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362 nviρτnπτGψorGτxπlusivτG˛‡˛‡GTgG GRG Gâ��GproρuπtionGμnρGπonstrμintsGonGμnomμlousGquμrtiπGgμugτG
πouplingsGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 27

361 vτμsurτmτntGoψGpromptGμnρGnonpromptG−oormulμcGsττGtτxt]GproρuπtionGinG−oormulμcGsττGtτxt]GμnρG
−oormulμcGsττGtτxt]GπollisionsGμtG−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2017SG__SGY^b 4.2 26

360
}τμrπhGψorGμnomμlousG tνGπouplingsGμnρGψlμvourTπhμngingGnτutrμlGπurrτntsGinGtTπhμnnτlGsinglτGtopG
quμrkGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 26

359
vτμsurτmτntGoψGO{{mμthrm{m}}ΛW}PSGO{{mμthrm{m}}ΛR}PSGO{{mμthrm{m}}Λ{QR}}PGμnρG
O{{mμthrm{m}}ΛRα{mμthrm{s}}}PGproρuπtionGinGppGπollisionsGμtGO{sqrt{{tτxtit{s}}}~f~]UWY~{tτxtG{~τ–}}}PG
withGjurlnUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX

4.2 25

358 }τμrπhGψorGtopGsquμrkGpμirGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–GusingGsinglτGlτptonG
τvτntsUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 25

357 vτμsurτmτntGoψGρτutτronGspτπtrμGμnρGτlliptiπGψlowGinGyνâ��yνGπollisionsGμtGOsqrt{sα{mμthrmG{ww}}}PGfG
YU_^G~τ–GμtGthτGuqlUGEuropeanoPhysicaloJournaloCSG2017SG__SGX 4.2 25

356 yμrtiπlτGiρτntiψiπμtionGinGjurlncGμGkμyτsiμnGμpproμπhUGEuropeanoPhysicaloJournaloPlusSG2016SGXZXSGX 3.1 25

355 }τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGtoGtwoGqiggsGνosonsGinGψinμlGstμtτsGπontμiningGψourGνGquμrksUG
EuropeanoPhysicaloJournaloCSG2016SG_^SGZ_X 4.2 25

354 vτμsurτmτntGoψGthτGwτμkGmixingGμnglτGusingGthτGψorwμrρTνμπkwμrρGμsymmτtryGoψGmrτllTYμnG
τvτntsGinGπollisionsGμtGaUGEuropeanoPhysicaloJournaloCSG2018SG_aSG_WX 4.2 25

353 }τμrπhGψorGπhμrgτρGqiggsGνosonsGinGthτGq´–GTgGˇ�´–˛‰ˇ�GρτπμyGπhμnnτlGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 24

352 }τμrπhGψorGproρuπtionGoψGψourGtopGquμrksGinGψinμlGstμtτsGwithGsμmτTsignGorGmultiplτGlτptonsGinG
protonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG_] 4.2 24

351 vτμsurτmτntGoψGinπlusivτGjτtGproρuπtionGμnρGnuπlτμrGmoρiψiπμtionsGinGpyνGπollisionsGμtG−oormulμcG
sττGtτxt]UGEuropeanoPhysicaloJournaloCSG2016SG_^SGZ_Y 4.2 24

350 qighτrGhμrmoniπGψlowGπoτψψiπiτntsGoψGiρτntiψiτρGhμρronsGinGyνTyνGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 24
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349 rnπlusivτSGpromptGμnρGnonTpromptGsVˇ�GproρuπtionGμtGmiρTrμpiρityGinGyνTyνGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 24

348 }τμrπhGψorGρisμppτμringGtrμπksGμsGμGsignμturτGoψGnτwGlongTlivτρGpμrtiπlτsGinGprotonTprotonGπollisionsG
μtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 24

347 yτrψormμnπτGoψGthτGlv}GuτvτlTXGtriggτrGinGprotonTprotonGπollisionsGμtGâ��sGfGXZG~τ–UGJournaloofo
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

346 miψψτrτntiμlGstuρiτsGoψGinπlusivτGsVˇ�GμnρGˇ�OY}PGproρuπtionGμtGψorwμrρGrμpiρityGinGyνTyνGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 23

345 lτntrμlityGρτpτnρτnπτGoψGπhμrgτρGjτtGproρuπtionGinGpTyνGπollisionsGμtG−oormulμcGsττGtτxt]GfG]UWYG
~τ–UGEuropeanoPhysicaloJournaloCSG2016SG_^SGY_X 4.2 23

344 OpiGΛ{W}PGμnρGOτtμGPGmτsonGproρuπtionGinGprotonTprotonGπollisionsGμtGOsqrt{s}faPG~τ–UGEuropeano
PhysicaloJournaloCSG2018SG_aSGX 4.2 23

343 lhμrgτρTpμrtiπlτGproρuπtionGμsGμGψunπtionGoψGmultipliπityGμnρGtrμnsvτrsτGsphτroπityGinGppGπollisionsG
μtGOGsqrt{mμthνψ{s}}Gfmμthνψ{]UWY}PGμnρGXZG~τ–UGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 23

342 lohτrτntGˇ�GWGphotoproρuπtionGinGultrμTpτriphτrμlGyνTyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}fYU_^GPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 23

341 }τμrπhGψorGthirρTgτnτrμtionGsπμlμrGlτptoquμrksGρτπμyingGtoGμGtopGquμrkGμnρGμGlτptonGμtUGEuropeano
PhysicaloJournaloCSG2018SG_aSG_W_ 4.2 23

340
nviρτnπτGψorGμssoπiμtτρGproρuπtionGoψGμGqiggsGνosonGwithGμGtopGquμrkGpμirGinGψinμlGstμtτsGwithG
τlτπtronsSGmuonsSGμnρGhμρroniπμllyGρτπμyingGˇ�GlτptonsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 23

339 vτμsurτmτntGoψGthτG−oormulμcGsττGtτxt]GproρuπtionGπrossGsτπtionGusingGτvτntsGinGthτG−oormulμcGsττG
tτxt]GψinμlGstμtτGinGppGπollisionsGμtG−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2017SG__SGX_Y 4.2 22

338 nψψτπtGoψGτvτntGsτlτπtionGonGjτtlikτGπorrτlμtionGmτμsurτmτntGinGρGRGjuGπollisionsGμtGswwfYWWpτ–UG
PhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2015SG_[ZSGZZZTZZb 4.2 22

337 }τμrπhGψorGμGnτwGsπμlμrGrτsonμnπτGρτπμyingGtoGμGpμirGoψGℓGνosonsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 22

336 yroρuπtionGoψG−oormulμcGsττGtτxt]GμnρG−oormulμcGsττGtτxt]GinGpTyνGπollisionsGμtG−oormulμcGsττGtτxt]G
~τ–UGEuropeanoPhysicaloJournaloCSG2017SG__SGZab 4.2 22

335 }τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGhτμvyTψlμvorGquμrkGpμirsGinGprotonTprotonG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2017SG__SGa[] 4.2 22

334
vτμsurτmτntGoψGthτG ℓGproρuπtionGπrossGsτπtionGinGppGπollisionsGμtG−oormulμcGsττGtτxt]GμnρG
a−oormulμcGsττGtτxt]GμnρGsτμrπhGψorGμnomμlousGtriplτGgμugτGπouplingsGμtG−oormulμcGsττGtτxt]UG
EuropeanoPhysicaloJournaloCSG2017SG__SGYZ^

4.2 21

333
jGsτμrπhGψorGnτwGphτnomτnμGinGppGπollisionsGμtG−oormulμcGsττGtτxt]GinGψinμlGstμtτsGwithGmissingG
trμnsvτrsτGmomτntumGμnρGμtGlτμstGonτGjτtGusingGthτG−oormulμcGsττGtτxt]GvμriμνlτUGEuropeanoPhysicalo
JournaloCSG2017SG__SGYb[

4.2 21

332 lorrτlμtionsGντtwττnGjτtsGμnρGπhμrgτρGpμrtiπlτsGinGyνyνGμnρGppGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 21
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331 vτμsurτmτntGoψGthτG−oormulμcGsττGtτxt]GproρuπtionGπrossGsτπtionGinGthτGμllTjτtsGψinμlGstμtτGinGppG
πollisionsGμtG−oormulμcGsττGtτxt]−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2016SG_^SGXYa 4.2 21

330
}τμrπhGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGinGτvτntsGwithGtwoGlτptonsGoψGsμmτGsignSGmissingG
trμnsvτrsτGmomτntumSGμnρGjτtsGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2017SG
__SG]_a

4.2 21

329 }τμrπhGψorGlightGνosonsGinGρτπμysGoψGthτGXY]Gpτ–GqiggsGνosonGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 21

328 vτμsurτmτntGoψGtrμnsvτrsτGmomτntumGrτlμtivτGtoGρijτtGsystτmsGinGyνyνGμnρGppGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 21

327 }τμrπhGψorGsupτrsymmτtryGinGprotonTprotonGπollisionsGμtGXZG~τ–GinGψinμlGstμtτsGwithGjτtsGμnρGmissingG
trμnsvτrsτGmomτntumUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 21

326 }τμrπhGψorGhighGmμssGρijτtGrτsonμnπτsGwithGμGnτwGνμπkgrounρGprτρiπtionGmτthoρGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 20

325
vτμsurτmτntGoψG−oormulμcGsττGtτxt]GproρuπtionGwithGμρρitionμlGjτtGμπtivitySGinπluρingG−oormulμcGsττG
tτxt]GquμrkGjτtsSGinGthτGρilτptonGρτπμyGπhμnnτlGusingGppGπollisionsGμtG−oormulμcGsττGtτxt]UGEuropeano
PhysicaloJournaloCSG2016SG_^SGZ_b

4.2 20

324 }τμrπhGψorGstμnρμrρGmoρτlGproρuπtionGoψGψourGtopGquμrksGwithGsμmτTsignGμnρGmultilτptonGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX[W 4.2 20

323 }τμrπhGψorGμGhτμvyGpsτuρosπμlμrGνosonGρτπμyingGtoGμGℓGμnρGμGqiggsGνosonGμtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSG]^[ 4.2 20

322
}τμrπhGψorGpμirGproρuπtionGoψGvτπtorTlikτG~GμnρGkGquμrksGinGsinglτTlτptonGψinμlGstμtτsGusingGνoostτρG
jτtGsuνstruπturτGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 20

321 }τμrπhGψorGhτμvyGrτsonμnπτsGthμtGρτπμyGintoGμGvτπtorGνosonGμnρGμGqiggsGνosonGinGhμρroniπGψinμlG
stμtτsGμtUGEuropeanoPhysicaloJournaloCSG2017SG__SG^Z^ 4.2 20

