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439 nlψτtronFrψτonstruτtionFνnχFiχψntifiτνtionFψffiτiψnτyFmψνsurψmψntsFwithFthψFj~uj}FχψtψτtorFusingF
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2016RF_^RF[]
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434
vψνsurψmψntFofFthψFχistriπutionsFofFψvψntSπySψvψntFflowFhνrmoniτsFinFlψνχSlψνχFτollisionsFνtFNF
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withFℓoormulνcFsψψFtψxt≥StνggψχFjψtsFinFℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥FνnχF
a´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZXWb
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EuropeanqPhysicalqJournalqCRF2015RF_]RF[_^ 4.2 104
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423 vψνsurψmψntFofFinτlusivψFjψtFνnχFχijψtFτrossFsψτtionsFinFprotonSprotonFτollisionsFνtF_F~ψ–F
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}ψνrτhFforFthψF}tνnχνrχFvoχψlFqiggsFπosonFproχuτψχFinFνssoτiνtionFwithFtopFquνrksFνnχFχψτνyingF
intoFℓoormulνcFsψψFtψxt≥FinFℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZ[b

4.2 94
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EnergyqPhysicsRF2013RFYWXZRFX

5.4 92
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4.2 82
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fπâ��XFofFppFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2018RFYWXaRFX

5.4 81
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~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 79

414 vψνsurψmψntFofFthψFτhνrgψFνsymmψtryFinFtopFquνrkFpνirFproχuτtionFinFτollisionsFνtFℓoormulνcFsψψF
tψxt≥FusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2012RF_YRFYWZb 4.2 78

413 }ψνrτhFforFhψνvyFnψutrinosFνnχFrightShνnχψχFπosonsFinFψvψntsFwithFtwoFlψptonsFνnχFjψtsFinF
τollisionsFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2012RF_YRFYW]^ 4.2 78

412
}ψνrτhFforFχirψτtFproχuτtionFofFτhνrginosFνnχFnψutrνlinosFinFψvψntsFwithFthrψψFlψptonsFνnχFmissingF
trνnsvψrsψFmomψntumFinFNFsqrt{s}FOFfFaF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2014RFYWX[RFX

5.4 76

411
}ψνrτhFforFνFlightFτhνrgψχFqiggsFπosonFinFthψFχψτνyFτhνnnψlFℓoormulνcFsψψFtψxt≥FinFℓoormulνcFsψψF
tψxt≥FψvψntsFusingFτollisionsFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2013RF_ZRFY[^]

4.2 76

410 nviχψnτψFforFthψFqiggsSπosonF±ukνwνFτouplingFtoFtνuFlψptonsFwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 74

409
}ψνrτhFforFproχuτtionFofFℓoormulνcFsψψFtψxt≥FrψsonνnτψsFχψτνyingFtoFνFlψptonRFnψutrinoFνnχFjψtsFinF
ℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2015RF_]RFYWb

4.2 73

408 j~uj}FsψνrτhFforFnψwFphψnomψnνFinFχijψtFmνssFνnχFνngulνrFχistriπutionsFusingFppFτollisionsFνtFNF
sqrt{s}f_FO~ψ–TFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 72

407
vψνsurψmψntFofFthψFinτlusivψFjψtFτrossSsψτtionFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥FνnχFτompνrisonF
toFthψFinτlusivψFjψtFτrossSsψτtionFνtFℓoormulνcFsψψFtψxt≥FusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2013RF_ZRFY]Wb

4.2 71

406 {νpiχityFgνpFτrossFsψτtionsFmψνsurψχFwithFthψFj~uj}FχψtψτtorFinFppFτollisionsFνtFNsqrt{s}FfF_F
mπox{~~ψ–}OTFEuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 70

405 ~hψFj~uj}FrnnψrFmψtψτtorFτommissioningFνnχFτνliπrνtionTFEuropeanqPhysicalqJournalqCRF2010RF_WRF_a_SaYX4.2 70

404 }ψνrτhψsFforFsτνlνrFlψptoquνrksFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥FfFa´ ~ψ–FwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2016RF_^RF] 4.2 68
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403 }ψνrτhFforFnψutrνlFqiggsFπosonsFofFthψFminimνlFsupψrsymmψtriτFstνnχνrχFmoχψlFinFppFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 67

402 sψtFmνssFνnχFsuπstruτturψFofFinτlusivψFjψtsFinFNFsqrtF{s}FfF_d{tψxt{~ψ–}}FOFppFτollisionsFwithFthψFj~uj}F
ψxpψrimψntTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 67

401 }ψνrτhFforFqiggsFπosonFpνirFproχuτtionFinFthψFℓoormulνcFsψψFtψxt≥FfinνlFstνtψFfromFτollisionsFνtF
ℓoormulνcFsψψFtψxt≥F~ψ–withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF[XY 4.2 66

400 }ψνrτhFforFhighSmνssFχiπosonFrψsonνnτψsFwithFπosonStνggψχFjψtsFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFXSZb 5.4 66

399 yψrformνnτψFofFmissingFtrνnsvψrsψFmomψntumFrψτonstruτtionFwithFthψFj~uj}FχψtψτtorFusingF
protonSprotonFτollisionsFνtTFEuropeanqPhysicalqJournalqCRF2018RF_aRFbWZ 4.2 66

398 }ψνrτhFforFhψνvyFvνjorνnνFnψutrinosFwithFthψFj~uj}FχψtψτtorFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–TF
JournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 65

397 }ψνrτhFforFthψFNFπovψrlinψ{π}FOFχψτνyFofFthψF}tνnχνrχFvoχψlFqiggsFπosonFinFνssoτiνtψχFN—VZOqF
proχuτtionFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 64

396
}ψνrτhFforFnψwFphψnomψnνFinFfinνlFstνtψsFwithFlνrgψFjψtFmultipliτitiψsFνnχFmissingFtrνnsvψrsψF
momψntumFνtFNFsqrt{s}faFOF~ψ–FprotonSprotonFτollisionsFusingFthψFj~uj}FψxpψrimψntTFJournalqofq
HighqEnergyqPhysicsRF2013RFYWXZRFX

5.4 64

395
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lψptonFpνirsFinFprotonSprotonFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2016RF_^RFYbX

4.2 63

394 }ψνrτhFforFrψsonνntFχiπosonFproχuτtionFinFthψFℓoormulνcFsψψFtψxt≥FfinνlFstνtψFinFℓoormulνcFsψψFtψxt≥F
τollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF^b 4.2 62

393 nlψτtronFψffiτiψnτyFmψνsurψmψntsFwithFthψFj~uj}FχψtψτtorFusingFYWXYFuqlFprotonSprotonFτollisionF
χνtνTFEuropeanqPhysicalqJournalqCRF2017RF__RFXb] 4.2 61

392 }ψνrτhFforFχνrkFmνttψrFinFψvψntsFwithFhψνvyFquνrksFνnχFmissingFtrνnsvψrsψFmomψntumFinFℓoormulνcF
sψψFtψxt≥FτollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFbY 4.2 60

391
}ψνrτhFforFnψwFphψnomψnνFinFfinνlFstνtψsFwithFlνrgψFjψtFmultipliτitiψsFνnχFmissingFtrνnsvψrsψF
momψntumFusingFNsqrtF{s}OFfF_F~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2011RFYWXXRFX

5.4 60

390 vψνsurψmψntFofFthψFSπosonFmνssFinFppFτollisionsFνtFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2018RF_aRFXXW 4.2 59

389 }ψνrτhFforFνFhighSmνssFqiggsFπosonFχψτνyingFtoFνF—FπosonFpνirFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–F
withFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 59

388 vψνsurψmψntFofFthψF—FSgFâ��˛‰FνnχFZV˛‡FPFSgFâ��â��FproχuτtionFτrossFsψτtionsFinFprotonSprotonFτollisionsFνtFNF
sqrtF{s}FfF_d{tψxt{~ψ–}}FOFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2010RFYWXWRFX 5.4 58

387 jFsψνrτhFforFNFtovψrlinψ{t}FOFrψsonνnτψsFusingFlψptonSplusSjψtsFψvψntsFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 57

386
}ψνrτhFforFτhνrgψχFqiggsFπosonsFχψτνyingFviνFqF´–FSgFˇ�F´–F˛‰FinFfullyFhνχroniτFfinνlFstνtψsFusingFppF
τollisionFχνtνFνtFNFsqrt{s}FOFfFaF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RF
YWX]RFX

5.4 56
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385 lonstrνintsFonFthψFoffSshψllFqiggsFπosonFsignνlFstrψngthFinFthψFhighSmνssFνnχFfinνlFstνtψsFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZZ] 4.2 56

384 yrψτisionFmψνsurψmψntFνnχFintψrprψtνtionFofFinτlusivψFRFνnχFproχuτtionFτrossFsψτtionsFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFZ^_ 4.2 56

383 }ψνrτhFforFχouπlyFτhνrgψχFqiggsFπosonFproχuτtionFinFmultiSlψptonFfinνlFstνtψsFwithFthψFj~uj}F
χψtψτtorFusingFprotonSprotonFτollisionsFνtTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXbb 4.2 55

382 }ψνrτhFforFrψsonνnτψsFχψτνyingFintoFtopSquνrkFpνirsFusingFfullyFhνχroniτFχψτνysFinFppFτollisionsFwithF
j~uj}FνtFNFsqrt{s}f_FOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 55

381 vψνsurψmψntsFofFtopFquνrkFpνirFrψlνtivψFχiffψrψntiνlFτrossSsψτtionsFwithFj~uj}FinFppFτollisionsFνtF
Nsqrt{s}FfF_Fmπox{~ψ–}OTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 55

380 }ummνryFofFthψFsψνrτhψsFforFsquνrksFνnχFgluinosFusingFNFsqrt{s}faFOF~ψ–FppFτollisionsFwithFthψF
j~uj}FψxpψrimψntFνtFthψFuqlTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 55

379 vψνsurψmψntsFofFthψFℓoormulνcFsψψFtψxt≥FproχuτtionFτrossFsψτtionsFinFνssoτiνtionFwithFjψtsFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFaY 4.2 54

378
}ψνrτhFforFproχuτtionFofFvψτtorSlikψFquνrkFpνirsFνnχFofFfourFtopFquνrksFinFthψFlψptonSplusSjψtsFfinνlF
stνtψFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2015RFYWX]RFX

5.4 54

377
}ψνrτhFforFtopFsquνrkFpνirFproχuτtionFinFfinνlFstνtψsFwithFonψFisolνtψχFlψptonRFjψtsRFνnχFmissingF
trνnsvψrsψFmomψntumFinFNFsqrt{s}FOFfFaF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2014RFYWX[RFX

5.4 54

376 vψνsurψmψntFofF—F´–FZFproχuτtionFinFprotonSprotonFτollisionsFνtFNsqrt{s}f_~mπox{~ψ–}OFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 54

375
}ψνrτhFforFsquνrksFνnχFgluinosFinFfinνlFstνtψsFwithFjψtsFνnχFmissingFtrνnsvψrsψFmomψntumFνtF
ℓoormulνcFsψψFtψxt≥FfXZFℓoormulνcFsψψFtψxt≥withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RFZbY

4.2 53

374 }ψνrτhFforFnψwFphψnomψnνFinFψvψntsFwithFνtFlψνstFthrψψFphotonsFτollψτtψχFinFτollisionsFνtFℓoormulνcF
sψψFtψxt≥FfFaF~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYXW 4.2 53

373 }ψνrτhFforFνFhψνvyFtopSquνrkFpνrtnψrFinFfinνlFstνtψsFwithFtwoFlψptonsFwithFthψFj~uj}FχψtψτtorFνtF
thψFuqlTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 53

372 vψνsurψmψntFofFthψFinτlusivψFνnχFχijψtFτrossSsψτtionsFofFπSjψtsFinFppFτollisionsFνtF
Nsqrt{s}f_mπox{~~ψ–}OFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 53

371 vψνsurψmψntFofFthψFphotonFiχψntifiτνtionFψffiτiψnτiψsFwithFthψFj~uj}FχψtψτtorFusingFuqlF{unSXF
χνtνTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^^^ 4.2 53

370 }ψνrτhFforFχirψτtFtopSsquνrkFpνirFproχuτtionFinFfinνlFstνtψsFwithFtwoFlψptonsFinFppFτollisionsFνtFNF
sqrt{s}FOFfFaF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 52

