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HighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0
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2022SGYWYYSGX
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349
|τμrπhGψorGψlμvorTπhμngingGnτutrμlGπurrτntGintτrμπtionsGoψGthτGtopGquμrkGμnρGthτGqiggsGνosonG
ρτπμyingGtoGμGνottomGquμrkTμntiquμrkGpμirGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG
2022SGYWYYSGX
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348 |τμrπhGψorGlongTlivτρGpμrtiπlτsGρτπμyingGtoGlτptonsGwithGlμrgτGimpμπtGpμrμmτtτrGinGprotonTprotonG
πollisionsGμtGUUGEuropeannPhysicalnJournalnCSG2022SGaYSGX]Z 4.2 0

347 |τμrπhGψorGlongTlivτρGpμrtiπlτsGproρuπτρGinGμssoπiμtionGwithGμGℓGνosonGinGprotonTprotonGπollisionsGμtG
KKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0

346 |tuρyGoψGρijτtGτvτntsGwithGlμrgτGrμpiρityGsτpμrμtionGinGprotonTprotonGπollisionsGμtGKKGsqrt{s}GKKGfG
YU_^G}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4

345 |τμrπhGψorGlowTmμssGρilτptonGrτsonμnπτsGinGqiggsGνosonGρτπμysGtoGψourTlτptonGψinμlGstμtτsGinG
protonTprotonGπollisionsGμtGUUGEuropeannPhysicalnJournalnCSG2022SGaYSGYbW 4.2 0

344
|τμrπhGψorGsupτrsymmτtryGinGψinμlGstμtτsGwithGtwoGorGthrττGsoψtGlτptonsGμnρGmissingGtrμnsvτrsτG
momτntumGinGprotonTprotonGπollisionsGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG
2022SGYWYYSGX

5.4 0

343 |τμrπhGψorGμGrightThμnρτρG GνosonGμnρGμGhτμvyGnτutrinoGinGprotonTprotonGπollisionsGμtGKKGsqrt{s}GKKG
fGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0

342 |τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGintoGμGtopGquμrkGμnρGμG GνosonGinGthτGlτptonRjτtsGψinμlGstμtτG
μtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0

341 |τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGtoGℓℓGorGℓ GμnρGμxionTlikτGpμrtiπlτsGmτρiμtingGnonrτsonμntG
ℓℓGorGℓqGproρuπtionGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0

340 vτμsurτmτntGμnρGzlmGμnμlysisGoψGρouνlτTρiψψτrτntiμlGinπlusivτGjτtGπrossGsτπtionsGinGprotonTprotonG
πollisionsGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0

339 |τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosGμnρGnτutrμlinosGinGprotonTprotonGπollisionsGμtGKKG
sqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4 0

338 vτμsurτmτntGoψGthτGinπlusivτGKKGmμthrm{t}ovτrlinτ{mμthrm{t}}GKKGproρuπtionGπrossGsτπtionGinG
protonTprotonGπollisionsGμtGKKGsqrt{s}GKKGfG]UWYG}τ–UGJournalnofnHighnEnergynPhysicsSG2022SGYWYYSGX 5.4

337 lomνinτρGsτμrπhτsGψorGthτGproρuπtionGoψGsupτrsymmτtriπGtopGquμrkGpμrtnτrsGinGprotonTprotonG
πollisionsGμtUGEuropeannPhysicalnJournalnCSG2021SGaXSGb_W 4.2 3

336 |τμrπhGψorGμGhτμvyGqiggsGνosonGρτπμyingGintoGtwoGlightτrGqiggsGνosonsGinGthτGˇ�ˇ�ννGψinμlGstμtτGμtGXZG
}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 2
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335 |τμrπhGψorGnτwGpμrtiπlτsGinGτvτntsGwithGτnτrgτtiπGjτtsGμnρGlμrgτGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 3

334 xνsτrvμtionGoψGt GproρuπtionGinGthτGsinglτTlτptonGπhμnnτlGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UG
JournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 0

333 |τμrπhGψorGπhμrginoTnτutrμlinoGproρuπtionGinGτvτntsGwithGqiggsGμnρG GνosonsGusingGXZ_Gψνâ��XGoψG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 1

332 vτμsurτmτntsGoψGthτGppGTgG ´–˛‡˛‡GμnρGppGTgGℓ˛‡˛‡GπrossGsτπtionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–GμnρG
limitsGonGμnomμlousGquμrtiπGgμugτGπouplingsUGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 1

331 |τμrπhGψorGρμrkGphotonsGinGqiggsGνosonGproρuπtionGviμGvτπtorGνosonGψusionGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 2

330 vτμsurτmτntsGoψGproρuπtionGπrossGsτπtionsGμnρGπonstrμintsGonGμnomμlousGtriplτGgμugτGπouplingsG
μtUGEuropeannPhysicalnJournalnCSG2021SGaXSGYWW 4.2 5

329
|τμrπhGψorGnonrτsonμntGqiggsGνosonGpμirGproρuπtionGinGψinμlGstμtτsGwithGtwoGνottomGquμrksGμnρG
twoGphotonsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SG
YWYXSGX
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328 |τμrπhGψorGnτwGphysiπsGinGtopGquμrkGproρuπtionGwithGμρρitionμlGlτptonsGinGprotonTprotonGπollisionsG
μtGOGsqrt{s}GPGfGXZG}τ–GusingGτψψτπtivτGψiτlρGthτoryUGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 4

327 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGℓGνosonsGproρuπτρGinGμssoπiμtionGwithGπhμrmGjτtsGinG
ppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 1

326
|τμrπhGψorGsupτrsymmτtryGinGψinμlGstμtτsGwithGtwoGoppositτlyGπhμrgτρGsμmτTψlμvorGlτptonsGμnρG
missingGtrμnsvτrsτGmomτntumGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighn
EnergynPhysicsSG2021SGYWYXSGX

5.4 6

325 mτvτlopmτntGμnρGvμliρμtionGoψGqn{ rp´ _GtunτsGψromGlv|GunρτrlyingTτvτntGmτμsurτmτntsUG
EuropeannPhysicalnJournalnCSG2021SGaXSGZXY 4.2 1

324 jngulμrGμnμlysisGoψGthτGρτπμyGkRGTgGtQOabYPR˛…R˛…â��GinGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfG
aG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 2

323 vτμsurτmτntGoψGthτGqiggsGνosonGproρuπtionGrμtτGinGμssoπiμtionGwithGtopGquμrksGinGψinμlGstμtτsGwithG
τlτπtronsSGmuonsSGμnρGhμρroniπμllyGρτπμyingGtμuGlτptonsGμtUGEuropeannPhysicalnJournalnCSG2021SGaXSGZ_a 4.2 5

322 |tuρyGoψGmrτllTYμnGρimuonGproρuπtionGinGprotonTlτμρGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GPGfGaUX^G
}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 0

321
vτμsurτmτntsGoψGthτGρiψψτrτntiμlGπrossGsτπtionsGoψGthτGproρuπtionGoψGℓGRGjτtsGμnρG˛‡GRGjτtsGμnρGoψGℓG
νosonGτmissionGπollinτμrGwithGμGjτtGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergyn
PhysicsSG2021SGYWYXSGX

5.4

320 rnTmτρiumGmoρiψiπμtionGoψGρijτtsGinGyνyνGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}GPGfG]UWYG}τ–UGJournaln
ofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 0

319
vτμsurτmτntGoψGthτGℓGνosonGρiψψτrτntiμlGproρuπtionGπrossGsτπtionGusingGitsGinvisiνlτGρτπμyGmoρτGOℓG
TgGOGnuGovτrlinτ{nu}GPPGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG
2021SGYWYXSGX
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318 vτμsurτmτntsGoψGproρuπtionGπrossGsτπtionsGoψGthτGqiggsGνosonGinGthτGψourTlτptonGψinμlGstμtτGinG
protonTprotonGπollisionsGμtUGEuropeannPhysicalnJournalnCSG2021SGaXSG[aa 4.2 5
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317 vτμsurτmτntsGoψGqiggsGνosonGproρuπtionGπrossGsτπtionsGμnρGπouplingsGinGthτGρiphotonGρτπμyG
πhμnnτlGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 3

316 |τμrπhGψorGrτsonμntGμnρGnonrτsonμntGnτwGphτnomτnμGinGhighTmμssGρilτptonGψinμlGstμtτsGμtGOGsqrt{s}G
PGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 5

315 |τμrπhGψorGthτGlτptonGψlμvorGviolμtingGρτπμyGˇ�GTgGZ˛…GinGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfG
XZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 1

314 |τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGlτptoniπμllyGρτπμyingGνosonGinGprotonTprotonG
πollisionsGμtUGEuropeannPhysicalnJournalnCSG2021SGaXSGXZ 4.2 7

313 nviρτnπτGψorGqiggsGνosonGρτπμyGtoGμGpμirGoψGmuonsUGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 14

312 |τμrπhGψorGtopGsquμrkGpμirGproρuπtionGusingGρilτptonGψinμlGstμtτsGinGπollisionGρμtμGπollτπtτρGμtUG
EuropeannPhysicalnJournalnCSG2021SGaXSGZ 4.2 5