320 lτntrμlityGρτpτnρτnπτGoψGinπlusivτGsVˇ�GproρuπtionGinGpTyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}f]UWYG
PG~τ–UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 20

319 }τμrπhGψorGnτwGrτsonμnπτsGinGmμssGρistriνutionsGoψGjτtGpμirsGusingGXZbGψνâ��XGoψGppGπollisionsGμtGOG
sqrt{mμthrm{s}}GPGfGXZG~τ–GwithGthτGj~uj}GρτtτπtorUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 20

318 }τμrπhGψorGμnomμlousGsinglτGtopGquμrkGproρuπtionGinGμssoπiμtionGwithGμGphotonGinGppGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 20

317 }τμrπhGψorGμGhτμvyGrightThμnρτρG GνosonGμnρGμGhτμvyGnτutrinoGinGτvτntsGwithGtwoGsμmτTψlμvorG
lτptonsGμnρGtwoGjτtsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 20

316 }τμrπhGψorGthτGψlμvorTπhμngingGnτutrμlGπurrτntGintτrμπtionsGoψGthτGtopGquμrkGμnρGthτGqiggsGνosonG
whiπhGρτπμysGintoGμGpμirGoψGνGquμrksGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 20

315
vτμsurτmτntsGoψGthτG−oormulμcGsττGtτxt]GproρuπtionGπrossGsτπtionGinGlτptonRjτtsGψinμlGstμtτsGinGppG
πollisionsGμtGaG−oormulμcGsττGtτxt]GμnρGrμtioGoψGaGtoG_´ −oormulμcGsττGtτxt]GπrossGsτπtionsUGEuropeano
PhysicaloJournaloCSG2017SG__SGX]

4.2 19

314
}τμrπhGψorGrτsonμntGμnρGnonrτsonμntGqiggsGνosonGpμirGproρuπtionGinGthτGOG
mμthrm{ν}ovτrlinτ{mμthrm{ν}}mμthit{τllGnuGτllGnuG}GPGψinμlGstμtτGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX

5.4 19
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313 }τμrπhGψorGmμssivτG qGrτsonμnπτsGρτπμyingGintoGthτG−oormulμcGsττGtτxt]GψinμlGstμtτGμtG−oormulμcGsττG
tτxt]−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2016SG_^SGYZ_ 4.2 19

312 vτμsurτmτntGoψGτxπlusivτGphotoproρuπtionGψromGprotonsGinGyνGπollisionsGμtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSGY__ 4.2 19

311 }τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGtoGtμuGlτptonGpμirsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZG
PG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 19

310 }τμrπhGψorGmμssivτGrτsonμnπτsGρτπμyingGintoG  SG ℓGorGℓℓGνosonsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 19

309 rnsightGintoGpμrtiπlτGproρuπtionGmτπhμnismsGviμGμngulμrGπorrτlμtionsGoψGiρτntiψiτρGpμrtiπlτsGinGppG
πollisionsGμtGOsqrt{mμthrm{s}}f_PG~τ–UGEuropeanoPhysicaloJournaloCSG2017SG__SGX 4.2 19

308 }τμrπhGψorGthirρTgτnτrμtionGsπμlμrGlτptoquμrksGinGthτGtˇ�GπhμnnτlGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 19

307 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGνosonGproρuπtionGinGμssoπiμtionGwithGjτtsGinG
protonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGb^] 4.2 19

306 }τμrπhGψorGnτwGphysiπsGinGρijτtGμngulμrGρistriνutionsGusingGprotonTprotonGπollisionsGμtGμnρG
πonstrμintsGonGρμrkGmμttτrGμnρGothτrGmoρτlsUGEuropeanoPhysicaloJournaloCSG2018SG_aSG_ab 4.2 19

305 }τμrπhGψorGlτptonGψlμvourGviolμtingGρτπμysGoψGthτGqiggsGνosonGtoG˛…ˇ�GμnρGτˇ�GinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 19

304 }τμrπhGψorGvτπtorTlikτGquμrksGinGτvτntsGwithGtwoGoppositτlyGπhμrgτρGlτptonsGμnρGjτtsGinG
protonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZ^[ 4.2 18

303 xνsτrvμtionGoψGtopGquμrkGpμirsGproρuπτρGinGμssoπiμtionGwithGμGvτπtorGνosonGinGppGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 18

302 rnπlusivτGquμrkoniumGproρuπtionGμtGψorwμrρGrμpiρityGinGppGπollisionsGμtG−oormulμcGsττGtτxt]~τ–UG
EuropeanoPhysicaloJournaloCSG2016SG_^SGXa[ 4.2 18

301
}τμrπhGψorGhτμvyGnτutrinosGμnρGthirρTgτnτrμtionGlτptoquμrksGinGhμρroniπGstμtτsGoψGtwoGˇ�GlτptonsG
μnρGtwoGjτtsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 18

300 lhμrgτρTpμrtiπlτGmultipliπityGρistriνutionsGovτrGμGwiρτGpsτuρorμpiρityGrμngτGinGprotonTprotonG
πollisionsGμtGOsqrt{s}fPGWUbSG_SGμnρGaG~τ–UGEuropeanoPhysicaloJournaloCSG2017SG__SGX 4.2 18

299 }τμrπhGψorGρirτπtGproρuπtionGoψGsupτrsymmτtriπGpμrtnτrsGoψGthτGtopGquμrkGinGthτGμllTjτtsGψinμlGstμtτG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 18

298
}τμrπhGψorGhτμvyGnτutrinosGorGthirρTgτnτrμtionGlτptoquμrksGinGψinμlGstμtτsGwithGtwoGhμρroniπμllyG
ρτπμyingGˇ�GlτptonsGμnρGtwoGjτtsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX

5.4 18

297 }τμrπhGψorGnτutrμlGv}}vGqiggsGνosonsGρτπμyingGintoGμGpμirGoψGνottomGquμrksUGJournaloofoHigho
EnergyoPhysicsSG2015SGYWX]SGX 5.4 18

296 }τμrπhGψorGhτμvyGqiggsGνosonsGρτπμyingGtoGμGtopGquμrkGpμirGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPG
fGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 18
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295 vultipliπityGμnρGtrμnsvτrsτGmomτntumGτvolutionGoψGπhμrgτTρτpτnρτntGπorrτlμtionsGinGppSGpTyνSGμnρG
yνTyνGπollisionsGμtGthτGuqlUGEuropeanoPhysicaloJournaloCSG2016SG_^SGa^ 4.2 18

294 vτμsurτmτntGoψGthτGπrossGsτπtionGψorGtopGquμrkGpμirGproρuπtionGinGμssoπiμtionGwithGμG GorGℓGνosonG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 18

293
}τμrπhGψorGOGmμthrm{t}ovτrlinτ{mμthrm{t}}mμthrm{q}GPGproρuπtionGinGthτGOGmμthrm{q}toG
mμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGρτπμyGπhμnnτlGwithGlτptoniπGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPG
ρτπμysGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 17

292 }τμrπhGψorGnτwGphysiπsGinGτvτntsGwithGμGlτptoniπμllyGρτπμyingGℓGνosonGμnρGμGlμrgτGtrμnsvτrsτG
momτntumGimνμlμnπτGinGprotonTprotonGπollisionsGμtGfGXZUGEuropeanoPhysicaloJournaloCSG2018SG_aSGYbX 4.2 17

291 vτμsurτmτntGoψGthτGinπlusivτGjτtGπrossGsτπtionGinGppGπollisionsGμtGOsqrt{s}GfGYU_^StτxtG{~τ–}PUG
EuropeanoPhysicaloJournaloCSG2016SG_^SGX 4.2 17

290 vτμsurτmτntGoψGmGRsGproρuπtionGμnρGnuπlτμrGmoρiψiπμtionGψμπtorGinGyνTyνGπollisionsGμtGOG
sqrt{{mμthrm{s}}α{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 17

289
}τμrπhGψorGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGrτsonμnπτsGinGhighlyGνoostτρGlτptonRjτtsGμnρGψullyG
hμρroniπGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 17

288 }τμrπhτsGψorGpμirGproρuπtionGoψGthirρTgτnτrμtionGsquμrksGinG−oormulμcGsττGtτxt]−oormulμcGsττGtτxt]G
ppGπollisionsUGEuropeanoPhysicaloJournaloCSG2017SG__SGZY_ 4.2 17

287
}τμrπhGψorGμGsπμlμrGpμrtnτrGoψGthτGtopGquμrkGinGthτGμllThμρroniπGOt{νμr{t}}PGplusGmissingGtrμnsvτrsτG
momτntumGψinμlGstμtτGμtGOsqrt{s}fXZPG~τ–GwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG
2020SGaWSGX

4.2 17

286
vτμsurτmτntGoψGρouνlτTρiψψτrτntiμlGπrossGsτπtionsGψorGtopGquμrkGpμirGproρuπtionGinGppGπollisionsGμtG
−oormulμcGsττGtτxt]−oormulμcGsττGtτxt]GμnρGimpμπtGonGpμrtonGρistriνutionGψunπtionsUGEuropeano
PhysicaloJournaloCSG2017SG__SG[]b

4.2 16

285 }τμrπhτsGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGwithGthτGvμriμνlτGinGhμρroniπGψinμlGstμtτsGwithGμnρG
withoutGρisμppτμringGtrμπksGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGZ 4.2 16

284 }τμrπhGψorGnτwGphysiπsGwithGthτGvG~YGvμriμνlτGinGμllTjτtsGψinμlGstμtτsGproρuπτρGinGppGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 16

283
}τμrπhGψorGμGvτryGlightGwv}}vGqiggsGνosonGproρuπτρGinGρτπμysGoψGthτGXY]Gpτ–GsπμlμrGνosonGμnρG
ρτπμyingGintoGˇ�GlτptonsGinGppGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SG
YWX^SGX

5.4 16

282 nnτrgyGρτpτnρτnπτGoψGtˇ�SGpˇ�SGμnρGtpGψluπtuμtionsGinGjuGRGjuGπollisionsGψromGswwf_U_GtoGYWWGpτ–UG
PhysicaloReviewoCSG2015SGbYSG 2.7 16

281
}τμrπhGψorGμGπhμrgτρGqiggsGνosonGρτπμyingGintoGtopGμnρGνottomGquμrksGinGτvτntsGwithGτlτπtronsGorG
muonsGinGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX

5.4 16

280 }τμrπhGψorGρμrkGmμttτrGμnρGunpμrtiπlτsGinGτvτntsGwithGμGℓGνosonGμnρGmissingGtrμnsvτrsτGmomτntumG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 16

279
vτμsurτmτntGoψGψlowGhμrmoniπsGπorrτlμtionsGwithGmτμnGtrμnsvτrsτGmomτntumGinGlτμρâ��lτμρGμnρG
protonâ��lτμρGπollisionsGμtGOsqrt{sα{mμthrm{ww}}}GfG]UWY~hνoxG{~τ–}PGwithGthτGj~uj}GρτtτπtorUG
EuropeanoPhysicaloJournaloCSG2019SG_bSGX

