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450 yτrχormγnντFoχFthτFj~uj}FuτvτlSXFtopoloψiνγlFtriψψτrFinF{un´ YTFEuropeanqPhysicalqJournalqCRF2022RF
aYRFX 4.2 0

449
}τγrνhFχorFτxotiνFπτνγysFoχFthτFqiψψsFμosonFintoFμJJFovτrlinτ{μ}FJJFγnπFmissinψFtrγnsvτrsτF
momτntumFinFppFνollisionsFγtFJJFsqrt{s}FJJFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2022RFYWYYRFX

5.4 0

448
xμsτrvγtionFoχFτlτνtrowτγkFproπuνtionFoχFtwoFjτtsFinFγssoνiγtionFwithFγnFisolγtτπFphotonFγnπF
missinψFtrγnsvτrsτFmomτntumRFγnπFsτγrνhFχorFγFqiψψsFμosonFπτνγyinψFintoFinvisiμlτFpγrtiνlτsFγtF
XZ´ JJtτxtF{~τ’}JJFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2022RFaYRFX

4.2 0

447
}τγrνhFχorFqiψψsFμosonsFπτνγyinψFintoFnτwFspinSWForFspinSXFpγrtiνlτsFinFχourSlτptonFχinγlFstγtτsFwithF
thτFj~uj}FπτtτνtorFwithFXZbFχμâ��XFoχFppFνollisionFπγtγFγtFJJFsqrt{s}FJJFfFXZF~τ’TFJournalqofqHighq
EnergyqPhysicsRF2022RFYWYYRFX

5.4 0

446 jtloγstZcF~hτFwτxtFpτnτrγtionFoχFoγstF}imulγtionFinFj~uj}TFComputingqandqSoftwareqforqBigqScienceRF
2022RF^RFX 6 0

445
vτγsurτmτntFoχFthτFτnτrψyFrτsponsτFoχFthτFj~uj}´ νγlorimτtτrFtoFνhγrψτπ´ pionsFχromFJJ–≥{pmF
}riψhtγrrowFtγuF≥{pmF}NriψhtγrrowFpiF≥{pmF}nuF_{tγuF}OnuF_{tγuF}JJFτvτntsFinF{un´ YFπγtγTFEuropeanq
PhysicalqJournalqCRF2022RFaYRFX

4.2 0

444 ~hτFj~uj}FinnτrFπτtτνtorFtriψψτrFpτrχormγnντFinFppFνollisionsFγtFXZ´ ~τ’FπurinψFuqlF{unFYTF
EuropeanqPhysicalqJournalqCRF2022RFaYRFX 4.2

443 mτtτrminγtionFoχFthτFpγrtonFπistriμutionFχunνtionsFoχFthτFprotonFusinψFπivτrsτFj~uj}FπγtγFχromFppF
νollisionsFγtFJJsqrt{s}FfF_JJRFaFγnπFXZ´ ~τ’TFEuropeanqPhysicalqJournalqCRF2022RFaYRFX 4.2 1

442
}τγrνhFχorF{SpγritySviolγtinψFsupτrsymmτtryFinFγFχinγlFstγtτFνontγininψFlτptonsFγnπFmγnyFjτtsFwithF
thτFj~uj}FτxpτrimτntFusinψFNsqrt{s}FfFXZhμoxF{F~τ’}OFprotonâ��protonFνollisionFπγtγTFEuropeanq
PhysicalqJournalqCRF2021RFaXRFX

4.2 2

441 vτγsurτmτntFoχFthτFtNFovτrlinτ{t}FOtNFovτrlinτ{t}FOFproπuνtionFνrossFsτνtionFinFppFνollisionsFγtFNF
sqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 0

440
}τγrνhFχorFπγrkFmγttτrFinFτvτntsFwithFmissinψFtrγnsvτrsτFmomτntumFγnπFγFqiψψsFμosonFπτνγyinψF
intoFtwoFphotonsFinFppFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2021RFYWYXRFX

5.4 2

439 }τγrνhFχorFtypτSrrrFsττsγwFhτγvyFlτptonsFinFπilτptonFχinγlFstγtτsFinFppFνollisionsFγtFNFsqrt{s}FfFXZR{tτxtF
{~τ’}}FOFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 7

438 vτγsurτmτntFoχFliψhtSμySliψhtFsνγttτrinψFγnπFsτγrνhFχorFγxionSlikτFpγrtiνlτsFwithFYTYFnμâ��XFoχFyμQyμF
πγtγFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 5

437
}τγrνhFχorFqiψψsFμosonFproπuνtionFinFγssoνiγtionFwithFγFhiψhSτnτrψyFphotonFviγFvτνtorSμosonF
χusionFwithFπτνγyFintoFμottomFquγrkFpγirsFγtFNFsqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2021RFYWYXRFX

5.4 1

436
}τγrνhFχorFnτwFphτnomτnγFwithFtopFquγrkFpγirsFinFχinγlFstγtτsFwithFonτFlτptonRFjτtsRFγnπFmissinψF
trγnsvτrsτFmomτntumFinFppFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2021RFYWYXRFX

5.4 6

435
}τγrνhFχorFnτwFphτnomτnγFinFτvτntsFwithFtwoFoppositτSνhγrψτFlτptonsRFjτtsFγnπFmissinψFtrγnsvτrsτF
momτntumFinFppFνollisionsFγtFNFsqrt{mγthrm{s}}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2021RFYWYXRFX

5.4 8

434
}τγrνhFχorFpγirFproπuνtionFoχFsνγlγrFlτptoquγrksFπτνγyinψFintoFχirstSForFsτνonπSψτnτrγtionFlτptonsF
γnπFtopFquγrksFinFprotonâ��protonFνollisionsFγtFNsqrt{s}OFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2021RFaXRFX

4.2 5
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433 xptimisγtionFoχFlγrψτSrγπiusFjτtFrτνonstruνtionFχorFthτFj~uj}FπτtτνtorFinFXZF~τ’Fprotonâ��protonF
νollisionsTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 2

432
}τγrνhFχorFhτγvyFrτsonγnντsFπτνγyinψFintoFγFpγirFoχF±FμosonsFinFthτFNτllF≥QτllF≥SτllFM≥QτllFM≥SOFγnπFNτllF
≥QτllF≥SnuF{{μγr{nuF}}}OFχinγlFstγtτsFusinψFXZbFNmγthrmF{χμ}≥{SX}OFoχFprotonâ��protonFνollisionsFγtF
Nsqrt{s}FfFXZRO~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX

4.2 8

431
}τγrνhFχorFnτwFphτnomτnγFinFχinγlFstγtτsFwithFμSjτtsFγnπFmissinψFtrγnsvτrsτFmomτntumFinFNF
sqrt{mγthrm{s}}FOFfFXZF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2021RFYWYXRFX

5.4 6

430
}τγrνhFχorFγFhτγvyFqiψψsFμosonFπτνγyinψFintoFγF±FμosonFγnπFγnothτrFhτγvyFqiψψsFμosonFinFthτFNτllF
τllFμμOFγnπFNτllFτllF––OFχinγlFstγtτsFinFppFνollisionsFγtFNsqrt{s}fXZOFNtτxtF{~τ’}OFwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX

4.2 7

429
}τγrνhFχorFπouμlyFγnπFsinψlyFνhγrψτπFqiψψsFμosonsFπτνγyinψFintoFvτνtorFμosonsFinFmultiSlτptonFχinγlF
stγtτsFwithFthτFj~uj}FπτtτνtorFusinψFprotonSprotonFνollisionsFγtFNFsqrt{mγthrm{s}}FOFfFXZF~τ’TF
JournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX

5.4 3

428 }tuπyFoχFτnτrψyFrτsponsτFγnπFrτsolutionFoχFthτFj~uj}F~ilτFlγlorimτtτrFtoFhγπronsFoχFτnτrψiτsFχromF
X^FtoFZWFpτ’TFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 0

427 vτγsurτmτntsFoχF–Q–â��QFâ�¥FXFjτtFproπuνtionFνrossSsτνtionsFinFppFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 0

426 }τγrνhFχorFνhγrψτπFqiψψsFμosonsFπτνγyinψFintoFγFtopFquγrkFγnπFγFμottomFquγrkFγtFNFsqrt{mγthrm{s}}F
OFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 8

425 vτγsurτmτntsFoχFqiψψsFμosonsFπτνγyinψFtoFμottomFquγrksFχromFvτνtorFμosonFχusionFproπuνtionF
withFthτFj~uj}FτxpτrimτntFγtFNsqrt{s}fXZRtτxtF{~τ’}OTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 0

424
}τγrνhFχorFpγirFproπuνtionFoχFthirπSψτnτrγtionFsνγlγrFlτptoquγrksFπτνγyinψFintoFγFtopFquγrkFγnπFγF
ˇ�SlτptonFinFppFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyq
PhysicsRF2021RFYWYXRFX

5.4 6

423 }τγrνhFχorFsupτrsymmτtryFinFτvτntsFwithFχourForFmorτFνhγrψτπFlτptonsFinFXZbFχμâ��XFoχFNFsqrt{s}FOFfF
XZF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 2

422
mτtτrminγtionFoχFthτFpγrtonFπistriμutionFχunνtionsFoχFthτFprotonFχromFj~uj}FmτγsurτmτntsFoχF
πiχχτrτntiγlF–´–FγnπF±FμosonFproπuνtionFinFγssoνiγtionFwithFjτtsTFJournalqofqHighqEnergyqPhysicsRF2021
RFYWYXRFX

5.4 1

421 vτγsurτmτntsFoχFπiχχτrτntiγlFνrossSsτνtionsFinFχourSlτptonFτvτntsFinFXZF~τ’FprotonSprotonF
νollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 0

420 jFsτγrνhFχorFthτFπτνγysFoχFstoppτπFlonψSlivτπFpγrtiνlτsFγtFNFsqrt{mγthrm{s}}FOFfFXZF~τ’FwithFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 1

419 vuonFrτνonstruνtionFγnπFiπτntiχiνγtionFτχχiνiτnνyFinFj~uj}FusinψFthτFχullF{unFYFppFνollisionFπγtγFsτtF
γtFNsqrt{s}fXZOF~τ’TFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 13

418 vτγsurτmτntFoχFhγπroniνFτvτntFshγpτsFinFhiψhSp~FmultijτtFχinγlFstγtτsFγtFNFsqrt{s}FOFfFXZF~τ’FwithF
thτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 3

417
}τγrνhFχorFsquγrksFγnπFψluinosFinFχinγlFstγtτsFwithFjτtsFγnπFmissinψFtrγnsvτrsτFmomτntumFusinψFXZbF
χμâ��XFoχFNFsqrt{s}FOFfFXZF~τ’FppFνollisionFπγtγFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2021RFYWYXRFX

5.4 8

416 miχχτrτntiγlFνrossSsτνtionFmτγsurτmτntsFχorFthτFτlτνtrowτγkFproπuνtionFoχFπijτtsFinFγssoνiγtionF
withFγF±FμosonFinFprotonâ��protonFνollisionsFγtFj~uj}TFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 5
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415 vτγsurτmτntsFoχF–qFγnπF±qFproπuνtionFinFthτFNqFriψhtγrrowFμμγr{μ}OFπτνγyFνhγnnτlFinFppF
νollisionsFγtFNXZRtτxtF{~τ}tτxtF{’}OFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 7

414 }τγrνhFχorFπγrkFmγttτrFinFγssoνiγtionFwithFγnFτnτrψτtiνFphotonFinFppFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 5

413 }τγrνhFχorFsquγrksFγnπFψluinosFinFχinγlFstγtτsFwithFonτFisolγtτπFlτptonRFjτtsRFγnπFmissinψFtrγnsvτrsτF
momτntumFγtFNsqrt{s}fXZOF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 0

412 vτγsurτmτntFoχFsinψlτFtopSquγrkFproπuνtionFinFγssoνiγtionFwithFγF–FμosonFinFthτFsinψlτSlτptonF
νhγnnτlFγtFNsqrt{s}FfFaRtτxtF{~τ’}OFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 1

411 sτtFτnτrψyFsνγlτFγnπFrτsolutionFmτγsurτπFinFprotonâ��protonFνollisionsFγtFNsqrt{s}fXZOF~τ’FwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 11

410
vτγsurτmτntsFoχFthτFinνlusivτFγnπFπiχχτrτntiγlFproπuνtionFνrossFsτνtionsFoχFγFtopSquγrkâ��γntiquγrkF
pγirFinFγssoνiγtionFwithFγF±FμosonFγtFNsqrt{s}FfFXZOF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2021RFaXRFX

4.2 1

409 }τγrνhFχorFπγrkFmγttτrFproπuντπFinFγssoνiγtionFwithFγFsinψlτFtopFquγrkFinFNsqrt{s}fXZOF~τ’FNppOF
νollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 4

408
vτγsurτmτntsFoχFtopSquγrkFpγirFsinψlτSFγnπFπouμlτSπiχχτrτntiγlFνrossSsτνtionsFinFthτFγllShγπroniνF
νhγnnτlFinFppFνollisionsFγtFNFsqrt{mγthrm{s}}FOFfFXZF~τ’FusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2021RFYWYXRFX

5.4 2

407 }τγrνhFχorFphτnomτnγFμτyonπFthτF}tγnπγrπFvoπτlFinFτvτntsFwithFlγrψτFμSjτtFmultipliνityFusinψFthτF
j~uj}FπτtτνtorFγtFthτFuqlTFEuropeanqPhysicalqJournalqCRF2021RFaXRFX 4.2 1

406
}τγrνhFχorFπγrkFmγttτrFproπuντπFinFγssoνiγtionFwithFγF}tγnπγrπFvoπτlFqiψψsFμosonFπτνγyinψFintoF
μSquγrksFusinψFthτFχullF{unFYFπγtγsτtFχromFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RF
YWYXRFX

5.4 0

405 vτγsurτmτntFoχFthτFproπuνtionFνrossFsτνtionFoχFpγirsFoχFisolγtτπFphotonsFinFppFνollisionsFγtFXZF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RFYWYXRFX 5.4 0

404
}τγrνhFχorFτxotiνFπτνγysFoχFthτFqiψψsFμosonFintoFlonψSlivτπFpγrtiνlτsFinFppFνollisionsFγtFJJFsqrt{s}FJJF
fFXZF~τ’FusinψFπisplγντπFvτrtiντsFinFthτFj~uj}FinnτrFπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RF
YWYXRFX

5.4 0

403
}τγrνhFχorFνhγrψinoâ��nτutrγlinoFpγirFproπuνtionFinFχinγlFstγtτsFwithFthrττFlτptonsFγnπFmissinψF
trγnsvτrsτFmomτntumFinFJJsqrt{s}FfFXZJJ´ ~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2021RFaXRFX