311 v~|ilcGμGmoρτlTunspτπiψiπGsτμrπhGψorGnτwGphysiπsGinGprotonTprotonGπollisionsGμtUGEuropeannPhysicaln
JournalnCSG2021SGaXSG^Yb 4.2 4

310 |τμrπhGψorGμGhτμvyGvτπtorGrτsonμnπτGρτπμyingGtoGμG´ νosonGμnρGμGqiggsGνosonGinGprotonTprotonG
πollisionsGμtUGEuropeannPhysicalnJournalnCSG2021SGaXSG^aa 4.2 0

309 |τμrπhGψorGπhμrgτρGqiggsGνosonsGproρuπτρGinGvτπtorGνosonGψusionGproπτssτsGμnρGρτπμyingGintoG
vτπtorGνosonGpμirsGinGprotonTprotonGπollisionsGμtUGEuropeannPhysicalnJournalnCSG2021SGaXSG_YZ 4.2 3

308 vτμsurτmτntsGoψGμngulμrGρistμnπτGμnρGmomτntumGrμtioGρistriνutionsGinGthrττTjτtGμnρGRGtwoTjτtG
ψinμlGstμtτsGinGπollisionsUGEuropeannPhysicalnJournalnCSG2021SGaXSGa]Y 4.2 0

307 yrτπisionGluminosityGmτμsurτmτntGinGprotonTprotonGπollisionsGμtGinGYWX]GμnρGYWX^GμtGlv|UG
EuropeannPhysicalnJournalnCSG2021SGaXSGaWW 4.2 7

306 vτμsurτmτntGoψGpromptGopτnTπhμrmGproρuπtionGπrossGsτπtionsGinGprotonTprotonGπollisionsGμtGKKG
sqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4

305 vτμsurτmτntGoψGthτGinπlusivτGμnρGρiψψτrτntiμlGtKKGovτrlinτ{t}GKK˛‡GπrossGsτπtionsGinGthτGsinglτTlτptonG
πhμnnτlGμnρGno}GintτrprτtμtionGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 0

304 vτμsurτmτntGoψGthτGtopGquμrkGmμssGusingGτvτntsGwithGμGsinglτGrτπonstruπtτρGtopGquμrkGinGppG
πollisionsGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 0

303 yroνingGτψψτπtivτGψiτlρGthτoryGopτrμtorsGinGthτGμssoπiμtτρGproρuπtionGoψGtopGquμrksGwithGμGℓGνosonG
inGmultilτptonGψinμlGstμtτsGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 0

302 |τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGtoGμGtopGquμrkGμnρGμG GνosonGμtGKKGsqrt{s}GKKGfGXZG}τ–GinGthτG
ψullyGhμρroniπGψinμlGstμtτUGJournalnofnHighnEnergynPhysicsSG2021SGYWYXSGX 5.4 1

301 |τμrπhGψorGρτπμysGoψGthτGXY]Gpτ–GqiggsGνosonGintoGμGℓGνosonGμnρGμGˇ�GorGhGmτsonUGJournalnofnHighn
EnergynPhysicsSG2020SGYWYWSGX 5.4 2

300
|τμrπhGψorGsupτrsymmτtryGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GinGτvτntsGwithG
highTmomτntumGℓGνosonsGμnρGmissingGtrμnsvτrsτGmomτntumUGJournalnofnHighnEnergynPhysicsSG2020SG
YWYWSGX

5.4 1
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299 |τμrπhGψorGμnGτxπitτρGlτptonGthμtGρτπμysGviμGμGπontμπtGintτrμπtionGtoGμGlτptonGμnρGtwoGjτtsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2020SGYWYWSGX 5.4 1

298 nxtrμπtionGμnρGvμliρμtionGoψGμGnτwGsτtGoψGlv|GpythiμaGtunτsGψromGunρτrlyingTτvτntGmτμsurτmτntsUG
EuropeannPhysicalnJournalnCSG2020SGaWSG[ 4.2 61

297 |τμrπhGψorGρμrkGmμttτrGpμrtiπlτsGproρuπτρGinGμssoπiμtionGwithGμGqiggsGνosonGinGprotonTprotonG
πollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2020SGYWYWSGX 5.4 7

296 vτμsurτmτntGoψGsinglτTρiψψrμπtivτGρijτtGproρuπtionGinGprotonTprotonGπollisionsGμtGwithGthτGlv|GμnρG
}x}nvGτxpτrimτntsUGEuropeannPhysicalnJournalnCSG2020SGaWSGXX^[ 4.2 0

295 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGμnρGπhμrgτGrμtiosGψorGTπhμnnτlGsinglτGtopGquμrkG
proρuπtionGinGprotonTprotonGπollisionsGμtUGEuropeannPhysicalnJournalnCSG2020SGaWSGZ_W 4.2 4

294 rnπlusivτGsτμrπhGψorGhighlyGνoostτρGqiggsGνosonsGρτπμyingGtoGνottomGquμrkTμntiquμrkGpμirsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2020SGYWYWSGX 5.4 1

293 |τμrπhGψorGμGlightGpsτuρosπμlμrGqiggsGνosonGinGthτGνoostτρG˛…˛…ˇ� ˇ�GψinμlGstμtτGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2020SGYWYWSGX 5.4 9

292 |τμrπhGψorGhτμvyGqiggsGνosonsGρτπμyingGtoGμGtopGquμrkGpμirGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPG
fGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2020SGYWYWSGX 5.4 18

291 lμliνrμtionGoψGthτGlv|GhμρronGπμlorimτtτrsGusingGprotonTprotonGπollisionGρμtμGμtGâ��sGfGXZG}τ–UG
JournalnofnInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

290 jzimuthμlGsτpμrμtionGinGnτμrlyGνμπkTtoTνμπkGjτtGtopologiτsGinGinπlusivτGYTGμnρGZTjτtGτvτntsGinG
πollisionsGμtUGEuropeannPhysicalnJournalnCSG2019SG_bSG__Z 4.2 0

289 |τμrπhGψorGπhμrgτρGqiggsGνosonsGinGthτGq´–GTgGˇ�´–˛‰ˇ�GρτπμyGπhμnnτlGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 24

288 |τμrπhGψorGrτsonμntGproρuπtionGoψGsτπonρTgτnτrμtionGslτptonsGwithGsμmτTsignGρimuonGτvτntsGinG
protonTprotonGπollisionsGμtUGEuropeannPhysicalnJournalnCSG2019SG_bSGZW] 4.2 2

287 lomνinτρGmτμsurτmτntsGoψGqiggsGνosonGπouplingsGinGprotonTprotonGπollisionsGμtUGEuropeann
PhysicalnJournalnCSG2019SG_bSG[YX 4.2 153

286
vτμsurτmτntsGoψGthτGppGTgG ℓGinπlusivτGμnρGρiψψτrτntiμlGproρuπtionGπrossGsτπtionsGμnρGπonstrμintsG
onGπhμrgτρGμnomμlousGtriplτGgμugτGπouplingsGμtGOGsqrt{s}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG
2019SGYWXbSGX

5.4 10

285 vτμsurτmτntGoψGthτGτnτrgyGρτnsityGμsGμGψunπtionGoψGpsτuρorμpiρityGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}GfXZStτxtG{}τ–}GPUGEuropeannPhysicalnJournalnCSG2019SG_bSGX 4.2 7

284
|τμrπhGψorGnonrτsonμntGqiggsGνosonGpμirGproρuπtionGinGthτGOG
mμthrm{ν}ovτrlinτ{mμthrm{ν}}mμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGψinμlGstμtτGμtGOGsqrt{s}GPGfGXZG}τ–UG
JournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX

5.4 4

283 |τμrπhGψorGrμrτGρτπμysGoψGμnρGqiggsGνosonsGtoGμnρGμGphotonGinGprotonTprotonGπollisionsGμtGfGXZUG
EuropeannPhysicalnJournalnCSG2019SG_bSGb[ 4.2 7

282 |τμrπhGψorGnτwGphysiπsGinGψinμlGstμtτsGwithGμGsinglτGphotonGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 9
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281 |τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμGphotonSGμGlτptonSGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GfGXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 2

280
vτμsurτmτntGoψGinπlusivτGμnρGρiψψτrτntiμlGqiggsGνosonGproρuπtionGπrossGsτπtionsGinGthτGρiphotonG
ρτπμyGπhμnnτlGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SG
YWXbSGX

5.4 8

279 |τμrπhGψorGrτsonμntGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 13

278 |τμrπhGψorGhτμvyGvμjorμnμGnτutrinosGinGsμmτTsignGρilτptonGπhμnnτlsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 14

277
|τμrπhGψorGhτμvyGnτutrinosGμnρGthirρTgτnτrμtionGlτptoquμrksGinGhμρroniπGstμtτsGoψGtwoGˇ�GlτptonsG
μnρGtwoGjτtsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SG
YWXbSGX