369 }ψνrτhFforFlψptonSflνvourSviolνtingFχψτνysFofFthψFqiggsFνnχFπosonsFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RF_W 4.2 52

368
}ψνrτhFforFχνrkFmνttψrFνtFℓoormulνcFsψψFtψxt≥FinFfinνlFstνtψsFτontνiningFνnFψnψrgψtiτFphotonFνnχF
lνrgψFmissingFtrνnsvψrsψFmomψntumFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF
__RFZbZ

4.2 52
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367 vψνsurψmψntFofFflowFhνrmoniτsFwithFmultiSpνrtiτlψFτumulνntsFinFyπQyπFτollisionsFνtFℓoormulνcFsψψF
tψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZX]_ 4.2 52

366 vψνsurψmψntFofFthψF—FπosonFpolνrizνtionFinFtopFquνrkFχψτνysFwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 52

365 yψrformνnτψFofFthψFj~uj}FmuonFtriggψrFinFppFτollisionsFνtFℓoormulνcFsψψFtψxt≥F~ψ–TFEuropeanq
PhysicalqJournalqCRF2015RF_]RFXYW 4.2 51

364 vψνsurψmψntFofFthψFjψtFfrνgmψntνtionFfunτtionFνnχFtrνnsvψrsψFprofilψFinFprotonâ��protonFτollisionsF
νtFνFτψntψrSofSmνssFψnψrgyFofF_F~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 51

363 vψνsurψmψntFofFthψFproχuτtionFτrossFsψτtionFofFjψtsFinFνssoτiνtionFwithFνFZFπosonFinFppFτollisionsFνtF
NFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 50

362 nviχψnτψFforFthψFNFqtoFπovψrlinψ{π}FOFχψτνyFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2017RFYWX_RFX 5.4 50

361
}ψνrτhFforFχirψτtFpνirFproχuτtionFofFνFτhνrginoFνnχFνFnψutrνlinoFχψτνyingFtoFthψFXY]´ pψ–FqiggsF
πosonFinFℓoormulνcFsψψFtψxt≥´ ~ψ–FℓoormulνcFsψψFtψxt≥FτollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanq
PhysicalqJournalqCRF2015RF_]RFYWa

4.2 50

360
rχψntifiτνtionFνnχFψnψrgyFτνliπrνtionFofFhνχroniτνllyFχψτνyingFtνuFlψptonsFwithFthψFj~uj}F
ψxpψrimψntFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥ℓoormulνcFsψψFtψxt≥TFEuropeanqPhysicalqJournalqCRF2015
RF_]RFZWZ

4.2 49

359 vψνsurψmψntFofFτhνrgψχSpνrtiτlψFspψτtrνFinFyπQyπFτollisionsFνtFNFsqrt{sγ{mνthrm{ww}}}fYT_^FOF~ψ–F
withFthψFj~uj}FχψtψτtorFνtFthψFuqlTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 49

358 }ψνrτhFforFhighSmνssFrψsonνnτψsFχψτνyingFtoFχilψptonFfinνlFstνtψsFinFppFτollisionsFνtFNFsqrt{s}f_FOF~ψ–F
withFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 49

357 }ψνrτhFforFrψsonνnτψsFinFχiphotonFψvψntsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 49

356 }ψνrτhFforFψlψτtrowψνkFproχuτtionFofFsupψrsymmψtriτFpνrtiτlψsFinFfinνlFstνtψsFwithFtwoForFthrψψF
lψptonsFνtFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFbb] 4.2 49

355 vψνsurψmψntsFofFtopSquνrkFpνirFχiffψrψntiνlFτrossSsψτtionsFinFthψFlψptonQjψtsFτhνnnψlFinFτollisionsF
νtFℓoormulνcFsψψFtψxt≥FusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]Za 4.2 48

354 }ψνrτhFforFsupψrsymmψtryFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FinFfinνlFstνtψsFwithFjψtsFνnχFtwoFsνmψSsignF
lψptonsForFthrψψFlψptonsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFY]b 4.2 48

353 vψνsurψmψntFofFmultiSpνrtiτlψFνzimuthνlFτorrψlνtionsFinFppRFp´ Q´ yπFνnχFlowSmultipliτityFyπ´ Q´ yπF
τollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF[Ya 4.2 48

352
quntFforFnψwFphψnomψnνFusingFlνrgψFjψtFmultipliτitiψsFνnχFmissingFtrνnsvψrsψFmomψntumFwithF
j~uj}FinF[T_Ffπâ��XFofFNFsqrtF{s}FfF_d~ψ–FOFprotonSprotonFτollisionsTFJournalqofqHighqEnergyqPhysicsRF
2012RFYWXYRFX

5.4 48

351 vψνsurψmψntFofFthψFpromptFVℓoormulνcFsψψFtψxt≥FpνirFproχuτtionFτrossSsψτtionFinFτollisionsFνtF
ℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF_^ 4.2 47

350 }ψνrτhFforFhψνvyFrψsonνnτψsFχψτνyingFintoFinFthψFfinνlFstνtψFinFτollisionsFνtFwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFY[ 4.2 47
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349 }ψνrτhFforFthψFnψutrνlFqiggsFπosonsFofFthψFminimνlFsupψrsymmψtriτFstνnχνrχFmoχψlFinFppFτollisionsF
νtFNFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 47

348 }ψνrτhFforFνFnψwFrψsonνnτψFχψτνyingFtoFνForFπosonFνnχFνFqiggsFπosonFinFthψFℓoormulνcFsψψFtψxt≥F
finνlFstνtψsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFY^Z 4.2 46

347 uightSquνrkFνnχFgluonFjψtFχisτriminνtionFinFℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥FwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZWYZ 4.2 46

346 }ψνrτhFforFlψptonSflνvourSviolνtingFqFSgF˛…ˇ�FχψτνysFofFthψFqiggsFπosonFwithFthψFj~uj}FχψtψτtorTF
JournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 46

345
}ψνrτhFforFνnomνlousFproχuτtionFofFpromptFsνmψSsignFlψptonFpνirsFνnχFpνirSproχuτψχFχouπlyF
τhνrgψχFqiggsFπosonsFwithFNFsqrt{s}faFOF~ψ–FppFτollisionsFusingFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2015RFYWX]RFX

5.4 45

344 }ψνrτhFforFinvisiπlψFχψτνysFofFνFqiggsFπosonFusingFvψτtorSπosonFfusionFinFppFτollisionsFνtFNFsqrt{s}faFOF
~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 45

343 vψνsurψmψntFofFZZFproχuτtionFinFppFτollisionsFνtFNFsqrt{s}f_FOF~ψ–FνnχFlimitsFonFνnomνlousFZZZFνnχF
ZZ˛‡FτouplingsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 45

342 vuonFrψτonstruτtionFψffiτiψnτyFνnχFmomψntumFrψsolutionFofFthψFj~uj}FψxpψrimψntFinF
protonSprotonFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FinFYWXWTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZWZ[ 4.2 45

341 }ψνrτhFforFpνirFproχuτtionFofFmνssivψFpνrtiτlψsFχψτνyingFintoFthrψψFquνrksFwithFthψFj~uj}FχψtψτtorF
inFNFsqrt{s}f_dmνthrm{~ψ–}FOFppFτollisionsFνtFthψFuqlTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 45

340
}ψνrτhFforFsupψrsymmψtryFinFψvψntsFτontνiningFνFsνmψSflνvourFoppositψSsignFχilψptonFpνirRFjψtsRFνnχF
lνrgψFmissingFtrνnsvψrsψFmomψntumFinFℓoormulνcFsψψFtψxt≥´ ~ψ–FτollisionsFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2015RF_]RFZXa

4.2 44

339 rχψntifiτνtionFofFπoostψχRFhνχroniτνllyFχψτνyingFπosonsFνnχFτompνrisonsFwithFj~uj}FχνtνFtνkψnFνtF
ℓoormulνcFsψψFtψxt≥´ ~ψ–TFEuropeanqPhysicalqJournalqCRF2016RF_^RFX][ 4.2 44

338 vψνsurψmψntFofFisolνtψχSphotonFpνirFproχuτtionFinFppFτollisionsFνtFNFsqrt{s}f_d~ψ–FOFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 44

337 }ψνrτhFforFpνirSproχuτψχFmνssivψFτolourψχFsτνlνrsFinFfourSjψtFfinνlFstνtψsFwithFthψFj~uj}FχψtψτtorF
inFprotonâ��protonFτollisionsFνtFNsqrt{s}FfF_Fmπox{~ψ–}OTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 44

336 vψνsurψmψntFofFmultiSjψtFτrossFsψτtionsFinFprotonâ��protonFτollisionsFνtFνF_F~ψ–FτψntψrSofSmνssF
ψnψrgyTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 44

335 yψrformνnτψFofFjψtFsuπstruτturψFtψτhniquψsFforFlνrgψS{FjψtsFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}f_FOF~ψ–FusingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 43

334
vψνsurψmψntFofFthψFτrossFsψτtionFforFtopSquνrkFpνirFproχuτtionFinFppFτollisionsFνtFNsqrtF{s}FfF
{_}R{tψxt{~ψ–}}OFwithFthψFj~uj}FχψtψτtorFusingFfinνlFstνtψsFwithFtwoFhighSpF~FlψptonsTFJournalqofq
HighqEnergyqPhysicsRF2012RFYWXYRFX

5.4 43

333 j~uj}FπSjψtFiχψntifiτνtionFpψrformνnτψFνnχFψffiτiψnτyFmψνsurψmψntFwithFNt{πνr{t}}OFψvψntsFinFppF
τollisionsFνtFNsqrt{s}fXZOF~ψ–TFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 43

332 sψtFrψτonstruτtionFνnχFpψrformνnτψFusingFpνrtiτlψFflowFwithFthψFj~uj}FmψtψτtorTFEuropeanqPhysicalq
JournalqCRF2017RF__RF[^^ 4.2 42
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331
vψνsurψmψntFofFthψFχiffψrψntiνlFτrossSsψτtionsFofFpromptFνnχFnonSpromptFproχuτtionFofFℓoormulνcF
sψψFtψxt≥FνnχFℓoormulνcFsψψFtψxt≥FinFτollisionsFνtFℓoormulνcFsψψFtψxt≥FνnχFa´ ~ψ–FwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYaZ

4.2 42

330 vψνsurψmψntFofFthψFtopFquνrkFmνssFwithFthψFtψmplνtψFmψthoχFinFthψFℓoormulνcFsψψFtψxt≥FτhνnnψlF
usingFj~uj}FχνtνTFEuropeanqPhysicalqJournalqCRF2012RF_YRFYW[^ 4.2 42

329 }ummνryFofFthψFj~uj}Fψxpψrimψntâ��sFsψnsitivityFtoFsupψrsymmψtryFνftψrFuqlF{unFXFâ��FintψrprψtψχF
inFthψFphψnomψnologiτνlFv}}vTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 42

328 }ψνrτhFforFhψνvyFrψsonνnτψsFinFthψFνnχFfinνlFstνtψsFusingFprotonSprotonFτollisionsFνtF´ FwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFYbZ 4.2 41

327
}ψνrτhFforFχirψτtFtopFsquνrkFpνirFproχuτtionFinFψvψntsFwithFνFℓoormulνcFsψψFtψxt≥FπosonRFℓoormulνcF
sψψFtψxt≥SjψtsFνnχFmissingFtrνnsvψrsψFmomψntumFinFℓoormulνcFsψψFtψxt≥F~ψ–FℓoormulνcFsψψFtψxt≥F
τollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFYaaZ

4.2 41

326 }inglψFhνχronFrψsponsψFmψνsurψmψntFνnχFτνlorimψtψrFjψtFψnψrgyFsτνlψFunτψrtνintyFwithFthψFj~uj}F
χψtψτtorFνtFthψFuqlTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 41

325
}ψνrτhFforFsupψrsymmψtriτFpνrtiτlψsFinFψvψntsFwithFlψptonFpνirsFνnχFlνrgψFmissingFtrνnsvψrsψF
momψntumFinFNsqrt{s}f_~mπox{~ψ–}OFprotonâ��protonFτollisionsFwithFthψFj~uj}FψxpψrimψntTF
EuropeanqPhysicalqJournalqCRF2011RF_XRFX