4.2 1

402 lonχiψurγtionFγnπFpτrχormγnντFoχFthτFj~uj}FμSjτtFtriψψτrsFinF{unFYTFEuropeanqPhysicalqJournalqCRF
2021RFaXRFX 4.2 1

401
vτγsurτmτntFoχFμSquγrkFχrγψmτntγtionFpropτrtiτsFinFjτtsFusinψFthτFπτνγyFk´–FSgFsVˇ�t´–FinFppF
νollisionsFγtFJJFsqrt{s}FJJFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2021RF
YWYXRFX

5.4 0

400 qiψψsFμosonFproπuνtionFνrossSsτνtionFmτγsurτmτntsFγnπFthτirFno~FintτrprτtγtionFinFthτFN[τllFOF
πτνγyFνhγnnτlFγtFNsqrt{s}fOXZF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 12

399 yγrtonFπistriμutionFχunνtionsFoχFthτFνhγrψτπFpionFwithinFthτFxoittτrFχrγmτworkTFPhysicalqReviewqDRF
2020RFXWYRF 4.9 32

398 }τγrνhFχorFpγirsFoχFsνγlγrFlτptoquγrksFπτνγyinψFintoFquγrksFγnπFτlτνtronsForFmuonsFinFNFsqrt{s}FOFfFXZF
~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 8
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397 }τγrνhFχorFsquγrksFγnπFψluinosFinFχinγlFstγtτsFwithFsγmτSsiψnFlτptonsFγnπFjτtsFusinψFXZbFχμâ��XFoχFπγtγF
νollτνtτπFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 8

396 yτrχormγnντFoχFτlτνtronFγnπFphotonFtriψψτrsFinFj~uj}FπurinψFuqlF{unFYTFEuropeanqPhysicalqJournalq
CRF2020RFaWRFX 4.2 30

395 }τγrνhFχorFtopFsquγrksFinFτvτntsFwithFγFqiψψsForF±FμosonFusinψFXZbFχμN≥{SX}OFoχFppFνollisionFπγtγFγtF
Nsqrt{s}fXZOF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 1

394 nviπτnντFχorFNtμγr{t}tμγr{t}OFproπuνtionFinFthτFmultilτptonFχinγlFstγtτFinFprotonâ��protonFνollisionsFγtF
Nsqrt{s}fXZOFNtτxtF{~τ’}OFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 8

393 }τγrνhFχorFhτγvyFπiμosonFrτsonγnντsFinFsτmilτptoniνFχinγlFstγtτsFinFppFνollisionsFγtFNsqrt{s}fXZOF~τ’F
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 4

392
}τγrνhFχorFγFsνγlγrFpγrtnτrFoχFthτFtopFquγrkFinFthτFγllShγπroniνFNt{μγr{t}}OFplusFmissinψFtrγnsvτrsτF
momτntumFχinγlFstγtτFγtFNsqrt{s}fXZOF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2020RFaWRFX

4.2 17

391 jliψnmτntFoχFthτFj~uj}FrnnτrFmτtτνtorFinF{unFYTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 4

390 mτtτrminγtionFoχFjτtFνγliμrγtionFγnπFτnτrψyFrτsolutionFinFprotonâ��protonFνollisionsFγtFNsqrt{s}FfF
a~hμoxF{~τ’}OFusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 3

389 }τγrνhFχorFNFtovτrlinτ{t}FOFrτsonγnντsFinFχullyFhγπroniνFχinγlFstγtτsFinFppFνollisionsFγtFNFsqrt{s}FOFfFXZF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 6

388 {τνonstruνtionFγnπFiπτntiχiνγtionFoχFμoostτπFπiSˇ�FsystτmsFinFγFsτγrνhFχorFqiψψsFμosonFpγirsFusinψFXZF
~τ’FprotonSprotonFνollisionFπγtγFinFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 3

387 yτrχormγnντFoχFthτFmissinψFtrγnsvτrsτFmomτntumFtriψψτrsFχorFthτFj~uj}FπτtτνtorFπurinψF{unSYF
πγtγFtγkinψTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 8

386 }τγrνhFχorFnτwFnonSrτsonγntFphτnomτnγFinFhiψhSmγssFπilτptonFχinγlFstγtτsFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 9

385 vτγsurτmτntsFoχFthτFqiψψsFμosonFinνlusivτFγnπFπiχχτrτntiγlFχiπuνiγlFνrossFsτνtionsFinFthτF[NτllFOF
πτνγyFνhγnnτlFγtFNsqrt{s}OFfFXZF~τ’TFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 9

384
}τγrνhFχorFπirτνtFproπuνtionFoχFτlτνtrowτγkinosFinFχinγlFstγtτsFwithFonτFlτptonRFmissinψFtrγnsvτrsτF
momτntumFγnπFγFqiψψsFμosonFπτνγyinψFintoFtwoFμSjτtsFinFNppOFνollisionsFγtFNsqrt{s}fXZOF~τ’FwithF
thτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX

4.2 13

383
vτγsurτmτntsFoχFthτFproπuνtionFνrossSsτνtionFχorFγF±FμosonFinFγssoνiγtionFwithFμSjτtsFinF
protonSprotonFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyq
PhysicsRF2020RFYWYWRFX

5.4 5

382
}τγrνhFχorFthτFqqFSgFNFμovτrlinτ{μ}μovτrlinτ{μ}FOFproντssFviγFvτνtorSμosonFχusionFproπuνtionFusinψF
protonSprotonFνollisionsFγtFNFsqrt{s}FOFfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyq
PhysicsRF2020RFYWYWRFX

5.4 5

381 xμsτrvγtionFoχFthτFγssoνiγtτπFproπuνtionFoχFγFtopFquγrkFγnπFγF±FμosonFinFppFνollisionsFγtFNFsqrt{s}FOfF
XZF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2020RFYWYWRFX 5.4 5

380 vτγsurτmτntsFoχFtopSquγrkFpγirFspinFνorrτlγtionsFinFthτFNτmuFOFνhγnnτlFγtFNsqrt{s}FfFXZOF~τ’FusinψF
ppFνollisionsFinFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2020RFaWRFX 4.2 8

(2020-2020)
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379 vτγsurτmτntFoχFthτFνrossSsτνtionFγnπFνhγrψτFγsymmτtryFoχF–FμosonsFproπuντπFinFprotonâ��protonF
νollisionsFγtFNsqrt{s}fa~tτxtF{~τ’}OFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 11

378 nlτνtronFrτνonstruνtionFγnπFiπτntiχiνγtionFinFthτFj~uj}FτxpτrimτntFusinψFthτFYWX]FγnπFYWX^FuqlF
protonâ��protonFνollisionFπγtγFγtFNsqrt{s}FfFXZOFNtτxtF{~τ’}OTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 37

377
vτγsurτmτntFoχF’qRFNFmγthrm{q}toFmγthrm{μ}ovτrlinτ{mγthrm{μ}}FOFproπuνtionFγsFγFχunνtionFoχF
thτFvτνtorSμosonFtrγnsvτrsτFmomτntumFinFXZF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2019RFYWXbRFX

5.4 8

376 yτrχormγnντFoχFtopSquγrkFγnπFNvγrvτν{–}OSμosonFtγψψinψFwithFj~uj}FinF{unFYFoχFthτFuqlTFEuropeanq
PhysicalqJournalqCRF2019RF_bRFX 4.2 19