4.2 16

278 }τμrπhGψorGμGπhμrgτρGqiggsGνosonGρτπμyingGtoGπhμrmGμnρGνottomGquμrksGinGprotonTprotonGπollisionsG
μtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 16
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277 }τμrπhGψorGρμrkGmμttτrGinGτvτntsGwithGτnτrgτtiπSGhμρroniπμllyGρτπμyingGtopGquμrksGμnρGmissingG
trμnsvτrsτGmomτntumGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 16

276
vτμsurτmτntsGoψGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGρiψψτrτntiμlGπrossGsτπtionsGinGprotonTprotonG
πollisionsGμtGOGsqrt{mμthrm{s}}fXZGPG~τ–GusingGτvτntsGπontμiningGtwoGlτptonsUGJournaloofoHighoEnergyo
PhysicsSG2019SGYWXbSGX

5.4 15

275 vτμsurτmτntsGoψGthτGμssoπiμtτρGproρuπtionGoψGμGℓGνosonGμnρGνGjτtsGinGppGπollisionsGμtUGEuropeano
PhysicaloJournaloCSG2017SG__SG_]X 4.2 15

274
vτμsurτmτntGoψGρiψψτrτntiμlGμnρGintτgrμtτρGψiρuπiμlGπrossGsτπtionsGψorGqiggsGνosonGproρuπtionGinG
thτGψourTlτptonGρτπμyGπhμnnτlGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG~τ–UGJournaloofoHighoEnergyo
PhysicsSG2016SGYWX^SGX

5.4 15

273 }τμrπhGψorGnτwGpμrtiπlτsGρτπμyingGtoGμGjτtGμnρGμnGτmτrgingGjτtUGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX 5.4 15

272 vτμsurτmτntGoψGthτGtrμnsvτrsτGmomτntumGspτπtrμGoψGwτμkGvτπtorGνosonsGproρuπτρGinG
protonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 15

271 }upprτssionGoψGˇ�OY}PGproρuπtionGinGpTyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GPGfG]UWYG~τ–UGJournaloofo
HighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 15

270 oirstGντμmGtτstsGoψGprototypτGsiliπonGmoρulτsGψorGthτGlv}GqighGprμnulμrityGnnρπμpGlμlorimτtτrUG
JournaloofoInstrumentationSG2018SGXZSGyXWWYZTyXWWYZ 1 15

269 }τμrπhGψorGhighTmμssGrτsonμnπτsGinGψinμlGstμtτsGwithGμGlτptonGμnρGmissingGtrμnsvτrsτGmomτntumGμtG
OGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 15

268 vτμsurτmτntGoψGthτGjτtGmμssGinGhighlyGνoostτρG−oormulμcGsττGtτxt]GτvτntsGψromGppGπollisionsGμtG
−oormulμcGsττGtτxt]−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2017SG__SG[^_ 4.2 14

267 }τμrπhGψorGhτμvyGvμjorμnμGnτutrinosGinGsμmτTsignGρilτptonGπhμnnτlsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 14

266 kτμmTτnτrgyGρτpτnρτnπτGoψGπhμrgτGνμlμnπτGψunπtionsGψromGjuGRGjuGπollisionsGμtGτnτrgiτsGμvμilμνlτG
μtGthτGkwuG{τlμtivistiπGqτμvyGronGlolliρτrUGPhysicaloReviewoCSG2016SGb[SG 2.7 14

265 nlliptiπGψlowGoψGτlτπtronsGψromGhτμvyTψlμvourGhμρronGρτπμysGμtGmiρTrμpiρityGinGyνTyνGπollisionsGμtGOG
sqrt{{mμthrm{s}}α{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 14

264 }τμrπhGψorGρirτπtGpμirGproρuπtionGoψGsupτrsymmτtriπGtopGquμrksGρτπμyingGtoGμllThμρroniπGψinμlGstμtτsG
inGppGπollisionsGμtG−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2016SG_^SG[^W 4.2 14

263 }τμrπhGψorGμGmμssivτGrτsonμnπτGρτπμyingGintoGμGqiggsGνosonGμnρGμG GorGℓGνosonGinGhμρroniπGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 14

262 nnτrgyGρτpτnρτnπτGoψGψorwμrρTrμpiρityG−oormulμcGsττGtτxt]GμnρG−oormulμcGsττGtτxt]GproρuπtionGinG
ppGπollisionsGμtGthτGuqlUGEuropeanoPhysicaloJournaloCSG2017SG__SGZbY 4.2 14

261
vτμsurτmτntGoψGthτGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGπrossGsτπtionGusingGτvτntsGwithG
onτGlτptonGμnρGμtGlτμstGonτGjτtGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 14

260 }τμrπhGψorGqiggsGνosonGoψψTshτllGproρuπtionGinGprotonTprotonGπollisionsGμtG_GμnρGaG~τ–GμnρG
ρτrivμtionGoψGπonstrμintsGonGitsGtotμlGρτπμyGwiρthUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 14

(2016-2018)
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259
}τμrπhGψorGnτwGphτnomτnμGinGψinμlGstμtτsGwithGtwoGoppositτTπhμrgτSGsμmτTψlμvorGlτptonsSGjτtsSGμnρG
missingGtrμnsvτrsτGmomτntumGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 14

258
}τμrπhGψorGμnGτxotiπGρτπμyGoψGthτGqiggsGνosonGtoGμGpμirGoψGlightGpsτuρosπμlμrsGinGthτGψinμlGstμtτGoψG
twoGmuonsGμnρGtwoGˇ�GlτptonsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2018SGYWXaSGX

5.4 14

257 vτμsurτmτntsGoψGthτGρiψψτrτntiμlGjτtGπrossGsτπtionGμsGμGψunπtionGoψGthτGjτtGmμssGinGρijτtGτvτntsGψromG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 14

256 }τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμGˇ�GlτptonGpμirGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 14

255
xνsτrvμtionGoψGprotonTtμggτρSGπτntrμlGOsτmiPτxπlusivτGproρuπtionGoψGhighTmμssGlτptonGpμirsGinGppG
πollisionsGμtGXZG~τ–GwithGthτGlv}T~x~nvGprτπisionGprotonGspτπtromτtτrUGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 14

254
vτμsurτmτntGoψGμzimuthμlGπorrτlμtionsGoψGmGmτsonsGwithGπhμrgτρGpμrtiπlτsGinGppGπollisionsGμtG
−oormulμcGsττGtτxt]´ ~τ–GμnρGpTyνGπollisionsGμtG−oormulμcGsττGtτxt]´ ~τ–UGEuropeanoPhysicaloJournaloCSG
2017SG__SGY[]

4.2 13

253 }τμrπhGψorGrτsonμntGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 13

252 lonstrμintsGonGthτGρouνlτTpμrtonGsπμttτringGπrossGsτπtionGψromGsμmτTsignG GνosonGpμirGproρuπtionG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 13

251 oorwμrρTνμπkwμrρGμsymmτtryGoψGmrτllTYμnGlτptonGpμirsGinGppGπollisionsGμtG−oormulμcGsττG
tτxt]−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2016SG_^SGZY] 4.2 13

250 vτμsurτmτntGoψGτxπlusivτG´ photoproρuπtionGinGultrμpτriphτrμlGpyνGπollisionsGμtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSG_WY 4.2 13

249 vτμsurτmτntGoψGthτGtopGquμrkGmμssGinGthτGμllTjτtsGψinμlGstμtτGμtGμnρGπomνinμtionGwithGthτG
lτptonRjτtsGπhμnnτlUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZXZ 4.2 13

248
vτμsurτmτntGoψGOhνoxG{t}{νμr{hνoxG{t}}}PGnormμlisτρGmultiTρiψψτrτntiμlGπrossGsτπtionsGinGO{tτxtG
{p}}{tτxtG{p}}GPGπollisionsGμtGOsqrt{s}fXZS{tτxtG{~τ–}}GPSGμnρGsimultμnτousGρτtτrminμtionGoψGthτGstrongG
πouplingGstrτngthSGtopGquμrkGpolτGmμssSGμnρGpμrtonGρistriνutionGψunπtionsUGEuropeanoPhysicalo
JournaloCSG2020SGaWSGX

4.2 13

247 vultipliπityGρτpτnρτnπτGoψGOpiGPSGtSGμnρGpGproρuπtionGinGppGπollisionsGμtGOsqrt{s}GfGXZPG~τ–UGEuropeano
PhysicaloJournaloCSG2020SGaWSGX 4.2 13

246 mτπomposingGtrμnsvτrsτGmomτntumGνμlμnπτGπontriνutionsGψorGquτnπhτρGjτtsGinGyνyνGπollisionsGμtGOG
sqrt{sα{mμthrm{w}dmμthrm{w}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 13

245
vτμsurτmτntsGoψGtopTquμrkGpμirGρiψψτrτntiμlGμnρGρouνlτTρiψψτrτntiμlGπrossTsτπtionsGinGthτGOτllGPRjτtsG
πhμnnτlGwithGppGπollisionsGμtGOsqrt{s}fXZPG~τ–GusingGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloC
SG2019SG_bSGX

4.2 13

244 }τμrπhGψorGOGmμthrm{t}ovτrlinτ{mμthrm{t}}mμthrm{q}GPGproρuπtionGinGthτGμllTjτtGψinμlGstμtτGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 13

243 vτμsurτmτntGoψGthτGtopGquμrkGmμssGwithGlτptonRjτtsGψinμlGstμtτsGusingGπollisionsGμtUGEuropeano
PhysicaloJournaloCSG2018SG_aSGabX 4.2 13

242 }τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGqiggsGνosonGρτπμyingGtoGμGpμirGoψGνottomG
quμrksGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGYaW 4.2 12
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241 }τμrπhGψorGρirτπtGtopGsquμrkGpμirGproρuπtionGinGτvτntsGwithGonτGlτptonSGjτtsSGμnρGmissingGtrμnsvτrsτG
momτntumGμtGXZG~τ–GwithGthτGlv}GτxpτrimτntUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 12

240 qiggsGνosonGproρuπtionGπrossTsτπtionGmτμsurτmτntsGμnρGthτirGno~GintτrprτtμtionGinGthτGO[τllGPG
ρτπμyGπhμnnτlGμtGOsqrt{s}fPXZG~τ–GwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 12

239 vτμsurτmτntGoψGnormμlizτρGρiψψτrτntiμlGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGπrossGsτπtionsGinGthτG
ρilτptonGπhμnnτlGψromGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 12

238 lτntrμlityGρτpτnρτnπτGoψGˇ�OY}PGsupprτssionGinGpTyνGπollisionsGμtGOG{sqrt{s}}α{mμthrm{ww}}f]UWYGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 12

