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j Paper IF Citations

459 kTψlγvorGtγggingGγtGkτllτGrrUGEuropeankPhysicalkJournalkCSG2022SGaYSGX 4.2 0

458 vτγsurτmτntGoψGτlτνtrowτγkGproπuνtionGoψGγGμosonGinGγssoνiγtionGwithGtwoGjτtsGinGprotonTprotonG
νollisionsGγtUGEuropeankPhysicalkJournalkCSG2020SGaWSG[Z 4.2 6

457 vτγsurτmτntGoψGthτGintτgrγtτπGluminosityGoψGthτGyhγsτGYGπγtγGoψGthτGkτllτGrrGτxpτrimτntUGChinesek
PhysicskCSG2020SG[[SGWYXWWX 2.2 8

456 nxtrγνtionGγnπGvγliπγtionGoψGγGnτwGsτtGoψGlv|GpythiγaGtunτsGψromGunπτrlyingTτvτntGmτγsurτmτntsUG
EuropeankPhysicalkJournalkCSG2020SGaWSG[ 4.2 61

455 vτγsurτmτntGoψGsinglτTπiψψrγνtivτGπijτtGproπuνtionGinGprotonTprotonGνollisionsGγtGwithGthτGlv|GγnπG
}x}nvGτxpτrimτntsUGEuropeankPhysicalkJournalkCSG2020SGaWSGXX^[ 4.2 0

454
vτγsurτmτntGoψGOhμoxG{t}{μγr{hμoxG{t}}}PGnormγlisτπGmultiTπiψψτrτntiγlGνrossGsτνtionsGinGO{tτxtG
{p}}{tτxtG{p}}GPGνollisionsGγtGOsqrt{s}fXZS{tτxtG{}τ–}}GPSGγnπGsimultγnτousGπτtτrminγtionGoψGthτGstrongG
νouplingGstrτngthSGtopGquγrkGpolτGmγssSGγnπGpγrtonGπistriμutionGψunνtionsUGEuropeankPhysicalk
JournalkCSG2020SGaWSGX

4.2 13

453 jzimuthγlGsτpγrγtionGinGnτγrlyGμγνkTtoTμγνkGjτtGtopologiτsGinGinνlusivτGYTGγnπGZTjτtGτvτntsGinG
νollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSG__Z 4.2 0

452 |τγrνhGψorGνhγrgτπGqiggsGμosonsGinGthτGq´–GTgGˇ�´–˛‰ˇ�GπτνγyGνhγnnτlGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 24

451 |τγrνhGψorGrτsonγntGproπuνtionGoψGsτνonπTgτnτrγtionGslτptonsGwithGsγmτTsignGπimuonGτvτntsGinG
protonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGZW] 4.2 2

450
|τγrνhGψorGsupτrsymmτtryGwithGγGνomprτssτπGmγssGspτνtrumGinGthτGvτνtorGμosonGψusionGtopologyG
withGXTlτptonGγnπGWTlτptonGψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfGXZG}τ–UGJournalkofk
HighkEnergykPhysicsSG2019SGYWXbSGX

5.4 8

449 |τγrνhGψorGγGlowTmγssGˇ�â��ˇ�RGrτsonγnντGinGγssoνiγtionGwithGγGμottomGquγrkGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 4

448
|τγrνhGψorGthτGγssoνiγtτπGproπuνtionGoψGthτGqiggsGμosonGγnπGγGvτνtorGμosonGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfGXZG}τ–GviγGqiggsGμosonGπτνγysGtoGˇ�GlτptonsUGJournalkofkHighkEnergykPhysicsSG
2019SGYWXbSGX

5.4 3

447 |τγrνhGψorGthτGpγirGproπuνtionGoψGlightGtopGsquγrksGinGthτGτ´–˛…hGψinγlGstγtτGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 4

446 lomμinτπGmτγsurτmτntsGoψGqiggsGμosonGνouplingsGinGprotonTprotonGνollisionsGγtUGEuropeank
PhysicalkJournalkCSG2019SG_bSG[YX 4.2 153

445 |τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGγGphotonSGjτtsSGTjτtsSGγnπGmissingGtrγnsvτrsτGmomτntumGinG
protonTprotonGνollisionsGγtGXZUGEuropeankPhysicalkJournalkCSG2019SG_bSG[[[ 4.2 1

444
vτγsurτmτntsGoψGthτGppGTgG ČGinνlusivτGγnπGπiψψτrτntiγlGproπuνtionGνrossGsτνtionsGγnπGνonstrγintsG
onGνhγrgτπGγnomγlousGtriplτGgγugτGνouplingsGγtGOGsqrt{s}GPGfGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG
2019SGYWXbSGX

5.4 10

443 vτγsurτmτntGoψGthτGproπuνtionGνrossGsτνtionSGthτGtopGquγrkGmγssSGγnπGthτGstrongGνouplingG
νonstγntGusingGπilτptonGτvτntsGinGppGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGZ^a 4.2 27
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442 vτγsurτmτntGoψGthτGτnτrgyGπτnsityGγsGγGψunνtionGoψGpsτuπorγpiπityGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}GfXZStτxtG{}τ–}GPUGEuropeankPhysicalkJournalkCSG2019SG_bSGX 4.2 7

441
|τγrνhGψorGnonrτsonγntGqiggsGμosonGpγirGproπuνtionGinGthτGOG
mγthrm{μ}ovτrlinτ{mγthrm{μ}}mγthrm{μ}ovτrlinτ{mγthrm{μ}}GPGψinγlGstγtτGγtGOGsqrt{s}GPGfGXZG}τ–UG
JournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX

5.4 4

440 |τγrνhGψorGπγrkGmγttτrGproπuντπGinGγssoνiγtionGwithGγGqiggsGμosonGπτνγyingGtoGγGpγirGoψGμottomG
quγrksGinGprotonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGYaW 4.2 12

439 |τγrνhGψorGνontγνtGintτrγνtionsGγnπGlγrgτGτxtrγGπimτnsionsGinGthτGπilτptonGmγssGspτνtrγGψromG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 8

438 |τγrνhGψorGvτνtorTlikτGquγrksGinGτvτntsGwithGtwoGoppositτlyGνhγrgτπGlτptonsGγnπGjτtsGinG
protonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGZ^[ 4.2 18

437 |τγrνhGψorGsinglτGproπuνtionGoψGvτνtorTlikτGquγrksGπτνγyingGtoGγGtopGquγrkGγnπGγGμosonGinG
protonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGbW 4.2 6

436 |tuπyGoψGthτGunπτrlyingGτvτntGinGtopGquγrkGpγirGproπuνtionGinGνollisionsGγtGXZUGEuropeankPhysicalk
JournalkCSG2019SG_bSGXYZ 4.2 4

435 |τγrνhGψorGrγrτGπτνγysGoψGγnπGqiggsGμosonsGtoGγnπGγGphotonGinGprotonTprotonGνollisionsGγtGfGXZUG
EuropeankPhysicalkJournalkCSG2019SG_bSGb[ 4.2 7

434 |τγrνhGψorGnτwGphysiνsGinGψinγlGstγtτsGwithGγGsinglτGphotonGγnπGmissingGtrγnsvτrsτGmomτntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 9

433
vτγsurτmτntsGoψGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGπiψψτrτntiγlGνrossGsτνtionsGinGprotonTprotonG
νollisionsGγtGOGsqrt{mγthrm{s}}fXZGPG}τ–GusingGτvτntsGνontγiningGtwoGlτptonsUGJournalkofkHighkEnergyk
PhysicsSG2019SGYWXbSGX

5.4 15

432
|τγrνhGψorGOGmγthrm{t}ovτrlinτ{mγthrm{t}}mγthrm{q}GPGproπuνtionGinGthτGOGmγthrm{q}toG
mγthrm{μ}ovτrlinτ{mγthrm{μ}}GPGπτνγyGνhγnnτlGwithGlτptoniνGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPG
πτνγysGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX

5.4 17

431 |τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGγGphotonSGγGlτptonSGγnπGmissingGtrγnsvτrsτGmomτntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}GfGXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 2

430
vτγsurτmτntGoψGinνlusivτGγnπGπiψψτrτntiγlGqiggsGμosonGproπuνtionGνrossGsτνtionsGinGthτGπiphotonG
πτνγyGνhγnnτlGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SG
YWXbSGX

5.4 8

429 |τγrνhGψorGrτsonγntGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGproπuνtionGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 13

428 |τγrνhGψorGproπuνtionGoψGqiggsGμosonGpγirsGinGthτGψourGμGquγrkGψinγlGstγtτGusingGlγrgτTγrτγGjτtsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 7

427 |τγrνhGψorGhτγvyGrτsonγnντsGπτνγyingGintoGtwoGqiggsGμosonsGorGintoGγGqiggsGμosonGγnπGγG GorGČG
μosonGinGprotonTprotonGνollisionsGγtGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 7

426 |τγrνhGψorGhτγvyGvγjorγnγGnτutrinosGinGsγmτTsignGπilτptonGνhγnnτlsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 14

425 vτγsurτmτntGoψGπiψψτrτntiγlGνrossGsτνtionsGψorGinνlusivτGisolγtτπTphotonGγnπGphotonRjτtG
proπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGYW 4.2 4
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424
|τγrνhGψorGhτγvyGnτutrinosGγnπGthirπTgτnτrγtionGlτptoquγrksGinGhγπroniνGstγtτsGoψGtwoGˇ�GlτptonsG
γnπGtwoGjτtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SG
YWXbSGX

5.4 18

423 |τγrνhGψorGγG hGμosonGπτνγyingGtoGγGvτνtorTlikτGquγrkGγnπGγGtopGorGμottomGquγrkGinGthτGγllTjτtsGψinγlG
stγtτUGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 4

422 |τγrνhGψorGtopGquγrkGpγrtnτrsGwithGνhγrgτG]VZGinGthτGsγmτTsignGπilτptonGγnπGsinglτTlτptonGψinγlG
stγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 9

421
rnνlusivτGsτγrνhGψorGsupτrsymmτtryGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–GusingGrγzorGvγriγμlτsGγnπG
μoostτπGoμjτνtGiπτntiψiνγtionGinGzτroGγnπGonτGlτptonGψinγlGstγtτsUGJournalkofkHighkEnergykPhysicsSG
2019SGYWXbSGX

5.4 2

420 |τγrνhGψorGπγrkGmγttτrGproπuντπGinGγssoνiγtionGwithGγGsinglτGtopGquγrkGorGγGtopGquγrkGpγirGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 8

419 |τγrνhGψorGτxνitτπGlτptonsGinGâ��â�� ˛‡GψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{mγthrm{s}}fXZGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 2

418 |τγrνhGψorGnτwGpγrtiνlτsGπτνγyingGtoGγGjτtGγnπGγnGτmτrgingGjτtUGJournalkofkHighkEnergykPhysicsSG2019SG
YWXbSGX 5.4 15

417 |τγrνhGψorGγGhτγvyGrτsonγnντGπτνγyingGtoGγGtopGquγrkGγnπGγGvτνtorTlikτGtopGquγrkGinGthτGlτptonGRG
jτtsGψinγlGstγtτGinGppGνollisionsGγtGOsqrt{s}GfGXZStτxtG{}τ–}GPUGEuropeankPhysicalkJournalkCSG2019SG_bSGX 4.2 6

416 vτγsurτmτntGoψGτxνlusivτG´ photoproπuνtionGinGultrγpτriphτrγlGpyμGνollisionsGγtUGEuropeankPhysicalk
JournalkCSG2019SG_bSG_WY 4.2 13

415 |τγrνhGψorGγGhτγvyGpsτuπosνγlγrGμosonGπτνγyingGtoGγGČGγnπGγGqiggsGμosonGγtUGEuropeankPhysicalk
JournalkCSG2019SG_bSG]^[ 4.2 20

414 |τγrνhGψorGsupτrsymmτtryGinGψinγlGstγtτsGwithGphotonsGγnπGmissingGtrγnsvτrsτGmomτntumGinG
protonTprotonGνollisionsGγtGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 5

413 vτγsurτmτntGoψGthτGtopGquγrkGmγssGinGthτGγllTjτtsGψinγlGstγtτGγtGγnπGνomμinγtionGwithGthτG
lτptonRjτtsGνhγnnτlUGEuropeankPhysicalkJournalkCSG2019SG_bSGZXZ 4.2 13

412 vτγsurτmτntsGoψGtriplτTπiψψτrτntiγlGνrossGsτνtionsGψorGinνlusivτGisolγtτπTphotonRjτtGτvτntsGinG
νollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGb^b 4.2 1

411 vτγsurτmτntGoψGthτGπiψψτrτntiγlGmrτllTYγnGνrossGsτνtionGinGprotonTprotonGνollisionsGγtGOG
sqrt{mγthrm{s}}GPGfGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2019SGYWXbSGX 5.4 6

410 vτγsurτmτntGoψGthτGγvτrγgτGvτryGψorwγrπGτnτrgyGγsGγGψunνtionGoψGthτGtrγνkGmultipliνityGγtGντntrγlG
psτuπorγpiπitiτsGinGprotonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2019SG_bSGabZ 4.2 6