375 nlτνtronFγnπFphotonFτnτrψyFνγliμrγtionFwithFthτFj~uj}FπτtτνtorFusinψFYWX]â��YWX^FuqlF
protonSprotonFνollisionFπγtγTFJournalqofqInstrumentationRF2019RFX[RFyWZWX_SyWZWX_ 1 25

374 }τγrνhFχorFπouμlyFνhγrψτπFsνγlγrFμosonsFπτνγyinψFintoFsγmτSsiψnFμosonFpγirsFwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRF]a 4.2 20

373 vτγsurτmτntFoχFthτFphotonFiπτntiχiνγtionFτχχiνiτnνiτsFwithFthτFj~uj}FπτtτνtorFusinψFuqlF{unFYF
πγtγFνollτνtτπFinFYWX]FγnπFYWX^TFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 26

372 vτγsurτmτntFoχFthτFrγtioFoχFνrossFsτνtionsFχorFinνlusivτFisolγtτπSphotonFproπuνtionFinFppFνollisionsF
γtFNFsqrt{s}FOFfFXZFγnπFaF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2019RFYWXbRFX 5.4 5

371
}τγrνhFχorFpγirFproπuνtionFoχFqiψψsFμosonsFinFthτFNFμovτrlinτ{μ}μovτrlinτ{μ}FOFχinγlFstγtτFusinψF
protonSprotonFνollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyq
PhysicsRF2019RFYWXbRFX

5.4 31

370 lonstrγintsFonFmτπiγtorSμγsτπFπγrkFmγttτrFγnπFsνγlγrFπγrkFτnτrψyFmoπτlsFusinψFNFsqrt{s}FOFfFXZF~τ’F
ppFνollisionFπγtγFνollτνtτπFμyFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2019RFYWXbRFX 5.4 31

369 vτγsurτmτntFoχFχiπuνiγlFγnπFπiχχτrτntiγlFN–≥Q–≥SOFproπuνtionFνrossSsτνtionsFγtFNsqrt{s}fXZOF~τ’F
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 16

368 vτγsurτmτntFoχFN–≥{pmF}OSμosonFγnπF±SμosonFproπuνtionFνrossSsτνtionsFinFppFνollisionsFγtF
Nsqrt{s}fYT_^OF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 2

367
vτγsurτmτntFoχFthτFinνlusivτFνrossSsτνtionFχorFthτFproπuνtionFoχFjτtsFinFγssoνiγtionFwithFγF±FμosonF
inFprotonâ��protonFνollisionsFγtFaF~τ’FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2019RF
_bRFX

4.2 4

366 j~uj}FμSjτtFiπτntiχiνγtionFpτrχormγnντFγnπFτχχiνiτnνyFmτγsurτmτntFwithFNt{μγr{t}}OFτvτntsFinFppF
νollisionsFγtFNsqrt{s}fXZOF~τ’TFEuropeanqPhysicalqJournalqCRF2019RF_bRFX 4.2 43

365
vτγsurτmτntsFoχFtopSquγrkFpγirFπiχχτrτntiγlFγnπFπouμlτSπiχχτrτntiγlFνrossSsτνtionsFinFthτFNτllFOQjτtsF
νhγnnτlFwithFppFνollisionsFγtFNsqrt{s}fXZOF~τ’FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqC
RF2019RF_bRFX

4.2 13

364
}τγrνhFχorFγππitionγlFhτγvyFnτutrγlFqiψψsFγnπFψγuψτFμosonsFinFthτFπitγuFχinγlFstγtτFproπuντπFinFZ^F
χμâ��XFoχFppFνollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2018RFYWXaRFX

5.4 81

363 vτγsurτmτntFoχFthτFνrossSsτνtionFχorFproπuνinψFγF–FμosonFinFγssoνiγtionFwithFγFsinψlτFtopFquγrkFinF
ppFνollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 10

362 vτγsurτmτntFoχFthτFSμosonFmγssFinFppFνollisionsFγtFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2018RF_aRFXXW 4.2 59
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361 }τγrνhFχorFnτwFphτnomτnγFinFhiψhSmγssFχinγlFstγtτsFwithFγFphotonFγnπFγFjτtFχromFνollisionsFγtFfF
XZ´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXWY 4.2 7

360 }τγrνhFχorFthτFπirτνtFproπuνtionFoχFνhγrψinosFγnπFnτutrγlinosFinFχinγlFstγtτsFwithFtγuFlτptonsFinF
νollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFX][ 4.2 23

359 vτγsurτmτntFoχFlonψituπinγlFχlowFπτνorrτlγtionsFinFyμQyμFνollisionsFγtFγnπF]TWYF~τ’FwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFX[Y 4.2 35

358 vτγsurτmτntFoχFquγrkoniumFproπuνtionFinFprotonSlτγπFγnπFprotonSprotonFνollisionsFγtFwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFX_X 4.2 35

357 vτγsurτmτntFoχFπiχχτrτntiγlFνrossSsτνtionsFoχFγFsinψlτFtopFquγrkFproπuντπFinFγssoνiγtionFwithFγF
μosonFγtFwithFj~uj}TFEuropeanqPhysicalqJournalqCRF2018RF_aRFXa^ 4.2 5

356 }τγrνhFχorFhτγvyFrτsonγnντsFinFthτFγnπFχinγlFstγtτsFusinψFprotonSprotonFνollisionsFγtF´ FwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFYbZ 4.2 41

355 jFsτγrνhFχorFpγirSproπuντπFrτsonγnντsFinFχourSjτtFχinγlFstγtτsFγtFwithFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2018RF_aRFY]W 4.2 28

354
}τγrνhFχorFhτγvyFrτsonγnντsFπτνγyinψFintoFγF–ForF±FμosonFγnπFγFqiψψsFμosonFinFχinγlFstγtτsFwithF
lτptonsFγnπFμSjτtsFinFZ^Fχμâ��XFoχFNFsqrt{s}fXZFOF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2018RFYWXaRFX

5.4 26

353 }τγrνhFχorFhτγvyFrτsonγnντsFπτνγyinψFintoFinFthτFχinγlFstγtτFinFνollisionsFγtFwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFY[ 4.2 47

352 mirτνtFtopSquγrkFπτνγyFwiπthFmτγsurτmτntFinFthτFlτptonQjτtsFνhγnnτlFγtFwithFthτFj~uj}F
τxpτrimτntTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXYb 4.2 11

351 }τγrνhFχorF–F–V–F±FrτsonγnντFproπuνtionFinFâ��˛‰qqFχinγlFstγtτsFinFppFνollisionsFγtFNFsqrt{s}fXZFOF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 22

350 vτγsurτmτntFoχFthτFqiψψsFμosonFνouplinψFpropτrtiτsFinFthτFqFSgF±±PFSgF[â��FπτνγyFνhγnnτlFγtFNF
sqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 36

349 vτγsurτmτntFoχFinνlusivτFjτtFγnπFπijτtFνrossSsτνtionsFinFprotonSprotonFνollisionsFγtFNFsqrt{s}fXZFOF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 12

348 }τγrνhFχorFπγrkFmγttτrFproπuντπFinFγssoνiγtionFwithFμottomForFtopFquγrksFinF´ ~τ’FνollisionsFwithF
thτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXa 4.2 32

347 }τγrνhFχorFπouμlyFνhγrψτπFqiψψsFμosonFproπuνtionFinFmultiSlτptonFχinγlFstγtτsFwithFthτFj~uj}F
πτtτνtorFusinψFprotonSprotonFνollisionsFγtTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXbb 4.2 55