4.2 41

324 {ψνχinψssFofFthψFj~uj}FliquiχFνrgonFτνlorimψtψrFforFuqlFτollisionsTFEuropeanqPhysicalqJournalqCRF
2010RF_WRF_YZS_]Z 4.2 41

323 }ψνrτhFforFnψwFpνrtiτlψsFinFψvψntsFwithFonψFlψptonFνnχFmissingFtrνnsvψrsψFmomψntumFinFppF
τollisionsFνtFNFsqrt{s}FOFfFaF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 40

322
vψνsurψmψntFofFthψFτψntrνlityFχψpψnχψnτψFofFthψFτhνrgψχSpνrtiτlψFpsψuχorνpiχityFχistriπutionFinF
protonSlψνχFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2016RF_^RFXbb

4.2 39

321 }ψνrτhFforFsupψrsymmψtryFνtFNsqrt{s}OFfFaF~ψ–FinFfinνlFstνtψsFwithFjψtsFνnχFtwoFsνmψSsignFlψptonsForF
thrψψFlψptonsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 39

320
jFsψνrτhFforFNFtovψrlinψFtFOFrψsonνnτψsFinFlψptonQjψtsFψvψntsFwithFhighlyFπoostψχFtopFquνrksF
τollψτtψχFinFppFτollisionsFνtFNFsqrtF{s}FfF_FOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2012RFYWXYRFX

5.4 39

319 yψrformνnτψFofFνlgorithmsFthνtFrψτonstruτtFmissingFtrνnsvψrsψFmomψntumFinFℓoormulνcFsψψFtψxt≥fF
aF~ψ–FprotonSprotonFτollisionsFinFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFY[X 4.2 38

318
xπsψrvνtionFνnχFmψνsurψmψntsFofFthψFproχuτtionFofFpromptFνnχFnonSpromptFℓoormulνcFsψψFtψxt≥F
mψsonsFinFνssoτiνtionFwithFνFℓoormulνcFsψψFtψxt≥FπosonFinFℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcF
sψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFYYb

4.2 38

317 }ψνrτhFforFlongSlivψχFnψutrνlFpνrtiτlψsFχψτνyingFintoFlψptonFjψtsFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 38

316 nlψτtronFrψτonstruτtionFνnχFiχψntifiτνtionFinFthψFj~uj}FψxpψrimψntFusingFthψFYWX]FνnχFYWX^FuqlF
protonâ��protonFτollisionFχνtνFνtFNsqrt{s}FfFXZOFNtψxtF{~ψ–}OTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 37

315 vψνsurψmψntFofFthψFproχuτtionFofFνF—FπosonFinFνssoτiνtionFwithFνFτhνrmFquνrkFinFppFτollisionsFνtFNF
sqrt{s}FOFfF_F~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 37

314 }ψνrτhFforFsquνrksFνnχFgluinosFinFψvψntsFwithFisolνtψχFlψptonsRFjψtsFνnχFmissingFtrνnsvψrsψF
momψntumFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 37

(2015-2016)
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313 }ψνrτhFforFthψF}tνnχνrχFvoχψlFqiggsFπosonFinFthψFqFSgFˇ�FQFˇ�Fâ��FχψτνyFmoχψFinFNFsqrtF{s}FfF
_R{mνthrm{~ψ–}}FOFppFτollisionsFwithFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 37

312 uimitsFonFthψFproχuτtionFofFthψFstνnχνrχFmoχψlFqiggsFπosonFinFppFτollisionsFνtFNsqrt{s}FfF_OF~ψ–FwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 37

311 }ψνrτhFforFmνssivψFτolorψχFsτνlνrsFinFfourSjψtFfinνlFstνtψsFinFNsqrt{s}f_~mπox{~ψ–}OFprotonâ��protonF
τollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 37

310 lhνrgψχSpνrtiτlψFχistriπutionsFνtFlowFtrνnsvψrsψFmomψntumFinFℓoormulνcFsψψFtψxt≥´ ~ψ–FintψrντtionsF
mψνsurψχFwithFthψFj~uj}FχψtψτtorFνtFthψFuqlTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]WY 4.2 37

309 vψνsurψmψntFofFthψFqiggsFπosonFτouplingFpropψrtiψsFinFthψFqFSgFZZPFSgF[â��FχψτνyFτhνnnψlFνtFNF
sqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 36

308 }ψνrτhFforFχirψτtFpνirFproχuτtionFofFthψFtopFsquνrkFinFνllShνχroniτFfinνlFstνtψsFinFprotonSprotonF
τollisionsFνtFNFsqrt{s}FOFfFaF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 36

307 vψνsurψmψntFofFlongituχinνlFflowFχψτorrψlνtionsFinFyπQyπFτollisionsFνtFνnχF]TWYF~ψ–FwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFX[Y 4.2 35

306 vψνsurψmψntFofFquνrkoniumFproχuτtionFinFprotonSlψνχFνnχFprotonSprotonFτollisionsFνtFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFX_X 4.2 35

305 vψνsurψmψntFofFthψFτhνrgψχSpνrtiτlψFmultipliτityFinsiχψFjψtsFfromFℓoormulνcFsψψFtψxt≥ℓoormulνcFsψψF
tψxt≥´ FτollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFZYY 4.2 35

304 vψνsurψmψntFofFjψtFfrνgmψntνtionFinFyπQyπFνnχFτollisionsFνtF~ψ–FwithFthψFj~uj}FχψtψτtorFνtFthψF
uqlTFEuropeanqPhysicalqJournalqCRF2017RF__RFZ_b 4.2 35

303 }ψνrτhFforFsψτonχFgψnψrνtionFsτνlνrFlψptoquνrksFinFppFτollisionsFνtFNsqrt{s}f_~mπox{~ψ–}OFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 35

302 vψνsurψmψntFofFthψFτrossSsψτtionFforF—FπosonFproχuτtionFinFνssoτiνtionFwithFπSjψtsFinFppFτollisionsF
νtFNFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 34

301 j~uj}FsψνrτhFforFνFhψνvyFgνugψFπosonFχψτνyingFtoFνFτhνrgψχFlψptonFνnχFνFnψutrinoFinFppFτollisionsF
νtFNsqrt{s}FfF_Fmνthrm{~ψ–}OTFEuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 34

300 }ψνrτhFforFsνmψSsignFtopSquνrkFproχuτtionFνnχFfourthSgψnψrνtionFχownStypψFquνrksFinFppFτollisionsF
νtFNFsqrtF{s}FfF{_}d{tψxt{~ψ–}}FOFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 34

299 }ψνrτhFforFhψνvyFpνrtiτlψsFχψτνyingFintoFtopSquνrkFpνirsFusingFlψptonSplusSjψtsFψvψntsFinF
protonSprotonFτollisionsFνtF´ FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRF]^] 4.2 34

298 yψrformνnτψFofFthψFj~uj}FtrντkFrψτonstruτtionFνlgorithmsFinFχψnsψFψnvironmψntsFinFuqlF{unFYTF
EuropeanqPhysicalqJournalqCRF2017RF__RF^_Z 4.2 33

297 }ψνrτhFforFτhνrgψχFqiggsFπosonsFinFthψFqF´–FSgFtπFχψτνyFτhνnnψlFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–F
usingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 33

296
}ψνrτhFforFtopSsquνrkFpνirFproχuτtionFinFfinνlFstνtψsFwithFonψFlψptonRFjψtsRFνnχFmissingFtrνnsvψrsψF
momψntumFusingFZ^Ffπâ��XFofFNFsqrt{s}fXZFOF~ψ–FppFτollisionFχνtνFwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2018RFYWXaRFX

5.4 33

Paolo Francavilla
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295 vψνsurψmψntFofFthψFtopFquνrkFmνssFinFthψFℓoormulνcFsψψFtψxt≥FνnχFℓoormulνcFsψψFtψxt≥FτhνnnψlsF
usingFℓoormulνcFsψψFtψxt≥´ ℓoormulνcFsψψFtψxt≥Fj~uj}FχνtνTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZZW 4.2 32

294 }ψνrτhFforFχνrkFmνttψrFproχuτψχFinFνssoτiνtionFwithFπottomForFtopFquνrksFinF´ ~ψ–FτollisionsFwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXa 4.2 32

293
}tuχyFofFψnψrgyFrψsponsψFνnχFrψsolutionFofFthψFj~uj}FπνrrψlFτνlorimψtψrFtoFhνχronsFofFψnψrgiψsF
fromFYWFtoFZ]WFpψ–TFNuclearqInstrumentsqandqMethodsqinqPhysicsqResearch,qSectionqA:qAccelerators,q
Spectrometers,qDetectorsqandqAssociatedqEquipmentRF2010RF^YXRFXZ[SX]W

1.2 32

292
}ψνrτhFforFpνirFproχuτtionFofFqiggsFπosonsFinFthψFNFπovψrlinψ{π}πovψrlinψ{π}FOFfinνlFstνtψFusingF
protonSprotonFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2019RFYWXbRFX

5.4 31

291 lonstrνintsFonFmψχiνtorSπνsψχFχνrkFmνttψrFνnχFsτνlνrFχνrkFψnψrgyFmoχψlsFusingFNFsqrt{s}FOFfFXZF~ψ–F
ppFτollisionFχνtνFτollψτtψχFπyFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2019RFYWXbRFX 5.4 31

290
vψνsurψmψntFofFthψFpolνrisνtionFofF—FπosonsFproχuτψχFwithFlνrgψFtrνnsvψrsψFmomψntumFinFppF
τollisionsFνtFNsqrt{s}FfF_Fmπox{~ψ–}OFwithFthψFj~uj}FψxpψrimψntTFEuropeanqPhysicalqJournalqCRF2012RF
_YRFX

4.2 31

289
miffψrψntiνlFtopSνntitopFτrossSsψτtionFmψνsurψmψntsFνsFνFfunτtionFofFoπsψrvνπlψsFτonstruτtψχFfromF
finνlSstνtψFpνrtiτlψsFusingFppFτollisionsFνtFNFsqrt{s}f_FOF~ψ–FinFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2015RFYWX]RFX

5.4 31

288
vψνsurψmψntFofFthψFproχuτtionFνnχFlψptonFτhνrgψFνsymmψtryFofFℓoormulνcFsψψFtψxt≥FπosonsFinF
yπQyπFτollisionsFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF
_]RFYZ

4.2 31

287
}ψνrτhFforFτontντtFintψrντtionsFνnχFlνrgψFψxtrνFχimψnsionsFinFthψFχilψptonFτhνnnψlFusingF
protonSprotonFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ a´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2014RF_[RFZXZ[

4.2 31

286
}ψνrτhFforFstrongFproχuτtionFofFsupψrsymmψtriτFpνrtiτlψsFinFfinνlFstνtψsFwithFmissingFtrνnsvψrsψF
momψntumFνnχFνtFlψνstFthrψψFπSjψtsFνtFNFsqrt{s}FfFaFOF~ψ–FprotonSprotonFτollisionsFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 31

285 jFsψνrτhFforFflνvourFτhνngingFnψutrνlFτurrψntsFinFtopSquνrkFχψτνysFinFppFτollisionFχνtνFτollψτtψχF
withFthψFj~uj}FχψtψτtorFνtFNFsqrt{s}f_d~ψ–FOTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 31

284
}ψνrτhFforFlightFsτνlνrFtopSquνrkFpνirFproχuτtionFinFfinνlFstνtψsFwithFtwoFlψptonsFwithFthψFj~uj}F
χψtψτtorFinFNsqrt{s}f_Fmνthrm{~ψ–}OFprotonâ��protonFτollisionsTFEuropeanqPhysicalqJournalqCRF2012RF
_YRFX

4.2 31

283 rnτlusivψFsψνrτhFforFsνmψSsignFχilψptonFsignνturψsFinFppFτollisionsFνtFNFsqrtF{s}FfF_FOF~ψ–FwithFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2011RFYWXXRFX 5.4 31

282 vψνsurψmψntsFofFπSjψtFtνggingFψffiτiψnτyFwithFthψFj~uj}FχψtψτtorFusingFNFtovψrlinψ{t}FOFψvψntsFνtFNF
sqrt{s}fXZFOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 31

281 }ψνrτhFforFthirχFgψnψrνtionFsτνlνrFlψptoquνrksFinFppFτollisionsFνtFNFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 30