409 |τγrνhGψorGnτwGphysiνsGinGtopGquγrkGproπuνtionGinGπilτptonGψinγlGstγtτsGinGprotonTprotonGνollisionsG
γtUGEuropeankPhysicalkJournalkCSG2019SG_bSGaa^ 4.2 6

408 |tuπyGoψGπijτtGτvτntsGwithGγGlγrgτGrγpiπityGgγpGμτtwττnGthτGtwoGlτγπingGjτtsGinGppGνollisionsGγtUG
EuropeankPhysicalkJournalkCSG2018SG_aSGY[Y 4.2 4

407 ysτuπorγpiπityGπistriμutionsGoψGνhγrgτπGhγπronsGinGprotonTlτγπGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}f]UWYGPGγnπGaUX^G}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 4
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406
|τγrνhGψorGrτsonγntGγnπGnonrτsonγntGqiggsGμosonGpγirGproπuνtionGinGthτGOG
mγthrm{μ}ovτrlinτ{mγthrm{μ}}mγthit{τllGnuGτllGnuG}GPGψinγlGstγtτGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX

5.4 19

405 |τγrνhGψorGnτwGphysiνsGinGτvτntsGwithGγGlτptoniνγllyGπτνγyingGČGμosonGγnπGγGlγrgτGtrγnsvτrsτG
momτntumGimμγlγnντGinGprotonTprotonGνollisionsGγtGfGXZUGEuropeankPhysicalkJournalkCSG2018SG_aSGYbX 4.2 17

404 vτγsurτmτntsGoψGthτGproπuνtionGνrossGsτνtionGγnπGthτGμrγnνhingGψrγνtionSGγnπGνonstrγintsGonG
γnomγlousGtriplτGgγugτGνouplingsGγtUGEuropeankPhysicalkJournalkCSG2018SG_aSGX^] 4.2 29

403 vτγsurτmτntGoψGγssoνiγtτπGČGRGνhγrmGproπuνtionGinGprotonTprotonGνollisionsGγtUGEuropeankPhysicalk
JournalkCSG2018SG_aSGYa_ 4.2 11

402 |τγrνhGψorGnγturγlGsupτrsymmτtryGinGτvτntsGwithGtopGquγrkGpγirsGγnπGphotonsGinGppGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4

401
|τγrνhGψorGnτwGphτnomτnγGinGψinγlGstγtτsGwithGtwoGoppositτTνhγrgτSGsγmτTψlγvorGlτptonsSGjτtsSGγnπG
missingGtrγnsvτrsτGmomτntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2018SGYWXaSGX

5.4 2

400
|τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGγtGlτγstGthrττGτlτνtronsGorGmuonsSGjτtsSGγnπGmissingG
trγnsvτrsτGmomτntumGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2018SGYWXaSGX

5.4 4

399 lomμinτπGsτγrνhGψorGτlτνtrowτγkGproπuνtionGoψGνhγrginosGγnπGnτutrγlinosGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 45

398 |τγrνhGψorGτlτνtrowτγkGproπuνtionGoψGνhγrginosGγnπGnτutrγlinosGinGmultilτptonGψinγlGstγtτsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 40

397 vτγsurτmτntGoψGπiψψτrτntiγlGνrossGsτνtionsGinGthτGkinτmγtiνGγngulγrGvγriγμlτGhQGψorGinνlusivτGČG
μosonGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 2

396 lompγringGtrγnsvτrsτGmomτntumGμγlγnντGoψGμGjτtGpγirsGinGppGγnπGyμyμGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}f]UWYGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 8

395 vτγsurτmτntGoψGnormγlizτπGπiψψτrτntiγlGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGνrossGsτνtionsGinGthτG
πilτptonGνhγnnτlGψromGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 12

394 lonstrγintsGonGthτGπouμlτTpγrtonGsνγttτringGνrossGsτνtionGψromGsγmτTsignG GμosonGpγirGproπuνtionG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 13

393 |τγrνhGψorGČČGrτsonγnντsGinGthτGYâ��Y˛‰GψinγlGstγtτGinGprotonTprotonGνollisionsGγtGXZG}τ–UGJournalkofk
HighkEnergykPhysicsSG2018SGYWXaSGX 5.4 3

392 }hτG|tγnπγrπGvoπτlGγnπGqiggsGphysiνsUGProgresskinkParticlekandkNuclearkPhysicsSG2018SGXWWSG^bTXW^ 10.6 1

391 sτtGpropτrtiτsGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγthrm{w}dmγthrm{w}}}f]UWYGPG}τ–UGJournalkofk
HighkEnergykPhysicsSG2018SGYWXaSGX 5.4 7

390 |τγrνhGψorGγGnτwGsνγlγrGrτsonγnντGπτνγyingGtoGγGpγirGoψGČGμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 22

389 |τγrνhGψorGstγnπγrπGmoπτlGproπuνtionGoψGψourGtopGquγrksGwithGsγmτTsignGγnπGmultilτptonGψinγlG
stγtτsGinGprotonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2018SG_aSGX[W 4.2 20
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388
vτγsurτmτntsGoψGthτGOmγthrmG{p}mγthrmG{p}rightγrrowGmγthrm{Č}mγthrm{Č}PGproπuνtionGνrossG
sτνtionGγnπGthτGOmγthrm{Č}rightγrrowG[τllGPGμrγnνhingGψrγνtionSGγnπGνonstrγintsGonGγnomγlousGtriplτG
gγugτGνouplingsGγtGOsqrt{s}GfGXZStτxtG{}τ–}GPG2018SG_aSGX

3

387 |τγrνhGψorGOGmγthrm{t}ovτrlinτ{mγthrm{t}}mγthrm{q}GPGproπuνtionGinGthτGγllTjτtGψinγlGstγtτGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 13

386 |τγrνhGψorGrτsonγnντsGinGthτGmγssGspτνtrumGoψGmuonGpγirsGproπuντπGinGγssoνiγtionGwithGμGquγrkGjτtsG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPGγnπGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 7

385 vτγsurτmτntGoψGthτGgroomτπGjτtGmγssGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}f]UWYGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 5

384
|τγrνhGψorGhτγvyGrτsonγnντsGπτνγyingGintoGγGvτνtorGμosonGγnπGγGqiggsGμosonGinGψinγlGstγtτsGwithG
νhγrgτπGlτptonsSGnτutrinosGγnπGμGquγrksGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SG
YWXaSGX

5.4 7

383
|τγrνhGψorGnτwGphτnomτnγGinGψinγlGstγtτsGwithGtwoGoppositτTνhγrgτSGsγmτTψlγvorGlτptonsSGjτtsSGγnπG
missingGtrγnsvτrsτGmomτntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2018SGYWXaSGX

5.4 14

382 |τγrνhGψorGnγturγlGγnπGsplitGsupτrsymmτtryGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–GinGψinγlG
stγtτsGwithGjτtsGγnπGmissingGtrγnsvτrsτGmomτntumUGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 39

381 |τγrνhGψorGπτνγysGoψGstoppτπGτxotiνGlongTlivτπGpγrtiνlτsGproπuντπGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 6

380
|τγrνhGψorGγnGτxotiνGπτνγyGoψGthτGqiggsGμosonGtoGγGpγirGoψGlightGpsτuπosνγlγrsGinGthτGψinγlGstγtτGoψG
twoGmuonsGγnπGtwoGˇ�GlτptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2018SGYWXaSGX

5.4 14

379 |τγrνhGψorGγGνhγrgτπGqiggsGμosonGπτνγyingGtoGνhγrmGγnπGμottomGquγrksGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 16

378 |τγrνhGψorGtopGsquγrksGπτνγyingGviγGψourTμoπyGorGνhγrginoTmτπiγtτπGmoπτsGinGsinglτTlτptonGψinγlG
stγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 6

377 lhγrgτπTpγrtiνlτGnuνlτγrGmoπiψiνγtionGψγνtorsGinG±τ±τGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}GfG]U[[GPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 11

376 vτγsurτmτntGoψGthτGtopGquγrkGmγssGwithGlτptonRjτtsGψinγlGstγtτsGusingGνollisionsGγtUGEuropeank
PhysicalkJournalkCSG2018SG_aSGabX 4.2 13

375 vτγsurτmτntsGoψGthτGπiψψτrτntiγlGjτtGνrossGsτνtionGγsGγGψunνtionGoψGthτGjτtGmγssGinGπijτtGτvτntsGψromG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 14

374 vτγsurτmτntsGoψGqiggsGμosonGpropτrtiτsGinGthτGπiphotonGπτνγyGνhγnnτlGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 37

373 nvτntGshγpτGvγriγμlτsGmτγsurτπGusingGmultijτtGψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 3

372
|τγrνhτsGψorGpγirGproπuνtionGoψGνhγrginosGγnπGtopGsquγrksGinGψinγlGstγtτsGwithGtwoGoppositτlyG
νhγrgτπGlτptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2018SGYWXaSGX

5.4 12

371
|τγrνhGψorGnγrrowGγnπGμroγπGπijτtGrτsonγnντsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–GγnπG
νonstrγintsGonGπγrkGmγttτrGmτπiγtorsGγnπGothτrGnτwGpγrtiνlτsUGJournalkofkHighkEnergykPhysicsSG2018SG
YWXaSGX
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370 |τγrνhGψorGČ˛‡GrτsonγnντsGusingGlτptoniνGγnπGhγπroniνGψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 11

369 vτγsurτmτntGoψGthτGproπuνtionGνrossGsτνtionGψorGsinglτGtopGquγrksGinGγssoνiγtionGwithG GμosonsGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 5

368 |τγrνhGψorGμlγνkGholτsGγnπGsphγlτronsGinGhighTmultipliνityGψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 9

367 |τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGγGˇ�GlτptonGpγirGγnπGmissingGtrγnsvτrsτGmomτntumGinG
protonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 14

366 |τγrνhGψorGthτGπτνγyGoψGγGqiggsGμosonGinGthτGâ��â�� ˛‡GνhγnnτlGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 11

365 |τγrνhGψorGthirπTgτnτrγtionGsνγlγrGlτptoquγrksGπτνγyingGtoGγGtopGquγrkGγnπGγGlτptonGγtUGEuropeank
PhysicalkJournalkCSG2018SG_aSG_W_ 4.2 23

364 vτγsurτmτntGoψGπiψψτrτntiγlGνrossGsτνtionsGψorGμosonGproπuνtionGinGγssoνiγtionGwithGjτtsGinG
protonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2018SG_aSGb^] 4.2 19

363 |tuπiτsGoψGγnπGmτsonsGinνluπingGthτGoμsτrvγtionGoψGthτGπτνγyGinGprotonTprotonGνollisionsGγtUG
EuropeankPhysicalkJournalkCSG2018SG_aSGbZb 4.2 12

362 |τγrνhGψorGγGhτγvyGrτsonγnντGπτνγyingGintoGγGČGμosonGγnπGγGČGorG GμosonGinGYâ��YqGψinγlGstγtτsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 7

361 vτγsurτmτntGoψGνhγrgτπGpγrtiνlτGspτνtrγGinGminimumTμiγsGτvτntsGψromGprotonTprotonGνollisionsGγtUG
EuropeankPhysicalkJournalkCSG2018SG_aSG^b_ 4.2 9

360 |τγrνhGψorGlτptonTψlγvorGviolγtingGπτνγysGoψGhτγvyGrτsonγnντsGγnπGquγntumGμlγνkGholτsGtoGτ˛…GψinγlG
stγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 3

359 |τγrνhGψorGnτwGphysiνsGinGπijτtGγngulγrGπistriμutionsGusingGprotonTprotonGνollisionsGγtGγnπG
νonstrγintsGonGπγrkGmγttτrGγnπGothτrGmoπτlsUGEuropeankPhysicalkJournalkCSG2018SG_aSG_ab 4.2 19

358 jzimuthγlGνorrτlγtionsGψorGinνlusivτGYTjτtSGZTjτtSGγnπG[TjτtGτvτntsGinGppGνollisionsGγtGOsqrt{s}fGXZ~hμoxG
{}τ–}PUGEuropeankPhysicalkJournalkCSG2018SG_aSGX 4.2 4

357 |τγrνhGψorGhighTmγssGrτsonγnντsGinGψinγlGstγtτsGwithGγGlτptonGγnπGmissingGtrγnsvτrsτGmomτntumGγtG
OGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 15

356 vτγsurτmτntGoψGthτGunπτrlyingGτvτntGγνtivityGinGinνlusivτGČGμosonGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 8

355 |τγrνhGψorGrτsonγntGpγirGproπuνtionGoψGqiggsGμosonsGπτνγyingGtoGμottomGquγrkTγntiquγrkGpγirsGinG
protonTprotonGνollisionsGγtGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 10

354 vτγsurτmτntGoψGthτGνrossGsτνtionGinGppGνollisionsGγtGγnπGvγliπγtionGoψGlτptonGγnγlysisGtτνhniquτsUG
EuropeankPhysicalkJournalkCSG2018SG_aSG_Wa 4.2 5

353 |τγrνhGψorGvτνtorTlikτG}GγnπGkGquγrkGpγirsGinGψinγlGstγtτsGwithGlτptonsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofk
HighkEnergykPhysicsSG2018SGYWXaSGX 5.4 29
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352 |τγrνhGψorGπγrkGmγttτrGproπuντπGinGγssoνiγtionGwithGγGqiggsGμosonGπτνγyingGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 7