5.4 18

276 |τμrπhGψorGμG hGνosonGρτπμyingGtoGμGvτπtorTlikτGquμrkGμnρGμGtopGorGνottomGquμrkGinGthτGμllTjτtsGψinμlG
stμtτUGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 4

275 |τμrπhGψorGnτwGpμrtiπlτsGρτπμyingGtoGμGjτtGμnρGμnGτmτrgingGjτtUGJournalnofnHighnEnergynPhysicsSG2019SG
YWXbSGX 5.4 15

274 |τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGtoGμGtopGquμrkGμnρGμGvτπtorTlikτGtopGquμrkGinGthτGlτptonGRG
jτtsGψinμlGstμtτGinGppGπollisionsGμtGOsqrt{s}GfGXZStτxtG{}τ–}GPUGEuropeannPhysicalnJournalnCSG2019SG_bSGX 4.2 6

273 vτμsurτmτntGoψGτxπlusivτG´ photoproρuπtionGinGultrμpτriphτrμlGpyνGπollisionsGμtUGEuropeannPhysicaln
JournalnCSG2019SG_bSG_WY 4.2 13

272 |τμrπhGψorGsupτrsymmτtryGinGψinμlGstμtτsGwithGphotonsGμnρGmissingGtrμnsvτrsτGmomτntumGinG
protonTprotonGπollisionsGμtGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 5

271 vτμsurτmτntsGoψGtriplτTρiψψτrτntiμlGπrossGsτπtionsGψorGinπlusivτGisolμtτρTphotonRjτtGτvτntsGinG
πollisionsGμtUGEuropeannPhysicalnJournalnCSG2019SG_bSGb^b 4.2 1

270 vτμsurτmτntGoψGthτGρiψψτrτntiμlGmrτllTYμnGπrossGsτπtionGinGprotonTprotonGπollisionsGμtGOG
sqrt{mμthrm{s}}GPGfGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2019SGYWXbSGX 5.4 6

269 |τμrπhGψorGnτwGphysiπsGinGtopGquμrkGproρuπtionGinGρilτptonGψinμlGstμtτsGinGprotonTprotonGπollisionsG
μtUGEuropeannPhysicalnJournalnCSG2019SG_bSGaa^ 4.2 6

268 krightnτssGμnρGuniψormityGmτμsurτmτntsGoψGplμstiπGsπintillμtorGtilτsGμtGthτGln{wGqYGtτstGντμmUG
JournalnofnInstrumentationSG2018SGXZSGyWXWWYTyWXWWY 1

267 |τμrπhGψorGnμturμlGsupτrsymmτtryGinGτvτntsGwithGtopGquμrkGpμirsGμnρGphotonsGinGppGπollisionsGμtGOG
sqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4

266 lomνinτρGsτμrπhGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosGμnρGnτutrμlinosGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 45

265 |τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosGμnρGnτutrμlinosGinGmultilτptonGψinμlGstμtτsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 40

264 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGinGthτGkinτmμtiπGμngulμrGvμriμνlτGhQGψorGinπlusivτGℓG
νosonGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 2

Eda Eskut

6



263 lonstrμintsGonGthτGρouνlτTpμrtonGsπμttτringGπrossGsτπtionGψromGsμmτTsignG GνosonGpμirGproρuπtionG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 13

262 |τμrπhGψorGℓℓGrτsonμnπτsGinGthτGYâ��Y˛‰GψinμlGstμtτGinGprotonTprotonGπollisionsGμtGXZG}τ–UGJournalnofn
HighnEnergynPhysicsSG2018SGYWXaSGX 5.4 3

261 sτtGpropτrtiτsGinGyνyνGμnρGppGπollisionsGμtGOGsqrt{sα{mμthrm{w}dmμthrm{w}}}f]UWYGPG}τ–UGJournalnofn
HighnEnergynPhysicsSG2018SGYWXaSGX 5.4 7

260 |τμrπhGψorGstμnρμrρGmoρτlGproρuπtionGoψGψourGtopGquμrksGwithGsμmτTsignGμnρGmultilτptonGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtUGEuropeannPhysicalnJournalnCSG2018SG_aSGX[W 4.2 20

259 |τμrπhGψorGOGmμthrm{t}ovτrlinτ{mμthrm{t}}mμthrm{q}GPGproρuπtionGinGthτGμllTjτtGψinμlGstμtτGinG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 13

258
|τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGintoGμGvτπtorGνosonGμnρGμGqiggsGνosonGinGψinμlGstμtτsGwithG
πhμrgτρGlτptonsSGnτutrinosGμnρGνGquμrksGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SG
YWXaSGX

5.4 7

257 vτμsurτmτntsGoψGthτGρiψψτrτntiμlGjτtGπrossGsτπtionGμsGμGψunπtionGoψGthτGjτtGmμssGinGρijτtGτvτntsGψromG
protonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 14

256 nvτntGshμpτGvμriμνlτsGmτμsurτρGusingGmultijτtGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 3

255 |τμrπhGψorGℓ˛‡GrτsonμnπτsGusingGlτptoniπGμnρGhμρroniπGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 11

254 |τμrπhGψorGthirρTgτnτrμtionGsπμlμrGlτptoquμrksGρτπμyingGtoGμGtopGquμrkGμnρGμGlτptonGμtUGEuropeann
PhysicalnJournalnCSG2018SG_aSG_W_ 4.2 23

253 vτμsurτmτntGoψGπhμrgτρGpμrtiπlτGspτπtrμGinGminimumTνiμsGτvτntsGψromGprotonTprotonGπollisionsGμtUG
EuropeannPhysicalnJournalnCSG2018SG_aSG^b_ 4.2 9

252 |τμrπhGψorGhighTmμssGrτsonμnπτsGinGψinμlGstμtτsGwithGμGlτptonGμnρGmissingGtrμnsvτrsτGmomτntumGμtG
OGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 15

251 |τμrπhGψorGrτsonμntGpμirGproρuπtionGoψGqiggsGνosonsGρτπμyingGtoGνottomGquμrkTμntiquμrkGpμirsGinG
protonTprotonGπollisionsGμtGXZG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 10

250 |τμrπhGψorGμρρitionμlGnτutrμlGv||vGqiggsGνosonsGinGthτGˇ�Gˇ�GψinμlGstμtτGinGprotonTprotonGπollisionsGμtG
OGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 42

249 |τμrπhGψorGμGhτμvyGrightThμnρτρG GνosonGμnρGμGhτμvyGnτutrinoGinGτvτntsGwithGtwoGsμmτTψlμvorG
lτptonsGμnρGtwoGjτtsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 20

248 |τμrπhGψorGμGhτμvyGrτsonμnπτGρτπμyingGintoGμGℓGνosonGμnρGμGvτπtorGνosonGinGthτGOGnuG
ovτrlinτ{nu}mμthrm{q}ovτrlinτ{mμthrm{q}}GPGψinμlGstμtτUGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 6

247 vτμsurτmτntGoψGpromptGμnρGnonpromptGπhμrmoniumGsupprτssionGinGπollisionsGμtG]UWYUGEuropeann
PhysicalnJournalnCSG2018SG_aSG]Wb 4.2 37

246 |τμrπhGψorGlτptonGψlμvourGviolμtingGρτπμysGoψGthτGqiggsGνosonGtoG˛…ˇ�GμnρGτˇ�GinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 19
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245 |τμrπhGψorGlowGmμssGvτπtorGrτsonμnπτsGρτπμyingGintoGquμrkTμntiquμrkGpμirsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2018SGYWXaSGX 5.4 28

244 vτμsurτmτntGoψGthτGproρuπtionGπrossGsτπtionGoψGμG ´ νosonGinGμssoπiμtionGwithGtwoGνGjτtsGinGppG
πollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2017SG__SGbY 4.2 7

243
vτμsurτmτntGoψGthτG ℓGproρuπtionGπrossGsτπtionGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥GμnρG
a−oormulμcGsττGtτxt≥GμnρGsτμrπhGψorGμnomμlousGtriplτGgμugτGπouplingsGμtG−oormulμcGsττGtτxt≥UG
EuropeannPhysicalnJournalnCSG2017SG__SGYZ^

4.2 21

242 vτμsurτmτntGoψGthτGjτtGmμssGinGhighlyGνoostτρG−oormulμcGsττGtτxt≥GτvτntsGψromGppGπollisionsGμtG
−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2017SG__SG[^_ 4.2 14

241 vτμsurτmτntsGoψGthτGμssoπiμtτρGproρuπtionGoψGμGℓGνosonGμnρGνGjτtsGinGppGπollisionsGμtUGEuropeann
PhysicalnJournalnCSG2017SG__SG_]X 4.2 15

240 vτμsurτmτntGoψGthτGtrμnsvτrsτGmomτntumGspτπtrumGoψGthτGqiggsGνosonGproρuπτρGinGppGπollisionsG
μtGOGsqrt{s}faGPG}τ–GusingGqGTgG  GρτπμysUGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 10

239
|τμrπhGψorGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGrτsonμnπτsGinGhighlyGνoostτρGlτptonRjτtsGμnρGψullyG
hμρroniπGψinμlGstμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG
2017SGYWX_SGX

