρ{nu}mγtψrm{q}ovρrlinρ{mγtψrm{q}}GPGτinγlGstγtρUGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 6

192 vργsurρmρntGoτGtψρGνrossGsρνtionGτorGtopGquγrkGpγirGproπuνtionGinGγssoνiγtionGwitψGγG—GorG±GμosonG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 18

191
}ργrνψGτorGμρyonπGtψρGstγnπγrπGmoπρlGqiχχsGμosonsGπρνγyinχGintoGγGOG
mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}GPGpγirGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2018SGYWXaSGX

5.4 11

190 vργsurρmρntGoτGtψρGwργkGmixinχGγnχlρGusinχGtψρGτorwγrπTμγνkwγrπGγsymmρtryGoτGmrρllT¯γnG
ρvρntsGinGνollisionsGγtGaUGEuropeansPhysicalsJournalsCSG2018SG_aSG_WX 4.2 25

189 vργsurρmρntGoτGpromptGγnπGnonpromptGνψγrmoniumGsupprρssionGinGνollisionsGγtG]UWYUGEuropeans
PhysicalsJournalsCSG2018SG_aSG]Wb 4.2 37
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188 }ργrνψGτorGlρptonGτlγvourGviolγtinχGπρνγysGoτGtψρGqiχχsGμosonGtoG˛…ˇ�GγnπGρˇ�GinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 19

187
nviπρnνρGτorGγssoνiγtρπGproπuνtionGoτGγGqiχχsGμosonGwitψGγGtopGquγrkGpγirGinGτinγlGstγtρsGwitψG
ρlρνtronsSGmuonsSGγnπGψγπroniνγllyGπρνγyinχGˇ�GlρptonsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2018SGYWXaSGX

5.4 23

186 xμsρrvγtionGoτGqiχχsGkosonGmρνγyGtoGkottomGzuγrksUGPhysicalsReviewsLettersSG2018SGXYXSGXYXaWX 7.4 79

185 nlρνtrowργkGproπuνtionGoτGtwoGjρtsGinGγssoνiγtionGwitψGγG±GμosonGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}fGPGXZOStρxtG{~ρ–}PUGEuropeansPhysicalsJournalsCSG2018SG_aSGX 4.2 12

184
xμsρrvγtionGoτGprotonTtγχχρπSGνρntrγlGOsρmiPρxνlusivρGproπuνtionGoτGψiχψTmγssGlρptonGpγirsGinGppG
νollisionsGγtGXZG~ρ–GwitψGtψρGlv}T~x~nvGprρνisionGprotonGspρνtromρtρrUGJournalsofsHighsEnergys
PhysicsSG2018SGYWXaSGX

5.4 14

183 }ργrνψGτorGπγrkGmγttρrGinGρvρntsGwitψGρnρrχρtiνSGψγπroniνγllyGπρνγyinχGtopGquγrksGγnπGmissinχG
trγnsvρrsρGmomρntumGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 16

182 }ργrνψGτorGsinχlρGproπuνtionGoτGvρνtorTlikρGquγrksGπρνγyinχGtoGγGμGquγrkGγnπGγGqiχχsGμosonUGJournals
ofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 12

181 }ργrνψGτorGtψρGτlγvorTνψγnχinχGnρutrγlGνurrρntGintρrγνtionsGoτGtψρGtopGquγrkGγnπGtψρGqiχχsGμosonG
wψiνψGπρνγysGintoGγGpγirGoτGμGquγrksGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 20

180
}ργrνψGτorGγGsinχlyGproπuνρπGtψirπTχρnρrγtionGsνγlγrGlρptoquγrkGπρνγyinχGtoGγGˇ�GlρptonGγnπGγG
μottomGquγrkGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SG
YWXaSGX

5.4 9

179
vργsurρmρntsGoτGπiττρrρntiγlGνrossGsρνtionsGoτGtopGquγrkGpγirGproπuνtionGγsGγGτunνtionGoτGkinρmγtiνG
ρvρntGvγriγμlρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018
SGYWXaSGX

5.4 10

178 vργsurρmρntGoτGtψρGinρlγstiνGprotonTprotonGνrossGsρνtionGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2018SGYWXaSGX 5.4 41

177 }ργrνψGτorGπisγppργrinχGtrγνksGγsGγGsiχnγturρGoτGnρwGlonχTlivρπGpγrtiνlρsGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 24

176 }ργrνψGτorGψiχψTmγssGrρsonγnνρsGinGπilρptonGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 63

175 }ργrνψGτorGwγrrowG{ρsonγnνρsGinGtψρGμT~γχχρπGmijρtGvγssG}pρνtrumGinGyrotonTyrotonGlollisionsGγtG
sqrtµs−faGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYWSGYWXaWX 7.4 13

174 vργsurρmρntGoτGyromptGm√{W}GvρsonGjzimutψγlGjnisotropyGinGyμTyμGlollisionsGγtG
sqrtµs_{ww}−f]UWYGG~ρ–UGPhysicalsReviewsLettersSG2018SGXYWSGYWYZWX 7.4 39

173 }ργrνψGτorGlowGmγssGvρνtorGrρsonγnνρsGπρνγyinχGintoGquγrkTγntiquγrkGpγirsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2018SGYWXaSGX 5.4 28

172
vργsurρmρntsGoτGtψρGµoormulγcGsρρGtρxt−GproπuνtionGνrossGsρνtionGinGlρptonRjρtsGτinγlGstγtρsGinGppG
νollisionsGγtGaGµoormulγcGsρρGtρxt−GγnπGrγtioGoτGaGtoG_´ µoormulγcGsρρGtρxt−GνrossGsρνtionsUGEuropeans
PhysicalsJournalsCSG2017SG__SGX]

4.2 19

171 vργsurρmρntGoτGtψρGµoormulγcGsρρGtρxt−GproπuνtionGνrossGsρνtionGusinχGρvρntsGinGtψρGµoormulγcGsρρG
tρxt−GτinγlGstγtρGinGppGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2017SG__SGX_Y 4.2 22