351 |τγrνhGψorGγππitionγlGnτutrγlGv||vGqiggsGμosonsGinGthτGˇ�Gˇ�GψinγlGstγtτGinGprotonTprotonGνollisionsGγtG
OGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 42

350 |τγrνhGψorGγGhτγvyGrτsonγnντGπτνγyingGtoGγGpγirGoψGvτνtorGμosonsGinGthτGlτptonGplusGmτrgτπGjτtGψinγlG
stγtτGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 7

349 |τγrνhGψorGγGhτγvyGrightThγnπτπG GμosonGγnπGγGhτγvyGnτutrinoGinGτvτntsGwithGtwoGsγmτTψlγvorG
lτptonsGγnπGtwoGjτtsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 20

348 |τγrνhGψorGγGhτγvyGrτsonγnντGπτνγyingGintoGγGČGμosonGγnπGγGvτνtorGμosonGinGthτGOGnuG
ovτrlinτ{nu}mγthrm{q}ovτrlinτ{mγthrm{q}}GPGψinγlGstγtτUGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 6

347 vτγsurτmτntGoψGthτGνrossGsτνtionGψorGtopGquγrkGpγirGproπuνtionGinGγssoνiγtionGwithGγG GorGČGμosonG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 18

346
|τγrνhGψorGμτyonπGthτGstγnπγrπGmoπτlGqiggsGμosonsGπτνγyingGintoGγGOG
mγthrm{μ}ovτrlinτ{mγthrm{μ}}GPGpγirGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2018SGYWXaSGX

5.4 11

345 vτγsurτmτntGoψGthτGwτγkGmixingGγnglτGusingGthτGψorwγrπTμγνkwγrπGγsymmτtryGoψGmrτllTYγnG
τvτntsGinGνollisionsGγtGaUGEuropeankPhysicalkJournalkCSG2018SG_aSG_WX 4.2 25

344 vτγsurτmτntGoψGpromptGγnπGnonpromptGνhγrmoniumGsupprτssionGinGνollisionsGγtG]UWYUGEuropeank
PhysicalkJournalkCSG2018SG_aSG]Wb 4.2 37

343 |τγrνhGψorGlτptonGψlγvourGviolγtingGπτνγysGoψGthτGqiggsGμosonGtoG˛…ˇ�GγnπGτˇ�GinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 19

342
nviπτnντGψorGγssoνiγtτπGproπuνtionGoψGγGqiggsGμosonGwithGγGtopGquγrkGpγirGinGψinγlGstγtτsGwithG
τlτνtronsSGmuonsSGγnπGhγπroniνγllyGπτνγyingGˇ�GlτptonsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2018SGYWXaSGX

5.4 23

341 nlτνtrowτγkGproπuνtionGoψGtwoGjτtsGinGγssoνiγtionGwithGγGČGμosonGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}fGPGXZOStτxtG{}τ–}PUGEuropeankPhysicalkJournalkCSG2018SG_aSGX 4.2 12

340
xμsτrvγtionGoψGprotonTtγggτπSGντntrγlGOsτmiPτxνlusivτGproπuνtionGoψGhighTmγssGlτptonGpγirsGinGppG
νollisionsGγtGXZG}τ–GwithGthτGlv|T}x}nvGprτνisionGprotonGspτνtromτtτrUGJournalkofkHighkEnergyk
PhysicsSG2018SGYWXaSGX

5.4 14

339 |τγrνhGψorGπγrkGmγttτrGinGτvτntsGwithGτnτrgτtiνSGhγπroniνγllyGπτνγyingGtopGquγrksGγnπGmissingG
trγnsvτrsτGmomτntumGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 16

338 |τγrνhGψorGsinglτGproπuνtionGoψGvτνtorTlikτGquγrksGπτνγyingGtoGγGμGquγrkGγnπGγGqiggsGμosonUGJournalk
ofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 12

337 |τγrνhGψorGthτGψlγvorTνhγngingGnτutrγlGνurrτntGintτrγνtionsGoψGthτGtopGquγrkGγnπGthτGqiggsGμosonG
whiνhGπτνγysGintoGγGpγirGoψGμGquγrksGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 20

336
|τγrνhGψorGγGsinglyGproπuντπGthirπTgτnτrγtionGsνγlγrGlτptoquγrkGπτνγyingGtoGγGˇ�GlτptonGγnπGγG
μottomGquγrkGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SG
YWXaSGX

5.4 9

335
vτγsurτmτntsGoψGπiψψτrτntiγlGνrossGsτνtionsGoψGtopGquγrkGpγirGproπuνtionGγsGγGψunνtionGoψGkinτmγtiνG
τvτntGvγriγμlτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018
SGYWXaSGX

5.4 10
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334 vτγsurτmτntGoψGthτGinτlγstiνGprotonTprotonGνrossGsτνtionGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2018SGYWXaSGX 5.4 41

333 |τγrνhGψorGπisγppτγringGtrγνksGγsGγGsignγturτGoψGnτwGlongTlivτπGpγrtiνlτsGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 24

332 |τγrνhGψorGhighTmγssGrτsonγnντsGinGπilτptonGψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 63

331 |τγrνhGψorGlowGmγssGvτνtorGrτsonγnντsGπτνγyingGintoGquγrkTγntiquγrkGpγirsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2018SGYWXaSGX 5.4 28

330
vτγsurτmτntsGoψGthτG[oormulγcGsττGtτxt−GproπuνtionGνrossGsτνtionGinGlτptonRjτtsGψinγlGstγtτsGinGppG
νollisionsGγtGaG[oormulγcGsττGtτxt−GγnπGrγtioGoψGaGtoG_´ [oormulγcGsττGtτxt−GνrossGsτνtionsUGEuropeank
PhysicalkJournalkCSG2017SG__SGX]

4.2 19

329 vτγsurτmτntGoψGthτG[oormulγcGsττGtτxt−GproπuνtionGνrossGsτνtionGusingGτvτntsGinGthτG[oormulγcGsττG
tτxt−GψinγlGstγtτGinGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2017SG__SGX_Y 4.2 22

328
vτγsurτmτntGγnπGzlmGγnγlysisGoψGπouμlτTπiψψτrτntiγlGinνlusivτGjτtGνrossGsτνtionsGinGppGνollisionsGγtG
OGsqrt{s}faGPG}τ–GγnπGνrossGsτνtionGrγtiosGtoGYU_^GγnπG_G}τ–UGJournalkofkHighkEnergykPhysicsSG2017SG
YWX_SGX

5.4 34

327 |τγrνhGψorGτlτνtrowτγkGproπuνtionGoψGνhγrginosGinGψinγlGstγtτsGwithGtwoGˇ�GlτptonsGinGppGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 7

326 vτγsurτmτntGoψGthτGproπuνtionGνrossGsτνtionGoψGγG ´ μosonGinGγssoνiγtionGwithGtwoGμGjτtsGinGppG
νollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2017SG__SGbY 4.2 7

325
vτγsurτmτntGoψGthτG ČGproπuνtionGνrossGsτνtionGinGppGνollisionsGγtG[oormulγcGsττGtτxt−GγnπG
a[oormulγcGsττGtτxt−GγnπGsτγrνhGψorGγnomγlousGtriplτGgγugτGνouplingsGγtG[oormulγcGsττGtτxt−UG
EuropeankPhysicalkJournalkCSG2017SG__SGYZ^

4.2 21

324 vτγsurτmτntGoψGpromptGγnπGnonpromptG[oormulγcGsττGtτxt−GproπuνtionGinG[oormulγcGsττGtτxt−GγnπG
[oormulγcGsττGtτxt−GνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2017SG__SGY^b 4.2 26

323
jGsτγrνhGψorGnτwGphτnomτnγGinGppGνollisionsGγtG[oormulγcGsττGtτxt−GinGψinγlGstγtτsGwithGmissingG
trγnsvτrsτGmomτntumGγnπGγtGlτγstGonτGjτtGusingGthτG[oormulγcGsττGtτxt−GvγriγμlτUGEuropeankPhysicalk
JournalkCSG2017SG__SGYb[

4.2 21

322 |τγrνhGψorGnτwGphysiνsGinGthτGmonophotonGψinγlGstγtτGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 11

321
vτγsurτmτntGoψGπouμlτTπiψψτrτntiγlGνrossGsτνtionsGψorGtopGquγrkGpγirGproπuνtionGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−GγnπGimpγνtGonGpγrtonGπistriμutionGψunνtionsUGEuropeank
PhysicalkJournalkCSG2017SG__SG[]b

4.2 16

320 vτγsurτmτntGoψGthτGjτtGmγssGinGhighlyGμoostτπG[oormulγcGsττGtτxt−GτvτntsGψromGppGνollisionsGγtG
[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2017SG__SG[^_ 4.2 14

319 vτγsurτmτntsGoψGthτGγssoνiγtτπGproπuνtionGoψGγGČGμosonGγnπGμGjτtsGinGppGνollisionsGγtUGEuropeank
PhysicalkJournalkCSG2017SG__SG_]X 4.2 15

318 vτγsurτmτntGoψGthτGtrγnsvτrsτGmomτntumGspτνtrumGoψGthτGqiggsGμosonGproπuντπGinGppGνollisionsG
γtGOGsqrt{s}faGPG}τ–GusingGqGTgG  GπτνγysUGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 10

317 lhγrgτπTpγrtiνlτGnuνlτγrGmoπiψiνγtionGψγνtorsGinGyμyμGγnπGpyμGνollisionsGγtGOG
sqrt{s_{mγthrm{w}dmγthrm{w}}}f]UWYGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 64

(2017-2018)
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316
|τγrνhGψorGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGrτsonγnντsGinGhighlyGμoostτπGlτptonRjτtsGγnπGψullyG
hγπroniνGψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2017SGYWX_SGX

5.4 17

315
|τγrνhGψorGγssoνiγtτπGproπuνtionGoψGπγrkGmγttτrGwithGγGqiggsGμosonGπτνγyingGtoGOG
mγthrm{μ}ovτrlinτ{mγthrm{μ}}GPGorG˛‡˛‡GγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SG
YWX_SGX

5.4 9

314
|τγrνhGψorGγnomγlousG tμGνouplingsGγnπGψlγvourTνhγngingGnτutrγlGνurrτntsGinGtTνhγnnτlGsinglτGtopG
quγrkGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SG
YWX_SGX

5.4 26

313 |τγrνhGψorGsinglτGproπuνtionGoψGvτνtorTlikτGquγrksGπτνγyingGtoGγGČGμosonGγnπGγGtopGorGγGμottomG
quγrkGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 8

312 vτγsurτmτntGoψGthτGsτmilτptoniνGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGRG˛‡GproπuνtionGνrossGsτνtionGinG
ppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 7

311 vτγsurτmτntsGoψGthτGppGTgG ˛‡˛‡GγnπGppGTgGČ˛‡˛‡GνrossGsτνtionsGγnπGlimitsGonGγnomγlousGquγrtiνGgγugτG
νouplingsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 2

310 |τγrνhGψorGnτwGphτnomτnγGwithGthτGvγriγμlτGinGthτGγllThγπroniνGψinγlGstγtτGproπuντπGinG
protonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2017SG__SG_XW 4.2 54

309 vτγsurτmτntsGoψGπiψψτrτntiγlGproπuνtionGνrossGsτνtionsGψorGγGČGμosonGinGγssoνiγtionGwithGjτtsGinGppG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 11

308 |τγrνhGψorGhτγvyGrτsonγnντsGπτνγyingGtoGtγuGlτptonGpγirsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZG
PG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 19

307 |τγrνhGψorGτlτνtrowτγkGproπuνtionGoψGγGvτνtorTlikτGquγrkGπτνγyingGtoGγGtopGquγrkGγnπGγGqiggsGμosonG
usingGμoostτπGtopologiτsGinGψullyGhγπroniνGψinγlGstγtτsUGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 9

306 vτγsurτmτntGoψGthτGtrγnsvτrsτGmomτntumGspτνtrγGoψGwτγkGvτνtorGμosonsGproπuντπGinG
protonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 15

305 |upprτssionGγnπGγzimuthγlGγnisotropyGoψGpromptGγnπGnonpromptG[oormulγcGsττGtτxt−GproπuνtionGinG
yμyμGνollisionsGγtG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2017SG__SGY]Y 4.2 58

304 |τγrνhτsGψorGpγirGproπuνtionGoψGthirπTgτnτrγtionGsquγrksGinG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−G
ppGνollisionsUGEuropeankPhysicalkJournalkCSG2017SG__SGZY_ 4.2 17

303 vτγsurτmτntGoψGthτGtopGquγrkGmγssGusingGsinglτGtopGquγrkGτvτntsGinGprotonTprotonGνollisionsGγtG
[oormulγcGsττGtτxt−´ }τ–UGEuropeankPhysicalkJournalkCSG2017SG__SGZ][ 4.2 8

302 |τγrνhτsGψorGinvisiμlτGπτνγysGoψGthτGqiggsGμosonGinGppGνollisionsGγtGOGsqrt{s}GPGfG_SGaSGγnπGXZG}τ–UG
JournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 74

301 |τγrνhGψorGmγssivτGrτsonγnντsGπτνγyingGintoG  SG ČGorGČČGμosonsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 19