5.4 17

238 xνsτrvμtionGoψGYOX|PGpμirGproρuπtionGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighn
EnergynPhysicsSG2017SGYWX_SGX 5.4 29

237 |τμrπhGψorGsinglτGproρuπtionGoψGvτπtorTlikτGquμrksGρτπμyingGtoGμGℓGνosonGμnρGμGtopGorGμGνottomG
quμrkGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 8

236 vτμsurτmτntsGoψGthτGppGTgG ˛‡˛‡GμnρGppGTgGℓ˛‡˛‡GπrossGsτπtionsGμnρGlimitsGonGμnomμlousGquμrtiπGgμugτG
πouplingsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 2

235 |τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGtoGtμuGlτptonGpμirsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZG
PG}τ–UGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 19

234 |τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGμGvτπtorTlikτGquμrkGρτπμyingGtoGμGtopGquμrkGμnρGμGqiggsGνosonG
usingGνoostτρGtopologiτsGinGψullyGhμρroniπGψinμlGstμtτsUGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 9

233 vτμsurτmτntGoψGthτGtrμnsvτrsτGmomτntumGspτπtrμGoψGwτμkGvτπtorGνosonsGproρuπτρGinG
protonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 15

232 vτμsurτmτntGoψGthτGtopGquμrkGmμssGusingGsinglτGtopGquμrkGτvτntsGinGprotonTprotonGπollisionsGμtG
−oormulμcGsττGtτxt≥´ }τ–UGEuropeannPhysicalnJournalnCSG2017SG__SGZ][ 4.2 8

231 |τμrπhτsGψorGinvisiνlτGρτπμysGoψGthτGqiggsGνosonGinGppGπollisionsGμtGOGsqrt{s}GPGfG_SGaSGμnρGXZG}τ–UG
JournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 74

230 |τμrπhGψorGmμssivτGrτsonμnπτsGρτπμyingGintoG  SG ℓGorGℓℓGνosonsGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 19

229
vτμsurτmτntGoψGτlτπtrowτμkTinρuπτρGproρuπtionGoψG ˛‡GwithGtwoGjτtsGinGppGπollisionsGμtGOGsqrt{s}faGPG
}τ–GμnρGπonstrμintsGonGμnomμlousGquμrtiπGgμugτGπouplingsUGJournalnofnHighnEnergynPhysicsSG2017SG
YWX_SGX

5.4 9

228
|τμrπhGψorGpμirGproρuπtionGoψGvτπtorTlikτG}GμnρGkGquμrksGinGsinglτTlτptonGψinμlGstμtτsGusingGνoostτρG
jτtGsuνstruπturτGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG
2017SGYWX_SGX

5.4 20
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227 |τμrπhGψorGtopGsquμrkGpμirGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–GusingGsinglτGlτptonG
τvτntsUGJournalnofnHighnEnergynPhysicsSG2017SGYWX_SGX 5.4 25

226
vτμsurτmτntGoψGthτGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGπrossGsτπtionGusingGτvτntsGwithG
onτGlτptonGμnρGμtGlτμstGonτGjτtGinGppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergynPhysicsSG
2017SGYWX_SGX

5.4 14

225
|τμrπhGψorGthirρTgτnτrμtionGsπμlμrGlτptoquμrksGμnρGhτμvyGrightThμnρτρGnτutrinosGinGψinμlGstμtτsGwithG
twoGtμuGlτptonsGμnρGtwoGjτtsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighnEnergyn
PhysicsSG2017SGYWX_SGX

5.4 35

224
|τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGμtGlτμstGonτGphotonSGmissingGtrμnsvτrsτGmomτntumSGμnρG
lμrgτGtrμnsvτrsτGτvτntGμπtivityGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–UGJournalnofnHighn
EnergynPhysicsSG2017SGYWX_SGX

5.4 10

223 {μρioμπtivτGsourπτGπμliνrμtionGtτstGoψGthτGlv|GqμρronGnnρπμpGlμlorimτtτrGtτstGwτρgτGwithGyhμsτGrG
upgrμρτGτlτπtroniπsUGJournalnofnInstrumentationSG2017SGXYSGyXYWZ[TyXYWZ[ 1

222 oorwμrρTνμπkwμrρGμsymmτtryGoψGmrτllTYμnGlτptonGpμirsGinGppGπollisionsGμtG−oormulμcGsττG
tτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2016SG_^SGZY] 4.2 13

221 vτμsurτmτntGoψGρijτtGμzimuthμlGρτπorrτlμtionGinGpp´ πollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeann
PhysicalnJournalnCSG2016SG_^SG]Z^ 4.2 6

220 |τμrπhGψorGρμrkGmμttτrGpμrtiπlτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–GusingGthτGrμzorG
vμriμνlτsUGJournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 2

219 |τμrπhGψorGsGπhμnnτlGsinglτGtopGquμrkGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG}τ–UGJournalnofn
HighnEnergynPhysicsSG2016SGYWX^SGX 5.4 8

218
vτμsurτmτntGoψGρiψψτrτntiμlGμnρGintτgrμtτρGψiρuπiμlGπrossGsτπtionsGψorGqiggsGνosonGproρuπtionGinG
thτGψourTlτptonGρτπμyGπhμnnτlGinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG}τ–UGJournalnofnHighnEnergyn
PhysicsSG2016SGYWX^SGX

5.4 15

217 vτμsurτmτntGoψGthτGmμssGoψGthτGtopGquμrkGinGρτπμysGwithGμGsVˇ�GmτsonGinGppGπollisionsGμtGaG}τ–UG
JournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 5

216 vτμsurτmτntGoψGthτGinπlusivτGjτtGπrossGsτπtionGinGppGπollisionsGμtGOsqrt{s}GfGYU_^StτxtG{}τ–}PUG
EuropeannPhysicalnJournalnCSG2016SG_^SGX 4.2 17

215 xνsτrvμtionGoψGtopGquμrkGpμirsGproρuπτρGinGμssoπiμtionGwithGμGvτπtorGνosonGinGppGπollisionsGμtGOG
sqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 18

214 lorrτlμtionsGντtwττnGjτtsGμnρGπhμrgτρGpμrtiπlτsGinGyνyνGμnρGppGπollisionsGμtGOG
sqrt{sα{mμthrm{ww}}}fYU_^GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 21

213 vτμsurτmτntGoψGthτG−oormulμcGsττGtτxt≥GproρuπtionGπrossGsτπtionGinGthτGμllTjτtsGψinμlGstμtτGinGppG
πollisionsGμtG−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2016SG_^SGXYa 4.2 21

212 nvτntGgτnτrμtorGtunτsGoνtμinτρGψromGunρτrlyingGτvτntGμnρGmultipμrtonGsπμttτringGmτμsurτmτntsUG
EuropeannPhysicalnJournalnCSG2016SG_^SGX]] 4.2 250

211 |τμrπhGψorGmμssivτG qGrτsonμnπτsGρτπμyingGintoGthτG−oormulμcGsττGtτxt≥GψinμlGstμtτGμtG−oormulμcGsττG
tτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2016SG_^SGYZ_ 4.2 19

210 |τμrπhGψorGμGmμssivτGrτsonμnπτGρτπμyingGintoGμGqiggsGνosonGμnρGμG GorGℓGνosonGinGhμρroniπGψinμlG
stμtτsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 14

(2016-2017)
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209 vτμsurτmτntGoψGtopGquμrkGpolμrisμtionGinGtTπhμnnτlGsinglτGtopGquμrkGproρuπtionUGJournalnofnHighn
EnergynPhysicsSG2016SGYWX^SGX 5.4 7

208 |τμrπhGψorGhτμvyGvμjorμnμGnτutrinosGinGτ´–τ´–RGjτtsGμnρGτ´–G˛…G´–RGjτtsGτvτntsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 28

207 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGqiggsGνosonGproρuπtionGinGthτGρiphotonGρτπμyG
πhμnnτlGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2016SG_^SGXZ 4.2 35

206 vτμsurτmτntGoψGthτG−oormulμcGsττGtτxt≥GπrossGsτπtionGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥G}τ–μnρG
limitsGonGμnomμlousGgμugτGπouplingsUGEuropeannPhysicalnJournalnCSG2016SG_^SG[WX 4.2 38

205 |τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGtoGtwoGqiggsGνosonsGinGψinμlGstμtτsGπontμiningGψourGνGquμrksUG
EuropeannPhysicalnJournalnCSG2016SG_^SGZ_X 4.2 25

204 |τμrπhGψorGqiggsGνosonGoψψTshτllGproρuπtionGinGprotonTprotonGπollisionsGμtG_GμnρGaG}τ–GμnρG
ρτrivμtionGoψGπonstrμintsGonGitsGtotμlGρτπμyGwiρthUGJournalnofnHighnEnergynPhysicsSG2016SGYWX^SGX 5.4 14