280 }ψνrτhFforFνFsτνlνrFpνrtnψrFofFthψFtopFquνrkFinFthψFjψtsFplusFmissingFtrνnsvψrsψFmomψntumFfinνlF
stνtψFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 30

279 vψνsurψmψntsFofFfiχuτiνlFνnχFχiffψrψntiνlFτrossFsψτtionsFforFqiggsFπosonFproχuτtionFinFthψF
χiphotonFχψτνyFτhνnnψlFνtFNFsqrt{s}faFOF~ψ–FwithFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 30

278 vψνsurψmψntFofFthψFℓoormulνcFsψψFtψxt≥FproχuτtionFτrossFsψτtionFinFthψFtνuFQFjψtsFτhνnnψlFusingFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFYZYa 4.2 30

(2013-2015)
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277
vψνsurψmψntsFofFunχψrlyingSψvψntFpropψrtiψsFusingFnψutrνlFνnχFτhνrgψχFpνrtiτlψsFinFppFτollisionsF
νtFNsqrt{s}fbWWOFpψ–FνnχFNsqrt{s}f_OF~ψ–FwithFthψFj~uj}FχψtψτtorFνtFthψFuqlTFEuropeanqPhysicalq
JournalqCRF2011RF_XRFX

4.2 30

276 yψrformνnτψFofFψlψτtronFνnχFphotonFtriggψrsFinFj~uj}FχuringFuqlF{unFYTFEuropeanqPhysicalqJournalq
CRF2020RFaWRFX 4.2 30

275 }ψνrτhψsFforFhψνvyFlongSlivψχFτhνrgψχFpνrtiτlψsFwithFthψFj~uj}FχψtψτtorFinFprotonSprotonFτollisionsF
νtFNFsqrt{s}faFOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 29

274
}ψνrτhFforFthψFχirψτtFproχuτtionFofFτhνrginosRFnψutrνlinosFνnχFstνusFinFfinνlFstνtψsFwithFνtFlψνstFtwoF
hνχroniτνllyFχψτνyingFtνusFνnχFmissingFtrνnsvψrsψFmomψntumFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–F
withFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 29

273 {ψτonstruτtionFofFprimνryFvψrtiτψsFνtFthψFj~uj}FψxpψrimψntFinF{unFXFprotonSprotonFτollisionsFνtF
thψFuqlTFEuropeanqPhysicalqJournalqCRF2017RF__RFZZY 4.2 29

272
}ψνrτhFforFpνirFproχuτtionFofFhψνvyFvψτtorSlikψFquνrksFχψτνyingFtoFhighSpF~F—FπosonsFνnχFπFquνrksF
inFthψFlψptonSplusSjψtsFfinνlFstνtψFinFppFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTF
JournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX

5.4 29

271
}ψνrτhFforFpνirFνnχFsinglψFproχuτtionFofFnψwFhψνvyFquνrksFthνtFχψτνyFtoFνFZFπosonFνnχFνF
thirχSgψnψrνtionFquνrkFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2014RFYWX[RFX

5.4 29

270 ~woSpνrtiτlψFkosψSninstψinFτorrψlνtionsFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥FWTbFνnχF_F~ψ–FmψνsurψχF
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF[^^ 4.2 28

269 jFsψνrτhFforFpνirSproχuτψχFrψsonνnτψsFinFfourSjψtFfinνlFstνtψsFνtFwithFthψFj~uj}FχψtψτtorTFEuropeanq
PhysicalqJournalqCRF2018RF_aRFY]W 4.2 28

268 {ψτonstruτtionFofFhνχroniτFχψτνyFproχuτtsFofFtνuFlψptonsFwithFthψFj~uj}FψxpψrimψntTFEuropeanq
PhysicalqJournalqCRF2016RF_^RFYb] 4.2 28

267 }ψνrτhFforFsinglψFtopSquνrkFproχuτtionFviνFflνvourSτhνngingFnψutrνlFτurrψntsFνtFa´ ~ψ–FwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]] 4.2 28

266
}ψνrτhFforFminimνlFsupψrsymmψtriτFstνnχνrχFmoχψlFqiggsFkosonsF´ V´ FνnχFforFνFℓoormulνcFsψψFtψxt≥F
πosonFinFthψFℓoormulνcFsψψFtψxt≥FfinνlFstνtψFproχuτψχFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥F~ψ–FwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]a]

4.2 28

265
oiχuτiνlRFtotνlFνnχFχiffψrψntiνlFτrossSsψτtionFmψνsurψmψntsFofFSτhνnnψlFsinglψFtopSquνrkFproχuτtionF
inFτollisionsFνtFa´ ~ψ–FusingFχνtνFτollψτtψχFπyFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF
__RF]ZX

4.2 27

264 vψνsurψmψntFofFthψFinτlusivψFjψtFτrossSsψτtionFinFprotonSprotonFτollisionsFνtFNFsqrt{s}f_FOF~ψ–FusingF
[T]Ffπâ��XFofFχνtνFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 27

263
}ψνrτhFforFpνirFproχuτtionFofFvψτtorSlikψFtopFquνrksFinFψvψntsFwithFonψFlψptonRFjψtsRFνnχFmissingF
trνnsvψrsψFmomψntumFinFNFsqrt{s}fXZFOF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2017RFYWX_RFX

5.4 27

262 }tuχyFofFthψFrνrψFχψτνysFofFℓoormulνcFsψψFtψxt≥FνnχFℓoormulνcFsψψFtψxt≥FintoFmuonFpνirsFfromFχνtνF
τollψτtψχFχuringFthψFuqlF{unFXFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]XZ 4.2 27

261 vψνsurψmψntFofFthψFphotonFiχψntifiτνtionFψffiτiψnτiψsFwithFthψFj~uj}FχψtψτtorFusingFuqlF{unFYF
χνtνFτollψτtψχFinFYWX]FνnχFYWX^TFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 26

260 vψνsurψmψntFofFˇ�FτXFνnχFˇ�FτYFproχuτtionFwithFNFsqrt{s}FOFfF_F~ψ–FppFτollisionsFνtFj~uj}TFJournalqofq
HighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 26

Paolo Francavilla
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259
vψνsurψmψntsFofFthψFproχuτtionFτrossFsψτtionFofFνFℓoormulνcFsψψFtψxt≥FπosonFinFνssoτiνtionFwithF
jψtsFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2017RF__RFZ^X

4.2 26

258 jnνlysisFofFψvψntsFwithFπSjψtsFνnχFνFpνirFofFlψptonsFofFthψFsνmψFτhνrgψFinFppFτollisionsFνtFNFsqrt{s}faF
OF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 26

257 vψνsurψmψntFofFχiffψrψntiνlFproχuτtionFτrossSsψτtionsFforFνFZFπosonFinFνssoτiνtionFwithFπSjψtsFinF_F
~ψ–FprotonSprotonFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 26

256 ~ψstFofFlyFinvνriνnτψFinFvψτtorSπosonFfusionFproχuτtionFofFthψFqiggsFπosonFusingFthψFmψthoχFinFthψF
χitνuFχψτνyFτhνnnψlFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^]a 4.2 26

255 nlψτtronFνnχFphotonFψnψrgyFτνliπrνtionFwithFthψFj~uj}FχψtψτtorFusingFYWX]â��YWX^FuqlF
protonSprotonFτollisionFχνtνTFJournalqofqInstrumentationRF2019RFX[RFyWZWX_SyWZWX_ 1 25

254 vultiSτhνnnψlFsψνrτhFforFsquνrksFνnχFgluinosFinFℓoormulνcFsψψFtψxt≥FτollisionsFwithFthψFj~uj}F
χψtψτtorFνtFthψFuqlTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFYZ^Y 4.2 25

253 vψνsurψmψntFofFinτlusivψFνnχFχiffψrψntiνlFτrossFsψτtionsFinFthψFqFSgFZZFPFSgF[â��FχψτνyFτhνnnψlFinFppF
τollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 25

252 }ψνrτhFforFℓoormulνcFsψψFtψxt≥FχψτνysFinFℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥´ f´ a´ ~ψ–F
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFX^] 4.2 25

251 }ψνrτhFforFπottomFsquνrkFpνirFproχuτtionFinFprotonSprotonFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–F
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF][_ 4.2 25

250 vψνsurψmψntFofFthψFinτlusivψFisolνtψχFpromptFphotonFτrossFsψτtionFinFppFτollisionsFνtFNFsqrt{s}faFOF
~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 25

249 vψνsurψmψntFofFthψFχouπlψSχiffψrψntiνlFhighSmνssFmrψllS±νnFτrossFsψτtionFinFppFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 24

248 vψνsurψmψntFofFthψFtopFquνrkFpνirFproχuτtionFτhνrgψFνsymmψtryFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}FOFfF_F~ψ–FusingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 24

247
vψνsurψmψntFofFthψFproχuτtionFτrossFsψτtionFofFpromptFsVˇ�FmψsonsFinFνssoτiνtionFwithFνF—F´–F
πosonFinFppFτollisionsFνtFNFsqrt{s}FOFfF_F~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2014RFYWX[RFX

5.4 24

246 vψνsurψmψntFofFthψFχiffψrψntiνlFτrossSsψτtionFofFkFQFmψsonFproχuτtionFinFppFτollisionsFνtFNF
sqrt{s}f_FOF~ψ–FνtFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 24

245
}ψνrτhFforFtopFνnχFπottomFsquνrksFfromFgluinoFpνirFproχuτtionFinFfinνlFstνtψsFwithFmissingF
trνnsvψrsψFψnψrgyFνnχFνtFlψνstFthrψψFπSjψtsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2012RF_YRFX

4.2 24

244 }ψνrτhFforFsinglψFproχuτtionFofFvψτtorSlikψFquνrksFχψτνyingFintoFinFτollisionsFνtFℓoormulνcFsψψF
tψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF[[Y 4.2 24

243 }ψνrτhFforFthψFχirψτtFproχuτtionFofFτhνrginosFνnχFnψutrνlinosFinFfinνlFstνtψsFwithFtνuFlψptonsFinF
τollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFX][ 4.2 23

242 oorwνrχSπντkwνrχFτorrψlνtionsFνnχFτhνrgψχSpνrtiτlψFνzimuthνlFχistriπutionsFinFppFintψrντtionsF
usingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 23

(2012-2017)
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241
}ψνrτhFforFνFnψwFhψνvyFgνugψSπosonFrψsonνnτψFχψτνyingFintoFνFlψptonFνnχFmissingFtrνnsvψrsψF
momψntumFinFZ^FfπFofFτollisionsFνtF´ ~ψ–FwithFthψFj~uj}FψxpψrimψntTFEuropeanqPhysicalqJournalqCRF
2018RF_aRF[WX

4.2 23

240 yromptFνnχFnonSpromptFνnχFsupprψssionFνtFhighFtrνnsvψrsψFmomψntumFinFyπQyπFτollisionsFwithF
thψFj~uj}FψxpψrimψntTFEuropeanqPhysicalqJournalqCRF2018RF_aRF_^Y 4.2 23

239
jFmψνsurψmψntFofFthψFτνlorimψtψrFrψsponsψFtoFsinglψFhνχronsFνnχFχψtψrminνtionFofFthψFjψtFψnψrgyF
sτνlψFunτψrtνintyFusingFuqlF{unSXFSτollisionFχνtνFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2017RF__RFY^

4.2 22

238
vψνsurψmψntFofFthψFinτlusivψFτrossSsψτtionsFofFsinglψFtopSquνrkFνnχFtopSνntiquνrkFtSτhνnnψlF
proχuτtionFinFppFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2017RFYWX_RFX

5.4 22

237 }ψνrτhFforFhψνvyFlongSlivψχFmultiSτhνrgψχFpνrtiτlψsFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FusingFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZ^Y 4.2 22

236 }ψνrτhFforF—F—V—FZFrψsonνnτψFproχuτtionFinFâ��˛‰qqFfinνlFstνtψsFinFppFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–F
withFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 22

235 jFsψνrτhFforFpromptFlψptonSjψtsFinFppFτollisionsFνtFNFsqrt{mνthrm{s}}faFOF~ψ–FwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 22

234
}ψνrτhFforFsupψrsymmψtryFinFfinνlFstνtψsFwithFtwoFsνmψSsignForFthrψψFlψptonsFνnχFjψtsFusingFZ^Ffπâ��XF
ofFNFsqrt{s}fXZFOF~ψ–FppFτollisionFχνtνFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RF
YWX_RFX