Alberto Sanchez-Hernandez

16



170
vργsurρmρntGγnπGzlmGγnγlysisGoτGπouμlρTπiττρrρntiγlGinνlusivρGjρtGνrossGsρνtionsGinGppGνollisionsGγtG
OGsqrt{s}faGPG~ρ–GγnπGνrossGsρνtionGrγtiosGtoGYU_^GγnπG_G~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SG
YWX_SGX

5.4 34

169 }ργrνψGτorGρlρνtrowργkGproπuνtionGoτGνψγrχinosGinGτinγlGstγtρsGwitψGtwoGˇ�GlρptonsGinGppGνollisionsGγtGOG
sqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 7

168 vργsurρmρntGoτGtψρGproπuνtionGνrossGsρνtionGoτGγG—´ μosonGinGγssoνiγtionGwitψGtwoGμGjρtsGinGppG
νollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2017SG__SGbY 4.2 7

167
vργsurρmρntGoτGtψρG—±GproπuνtionGνrossGsρνtionGinGppGνollisionsGγtGµoormulγcGsρρGtρxt−GγnπG
aµoormulγcGsρρGtρxt−GγnπGsργrνψGτorGγnomγlousGtriplρGχγuχρGνouplinχsGγtGµoormulγcGsρρGtρxt−UG
EuropeansPhysicalsJournalsCSG2017SG__SGYZ^

4.2 21

166 vργsurρmρntGoτGpromptGγnπGnonpromptGµoormulγcGsρρGtρxt−GproπuνtionGinGµoormulγcGsρρGtρxt−GγnπG
µoormulγcGsρρGtρxt−GνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2017SG__SGY^b 4.2 26

165
jGsργrνψGτorGnρwGpψρnomρnγGinGppGνollisionsGγtGµoormulγcGsρρGtρxt−GinGτinγlGstγtρsGwitψGmissinχG
trγnsvρrsρGmomρntumGγnπGγtGlργstGonρGjρtGusinχGtψρGµoormulγcGsρρGtρxt−GvγriγμlρUGEuropeansPhysicals
JournalsCSG2017SG__SGYb[

4.2 21

164 xμsρrvγtionGoτGlψγrχρTmρpρnπρntGjzimutψγlGlorrρlγtionsGinGpTyμGlollisionsGγnπGrtsGrmpliνγtionGτorG
tψρG}ργrνψGτorGtψρGlψirγlGvγχnρtiνGnττρνtUGPhysicalsReviewsLettersSG2017SGXXaSGXYYZWX 7.4 72

163 vργsurρmρntGoτGtψρGk√{´–}GvρsonGwuνlργrGvoπiτiνγtionGoγνtorGinGyμTyμGlollisionsGγtG
sqrtµs_{ww}−f]UWYGG~ρ–UGPhysicalsReviewsLettersSG2017SGXXbSGX]YZWX 7.4 37

162 }ργrνψGτorGnρwGpψysiνsGinGtψρGmonopψotonGτinγlGstγtρGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 11

161
vργsurρmρntGoτGπouμlρTπiττρrρntiγlGνrossGsρνtionsGτorGtopGquγrkGpγirGproπuνtionGinGppGνollisionsGγtG
µoormulγcGsρρGtρxt−µoormulγcGsρρGtρxt−GγnπGimpγνtGonGpγrtonGπistriμutionGτunνtionsUGEuropeans
PhysicalsJournalsCSG2017SG__SG[]b

4.2 16

160 vργsurρmρntGoτGtψρGjρtGmγssGinGψiχψlyGμoostρπGµoormulγcGsρρGtρxt−GρvρntsGτromGppGνollisionsGγtG
µoormulγcGsρρGtρxt−µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2017SG__SG[^_ 4.2 14

159 vργsurρmρntsGoτGtψρGγssoνiγtρπGproπuνtionGoτGγG±GμosonGγnπGμGjρtsGinGppGνollisionsGγtUGEuropeans
PhysicalsJournalsCSG2017SG__SG_]X 4.2 15

158 }ργrνψGτorGuowGvγssG–ρνtorG{ρsonγnνρsGmρνγyinχGtoGzuγrkTjntiquγrkGyγirsGinGyrotonTyrotonG
lollisionsGγtGsqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2017SGXXbSGXXXaWY 7.4 21

157 lψγrχρπTpγrtiνlρGnuνlργrGmoπiτiνγtionGτγνtorsGinGyμyμGγnπGpyμGνollisionsGγtGOG
sqrt{s_{mγtψrm{w}dmγtψrm{w}}}f]UWYGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 64

156
}ργrνψGτorGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGrρsonγnνρsGinGψiχψlyGμoostρπGlρptonRjρtsGγnπGτullyG
ψγπroniνGτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2017SGYWX_SGX

5.4 17

155
}ργrνψGτorGγssoνiγtρπGproπuνtionGoτGπγrkGmγttρrGwitψGγGqiχχsGμosonGπρνγyinχGtoGOG
mγtψrm{μ}ovρrlinρ{mγtψrm{μ}}GPGorG˛‡˛‡GγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SG
YWX_SGX

5.4 9

154 xμsρrvγtionGoτG~opGzuγrkGyroπuνtionGinGyrotonTwuνlρusGlollisionsUGPhysicalsReviewsLettersSG2017SG
XXbSGY[YWWX 7.4 11

153 xμsρrvγtionGoτG¯OX}PGpγirGproπuνtionGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2017SGYWX_SGX 5.4 29
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152
}ργrνψGτorGγnomγlousG—tμGνouplinχsGγnπGτlγvourTνψγnχinχGnρutrγlGνurrρntsGinGtTνψγnnρlGsinχlρGtopG
quγrkGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SG
YWX_SGX