346 vτγsurτmτntFoχFpolγrisγtionFinFπτνγysFinFprotonSprotonFνollisionsFγtF~τ’FwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2018RF_aRFX^Z 4.2 3

345
vτγsurτmτntFoχFπiχχτrτntiγlFνrossFsτνtionsFγnπF–QV–â��FνrossSsτνtionFrγtiosFχorF–FμosonFproπuνtionF
inFγssoνiγtionFwithFjτtsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2018RFYWXaRFX

5.4 7

344 yromptFγnπFnonSpromptFτlliptiνFχlowFinFyμQyμFνollisionsFγtF~τvFwithFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2018RF_aRF_a[ 4.2 8

(2018-2018)
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343 }τγrνhFχorFqiψψsFμosonFpγirFproπuνtionFinFthτFνhγnnτlFusinψFνollisionFπγtγFrτνorπτπFγtF~τ’FwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFXWW_ 4.2 21

342 vτγsurτmτntFoχFνolourFχlowFusinψFjτtSpullFoμsτrvγμlτsFinFτvτntsFwithFthτFj~uj}FτxpτrimτntFγtTF
EuropeanqPhysicalqJournalqCRF2018RF_aRFa[_ 4.2 5

341
}τγrνhFχorFγFnτwFhτγvyFψγuψτSμosonFrτsonγnντFπτνγyinψFintoFγFlτptonFγnπFmissinψFtrγnsvτrsτF
momτntumFinFZ^FχμFoχFνollisionsFγtF´ ~τ’FwithFthτFj~uj}FτxpτrimτntTFEuropeanqPhysicalqJournalqCRF
2018RF_aRF[WX

4.2 23

340 }τγrνhFχorFnτwFphτnomτnγFinFτvτntsFwithFsγmτSνhγrψτFlτptonsFγnπFμSjτtsFinFppFνollisionsFγtFNF
sqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 21

339 vτγsurτmτntFoχFthτFγzimuthγlFγnisotropyFoχFνhγrψτπFpγrtiνlτsFproπuντπFinFfF]TWY´ ~τ’FyμQyμF
νollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRFbb_ 4.2 21

338 yτrχormγnντFoχFmissinψFtrγnsvτrsτFmomτntumFrτνonstruνtionFwithFthτFj~uj}FπτtτνtorFusinψF
protonSprotonFνollisionsFγtTFEuropeanqPhysicalqJournalqCRF2018RF_aRFbWZ 4.2 66

337 xpτrγtionFγnπFpτrχormγnντFoχFthτFj~uj}F~ilτFlγlorimτtτrFinF{un´ XTFEuropeanqPhysicalqJournalqCRF
2018RF_aRFba_ 4.2 13

336
}τγrνhFχorFtopSsquγrkFpγirFproπuνtionFinFχinγlFstγtτsFwithFonτFlτptonRFjτtsRFγnπFmissinψFtrγnsvτrsτF
momτntumFusinψFZ^Fχμâ��XFoχFNFsqrt{s}fXZFOF~τ’FppFνollisionFπγtγFwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2018RFYWXaRFX

5.4 33

335 yromptFγnπFnonSpromptFγnπFsupprτssionFγtFhiψhFtrγnsvτrsτFmomτntumFinFyμQyμFνollisionsFwithF
thτFj~uj}FτxpτrimτntTFEuropeanqPhysicalqJournalqCRF2018RF_aRF_^Y 4.2 23

334 vτγsurτmτntsFoχFμSjτtFtγψψinψFτχχiνiτnνyFwithFthτFj~uj}FπτtτνtorFusinψFNFtovτrlinτ{t}FOFτvτntsFγtFNF
sqrt{s}fXZFOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 31

333 vτγsurτmτntFoχFthτFinνlusivτFγnπFχiπuνiγlFproπuνtionFνrossSsτνtionsFinFthτFlτptonQjτtsFνhγnnτlFinF
νollisionsFγtFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRF[a_ 4.2 5

332 }τγrνhFχorFhτγvyFpγrtiνlτsFπτνγyinψFintoFtopSquγrkFpγirsFusinψFlτptonSplusSjτtsFτvτntsFinF
protonSprotonFνollisionsFγtF´ FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2018RF_aRF]^] 4.2 34

331 }τγrνhFχorFπγrkFmγttτrFγnπFothτrFnτwFphτnomτnγFinFτvτntsFwithFγnFτnτrψτtiνFjτtFγnπFlγrψτFmissinψF
trγnsvτrsτFmomτntumFusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2018RFYWXaRFX 5.4 101

330
vτγsurτmτntFoχFthτF[oormulγcFsττFtτxt−FγnπF[oormulγcFsττFtτxt−FproπuνtionFνrossFsτνtionsFinF
multilτptonFχinγlFstγtτsFusinψFZTYFχμ[oormulγcFsττFtτxt−FoχF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcF
sττFtτxt−FfFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF[W

4.2 14

329
jFmτγsurτmτntFoχFthτFνγlorimτtτrFrτsponsτFtoFsinψlτFhγπronsFγnπFπτtτrminγtionFoχFthτFjτtFτnτrψyF
sνγlτFunντrtγintyFusinψFuqlF{unSXFSνollisionFπγtγFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2017RF__RFY^

4.2 22

328
vτγsurτmτntFoχFthτFinνlusivτFνrossSsτνtionsFoχFsinψlτFtopSquγrkFγnπFtopSγntiquγrkFtSνhγnnτlF
proπuνtionFinFppFνollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyq
PhysicsRF2017RFYWX_RFX

5.4 22

327
vτγsurτmτntFoχFjτtFγνtivityFproπuντπFinFtopSquγrkFτvτntsFwithFγnFτlτνtronRFγFmuonFγnπFtwoF
StγψψτπFjτtsFinFthτFχinγlFstγtτFinFνollisionsFγtF[oormulγcFsττFtτxt−F~τ’FwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RFYYW

4.2 5

326 vτγsurτmτntFoχFthτFμosonFpolγrisγtionFinF[oormulγcFsττFtτxt−FτvτntsFχromFνollisionsFγtF[oormulγcF
sττFtτxt−FfFaF~τ’FinFthτFlτpton´ Q´ jτtsFνhγnnτlFwithFj~uj}TFEuropeanqPhysicalqJournalqCRF2017RF__RFY^[ 4.2 19
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325 nlτνtronFτχχiνiτnνyFmτγsurτmτntsFwithFthτFj~uj}FπτtτνtorFusinψFYWXYFuqlFprotonSprotonFνollisionF
πγtγTFEuropeanqPhysicalqJournalqCRF2017RF__RFXb] 4.2 61

324
vτγsurτmτntsFoχFtopSquγrkFpγirFπiχχτrτntiγlFνrossSsτνtionsFinFthτF[oormulγcFsττFtτxt−FνhγnnτlFinF
νollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF
__RFYbY

4.2 13

323 yτrχormγnντFoχFγlψorithmsFthγtFrτνonstruνtFmissinψFtrγnsvτrsτFmomτntumFinF[oormulγcFsττFtτxt−fF
aF~τ’FprotonSprotonFνollisionsFinFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFY[X 4.2 38

322 vτγsurτmτntFoχFthτFpromptFV[oormulγcFsττFtτxt−FpγirFproπuνtionFνrossSsτνtionFinFνollisionsFγtF
[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF_^ 4.2 47

321 }τγrνhFχorFtriμosonF[oormulγcFsττFtτxt−FproπuνtionFinFνollisionsFγtF[oormulγcFsττFtτxt−´ [oormulγcFsττF
tτxt−FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFX[X 4.2 13