237 }τμrπhGψorGtopGquμrkGρτπμysGviμGqiggsTνosonTmτρiμtτρGψlμvorTπhμngingGnτutrμlGπurrτntsGinGppG
πollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 12

236
vτμsurτmτntGoψGpromptGmWSGmRSGmQRSGμnρGOG{mμthrm{m}}α{mμthrm{}}}Λ{R}GPGproρuπtionGinGpâ��yνG
πollisionsGμtGOGsqrt{{mμthrm{s}}α{mμthrm{ww}}}GPGfG]UWYG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 12

235
}τμrπhτsGψorGpμirGproρuπtionGoψGπhμrginosGμnρGtopGsquμrksGinGψinμlGstμtτsGwithGtwoGoppositτlyG
πhμrgτρGlτptonsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 12

234 }tuρiτsGoψGμnρGmτsonsGinπluρingGthτGoνsτrvμtionGoψGthτGρτπμyGinGprotonTprotonGπollisionsGμtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSGbZb 4.2 12

233 nlτπtrowτμkGproρuπtionGoψGtwoGjτtsGinGμssoπiμtionGwithGμGℓGνosonGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}fGPGXZOStτxtG{~τ–}PUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX 4.2 12

232 }τμrπhGψorGsinglτGproρuπtionGoψGvτπtorTlikτGquμrksGρτπμyingGtoGμGνGquμrkGμnρGμGqiggsGνosonUGJournalo
ofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 12

231 }τμrπhGψorGnτwGphysiπsGinGthτGmonophotonGψinμlGstμtτGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

230 }τμrπhGψorGμGhτμvyGqiggsGνosonGρτπμyingGtoGμGpμirGoψG GνosonsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 11

229 vτμsurτmτntGoψGμssoπiμtτρGℓGRGπhμrmGproρuπtionGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicalo
JournaloCSG2018SG_aSGYa_ 4.2 11

228 yhτnomτnologiπμlGv}}vGintτrprτtμtionGoψGlv}GsτμrπhτsGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 11

227 rρτntiψiπμtionGoψGνoostτρGqiggsGνosonsGρτπμyingGintoGνTquμrkGpμirsGwithGthτGj~uj}GρτtτπtorGμtG
XZ´ KKtτxtG{~τ–}KKUGEuropeanoPhysicaloJournaloCSG2019SG_bSG 4.2 11

226 vτμsurτmτntsGoψGρiψψτrτntiμlGproρuπtionGπrossGsτπtionsGψorGμGℓGνosonGinGμssoπiμtionGwithGjτtsGinGppG
πollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

225 }τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosGμnρGnτutrμlinosGinG qGτvτntsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

224 }τμrπhGψorGnτwGphysiπsGwithGρijτtGμngulμrGρistriνutionsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

(2017-2020)
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223 }τμrπhGψorGsupτrsymmτtryGinGthτGvτπtorTνosonGψusionGtopologyGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 11

222 orττzτToutGρynμmiπsGviμGπhμrgτρGkμonGψτmtosπopyGinGswwfYWWGpτ–GπτntrμlGjuGRGjuGπollisionsUG
PhysicaloReviewoCSG2013SGaaSG 2.7 11

221 vτμsurτmτntsGoψGρiψψτrτntiμlGℓGνosonGproρuπtionGπrossGsτπtionsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 11

220 yτrψormμnπτGoψGthτGrτπonstruπtionGμnρGiρτntiψiπμtionGoψGhighTmomτntumGmuonsGinGprotonTprotonG
πollisionsGμtGâ��sGfGXZG~τ–UGJournaloofoInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

219 lhμrgτρTpμrtiπlτGnuπlτμrGmoρiψiπμtionGψμπtorsGinG±τ±τGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GfG]U[[GPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 11

218 }τμrπhGψorGℓ˛‡GrτsonμnπτsGusingGlτptoniπGμnρGhμρroniπGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 11

217 }τμrπhGψorGthτGρτπμyGoψGμGqiggsGνosonGinGthτGâ��â�� ˛‡GπhμnnτlGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 11

216
}τμrπhGψorGντyonρGthτGstμnρμrρGmoρτlGqiggsGνosonsGρτπμyingGintoGμGOG
mμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGpμirGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 11

215
vτμsurτmτntsGoψGthτGppGTgG ℓGinπlusivτGμnρGρiψψτrτntiμlGproρuπtionGπrossGsτπtionsGμnρGπonstrμintsG
onGπhμrgτρGμnomμlousGtriplτGgμugτGπouplingsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 10

214 rnπlusivτGphotonGproρuπtionGμtGψorwμrρGrμpiρitiτsGinGprotonâ��protonGπollisionsGμtGOmμthνψG{sqrt{s}}PGfG
WUbSGYU_^GμnρG_G~τ–UGEuropeanoPhysicaloJournaloCSG2015SG_]SGX 4.2 10

213
}τμrπhGψorGnτwGnτutrμlGqiggsGνosonsGthroughGthτGOGmμthrm{q}toGmμthrm{ℓj}toG
{τll}Λ{R}{τll}Λ{T}mμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGproπτssGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX

5.4 10

212 jGmultiTρimτnsionμlGsτμrπhGψorGnτwGhτμvyGrτsonμnπτsGρτπμyingGtoGνoostτρGSGSGorGνosonGpμirsGinGthτG
ρijτtGψinμlGstμtτGμtGXZ´ UGEuropeanoPhysicaloJournaloCSG2020SGaWSGYZ_ 4.2 10

211 vτμsurτmτntGoψGthτGtrμnsvτrsτGmomτntumGspτπtrumGoψGthτGqiggsGνosonGproρuπτρGinGppGπollisionsG
μtGOGsqrt{s}faGPG~τ–GusingGqGTgG  GρτπμysUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 10

210 }τμrπhGψorGτxπitτρGlτptonsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyo
PhysicsSG2016SGYWX^SGX 5.4 10

209 yroρuπtionGoψG−oormulμcGsττGtτxt]GμnρG−oormulμcGsττGtτxt]GmτsonsGupGtoGhighGtrμnsvτrsτGmomτntumG
inGppGπollisionsGμtGYU_^G~τ–UGEuropeanoPhysicaloJournaloCSG2017SG__SGZZb 4.2 10

208 vτμsurτmτntsGoψGjτtGπhμrgτGwithGρijτtGτvτntsGinGppGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX 5.4 10

207 }τμrπhGψorGμssoπiμtτρGproρuπtionGoψGμGℓGνosonGwithGμGsinglτGtopGquμrkGμnρGψorGtℓGψlμvourTπhμngingG
intτrμπtionsGinGppGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 10

206
}τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμtGlτμstGonτGphotonSGmissingGtrμnsvτrsτGmomτntumSGμnρG
lμrgτGtrμnsvτrsτGτvτntGμπtivityGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX

5.4 10
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205 xνsτrvμtionGoψG~rμnsvτrsτG}pinTmτpτnρτntGjzimuthμlGlorrτlμtionsGoψGlhμrgτρGyionGyμirsGinGpΛ{h}RpG
μtGsqrt−s]fYWWGGpτ–UGPhysicaloReviewoLettersSG2015SGXX]SGY[Y]WX 7.4 10

204 vτμsurτmτntGoψGpropτrtiτsGoψGOG{mμthrm{k}}α{mμthrm{s}}ΛWGPTgG˛…R˛…â��GρτπμysGμnρGsτμrπhGψorGkWTgG˛…R˛…â��G
withGthτGlv}GτxpτrimτntUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 10

203 }τμrπhGψorGthτGμssoπiμtτρGproρuπtionGoψGμGqiggsGνosonGwithGμGsinglτGtopGquμrkGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 10

202 }τμrπhGψorGrτsonμntGpμirGproρuπtionGoψGqiggsGνosonsGρτπμyingGtoGνottomGquμrkTμntiquμrkGpμirsGinG
protonTprotonGπollisionsGμtGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 10

201
vτμsurτmτntsGoψGρiψψτrτntiμlGπrossGsτπtionsGoψGtopGquμrkGpμirGproρuπtionGμsGμGψunπtionGoψGkinτmμtiπG
τvτntGvμriμνlτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018
SGYWXaSGX

5.4 10

200 }τμrπhGψorGnτwGphysiπsGinGψinμlGstμtτsGwithGμGsinglτGphotonGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9

199 jGsτμrπhGψorGthτGstμnρμrρGmoρτlGqiggsGνosonGρτπμyingGtoGπhμrmGquμrksUGJournaloofoHighoEnergyo
PhysicsSG2020SGYWYWSGX 5.4 9

198 }τμrπhGψorGρμrkGmμttτrGinGprotonTprotonGπollisionsGμtGaG~τ–GwithGmissingGtrμnsvτrsτGmomτntumGμnρG
vτπtorGνosonGtμggτρGjτtsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 9

197 jzimuthμlGρτπorrτlμtionGoψGjτtsGwiρτlyGsτpμrμtτρGinGrμpiρityGinGppGπollisionsGμtGOGsqrt{s}f_GPG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 9

196 vτμsurτmτntGoψGνGhμρronGliψτtimτsGinGppGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2018SG_aSG[]_ 4.2 9

195 }τμrπhGψorGtopGquμrkGpμrtnτrsGwithGπhμrgτG]VZGinGthτGsμmτTsignGρilτptonGμnρGsinglτTlτptonGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9

194
}τμrπhGψorGμssoπiμtτρGproρuπtionGoψGρμrkGmμttτrGwithGμGqiggsGνosonGρτπμyingGtoGOG
mμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGorG˛‡˛‡GμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 9

193 }τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGμGvτπtorTlikτGquμrkGρτπμyingGtoGμGtopGquμrkGμnρGμGqiggsGνosonG
usingGνoostτρGtopologiτsGinGψullyGhμρroniπGψinμlGstμtτsUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 9

192
vτμsurτmτntGoψGτlτπtrowτμkTinρuπτρGproρuπtionGoψG ˛‡GwithGtwoGjτtsGinGppGπollisionsGμtGOGsqrt{s}faGPG
~τ–GμnρGπonstrμintsGonGμnomμlousGquμrtiπGgμugτGπouplingsUGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 9

191 }τμrπhGψorGμnomμlousGtriplτGgμugτGπouplingsGinG  GμnρG ℓGproρuπtionGinGlτptonGRGjτtGτvτntsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9

190 vτμsurτmτntsGoψGthτGqiggsGνosonGinπlusivτGμnρGρiψψτrτntiμlGψiρuπiμlGπrossGsτπtionsGinGthτG[OτllGPG
ρτπμyGπhμnnτlGμtGOsqrt{s}PGfGXZG~τ–UGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 9