5.4 26

151 }ργrνψGτorGsinχlρGproπuνtionGoτGvρνtorTlikρGquγrksGπρνγyinχGtoGγG±GμosonGγnπGγGtopGorGγGμottomG
quγrkGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 8

150 vργsurρmρntGoτGtψρGsρmilρptoniνGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGRG˛‡GproπuνtionGνrossGsρνtionGinG
ppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 7

149 vργsurρmρntsGoτGtψρGppGTgG—˛‡˛‡GγnπGppGTgG±˛‡˛‡GνrossGsρνtionsGγnπGlimitsGonGγnomγlousGquγrtiνGχγuχρG
νouplinχsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 2

148 }ργrνψGτorGnρwGpψρnomρnγGwitψGtψρGvγriγμlρGinGtψρGγllTψγπroniνGτinγlGstγtρGproπuνρπGinG
protonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2017SG__SG_XW 4.2 54

147 vργsurρmρntsGoτGπiττρrρntiγlGproπuνtionGνrossGsρνtionsGτorGγG±GμosonGinGγssoνiγtionGwitψGjρtsGinGppG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 11

146 }ργrνψGτorGψργvyGrρsonγnνρsGπρνγyinχGtoGtγuGlρptonGpγirsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZG
PG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 19

145 }ργrνψGτorGρlρνtrowργkGproπuνtionGoτGγGvρνtorTlikρGquγrkGπρνγyinχGtoGγGtopGquγrkGγnπGγGqiχχsGμosonG
usinχGμoostρπGtopoloχiρsGinGτullyGψγπroniνGτinγlGstγtρsUGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 9

144 vργsurρmρntGoτGtψρGtrγnsvρrsρGmomρntumGspρνtrγGoτGwργkGvρνtorGμosonsGproπuνρπGinG
protonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 15

143 }upprρssionGγnπGγzimutψγlGγnisotropyGoτGpromptGγnπGnonpromptGµoormulγcGsρρGtρxt−GproπuνtionGinG
yμyμGνollisionsGγtGµoormulγcGsρρGtρxt−µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2017SG__SGY]Y 4.2 58

142 }ργrνψρsGτorGpγirGproπuνtionGoτGtψirπTχρnρrγtionGsquγrksGinGµoormulγcGsρρGtρxt−µoormulγcGsρρGtρxt−G
ppGνollisionsUGEuropeansPhysicalsJournalsCSG2017SG__SGZY_ 4.2 17

141 vργsurρmρntGoτGtψρGtopGquγrkGmγssGusinχGsinχlρGtopGquγrkGρvρntsGinGprotonTprotonGνollisionsGγtG
µoormulγcGsρρGtρxt−´ ~ρ–UGEuropeansPhysicalsJournalsCSG2017SG__SGZ][ 4.2 8

140 }ργrνψρsGτorGinvisiμlρGπρνγysGoτGtψρGqiχχsGμosonGinGppGνollisionsGγtGOGsqrt{s}GPGfG_SGaSGγnπGXZG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 74

139 }ργrνψGτorGmγssivρGrρsonγnνρsGπρνγyinχGintoG——SG—±GorG±±GμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 19

138 }ργrνψGτorGπγrkGmγttρrGproπuνρπGinGγssoνiγtionGwitψGψργvyTτlγvorGquγrkGpγirsGinGprotonTprotonG
νollisionsGγtUGEuropeansPhysicalsJournalsCSG2017SG__SGa[] 4.2 22

137
vργsurρmρntGoτGρlρνtrowργkTinπuνρπGproπuνtionGoτG—˛‡GwitψGtwoGjρtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
~ρ–GγnπGνonstrγintsGonGγnomγlousGquγrtiνGχγuχρGνouplinχsUGJournalsofsHighsEnergysPhysicsSG2017SG
YWX_SGX

5.4 9

136 }ργrνψρsGτorG—hGμosonsGπρνγyinχGtoGγGtopGquγrkGγnπGγGμottomGquγrkGinGprotonTprotonGνollisionsGγtG
XZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 7

135 vργsurρmρntGoτGtψρGinνlusivρGρnρrχyGspρνtrumGinGtψρGvρryGτorwγrπGπirρνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 5
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134 }ργrνψGτorGπirρνtGproπuνtionGoτGsupρrsymmρtriνGpγrtnρrsGoτGtψρGtopGquγrkGinGtψρGγllTjρtsGτinγlGstγtρG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 18

133 }ργrνψGτorGρlρνtrowργkGproπuνtionGoτGνψγrχinosGγnπGnρutrγlinosGinG—qGρvρntsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 11

132
}ργrνψGτorGpγirGproπuνtionGoτGvρνtorTlikρG~GγnπGkGquγrksGinGsinχlρTlρptonGτinγlGstγtρsGusinχGμoostρπG
jρtGsuμstruνturρGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2017SGYWX_SGX

5.4 20

131 }ργrνψGτorGtopGsquγrkGpγirGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–GusinχGsinχlρGlρptonG
ρvρntsUGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 25

130 }ργrνψGτorGtopGquγrkGπρνγysGviγGqiχχsTμosonTmρπiγtρπGτlγvorTνψγnχinχGnρutrγlGνurrρntsGinGppG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 12

129
vργsurρmρntGoτGtψρGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGproπuνtionGνrossGsρνtionGusinχGρvρntsGwitψG
onρGlρptonGγnπGγtGlργstGonρGjρtGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2017SGYWX_SGX

5.4 14

128 }ργrνψGτorGγGψργvyGrρsonγnνρGπρνγyinχGtoGγGtopGquγrkGγnπGγGvρνtorTlikρGtopGquγrkGγtGOGsqrt{s}fXZGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 4

127
}ργrνψGτorGpψysiνsGμρyonπGtψρGstγnπγrπGmoπρlGinGρvρntsGwitψGtwoGlρptonsGoτGsγmρGsiχnSGmissinχG
trγnsvρrsρGmomρntumSGγnπGjρtsGinGprotonTprotonGνollisionsGγtUGEuropeansPhysicalsJournalsCSG2017SG
__SG]_a