5.4 22

233 jFsψνrτhFforFhighSmνssFrψsonνnτψsFχψτνyingFtoFˇ�Qˇ�â��FinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 22

232 }ψνrτhFforFhψνvyFlψptonFrψsonνnτψsFχψτνyingFtoFνFZFπosonFνnχFνFlψptonFinFppFτollisionsFνtFNFsqrt{s}faF
OF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 22

231 }ψνrτhFforFinvisiπlψFpνrtiτlψsFproχuτψχFinFνssoτiνtionFwithFsinglψStopSquνrksFinFprotonSprotonF
τollisionsFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF_b 4.2 21

230
vψνsurψmψntsFofFfiχuτiνlFτrossSsψτtionsFforFℓoormulνcFsψψFtψxt≥FproχuτtionFwithFonψForFtwoF
νχχitionνlFSjψtsFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥faF~ψ–´ usingFthψFj~uj}FχψtψτtorTFEuropeanq
PhysicalqJournalqCRF2016RF_^RFXX

4.2 21

229
vψνsurψmψntFofFχistriπutionsFsψnsitivψFtoFthψFunχψrlyingFψvψntFinFinτlusivψFZSπosonFproχuτtionFinF
ℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥F~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2014RF_[RFZXb]

4.2 21

228 }tuχyFofFhνrχFχouπlψSpνrtonFsτνttψringFinFfourSjψtFψvψntsFinFppFτollisionsFνtFNFsqrt{s}f_FOF~ψ–FwithF
thψFj~uj}FψxpψrimψntTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 21

227 }ψνrτhFforFqiggsFπosonFpνirFproχuτtionFinFthψFτhνnnψlFusingFτollisionFχνtνFrψτorχψχFνtF~ψ–FwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXWW_ 4.2 21

226 }ψνrτhFforFnψwFphψnomψnνFinFψvψntsFwithFsνmψSτhνrgψFlψptonsFνnχFπSjψtsFinFppFτollisionsFνtFNF
sqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 21

225 vψνsurψmψntFofFthψFνzimuthνlFνnisotropyFofFτhνrgψχFpνrtiτlψsFproχuτψχFinFfF]TWY´ ~ψ–FyπQyπF
τollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFbb_ 4.2 21

224 }ψνrτhFforFχouπlyFτhνrgψχFsτνlνrFπosonsFχψτνyingFintoFsνmψSsignFπosonFpνirsFwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRF]a 4.2 20

Paolo Francavilla
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223 vψνsurψmψntFofFthψFνngulνrFτoψffiτiψntsFinFZSπosonFψvψntsFusingFψlψτtronFνnχFmuonFpνirsFfromF
χνtνFtνkψnFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 20

222 }ψνrτhψsFforFhψνvyFχiπosonFrψsonνnτψsFinFppFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 20

221 }ψνrτhψsFforFthψFZ˛‡FχψτνyFmoχψFofFthψFqiggsFπosonFνnχFforFnψwFhighSmνssFrψsonνnτψsFinFppF
τollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 20

220 }ψνrτhFforFgluinosFinFψvψntsFwithFνnFisolνtψχFlψptonRFjψtsFνnχFmissingFtrνnsvψrsψFmomψntumFνtF
ℓoormulνcFsψψFtψxt≥FfFXZF~ψF–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]^] 4.2 20

219 vψνsurψmψntFofFthψFπosonFpolνrisνtionFinFℓoormulνcFsψψFtψxt≥FψvψntsFfromFτollisionsFνtFℓoormulνcF
sψψFtψxt≥FfFaF~ψ–FinFthψFlψpton´ Q´ jψtsFτhνnnψlFwithFj~uj}TFEuropeanqPhysicalqJournalqCRF2017RF__RFY^[ 4.2 19

218 yψrformνnτψFofFtopSquνrkFνnχFNvνrvψτ{—}OSπosonFtνggingFwithFj~uj}FinF{unFYFofFthψFuqlTFEuropeanq
PhysicalqJournalqCRF2019RF_bRFX 4.2 19

217 }ψνrτhFforFχirψτtFtopFsquνrkFpνirFproχuτtionFinFfinνlFstνtψsFwithFtwoFlψptonsFinF~ψ–FτollisionsFwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFaba 4.2 19

216 mψtψrminνtionFofFthψFstrongFτouplingFτonstνntFfromFtrνnsvψrsψFψnψrgySψnψrgyFτorrψlνtionsFinF
multijψtFψvψntsFνtFusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFa_Y 4.2 19

215 lhνrgψχSpνrtiτlψFχistriπutionsFinFintψrντtionsFνtFℓoormulνcFsψψFtψxt≥FmψνsurψχFwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF[WZ 4.2 19

214 vψνsurψmψntFofFthrψψSjψtFproχuτtionFτrossSsψτtionsFinFℓoormulνcFsψψFtψxt≥FτollisionsFνtF_´ ℓoormulνcF
sψψFtψxt≥FτψntrψSofSmνssFψnψrgyFusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFYYa 4.2 18

213 vψνsurψmψntFofFthψFunχψrlyingFψvψntFinFjψtFψvψntsFfromF_FNtψxtF{~ψ–}OFprotonâ��protonFτollisionsF
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFX 4.2 18

212
vψνsurψmψntFofFthψFτψntrνlityFνnχFpsψuχorνpiχityFχψpψnχψnτψFofFthψFintψgrνtψχFψlliptiτFflowFinF
lψνχSlψνχFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–´ withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2014RF_[RFYbaY

4.2 18

211 vψνsurψmψntFofFthψFlowSmνssFmrψllS±νnFχiffψrψntiνlFτrossFsψτtionFνtFNFsqrt{s}FOFfF_F~ψ–FusingFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 18

210 vψνsurψmψntFofFjψtFshνpψsFinFtopSquνrkFpνirFψvψntsFνtFℓoormulνcFsψψFtψxt≥FusingFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFY^_^ 4.2 18

209 vψνsurψmψntFofFthψFforwνrχSπντkwνrχFνsymmψtryFofFψlψτtronFνnχFmuonFpνirSproχuτtionFinFppF
τollisionsFνtFNFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 18

208 }ψνrτhFforFflνvourSτhνngingFnψutrνlFτurrψntFtopFquνrkFχψτνysFtFSgFqqFinFppFτollisionsFνtFNFsqrt{s}faFOF
~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFXS^] 5.4 18

207 }ψνrτhFforFmψtνstνπlψFhψνvyFτhνrgψχFpνrtiτlψsFwithFlνrgψFionisνtionFψnψrgyFlossFinFτollisionsFνtF
ℓoormulνcFsψψFtψxt≥´ ~ψ–FusingFthψFj~uj}FψxpψrimψntTFEuropeanqPhysicalqJournalqCRF2015RF_]RF[W_ 4.2 18

206 vψνsurψmψntFofFψvψntFshνpψsFνtFlνrgψFmomψntumFtrνnsfψrFwithFthψFj~uj}FχψtψτtorFinFppF
τollisionsFνtFNsqrt{mνthπf{s}}f_Fmνthrm{~ψ–}OTFEuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 18

(2012-2016)
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205
}ψνrτhFforFνnFψxτψssFofFψvψntsFwithFνnFiχψntiτνlFflνvourFlψptonFpνirFνnχFsignifiτνntFmissingF
trνnsvψrsψFmomψntumFinFNsqrt{s}f_OF~ψ–Fprotonâ��protonFτollisionsFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2011RF_XRFX

4.2 18

204
vψνsurψmψntFofFthψFτhνrgψFνsymmψtryFinFtopSquνrkFpνirFproχuτtionFinFthψFlψptonSplusSjψtsFfinνlF
stνtψFinFτollisionFχνtνFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RFa_

4.2 18

203 vψνsurψmψntFofFχijψtFτrossSsψτtionsFinFppFτollisionsFνtF_F~ψ–FτψntrψSofSmνssFψnψrgyFusingFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 17

202 vψνsurψmψntFofFpolνrizνtionFinFSgFχψτνysFwithFthψFj~uj}FχψtψτtorFinFτollisionsFνtFℓoormulνcFsψψF
tψxt≥TFEuropeanqPhysicalqJournalqCRF2012RF_YRFYW^Y 4.2 17

201
vψνsurψmψntsFofFjψtFvψtoψsFνnχFνzimuthνlFχψτorrψlνtionsFinFχijψtFψvψntsFproχuτψχFinFℓoormulνcFsψψF
tψxt≥FτollisionsFνtFℓoormulνcFsψψFtψxt≥FusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014RF
_[RFZXX_

4.2 17

200
}ψνrτhFforFνFsτνlνrFpνrtnψrFofFthψFtopFquνrkFinFthψFνllShνχroniτFNt{πνr{t}}OFplusFmissingFtrνnsvψrsψF
momψntumFfinνlFstνtψFνtFNsqrt{s}fXZOF~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2020RFaWRFX

4.2 17

199
}ψνrτhFforFsupψrsymmψtryFinFνFfinνlFstνtψFτontνiningFtwoFphotonsFνnχFmissingFtrνnsvψrsψF
momψntumFinFℓoormulνcFsψψFtψxt≥´ f´ XZ´ ~ψ–FℓoormulνcFsψψFtψxt≥FτollisionsFνtFthψFuqlFusingFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]X_

4.2 17

198 mνrkFmνttψrFintψrprψtνtionsFofFj~uj}FsψνrτhψsFforFthψFψlψτtrowψνkFproχuτtionFofFsupψrsymmψtriτF
pνrtiτlψsFinFNFsqrt{s}faFOF~ψ–FprotonSprotonFτollisionsTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 16

197
}ψνrτhFforFthψF}tνnχνrχFvoχψlFqiggsFπosonFχψτνyingFintoFNFπovψrlinψ{π}FOFproχuτψχFinFνssoτiνtionF
withFtopFquνrksFχψτνyingFhνχroniτνllyFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTF
JournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX

5.4 16

196 rχψntifiτνtionFνnχFrψjψτtionFofFpilψSupFjψtsFνtFhighFpsψuχorνpiχityFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RF]aW 4.2 16

195 vψνsurψmψntFofFthψFmrψllS±νnFtriplψSχiffψrψntiνlFτrossFsψτtionFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–TF
JournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 16

194 }ψνrτhFforFnψwFphψnomψnνFinFψvψntsFwithFthrψψForFmorψFτhνrgψχFlψptonsFinFppFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 16

193 vψνsurψmψntFofFthψFNFtovψrlinψ{t}—FOFνnχFNFtovψrlinψ{t}ZFOFproχuτtionFτrossFsψτtionsFinFppFτollisionsF
νtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 16

192 vψνsurψmψntFofFthψFτhνrgψFνsymmψtryFinFχilψptoniτFχψτνysFofFtopFquνrkFpνirsFinFppFτollisionsFνtFNF
sqrt{s}f_FOF~ψ–FusingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 16

191
jFmψνsurψmψntFofFthψFrνtioFofFthψFproχuτtionFτrossFsψτtionsFforFℓoormulνcFsψψFtψxt≥FνnχFℓoormulνcF
sψψFtψxt≥FπosonsFinFνssoτiνtionFwithFjψtsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2014
RF_[RFZX^a

4.2 16

190 vψνsurψmψntFofFthψFproχuτtionFτrossSsψτtionFofFˇ�NY}OFSgFsVˇ�NSg˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FinFppFτollisionsFνtFNF
sqrt{s}FOFfF_F~ψ–FνtFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 16

189 }ψνrτhFforFνnomνlousFproχuτtionFofFpromptFlikψSsignFlψptonFpνirsFνtFNFsqrt{s}f_dmνthrm{~ψ–}FOFwithF
thψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 16

188 }tuχiψsFofFthψFpψrformνnτψFofFthψFj~uj}FχψtψτtorFusingFτosmiτSrνyFmuonsTFEuropeanqPhysicalq
JournalqCRF2011RF_XRFX 4.2 16
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187 ~hψFpψrformνnτψFofFthψFjψtFtriggψrFforFthψFj~uj}FχψtψτtorFχuringFYWXXFχνtνFtνkingTFEuropeanq
PhysicalqJournalqCRF2016RF_^RF]Y^ 4.2 16