189
}τμrπhGψorGlτptonGψlμvourGviolμtingGρτπμysGoψGhτμvyGrτsonμnπτsGμnρGquμntumGνlμπkGholτsGtoGμnG
−oormulμcGsττGtτxt]GpμirGinGprotonTprotonGπollisionsGμtG−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournalo
CSG2016SG_^SGZX_

4.2 9

188 }τμrπhGψorGνlμπkGholτsGμnρGsphμlτronsGinGhighTmultipliπityGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 9

(2018-2015)
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187 vτμsurτmτntGoψGπhμrgτρGpμrtiπlτGspτπtrμGinGminimumTνiμsGτvτntsGψromGprotonTprotonGπollisionsGμtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSG^b_ 4.2 9

186
}τμrπhGψorGμGsinglyGproρuπτρGthirρTgτnτrμtionGsπμlμrGlτptoquμrkGρτπμyingGtoGμGˇ�GlτptonGμnρGμG
νottomGquμrkGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 9

185
}τμrπhGψorGsupτrsymmτtryGwithGμGπomprτssτρGmμssGspτπtrumGinGthτGvτπtorGνosonGψusionGtopologyG
withGXTlτptonGμnρGWTlτptonGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofo
HighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 8

184 }τμrπhGψorGπontμπtGintτrμπtionsGμnρGlμrgτGτxtrμGρimτnsionsGinGthτGρilτptonGmμssGspτπtrμGψromG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 8

183
vτμsurτmτntGoψGinπlusivτGμnρGρiψψτrτntiμlGqiggsGνosonGproρuπtionGπrossGsτπtionsGinGthτGρiphotonG
ρτπμyGπhμnnτlGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 8

182 OjntiTPρτutτronGproρuπtionGinGppGπollisionsGμtGOsqrt{s}fXZGtτxtG{~τ–}PUGEuropeanoPhysicaloJournaloCSG
2020SGaWSGX 4.2 8

181 vτμsurτmτntGoψGtopGquμrkGpμirGproρuπtionGinGμssoπiμtionGwithGμGℓGνosonGinGprotonTprotonGπollisionsG
μtGOGsqrt{mμthrm{s}}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

180 }τμrπhGψorGsquμrksGμnρGgluinosGinGψinμlGstμtτsGwithGsμmτTsignGlτptonsGμnρGjτtsGusingGXZbGψνâ��XGoψGρμtμG
πollτπtτρGwithGthτGj~uj}GρτtτπtorUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

179 lompμringGtrμnsvτrsτGmomτntumGνμlμnπτGoψGνGjτtGpμirsGinGppGμnρGyνyνGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}f]UWYGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 8

178 }τμrπhGψorGsGπhμnnτlGsinglτGtopGquμrkGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG~τ–UGJournaloofo
HighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 8

177 vτμsurτmτntGoψGmTmτsonGproρuπtionGvτrsusGmultipliπityGinGpTyνGπollisionsGμtGOG
sqrt{{mμthrm{s}}α{mμthrm{ww}}}f]UWYGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 8

176 }τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGsinglτGtopGquμrkGorGμGtopGquμrkGpμirGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 8

175 }τμrπhGψorGsinglτGproρuπtionGoψGvτπtorTlikτGquμrksGρτπμyingGtoGμGℓGνosonGμnρGμGtopGorGμGνottomG
quμrkGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 8

174 vτμsurτmτntGoψGthτGtopGquμrkGmμssGusingGsinglτGtopGquμrkGτvτntsGinGprotonTprotonGπollisionsGμtG
−oormulμcGsττGtτxt]´ ~τ–UGEuropeanoPhysicaloJournaloCSG2017SG__SGZ][ 4.2 8

173 vτμsurτmτntGoψGthτGtriplτTρiψψτrτntiμlGρijτtGπrossGsτπtionGinGprotonTprotonGπollisionsGμtGμnρG
πonstrμintsGonGpμrtonGρistriνutionGψunπtionsUGEuropeanoPhysicaloJournaloCSG2017SG__SG_[^ 4.2 8

172 nviρτnπτGψorGOtνμr{t}tνμr{t}PGproρuπtionGinGthτGmultilτptonGψinμlGstμtτGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}fXZPGOtτxtG{~τ–}PGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 8

171
}τμrπhGψorGlightGlongTlivτρGnτutrμlGpμrtiπlτsGproρuπτρGinGppGπollisionsGμtGOsqrt{s}GfGXZ~mμthrmG{~τ–}PG
μnρGρτπμyingGintoGπollimμtτρGlτptonsGorGlightGhμρronsGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicalo
JournaloCSG2020SGaWSGX

4.2 8

170 rnπlusivτGsVˇ�GproρuπtionGμtGmiρTrμpiρityGinGppGπollisionsGμtGOGsqrt{s}GPGfG]UWYG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2019SGYWXbSGX 5.4 8
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169 }τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGμGvτπtorTlikτG~GquμrkGusingGψullyGhμρroniπGψinμlGstμtτsUGJournalo
ofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

168 }τμrπhGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGinGmultilτptonGψinμlGstμtτsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

167 vτμsurτmτntGoψGthτGunρτrlyingGτvτntGμπtivityGinGinπlusivτGℓGνosonGproρuπtionGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 8

166 }τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosGinGψinμlGstμtτsGwithGtwoGˇ�GlτptonsGinGppGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

165 vτμsurτmτntGoψGthτGproρuπtionGπrossGsτπtionGoψGμG ´ νosonGinGμssoπiμtionGwithGtwoGνGjτtsGinGppG
πollisionsGμtG−oormulμcGsττGtτxt]UGEuropeanoPhysicaloJournaloCSG2017SG__SGbY 4.2 7

164 vτμsurτmτntGoψGthτGτnτrgyGρτnsityGμsGμGψunπtionGoψGpsτuρorμpiρityGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}GfXZStτxtG{~τ–}GPUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 7

163 }τμrπhGψorGrμrτGρτπμysGoψGμnρGqiggsGνosonsGtoGμnρGμGphotonGinGprotonTprotonGπollisionsGμtGfGXZUG
EuropeanoPhysicaloJournaloCSG2019SG_bSGb[ 4.2 7

162 }τμrπhGψorGproρuπtionGoψGqiggsGνosonGpμirsGinGthτGψourGνGquμrkGψinμlGstμtτGusingGlμrgτTμrτμGjτtsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

161 }τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGintoGtwoGqiggsGνosonsGorGintoGμGqiggsGνosonGμnρGμG GorGℓG
νosonGinGprotonTprotonGπollisionsGμtGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

160
vτμsurτmτntGoψGthτGπrossGsτπtionGψorGτlτπtrowτμkGproρuπtionGoψGμGℓGνosonSGμGphotonGμnρGtwoGjτtsG
inGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG~τ–GμnρGπonstrμintsGonGμnomμlousGquμrtiπG
πouplingsUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX

5.4 7

159 ~rμnsvτrsτGmomτntumGμnρGproπτssGρτpτnρτntGμzimuthμlGμnisotropiτsGinGOsqrt{sα{mμthrmG
{ww}}}faUX^PG~τ–GpRyνGπollisionsGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 7

158 }τμrπhGψorGρμrkGmμttτrGpμrtiπlτsGproρuπτρGinGμssoπiμtionGwithGμGqiggsGνosonGinGprotonTprotonG
πollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 7

157 }τμrπhGψorGsupτrsymmτtryGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–GinGthτGsinglτTlτptonGψinμlGstμtτGusingG
thτGsumGoψGmμssτsGoψGlμrgτTrμρiusGjτtsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 7

156 vτμsurτmτntGoψGtopGquμrkGpolμrisμtionGinGtTπhμnnτlGsinglτGtopGquμrkGproρuπtionUGJournaloofoHigho
EnergyoPhysicsSG2016SGYWX^SGX 5.4 7

155 sτtGpropτrtiτsGinGyνyνGμnρGppGπollisionsGμtGOGsqrt{sα{mμthrm{w}dmμthrm{w}}}f]UWYGPG~τ–UGJournaloofo
HighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

154 lhμrgτρTpμrtiπlτGpsτuρorμpiρityGρτnsityGμtGmiρTrμpiρityGinGpâ��yνGπollisionsGμtGOpmνG
{sqrt{sα{sπriptsπriptstylτG{mμthrm{ww}}}}}PGfGaUX^G~τ–UGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 7

153 vτμsurτmτntGoψGthτGsτmilτptoniπGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGRG˛‡GproρuπtionGπrossGsτπtionGinG
ppGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

152 }τμrπhτsGψorG hGνosonsGρτπμyingGtoGμGtopGquμrkGμnρGμGνottomGquμrkGinGprotonTprotonGπollisionsGμtG
XZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7
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151 }τμrπhGψorGμGlightGpsτuρosπμlμrGqiggsGνosonGproρuπτρGinGμssoπiμtionGwithGνottomGquμrksGinGppG
πollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

150 }τμrπhGψorGρμrkGphotonsGinGρτπμysGoψGqiggsGνosonsGproρuπτρGinGμssoπiμtionGwithGℓGνosonsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

149
}τμrπhGψorGnτwGphysiπsGinGψinμlGstμtτsGwithGtwoGoppositτTsignSGsμmτTψlμvorGlτptonsSGjτtsSGμnρGmissingG
trμnsvτrsτGmomτntumGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SG
YWX^SGX

5.4 7

148 vτμsurτmτntGoψGO ΛpmGPGνosonGproρuπtionGinGyνRyνGπollisionsGμtGOsqrt{sα{mμthrm{ww}}}GfG
]UWY~tτxtG{~τ}tτxtG{–}PGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 7

147 }τμrπhGψorGνottomTsquμrkGpμirGproρuπtionGwithGthτGj~uj}GρτtτπtorGinGψinμlGstμtτsGπontμiningGqiggsG
νosonsSGνTjτtsGμnρGmissingGtrμnsvτrsτGmomτntumUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

146 }τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGlτptoniπμllyGρτπμyingGνosonGinGprotonTprotonG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGXZ 4.2 7

145 vτμsurτmτntsGoψG qGμnρGℓqGproρuπtionGinGthτGOqGrightμrrowGννμr{ν}PGρτπμyGπhμnnτlGinGppG
πollisionsGμtGOXZStτxtG{~τ}tτxtG{–}PGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2021SGaXSGX 4.2 7

144 }τμrπhGψorGrτsonμnπτsGinGthτGmμssGspτπtrumGoψGmuonGpμirsGproρuπτρGinGμssoπiμtionGwithGνGquμrkGjτtsG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPGμnρGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

143
}τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGintoGμGvτπtorGνosonGμnρGμGqiggsGνosonGinGψinμlGstμtτsGwithG
πhμrgτρGlτptonsSGnτutrinosGμnρGνGquμrksGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 7