4.2 21

126 }ργrνψGτorGtopGquγrkGpγrtnρrsGwitψGνψγrχρG]VZGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 3

125 }ργrνψGτorGliχψtGμosonsGinGπρνγysGoτGtψρGXY]Gpρ–GqiχχsGμosonGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 21

124 vργsurρmρntsGoτGjρtGνψγrχρGwitψGπijρtGρvρntsGinGppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2017SGYWX_SGX 5.4 10

123 }ργrνψGτorGγssoνiγtρπGproπuνtionGoτGγG±GμosonGwitψGγGsinχlρGtopGquγrkGγnπGτorGt±GτlγvourTνψγnχinχG
intρrγνtionsGinGppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 10

122 }ργrνψGτorGnρwGpψysiνsGwitψGπijρtGγnχulγrGπistriμutionsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 11

121
}ργrνψGτorGtψirπTχρnρrγtionGsνγlγrGlρptoquγrksGγnπGψργvyGriχψtTψγnπρπGnρutrinosGinGτinγlGstγtρsGwitψG
twoGtγuGlρptonsGγnπGtwoGjρtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2017SGYWX_SGX

5.4 35

120 }ργrνψGτorGnρwGpψρnomρnγGwitψGmultiplρGνψγrχρπGlρptonsGinGprotonâ��protonGνollisionsGγtGOsqrt{s}fG
XZPGOStρxtG{~ρ–}PUGEuropeansPhysicalsJournalsCSG2017SG__SGX 4.2 2

119 }ργrνψGτorGψργvyGrρsonγnνρsGtψγtGπρνγyGintoGγGvρνtorGμosonGγnπGγGqiχχsGμosonGinGψγπroniνGτinγlG
stγtρsGγtUGEuropeansPhysicalsJournalsCSG2017SG__SG^Z^ 4.2 20

118 }ργrνψGτorGψiχψTmγssG±˛‡GrρsonγnνρsGinGρRρâ��˛‡GγnπG˛…GRG˛…Gâ��˛‡GτinγlGstγtρsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPGγnπGXZG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 4

117
}ργrνψGτorGψργvyGnρutrinosGorGtψirπTχρnρrγtionGlρptoquγrksGinGτinγlGstγtρsGwitψGtwoGψγπroniνγllyG
πρνγyinχGˇ�GlρptonsGγnπGtwoGjρtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2017SGYWX_SGX

5.4 18
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116 }ργrνψGτorGlyGviolγtionGinGOGtovρrlinρ{t}GPGproπuνtionGγnπGπρνγyGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 4

115 vργsurρmρntGoτGtψρGtriplρTπiττρrρntiγlGπijρtGνrossGsρνtionGinGprotonTprotonGνollisionsGγtGγnπG
νonstrγintsGonGpγrtonGπistriμutionGτunνtionsUGEuropeansPhysicalsJournalsCSG2017SG__SG_[^ 4.2 8

114 }ργrνψGτorGγGliχψtGpsρuπosνγlγrGqiχχsGμosonGproπuνρπGinGγssoνiγtionGwitψGμottomGquγrksGinGppG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 7

113
}ργrνψGτorGsupρrsymmρtryGinGρvρntsGwitψGγtGlργstGonρGpψotonSGmissinχGtrγnsvρrsρGmomρntumSGγnπG
lγrχρGtrγnsvρrsρGρvρntGγνtivityGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2017SGYWX_SGX

5.4 10

112 vργsurρmρntsGoτGpropρrtiρsGoτGtψρGqiχχsGμosonGπρνγyinχGintoGtψρGτourTlρptonGτinγlGstγtρGinGppG
νollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 77

111 }ργrνψGτorGπγrkGmγttρrGγnπGunpγrtiνlρsGinGρvρntsGwitψGγG±GμosonGγnπGmissinχGtrγnsvρrsρGmomρntumG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2017SGYWX_SGX 5.4 16

110 oorwγrπTμγνkwγrπGγsymmρtryGoτGmrρllT¯γnGlρptonGpγirsGinGppGνollisionsGγtGµoormulγcGsρρG
tρxt−µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SGZY] 4.2 13

109 }ργrνψGτorGnρwGpψysiνsGinGsγmρTsiχnGπilρptonGρvρntsGinGprotonTprotonGνollisionsGγtGµoormulγcGsρρG
tρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SG[Zb 4.2 34

108 vργsurρmρntGoτGuonχT{γnχρGwργrT}iπρG~woTyγrtiνlρGjnχulγrGlorrρlγtionsGinGppGlollisionsGγtG
sqrtµs−fXZGG~ρ–UGPhysicalsReviewsLettersSG2016SGXX^SGX_YZWY 7.4 90

107 vργsurρmρntGoτGπijρtGγzimutψγlGπρνorrρlγtionGinGpp´ νollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeans
PhysicalsJournalsCSG2016SG_^SG]Z^ 4.2 6

106 }ργrνψGτorGπγrkGmγttρrGpγrtiνlρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–GusinχGtψρGrγzorG
vγriγμlρsUGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 2

105 }ργrνψGτorGsGνψγnnρlGsinχlρGtopGquγrkGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UGJournalsofs
HighsEnergysPhysicsSG2016SGYWX^SGX 5.4 8

104 vργsurρmρntGoτGinνlusivρGjρtGproπuνtionGγnπGnuνlργrGmoπiτiνγtionsGinGpyμGνollisionsGγtGµoormulγcG
sρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SGZ_Y 4.2 24

103
vργsurρmρntGoτGπiττρrρntiγlGγnπGintρχrγtρπGτiπuνiγlGνrossGsρνtionsGτorGqiχχsGμosonGproπuνtionGinG
tψρGτourTlρptonGπρνγyGνψγnnρlGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2016SGYWX^SGX