300 |τγrνhGψorGπγrkGmγttτrGproπuντπGinGγssoνiγtionGwithGhτγvyTψlγvorGquγrkGpγirsGinGprotonTprotonG
νollisionsGγtUGEuropeankPhysicalkJournalkCSG2017SG__SGa[] 4.2 22

299
vτγsurτmτntGoψGτlτνtrowτγkTinπuντπGproπuνtionGoψG ˛‡GwithGtwoGjτtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
}τ–GγnπGνonstrγintsGonGγnomγlousGquγrtiνGgγugτGνouplingsUGJournalkofkHighkEnergykPhysicsSG2017SG
YWX_SGX

5.4 9
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298 |τγrνhτsGψorG hGμosonsGπτνγyingGtoGγGtopGquγrkGγnπGγGμottomGquγrkGinGprotonTprotonGνollisionsGγtG
XZG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 7

297 vτγsurτmτntGoψGthτGinνlusivτGτnτrgyGspτνtrumGinGthτGvτryGψorwγrπGπirτνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 5

296 |τγrνhGψorGπirτνtGproπuνtionGoψGsupτrsymmτtriνGpγrtnτrsGoψGthτGtopGquγrkGinGthτGγllTjτtsGψinγlGstγtτG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 18

295 |τγrνhGψorGτlτνtrowτγkGproπuνtionGoψGνhγrginosGγnπGnτutrγlinosGinG qGτvτntsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 11

294
|τγrνhGψorGpγirGproπuνtionGoψGvτνtorTlikτG}GγnπGkGquγrksGinGsinglτTlτptonGψinγlGstγtτsGusingGμoostτπG
jτtGsuμstruνturτGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2017SGYWX_SGX

5.4 20

293 |τγrνhGψorGtopGsquγrkGpγirGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–GusingGsinglτGlτptonG
τvτntsUGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 25

292 |τγrνhGψorGtopGquγrkGπτνγysGviγGqiggsTμosonTmτπiγtτπGψlγvorTνhγngingGnτutrγlGνurrτntsGinGppG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 12

291
vτγsurτmτntGoψGthτGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGproπuνtionGνrossGsτνtionGusingGτvτntsGwithG
onτGlτptonGγnπGγtGlτγstGonτGjτtGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2017SGYWX_SGX

5.4 14

290 |τγrνhGψorGγGhτγvyGrτsonγnντGπτνγyingGtoGγGtopGquγrkGγnπGγGvτνtorTlikτGtopGquγrkGγtGOGsqrt{s}fXZGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 4

289
|τγrνhGψorGphysiνsGμτyonπGthτGstγnπγrπGmoπτlGinGτvτntsGwithGtwoGlτptonsGoψGsγmτGsignSGmissingG
trγnsvτrsτGmomτntumSGγnπGjτtsGinGprotonTprotonGνollisionsGγtUGEuropeankPhysicalkJournalkCSG2017SG
__SG]_a

4.2 21

288 |τγrνhGψorGtopGquγrkGpγrtnτrsGwithGνhγrgτG]VZGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UG
JournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 3

287 |τγrνhGψorGlightGμosonsGinGπτνγysGoψGthτGXY]Gpτ–GqiggsGμosonGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 21

286 vτγsurτmτntsGoψGjτtGνhγrgτGwithGπijτtGτvτntsGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2017SGYWX_SGX 5.4 10

285 |τγrνhGψorGγssoνiγtτπGproπuνtionGoψGγGČGμosonGwithGγGsinglτGtopGquγrkGγnπGψorGtČGψlγvourTνhγngingG
intτrγνtionsGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 10

284 |τγrνhGψorGnτwGphysiνsGwithGπijτtGγngulγrGπistriμutionsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 11

283 |τγrνhGψorGπγrkGmγttτrGproπuντπGwithGγnGτnτrgτtiνGjτtGorGγGhγπroniνγllyGπτνγyingG GorGČGμosonGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 46

282
|τγrνhGψorGthirπTgτnτrγtionGsνγlγrGlτptoquγrksGγnπGhτγvyGrightThγnπτπGnτutrinosGinGψinγlGstγtτsGwithG
twoGtγuGlτptonsGγnπGtwoGjτtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2017SGYWX_SGX

5.4 35

281 |τγrνhGψorGnτwGphτnomτnγGwithGmultiplτGνhγrgτπGlτptonsGinGprotonâ��protonGνollisionsGγtGOsqrt{s}fG
XZPGOStτxtG{}τ–}PUGEuropeankPhysicalkJournalkCSG2017SG__SGX 4.2 2

(2017-2017)

11



280 |τγrνhGψorGhτγvyGrτsonγnντsGthγtGπτνγyGintoGγGvτνtorGμosonGγnπGγGqiggsGμosonGinGhγπroniνGψinγlG
stγtτsGγtUGEuropeankPhysicalkJournalkCSG2017SG__SG^Z^ 4.2 20

279 |τγrνhGψorGhighTmγssGČ˛‡GrτsonγnντsGinGτRτâ��˛‡GγnπG˛…GRG˛…Gâ��˛‡GψinγlGstγtτsGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPGγnπGXZG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 4

278
|τγrνhGψorGhτγvyGnτutrinosGorGthirπTgτnτrγtionGlτptoquγrksGinGψinγlGstγtτsGwithGtwoGhγπroniνγllyG
πτνγyingGˇ�GlτptonsGγnπGtwoGjτtsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2017SGYWX_SGX

5.4 18

277 |τγrνhGψorGlyGviolγtionGinGOGtovτrlinτ{t}GPGproπuνtionGγnπGπτνγyGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 4

276 vτγsurτmτntGoψGthτGtriplτTπiψψτrτntiγlGπijτtGνrossGsτνtionGinGprotonTprotonGνollisionsGγtGγnπG
νonstrγintsGonGpγrtonGπistriμutionGψunνtionsUGEuropeankPhysicalkJournalkCSG2017SG__SG_[^ 4.2 8

275 |τγrνhGψorGγGlightGpsτuπosνγlγrGqiggsGμosonGproπuντπGinGγssoνiγtionGwithGμottomGquγrksGinGppG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 7

274
|τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGγtGlτγstGonτGphotonSGmissingGtrγnsvτrsτGmomτntumSGγnπG
lγrgτGtrγnsvτrsτGτvτntGγνtivityGinGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2017SGYWX_SGX

5.4 10

273 vτγsurτmτntsGoψGpropτrtiτsGoψGthτGqiggsGμosonGπτνγyingGintoGthτGψourTlτptonGψinγlGstγtτGinGppG
νollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 77

272 |τγrνhGψorGπγrkGmγttτrGγnπGunpγrtiνlτsGinGτvτntsGwithGγGČGμosonGγnπGmissingGtrγnsvτrsτGmomτntumG
inGprotonTprotonGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2017SGYWX_SGX 5.4 16

271 oorwγrπTμγνkwγrπGγsymmτtryGoψGmrτllTYγnGlτptonGpγirsGinGppGνollisionsGγtG[oormulγcGsττG
tτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SGZY] 4.2 13

270 |τγrνhGψorGnτwGphysiνsGinGsγmτTsignGπilτptonGτvτntsGinGprotonTprotonGνollisionsGγtG[oormulγcGsττG
tτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SG[Zb 4.2 34

269 vτγsurτmτntGoψGπijτtGγzimuthγlGπτνorrτlγtionGinGpp´ νollisionsGγtG[oormulγcGsττGtτxt−UGEuropeank
PhysicalkJournalkCSG2016SG_^SG]Z^ 4.2 6

268 |τγrνhGψorGπγrkGmγttτrGpγrtiνlτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–GusingGthτGrγzorG
vγriγμlτsUGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 2

267 |τγrνhGψorGsGνhγnnτlGsinglτGtopGquγrkGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UGJournalkofk
HighkEnergykPhysicsSG2016SGYWX^SGX 5.4 8

266 vτγsurτmτntGoψGinνlusivτGjτtGproπuνtionGγnπGnuνlτγrGmoπiψiνγtionsGinGpyμGνollisionsGγtG[oormulγcG
sττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SGZ_Y 4.2 24

265
vτγsurτmτntGoψGπiψψτrτntiγlGγnπGintτgrγtτπGψiπuνiγlGνrossGsτνtionsGψorGqiggsGμosonGproπuνtionGinG
thτGψourTlτptonGπτνγyGνhγnnτlGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2016SGYWX^SGX

5.4 15

264 vτγsurτmτntGoψGthτGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGproπuνtionGνrossGsτνtionGinGthτGτ˛…GνhγnnτlGinG
protonTprotonGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 30

263 |τγrνhGψorGnτwGphysiνsGwithGthτGvG}YGvγriγμlτGinGγllTjτtsGψinγlGstγtτsGproπuντπGinGppGνollisionsGγtGOG
sqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 16

Ezio Torassa

12



262 |τγrνhGψorGπγrkGmγttτrGinGprotonTprotonGνollisionsGγtGaG}τ–GwithGmissingGtrγnsvτrsτGmomτntumGγnπG
vτνtorGμosonGtγggτπGjτtsUGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 9

261 nviπτnντGψorGτxνlusivτG˛‡˛‡GTgG GRG Gâ��GproπuνtionGγnπGνonstrγintsGonGγnomγlousGquγrtiνGgγugτG
νouplingsGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 27

260 |τγrνhGψorGsupτrsymmτtryGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–GinGthτGsinglτTlτptonGψinγlGstγtτGusingG
thτGsumGoψGmγssτsGoψGlγrgτTrγπiusGjτtsUGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 7

259 |τγrνhGψorGπirτνtGpγirGproπuνtionGoψGsupτrsymmτtriνGtopGquγrksGπτνγyingGtoGγllThγπroniνGψinγlGstγtτsG
inGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SG[^W 4.2 14

258 jzimuthγlGπτνorrτlγtionGoψGjτtsGwiπτlyGsτpγrγtτπGinGrγpiπityGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UG
JournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 9

257 yhτnomτnologiνγlGv||vGintτrprτtγtionGoψGlv|GsτγrνhτsGinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UG
JournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 11

256 vτγsurτmτntGoψGthτGmγssGoψGthτGtopGquγrkGinGπτνγysGwithGγGsVˇ�GmτsonGinGppGνollisionsGγtGaG}τ–UG
JournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 5

255 vτγsurτmτntGoψGthτGinνlusivτGjτtGνrossGsτνtionGinGppGνollisionsGγtGOsqrt{s}GfGYU_^StτxtG{}τ–}PUG
EuropeankPhysicalkJournalkCSG2016SG_^SGX 4.2 17

254
vτγsurτmτntGoψG[oormulγcGsττGtτxt−GproπuνtionGwithGγππitionγlGjτtGγνtivitySGinνluπingG[oormulγcGsττG
tτxt−GquγrkGjτtsSGinGthτGπilτptonGπτνγyGνhγnnτlGusingGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeank
PhysicalkJournalkCSG2016SG_^SGZ_b

4.2 20

253 vτγsurτmτntGoψGthτGπiψψτrτntiγlGνrossGsτνtionGγnπGνhγrgτGγsymmτtryGψorGinνlusivτG[oormulγcGsττG
tτxt−GproπuνtionGγtG[oormulγcGsττGtτxt−G}τ–UGEuropeankPhysicalkJournalkCSG2016SG_^SG[^b 4.2 37

252 xμsτrvγtionGoψGtopGquγrkGpγirsGproπuντπGinGγssoνiγtionGwithGγGvτνtorGμosonGinGppGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 18

251 |τγrνhGψorG hGTgGtμGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2016SGYWX^SGX 5.4 2

250 lorrτlγtionsGμτtwττnGjτtsGγnπGνhγrgτπGpγrtiνlτsGinGyμyμGγnπGppGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}fYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 21

249 |τγrνhGψorGthτGproπuνtionGoψGγnGτxνitτπGμottomGquγrkGπτνγyingGtoGt GinGprotonTprotonGνollisionsGγtG
OGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 2

248 |τγrνhGψorGτxνitτπGlτptonsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2016SGYWX^SGX 5.4 10

247
yγrtiνlτGiπτntiψiνγtionGwithGthτG}xyGγnπGj{rlqGπτtτνtorsGγtGkτllτGrrUGNuclearkInstrumentskandk
MethodskinkPhysicskResearch,kSectionkA:kAccelerators,kSpectrometers,kDetectorskandkAssociatedk
EquipmentSG2016SGaY[SGX]YTX]]

1.2 4

246 vτγsurτmτntGoψGthτG[oormulγcGsττGtτxt−GproπuνtionGνrossGsτνtionGinGthτGγllTjτtsGψinγlGstγtτGinGppG
νollisionsGγtG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SGXYa 4.2 21

245 nvτntGgτnτrγtorGtunτsGoμtγinτπGψromGunπτrlyingGτvτntGγnπGmultipγrtonGsνγttτringGmτγsurτmτntsUG
EuropeankPhysicalkJournalkCSG2016SG_^SGX]] 4.2 250
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244 |τγrνhGψorGmγssivτG qGrτsonγnντsGπτνγyingGintoGthτG[oormulγcGsττGtτxt−GψinγlGstγtτGγtG[oormulγcGsττG
tτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SGYZ_ 4.2 19