142 }τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGintoGμGℓGνosonGμnρGμGℓGorG GνosonGinGYâ��YqGψinμlGstμtτsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

141 }τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGqiggsGνosonGρτπμyingGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

140 }τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGtoGμGpμirGoψGvτπtorGνosonsGinGthτGlτptonGplusGmτrgτρGjτtGψinμlG
stμtτGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

139 yrτπisionGluminosityGmτμsurτmτntGinGprotonTprotonGπollisionsGμtGinGYWX]GμnρGYWX^GμtGlv}UG
EuropeanoPhysicaloJournaloCSG2021SGaXSGaWW 4.2 7

138 vτμsurτmτntGoψGthτGproρuπtionGoψGπhμrmGjτtsGtμggτρGwithGmWGmτsonsGinGppGπollisionsGμtGOG
sqrt{mμthrm{s}}f_GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 6

137 }τμrπhGψorGsinglτGproρuπtionGoψGvτπtorTlikτGquμrksGρτπμyingGtoGμGtopGquμrkGμnρGμGνosonGinG
protonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGbW 4.2 6

136 vτμsurτmτntGoψGthτGunρτrlyingGτvτntGμπtivityGusingGπhμrgτρTpμrtiπlτGjτtsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 6

135 vixτρGhighτrTorρτrGμnisotropiπGψlowGμnρGnonlinτμrGrτsponsτGπoτψψiπiτntsGoψGπhμrgτρGpμrtiπlτsGinG
πollisionsGμtGμnρG]UWYUGEuropeanoPhysicaloJournaloCSG2020SGaWSG]Z[ 4.2 6

134 vτμsurτmτntGoψGτlτπtrowτμkGproρuπtionGoψGμGνosonGinGμssoπiμtionGwithGtwoGjτtsGinGprotonTprotonG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG[Z 4.2 6
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133 }τμrπhGψorGlτptonGψlμvourGviolμtingGρτπμysGoψGμGnτutrμlGhτμvyGqiggsGνosonGtoG˛…ˇ�GμnρGτˇ�GinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 6

132 vτμsurτmτntGoψGρijτtGμzimuthμlGρτπorrτlμtionGinGpp´ πollisionsGμtG−oormulμcGsττGtτxt]UGEuropeano
PhysicaloJournaloCSG2016SG_^SG]Z^ 4.2 6

131 }τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGtoGμGtopGquμrkGμnρGμGvτπtorTlikτGtopGquμrkGinGthτGlτptonGRG
jτtsGψinμlGstμtτGinGppGπollisionsGμtGOsqrt{s}GfGXZStτxtG{~τ–}GPUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 6

130 }τμrπhτsGψorGtrμnsvτrsτGmomτntumGρτpτnρτntGψlowGvτπtorGψluπtuμtionsGinGyνTyνGμnρGpTyνG
πollisionsGμtGthτGuqlUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 6

129 qighτrGhμrmoniπGnonTlinτμrGψlowGmoρτsGoψGπhμrgτρGhμρronsGinGyνTyνGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}GPGfG]UWYG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 6

128 }τμrπhGψorGρirτπtGpμirGproρuπtionGoψGsπμlμrGtopGquμrksGinGthτGsinglτTGμnρGρilτptonGπhμnnτlsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 6

127 vτμsurτmτntGoψGthτGρiψψτrτntiμlGmrτllTYμnGπrossGsτπtionGinGprotonTprotonGπollisionsGμtGOG
sqrt{mμthrm{s}}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 6

126 vτμsurτmτntGoψGthτGμvτrμgτGvτryGψorwμrρGτnτrgyGμsGμGψunπtionGoψGthτGtrμπkGmultipliπityGμtGπτntrμlG
psτuρorμpiρitiτsGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGabZ 4.2 6

125 }τμrπhGψorGnτwGphysiπsGinGtopGquμrkGproρuπtionGinGρilτptonGψinμlGstμtτsGinGprotonTprotonGπollisionsG
μtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGaa^ 4.2 6

124 }τμrπhGψorGρτπμysGoψGstoppτρGτxotiπGlongTlivτρGpμrtiπlτsGproρuπτρGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 6

123 }τμrπhGψorGtopGsquμrksGρτπμyingGviμGψourTνoρyGorGπhμrginoTmτρiμtτρGmoρτsGinGsinglτTlτptonGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 6

122 }τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGintoGμGℓGνosonGμnρGμGvτπtorGνosonGinGthτGOGnuG
ovτrlinτ{nu}mμthrm{q}ovτrlinτ{mμthrm{q}}GPGψinμlGstμtτUGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 6

121 vτμsurτmτntGoψGthτGmμssGoψGthτGtopGquμrkGinGρτπμysGwithGμGsVˇ�GmτsonGinGppGπollisionsGμtGaG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 5

120 }τμrπhGψorGsupτrsymmτtryGinGψinμlGstμtτsGwithGphotonsGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 5

119
vτμsurτmτntGoψGτlτπtronsGψromGντμutyThμρronGρτπμysGinGpTyνGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}f]UWYGPG~τ–GμnρGyνTyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}fYU_^GPG~τ–UGJournalo
ofoHighoEnergyoPhysicsSG2017SGYWX_SGX

5.4 5

118 jρρτnρumGtocGlτntrμlityGρτpτnρτnπτGoψGhighTp~GmTmτsonGsupprτssionGinGyνTyνGπollisionsGμtGOG
sqrt{{mμthrm{s}}α{mμthrm{ww}}}fYU_^GPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 5

117 vτμsurτmτntGoψGthτGinπlusivτGτnτrgyGspτπtrumGinGthτGvτryGψorwμrρGρirτπtionGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 5

116 lompμrisonGoψGthτGℓV˛‡GQGRGjτtsGtoG˛‡GRGjτtsGπrossGsτπtionsGinGppGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournalo
ofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 5
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115 ’nρτrlyingGτvτntGpropτrtiτsGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX 5.4 5

114
}τμrπhGψorGμGhτμvyGpsτuρosπμlμrGqiggsGνosonGρτπμyingGintoGμGXY]Gpτ–GqiggsGνosonGμnρGμGℓGνosonGinG
ψinμlGstμtτsGwithGtwoGtμuGμnρGtwoGlightGlτptonsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX

5.4 5

113 vτμsurτmτntsGoψGproρuπtionGπrossGsτπtionsGμnρGπonstrμintsGonGμnomμlousGtriplτGgμugτGπouplingsG
μtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGYWW 4.2 5

112
}τμrπhGψorGpμirGproρuπtionGoψGsπμlμrGlτptoquμrksGρτπμyingGintoGψirstTGorGsτπonρTgτnτrμtionGlτptonsG
μnρGtopGquμrksGinGprotonâ��protonGπollisionsGμtGOsqrt{s}PGfGXZG~τ–GwithGthτGj~uj}GρτtτπtorUGEuropeano
PhysicaloJournaloCSG2021SGaXSGX

4.2 5

111 vτμsurτmτntGoψGthτGqiggsGνosonGproρuπtionGrμtτGinGμssoπiμtionGwithGtopGquμrksGinGψinμlGstμtτsGwithG
τlτπtronsSGmuonsSGμnρGhμρroniπμllyGρτπμyingGtμuGlτptonsGμtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGZ_a 4.2 5

110 vτμsurτmτntsGoψGproρuπtionGπrossGsτπtionsGoψGthτGqiggsGνosonGinGthτGψourTlτptonGψinμlGstμtτGinG
protonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2021SGaXSG[aa 4.2 5

109
}τμrπhGψorGrτsonμnπτsGρτπμyingGtoGμGpμirGoψGqiggsGνosonsGinGthτGνOGovτrlinτ{mμthrm{ν}}GPqOG
ovτrlinτ{mμthrm{q}}GPâ��â�� ˛‰GψinμlGstμtτGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2019SGYWXbSGX

5.4 5

108 }τμrπhGψorGtopGsquμrkGpμirGproρuπtionGusingGρilτptonGψinμlGstμtτsGinGπollisionGρμtμGπollτπtτρGμtUG
EuropeanoPhysicaloJournaloCSG2021SGaXSGZ 4.2 5

107 miψψτrτntiμlGπrossTsτπtionGmτμsurτmτntsGψorGthτGτlτπtrowτμkGproρuπtionGoψGρijτtsGinGμssoπiμtionG
withGμGℓGνosonGinGprotonâ��protonGπollisionsGμtGj~uj}UGEuropeanoPhysicaloJournaloCSG2021SGaXSGX 4.2 5

106 vτμsurτmτntGoψGthτGgroomτρGjτtGmμssGinGyνyνGμnρGppGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}f]UWYGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 5

105 vτμsurτmτntGoψGthτGproρuπtionGπrossGsτπtionGψorGsinglτGtopGquμrksGinGμssoπiμtionGwithG GνosonsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 5

104 vτμsurτmτntGoψGthτGπrossGsτπtionGinGppGπollisionsGμtGμnρGvμliρμtionGoψGlτptonGμnμlysisGtτπhniquτsUG
EuropeanoPhysicaloJournaloCSG2018SG_aSG_Wa 4.2 5

103  GμnρGℓGνosonGproρuπtionGinGpTyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}f]UWYGPG~τ–UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX 5.4 4

102 }τμrπhGψorGμGlowTmμssGˇ�â��ˇ�RGrτsonμnπτGinGμssoπiμtionGwithGμGνottomGquμrkGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

101 }τμrπhGψorGthτGpμirGproρuπtionGoψGlightGtopGsquμrksGinGthτGτ´–˛…hGψinμlGstμtτGinGprotonTprotonGπollisionsG
μtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

100
}τμrπhGψorGnonrτsonμntGqiggsGνosonGpμirGproρuπtionGinGthτGOG
mμthrm{ν}ovτrlinτ{mμthrm{ν}}mμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGψinμlGstμtτGμtGOGsqrt{s}GPGfGXZG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 4

99 }tuρyGoψGthτGunρτrlyingGτvτntGinGtopGquμrkGpμirGproρuπtionGinGπollisionsGμtGXZUGEuropeanoPhysicalo
JournaloCSG2019SG_bSGXYZ 4.2 4

98 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGinπlusivτGisolμtτρTphotonGμnρGphotonRjτtG
proρuπtionGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGYW 4.2 4
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97 vτμsurτmτntGoψGOuμmνρμGPOX]YWPGproρuπtionGinGppGπollisionsGμtGOsqrt{s}GfG_GhνoxG{~τ–}PGμnρGpâ��yνG
πollisionsGμtGOsqrt{sα{mμthrm{ww}}}GfG]UWYGhνoxG{~τ–}PUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 4

96 nviρτnπτGψorGOtτxtG{ }tτxtG{ }PGproρuπtionGψromGρouνlτTpμrtonGintτrμπtionsGinGprotonâ��protonG
πollisionsGμtGOsqrt{s}GfGXZGStτxtG{~τ–}GPUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 4