203 mosτGrμtτGτψψτπtsGinGthτGrμρiμtionGρμmμgτGoψGthτGplμstiπGsπintillμtorsGoψGthτGlv|GhμρronGτnρπμpG
πμlorimτtτrUGJournalnofnInstrumentationSG2016SGXXSG}XWWW[T}XWWW[ 1 10

202 |τμrπhGψorGμGstμnρμrρGmoρτlGqiggsGνosonGproρuπτρGinGμssoπiμtionGwithGμGtopTquμrkGpμirGμnρG
ρτπμyingGtoGνottomGquμrksGusingGμGmμtrixGτlτmτntGmτthoρUGEuropeannPhysicalnJournalnCSG2015SG_]SGY]X 4.2 55

201 vτμsurτmτntGoψGτlτπtrowτμkGproρuπtionGoψGtwoGjτtsGinGμssoπiμtionGwithGμGℓGνosonGinGprotonTprotonG
πollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SG^^ 4.2 21

200 vτμsurτmτntsGoψGρiψψτrτntiμlGμnρGρouνlτTρiψψτrτntiμlGmrτllTYμnGπrossGsτπtionsGinGprotonTprotonG
πollisionsGμtG−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SGX[_ 4.2 50

199 |τμrπhGψorGρτπμysGoψGstoppτρGlongTlivτρGpμrtiπlτsGproρuπτρGinGprotonTprotonGπollisionsGμtG−oormulμcG
sττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SGX]X 4.2 33

198 vτμsurτmτntGoψGthτG GνosonGhτliπityGinGτvτntsGwithGμGsinglτGrτπonstruπtτρGtopGquμrkGinGppG
πollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 19

197
vτμsurτmτntGoψGthτGrμtioGoψGthτGproρuπtionGπrossGsτπtionsGtimτsGνrμnπhingGψrμπtionsGoψGkG´–πGGTgGsVˇ�ˇ�G
´–GμnρGk´–GTgGsVˇ�tG´–GμnρGOGmμthrm{mμthπμl{k}}lτψtO{mμthrm{k}}α{mμthrm{π}}^{pm}toGmμthrm{s}VpsiG
{pi}^{pmG}{pi}^{pmG}{pi}^{mp}rightPVmμthrm{mμthπμl{k}}lτψtO{mμthrm{k}}α{mμthrm{π}}^{pm}toG
mμthrm{s}VpsiG{pi}^{pm}rightPGPGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG
2015SGYWX]SGX

5.4 13

196 |τμrπhGψorGρisμppτμringGtrμπksGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergyn
PhysicsSG2015SGYWX]SGX 5.4 35

195 |tuρyGoψGℓGproρuπtionGinGyνyνGμnρGppGπollisionsGμtGOGsqrt{sα{mμthrm{ww}}}fYU_^GPG}τ–GinGthτGρimuonG
μnρGρiτlτπtronGρτπμyGπhμnnτlsUGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 18

194 |τμrπhGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGinGρilτptonGmμssGspτπtrμGinGprotonTprotonGπollisionsG
μtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 69

193 |τμrπhGψorGρμrkGmμttτrSGτxtrμGρimτnsionsSGμnρGunpμrtiπlτsGinGmonojτtGτvτntsGinGprotonTprotonG
πollisionsGμtG−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SGYZ] 4.2 250

192
lonstrμintsGonGpμrtonGρistriνutionGψunπtionsGμnρGτxtrμπtionGoψGthτGstrongGπouplingGπonstμntGψromG
thτGinπlusivτGjτtGπrossGsτπtionGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeann
PhysicalnJournalnCSG2015SG_]SGYaa

4.2 37
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191 wuπlτμrGτψψτπtsGonGthτGtrμnsvτrsτGmomτntumGspτπtrμGoψGπhμrgτρGpμrtiπlτsGinGpyνGπollisionsGμtG
−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SGYZ_ 4.2 48

190 mistriνutionsGoψGtopologiπμlGoνsτrvμνlτsGinGinπlusivτGthrττTGμnρGψourTjτtGτvτntsGinGppGπollisionsGμtG
−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SGZWY 4.2 4

189
lonstrμintsGonGthτGpv||vSGjv|kGmoρτlGμnρGonGothτrGmoρτlsGψromGthτGsτμrπhGψorGlongTlivτρG
πhμrgτρGpμrtiπlτsGinGprotonTprotonGπollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG
2015SG_]SGZY]

4.2 24

188
|τμrπhGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGinGτvτntsGwithGtwoGlτptonsSGjτtsSGμnρGmissingG
trμnsvτrsτGmomτntumGinGppGπollisionsGμtGOGsqrt{s}GPGfGaG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SG
YWX]SGX

5.4 22

187 |τμrπhτsGψorGsupτrsymmτtryGusingGthτGvG}YGvμriμνlτGinGhμρroniπGτvτntsGproρuπτρGinGppGπollisionsGμtG
aG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 26

186 |τμrπhGψorGthτGproρuπtionGoψGρμrkGmμttτrGinGμssoπiμtionGwithGtopTquμrkGpμirsGinGthτGsinglτTlτptonG
ψinμlGstμtτGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 17

185 |τμrπhGψorGsupτrsymmτtryGinGthτGvτπtorTνosonGψusionGtopologyGinGprotonTprotonGπollisionsGμtGOG
sqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 11

184 |τμrπhGψorGμGlightGπhμrgτρGqiggsGνosonGρτπμyingGtoGOGmμthrm{π}ovτrlinτ{mμthrm{s}}GPGinGppGπollisionsG
μtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

183 |τμrπhGψorGvτπtorTlikτG}GquμrksGρτπμyingGtoGtopGquμrksGμnρGqiggsGνosonsGinGthτGμllThμρroniπGπhμnnτlG
usingGjτtGsuνstruπturτUGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 16

182 |τμrπhGψorGμGqiggsGνosonGinGthτGmμssGrμngτGψromGX[]GtoGXWWWGpτ–GρτπμyingGtoGμGpμirGoψG GorGℓG
νosonsUGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 73

181
yrτπisτGρτtτrminμtionGoψGthτGmμssGoψGthτGqiggsGνosonGμnρGtτstsGoψGπompμtiνilityGoψGitsGπouplingsG
withGthτGstμnρμrρGmoρτlGprτρiπtionsGusingGprotonGπollisionsGμtG_GμnρGa−oormulμcGsττGtτxt≥UGEuropeann
PhysicalnJournalnCSG2015SG_]SGYXY

4.2 399

180 vτμsurτmτntGoψGthτGℓ˛‡GproρuπtionGπrossGsτπtionGinGppGπollisionsGμtGaG}τ–GμnρGsτμrπhGψorGμnomμlousG
triplτGgμugτGνosonGπouplingsUGJournalnofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 7

179
vτμsurτmτntGoψGthτGinπlusivτGZTjτtGproρuπtionGρiψψτrτntiμlGπrossGsτπtionGinGprotonTprotonGπollisionsG
μtG_G}τ–´ μnρGρτtτrminμtionGoψGthτGstrongGπouplingGπonstμntGinGthτG}τ–´ rμngτUGEuropeannPhysicaln
JournalnCSG2015SG_]SGXa^

4.2 41

178 vτμsurτmτntGoψGthτGρiψψτrτntiμlGπrossGsτπtionGψorGtopGquμrkGpμirGproρuπtionGinGppGπollisionsGμtG
−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2015SG_]SG][Y 4.2 98

177
vτμsurτmτntsGoψGthτG−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥GproρuπtionGπrossGsτπtionsGinGthτG
−oormulμcGsττGtτxt≥GπhμnnτlGinGprotonTprotonGπollisionsGμtG−oormulμcGsττGtτxt≥GμnρG−oormulμcGsττG
tτxt≥GμnρGπomνinτρGπonstrμintsGonGtriplτGgμugτGπouplingsUGEuropeannPhysicalnJournalnCSG2015SG_]SG]XX

4.2 25

176 lompμrisonGoψGthτGℓV˛‡GQGRGjτtsGtoG˛‡GRGjτtsGπrossGsτπtionsGinGppGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournaln
ofnHighnEnergynPhysicsSG2015SGYWX]SGX 5.4 5

175 |τμrπhGψorGnτutrμlGv||vGqiggsGνosonsGρτπμyingGintoGμGpμirGoψGνottomGquμrksUGJournalnofnHighn
EnergynPhysicsSG2015SGYWX]SGX 5.4 18

174 vτμsurτmτntGoψGthτGOGtovτrlinτ{t}GPGproρuπtionGπrossGsτπtionGinGthτGρilτptonGπhμnnτlGinGppGπollisionsG
μtGOGsqrt{s}GPGfGaG}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 43

(2014-2015)
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173 |tuρiτsGoψGμzimuthμlGρihμρronGπorrτlμtionsGinGultrμTπτntrμlGyνyνGπollisionsGμtGOGsqrt{{{sα{wwG}}}}GPG
fYU_^G}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 60

172 |τμrπhGψorGnτwGphysiπsGinGτvτntsGwithGsμmτTsignGρilτptonsGμnρGjτtsGinGppGπollisionsGμtGOGsqrt{s}GPGfGaG
}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 38