320 ~opoloψiνγlFντllFνlustτrinψFinFthτFj~uj}FνγlorimτtτrsFγnπFitsFpτrχormγnντFinFuqlF{unFXTFEuropeanq
PhysicalqJournalqCRF2017RF__RF[bW 4.2 177

319
oiπuνiγlRFtotγlFγnπFπiχχτrτntiγlFνrossSsτνtionFmτγsurτmτntsFoχFSνhγnnτlFsinψlτFtopSquγrkFproπuνtionF
inFνollisionsFγtFa´ ~τ’FusinψFπγtγFνollτνtτπFμyFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF
__RF]ZX

4.2 27

318 vτγsurτmτntsFoχFτlτνtrowτγkF[oormulγcFsττFtτxt−FproπuνtionFγnπFνonstrγintsFonFγnomγlousFψγuψτF
νouplinψsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF[_[ 4.2 14

317 sτtFrτνonstruνtionFγnπFpτrχormγnντFusinψFpγrtiνlτFχlowFwithFthτFj~uj}FmτtτνtorTFEuropeanqPhysicalq
JournalqCRF2017RF__RF[^^ 4.2 42

316 vτγsurτmτntFoχFmultiSpγrtiνlτFγzimuthγlFνorrτlγtionsFinFppRFp´ Q´ yμFγnπFlowSmultipliνityFyμ´ Q´ yμF
νollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RF[Ya 4.2 48

315 vτγsurτmτntFoχFinνlusivτFγnπFπiχχτrτntiγlFνrossFsτνtionsFinFthτFqFSgF±±FPFSgF[â��FπτνγyFνhγnnτlFinFppF
νollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 25

314 vτγsurτmτntFoχFlτptonFπiχχτrτntiγlFπistriμutionsFγnπFthτFtopFquγrkFmγssFinFproπuνtionFinFνollisionsF
γtF´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFaW[ 4.2 11

313 vτγsurτmτntFoχFthτFNFtovτrlinτ{t}ψγmmγFOFproπuνtionFνrossFsτνtionFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 7

312
vτγsurτmτntsFoχFνhγrψτFγnπFlyFγsymmτtriτsFinFμShγπronFπτνγysFusinψFtopSquγrkFτvτntsFνollτνtτπF
μyFthτFj~uj}FπτtτνtorFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2017RF
YWX_RFX

5.4 6

311 yτrχormγnντFoχFthτFj~uj}FtrγνkFrτνonstruνtionFγlψorithmsFinFπτnsτFτnvironmτntsFinFuqlF{unFYTF
EuropeanqPhysicalqJournalqCRF2017RF__RF^_Z 4.2 33

310
}τγrνhFχorFnτwFphτnomτnγFinFτvτntsFνontγininψFγFsγmτSχlγvourFoppositτSsiψnFπilτptonFpγirRFjτtsRF
γnπFlγrψτFmissinψFtrγnsvτrsτFmomτntumFinF[oormulγcFsττFtτxt−´ [oormulγcFsττFtτxt−[oormulγcFsττF
tτxt−FνollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFX[[

4.2 8

309
vτγsurτmτntFoχFthτF±±FproπuνtionFνrossFsτνtionFinFprotonSprotonFνollisionsFγtFNFsqrt{s}faFOF~τ’F
usinψFthτF±±FSgFâ��â�� â��Qâ��hâ��â��hQFγnπFNF±±toF{τll}≥{S}{τll}≥{Q}nuFovτrlinτ{nu}FOFπτνγyFνhγnnτlsFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX

5.4 9

308 yroμinψFthτF–FtμFvτrtτxFstruνturτFinFtSνhγnnτlFsinψlτStopSquγrkFproπuνtionFγnπFπτνγyFinFppF
νollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 11
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307 vτγsurτmτntsFoχFˇ�NY}OFγnπF—NZa_YOFSgFsVˇ�ˇ�FQFˇ�Fâ��FproπuνtionFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithF
thτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 15

306 vτγsurτmτntsFoχFtopSquγrkFpγirFtoF±SμosonFνrossSsτνtionFrγtiosFγtFNFsqrt{s}fXZFOFRFaRF_F~τ’FwithFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 7

305 }τγrνhFχorFlτptonSχlγvourSviolγtinψFπτνγysFoχFthτFqiψψsFγnπFμosonsFwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RF_W 4.2 52

304 yτrχormγnντFoχFthτFj~uj}FtriψψτrFsystτmFinFYWX]TFEuropeanqPhysicalqJournalqCRF2017RF__RFZX_ 4.2 272

303 {τνonstruνtionFoχFprimγryFvτrtiντsFγtFthτFj~uj}FτxpτrimτntFinF{unFXFprotonSprotonFνollisionsFγtF
thτFuqlTFEuropeanqPhysicalqJournalqCRF2017RF__RFZZY 4.2 29

302
vτγsurτmτntsFoχFthτFproπuνtionFνrossFsτνtionFoχFγF[oormulγcFsττFtτxt−FμosonFinFγssoνiγtionFwithF
jτtsFinFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2017RF__RFZ^X

4.2 26

301 yrτνisionFmτγsurτmτntFγnπFintτrprτtγtionFoχFinνlusivτFRFγnπFproπuνtionFνrossFsτνtionsFwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFZ^_ 4.2 56

300 vτγsurτmτntFoχFjτtFχrγψmτntγtionFinFyμQyμFγnπFνollisionsFγtF~τ’FwithFthτFj~uj}FπτtτνtorFγtFthτF
uqlTFEuropeanqPhysicalqJournalqCRF2017RF__RFZ_b 4.2 35

299
}τγrνhFχorFπγrkFmγttτrFγtF[oormulγcFsττFtτxt−FinFχinγlFstγtτsFνontγininψFγnFτnτrψτtiνFphotonFγnπF
lγrψτFmissinψFtrγnsvτrsτFmomτntumFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF
__RFZbZ

4.2 52

298
vτγsurτmτntFoχFνhγrψτπSpγrtiνlτFπistriμutionsFsτnsitivτFtoFthτFunπτrlyinψFτvτntFinFNFsqrt{s}fXZFOF
~τ’FprotonSprotonFνollisionsFwithFthτFj~uj}FπτtτνtorFγtFthτFuqlTFJournalqofqHighqEnergyqPhysicsRF
2017RFYWX_RFX

5.4 9

297 }τγrνhFχorFπirτνtFtopFsquγrkFpγirFproπuνtionFinFχinγlFstγtτsFwithFtwoFlτptonsFinF~τ’FνollisionsFwithF
thτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFaba 4.2 19

296
}τγrνhFχorFπirτνtFtopFsquγrkFpγirFproπuνtionFinFτvτntsFwithFγFqiψψsForF±FμosonRFγnπFmissinψF
trγnsvτrsτFmomτntumFinFNFsqrt{s}fXZFOF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2017RFYWX_RFX

5.4 7

295
vτγsurτmτntFoχFπτtτνtorSνorrτνtτπFoμsτrvγμlτsFsτnsitivτFtoFthτFγnomγlousFproπuνtionFoχFτvτntsF
withFjτtsFγnπFlγrψτFmissinψFtrγnsvτrsτFmomτntumFinFνollisionsFγtF´ ~τ’FusinψFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RF_^]

4.2 10

294 vτγsurτmτntFoχFμShγπronFpγirFproπuνtionFwithFthτFj~uj}FπτtτνtorFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}faFOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 5