95 }tuρyGoψGρijτtGτvτntsGwithGμGlμrgτGrμpiρityGgμpGντtwττnGthτGtwoGlτμρingGjτtsGinGppGπollisionsGμtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSGY[Y 4.2 4

94 ysτuρorμpiρityGρistriνutionsGoψGπhμrgτρGhμρronsGinGprotonTlτμρGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}f]UWYGPGμnρGaUX^G~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 4

93
}τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμtGlτμstGthrττGτlτπtronsGorGmuonsSGjτtsSGμnρGmissingG
trμnsvτrsτGmomτntumGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 4

92 }τμrπhGψorGμG hGνosonGρτπμyingGtoGμGvτπtorTlikτGquμrkGμnρGμGtopGorGνottomGquμrkGinGthτGμllTjτtsGψinμlG
stμtτUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

91 }τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGtoGμGtopGquμrkGμnρGμGvτπtorTlikτGtopGquμrkGμtGOGsqrt{s}fXZGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 4

90 }τμrπhGψorGhighTmμssGℓ˛‡GrτsonμnπτsGinGτRτâ��˛‡GμnρG˛…GRG˛…Gâ��˛‡GψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}faGPGμnρGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 4

89 }τμrπhGψorGlyGviolμtionGinGOGtovτrlinτ{t}GPGproρuπtionGμnρGρτπμyGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 4

88 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGμnρGπhμrgτGrμtiosGψorGTπhμnnτlGsinglτGtopGquμrkG
proρuπtionGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGZ_W 4.2 4

87 jzimuthμlGπorrτlμtionsGoψGpromptGmGmτsonsGwithGπhμrgτρGpμrtiπlτsGinGppGμnρGpâ��yνGπollisionsGμtG
Ovμrvτπ{sqrt{sαmμthrm{ww}}}GfG]UWYGhνoxG{~τ–}PUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 4

86 vτμsurτmτntGoψGτlτπtrowτμkGproρuπtionGoψGμG GνosonGμnρGtwoGψorwμrρGjτtsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 4

85
vτμsurτmτntGoψGthτGinπlusivτGπrossTsτπtionGψorGthτGproρuπtionGoψGjτtsGinGμssoπiμtionGwithGμGℓGνosonG
inGprotonâ��protonGπollisionsGμtGaG~τ–GusingGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2019SG
_bSGX

4.2 4

84 jzimuthμlGπorrτlμtionsGψorGinπlusivτGYTjτtSGZTjτtSGμnρG[TjτtGτvτntsGinGppGπollisionsGμtGOsqrt{s}fGXZ~hνoxG
{~τ–}PUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX 4.2 4

83 v’}ilcGμGmoρτlTunspτπiψiπGsτμrπhGψorGnτwGphysiπsGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicalo
JournaloCSG2021SGaXSG^Yb 4.2 4

82 }τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGsinglτGtopGquμrkGinGOsqrt{s}fXZPG~τ–GOppPG
πollisionsGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2021SGaXSGX 4.2 4

81
}τμrπhGψorGthτGμssoπiμtτρGproρuπtionGoψGthτGqiggsGνosonGμnρGμGvτπtorGνosonGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG~τ–GviμGqiggsGνosonGρτπμysGtoGˇ�GlτptonsUGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 3

80
sτtGψrμgmτntμtionGtrμnsvτrsτGmomτntumGmτμsurτmτntsGψromGρiThμρronGπorrτlμtionsGinGOG
sqrt{mμthrm{s}}f_GPG~τ–GppGμnρGOGsqrt{sα{mμthrm{ww}}}f]UWYGPG~τ–Gpâ��yνGπollisionsUGJournaloofoHigho
EnergyoPhysicsSG2019SGYWXbSGX

5.4 3
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79 lhμrgτρTtoTnτutrμlGπorrτlμtionGμtGψorwμrρGrμpiρityGinGjuGRGjuGπollisionsGμtGswwfYWWGpτ–UGPhysicalo
ReviewoCSG2015SGbXSG 2.7 3

78 }τμrπhGψorGρirτπtGpμirGproρuπtionGoψGsupτrsymmτtriπGpμrtnτrsGtoGthτGlτptonGinGprotonTprotonG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGXab 4.2 3

77
vτμsurτmτntGoψGthτGinπlusivτGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGπrossGsτπtionGinGppGπollisionsGμtGOG
sqrt{s}f]UWYGPG~τ–GusingGψinμlGstμtτsGwithGμtGlτμstGonτGπhμrgτρGlτptonUGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 3

76 }τμrπhGψorGℓℓGrτsonμnπτsGinGthτGYâ��Y˛‰GψinμlGstμtτGinGprotonTprotonGπollisionsGμtGXZG~τ–UGJournaloofo
HighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 3

75 nvτntTshμpτGμnρGmultipliπityGρτpτnρτnπτGoψGψrττzτToutGrμρiiGinGppGπollisionsGμtGOGsqrt{s}GPGfG_G~τ–UG
JournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 3

74 }τμrπhGψorGtopGquμrkGpμrtnτrsGwithGπhμrgτG]VZGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 3

73 vμssGμnρGπhμrgτGρistriνutionGinYZY~hO˛–SGψPGrτμπtionGinGthτGprojτπtilτGτnτrgyGrμngτGYaGtoG_YGvτ–UG
ZeitschriftoFˆ…roPhysikoASG1993SGZ[]SG[WXT[W] 3

72
vτμsurτmτntsGoψGthτGOmμthrmG{p}mμthrmG{p}rightμrrowGmμthrm{ℓ}mμthrm{ℓ}PGproρuπtionGπrossG
sτπtionGμnρGthτGOmμthrm{ℓ}rightμrrowG[τllGPGνrμnπhingGψrμπtionSGμnρGπonstrμintsGonGμnomμlousGtriplτG
gμugτGπouplingsGμtGOsqrt{s}GfGXZStτxtG{~τ–}GPG2018SG_aSGX

3

71 lomνinτρGsτμrπhτsGψorGthτGproρuπtionGoψGsupτrsymmτtriπGtopGquμrkGpμrtnτrsGinGprotonTprotonG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGb_W 4.2 3

70 vτμsurτmτntGoψGKKtα}ΛWKKGμnρGKKuμmνρμGΛWKKGproρuπtionGinGKKtGνμr{t}KKGρilτptoniπGτvτntsGinGppG
πollisionsGμtGKKsqrt{s}GfKKG_G~τ–GwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 3

69 jGmττpGwτurμlGwτtworkGψorG}imultμnτousGnstimμtionGoψGνGsτtGnnτrgyGμnρG{τsolutionUGComputingo
andoSoftwareoforoBigoScienceSG2020SG[SGXW 6 3

68 vτμsurτmτntsGoψGqiggsGνosonGproρuπtionGπrossGsτπtionsGμnρGπouplingsGinGthτGρiphotonGρτπμyG
πhμnnτlGμtGOGsqrt{mμthrm{s}}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 3

67 nvτntGshμpτGvμriμνlτsGmτμsurτρGusingGmultijτtGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 3

66 }τμrπhGψorGlτptonTψlμvorGviolμtingGρτπμysGoψGhτμvyGrτsonμnπτsGμnρGquμntumGνlμπkGholτsGtoGτ˛…GψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 3

65 ysτuρorμpiρityGρistriνutionsGoψGπhμrgτρGpμrtiπlτsGμsGμGψunπtionGoψGmiρTGμnρGψorwμrρGrμpiρityG
multipliπitiτsGinGppGπollisionsGμtGOsqrt{s}PGfG]UWYSG_GμnρGXZG~τ–UGEuropeanoPhysicaloJournaloCSG2021SGaXSGX 4.2 3

64 }τμrπhGψorGπhμrgτρGqiggsGνosonsGproρuπτρGinGvτπtorGνosonGψusionGproπτssτsGμnρGρτπμyingGintoG
vτπtorGνosonGpμirsGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2021SGaXSG_YZ 4.2 3

63 }τμrπhGψorGrτsonμntGproρuπtionGoψGsτπonρTgτnτrμtionGslτptonsGwithGsμmτTsignGρimuonGτvτntsGinG
protonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZW] 4.2 2

62 yroρuπtionGoψGmuonsGψromGhτμvyTψlμvourGhμρronGρτπμysGinGppGπollisionsGμtGOGsqrt{s}GPGfG]UWYG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2
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61 }τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμGphotonSGμGlτptonSGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GfGXZGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

60
mτtτrminμtionGoψGthτGstrongGπouplingGπonstμntG˛–}OmℓPGψromGmτμsurτmτntsGoψGinπlusivτG ´–GμnρGℓG
νosonGproρuπtionGπrossGsτπtionsGinGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfG_GμnρGaG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX

5.4 2

59 }tuρiτsGoψGsVˇ�GproρuπtionGμtGψorwμrρGrμpiρityGinGyνâ��yνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GPGfG]UWYG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

58 vτμsurτmτntGoψGthτGℓOTgGâ��Râ��â��P˛‡GproρuπtionGπrossTsτπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–GwithG
thτGj~uj}GρτtτπtorUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

57 }imulμtionGstuρyGoψGτnτrgyGrτsolutionSGpositionGrτsolutionGμnρGgˇ�WT˛‡GsτpμrμtionGoψGμGsμmplingG
τlτπtromμgnτtiπGπμlorimτtτrGμtGhighGτnτrgiτsUGJournaloofoInstrumentationSG2017SGXYSGyW_WXZTyW_WXZ 1 2

56 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGinGthτGkinτmμtiπGμngulμrGvμriμνlτGhQGψorGinπlusivτGℓG
νosonGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 2

55 }τμrπhGψorGρμrkGmμttτrGpμrtiπlτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–GusingGthτGrμzorG
vμriμνlτsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 2

54 }τμrπhGψorG hGTgGtνGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2016SGYWX^SGX 5.4 2

53 }τμrπhGψorGthτGproρuπtionGoψGμnGτxπitτρGνottomGquμrkGρτπμyingGtoGt GinGprotonTprotonGπollisionsGμtG
OGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 2

52
rnπlusivτGsτμrπhGψorGsupτrsymmτtryGinGppGπollisionsGμtGOGsqrt{s}fXZGPG~τ–GusingGrμzorGvμriμνlτsGμnρG
νoostτρGoνjτπtGiρτntiψiπμtionGinGzτroGμnρGonτGlτptonGψinμlGstμtτsUGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 2

51 }τμrπhGψorGτxπitτρGlτptonsGinGâ��â�� ˛‡GψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}fXZGPG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

50 vτμsurτmτntsGoψGthτGppGTgG ˛‡˛‡GμnρGppGTgGℓ˛‡˛‡GπrossGsτπtionsGμnρGlimitsGonGμnomμlousGquμrtiπGgμugτG
πouplingsGμtGOGsqrt{s}faGPG~τ–UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 2