171 |tuρiτsGoψGρijτtGtrμnsvτrsτGmomτntumGνμlμnπτGμnρGpsτuρorμpiρityGρistriνutionsGinGpyνGπollisionsGμtG
Osqrt{sα{mμthrm{ww}}}GfG]UWYPGOStτxtG{}τ–}PUGEuropeannPhysicalnJournalnCSG2014SG_[SGX 4.2 67

170 vτμsurτmτntGoψG ℓGμnρGℓℓGproρuπtionGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥GinGψinμlGstμtτsGwithG
νTtμggτρGjτtsUGEuropeannPhysicalnJournalnCSG2014SG_[SGYb_Z 4.2 16

169 |τμrπhGψorGinvisiνlτGρτπμysGoψGqiggsGνosonsGinGthτGvτπtorGνosonGψusionGμnρGμssoπiμtτρGℓqG
proρuπtionGmoρτsUGEuropeannPhysicalnJournalnCSG2014SG_[SGYbaW 4.2 131

168 vτμsurτmτntGoψGjτtGmultipliπityGρistriνutionsGinG−oormulμcGsττGtτxt≥GproρuπtionGinGppGπollisionsGμtG
−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2014SG_[SGZWX[ 4.2 11

167 |tuρyGoψGρouνlτGpμrtonGsπμttτringGusingG GRGYTjτtGτvτntsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}GPGfG_G
}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 61

166 nvτntGμπtivityGρτpτnρτnπτGoψGOGYGPOn|PGproρuπtionGinGOGsqrt{{{sα{wwG}}}}GPGfG]UWYG}τ–GpyνGμnρGOGsqrt{s}GPG
fGYU_^G}τ–GppGπollisionsUGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 42

165 UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 18

164 nviρτnπτGψorGthτGXY]Gpτ–GqiggsGνosonGρτπμyingGtoGμGpμirGoψGˇ�GlτptonsUGJournalnofnHighnEnergynPhysics
SG2014SGYWX[SGX 5.4 101

163 |τμrπhGψorG hGTgGtνGρτπμysGinGthτGlτptonGRGjτtsGψinμlGstμtτGinGppGπollisionsGμtGOGsqrt{s}GPGfGaG}τ–UGJournaln
ofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 23

162 vτμsurτmτntGoψGthτGtriplτTρiψψτrτntiμlGπrossGsτπtionGψorGphotonGRGjτtsGproρuπtionGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfG_G}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 15

161 |τμrπhGψorGnτwGphysiπsGinGthτGmultijτtGμnρGmissingGtrμnsvτrsτGmomτntumGψinμlGstμtτGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGaG}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 81

160 vτμsurτmτntGoψGthτGtTπhμnnτlGsinglτTtopTquμrkGproρuπtionGπrossGsτπtionGμnρGoψGthτG|–Gtν|GltvG
mμtrixGτlτmτntGinGppGπollisionsGμtGOGsqrt{s}GPGfGaG}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 48

159 vτμsurτmτntGoψGthτGproρuπtionGπrossGsτπtionsGψorGμGℓGνosonGμnρGonτGorGmorτGνGjτtsGinGppGπollisionsG
μtGOGsqrt{s}GPGfG_G}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 21

158 |τμrπhGψorGpμirGproρuπtionGoψGτxπitτρGtopGquμrksGinGthτGlτptonGRGjτtsGψinμlGstμtτUGJournalnofnHighn
EnergynPhysicsSG2014SGYWX[SGX 5.4 3

157 |τμrπhGψorGmμssivτGrτsonμnπτsGinGρijτtGsystτmsGπontμiningGjτtsGtμggτρGμsG GorGℓGνosonGρτπμysGinGppG
πollisionsGμtGOGsqrt{s}GPGfGaG}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 74

156 |τμrπhGψorGmμssivτGrτsonμnπτsGρτπμyingGintoGpμirsGoψGνoostτρGνosonsGinGsτmiTlτptoniπGψinμlGstμtτsG
μtGOGsqrt{s}GPGfGaG}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 59
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155 vτμsurτmτntGoψGthτGtopTquμrkGmμssGinGμllTjτtsG−oormulμcGsττGtτxt≥GτvτntsGinGppGπollisionsGμtG
−oormulμcGsττGtτxt≥G}τ–UGEuropeannPhysicalnJournalnCSG2014SG_[SGY_]a 4.2 21

154 |tuρyGoψGthτGproρuπtionGoψGπhμrgτρGpionsSGkμonsSGμnρGprotonsGinGpyνGπollisionsGμtG−oormulμcGsττG
tτxt≥]UWY−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2014SG_[SGYa[_ 4.2 71

153 yroνingGπolorGπohτrτnπτGτψψτπtsGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG
2014SG_[SGYbWX 4.2 13

152 |τμrπhGψorGhτμvyGnτutrinosGμnρG−oormulμcGsττGtτxt≥GνosonsGwithGrightThμnρτρGπouplingsGinG
protonTprotonGπollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2014SG_[SGZX[b 4.2 149

151 vτμsurτmτntGoψGtopGquμrkTμntiquμrkGpμirGproρuπtionGinGμssoπiμtionGwithGμG GorGℓGνosonGinGppG
πollisionsGμtG−oormulμcGsττGtτxt≥−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2014SG_[SGZW^W 4.2 29

150 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGthτGproρuπtionGoψGμGpμirGoψGisolμtτρGphotonsGinGppG
πollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2014SG_[SGZXYb 4.2 29

149 |τμrπhGψorGnτutrμlGv||vGqiggsGνosonsGρτπμyingGtoGμGpμirGoψGtμuGlτptonsGinGppGπollisionsUGJournalnofn
HighnEnergynPhysicsSG2014SGYWX[SGX 5.4 70

148 vτμsurτmτntGoψGpsτuρorμpiρityGρistriνutionsGoψGπhμrgτρGpμrtiπlτsGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}GfGaPG}τ–GνyGthτGlv|GμnρG}x}nvGτxpτrimτntsUGEuropeannPhysicalnJournalnCSG2014SG_[SGX 4.2 37

147 |τμrπhτsGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosSGnτutrμlinosSGμnρGslτptonsGρτπμyingGtoGlτptonsG
μnρG SGℓSGμnρGqiggsGνosonsGinGppGπollisionsGμtGa´ }τ–UGEuropeannPhysicalnJournalnCSG2014SG_[SGZWZ^ 4.2 183

146 vτμsurτmτntGoψGpromptGsVˇ�GpμirGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfG_G}τvUGJournalnofnHighn
EnergynPhysicsSG2014SGYWX[SGX 5.4 41

145 xνsτrvμtionGoψGthτGρiphotonGρτπμyGoψGthτGqiggsGνosonGμnρGmτμsurτmτntGoψGitsGpropτrtiτsUG
EuropeannPhysicalnJournalnCSG2014SG_[SGZW_^ 4.2 239

144 |τμrπhGψorGthτGμssoπiμtτρGproρuπtionGoψGthτGqiggsGνosonGwithGμGtopTquμrkGpμirUGJournalnofnHighn
EnergynPhysicsSG2014SGYWX[SGX 5.4 45

143 |tuρyGoψGhμρroniπGτvτntTshμpτGvμriμνlτsGinGmultijτtGψinμlGstμtτsGinGppGπollisionsGμtGOGsqrt{s}GfG_GPG}τ–UG
JournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 3

142 |τμrπhGψorGstμnρμrρGmoρτlGproρuπtionGoψGψourGtopGquμrksGinGthτGlτptonGRGjτtsGπhμnnτlGinGppG
πollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 15

141 rρτntiψiπμtionGtτπhniquτsGψorGhighlyGνoostτρG GνosonsGthμtGρτπμyGintoGhμρronsUGJournalnofnHighn
EnergynPhysicsSG2014SGYWX[SGX 5.4 32

140 vτμsurτmτntGoψGqiggsGνosonGproρuπtionGμnρGpropτrtiτsGinGthτG  GρτπμyGπhμnnτlGwithGlτptoniπG
ψinμlGstμtτsUGJournalnofnHighnEnergynPhysicsSG2014SGYWX[SGX 5.4 144

139 vτμsurτmτntGoψGthτGOGtovτrlinτ{t}GPGproρuπtionGπrossGsτπtionGinGthτGρilτptonGπhμnnτlGinGppGπollisionsG
μtGOGsqrt{s}GPGfGaG}τ–G2014SGYWX[SGX 3

138 |τμrπhGψorGthτGμssoπiμtτρGproρuπtionGoψGthτGqiggsGνosonGwithGμGtopTquμrkGpμirG2014SGYWX[SGX 6

(2014-2014)
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137 |τμrπhGψorGmiπrosπopiπGνlμπkGholτsGinGppGπollisionsGμtGOGsqrt{s}faGPG}τ–UGJournalnofnHighnEnergynPhysics
SG2013SGYWXZSGX 5.4 38

136 vτμsurτmτntGoψGthτGOGuμmνρμα{mμthrm{ν}}^WGPGliψτtimτGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournaln
ofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 14