243 |τγrνhGψorGγGmγssivτGrτsonγnντGπτνγyingGintoGγGqiggsGμosonGγnπGγG GorGČGμosonGinGhγπroniνGψinγlG
stγtτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 14

242 vτγsurτmτntGoψGtopGquγrkGpolγrisγtionGinGtTνhγnnτlGsinglτGtopGquγrkGproπuνtionUGJournalkofkHighk
EnergykPhysicsSG2016SGYWX^SGX 5.4 7

241 |τγrνhGψorGhτγvyGvγjorγnγGnτutrinosGinGτ´–τ´–RGjτtsGγnπGτ´–G˛…G´–RGjτtsGτvτntsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 28

240
|τγrνhGψorGγGvτryGlightGwv||vGqiggsGμosonGproπuντπGinGπτνγysGoψGthτGXY]Gpτ–GsνγlγrGμosonGγnπG
πτνγyingGintoGˇ�GlτptonsGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SG
YWX^SGX

5.4 16

239 vτγsurτmτntGoψGπiψψτrτntiγlGνrossGsτνtionsGψorGqiggsGμosonGproπuνtionGinGthτGπiphotonGπτνγyG
νhγnnτlGinGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SGXZ 4.2 35

238
|τγrνhGψorGnτwGphysiνsGinGψinγlGstγtτsGwithGtwoGoppositτTsignSGsγmτTψlγvorGlτptonsSGjτtsSGγnπGmissingG
trγnsvτrsτGmomτntumGinGppGνollisionsGγtGOGsqrt{s}fXZGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SG
YWX^SGX

5.4 7

237 mτνomposingGtrγnsvτrsτGmomτntumGμγlγnντGνontriμutionsGψorGquτnνhτπGjτtsGinGyμyμGνollisionsGγtGOG
sqrt{s_{mγthrm{w}dmγthrm{w}}}fYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 13

236 vτγsurτmτntGoψGthτGπouμlτTπiψψτrτntiγlGinνlusivτGjτtGνrossGsτνtionGinGprotonTprotonGνollisionsGγtG
[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2016SG_^SG[]X 4.2 36

235 vτγsurτmτntGoψGthτG[oormulγcGsττGtτxt−GνrossGsτνtionGinGppGνollisionsGγtG[oormulγcGsττGtτxt−G}τ–γnπG
limitsGonGγnomγlousGgγugτGνouplingsUGEuropeankPhysicalkJournalkCSG2016SG_^SG[WX 4.2 38

234 |τγrνhGψorGhτγvyGrτsonγnντsGπτνγyingGtoGtwoGqiggsGμosonsGinGψinγlGstγtτsGνontγiningGψourGμGquγrksUG
EuropeankPhysicalkJournalkCSG2016SG_^SGZ_X 4.2 25

233 |τγrνhGψorGqiggsGμosonGoψψTshτllGproπuνtionGinGprotonTprotonGνollisionsGγtG_GγnπGaG}τ–GγnπG
πτrivγtionGoψGνonstrγintsGonGitsGtotγlGπτνγyGwiπthUGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 14

232
|τγrνhGψorGlτptonGψlγvourGviolγtingGπτνγysGoψGhτγvyGrτsonγnντsGγnπGquγntumGμlγνkGholτsGtoGγnG
[oormulγcGsττGtτxt−GpγirGinGprotonTprotonGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalk
CSG2016SG_^SGZX_

4.2 9

231 vτγsurτmτntGoψGτlτνtrowτγkGproπuνtionGoψGγG GμosonGγnπGtwoGψorwγrπGjτtsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 4

230 vτγsurτmτntGoψGtrγnsvτrsτGmomτntumGrτlγtivτGtoGπijτtGsystτmsGinGyμyμGγnπGppGνollisionsGγtGOG
sqrt{s_{mγthrm{ww}}}fYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 21

229 |τγrνhGψorGγnomγlousGsinglτGtopGquγrkGproπuνtionGinGγssoνiγtionGwithGγGphotonGinGppGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 20

228 |τγrνhGψorGthτGγssoνiγtτπGproπuνtionGoψGγGqiggsGμosonGwithGγGsinglτGtopGquγrkGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2016SGYWX^SGX 5.4 10

227 |τγrνhGψorGγGstγnπγrπGmoπτlGqiggsGμosonGproπuντπGinGγssoνiγtionGwithGγGtopTquγrkGpγirGγnπG
πτνγyingGtoGμottomGquγrksGusingGγGmγtrixGτlτmτntGmτthoπUGEuropeankPhysicalkJournalkCSG2015SG_]SGY]X 4.2 55
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226 vτγsurτmτntGoψGτlτνtrowτγkGproπuνtionGoψGtwoGjτtsGinGγssoνiγtionGwithGγGČGμosonGinGprotonTprotonG
νollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SG^^ 4.2 21

225 vτγsurτmτntsGoψGπiψψτrτntiγlGγnπGπouμlτTπiψψτrτntiγlGmrτllTYγnGνrossGsτνtionsGinGprotonTprotonG
νollisionsGγtG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SGX[_ 4.2 50

224 |τγrνhGψorGπτνγysGoψGstoppτπGlongTlivτπGpγrtiνlτsGproπuντπGinGprotonTprotonGνollisionsGγtG[oormulγcG
sττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SGX]X 4.2 33

223 vτγsurτmτntGoψGthτG GμosonGhτliνityGinGτvτntsGwithGγGsinglτGrτνonstruνtτπGtopGquγrkGinGppG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 19

222
vτγsurτmτntGoψGthτGrγtioGoψGthτGproπuνtionGνrossGsτνtionsGtimτsGμrγnνhingGψrγνtionsGoψGkG´–νGGTgGsVˇ�ˇ�G
´–GγnπGk´–GTgGsVˇ�tG´–GγnπGOGmγthrm{mγthνγl{k}}lτψtO{mγthrm{k}}_{mγthrm{ν}}≥{pm}toGmγthrm{s}VpsiG
{pi}≥{pmG}{pi}≥{pmG}{pi}≥{mp}rightPVmγthrm{mγthνγl{k}}lτψtO{mγthrm{k}}_{mγthrm{ν}}≥{pm}toG
mγthrm{s}VpsiG{pi}≥{pm}rightPGPGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2015SGYWX]SGX

5.4 13

221 |τγrνhGψorGπisγppτγringGtrγνksGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2015SGYWX]SGX 5.4 35

220 |tuπyGoψGČGproπuνtionGinGyμyμGγnπGppGνollisionsGγtGOGsqrt{s_{mγthrm{ww}}}fYU_^GPG}τ–GinGthτGπimuonG
γnπGπiτlτνtronGπτνγyGνhγnnτlsUGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 18

219 |τγrνhGψorGphysiνsGμτyonπGthτGstγnπγrπGmoπτlGinGπilτptonGmγssGspτνtrγGinGprotonTprotonGνollisionsG
γtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 69

218 vτγsurτmτntGoψGthτGunπτrlyingGτvτntGγνtivityGusingGνhγrgτπTpγrtiνlτGjτtsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}fYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 6

217 |τγrνhGψorGπγrkGmγttτrSGτxtrγGπimτnsionsSGγnπGunpγrtiνlτsGinGmonojτtGτvτntsGinGprotonTprotonG
νollisionsGγtG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SGYZ] 4.2 250

216 wuνlτγrGτψψτνtsGonGthτGtrγnsvτrsτGmomτntumGspτνtrγGoψGνhγrgτπGpγrtiνlτsGinGpyμGνollisionsGγtG
[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SGYZ_ 4.2 48

215 mistriμutionsGoψGtopologiνγlGoμsτrvγμlτsGinGinνlusivτGthrττTGγnπGψourTjτtGτvτntsGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SGZWY 4.2 4

214
lonstrγintsGonGthτGpv||vSGjv|kGmoπτlGγnπGonGothτrGmoπτlsGψromGthτGsτγrνhGψorGlongTlivτπG
νhγrgτπGpγrtiνlτsGinGprotonTprotonGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG
2015SG_]SGZY]

4.2 24

213
|τγrνhGψorGphysiνsGμτyonπGthτGstγnπγrπGmoπτlGinGτvτntsGwithGtwoGlτptonsSGjτtsSGγnπGmissingG
trγnsvτrsτGmomτntumGinGppGνollisionsGγtGOGsqrt{s}GPGfGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SG
YWX]SGX

5.4 22

212 |τγrνhGψorGthirπTgτnτrγtionGsνγlγrGlτptoquγrksGinGthτGtˇ�GνhγnnτlGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 19

211 |τγrνhτsGψorGsupτrsymmτtryGusingGthτGvG}YGvγriγμlτGinGhγπroniνGτvτntsGproπuντπGinGppGνollisionsGγtG
aG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 26

210 |τγrνhτsGψorGthirπTgτnτrγtionGsquγrkGproπuνtionGinGψullyGhγπroniνGψinγlGstγtτsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 33

209 |τγrνhGψorGthτGproπuνtionGoψGπγrkGmγttτrGinGγssoνiγtionGwithGtopTquγrkGpγirsGinGthτGsinglτTlτptonG
ψinγlGstγtτGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 17
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208 |τγrνhGψorGγGνhγrgτπGqiggsGμosonGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2015SGYWX]SGX 5.4 61

207 |τγrνhGψorGsupτrsymmτtryGinGthτGvτνtorTμosonGψusionGtopologyGinGprotonTprotonGνollisionsGγtGOG
sqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 11

206 |τγrνhGψorGγGlightGνhγrgτπGqiggsGμosonGπτνγyingGtoGOGmγthrm{ν}ovτrlinτ{mγthrm{s}}GPGinGppGνollisionsG
γtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

205 |τγrνhGψorGvτνtorTlikτG}GquγrksGπτνγyingGtoGtopGquγrksGγnπGqiggsGμosonsGinGthτGγllThγπroniνGνhγnnτlG
usingGjτtGsuμstruνturτUGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 16

204 |τγrνhGψorGnτutrγlGνolorToνtτtGwτγkTtriplτtGsνγlγrGpγrtiνlτsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}faGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4

203 |τγrνhGψorGγGqiggsGμosonGinGthτGmγssGrγngτGψromGX[]GtoGXWWWGpτ–GπτνγyingGtoGγGpγirGoψG GorGČG
μosonsUGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 73

202
yrτνisτGπτtτrminγtionGoψGthτGmγssGoψGthτGqiggsGμosonGγnπGtτstsGoψGνompγtiμilityGoψGitsGνouplingsG
withGthτGstγnπγrπGmoπτlGprτπiνtionsGusingGprotonGνollisionsGγtG_GγnπGa[oormulγcGsττGtτxt−UGEuropeank
PhysicalkJournalkCSG2015SG_]SGYXY

4.2 399

201 vτγsurτmτntGoψGthτGČ˛‡GproπuνtionGνrossGsτνtionGinGppGνollisionsGγtGaG}τ–GγnπGsτγrνhGψorGγnomγlousG
triplτGgγugτGμosonGνouplingsUGJournalkofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 7

200
vτγsurτmτntGoψGthτGinνlusivτGZTjτtGproπuνtionGπiψψτrτntiγlGνrossGsτνtionGinGprotonTprotonGνollisionsG
γtG_G}τ–´ γnπGπτtτrminγtionGoψGthτGstrongGνouplingGνonstγntGinGthτG}τ–´ rγngτUGEuropeankPhysicalk
JournalkCSG2015SG_]SGXa^

4.2 41

199 }hτGlγsτrGνγliμrγtionGsystτmGoψGthτG}xyGπτtτνtorG2015SG 1

198 vτγsurτmτntGoψGthτGπiψψτrτntiγlGνrossGsτνtionGψorGtopGquγrkGpγirGproπuνtionGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2015SG_]SG][Y 4.2 98

197
vτγsurτmτntsGoψGthτG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−GproπuνtionGνrossGsτνtionsGinGthτG
[oormulγcGsττGtτxt−GνhγnnτlGinGprotonTprotonGνollisionsGγtG[oormulγcGsττGtτxt−GγnπG[oormulγcGsττG
tτxt−GγnπGνomμinτπGνonstrγintsGonGtriplτGgγugτGνouplingsUGEuropeankPhysicalkJournalkCSG2015SG_]SG]XX

4.2 25

196 lompγrisonGoψGthτGČV˛‡GQGRGjτtsGtoG˛‡GRGjτtsGνrossGsτνtionsGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalk
ofkHighkEnergykPhysicsSG2015SGYWX]SGX 5.4 5

195 |τγrνhGψorGnτutrγlGv||vGqiggsGμosonsGπτνγyingGintoGγGpγirGoψGμottomGquγrksUGJournalkofkHighk
EnergykPhysicsSG2015SGYWX]SGX 5.4 18

194 vτγsurτmτntGoψGthτGOGtovτrlinτ{t}GPGproπuνtionGνrossGsτνtionGinGthτGπilτptonGνhγnnτlGinGppGνollisionsG
γtGOGsqrt{s}GPGfGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 43

193 |tuπiτsGoψGγzimuthγlGπihγπronGνorrτlγtionsGinGultrγTντntrγlGyμyμGνollisionsGγtGOGsqrt{{{s_{wwG}}}}GPG
fYU_^G}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 60

192 vτγsurτmτntGoψGγssoνiγtτπG GRGνhγrmGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}GPGfG_G}τ–UGJournalkofk
HighkEnergykPhysicsSG2014SGYWX[SGX 5.4 37