186
}ψνrτhFforFthψFqiggsFπosonFproχuτψχFinFνssoτiνtionFwithFνFπosonFνnχFχψτνyingFtoFfourFSquνrksFviνF
twoFspinSzψroFpνrtiτlψsFinFτollisionsFνtFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RF^W]

4.2 16

185
}ψνrτhFforFflνvourSτhνngingFnψutrνlFτurrψntFtopSquνrkFχψτνysFtoFℓoormulνcFsψψFtψxt≥FinFℓoormulνcF
sψψFtψxt≥FτollisionFχνtνFτollψτtψχFwithFthψFj~uj}FχψtψτtorFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–TFEuropeanq
PhysicalqJournalqCRF2016RF_^RFXY

4.2 16

184 vψνsurψmψntFofFfiχuτiνlFνnχFχiffψrψntiνlFN—^Q—^SOFproχuτtionFτrossSsψτtionsFνtFNsqrt{s}fXZOF~ψ–F
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 16

183 mψtψrminνtionFofFspinFνnχFpνrityFofFthψFqiggsFπosonFinFthψFℓoormulνcFsψψFtψxt≥FχψτνyFτhνnnψlFwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFYZX 4.2 15

182 vψνsurψmψntFofFthψFtopFquνrkFτhνrgψFinFppFτollisionsFνtFNFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}FχψtψτtorTF
JournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 15

181
}ψνrτhFforFχirψτtFτhνrginoFproχuτtionFinFνnomνlySmψχiνtψχFsupψrsymmψtryFπrψνkingFmoχψlsFπνsψχF
onFνFχisνppψνringStrντkFsignνturψFinFppFτollisionsFνtFNFsqrt{s}f_dmνthrm{~ψ–}FOFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX

5.4 15

180 vψνsurψmψntsFofFˇ�NY}OFνnχF NZa_YOFSgFsVˇ�ˇ�FQFˇ�Fâ��FproχuτtionFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithF
thψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 15

179
vψνsurψmψntFofFproχuτtionFwithFthψFhνχroniτνllyFχψτνyingFπosonFrψτonstruτtψχFνsFonψForFtwoFjψtsF
inFτollisionsFνtFwithFj~uj}RFνnχFτonstrνintsFonFνnomνlousFgνugψFτouplingsTFEuropeanqPhysicalq
JournalqCRF2017RF__RF]^Z

4.2 15

178 mψtψrminνtionFofFthψFtopSquνrkFpolψFmνssFusingFNFtovψrlinψ{t}FOFQFXSjψtFψvψntsFτollψτtψχFwithFthψF
j~uj}FψxpψrimψntFinF_F~ψ–FppFτollisionsTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 15

177
}ψνrτhFfor—qproχuτtionFwithFνFlightFqiggsFπosonFχψτνyingFtoFpromptFψlψτtronSjψtsFinF
protonâ��protonFτollisionsFνtFJsqrtF{s}f_JF~ψ–FwithFthψFj~uj}FχψtψτtorTFNewqJournalqofqPhysicsRF2013RF
X]RFW[ZWWb

2.9 15

176 }ψνrτhFforFχiphotonFψvψntsFwithFlνrgψFmissingFtrνnsvψrsψFψnψrgyFwithFZ^Fpπâ��XFofF_F~ψ–F
protonâ��protonFτollisionFχνtνFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 15

175
}ψνrτhFforFnψwFphψnomψnνFusingFthψFinvνriνntFmνssFχistriπutionFofFsνmψSflνvourFoppositψSsignF
χilψptonFpνirsFinFψvψntsFwithFmissingFtrνnsvψrsψFmomψntumFinF´ FτollisionsFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2018RF_aRF^Y]

4.2 15

174
vψνsurψmψntFofFthψFℓoormulνcFsψψFtψxt≥FνnχFℓoormulνcFsψψFtψxt≥FproχuτtionFτrossFsψτtionsFinF
multilψptonFfinνlFstνtψsFusingFZTYFfπℓoormulνcFsψψFtψxt≥FofFℓoormulνcFsψψFtψxt≥FτollisionsFνtFℓoormulνcF
sψψFtψxt≥FfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF[W

4.2 14

173 vψνsurψmψntsFofFψlψτtrowψνkFℓoormulνcFsψψFtψxt≥FproχuτtionFνnχFτonstrνintsFonFνnomνlousFgνugψF
τouplingsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF[_[ 4.2 14

172
vψνsurψmψntFofFthψFNFtovψrlinψ{t}FOFproχuτtionFτrossSsψτtionFνsFνFfunτtionFofFjψtFmultipliτityFνnχFjψtF
trνnsvψrsψFmomψntumFinF_F~ψ–FprotonSprotonFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2015RFYWX]RFX

5.4 14

171 }ψνrτhFforFthψFproχuτtionFofFsinglψFvψτtorSlikψFνnχFψxτitψχFquνrksFinFthψF—tFfinνlFstνtψFinFppF
τollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 14

170
vψνsurψmψntFofFthψFψlψτtrowψνkFproχuτtionFofFχijψtsFinFνssoτiνtionFwithFνFZSπosonFνnχF
χistriπutionsFsψnsitivψFtoFvψτtorFπosonFfusionFinFprotonSprotonFτollisionsFνtFNFsqrt{s}FOFfFaF~ψ–FusingF
thψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 14

(2014-2016)
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169 }ψνrτhFforFχψτνysFofFstoppψχRFlongSlivψχFpνrtiτlψsFfromF_F~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 14

168
}ψνrτhFforFτhνrgψχFqiggsFπosonsFthroughFthψFviolνtionFofFlψptonFunivψrsνlityFinFNFtovψrlinψ{t}FOF
ψvψntsFusingFppFτollisionFχνtνFνtFNFsqrt{s}f_FOF~ψ–FwithFthψFj~uj}FψxpψrimψntTFJournalqofqHighq
EnergyqPhysicsRF2013RFYWXZRFX

5.4 14

167 }tuχyFofFN—VZOqFproχuτtionFνnχFqiggsFπosonFτouplingsFusingFqSgF—F—FPFχψτνysFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 14

166 jFsψνrτhFforFℓoormulνcFsψψFtψxt≥FrψsonνnτψsFwithFthψFj~uj}FχψtψτtorFinFYTW]FfπFofFprotonSprotonF
τollisionsFνtFℓoormulνcFsψψFtψxt≥TFEuropeanqPhysicalqJournalqCRF2012RF_YRFYWaZ 4.2 14

165 lommissioningFofFthψFj~uj}FvuonF}pψτtromψtψrFwithFτosmiτFrνysTFEuropeanqPhysicalqJournalqCRF
2010RF_WRFa_]SbX^ 4.2 14

164 yψrformνnτψFofFthψFj~uj}FχψtψτtorFusingFfirstFτollisionFχνtνTFJournalqofqHighqEnergyqPhysicsRF2010RF
YWXWRFX 5.4 14

163
vψνsurψmψntsFofFtopSquνrkFpνirFχiffψrψntiνlFτrossSsψτtionsFinFthψFℓoormulνcFsψψFtψxt≥FτhνnnψlFinF
τollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF
__RFYbY

4.2 13

162 }ψνrτhFforFtriπosonFℓoormulνcFsψψFtψxt≥FproχuτtionFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ℓoormulνcFsψψF
tψxt≥FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFX[X 4.2 13

161
vψνsurψmψntFofFfiχuτiνlFχiffψrψntiνlFτrossFsψτtionsFofFgluonSfusionFproχuτtionFofFqiggsFπosonsF
χψτνyingFtoF——FPSgψ˛‰˛…˛‰FwithFthψFj~uj}FχψtψτtorFνtFNFsqrt{s}faFOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF
2016RFYWX^RFX

5.4 13

160 }ψνrτhFforFnψwFphψnomψnνFinFψvψntsFwithFνFphotonFνnχFmissingFtrνnsvψrsψFmomψntumFinFppF
τollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 13

159 rχψntifiτνtionFofFhighFtrνnsvψrsψFmomψntumFtopFquνrksFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 13

158 }tuχyFofFthψFℓoormulνcFsψψFtψxt≥FνnχFℓoormulνcFsψψFtψxt≥FχψτνysFwithFthψFj~uj}FχψtψτtorTFEuropeanq
PhysicalqJournalqCRF2016RF_^RF[ 4.2 13

157 }ψνrτhFforFsupψrsymmψtryFinFψvψntsFwithFπStνggψχFjψtsFνnχFmissingFtrνnsvψrsψFmomψntumFinFppF
τollisionsFνtFNFsqrt{s}fXZFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 13

156
}ψνrτhFforF{SpνritySviolνtingFsupψrsymmψtryFinFψvψntsFwithFfourForFmorψFlψptonsFinFNF
sqrt{s}f_dmνthrm{~ψ–}FOFppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2012RF
YWXYRFX

5.4 13

155
}ψνrτhFforFνnomνlySmψχiνtψχFsupψrsymmψtryFπrψνkingFwithFthψFj~uj}FχψtψτtorFπνsψχFonFνF
χisνppψνringStrντkFsignνturψFinFppFτollisionsFνtFNsqrt{s}FfF_~mνthrm{~ψ–}OTFEuropeanqPhysicalq
JournalqCRF2012RF_YRFX

4.2 13

154 }ψνrτhFforFνFfψrmiophoπiτFqiggsFπosonFinFthψFχiphotonFχψτνyFτhνnnψlFwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 13

153 }ψνrτhFforFνFhψνvyFnψutrνlFpνrtiτlψFχψτνyingFintoFνnFψlψτtronFνnχFνFmuonFusingFXFfπâ��XFofFj~uj}F
χνtνTFEuropeanqPhysicalqJournalqCRF2011RF_XRFX 4.2 13

152
}ψνrτhFforFχirψτtFproχuτtionFofFψlψτtrowψνkinosFinFfinνlFstνtψsFwithFonψFlψptonRFmissingFtrνnsvψrsψF
momψntumFνnχFνFqiggsFπosonFχψτνyingFintoFtwoFπSjψtsFinFNppOFτollisionsFνtFNsqrt{s}fXZOF~ψ–FwithF
thψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX

4.2 13

Paolo Francavilla
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151 vuonFrψτonstruτtionFνnχFiχψntifiτνtionFψffiτiψnτyFinFj~uj}FusingFthψFfullF{unFYFppFτollisionFχνtνFsψtF
νtFNsqrt{s}fXZOF~ψ–TFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 13

150 ~hψFuνsψrFτνliπrνtionFofFthψFj~uj}F~ilψFlνlorimψtψrFχuringFthψFuqlFrunFXTFJournalqofqInstrumentation
RF2016RFXXRF~XWWW]S~XWWW] 1 13

149
vψνsurψmψntsFofFtopSquνrkFpνirFχiffψrψntiνlFνnχFχouπlψSχiffψrψntiνlFτrossSsψτtionsFinFthψFNψllFOQjψtsF
τhνnnψlFwithFppFτollisionsFνtFNsqrt{s}fXZOF~ψ–FusingFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqC
RF2019RF_bRFX

4.2 13

148 xpψrνtionFνnχFpψrformνnτψFofFthψFj~uj}F~ilψFlνlorimψtψrFinF{un´ XTFEuropeanqPhysicalqJournalqCRF
2018RF_aRFba_ 4.2 13

147
vψνsurψmψntFofFthψF—F—FQF—FZFτrossFsψτtionFνnχFlimitsFonFνnomνlousFtriplψFgνugψFτouplingsFusingF
finνlFstνtψsFwithFonψFlψptonRFmissingFtrνnsvψrsψFmomψntumRFνnχFtwoFjψtsFwithFthψFj~uj}FχψtψτtorF
νtFNFsqrt{s}f_FOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX

5.4 12

146 qiggsFπosonFproχuτtionFτrossSsψτtionFmψνsurψmψntsFνnχFthψirFno~FintψrprψtνtionFinFthψFN[ψllFOF
χψτνyFτhνnnψlFνtFNsqrt{s}fOXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 12

145 }ψνrτhFforFnψwFphψnomψnνFwithFphotonQjψtFψvψntsFinFprotonSprotonFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–F
withFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 12

144 vψνsurψmψntFofFthψFproχuτtionFτrossSsψτtionFofFνFsinglψFtopFquνrkFinFνssoτiνtionFwithFνF—FπosonFνtF
aF~ψ–FwithFthψFj~uj}FψxpψrimψntTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 12