5.4 15

102 vργsurρmρntGoτGtψρGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGproπuνtionGνrossGsρνtionGinGtψρGρ˛…GνψγnnρlGinG
protonTprotonGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 30

101 }ργrνψGτorGnρwGpψysiνsGwitψGtψρGvG~YGvγriγμlρGinGγllTjρtsGτinγlGstγtρsGproπuνρπGinGppGνollisionsGγtGOG
sqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 16

100 }ργrνψGτorGπγrkGmγttρrGinGprotonTprotonGνollisionsGγtGaG~ρ–GwitψGmissinχGtrγnsvρrsρGmomρntumGγnπG
vρνtorGμosonGtγχχρπGjρtsUGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 9

99 nviπρnνρGτorGρxνlusivρG˛‡˛‡GTgG—GRG—Gâ��GproπuνtionGγnπGνonstrγintsGonGγnomγlousGquγrtiνGχγuχρG
νouplinχsGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 27
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98 }ργrνψGτorGsupρrsymmρtryGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–GinGtψρGsinχlρTlρptonGτinγlGstγtρGusinχG
tψρGsumGoτGmγssρsGoτGlγrχρTrγπiusGjρtsUGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 7

97 }ργrνψGτorGπirρνtGpγirGproπuνtionGoτGsupρrsymmρtriνGtopGquγrksGπρνγyinχGtoGγllTψγπroniνGτinγlGstγtρsG
inGppGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SG[^W 4.2 14

96 jzimutψγlGπρνorrρlγtionGoτGjρtsGwiπρlyGsρpγrγtρπGinGrγpiπityGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 9

95 yψρnomρnoloχiνγlGv}}vGintρrprρtγtionGoτGlv}GsργrνψρsGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 11

94 vργsurρmρntGoτGtψρGmγssGoτGtψρGtopGquγrkGinGπρνγysGwitψGγGsVˇ�GmρsonGinGppGνollisionsGγtGaG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 5

93 vργsurρmρntGoτGtψρGinνlusivρGjρtGνrossGsρνtionGinGppGνollisionsGγtGOsqrt{s}GfGYU_^StρxtG{~ρ–}PUG
EuropeansPhysicalsJournalsCSG2016SG_^SGX 4.2 17

92
vργsurρmρntGoτGµoormulγcGsρρGtρxt−GproπuνtionGwitψGγππitionγlGjρtGγνtivitySGinνluπinχGµoormulγcGsρρG
tρxt−GquγrkGjρtsSGinGtψρGπilρptonGπρνγyGνψγnnρlGusinχGppGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeans
PhysicalsJournalsCSG2016SG_^SGZ_b

4.2 20

91 vργsurρmρntGoτGtψρGπiττρrρntiγlGνrossGsρνtionGγnπGνψγrχρGγsymmρtryGτorGinνlusivρGµoormulγcGsρρG
tρxt−GproπuνtionGγtGµoormulγcGsρρGtρxt−G~ρ–UGEuropeansPhysicalsJournalsCSG2016SG_^SG[^b 4.2 37

90 xμsρrvγtionGoτGtopGquγrkGpγirsGproπuνρπGinGγssoνiγtionGwitψGγGvρνtorGμosonGinGppGνollisionsGγtGOG
sqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 18

89 }ργrνψGτorG—hGTgGtμGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG
2016SGYWX^SGX 5.4 2

88 lorrρlγtionsGμρtwρρnGjρtsGγnπGνψγrχρπGpγrtiνlρsGinGyμyμGγnπGppGνollisionsGγtGOG
sqrt{s_{mγtψrm{ww}}}fYU_^GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 21

87 }ργrνψGτorGtψρGproπuνtionGoτGγnGρxνitρπGμottomGquγrkGπρνγyinχGtoGt—GinGprotonTprotonGνollisionsGγtG
OGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 2

86 }ργrνψGτorGρxνitρπGlρptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2016SGYWX^SGX 5.4 10

85 vργsurρmρntGoτGtψρGµoormulγcGsρρGtρxt−GproπuνtionGνrossGsρνtionGinGtψρGγllTjρtsGτinγlGstγtρGinGppG
νollisionsGγtGµoormulγcGsρρGtρxt−µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SGXYa 4.2 21

84 nvρntGχρnρrγtorGtunρsGoμtγinρπGτromGunπρrlyinχGρvρntGγnπGmultipγrtonGsνγttρrinχGmργsurρmρntsUG
EuropeansPhysicalsJournalsCSG2016SG_^SGX]] 4.2 250

83 }ργrνψGτorGmγssivρG—qGrρsonγnνρsGπρνγyinχGintoGtψρGµoormulγcGsρρGtρxt−GτinγlGstγtρGγtGµoormulγcGsρρG
tρxt−µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SGYZ_ 4.2 19

82 }ργrνψGτorGγGmγssivρGrρsonγnνρGπρνγyinχGintoGγGqiχχsGμosonGγnπGγG—GorG±GμosonGinGψγπroniνGτinγlG
stγtρsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 14

81 vργsurρmρntGoτGtopGquγrkGpolγrisγtionGinGtTνψγnnρlGsinχlρGtopGquγrkGproπuνtionUGJournalsofsHighs
EnergysPhysicsSG2016SGYWX^SGX 5.4 7

(2016-2016)

21



80 }ργrνψGτorGψργvyGvγjorγnγGnρutrinosGinGρ´–ρ´–RGjρtsGγnπGρ´–G˛…G´–RGjρtsGρvρntsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 28

79
}ργrνψGτorGγGvρryGliχψtGwv}}vGqiχχsGμosonGproπuνρπGinGπρνγysGoτGtψρGXY]Gpρ–GsνγlγrGμosonGγnπG
πρνγyinχGintoGˇ�GlρptonsGinGppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SG
YWX^SGX