191 |τγrνhGψorGnτwGphysiνsGinGτvτntsGwithGsγmτTsignGπilτptonsGγnπGjτtsGinGppGνollisionsGγtGOGsqrt{s}GPGfGaG
}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 38
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190 |tuπiτsGoψGπijτtGtrγnsvτrsτGmomτntumGμγlγnντGγnπGpsτuπorγpiπityGπistriμutionsGinGpyμGνollisionsGγtG
Osqrt{s_{mγthrm{ww}}}GfG]UWYPGOStτxtG{}τ–}PUGEuropeankPhysicalkJournalkCSG2014SG_[SGX 4.2 67

189 vτγsurτmτntGoψG ČGγnπGČČGproπuνtionGinGppGνollisionsGγtG[oormulγcGsττGtτxt−GinGψinγlGstγtτsGwithG
μTtγggτπGjτtsUGEuropeankPhysicalkJournalkCSG2014SG_[SGYb_Z 4.2 16

188 |τγrνhGψorGinvisiμlτGπτνγysGoψGqiggsGμosonsGinGthτGvτνtorGμosonGψusionGγnπGγssoνiγtτπGČqG
proπuνtionGmoπτsUGEuropeankPhysicalkJournalkCSG2014SG_[SGYbaW 4.2 131

187 vτγsurτmτntGoψGjτtGmultipliνityGπistriμutionsGinG[oormulγcGsττGtτxt−GproπuνtionGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2014SG_[SGZWX[ 4.2 11

186 |tuπyGoψGπouμlτGpγrtonGsνγttτringGusingG GRGYTjτtGτvτntsGinGprotonTprotonGνollisionsGγtGOGsqrt{s}GPGfG_G
}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 61

185 nvτntGγνtivityGπτpτnπτnντGoψGOGYGPOn|PGproπuνtionGinGOGsqrt{{{s_{wwG}}}}GPGfG]UWYG}τ–GpyμGγnπGOGsqrt{s}GPG
fGYU_^G}τ–GppGνollisionsUGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 42

184 UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 18

183 nviπτnντGψorGthτGXY]Gpτ–GqiggsGμosonGπτνγyingGtoGγGpγirGoψGˇ�GlτptonsUGJournalkofkHighkEnergykPhysics
SG2014SGYWX[SGX 5.4 101

182 |τγrνhGψorG hGTgGtμGπτνγysGinGthτGlτptonGRGjτtsGψinγlGstγtτGinGppGνollisionsGγtGOGsqrt{s}GPGfGaG}τ–UGJournalk
ofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 23

181 vτγsurτmτntGoψGthτGtriplτTπiψψτrτntiγlGνrossGsτνtionGψorGphotonGRGjτtsGproπuνtionGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfG_G}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 15

180 vτγsurτmτntGoψGthτGtTνhγnnτlGsinglτTtopTquγrkGproπuνtionGνrossGsτνtionGγnπGoψGthτG|–Gtμ|GltvG
mγtrixGτlτmτntGinGppGνollisionsGγtGOGsqrt{s}GPGfGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 48

179 vτγsurτmτntGoψGthτGproπuνtionGνrossGsτνtionsGψorGγGČGμosonGγnπGonτGorGmorτGμGjτtsGinGppGνollisionsG
γtGOGsqrt{s}GPGfG_G}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 21

178 |τγrνhGψorGpγirGproπuνtionGoψGτxνitτπGtopGquγrksGinGthτGlτptonGRGjτtsGψinγlGstγtτUGJournalkofkHighk
EnergykPhysicsSG2014SGYWX[SGX 5.4 3

177 |τγrνhGψorGmγssivτGrτsonγnντsGinGπijτtGsystτmsGνontγiningGjτtsGtγggτπGγsG GorGČGμosonGπτνγysGinGppG
νollisionsGγtGOGsqrt{s}GPGfGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 74

176 |τγrνhGψorGmγssivτGrτsonγnντsGπτνγyingGintoGpγirsGoψGμoostτπGμosonsGinGsτmiTlτptoniνGψinγlGstγtτsG
γtGOGsqrt{s}GPGfGaG}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 59

175 vτγsurτmτntGoψGthτGtopTquγrkGmγssGinGγllTjτtsG[oormulγcGsττGtτxt−GτvτntsGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−G}τ–UGEuropeankPhysicalkJournalkCSG2014SG_[SGY_]a 4.2 21

174 |tuπyGoψGthτGproπuνtionGoψGνhγrgτπGpionsSGkγonsSGγnπGprotonsGinGpyμGνollisionsGγtG[oormulγcGsττG
tτxt−]UWY[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2014SG_[SGYa[_ 4.2 71

173 yroμingGνolorGνohτrτnντGτψψτνtsGinGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG
2014SG_[SGYbWX 4.2 13
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172 }hτGyhysiνsGoψGthτGkGoγνtoriτsUGEuropeankPhysicalkJournalkCSG2014SG_[SGX 4.2 233

171 |τγrνhGψorGhτγvyGnτutrinosGγnπG[oormulγcGsττGtτxt−GμosonsGwithGrightThγnπτπGνouplingsGinG
protonTprotonGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2014SG_[SGZX[b 4.2 149

170 vτγsurτmτntGoψGtopGquγrkTγntiquγrkGpγirGproπuνtionGinGγssoνiγtionGwithGγG GorGČGμosonGinGppG
νollisionsGγtG[oormulγcGsττGtτxt−[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2014SG_[SGZW^W 4.2 29

169 vτγsurτmτntGoψGπiψψτrτntiγlGνrossGsτνtionsGψorGthτGproπuνtionGoψGγGpγirGoψGisolγtτπGphotonsGinGppG
νollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2014SG_[SGZXYb 4.2 29

168 |τγrνhGψorGnτutrγlGv||vGqiggsGμosonsGπτνγyingGtoGγGpγirGoψGtγuGlτptonsGinGppGνollisionsUGJournalkofk
HighkEnergykPhysicsSG2014SGYWX[SGX 5.4 70

167 vτγsurτmτntGoψGpsτuπorγpiπityGπistriμutionsGoψGνhγrgτπGpγrtiνlτsGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}GfGaPG}τ–GμyGthτGlv|GγnπG}x}nvGτxpτrimτntsUGEuropeankPhysicalkJournalkCSG2014SG_[SGX 4.2 37

166 |τγrνhτsGψorGτlτνtrowτγkGproπuνtionGoψGνhγrginosSGnτutrγlinosSGγnπGslτptonsGπτνγyingGtoGlτptonsG
γnπG SGČSGγnπGqiggsGμosonsGinGppGνollisionsGγtGa´ }τ–UGEuropeankPhysicalkJournalkCSG2014SG_[SGZWZ^ 4.2 183

165 vτγsurτmτntGoψGpromptGsVˇ�GpγirGproπuνtionGinGppGνollisionsGγtGOGsqrt{s}GPGfG_G}τvUGJournalkofkHighk
EnergykPhysicsSG2014SGYWX[SGX 5.4 41

164 xμsτrvγtionGoψGthτGπiphotonGπτνγyGoψGthτGqiggsGμosonGγnπGmτγsurτmτntGoψGitsGpropτrtiτsUG
EuropeankPhysicalkJournalkCSG2014SG_[SGZW_^ 4.2 239

163 |τγrνhGψorGthτGγssoνiγtτπGproπuνtionGoψGthτGqiggsGμosonGwithGγGtopTquγrkGpγirUGJournalkofkHighk
EnergykPhysicsSG2014SGYWX[SGX 5.4 45

162 |tuπyGoψGhγπroniνGτvτntTshγpτGvγriγμlτsGinGmultijτtGψinγlGstγtτsGinGppGνollisionsGγtGOGsqrt{s}GfG_GPG}τ–UG
JournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 3

161 |τγrνhGψorGstγnπγrπGmoπτlGproπuνtionGoψGψourGtopGquγrksGinGthτGlτptonGRGjτtsGνhγnnτlGinGppG
νollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 15

160 rπτntiψiνγtionGtτνhniquτsGψorGhighlyGμoostτπG GμosonsGthγtGπτνγyGintoGhγπronsUGJournalkofkHighk
EnergykPhysicsSG2014SGYWX[SGX 5.4 32

159 vτγsurτmτntGoψGqiggsGμosonGproπuνtionGγnπGpropτrtiτsGinGthτG  GπτνγyGνhγnnτlGwithGlτptoniνG
ψinγlGstγtτsUGJournalkofkHighkEnergykPhysicsSG2014SGYWX[SGX 5.4 144

158 vτγsurτmτntGoψGthτGOGtovτrlinτ{t}GPGproπuνtionGνrossGsτνtionGinGthτGπilτptonGνhγnnτlGinGppGνollisionsG
γtGOGsqrt{s}GPGfGaG}τ–G2014SGYWX[SGX 3

157 |τγrνhGψorGthτGγssoνiγtτπGproπuνtionGoψGthτGqiggsGμosonGwithGγGtopTquγrkGpγirG2014SGYWX[SGX 6

156 |τγrνhGψorGmiνrosνopiνGμlγνkGholτsGinGppGνollisionsGγtGOGsqrt{s}faGPG}τ–UGJournalkofkHighkEnergykPhysics
SG2013SGYWXZSGX 5.4 38

155 vτγsurτmτntGoψGthτGOGuγmμπγ_{mγthrm{μ}}≥WGPGliψτtimτGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalk
ofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 14
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154 |τγrνhτsGψorGlongTlivτπGνhγrgτπGpγrtiνlτsGinGppGνollisionsGγtGOGsqrt{s}GPGf_GγnπGaG}τ–UGJournalkofkHighk
EnergykPhysicsSG2013SGYWXZSGX 5.4 96

153 |tuπyGoψGτxνlusivτGtwoTphotonGproπuνtionGoψG R â��GinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–GγnπG
νonstrγintsGonGγnomγlousGquγrtiνGgγugτGνouplingsUGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 56

152 xμsτrvγtionGoψGγGnτwGμosonGwithGmγssGnτγrGXY]Gpτ–GinGppGνollisionsGγtGOGsqrt{s}f_GPGγnπGaG}τ–UG
JournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 261

151 |τγrνhGψorGthτGstγnπγrπGmoπτlGqiggsGμosonGproπuντπGinGγssoνiγtionGwithGγGtopTquγrkGpγirGinGppG
νollisionsGγtGthτGuqlUGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 35

150 |tuπiτsGoψGjτtGmγssGinGπijτtGγnπG VČGRGjτtGτvτntsUGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 39

149 vτγsurτmτntGoψGthτGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGproπuνtionGνrossGsτνtionGinGthτGγllTjτtGψinγlG
stγtτGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 14

148 vτγsurτmτntGoψGthτG±OZa_YPGproπuνtionGνrossGsτνtionGviγGπτνγysGtoGsVˇ�ˇ�GRGˇ�Gâ��GinGppGνollisionsGγtGOG
sqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 44

147 |tuπyGoψGthτGunπτrlyingGτvτntGγtGψorwγrπGrγpiπityGinGppGνollisionsGγtGOG
sqrt{s}fWUbSYU_^Sdmγthrm{γnπ}d_dmγthrm{}τ–}GPUGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 39

146 |τγrνhGψorGnτwGphysiνsGinGτvτntsGwithGphotonsSGjτtsSGγnπGmissingGtrγnsvτrsτGτnτrgyGinGppGνollisionsG
γtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 15

145 |τγrνhGψorGnτwGphysiνsGinGτvτntsGwithGsγmτTsignGπilτptonsGγnπGμGjτtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 33

144 |τγrνhGinGlτptoniνGνhγnnτlsGψorGhτγvyGrτsonγnντsGπτνγyingGtoGlongTlivτπGnτutrγlGpγrtiνlτsUGJournalkofk
HighkEnergykPhysicsSG2013SGYWXZSGX 5.4 30

143 |τγrνhGψorGτxotiνGrτsonγnντsGπτνγyingGintoG ČVČČGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofk
HighkEnergykPhysicsSG2013SGYWXZSGX 5.4 16

142 |τγrνhGψorGsupτrsymmτtryGinGppGνollisionsGγtG[oormulγcGsττGtτxt−G}τ–GinGτvτntsGwithGγGsinglτGlτptonSG
jτtsSGγnπGmissingGtrγnsvτrsτGmomτntumUGEuropeankPhysicalkJournalkCSG2013SG_ZSGY[W[ 4.2 15

141 |τγrνhGψorGγGstγnπγrπTmoπτlTlikτGqiggsGμosonGwithGγGmγssGinGthτGrγngτGX[]GtoGXWWWGpτ–GγtGthτGuqlUG
EuropeankPhysicalkJournalkCSG2013SG_ZSGY[^b 4.2 49

140
vτγsurτmτntGoψGthτGproπuνtionGνrossGsτνtionGψorGOGmγthrm{Č}gγmmγGtoGnuGovτrlinτ{nu}gγmmγGPGinG
ppGνollisionsGγtGOGsqrt{s}GfG_GPG}τ–GγnπGlimitsGonGČČ˛‡GγnπGČ˛‡˛‡GtriplτGgγugτGμosonGνouplingsUGJournalkofk
HighkEnergykPhysicsSG2013SGYWXZSGX