143 }ψνrτhFforFstrongFgrνvityFinFmultijψtFfinνlFstνtψsFproχuτψχFinFppFτollisionsFνtFNFsqrt{s}fXZFOF~ψ–FusingF
thψFj~uj}FχψtψτtorFνtFthψFuqlTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 12

142 yroπingFlψptonFflνvourFviolνtionFviνFnψutrinolψssFℓoormulνcFsψψFtψxt≥FχψτνysFwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYZY 4.2 12

141
}ψνrτhFforFνnomνlousFτouplingsFinFthψF—FtπFvψrtψxFfromFthψFmψνsurψmψntFofFχouπlψFχiffψrψntiνlF
νngulνrFχψτνyFrνtψsFofFsinglψFtopFquνrksFproχuτψχFinFthψFtSτhνnnψlFwithFthψFj~uj}FχψtψτtorTF
JournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFXS[^

5.4 12

140 vψνsurψmψntFofFinτlusivψFjψtFνnχFχijψtFτrossSsψτtionsFinFprotonSprotonFτollisionsFνtFNFsqrt{s}fXZFOF
~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 12

139
~hψFχiffψrψntiνlFproχuτtionFτrossFsψτtionFofFthψFℓoormulνcFsψψFtψxt≥NXWYWOFmψsonFinFℓoormulνcFsψψF
tψxt≥FfF_´ ~ψ–FℓoormulνcFsψψFtψxt≥FτollisionsFmψνsurψχFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2014RF_[RFYab]

4.2 12

138 vψνsurψmψntFofFthψFinτlusivψFjψtFτrossSsψτtionsFinFprotonSprotonFτollisionsFνtFNFsqrt{s}faFOF~ψ–FwithF
thψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

137 vψνsurψmψntsFofFtopSquνrkFpνirFχiffψrψntiνlFτrossSsψτtionsFinFthψFlψptonQjψtsFτhνnnψlFinFppF
τollisionsFνtFNFsqrt{s}fXZFOF~ψ–FusingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

136 }ψνrτhFforFtopFquνrkFχψτνysFtFSgFqqRFwithFqFSgF˛‡˛‡RFinFNFsqrt{s}fXZFOF~ψ–FppFτollisionsFusingFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

135 vψνsurψmψntsFofFtopFquνrkFspinFoπsψrvνπlψsFinFNFtovψrlinψ{t}FOFψvψntsFusingFχilψptonFfinνlFstνtψsFinFNF
sqrt{s}faFOF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

134 vψνsurψmψntFofFthψFflνvourFτompositionFofFχijψtFψvψntsFinFppFτollisionsFνtFNsqrt{s}f_Fmπox{~ψ–}OF
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 12

(2013-2021)
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133 mriftF~imψFvψνsurψmψntFinFthψFj~uj}FuiquiχFjrgonFnlψτtromνgnψtiτFlνlorimψtψrFusingFlosmiτF
vuonsTFEuropeanqPhysicalqJournalqCRF2010RF_WRF_]]S_a] 4.2 12

132 vψνsurψmψntFofFthψFτrossSsψτtionFνnχFτhνrgψFνsymmψtryFofF—FπosonsFproχuτψχFinFprotonâ��protonF
τollisionsFνtFNsqrt{s}fa~tψxtF{~ψ–}OFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 11

131 mirψτtFtopSquνrkFχψτνyFwiχthFmψνsurψmψntFinFthψFlψptonQjψtsFτhνnnψlFνtFwithFthψFj~uj}F
ψxpψrimψntTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXYb 4.2 11

130 vψνsurψmψntFofFlψptonFχiffψrψntiνlFχistriπutionsFνnχFthψFtopFquνrkFmνssFinFproχuτtionFinFτollisionsF
νtF´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFaW[ 4.2 11

129 yroπingFthψF—FtπFvψrtψxFstruτturψFinFtSτhνnnψlFsinglψStopSquνrkFproχuτtionFνnχFχψτνyFinFppF
τollisionsFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 11

128 }tuχyFofFνnχFproχuτtionFinFτollisionsFνtFνnχFsψνrτhFforFνnomνlousFquνrtiτFgνugψFτouplingsFwithFthψF
j~uj}FψxpψrimψntTFEuropeanqPhysicalqJournalqCRF2017RF__RF^[^ 4.2 11

127 vψνsurψmψntsFofFthψFpsψuχorνpiχityFχψpψnχψnτψFofFthψFtotνlFtrνnsvψrsψFψnψrgyFinFprotonSprotonF
τollisionsFνtFNFsqrt{s}f_FOF~ψ–FwithFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 11

126
}ψνrτhFforFsupψrsymmψtryFinFψvψntsFwithFlνrgψFmissingFtrνnsvψrsψFmomψntumRFjψtsRFνnχFνtFlψνstF
onψFtνuFlψptonFinF_F~ψ–FprotonSprotonFτollisionFχνtνFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalq
JournalqCRF2012RF_YRFX

4.2 11

125 vψνsurψmψntFofF—˛‡FνnχFZ˛‡FproχuτtionFinFprotonSprotonFτollisionsFνtFNFsqrtF{s}FfF_FOF~ψ–FwithFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2011RFYWXXRFX 5.4 11

124 sψtFψnψrgyFsτνlψFνnχFrψsolutionFmψνsurψχFinFprotonâ��protonFτollisionsFνtFNsqrt{s}fXZOF~ψ–FwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 11

123 jFsψνrτhFforFtopFsquνrksFwithF{SpνritySviolνtingFχψτνysFtoFνllShνχroniτFfinνlFstνtψsFwithFthψFj~uj}F
χψtψτtorFinFNFsqrt{s}faFOF~ψ–FprotonSprotonFτollisionsTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 10

122 vψνsurψmψntFofFthψFlySviolνtingFphνsψFhFsFνnχFthψFkFWFsFmψsonFχψτνyFwiχthFχiffψrψnτψFwithFkFWFsF
FSgFsVˇ�hFχψτνysFinFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 10

121 }ψνrτhFforFlψptonFflνvourFviolνtionFinFthψFτontinuumFwithFthψFj~uj}FχψtψτtorFinFℓoormulνcFsψψFtψxt≥F
τollisionsFνtFthψFuqlTFEuropeanqPhysicalqJournalqCRF2012RF_YRFYW[W 4.2 10

120
vψνsurψmψntFofFχψtψτtorSτorrψτtψχFoπsψrvνπlψsFsψnsitivψFtoFthψFνnomνlousFproχuτtionFofFψvψntsF
withFjψtsFνnχFlνrgψFmissingFtrνnsvψrsψFmomψntumFinFτollisionsFνtF´ ~ψ–FusingFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RF_^]

4.2 10

119 vψνsurψmψntFofFinτlusivψFtwoSpνrtiτlψFνngulνrFτorrψlνtionsFinFppFτollisionsFwithFthψFj~uj}FχψtψτtorF
νtFthψFuqlTFJournalqofqHighqEnergyqPhysicsRF2012RFYWXYRFX 5.4 10

118
}tuχyFofFthψFrψsponsψFofFthψFj~uj}FτψntrνlFτνlorimψtψrFtoFpionsFofFψnψrgiψsFfromFZFtoFbFpψ–TF
NuclearqInstrumentsqandqMethodsqinqPhysicsqResearch,qSectionqA:qAccelerators,qSpectrometers,q
DetectorsqandqAssociatedqEquipmentRF2009RF^W_RFZ_YSZa^

1.2 10

117
vψνsurψmψntFofFthψFZZFproχuτtionFτrossFsψτtionFinFprotonSprotonFτollisionsFνtFNFsqrt{s}faFOF~ψ–F
usingFthψFZZFSgFâ��â�� â��Qâ��hâ��â��hQFνnχFNFZZtoF{ψll}^{S}{ψll}^{Q}nuFovψrlinψ{nu}FOFχψτνyFτhνnnψlsFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX

5.4 9

116
vψνsurψmψntFofFτhνrgψχSpνrtiτlψFχistriπutionsFsψnsitivψFtoFthψFunχψrlyingFψvψntFinFNFsqrt{s}fXZFOF
~ψ–FprotonSprotonFτollisionsFwithFthψFj~uj}FχψtψτtorFνtFthψFuqlTFJournalqofqHighqEnergyqPhysicsRF
2017RFYWX_RFX

5.4 9
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115
}ψνrτhFforFsupψrsymmψtryFinFψvψntsFwithFlνrgψFmissingFtrνnsvψrsψFmomψntumRFjψtsRFνnχFνtFlψνstF
onψFtνuFlψptonFinFYWFfπâ��XFofFNFsqrt{s}FOFfFaF~ψ–FprotonSprotonFτollisionFχνtνFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 9

114 lomπinψχFpψrformνnτψFstuχiψsFforFψlψτtronsFνtFthψFYWW[Fj~uj}FτomπinψχFtψstSπψνmTFJournalqofq
InstrumentationRF2010RF]RFyXXWW^SyXXWW^ 1 9

113 }ψνrτhFforFnψwFnonSrψsonνntFphψnomψnνFinFhighSmνssFχilψptonFfinνlFstνtψsFwithFthψFj~uj}F
χψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 9

112 vψνsurψmψntsFofFthψFqiggsFπosonFinτlusivψFνnχFχiffψrψntiνlFfiχuτiνlFτrossFsψτtionsFinFthψF[NψllFOF
χψτνyFτhνnnψlFνtFNsqrt{s}OFfFXZF~ψ–TFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 9

111
vψνsurψmψntFofF–qRFNFmνthrm{q}toFmνthrm{π}ovψrlinψ{mνthrm{π}}FOFproχuτtionFνsFνFfunτtionFofF
thψFvψτtorSπosonFtrνnsvψrsψFmomψntumFinFXZF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2019RFYWXbRFX

5.4 8

110 }ψνrτhFforFpνirsFofFsτνlνrFlψptoquνrksFχψτνyingFintoFquνrksFνnχFψlψτtronsForFmuonsFinFNFsqrt{s}FOFfFXZF
~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 8

109 }ψνrτhFforFsquνrksFνnχFgluinosFinFfinνlFstνtψsFwithFsνmψSsignFlψptonsFνnχFjψtsFusingFXZbFfπâ��XFofFχνtνF
τollψτtψχFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 8

108 kψνmSinχuτψχFνnχFτosmiτSrνyFπντkgrounχsFoπsψrvψχFinFthψFj~uj}FχψtψτtorFχuringFthψFuqlFYWXYF
protonSprotonFrunningFpψrioχTFJournalqofqInstrumentationRF2016RFXXRFyW]WXZSyW]WXZ 1 8

107 vψνsurψmψntFofFsplittingFsτνlψsFinFSgFψvψntsFνtFℓoormulνcFsψψFtψxt≥FwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2013RF_ZRFY[ZY 4.2 8

106
}ψνrτhFforFnψwFphψnomψnνFinFψvψntsFτontνiningFνFsνmψSflνvourFoppositψSsignFχilψptonFpνirRFjψtsRF
νnχFlνrgψFmissingFtrνnsvψrsψFmomψntumFinFℓoormulνcFsψψFtψxt≥´ ℓoormulνcFsψψFtψxt≥ℓoormulνcFsψψF
tψxt≥FτollisionsFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFX[[

4.2 8

105
}ψνrτhFforFnψwFphψnomψnνFwithFlνrgψFjψtFmultipliτitiψsFνnχFmissingFtrνnsvψrsψFmomψntumFusingF
lνrgψSrνχiusFjψtsFνnχFflνvourStνggingFνtFj~uj}FinFXZF~ψ–FppFτollisionsTFJournalqofqHighqEnergyqPhysics
RF2017RFYWX_RFX

5.4 8

104 vψνsurψmψntFofFthψFtopSquνrkFmνssFinFthψFfullyFhνχroniτFχψτνyFτhνnnψlFfromFj~uj}FχνtνFνtF
ℓoormulνcFsψψFtψxt≥TFEuropeanqPhysicalqJournalqCRF2015RF_]RFX]a 4.2 8

103 nviχψnτψFforFNtπνr{t}tπνr{t}OFproχuτtionFinFthψFmultilψptonFfinνlFstνtψFinFprotonâ��protonFτollisionsFνtF
Nsqrt{s}fXZOFNtψxtF{~ψ–}OFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 8

102 yψrformνnτψFofFthψFmissingFtrνnsvψrsψFmomψntumFtriggψrsFforFthψFj~uj}FχψtψτtorFχuringF{unSYF
χνtνFtνkingTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 8