5.4 16

78 vργsurρmρntGoτGπiττρrρntiγlGνrossGsρνtionsGτorGqiχχsGμosonGproπuνtionGinGtψρGπipψotonGπρνγyG
νψγnnρlGinGppGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SGXZ 4.2 35

77
}ργrνψGτorGnρwGpψysiνsGinGτinγlGstγtρsGwitψGtwoGoppositρTsiχnSGsγmρTτlγvorGlρptonsSGjρtsSGγnπGmissinχG
trγnsvρrsρGmomρntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SG
YWX^SGX

5.4 7

76 mρνomposinχGtrγnsvρrsρGmomρntumGμγlγnνρGνontriμutionsGτorGquρnνψρπGjρtsGinGyμyμGνollisionsGγtGOG
sqrt{s_{mγtψrm{w}dmγtψrm{w}}}fYU_^GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 13

75 vργsurρmρntGoτGtψρGπouμlρTπiττρrρntiγlGinνlusivρGjρtGνrossGsρνtionGinGprotonTprotonGνollisionsGγtG
µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2016SG_^SG[]X 4.2 36

74 vργsurρmρntGoτGtψρGµoormulγcGsρρGtρxt−GνrossGsρνtionGinGppGνollisionsGγtGµoormulγcGsρρGtρxt−G~ρ–γnπG
limitsGonGγnomγlousGχγuχρGνouplinχsUGEuropeansPhysicalsJournalsCSG2016SG_^SG[WX 4.2 38

73 }ργrνψGτorGψργvyGrρsonγnνρsGπρνγyinχGtoGtwoGqiχχsGμosonsGinGτinγlGstγtρsGνontγininχGτourGμGquγrksUG
EuropeansPhysicalsJournalsCSG2016SG_^SGZ_X 4.2 25

72 }ργrνψGτorGqiχχsGμosonGoττTsψρllGproπuνtionGinGprotonTprotonGνollisionsGγtG_GγnπGaG~ρ–GγnπG
πρrivγtionGoτGνonstrγintsGonGitsGtotγlGπρνγyGwiπtψUGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 14

71
}ργrνψGτorGlρptonGτlγvourGviolγtinχGπρνγysGoτGψργvyGrρsonγnνρsGγnπGquγntumGμlγνkGψolρsGtoGγnG
µoormulγcGsρρGtρxt−GpγirGinGprotonTprotonGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournals
CSG2016SG_^SGZX_

4.2 9

70 vργsurρmρntGoτGρlρνtrowργkGproπuνtionGoτGγG—GμosonGγnπGtwoGτorwγrπGjρtsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 4

69 vργsurρmρntGoτGtrγnsvρrsρGmomρntumGrρlγtivρGtoGπijρtGsystρmsGinGyμyμGγnπGppGνollisionsGγtGOG
sqrt{s_{mγtψrm{ww}}}fYU_^GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 21

68 }ργrνψGτorGγnomγlousGsinχlρGtopGquγrkGproπuνtionGinGγssoνiγtionGwitψGγGpψotonGinGppGνollisionsGγtGOG
sqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 20

67 }ργrνψGτorGπirρνtGpγirGproπuνtionGoτGsνγlγrGtopGquγrksGinGtψρGsinχlρTGγnπGπilρptonGνψγnnρlsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 6

66 }ργrνψGτorGtψρGγssoνiγtρπGproπuνtionGoτGγGqiχχsGμosonGwitψGγGsinχlρGtopGquγrkGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2016SGYWX^SGX 5.4 10

65 vργsurρmρntGoτGtψρG—GμosonGψρliνityGinGρvρntsGwitψGγGsinχlρGrρνonstruνtρπGtopGquγrkGinGppG
νollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2015SGYWX]SGX 5.4 19

64 }ργrνψGτorGπisγppργrinχGtrγνksGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergys
PhysicsSG2015SGYWX]SGX 5.4 35

63 }ργrνψGτorGpψysiνsGμρyonπGtψρGstγnπγrπGmoπρlGinGπilρptonGmγssGspρνtrγGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2015SGYWX]SGX 5.4 69
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62 xμsρrvγtionGoτGtψρGrγrρGkOsPOWPGTg´µR´µâ��GπρνγyGτromGtψρGνomμinρπGγnγlysisGoτGlv}GγnπGuqlμGπγtγUG
NatureSG2015SG]YYSG^aT_Y 50.4 326

61
lonstrγintsGonGtψρGpv}}vSGjv}kGmoπρlGγnπGonGotψρrGmoπρlsGτromGtψρGsργrνψGτorGlonχTlivρπG
νψγrχρπGpγrtiνlρsGinGprotonTprotonGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG
2015SG_]SGZY]

4.2 24

60 }ργrνψρsGτorGsupρrsymmρtryGusinχGtψρGvG~YGvγriγμlρGinGψγπroniνGρvρntsGproπuνρπGinGppGνollisionsGγtG
aG~ρ–UGJournalsofsHighsEnergysPhysicsSG2015SGYWX]SGX 5.4 26

59 }ργrνψGτorGγGqiχχsGμosonGinGtψρGmγssGrγnχρGτromGX[]GtoGXWWWGpρ–GπρνγyinχGtoGγGpγirGoτG—GorG±G
μosonsUGJournalsofsHighsEnergysPhysicsSG2015SGYWX]SGX 5.4 73

58
yrρνisρGπρtρrminγtionGoτGtψρGmγssGoτGtψρGqiχχsGμosonGγnπGtρstsGoτGνompγtiμilityGoτGitsGνouplinχsG
witψGtψρGstγnπγrπGmoπρlGprρπiνtionsGusinχGprotonGνollisionsGγtG_GγnπGaµoormulγcGsρρGtρxt−UGEuropeans
PhysicalsJournalsCSG2015SG_]SGYXY