5.4 12

139
vτγsurτmτntGoψGthτG TμosonGhτliνityGinGtopTquγrkGπτνγysGψromGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPG
proπuνtionGinGlτptonRjτtsGτvτntsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2013SGYWXZSGX

5.4 25

138
|τγrνhGψorGsupτrsymmτtryGinGhγπroniνGψinγlGstγtτsGwithGmissingGtrγnsvτrsτGτnτrgyGusingGthτG
vγriγμlτsGγnπGμTquγrkGmultipliνityGinGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG
2013SG_ZSGY]^a

4.2 82

137
vτγsurτmτntGoψGthτGhγπroniνGγνtivityGinGτvτntsGwithGγGČGγnπGtwoGjτtsGγnπGτxtrγνtionGoψGthτGνrossG
sτνtionGψorGthτGτlτνtrowτγkGproπuνtionGoψGγGČGwithGtwoGjτtsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UG
JournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX

5.4 10
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136 vτγsurτmτntGoψGmγssτsGinGthτG[oormulγcGsττGtτxt−GsystτmGμyGkinτmγtiνGτnπpointsGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2013SG_ZSGY[b[ 4.2 37

135 |τγrνhGψorGphysiνsGμτyonπGthτGstγnπγrπGmoπτlGinGτvτntsGwithGlτptonsSGjτtsSGγnπGlγrgτGtrγnsvτrsτG
momτntumGimμγlγnντGinGppGνollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2013SG_ZSGY[bZ4.2 10

134 vτγsurτmτntGoψGthτGOmγthrm{t}μγr{mγthrm{t}}PGproπuνtionGνrossGsτνtionGinGthτGˇ�RjτtsGνhγnnτlGinGppG
νollisionsGγtGOsqrt{s}f_Gmμox{}τ–}PUGEuropeankPhysicalkJournalkCSG2013SG_ZSGX 4.2 21

133 sτtGγnπGunπτrlyingGτvτntGpropτrtiτsGγsGγGψunνtionGoψGνhγrgτπTpγrtiνlτGmultipliνityGinGprotonTprotonG
νollisionsGγtG[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2013SG_ZSGY^_[ 4.2 24

132 |τγrνhGψorGtopTsquγrkGpγirGproπuνtionGinGthτGsinglτTlτptonGψinγlGstγtτGinGppGνollisionsGγtGOsqrt{s}faG
mγthrm{}τ–}PUGEuropeankPhysicalkJournalkCSG2013SG_ZSGX 4.2 162

131 vτγsurτmτntGoψGthτGπiψψτrτntiγlGγnπGπouμlτTπiψψτrτntiγlGmrτllTYγnGνrossGsτνtionsGinGprotonTprotonG
νollisionsGγtGOGsqrt{s}GPGfG_G}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 43

130 vτγsurτmτntGoψGthτGνrossGsτνtionGγnπGγngulγrGνorrτlγtionsGψorGγssoνiγtτπGproπuνtionGoψGγGČGμosonG
withGμGhγπronsGinGppGνollisionsGγtGOGsqrt{s}GPGfG_G}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 26

129
vτγsurτmτntGoψGthτGrγtioGoψGthτGinνlusivτGZTjτtGνrossGsτνtionGtoGthτGinνlusivτGYTjτtGνrossGsτνtionGinG
ppGνollisionsGγtGOsqrt{s}GfG_Gmγthrm{}τ–}PGγnπGψirstGπτtτrminγtionGoψGthτGstrongGνouplingGνonstγntGinG
thτG}τ–GrγngτUGEuropeankPhysicalkJournalkCSG2013SG_ZSGX

4.2 50

128 vτγsurτmτntGoψGthτG R â��GνrossGsτνtionGinGppGνollisionsGγtGOsqrt{s}GfG_mμox{G}τ–}PGγnπGlimitsGonG
γnomγlousG  ˛‡GγnπG  ČGνouplingsUGEuropeankPhysicalkJournalkCSG2013SG_ZSGX 4.2 56

127 |τγrνhGψorGnγrrowGrτsonγnντsGγnπGquγntumGμlγνkGholτsGinGinνlusivτGγnπGμTtγggτπGπijτtGmγssGspτνtrγG
ψromGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 37

126 vτγsurτmτntGoψGthτGČČGproπuνtionGνrossGsτνtionGγnπGsτγrνhGψorGγnomγlousGνouplingsGinGYâ��Yâ��hGψinγlG
stγtτsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 39

125 |τγrνhGψorGsupτrsymmτtryGinGψinγlGstγtτsGwithGmissingGtrγnsvτrsτGτnτrgyGγnπGWSGXSGYSGorGâ�¥ZGμTquγrkG
jτtsGinG_G}τ–GppGνollisionsGusingGthτGvγriγμlτG˛–G}UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 29

124 |τγrνhGψorGhτγvyGquγrksGπτνγyingGintoGγGtopGquγrkGγnπGγG GorGČGμosonGusingGlτptonGRGjτtsGτvτntsGinG
ppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2013SGYWXZSGX 5.4 12

123 vτγsurτmτntGoψGthτGsumGoψG  GγnπG ČGproπuνtionGwithG RπijτtGτvτntsGinGppGνollisionsGγtG
[oormulγcGsττGtτxt−UGEuropeankPhysicalkJournalkCSG2013SG_ZSGYYaZ 4.2 45

122 vτγsurτmτntGoψGπiψψτrτntiγlGtopTquγrkTpγirGproπuνtionGνrossGsτνtionsGinGppGνollisionsGγtGOsqrt{s}GfG_G
mγthrm{}τ–}PUGEuropeankPhysicalkJournalkCSG2013SG_ZSGX 4.2 102

121 |τγrνhτsGψorGqτγvyGuτptonGyγrtnτrsGoψGwτutrinosGinGyrotonTyrotonGlollisionsGγtGlv|GnxpτrimτntGinG
thτGlontτxtGoψG|ττsγwGvτνhγnismUGEPJkWebkofkConferencesSG2013SG^WSGYWWZZ 0.3

120 |τγrνhGψorGnτwGphysiνsGinGτvτntsGwithGsγmτTsignGπilτptonsGγnπGμGjτtsGinGppGνollisionsGγtGOGsqrt{s}faGPG
}τ–G2013SGYWXZSGX 2

119 |tuπyGoψGhighTpG}GνhγrgτπGpγrtiνlτGsupprτssionGinGyμyμGνompγrτπGtoGppGνollisionsGγtG
Osqrt{s_{mγthrm{ww}}}fYU_^~mγthrm{}τ–}PUGEuropeankPhysicalkJournalkCSG2012SG_YSGX 4.2 316

Ezio Torassa

20



118 lτntrγlityGπτpτnπτnντGoψGπihγπronGνorrτlγtionsGγnπGγzimuthγlGγnisotropyGhγrmoniνsGinGyμyμG
νollisionsGγtGOsqrt{s_{ww}}fGYU_^Gmμox{}τ–}PUGEuropeankPhysicalkJournalkCSG2012SG_YSGX 4.2 158

117 sτtGproπuνtionGrγtτsGinGγssoνiγtionGwithG GγnπGČGμosonsGinGppGνollisionsGγtGOGsqrtG{s}GfG_G{tτxt{}τ–}}GPUG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 37

116 nxνlusivτG˛‡˛‡GTgG˛…GRG˛…Gâ��GproπuνtionGinGprotonTprotonGνollisionsGγtGOGsqrtG{s}GfG{_}GPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2012SGYWXYSGX 5.4 45

115 vτγsurτmτntGoψGthτGproπuνtionGνrossGsτνtionGψorGpγirsGoψGisolγtτπGphotonsGinGppGνollisionsGγtGOGsqrtG
{s}GfG_d}τ–GPUGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 20

114 rnνlusivτGμTjτtGproπuνtionGinGppGνollisionsGγtGOsqrtG{s}GfG_}τ–PUGJournalkofkHighkEnergykPhysicsSG2012SG
YWXYSGX 5.4 30

113 |τγrνhGψorGquγrkGνompositτnτssGinGπijτtGγngulγrGπistriμutionsGψromGppGνollisionsGγtGOGsqrtG{s}GfG_{G}GPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 12

112 |upprτssionGoψGnonTpromptGsVˇ�SGpromptGsVˇ�SGγnπGOG~psilonGPOX|PGinGyμyμGνollisionsGγtGOGsqrtG
{{{s_{tτxt{ww}}}}}GfGYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 184

111 |τγrνhGψorGhτγvyGμottomTlikτGquγrksGinG[UbGψμâ��XGoψGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2012SGYWXYSGX 5.4 44

110 vτγsurτmτntGoψGthτGνrossGsτνtionGψorGproπuνtionGoψGOGμovτrlinτGμG±GPGπτνγyingGtoGmuonsGinGppG
νollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 3

109 vτγsurτmτntGoψGthτGČV˛‡QGRGμTjτtGνrossGsτνtionGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2012SGYWXYSGX 5.4 24

108 |hγpτSGtrγnsvτrsτGsizτSGγnπGνhγrgτπThγπronGmultipliνityGoψGjτtsGinGppGνollisionsGγtGOGsqrt{s}f_d}τ–GPUG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 27

107 |τγrνhGψorGγnomγlousGproπuνtionGoψGmultilτptonGτvτntsGinGppGνollisionsGγtGOGsqrtG{s}GfG_S}τ–GPUG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 65

106 |τγrνhGψorGγGlightGνhγrgτπGqiggsGμosonGinGtopGquγrkGπτνγysGinGppGνollisionsGγtGOGsqrtG{s}GfG_d}τ–GPUG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 101

105 |τγrνhGψorGlτptoniνGπτνγysGoψG hGμosonsGinGppGνollisionsGγtGOGsqrtG{s}GfG{_}GPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2012SGYWXYSGX 5.4 43

104 |τγrνhGψorGstoppτπGlongTlivτπGpγrtiνlτsGproπuντπGinGppGνollisionsGγtGOGsqrtG{s}GfG{tτxt{_}τ–}}GPUGJournalk
ofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 17

103 |τγrνhGψorGnτwGphysiνsGinGτvτntsGwithGsγmτTsignGπilτptonsGγnπGμTtγggτπGjτtsGinGppGνollisionsGγtGOGsqrtG
{s}GfG_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 24

102 vτγsurτmτntGoψGthτGunπτrlyingGτvτntGγνtivityGinGppGνollisionsGγtGOGsqrtG{s}GfGWUbGPGγnπG_G}τ–GwithGthτG
novτlGjτtTγrτγVmτπiγnGγpproγνhUGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 11

101 |τγrνhGψorGγnomγlousGOGtovτrlinτGtGPGproπuνtionGinGthτGhighlyTμoostτπGγllThγπroniνGψinγlGstγtτUG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 57
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100 |τγrνhGψorGπγrkGmγttτrGγnπGlγrgτGτxtrγGπimτnsionsGinGmonojτtGτvτntsGinGppGνollisionsGγtGOGsqrtG{s}GfG
{_}GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 155

99 |τγrνhGψorGγGψτrmiophoμiνGqiggsGμosonGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighkEnergyk
PhysicsSG2012SGYWXYSGX 5.4 13

98 |τγrνhGψorGsupτrsymmτtryGinGhγπroniνGψinγlGstγtτsGusingGvG}YGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 92

97 vτγsurτmτntGoψGjτtGψrγgmτntγtionGintoGνhγrgτπGpγrtiνlτsGinGppGγnπGyμyμGνollisionsGγtGOG
sqrt{{{s_{mγthrm{ww}}}}}GfGYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 73

96 vτγsurτmτntGoψGthτGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGproπuνtionGνrossGsτνtionGinGthτGπilτptonG
νhγnnτlGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 64

95
|τγrνhGψorGτxνlusivτGorGsτmiTτxνlusivτG˛‡˛‡GproπuνtionGγnπGoμsτrvγtionGoψGτxνlusivτGγnπG
sτmiTτxνlusivτGτRτâ��GproπuνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2012SGYWXYSGX

5.4 45

94 |τγrνhGψorGthτGstγnπγrπGmoπτlGqiggsGμosonGproπuντπGinGγssoνiγtionGwithG GγnπGČGμosonsGinGppG
νollisionsGγtGOGsqrt{s}f_GP}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 6

93 |τγrνhGψorGτlτνtrowτγkGproπuνtionGoψGνhγrginosGγnπGnτutrγlinosGusingGlτptoniνGψinγlGstγtτsGinGppG
νollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 41

92 |τγrνhGψorGnτwGphysiνsGwithGlongTlivτπGpγrtiνlτsGπτνγyingGtoGphotonsGγnπGmissingGτnτrgyGinGppG
νollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 10

91 |τγrνhGψorGrτsonγntGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGproπuνtionGinGlτptonRjτtsGτvτntsGinGppG
νollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 25

90 xμsτrvγtionGoψGČGπτνγysGtoGψourGlτptonsGwithGthτGlv|GπτtτνtorGγtGthτGuqlUGJournalkofkHighkEnergyk
PhysicsSG2012SGYWXYSGX 5.4 30

89 vτγsurτmτntGoψGthτGsinglτTtopTquγrkGtTνhγnnτlGνrossGsτνtionGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UG
JournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 70