101 vψνsurψmψntsFofFtopSquνrkFpνirFspinFτorrψlνtionsFinFthψFNψmuFOFτhνnnψlFνtFNsqrt{s}FfFXZOF~ψ–FusingF
ppFτollisionsFinFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 8

100
}ψνrτhFforFnψwFphψnomψnνFinFψvψntsFwithFtwoFoppositψSτhνrgψFlψptonsRFjψtsFνnχFmissingFtrνnsvψrsψF
momψntumFinFppFτollisionsFνtFNFsqrt{mνthrm{s}}FOFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2021RFYWYXRFX

5.4 8

99
}ψνrτhFforFhψνvyFrψsonνnτψsFχψτνyingFintoFνFpνirFofFZFπosonsFinFthψFNψllF^QψllF^SψllFM^QψllFM^SOFνnχFNψllF
^QψllF^SnuF{{πνr{nuF}}}OFfinνlFstνtψsFusingFXZbFNmνthrmF{fπ}^{SX}OFofFprotonâ��protonFτollisionsFνtF
Nsqrt{s}FfFXZRO~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX

4.2 8

98 }ψνrτhFforFτhνrgψχFqiggsFπosonsFχψτνyingFintoFνFtopFquνrkFνnχFνFπottomFquνrkFνtFNFsqrt{mνthrm{s}}F
OFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 8
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97
}ψνrτhFforFthψF}tνnχνrχFvoχψlFqiggsFπosonFproχuτψχFπyFvψτtorSπosonFfusionFνnχFχψτνyingFtoF
πottomFquνrksFinFNFsqrt{s}faFOF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2016RFYWX^RFX

5.4 8

96
}ψνrτhFforFsquνrksFνnχFgluinosFinFfinνlFstνtψsFwithFjψtsFνnχFmissingFtrνnsvψrsψFmomψntumFusingFXZbF
fπâ��XFofFNFsqrt{s}FOFfFXZF~ψ–FppFτollisionFχνtνFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2021RFYWYXRFX

5.4 8

95 yromptFνnχFnonSpromptFψlliptiτFflowFinFyπQyπFτollisionsFνtF~ψvFwithFthψFj~uj}FχψtψτtorTFEuropeanq
PhysicalqJournalqCRF2018RF_aRF_a[ 4.2 8

94 }ψνrτhFforFnψwFphψnomψnνFinFhighSmνssFfinνlFstνtψsFwithFνFphotonFνnχFνFjψtFfromFτollisionsFνtFfF
XZ´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXWY 4.2 7

93
}ψνrτhFforFsquνrksFνnχFgluinosFinFψvψntsFwithFhνχroniτνllyFχψτνyingFtνuFlψptonsRFjψtsFνnχFmissingF
trνnsvψrsψFmomψntumFinFprotonSprotonFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–FrψτorχψχFwithFthψF
j~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^aZ

4.2 7

92
vψνsurψmψntFofFχiffψrψntiνlFτrossFsψτtionsFνnχF—QV—â��FτrossSsψτtionFrνtiosFforF—FπosonFproχuτtionF
inFνssoτiνtionFwithFjψtsFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2018RFYWXaRFX

5.4 7

91 vψνsurψmψntFofFthψFNFtovψrlinψ{t}gνmmνFOFproχuτtionFτrossFsψτtionFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 7

90 vψνsurψmψntsFofFtopSquνrkFpνirFtoFZSπosonFτrossSsψτtionFrνtiosFνtFNFsqrt{s}fXZFOFRFaRF_F~ψ–FwithFthψF
j~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 7

89
}ψνrτhFforFχirψτtFtopFsquνrkFpνirFproχuτtionFinFψvψntsFwithFνFqiggsForFZFπosonRFνnχFmissingF
trνnsvψrsψFmomψntumFinFNFsqrt{s}fXZFOF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighq
EnergyqPhysicsRF2017RFYWX_RFX

5.4 7

88
}ψνrτhFforFnψwFphψnomψnνFinFνFlψptonFplusFhighFjψtFmultipliτityFfinνlFstνtψFwithFthψFj~uj}F
ψxpψrimψntFusingFNFsqrt{s}fXZFOF~ψ–FprotonSprotonFτollisionFχνtνTFJournalqofqHighqEnergyqPhysicsRF
2017RFYWX_RFX

5.4 7

87 }tuχiψsFofFZ˛‡FproχuτtionFinFνssoτiνtionFwithFνFhighSmνssFχijψtFsystψmFinFppFτollisionsFνtFNFsqrt{s}faFOF
~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 7

86
jnνlysisFofFthψF—tπFvψrtψxFfromFthψFmψνsurψmψntFofFtriplψSχiffψrψntiνlFνngulνrFχψτνyFrνtψsFofF
singlψFtopFquνrksFproχuτψχFinFthψFtSτhνnnψlFνtFNFsqrt{s}faFOF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2017RFYWX_RFX

5.4 7

85 }ψνrτhFforFtypψSrrrFsψψsνwFhψνvyFlψptonsFinFχilψptonFfinνlFstνtψsFinFppFτollisionsFνtFNFsqrt{s}FfFXZR{tψxtF
{~ψ–}}FOFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 7

84
}ψνrτhFforFνFhψνvyFqiggsFπosonFχψτνyingFintoFνFZFπosonFνnχFνnothψrFhψνvyFqiggsFπosonFinFthψFNψllF
ψllFππOFνnχFNψllFψllF——OFfinνlFstνtψsFinFppFτollisionsFνtFNsqrt{s}fXZOFNtψxtF{~ψ–}OFwithFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX

4.2 7

83 vψνsurψmψntFofFthψFℓoormulνcFsψψFtψxt≥FχijψtFτrossFsψτtionFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥´ ~ψ–F
withFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^_W 4.2 7

82 }ψνrτhFforFnψwFphψnomψnνFinFχiffψrψntSflνvourFhighSmνssFχilψptonFfinνlFstνtψsFinFτollisionsFνtF
ℓoormulνcFsψψFtψxt≥´ ~ψvFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF][X 4.2 7

81 }ψνrτhFforFχirψτtFtopFsquνrkFpνirFproχuτtionFinFfinνlFstνtψsFwithFtwoFtνuFlψptonsFinFτollisionsFνtF
ℓoormulνcFsψψFtψxt≥´ ~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFaX 4.2 7

80 vψνsurψmψntsFofF—qFνnχFZqFproχuτtionFinFthψFNqFrightνrrowFππνr{π}OFχψτνyFτhνnnψlFinFppF
τollisionsFνtFNXZRtψxtF{~ψ}tψxtF{–}OFwithFthψFj~uj}FχψtψτtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 7
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79 jFnψwFmψthoχFtoFχistinguishFhνχroniτνllyFχψτνyingFπoostψχFπosonsFfromFπosonsFusingFthψFj~uj}F
χψtψτtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYZa 4.2 6

78 }ψνrτhFforFmiτrosτopiτFπlντkFholψsFνnχFstringFπνllsFinFfinνlFstνtψsFwithFlψptonsFνnχFjψtsFwithFthψF
j~uj}FχψtψτtorFνtFNFsqrt{s}FOFfFaF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 6

77
vψνsurψmψntsFofFτhνrgψFνnχFlyFνsymmψtriψsFinFπShνχronFχψτνysFusingFtopSquνrkFψvψntsFτollψτtψχF
πyFthψFj~uj}FχψtψτtorFinFppFτollisionsFνtFNFsqrt{s}faFOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2017RF
YWX_RFX

5.4 6

76 ~opSquνrkFmνssFmψνsurψmψntFinFthψFνllShνχroniτFNFtovψrlinψ{t}FOFχψτνyFτhνnnψlFνtFNFsqrt{s}faFOF~ψ–F
withFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 6

75 }ψνrτhFforFNFtovψrlinψ{t}FOFrψsonνnτψsFinFfullyFhνχroniτFfinνlFstνtψsFinFppFτollisionsFνtFNFsqrt{s}FOFfFXZF
~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 6

74
}ψνrτhFforFnψwFphψnomψnνFwithFtopFquνrkFpνirsFinFfinνlFstνtψsFwithFonψFlψptonRFjψtsRFνnχFmissingF
trνnsvψrsψFmomψntumFinFppFτollisionsFνtFNFsqrt{s}FOFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofq
HighqEnergyqPhysicsRF2021RFYWYXRFX

5.4 6

73
}ψνrτhFforFnψwFphψnomψnνFinFfinνlFstνtψsFwithFπSjψtsFνnχFmissingFtrνnsvψrsψFmomψntumFinFNF
sqrt{mνthrm{s}}FOFfFXZF~ψ–FppFτollisionsFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF
2021RFYWYXRFX

5.4 6

72
}ψνrτhFforFpνirFproχuτtionFofFthirχSgψnψrνtionFsτνlνrFlψptoquνrksFχψτνyingFintoFνFtopFquνrkFνnχFνF
ˇ�SlψptonFinFppFτollisionsFνtFNFsqrt{s}FOFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2021RFYWYXRFX

5.4 6

71
vψνsurψmψntFofFjψtFντtivityFproχuτψχFinFtopSquνrkFψvψntsFwithFνnFψlψτtronRFνFmuonFνnχFtwoF
StνggψχFjψtsFinFthψFfinνlFstνtψFinFτollisionsFνtFℓoormulνcFsψψFtψxt≥F~ψ–FwithFthψFj~uj}FχψtψτtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RFYYW

4.2 5

70 vψνsurψmψntFofFthψFrνtioFofFτrossFsψτtionsFforFinτlusivψFisolνtψχSphotonFproχuτtionFinFppFτollisionsF
νtFNFsqrt{s}FOFfFXZFνnχFaF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2019RFYWXbRFX 5.4 5

69 vψνsurψmψntFofFχiffψrψntiνlFτrossSsψτtionsFofFνFsinglψFtopFquνrkFproχuτψχFinFνssoτiνtionFwithFνF
πosonFνtFwithFj~uj}TFEuropeanqPhysicalqJournalqCRF2018RF_aRFXa^ 4.2 5

68 vψνsurψmψntFofFπShνχronFpνirFproχuτtionFwithFthψFj~uj}FχψtψτtorFinFprotonSprotonFτollisionsFνtFNF
sqrt{s}faFOF~ψ–TFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 5

67 vψνsurψmψntFofFfourSjψtFχiffψrψntiνlFτrossFsψτtionsFinFNFsqrt{s}faFOF~ψ–FprotonSprotonFτollisionsF
usingFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFXS_^ 5.4 5

66
vψνsurψmψntsFofFthψFproχuτtionFτrossSsψτtionFforFνFZFπosonFinFνssoτiνtionFwithFπSjψtsFinF
protonSprotonFτollisionsFνtFNFsqrt{s}FOFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2020RFYWYWRFX

5.4 5

65
}ψνrτhFforFthψFqqFSgFNFπovψrlinψ{π}πovψrlinψ{π}FOFproτψssFviνFvψτtorSπosonFfusionFproχuτtionFusingF
protonSprotonFτollisionsFνtFNFsqrt{s}FOFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyq
PhysicsRF2020RFYWYWRFX

5.4 5

64 xπsψrvνtionFofFthψFνssoτiνtψχFproχuτtionFofFνFtopFquνrkFνnχFνFZFπosonFinFppFτollisionsFνtFNFsqrt{s}FOfF
XZF~ψ–FwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 5

63 vψνsurψmψntFofFlightSπySlightFsτνttψringFνnχFsψνrτhFforFνxionSlikψFpνrtiτlψsFwithFYTYFnπâ��XFofFyπQyπF
χνtνFwithFthψFj~uj}FχψtψτtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 5

62
}ψνrτhFforFpνirFproχuτtionFofFsτνlνrFlψptoquνrksFχψτνyingFintoFfirstSForFsψτonχSgψnψrνtionFlψptonsF
νnχFtopFquνrksFinFprotonâ��protonFτollisionsFνtFNsqrt{s}OFfFXZF~ψ–FwithFthψFj~uj}FχψtψτtorTFEuropeanq
PhysicalqJournalqCRF2021RFaXRFX

4.2 5
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61
vψνsurψmψntFofFψvψntSshνpψFoπsψrvνπlψsFinFℓoormulνcFsψψFtψxt≥FψvψntsFinFτollisionsFνtFℓoormulνcF
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