4.2 399

57 vργsurρmρntGoτGtψρGπiττρrρntiγlGνrossGsρνtionGτorGtopGquγrkGpγirGproπuνtionGinGppGνollisionsGγtG
µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2015SG_]SG][Y 4.2 98

56
vργsurρmρntsGoτGtψρGµoormulγcGsρρGtρxt−µoormulγcGsρρGtρxt−GproπuνtionGνrossGsρνtionsGinGtψρG
µoormulγcGsρρGtρxt−GνψγnnρlGinGprotonTprotonGνollisionsGγtGµoormulγcGsρρGtρxt−GγnπGµoormulγcGsρρG
tρxt−GγnπGνomμinρπGνonstrγintsGonGtriplρGχγuχρGνouplinχsUGEuropeansPhysicalsJournalsCSG2015SG_]SG]XX

4.2 25

55 lompγrisonGoτGtψρG±V˛‡GQGRGjρtsGtoG˛‡GRGjρtsGνrossGsρνtionsGinGppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournals
ofsHighsEnergysPhysicsSG2015SGYWX]SGX 5.4 5

54 vργsurρmρntGoτGtψρGOGtovρrlinρ{t}GPGproπuνtionGνrossGsρνtionGinGtψρGπilρptonGνψγnnρlGinGppGνollisionsG
γtGOGsqrt{s}GPGfGaG~ρ–UGJournalsofsHighsEnergysPhysicsSG2014SGYWX[SGX 5.4 43

53 }ργrνψGτorGnρwGpψysiνsGinGρvρntsGwitψGsγmρTsiχnGπilρptonsGγnπGjρtsGinGppGνollisionsGγtGOGsqrt{s}GPGfGaG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2014SGYWX[SGX 5.4 38

52 vργsurρmρntGoτGjρtGmultipliνityGπistriμutionsGinGµoormulγcGsρρGtρxt−GproπuνtionGinGppGνollisionsGγtG
µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2014SG_[SGZWX[ 4.2 11

51 }tuπyGoτGπouμlρGpγrtonGsνγttρrinχGusinχG—GRGYTjρtGρvρntsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfG_G
~ρ–UGJournalsofsHighsEnergysPhysicsSG2014SGYWX[SGX 5.4 61

50 nvρntGγνtivityGπρpρnπρnνρGoτGOG¯GPOn}PGproπuνtionGinGOGsqrt{{{s_{wwG}}}}GPGfG]UWYG~ρ–GpyμGγnπGOGsqrt{s}GPG
fGYU_^G~ρ–GppGνollisionsUGJournalsofsHighsEnergysPhysicsSG2014SGYWX[SGX 5.4 42

49 vργsurρmρntGoτGtψρGtriplρTπiττρrρntiγlGνrossGsρνtionGτorGpψotonGRGjρtsGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfG_G~ρ–UGJournalsofsHighsEnergysPhysicsSG2014SGYWX[SGX 5.4 15

48 vργsurρmρntGoτGtψρGproπuνtionGνrossGsρνtionsGτorGγG±GμosonGγnπGonρGorGmorρGμGjρtsGinGppGνollisionsG
γtGOGsqrt{s}GPGfG_G~ρ–UGJournalsofsHighsEnergysPhysicsSG2014SGYWX[SGX 5.4 21

47 vργsurρmρntGoτGtψρGtopTquγrkGmγssGinGγllTjρtsGµoormulγcGsρρGtρxt−GρvρntsGinGppGνollisionsGγtG
µoormulγcGsρρGtρxt−G~ρ–UGEuropeansPhysicalsJournalsCSG2014SG_[SGY_]a 4.2 21

46 yroμinχGνolorGνoψρrρnνρGρττρνtsGinGppGνollisionsGγtGµoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG
2014SG_[SGYbWX 4.2 13

45 nviπρnνρGτorGtψρGπirρνtGπρνγyGoτGtψρGXY]Gpρ–GqiχχsGμosonGtoGτρrmionsUGNaturesPhysicsSG2014SGXWSG]]_T]^W16.2 90
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44 }ργrνψGτorGnρutrγlGv}}vGqiχχsGμosonsGπρνγyinχGtoGγGpγirGoτGtγuGlρptonsGinGppGνollisionsUGJournalsofs
HighsEnergysPhysicsSG2014SGYWX[SGX 5.4 70

43 }ργrνψGτorGtψρGγssoνiγtρπGproπuνtionGoτGtψρGqiχχsGμosonGwitψGγGtopTquγrkGpγirUGJournalsofsHighs
EnergysPhysicsSG2014SGYWX[SGX 5.4 45

42 rπρntiτiνγtionGtρνψniquρsGτorGψiχψlyGμoostρπG—GμosonsGtψγtGπρνγyGintoGψγπronsUGJournalsofsHighs
EnergysPhysicsSG2014SGYWX[SGX 5.4 32

41 vργsurρmρntGoτGtψρGOGtovρrlinρ{t}GPGproπuνtionGνrossGsρνtionGinGtψρGπilρptonGνψγnnρlGinGppGνollisionsG
γtGOGsqrt{s}GPGfGaG~ρ–G2014SGYWX[SGX 3

40 }ργrνψGτorGtψρGγssoνiγtρπGproπuνtionGoτGtψρGqiχχsGμosonGwitψGγGtopTquγrkGpγirG2014SGYWX[SGX 6

39 }ργrνψGτorGmiνrosνopiνGμlγνkGψolρsGinGppGνollisionsGγtGOGsqrt{s}faGPG~ρ–UGJournalsofsHighsEnergysPhysics
SG2013SGYWXZSGX 5.4 38

38 xμsρrvγtionGoτGγGnρwGμosonGwitψGmγssGnργrGXY]Gpρ–GinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2013SGYWXZSGX 5.4 261

37 vργsurρmρntGoτGtψρGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGproπuνtionGνrossGsρνtionGinGtψρGγllTjρtGτinγlG
stγtρGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2013SGYWXZSGX 5.4 14