88 |τγrνhGψorGthirπTgτnτrγtionGlτptoquγrksGγnπGsνγlγrGμottomGquγrksGinGppGνollisionsGγtGOGsqrt{s}f_d}τ–G
PUGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 12

87 vτγsurτmτntGoψGthτGtopTquγrkGmγssGinGOGmγthrm{t}ovτrlinτ{mγthrm{t}}GPGτvτntsGwithGlτptonRjτtsG
ψinγlGstγtτsGinGppGνollisionsGγtGOGsqrt{s}f_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 30

86 vτγsurτmτntGoψGthτGunπτrlyingGτvτntGinGthτGmrτllâ��YγnGproντssGinGprotonâ��protonGνollisionsGγtG
Osqrt{s}GfG_~mμox{}τ–}PUGEuropeankPhysicalkJournalkCSG2012SG_YSGX 4.2 30

85 |tuπyGoψGthτGinνlusivτGproπuνtionGoψGνhγrgτπGpionsSGkγonsSGγnπGprotonsGinGppGνollisionsGγtGOsqrt{s}GfG
WUbSGYU_^Smμox{GγnπG}_~mμox{}τ–}PUGEuropeankPhysicalkJournalkCSG2012SG_YSGX 4.2 133

84 jGsτγrνhGψorGγGπouμlyTνhγrgτπGqiggsGμosonGinGppGνollisionsGγtGOsqrt{s}GfG_Gmμox{}τ–}PUGEuropeank
PhysicalkJournalkCSG2012SG_YSGX 4.2 111

83 vτγsurτmτntGoψGthτGtopTquγrkGmγssGinGOmγthrm{t}ovτrlinτ{mγthrm{t}}PGτvτntsGwithGπilτptonGψinγlG
stγtτsGinGppGνollisionsGγtGOsqrt{s}f_Gmμox{}τ–}PUGEuropeankPhysicalkJournalkCSG2012SG_YSGX 4.2 36
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82
{γtiosGoψGπijτtGproπuνtionGνrossGsτνtionsGγsGγGψunνtionGoψGthτGγμsolutτGπiψψτrτnντGinGrγpiπityG
μτtwττnGjτtsGinGprotonâ��protonGνollisionsGγtGOsqrt{s}GfG_Gmγthrm{}τ–}PUGEuropeankPhysicalkJournalkCSG
2012SG_YSGX

4.2 17

81 vτγsurτmτntGoψGthτGrτlγtivτGpromptGproπuνtionGrγtτGoψGγnπGinGppGνollisionsGγtG[oormulγcGsττGtτxt−UG
EuropeankPhysicalkJournalkCSG2012SG_YSGYY]X 4.2 46

80 oorwγrπGτnτrgyGψlowSGντntrγlGνhγrgτπTpγrtiνlτGmultipliνitiτsSGγnπGpsτuπorγpiπityGgγpsGinG GγnπGČG
μosonGτvτntsGψromGppGνollisionsGγtGOsqrt{s}fG_PG}τ–UGEuropeankPhysicalkJournalkCSG2012SG_YSGX 4.2 11

79 sVˇ�GγnπGˇ�OY|PGproπuνtionGinGppGνollisionsGγtGOGsqrtG{s}GfG_{tτxt{}τv}}GPUGJournalkofkHighkEnergykPhysicsSG
2012SGYWXYSGX 5.4 69

78 |τγrνhGψorGthτGstγnπγrπGmoπτlGqiggsGμosonGinGthτGqGTgGČČGTgGYâ��Y˛‰GνhγnnτlGinGppGνollisionsGγtGOGsqrtG
{tτxt{s}}GfG{_}d{tτxt{}τ–}}GPUGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 24

77 |τγrνhGψorGthτGstγnπγrπGmoπτlGqiggsGμosonGinGthτGqGTgGČČGTgGâ��Râ��â�� ˇ�Rˇ�â��GπτνγyGνhγnnτlGinGppGνollisionsGγtG
OGsqrtG{s}GfG{_}d{tτxt{}τ–}}GPUGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 11

76 |τγrνhGψorGOG{tτxt{k}}_{tτxt{s}}≥WGPGTgG˛…GRG˛…Gâ��GγnπGkWGTgG˛…GRG˛…Gâ��GπτνγysUGJournalkofkHighkEnergykPhysicsSG
2012SGYWXYSGX 5.4 52

75 |τγrνhGψorGγGqiggsGμosonGinGthτGπτνγyGνhγnnτlGqGTgGČČOQPGTgGqOGovτrlinτG{tτxt{q}}GPGâ��Gâ��Gâ��GRGinGppGνollisionsG
γtGOGsqrtG{s}GfG_GP}τ–UGJournalkofkHighkEnergykPhysicsSG2012SGYWXYSGX 5.4 21

74 |τγrνhGψorGmiνrosνopiνGμlγνkGholτsGinGppGνollisionsGγtGOGsqrtG{s}GfG{tτxt{_}τ–}}GPUGJournalkofkHighk
EnergykPhysicsSG2012SGYWXYSGX 5.4 34

73
vτγsurτmτntGoψGthτGinνlusivτGproπuνtionGνrossGsτνtionsGψorGψorwγrπGjτtsGγnπGψorGπijτtGτvτntsGwithG
onτGψorwγrπGγnπGonτGντntrγlGjτtGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG
2012SGYWXYSGX

5.4 13

72 vτγsurτmτntGoψGthτGmγssGπiψψτrτnντGμτtwττnGtopGγnπGγntitopGquγrksUGJournalkofkHighkEnergyk
PhysicsSG2012SGYWXYSGX 5.4 13

71 yromptGγnπGnonTpromptGsVˇ�GproπuνtionGinGppGνollisionsGγtGOsqrt{s}GfG_PG}τ–UGEuropeankPhysicalk
JournalkCSG2011SG_XSGX 4.2 118

70
vτγsurτmτntGoψGthτGOmγthrm{{tμγr{t}}}PGproπuνtionGνrossGsτνtionGinGppGνollisionsGγtGOsqrt{s}f_PG}τ–G
usingGthτGkinτmγtiνGpropτrtiτsGoψGτvτntsGwithGlτptonsGγnπGjτtsUGEuropeankPhysicalkJournalkCSG2011SG
_XSGX

4.2 35

69 lhγrgτπGpγrtiνlτGmultipliνitiτsGinGppGintτrγνtionsGγtGOGsqrtG{s}GfGWUbGPSGYUZ^SGγnπG_G}τ–UGJournalkofkHighk
EnergykPhysicsSG2011SGYWXXSGX 5.4 89

68 vτγsurτmτntsGoψGinνlusivτG GγnπGČGνrossGsτνtionsGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofk
HighkEnergykPhysicsSG2011SGYWXXSGX 5.4 104

67 |τγrνhGψorGhτγvyGstγμlτGνhγrgτπGpγrtiνlτsGinGppGνollisionsGγtGOGsqrtG{s}GfG_d{tτxt{}τ–}}GPUGJournalkofk
HighkEnergykPhysicsSG2011SGYWXXSGX 5.4 34

66 rnνlusivτGμThγπronGproπuνtionGνrossGsτνtionGwithGmuonsGinGppGνollisionsGγtGOGsqrtG{s}GfG_d{tτxt{}τ–}}GPUG
JournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 21

65 vτγsurτmτntGoψGOG{tτxt{k}}ovτrlinτG{tτxt{k}}GPGγngulγrGνorrτlγtionsGμγsτπGonGsτνonπγryGvτrtτxG
rτνonstruνtionGγtGOGsqrtG{s}GfG_S{tτxt{}τ–}}GPUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 27
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64 vτγsurτmτntGoψGthτGlτptonGνhγrgτGγsymmτtryGinGinνlusivτG GproπuνtionGinGppGνollisionsGγtGOGsqrtG{s}G
fG_d{tτxt{}τ–}}GPUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 38

63 vτγsurτmτntGoψGkosτTninstτinGνorrτlγtionsGinGppGνollisionsGγtGOGsqrtG{s}GfGWUbGPGγnπG_G}τ–UGJournalkofk
HighkEnergykPhysicsSG2011SGYWXXSGX 5.4 22

62 |trγngτGpγrtiνlτGproπuνtionGinGppGνollisionsGγtGOGsqrtG{s}GfGWUbGPGγnπG_G}τ–UGJournalkofkHighkEnergyk
PhysicsSG2011SGYWXXSGX 5.4 78

61 |τγrνhGψorGlγrgτGτxtrγGπimτnsionsGinGthτGπiphotonGψinγlGstγtτGγtGthτGuγrgτGqγπronGlolliπτrUGJournalk
ofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 21

60 |τγrνhGψorGrτsonγnντsGinGthτGπilτptonGmγssGπistriμutionGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalk
ofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 32

59 |τγrνhGψorGphysiνsGμτyonπGthτGstγnπγrπGmoπτlGinGoppositτTsignGπilτptonGτvτntsGinGppGνollisionsGγtGOG
sqrtG{s}GfG_S{tτxt{}τ–}}GPUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 26

58 |τγrνhGψorGnτwGphysiνsGwithGsγmτTsignGisolγtτπGπilτptonGτvτntsGwithGjτtsGγnπGmissingGtrγnsvτrsτG
τnτrgyGγtGthτGuqlUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 46

57 |τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGγGlτptonSGγGphotonSGγnπGlγrgτGmissingGtrγnsvτrsτGτnτrgyGinG
ppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 10

56 vτγsurτmτntGoψGthτGOG{{rmGt}μγr{rmGt}}GPGproπuνtionGνrossGsτνtionGγnπGthτGtopGquγrkGmγssGinGthτG
πilτptonGνhγnnτlGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 48

55 uongTrγngτGγnπGshortTrγngτGπihγπronGγngulγrGνorrτlγtionsGinGντntrγlGyμyμGνollisionsGγtGOGsqrtG
{{{s_{tτxt{ww}}}}}GPGfGYU_^G}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 56

54 |τγrνhGψorGlightGrτsonγnντsGπτνγyingGintoGpγirsGoψGmuonsGγsGγGsignγlGoψGnτwGphysiνsUGJournalkofkHighk
EnergykPhysicsSG2011SGYWXXSGX 5.4 12

53 |τγrνhGψorGsupτrsymmτtryGinGτvτntsGwithGμGjτtsGγnπGmissingGtrγnsvτrsτGmomτntumGγtGthτGuqlUG
JournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 28

52 |τγrνhGψorGsγmτTsignGtopTquγrkGpγirGproπuνtionGγtGOGsqrtG{s}GfG_GPG}τ–GγnπGlimitsGonGψlγvourGνhγngingG
nτutrγlGνurrτntsGinGthτGtopGsτνtorUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 39

51 lhγrgτπGpγrtiνlτGtrγnsvτrsτGmomτntumGspτνtrγGinGppGνollisionsGγtGOGsqrtG{s}GfGWUbGPGγnπG_G}τ–UG
JournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 44

50 vτγsurτmτntGoψGthτGinνlusivτGČGνrossGsτνtionGviγGπτνγysGtoGtγuGpγirsGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 17

49 mτpτnπτnντGonGpsτuπorγpiπityGγnπGonGντntrγlityGoψGνhγrgτπGhγπronGproπuνtionGinGyμyμGνollisionsG
γtGOGsqrtG{{{s_{tτxt{ww}}}}}GfGYU_^GPG}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 87

48 |τγrνhGψorGnτwGphysiνsGwithGjτtsGγnπGmissingGtrγnsvτrsτGmomτntumGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG
}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 46

47 |τγrνhGψorGsupτrsymmτtryGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–GinGτvτntsGwithGγGsinglτGlτptonSGjτtsSG
γnπGmissingGtrγnsvτrsτGmomτntumUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 32
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46 vτγsurτmτntGoψGthτGunπτrlyingGτvτntGγνtivityGγtGthτGuqlGwithGOGsqrtG{s}GfG_GPG}τ–GγnπGνompγrisonG
withGOGsqrtG{s}GfGWUbGPG}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 70

45 vτγsurτmτntGoψGthτGmrτllTYγnGνrossGsτνtionGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG}τ–UGJournalkofkHighk
EnergykPhysicsSG2011SGYWXXSGX 5.4 32

44 vτγsurτmτntGoψGthτGinνlusivτG GγnπGČGproπuνtionGνrossGsτνtionsGinGppGνollisionsGγtGOGsqrtG{s}GfG_GPG
}τ–GwithGthτGlv|GτxpτrimτntUGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 121

43 vτγsurτmτntGoψGτnτrgyGψlowGγtGlγrgτGpsτuπorγpiπitiτsGinGppGνollisionsGγtGOGsqrtG{s}GfGWU{b}GPGγnπG_G
}τ–UGJournalkofkHighkEnergykPhysicsSG2011SGYWXXSGX 5.4 19

42 vτγsurτmτntGoψGτnτrgyGψlowGγtGlγrgτGpsτuπorγpiπitiτsGinGppGνollisionsGγtGOGsqrtG{s}GfGWU{b}GPGγnπG_G
}τ–G2011SGYWXXSGX 5

41 oirstGmτγsurτmτntGoψGthτGunπτrlyingGτvτntGγνtivityGγtGthτGuqlGwithGOsqrt{s}GfGWUbPG}τ–UGEuropeank
PhysicalkJournalkCSG2010SG_WSG]]]T]_Y 4.2 36
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