49 }τμrπhGψorGnτwGphτnomτnμGwithGmultiplτGπhμrgτρGlτptonsGinGprotonâ��protonGπollisionsGμtGOsqrt{s}fG
XZPGOStτxtG{~τ–}PUGEuropeanoPhysicaloJournaloCSG2017SG__SGX 4.2 2

48 vτμsurτmτntGoψGthτGinπlusivτGisolμtτρGphotonGproρuπtionGπrossGsτπtionGinGOtτxt{GpG}tτxt{GpG}PG
πollisionsGμtGOsqrt{s}f_PG~τ–UGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 2

47 vτμsurτmτntGoψGthτGinπlusivτGisolμtτρTphotonGπrossGsτπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–G
usingGZ^Gψνâ��XGoψGj~uj}GρμtμUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

46 }τμrπhGψorGsupτrsymmτtryGusingGqiggsGνosonGtoGρiphotonGρτπμysGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofo
HighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

45 vτμsurτmτntGoψGτlτπtronsGψromGhτμvyTψlμvourGhμρronGρτπμysGμsGμGψunπtionGoψGmultipliπityGinGpTyνG
πollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GPGfG]UWYG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

44 kosτTninstτinGπorrτlμtionsGoψGπhμrgτρGhμρronsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2
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43 vτμsurτmτntGoψGisolμtτρTphotonGplusGtwoTjτtGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–GwithG
thτGj~uj}GρτtτπtorUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

42 }tuρyGoψGπτntrμlGτxπlusivτGproρuπtionGinGprotonTprotonGπollisionsGμtGμnρGXZ~τ–UGEuropeanoPhysicalo
JournaloCSG2020SGaWSG_Xa 4.2 2

41 }τμrπhGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGinGτvτntsGwithGjτtsGμnρGtwoGsμmτTsignGorGμtGlτμstG
thrττGπhμrgτρGlτptonsGinGprotonTprotonGπollisionsGμtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG_]Y 4.2 2

40 yroρuπtionGoψGlightTψlμvorGhμρronsGinGppGπollisionsGμtGOsqrt{s}~f~_tτxtG{GμnρG}sqrt{s}GfGXZGSGtτxtG{G~τ–}G
PUGEuropeanoPhysicaloJournaloCSG2021SGaXSGX 4.2 2

39 }τμrπhGψorGthτGproρuπtionGoψGψourGtopGquμrksGinGthτGsinglτTlτptonGμnρGoppositτTsignGρilτptonGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

38 }τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμGphotonSGjτtsSGTjτtsSGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGXZUGEuropeanoPhysicaloJournaloCSG2019SG_bSG[[[ 4.2 1

37 }τμrπhGψorGμnGτxπitτρGlτptonGthμtGρτπμysGviμGμGπontμπtGintτrμπtionGtoGμGlτptonGμnρGtwoGjτtsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

36 wonTlinτμrGψlowGmoρτsGoψGiρτntiψiτρGpμrtiπlτsGinGyνTyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GPGfG]UWYG
~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

35 }τμrπhGψorGtopGsquμrkGpμirGproρuπtionGinGμGψinμlGstμtτGwithGtwoGtμuGlτptonsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

34 }τμrπhGψorGtopGsquμrksGinGτvτntsGwithGμGqiggsGorGℓGνosonGusingGXZbGψνOΛ{TX}PGoψGppGπollisionGρμtμGμtG
Osqrt{s}fXZPG~τ–GwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 1

33 }τμrπhGψorGmμrkGvμttτrGμnρGuμrgτGnxtrμGmimτnsionsGinGthτGyhotonGORPGvn~GoinμlG}tμtτGinGppG
lollisionsGμtGOsqrt{s}fXZ~mμthrmG{~τ–}PUGSpringeroProceedingsoinoPhysicsSG2018SGYW]TYWa 0.2 1

32 }tuρyGoψGthτGOG{mμthrm{k}}Λ{R}toGmμthrm{s}VuppsiGovτrlinτ{uμmνρμ}mμthrm{p}GPGρτπμyGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGaG~τ–UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 1

31 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGsinglτGρiψψrμπtivτGρissoπiμtionGinGOGsqrt{s}GPGfGaG~τ–GppG
πollisionsGusingGthτGj~uj}GjuojGspτπtromτtτrUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

30 mτvτlopmτntGμnρGvμliρμtionGoψGqn{ rp´ _GtunτsGψromGlv}GunρτrlyingTτvτntGmτμsurτmτntsUG
EuropeanoPhysicaloJournaloCSG2021SGaXSGZXY 4.2 1

29 }imulμtionGoψGˇ�WT˛‡G}τpμrμtionG}tuρyGψorGyroposτρGlv}GoorwμrρGnlτπtromμgnτtiπGlμlorimτtτrUG
JournaloofoPhysics:oConferenceoSeriesSG2016SG_]bSGWXYW_[ 0.3 1

28 vτμsurτmτntsGoψGtriplτTρiψψτrτntiμlGπrossGsτπtionsGψorGinπlusivτGisolμtτρTphotonRjτtGτvτntsGinG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGb^b 4.2 1

27
vτμsurτmτntsGoψGthτGinπlusivτGμnρGρiψψτrτntiμlGproρuπtionGπrossGsτπtionsGoψGμGtopTquμrkâ��μntiquμrkG
pμirGinGμssoπiμtionGwithGμGℓGνosonGμtGOsqrt{s}GfGXZPG~τ–GwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicalo
JournaloCSG2021SGaXSGX

4.2 1

26
}τμrπhGψorGψlμvorTπhμngingGnτutrμlGπurrτntGintτrμπtionsGoψGthτGtopGquμrkGμnρGthτGqiggsGνosonG
ρτπμyingGtoGμGνottomGquμrkTμntiquμrkGpμirGμtGKKGsqrt{s}GKKGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2022SGYWYYSGX

5.4 1
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25 lonψigurμtionGμnρGpτrψormμnπτGoψGthτGj~uj}GνTjτtGtriggτrsGinG{unGYUGEuropeanoPhysicaloJournaloCSG
2021SGaXSGX 4.2 1

24 rnπlusivτGKKtτxtG{s}VpsiGKKGproρuπtionGμtGmiρrμpiρityGinGppGπollisionsGμtGKKsqrt{s}GfGXZKKG~τ–UG
EuropeanoPhysicaloJournaloCSG2021SGaXSGX 4.2 1

23 mτtτrminμtionGoψGthτGpμrtonGρistriνutionGψunπtionsGoψGthτGprotonGusingGρivτrsτGj~uj}GρμtμGψromGppG
πollisionsGμtGKKsqrt{s}GfG_KKSGaGμnρGXZ´ ~τ–UGEuropeanoPhysicaloJournaloCSG2022SGaYSGX 4.2 1

22 jzimuthμlGsτpμrμtionGinGnτμrlyGνμπkTtoTνμπkGjτtGtopologiτsGinGinπlusivτGYTGμnρGZTjτtGτvτntsGinG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2019SG_bSG__Z 4.2 0

21
xνsτrvμtionGoψGτlτπtrowτμkGproρuπtionGoψGtwoGjτtsGinGμssoπiμtionGwithGμnGisolμtτρGphotonGμnρG
missingGtrμnsvτrsτGmomτntumSGμnρGsτμrπhGψorGμGqiggsGνosonGρτπμyingGintoGinvisiνlτGpμrtiπlτsGμtG
XZ´ KKtτxtG{~τ–}KKGwithGthτGj~uj}GρτtτπtorUGEuropeanoPhysicaloJournaloCSG2022SGaYSGX

4.2 0

20 vτμsurτmτntGoψGsinglτTρiψψrμπtivτGρijτtGproρuπtionGinGprotonTprotonGπollisionsGμtGwithGthτGlv}GμnρG
~x~nvGτxpτrimτntsUGEuropeanoPhysicaloJournaloCSG2020SGaWSGXX^[ 4.2 0

19 yroρuπtionGoψGOomτgμGPGmτsonsGinGppGπollisionsGμtGOmμthνψG{sqrt{s}f_StτxtG{~τ–}}PUGEuropeanoPhysicalo
JournaloCSG2020SGaWSGX 4.2 0

18 vτμsurτmτntGoψGthτGtopGquμrkGpμirGproρuπtionGπrossGsτπtionGinGρilτptonGψinμlGstμtτsGπontμiningGonτG
ˇ�GlτptonGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 0

17 }τμrπhGψorGμGhτμvyGvτπtorGrτsonμnπτGρτπμyingGtoGμG´ νosonGμnρGμGqiggsGνosonGinGprotonTprotonG
πollisionsGμtUGEuropeanoPhysicaloJournaloCSG2021SGaXSG^aa 4.2 0

16 vτμsurτmτntsGoψGμngulμrGρistμnπτGμnρGmomτntumGrμtioGρistriνutionsGinGthrττTjτtGμnρGRGtwoTjτtG
ψinμlGstμtτsGinGπollisionsUGEuropeanoPhysicaloJournaloCSG2021SGaXSGa]Y 4.2 0

15
rnπlusivτGμnρGρiψψτrτntiμlGπrossGsτπtionGmτμsurτmτntsGoψGsinglτGtopGquμrkGproρuπtionGinGμssoπiμtionG
withGμGℓGνosonGinGprotonTprotonGπollisionsGμtGKKGsqrt{s}GKKGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG
2022SGYWYYSGX

5.4 0

14 }τμrπhGψorGlongTlivτρGpμrtiπlτsGρτπμyingGtoGlτptonsGwithGlμrgτGimpμπtGpμrμmτtτrGinGprotonTprotonG
πollisionsGμtGUUGEuropeanoPhysicaloJournaloCSG2022SGaYSGX]Z 4.2 0

13 yroρuπtionGoψGlightGOμntiPnuπlτiGinGppGπollisionsGμtGKKsqrt{s}GfG]UWYKK´ ~τ–UGEuropeanoPhysicaloJournalo
CSG2022SGaYSGX 4.2 0

12 }τμrπhGψorGlowTmμssGρilτptonGrτsonμnπτsGinGqiggsGνosonGρτπμysGtoGψourTlτptonGψinμlGstμtτsGinG
protonTprotonGπollisionsGμtGUUGEuropeanoPhysicaloJournaloCSG2022SGaYSGYbW 4.2 0

11
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6 vτμsurτmτntGμnρGzlmGμnμlysisGoψGρouνlτTρiψψτrτntiμlGinπlusivτGjτtGπrossGsτπtionsGinGprotonTprotonG
πollisionsGμtGKKGsqrt{s}GKKGfGXZG~τ–UGJournaloofoHighoEnergyoPhysicsSG2022SGYWYYSGX 5.4 0
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