293 }τγrνhFχorFsupτrsymmτtryFinFτvτntsFwithFμStγψψτπFjτtsFγnπFmissinψFtrγnsvτrsτFmomτntumFinFppF
νollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 13

292 vτγsurτmτntFoχFthτFinνlusivτFjτtFνrossSsτνtionsFinFprotonSprotonFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithF
thτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

291
}τγrνhFχorFpγirFproπuνtionFoχFvτνtorSlikτFtopFquγrksFinFτvτntsFwithFonτFlτptonRFjτtsRFγnπFmissinψF
trγnsvτrsτFmomτntumFinFNFsqrt{s}fXZFOF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2017RFYWX_RFX

5.4 27

290 rπτntiχiνγtionFγnπFrτjτνtionFoχFpilτSupFjτtsFγtFhiψhFpsτuπorγpiπityFwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2017RF__RF]aW 4.2 16

Pavel Starovoitov
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289
vτγsurτmτntFoχFproπuνtionFwithFthτFhγπroniνγllyFπτνγyinψFμosonFrτνonstruνtτπFγsFonτForFtwoFjτtsF
inFνollisionsFγtFwithFj~uj}RFγnπFνonstrγintsFonFγnomγlousFψγuψτFνouplinψsTFEuropeanqPhysicalq
JournalqCRF2017RF__RF]^Z

4.2 15

288
}τγrνhFχorFnτwFphτnomτnγFinFγFlτptonFplusFhiψhFjτtFmultipliνityFχinγlFstγtτFwithFthτFj~uj}F
τxpτrimτntFusinψFNFsqrt{s}fXZFOF~τ’FprotonSprotonFνollisionFπγtγTFJournalqofqHighqEnergyqPhysicsRF
2017RFYWX_RFX

5.4 7

287 }τγrνhτsFχorFthτF±˛‡FπτνγyFmoπτFoχFthτFqiψψsFμosonFγnπFχorFnτwFhiψhSmγssFrτsonγnντsFinFppF
νollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 20

286 }tuπiτsFoχF±˛‡FproπuνtionFinFγssoνiγtionFwithFγFhiψhSmγssFπijτtFsystτmFinFppFνollisionsFγtFNFsqrt{s}faFOF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 7

285 vτγsurτmτntsFoχFtopSquγrkFpγirFπiχχτrτntiγlFνrossSsτνtionsFinFthτFlτptonQjτtsFνhγnnτlFinFppF
νollisionsFγtFNFsqrt{s}fXZFOF~τ’FusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

284 }τγrνhFχorFtopFquγrkFπτνγysFtFSgFqqRFwithFqFSgF˛‡˛‡RFinFNFsqrt{s}fXZFOF~τ’FppFνollisionsFusinψFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

283 }tuπyFoχFγnπFproπuνtionFinFνollisionsFγtFγnπFsτγrνhFχorFγnomγlousFquγrtiνFψγuψτFνouplinψsFwithFthτF
j~uj}FτxpτrimτntTFEuropeanqPhysicalqJournalqCRF2017RF__RF^[^ 4.2 11

282 vτγsurτmτntsFoχFtopFquγrkFspinFoμsτrvγμlτsFinFNFtovτrlinτ{t}FOFτvτntsFusinψFπilτptonFχinγlFstγtτsFinFNF
sqrt{s}faFOF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 12

281
}τγrνhFχorFnτwFphτnomτnγFwithFlγrψτFjτtFmultipliνitiτsFγnπFmissinψFtrγnsvτrsτFmomτntumFusinψF
lγrψτSrγπiusFjτtsFγnπFχlγvourStγψψinψFγtFj~uj}FinFXZF~τ’FppFνollisionsTFJournalqofqHighqEnergyqPhysics
RF2017RFYWX_RFX

5.4 8

280 ~opSquγrkFmγssFmτγsurτmτntFinFthτFγllShγπroniνFNFtovτrlinτ{t}FOFπτνγyFνhγnnτlFγtFNFsqrt{s}faFOF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 6

279 vτγsurτmτntFoχFthτFmrτllS γnFtriplτSπiχχτrτntiγlFνrossFsτνtionFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’TF
JournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 16

278 }τγrνhFχorFγFsνγlγrFpγrtnτrFoχFthτFtopFquγrkFinFthτFjτtsFplusFmissinψFtrγnsvτrsτFmomτntumFχinγlF
stγtτFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 30

277
}τγrνhFχorFpγirFproπuνtionFoχFhτγvyFvτνtorSlikτFquγrksFπτνγyinψFtoFhiψhSpF~F–FμosonsFγnπFμFquγrksF
inFthτFlτptonSplusSjτtsFχinγlFstγtτFinFppFνollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTF
JournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX

5.4 29

276 vτγsurτmτntFoχFthτFkFtFsplittinψFsνγlτsFinF±FSgFâ��â��FτvτntsFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RFYWX_RFX 5.4 3

275
jnγlysisFoχFthτF–tμFvτrtτxFχromFthτFmτγsurτmτntFoχFtriplτSπiχχτrτntiγlFγnψulγrFπτνγyFrγtτsFoχF
sinψlτFtopFquγrksFproπuντπFinFthτFtSνhγnnτlFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2017RFYWX_RFX

5.4 7

274 nviπτnντFχorFthτFNFqtoFμovτrlinτ{μ}FOFπτνγyFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2017RFYWX_RFX 5.4 50

273
}τγrνhFχorFnτwFhiψhSmγssFphτnomτnγFinFthτFπilτptonFχinγlFstγtτFusinψFZ^Fχμâ��XFoχFprotonSprotonF
νollisionFπγtγFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2017RF
YWX_RFX

5.4 126

272 mτtτrminγtionFoχFthτFstronψFνouplinψFνonstγntFχromFtrγnsvτrsτFτnτrψySτnτrψyFνorrτlγtionsFinF
multijτtFτvτntsFγtFusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2017RF__RFa_Y 4.2 19
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271 {τνonstruνtionFoχFhγπroniνFπτνγyFproπuνtsFoχFtγuFlτptonsFwithFthτFj~uj}FτxpτrimτntTFEuropeanq
PhysicalqJournalqCRF2016RF_^RFYb] 4.2 28

270 yτrχormγnντFoχFpilτSupFmitiψγtionFtτνhniquτsFχorFjτtsFinF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcF
sττFtτxt−´ ~τ’FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]aX 4.2 148

269 vτγsurτmτntFoχFthτFνhγrψτπSpγrtiνlτFmultipliνityFinsiπτFjτtsFχromF[oormulγcFsττFtτxt−[oormulγcFsττF
tτxt−´ FνollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFZYY 4.2 35

268 vτγsurτmτntFoχFjτtFγνtivityFinFtopFquγrkFτvτntsFusinψFthτFτ˛…FχinγlFstγtτFwithFtwoFμStγψψτπFjτtsFinFppF
νollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 4

267
vτγsurτmτntFoχFthτFtrγnsvτrsτFmomτntumFγnπF[oormulγcFsττFtτxt−FπistriμutionsFoχFmrτllS γnF
lτptonFpγirsFinFprotonSprotonFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2016RF_^RFYbX

4.2 63

266
vτγsurτmτntFoχFχiπuνiγlFπiχχτrτntiγlFνrossFsτνtionsFoχFψluonSχusionFproπuνtionFoχFqiψψsFμosonsF
πτνγyinψFtoF––FPSgτ˛‰˛…˛‰FwithFthτFj~uj}FπτtτνtorFγtFNFsqrt{s}faFOF~τ’TFJournalqofqHighqEnergyqPhysicsRF
2016RFYWX^RFX