135 |τμrπhτsGψorGlongTlivτρGπhμrgτρGpμrtiπlτsGinGppGπollisionsGμtGOGsqrt{s}GPGf_GμnρGaG}τ–UGJournalnofnHighn
EnergynPhysicsSG2013SGYWXZSGX 5.4 96

134 |tuρyGoψGτxπlusivτGtwoTphotonGproρuπtionGoψG R â��GinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–GμnρG
πonstrμintsGonGμnomμlousGquμrtiπGgμugτGπouplingsUGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 56

133 xνsτrvμtionGoψGμGnτwGνosonGwithGmμssGnτμrGXY]Gpτ–GinGppGπollisionsGμtGOGsqrt{s}f_GPGμnρGaG}τ–UG
JournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 261

132 |τμrπhGψorGthτGstμnρμrρGmoρτlGqiggsGνosonGproρuπτρGinGμssoπiμtionGwithGμGtopTquμrkGpμirGinGppG
πollisionsGμtGthτGuqlUGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 35

131 |tuρiτsGoψGjτtGmμssGinGρijτtGμnρG VℓGRGjτtGτvτntsUGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 39

130 vτμsurτmτntGoψGthτGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGπrossGsτπtionGinGthτGμllTjτtGψinμlG
stμtτGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 14

129 vτμsurτmτntGoψGthτG±OZa_YPGproρuπtionGπrossGsτπtionGviμGρτπμysGtoGsVˇ�ˇ�GRGˇ�Gâ��GinGppGπollisionsGμtGOG
sqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 44

128 |tuρyGoψGthτGunρτrlyingGτvτntGμtGψorwμrρGrμpiρityGinGppGπollisionsGμtGOG
sqrt{s}fWUbSYU_^Sdmμthrm{μnρ}d_dmμthrm{}τ–}GPUGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 39

127 |τμrπhGψorGnτwGphysiπsGinGτvτntsGwithGphotonsSGjτtsSGμnρGmissingGtrμnsvτrsτGτnτrgyGinGppGπollisionsG
μtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 15

126 |τμrπhGψorGnτwGphysiπsGinGτvτntsGwithGsμmτTsignGρilτptonsGμnρGνGjτtsGinGppGπollisionsGμtGOGsqrt{s}faGPG
}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 33

125 |τμrπhGinGlτptoniπGπhμnnτlsGψorGhτμvyGrτsonμnπτsGρτπμyingGtoGlongTlivτρGnτutrμlGpμrtiπlτsUGJournalnofn
HighnEnergynPhysicsSG2013SGYWXZSGX 5.4 30

124 |τμrπhGψorGτxotiπGrτsonμnπτsGρτπμyingGintoG ℓVℓℓGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofn
HighnEnergynPhysicsSG2013SGYWXZSGX 5.4 16

123 |τμrπhGψorGsupτrsymmτtryGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥G}τ–GinGτvτntsGwithGμGsinglτGlτptonSG
jτtsSGμnρGmissingGtrμnsvτrsτGmomτntumUGEuropeannPhysicalnJournalnCSG2013SG_ZSGY[W[ 4.2 15

122 |τμrπhGψorGμGstμnρμrρTmoρτlTlikτGqiggsGνosonGwithGμGmμssGinGthτGrμngτGX[]GtoGXWWWGpτ–GμtGthτGuqlUG
EuropeannPhysicalnJournalnCSG2013SG_ZSGY[^b 4.2 49

121
vτμsurτmτntGoψGthτG TνosonGhτliπityGinGtopTquμrkGρτπμysGψromGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPG
proρuπtionGinGlτptonRjτtsGτvτntsGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG
2013SGYWXZSGX

5.4 25

120
|τμrπhGψorGsupτrsymmτtryGinGhμρroniπGψinμlGstμtτsGwithGmissingGtrμnsvτrsτGτnτrgyGusingGthτG
vμriμνlτsGμnρGνTquμrkGmultipliπityGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG
2013SG_ZSGY]^a

4.2 82
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119
vτμsurτmτntGoψGthτGhμρroniπGμπtivityGinGτvτntsGwithGμGℓGμnρGtwoGjτtsGμnρGτxtrμπtionGoψGthτGπrossG
sτπtionGψorGthτGτlτπtrowτμkGproρuπtionGoψGμGℓGwithGtwoGjτtsGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UG
JournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX

5.4 10

118 vτμsurτmτntGoψGmμssτsGinGthτG−oormulμcGsττGtτxt≥GsystτmGνyGkinτmμtiπGτnρpointsGinGppGπollisionsGμtG
−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2013SG_ZSGY[b[ 4.2 37

117 |τμrπhGψorGphysiπsGντyonρGthτGstμnρμrρGmoρτlGinGτvτntsGwithGlτptonsSGjτtsSGμnρGlμrgτGtrμnsvτrsτG
momτntumGimνμlμnπτGinGppGπollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2013SG_ZSGY[bZ4.2 10

116 vτμsurτmτntGoψGthτGOmμthrm{t}νμr{mμthrm{t}}PGproρuπtionGπrossGsτπtionGinGthτGˇ�RjτtsGπhμnnτlGinGppG
πollisionsGμtGOsqrt{s}f_Gmνox{}τ–}PUGEuropeannPhysicalnJournalnCSG2013SG_ZSGX 4.2 21

115 sτtGμnρGunρτrlyingGτvτntGpropτrtiτsGμsGμGψunπtionGoψGπhμrgτρTpμrtiπlτGmultipliπityGinGprotonTprotonG
πollisionsGμtG−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2013SG_ZSGY^_[ 4.2 24

114 |τμrπhGψorGtopTsquμrkGpμirGproρuπtionGinGthτGsinglτTlτptonGψinμlGstμtτGinGppGπollisionsGμtGOsqrt{s}faG
mμthrm{}τ–}PUGEuropeannPhysicalnJournalnCSG2013SG_ZSGX 4.2 162

113 vτμsurτmτntGoψGthτGρiψψτrτntiμlGμnρGρouνlτTρiψψτrτntiμlGmrτllTYμnGπrossGsτπtionsGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfG_G}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 43

112 vτμsurτmτntGoψGthτGπrossGsτπtionGμnρGμngulμrGπorrτlμtionsGψorGμssoπiμtτρGproρuπtionGoψGμGℓGνosonG
withGνGhμρronsGinGppGπollisionsGμtGOGsqrt{s}GPGfG_G}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 26

111
vτμsurτmτntGoψGthτGrμtioGoψGthτGinπlusivτGZTjτtGπrossGsτπtionGtoGthτGinπlusivτGYTjτtGπrossGsτπtionGinG
ppGπollisionsGμtGOsqrt{s}GfG_Gmμthrm{}τ–}PGμnρGψirstGρτtτrminμtionGoψGthτGstrongGπouplingGπonstμntGinG
thτG}τ–GrμngτUGEuropeannPhysicalnJournalnCSG2013SG_ZSGX

4.2 50

110 vτμsurτmτntGoψGthτG R â��GπrossGsτπtionGinGppGπollisionsGμtGOsqrt{s}GfG_mνox{G}τ–}PGμnρGlimitsGonG
μnomμlousG  ˛‡GμnρG  ℓGπouplingsUGEuropeannPhysicalnJournalnCSG2013SG_ZSGX 4.2 56

109 |τμrπhGψorGnμrrowGrτsonμnπτsGμnρGquμntumGνlμπkGholτsGinGinπlusivτGμnρGνTtμggτρGρijτtGmμssGspτπtrμG
ψromGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 37

108 vτμsurτmτntGoψGthτGℓℓGproρuπtionGπrossGsτπtionGμnρGsτμrπhGψorGμnomμlousGπouplingsGinGYâ��Yâ��hGψinμlG
stμtτsGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 39

107 |τμrπhGψorGsupτrsymmτtryGinGψinμlGstμtτsGwithGmissingGtrμnsvτrsτGτnτrgyGμnρGWSGXSGYSGorGâ�¥ZGνTquμrkG
jτtsGinG_G}τ–GppGπollisionsGusingGthτGvμriμνlτG˛–G}UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 29

106 |τμrπhGψorGhτμvyGquμrksGρτπμyingGintoGμGtopGquμrkGμnρGμG GorGℓGνosonGusingGlτptonGRGjτtsGτvτntsGinG
ppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2013SGYWXZSGX 5.4 12

105 vτμsurτmτntGoψGthτGsumGoψG  GμnρG ℓGproρuπtionGwithG RρijτtGτvτntsGinGppGπollisionsGμtG
−oormulμcGsττGtτxt≥UGEuropeannPhysicalnJournalnCSG2013SG_ZSGYYaZ 4.2 45

104 vτμsurτmτntGoψGρiψψτrτntiμlGtopTquμrkTpμirGproρuπtionGπrossGsτπtionsGinGppGπollisionsGμtGOsqrt{s}GfG_G
mμthrm{}τ–}PUGEuropeannPhysicalnJournalnCSG2013SG_ZSGX 4.2 102