36 }tuπyGoτGtψρGunπρrlyinχGρvρntGγtGτorwγrπGrγpiπityGinGppGνollisionsGγtGOG
sqrt{s}fWUbSYU_^Sdmγtψrm{γnπ}d_dmγtψrm{~ρ–}GPUGJournalsofsHighsEnergysPhysicsSG2013SGYWXZSGX 5.4 39

35 }ργrνψGτorGnρwGpψysiνsGinGρvρntsGwitψGsγmρTsiχnGπilρptonsGγnπGμGjρtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
~ρ–UGJournalsofsHighsEnergysPhysicsSG2013SGYWXZSGX 5.4 33

34 }ργrνψGτorGγGstγnπγrπTmoπρlTlikρGqiχχsGμosonGwitψGγGmγssGinGtψρGrγnχρGX[]GtoGXWWWGpρ–GγtGtψρGuqlUG
EuropeansPhysicalsJournalsCSG2013SG_ZSGY[^b 4.2 49

33 vργsurρmρntGoτGmγssρsGinGtψρGµoormulγcGsρρGtρxt−GsystρmGμyGkinρmγtiνGρnπpointsGinGppGνollisionsGγtG
µoormulγcGsρρGtρxt−UGEuropeansPhysicalsJournalsCSG2013SG_ZSGY[b[ 4.2 37

32 vργsurρmρntGoτGtψρGOmγtψrm{t}μγr{mγtψrm{t}}PGproπuνtionGνrossGsρνtionGinGtψρGˇ�RjρtsGνψγnnρlGinGppG
νollisionsGγtGOsqrt{s}f_Gmμox{~ρ–}PUGEuropeansPhysicalsJournalsCSG2013SG_ZSGX 4.2 21

31 }ργrνψGτorGtopTsquγrkGpγirGproπuνtionGinGtψρGsinχlρTlρptonGτinγlGstγtρGinGppGνollisionsGγtGOsqrt{s}faG
mγtψrm{~ρ–}PUGEuropeansPhysicalsJournalsCSG2013SG_ZSGX 4.2 162

30 vργsurρmρntGoτGtψρGνrossGsρνtionGγnπGγnχulγrGνorrρlγtionsGτorGγssoνiγtρπGproπuνtionGoτGγG±GμosonG
witψGμGψγπronsGinGppGνollisionsGγtGOGsqrt{s}GPGfG_G~ρ–UGJournalsofsHighsEnergysPhysicsSG2013SGYWXZSGX 5.4 26

29 vργsurρmρntGoτGtψρG—R—â��GνrossGsρνtionGinGppGνollisionsGγtGOsqrt{s}GfG_mμox{G~ρ–}PGγnπGlimitsGonG
γnomγlousG——˛‡GγnπG——±GνouplinχsUGEuropeansPhysicalsJournalsCSG2013SG_ZSGX 4.2 56

28 vργsurρmρntGoτGtψρG±±GproπuνtionGνrossGsρνtionGγnπGsργrνψGτorGγnomγlousGνouplinχsGinGYâ��Yâ��hGτinγlG
stγtρsGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2013SGYWXZSGX 5.4 39

27 vργsurρmρntGoτGπiττρrρntiγlGtopTquγrkTpγirGproπuνtionGνrossGsρνtionsGinGppGνollisionsGγtGOsqrt{s}GfG_G
mγtψrm{~ρ–}PUGEuropeansPhysicalsJournalsCSG2013SG_ZSGX 4.2 102
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26 sρtGproπuνtionGrγtρsGinGγssoνiγtionGwitψG—GγnπG±GμosonsGinGppGνollisionsGγtGOGsqrtG{s}GfG_G{tρxt{~ρ–}}GPUG
JournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 37

25 }upprρssionGoτGnonTpromptGsVˇ�SGpromptGsVˇ�SGγnπGOG’psilonGPOX}PGinGyμyμGνollisionsGγtGOGsqrtG
{{{s_{tρxt{ww}}}}}GfGYU_^GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 184

24 vργsurρmρntGoτGtψρG±V˛‡QGRGμTjρtGνrossGsρνtionGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG~ρ–UGJournalsofsHighs
EnergysPhysicsSG2012SGYWXYSGX 5.4 24

23 }ψγpρSGtrγnsvρrsρGsizρSGγnπGνψγrχρπTψγπronGmultipliνityGoτGjρtsGinGppGνollisionsGγtGOGsqrt{s}f_d~ρ–GPUG
JournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 27

22 }ργrνψGτorGnρwGpψysiνsGinGρvρntsGwitψGsγmρTsiχnGπilρptonsGγnπGμTtγχχρπGjρtsGinGppGνollisionsGγtGOGsqrtG
{s}GfG_GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 24

21 }ργrνψGτorGsupρrsymmρtryGinGψγπroniνGτinγlGstγtρsGusinχGvG~YGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 92

20 vργsurρmρntGoτGtψρGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGproπuνtionGνrossGsρνtionGinGtψρGπilρptonG
νψγnnρlGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 64

19 xμsρrvγtionGoτG±GπρνγysGtoGτourGlρptonsGwitψGtψρGlv}GπρtρνtorGγtGtψρGuqlUGJournalsofsHighsEnergys
PhysicsSG2012SGYWXYSGX 5.4 30

18 vργsurρmρntGoτGtψρGsinχlρTtopTquγrkGtTνψγnnρlGνrossGsρνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UG
JournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 70

17 vργsurρmρntGoτGtψρGtopTquγrkGmγssGinGOGmγtψrm{t}ovρrlinρ{mγtψrm{t}}GPGρvρntsGwitψGlρptonRjρtsG
τinγlGstγtρsGinGppGνollisionsGγtGOGsqrt{s}f_GPG~ρ–UGJournalsofsHighsEnergysPhysicsSG2012SGYWXYSGX 5.4 30
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