103 |tuρyGoψGhighTpG}GπhμrgτρGpμrtiπlτGsupprτssionGinGyνyνGπompμrτρGtoGppGπollisionsGμtG
Osqrt{sα{mμthrm{ww}}}fYU_^~mμthrm{}τ–}PUGEuropeannPhysicalnJournalnCSG2012SG_YSGX 4.2 316

102 lτntrμlityGρτpτnρτnπτGoψGρihμρronGπorrτlμtionsGμnρGμzimuthμlGμnisotropyGhμrmoniπsGinGyνyνG
πollisionsGμtGOsqrt{sα{ww}}fGYU_^Gmνox{}τ–}PUGEuropeannPhysicalnJournalnCSG2012SG_YSGX 4.2 158

(2012-2013)
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101 sτtGproρuπtionGrμtτsGinGμssoπiμtionGwithG GμnρGℓGνosonsGinGppGπollisionsGμtGOGsqrtG{s}GfG_G{tτxt{}τ–}}GPUG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 37

100 nxπlusivτG˛‡˛‡GTgG˛…GRG˛…Gâ��GproρuπtionGinGprotonTprotonGπollisionsGμtGOGsqrtG{s}GfG{_}GPG}τ–UGJournalnofnHighn
EnergynPhysicsSG2012SGYWXYSGX 5.4 45

99 vτμsurτmτntGoψGthτGproρuπtionGπrossGsτπtionGψorGpμirsGoψGisolμtτρGphotonsGinGppGπollisionsGμtGOGsqrtG
{s}GfG_d}τ–GPUGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 20

98 rnπlusivτGνTjτtGproρuπtionGinGppGπollisionsGμtGOsqrtG{s}GfG_}τ–PUGJournalnofnHighnEnergynPhysicsSG2012SG
YWXYSGX 5.4 30

97 |τμrπhGψorGquμrkGπompositτnτssGinGρijτtGμngulμrGρistriνutionsGψromGppGπollisionsGμtGOGsqrtG{s}GfG_{G}GPG
}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 12

96 |upprτssionGoψGnonTpromptGsVˇ�SGpromptGsVˇ�SGμnρGOG~psilonGPOX|PGinGyνyνGπollisionsGμtGOGsqrtG
{{{sα{tτxt{ww}}}}}GfGYU_^GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 184

95 |τμrπhGψorGhτμvyGνottomTlikτGquμrksGinG[UbGψνâ��XGoψGppGπollisionsGμtGOGsqrtG{s}GfG_GPG}τ–UGJournalnofnHighn
EnergynPhysicsSG2012SGYWXYSGX 5.4 44

94 vτμsurτmτntGoψGthτGπrossGsτπtionGψorGproρuπtionGoψGOGνovτrlinτGνG±GPGρτπμyingGtoGmuonsGinGppG
πollisionsGμtGOGsqrtG{s}GfG_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 3

93 vτμsurτmτntGoψGthτGℓV˛‡QGRGνTjτtGπrossGsτπtionGinGppGπollisionsGμtGOGsqrtG{s}GfG_GPG}τ–UGJournalnofnHighn
EnergynPhysicsSG2012SGYWXYSGX 5.4 24

92 |hμpτSGtrμnsvτrsτGsizτSGμnρGπhμrgτρThμρronGmultipliπityGoψGjτtsGinGppGπollisionsGμtGOGsqrt{s}f_d}τ–GPUG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 27

91 |τμrπhGψorGμnomμlousGproρuπtionGoψGmultilτptonGτvτntsGinGppGπollisionsGμtGOGsqrtG{s}GfG_S}τ–GPUG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 65

90 |τμrπhGψorGμGlightGπhμrgτρGqiggsGνosonGinGtopGquμrkGρτπμysGinGppGπollisionsGμtGOGsqrtG{s}GfG_d}τ–GPUG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 101

89 |τμrπhGψorGlτptoniπGρτπμysGoψG hGνosonsGinGppGπollisionsGμtGOGsqrtG{s}GfG{_}GPG}τ–UGJournalnofnHighn
EnergynPhysicsSG2012SGYWXYSGX 5.4 43

88 |τμrπhGψorGstoppτρGlongTlivτρGpμrtiπlτsGproρuπτρGinGppGπollisionsGμtGOGsqrtG{s}GfG{tτxt{_}τ–}}GPUGJournaln
ofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 17

87 |τμrπhGψorGnτwGphysiπsGinGτvτntsGwithGsμmτTsignGρilτptonsGμnρGνTtμggτρGjτtsGinGppGπollisionsGμtGOGsqrtG
{s}GfG_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 24

86 vτμsurτmτntGoψGthτGunρτrlyingGτvτntGμπtivityGinGppGπollisionsGμtGOGsqrtG{s}GfGWUbGPGμnρG_G}τ–GwithGthτG
novτlGjτtTμrτμVmτρiμnGμpproμπhUGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 11

85 |τμrπhGψorGμnomμlousGOGtovτrlinτGtGPGproρuπtionGinGthτGhighlyTνoostτρGμllThμρroniπGψinμlGstμtτUG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 57

84 |τμrπhGψorGρμrkGmμttτrGμnρGlμrgτGτxtrμGρimτnsionsGinGmonojτtGτvτntsGinGppGπollisionsGμtGOGsqrtG{s}GfG
{_}GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 155
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83 |τμrπhGψorGμGψτrmiophoνiπGqiggsGνosonGinGppGπollisionsGμtGOGsqrtG{s}GfG_GPG}τ–UGJournalnofnHighnEnergyn
PhysicsSG2012SGYWXYSGX 5.4 13

82 |τμrπhGψorGsupτrsymmτtryGinGhμρroniπGψinμlGstμtτsGusingGvG}YGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 92

81 vτμsurτmτntGoψGjτtGψrμgmτntμtionGintoGπhμrgτρGpμrtiπlτsGinGppGμnρGyνyνGπollisionsGμtGOG
sqrt{{{sα{mμthrm{ww}}}}}GfGYU_^GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 73

80 vτμsurτmτntGoψGthτGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGπrossGsτπtionGinGthτGρilτptonG
πhμnnτlGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 64

79
|τμrπhGψorGτxπlusivτGorGsτmiTτxπlusivτG˛‡˛‡GproρuπtionGμnρGoνsτrvμtionGoψGτxπlusivτGμnρG
sτmiTτxπlusivτGτRτâ��GproρuπtionGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG
2012SGYWXYSGX

5.4 45

78 |τμrπhGψorGthτGstμnρμrρGmoρτlGqiggsGνosonGproρuπτρGinGμssoπiμtionGwithG GμnρGℓGνosonsGinGppG
πollisionsGμtGOGsqrt{s}f_GP}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 6

77 |τμrπhGψorGτlτπtrowτμkGproρuπtionGoψGπhμrginosGμnρGnτutrμlinosGusingGlτptoniπGψinμlGstμtτsGinGppG
πollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 41

76 |τμrπhGψorGnτwGphysiπsGwithGlongTlivτρGpμrtiπlτsGρτπμyingGtoGphotonsGμnρGmissingGτnτrgyGinGppG
πollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 10

75 |τμrπhGψorGrτsonμntGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGproρuπtionGinGlτptonRjτtsGτvτntsGinGppG
πollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 25

74 xνsτrvμtionGoψGℓGρτπμysGtoGψourGlτptonsGwithGthτGlv|GρτtτπtorGμtGthτGuqlUGJournalnofnHighnEnergyn
PhysicsSG2012SGYWXYSGX 5.4 30

73 vτμsurτmτntGoψGthτGsinglτTtopTquμrkGtTπhμnnτlGπrossGsτπtionGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UG
JournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 70

72 |τμrπhGψorGthirρTgτnτrμtionGlτptoquμrksGμnρGsπμlμrGνottomGquμrksGinGppGπollisionsGμtGOGsqrt{s}f_d}τ–G
PUGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 12

71 vτμsurτmτntGoψGthτGtopTquμrkGmμssGinGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGτvτntsGwithGlτptonRjτtsG
ψinμlGstμtτsGinGppGπollisionsGμtGOGsqrt{s}f_GPG}τ–UGJournalnofnHighnEnergynPhysicsSG2012SGYWXYSGX 5.4 30

70 vτμsurτmτntGoψGthτGunρτrlyingGτvτntGinGthτGmrτllâ��YμnGproπτssGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}GfG_~mνox{}τ–}PUGEuropeannPhysicalnJournalnCSG2012SG_YSGX 4.2 30

69 |tuρyGoψGthτGinπlusivτGproρuπtionGoψGπhμrgτρGpionsSGkμonsSGμnρGprotonsGinGppGπollisionsGμtGOsqrt{s}GfG
WUbSGYU_^Smνox{GμnρG}_~mνox{}τ–}PUGEuropeannPhysicalnJournalnCSG2012SG_YSGX 4.2 133

68 jGsτμrπhGψorGμGρouνlyTπhμrgτρGqiggsGνosonGinGppGπollisionsGμtGOsqrt{s}GfG_Gmνox{}τ–}PUGEuropeann
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