5.4 13

265 }τγrνhFχorFnτwFphτnomτnγFinFτvτntsFwithFγFphotonFγnπFmissinψFtrγnsvτrsτFmomτntumFinFppF
νollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 13

264 jFsτγrνhFχorFtopFsquγrksFwithF{SpγritySviolγtinψFπτνγysFtoFγllShγπroniνFχinγlFstγtτsFwithFthτFj~uj}F
πτtτνtorFinFNFsqrt{s}faFOF~τ’FprotonSprotonFνollisionsTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 10

263 rπτntiχiνγtionFoχFhiψhFtrγnsvτrsτFmomτntumFtopFquγrksFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 13

262 jFsτγrνhFχorFγnFτxνitτπFmuonFπτνγyinψFtoFγFmuonFγnπFtwoFjτtsFinppνollisionsFγtF
Jsqrt{s}dfdad{rm{~τ’}}JFwithFthτFj~uj}FπτtτνtorTFNewqJournalqofqPhysicsRF2016RFXaRFW_ZWYX 2.9 1

261 kτγmSinπuντπFγnπFνosmiνSrγyFμγνkψrounπsFoμsτrvτπFinFthτFj~uj}FπτtτνtorFπurinψFthτFuqlFYWXYF
protonSprotonFrunninψFpτrioπTFJournalqofqInstrumentationRF2016RFXXRFyW]WXZSyW]WXZ 1 8

260 vτγsurτmτntsFoχFtopSquγrkFpγirFπiχχτrτntiγlFνrossSsτνtionsFinFthτFlτptonQjτtsFνhγnnτlFinFνollisionsF
γtF[oormulγcFsττFtτxt−FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]Za 4.2 48

259
vτγsurτmτntFoχFthτFπiχχτrτntiγlFνrossSsτνtionsFoχFpromptFγnπFnonSpromptFproπuνtionFoχF[oormulγcF
sττFtτxt−FγnπF[oormulγcFsττFtτxt−FinFνollisionsFγtF[oormulγcFsττFtτxt−FγnπFa´ ~τ’FwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYaZ

4.2 42

258 uuminosityFπτtτrminγtionFinFνollisionsFγtF[oormulγcFsττFtτxt−FfFaF~τ’FusinψFthτFj~uj}FπτtτνtorFγtF
thτFuqlTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^]Z 4.2 188

257
}τγrνhFχorFsquγrksFγnπFψluinosFinFτvτntsFwithFhγπroniνγllyFπτνγyinψFtγuFlτptonsRFjτtsFγnπFmissinψF
trγnsvτrsτFmomτntumFinFprotonSprotonFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FrτνorπτπFwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^aZ

4.2 7

256
jππτnπumFtoFâ��vτγsurτmτntFoχFthτFNtμγr{t}OFproπuνtionFνrossSsτνtionFusinψFNτmuFOFτvτntsFwithF
μStγψψτπFjτtsFinFppFνollisionsFγtFNsqrt{s}OFfF_FγnπFaFNRmγthrm{~τ’}OFwithFthτFj~uj}Fπτtτνtorâ��TF
EuropeanqPhysicalqJournalqCRF2016RF_^RFX

4.2 13

255 vτγsurτmτntFoχFthτFγnψulγrFνoτχχiνiτntsFinF±SμosonFτvτntsFusinψFτlτνtronFγnπFmuonFpγirsFχromF
πγtγFtγkτnFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 20

254 }τγrνhτsFχorFhτγvyFπiμosonFrτsonγnντsFinFppFνollisionsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 20
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253 mγrkFmγttτrFintτrprτtγtionsFoχFj~uj}FsτγrνhτsFχorFthτFτlτνtrowτγkFproπuνtionFoχFsupτrsymmτtriνF
pγrtiνlτsFinFNFsqrt{s}faFOF~τ’FprotonSprotonFνollisionsTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 16

252
}τγrνhFχorFthτF}tγnπγrπFvoπτlFqiψψsFμosonFπτνγyinψFintoFNFμovτrlinτ{μ}FOFproπuντπFinFγssoνiγtionF
withFtopFquγrksFπτνγyinψFhγπroniνγllyFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTF
JournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX

5.4 16

251 vτγsurτmτntFoχFthτFlySviolγtinψFphγsτFhFsFγnπFthτFkFWFsFmτsonFπτνγyFwiπthFπiχχτrτnντFwithFkFWFsF
FSgFsVˇ�hFπτνγysFinFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 10

250
}τγrνhFχorFsquγrksFγnπFψluinosFinFχinγlFstγtτsFwithFjτtsFγnπFmissinψFtrγnsvτrsτFmomτntumFγtF
[oormulγcFsττFtτxt−FfXZF[oormulγcFsττFtτxt−withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RFZbY

4.2 53

249 vτγsurτmτntFoχFthτFπouμlτSπiχχτrτntiγlFhiψhSmγssFmrτllS γnFνrossFsτνtionFinFppFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 24

248 jFsτγrνhFχorFpromptFlτptonSjτtsFinFppFνollisionsFγtFNFsqrt{mγthrm{s}}faFOF~τ’FwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 22

247 }τγrνhFχorFnτwFphτnomτnγFwithFphotonQjτtFτvτntsFinFprotonSprotonFνollisionsFγtFNFsqrt{s}fXZFOF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 12

246
vτγsurτmτntFoχFthτFντntrγlityFπτpτnπτnντFoχFthτFνhγrψτπSpγrtiνlτFpsτuπorγpiπityFπistriμutionFinF
protonSlτγπFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2016RF_^RFXbb

4.2 39

245 vτγsurτmτntFoχFthτFproπuνtionFνrossSsτνtionFoχFγFsinψlτFtopFquγrkFinFγssoνiγtionFwithFγF–FμosonFγtF
aF~τ’FwithFthτFj~uj}FτxpτrimτntTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 12

244 }τγrνhFχorFthτFproπuνtionFoχFsinψlτFvτνtorSlikτFγnπFτxνitτπFquγrksFinFthτF–tFχinγlFstγtτFinFppF
νollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 14

243 rπτntiχiνγtionFoχFμoostτπRFhγπroniνγllyFπτνγyinψFμosonsFγnπFνompγrisonsFwithFj~uj}FπγtγFtγkτnFγtF
[oormulγcFsττFtτxt−´ ~τ’TFEuropeanqPhysicalqJournalqCRF2016RF_^RFX][ 4.2 44

242 }τγrνhFχorFnτwFphτnomτnγFinFτvτntsFwithFγtFlτγstFthrττFphotonsFνollτνtτπFinFνollisionsFγtF[oormulγcF
sττFtτxt−FfFaF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYXW 4.2 53

241 yroμinψFlτptonFχlγvourFviolγtionFviγFnτutrinolτssF[oormulγcFsττFtτxt−FπτνγysFwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYZY 4.2 12

240 jFnτwFmτthoπFtoFπistinψuishFhγπroniνγllyFπτνγyinψFμoostτπFμosonsFχromFμosonsFusinψFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFYZa 4.2 6

239 }τγrνhFχorFsupτrsymmτtryFγtF[oormulγcFsττFtτxt−´ ~τ’FinFχinγlFstγtτsFwithFjτtsFγnπFtwoFsγmτSsiψnF
lτptonsForFthrττFlτptonsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFY]b 4.2 48

238 }τγrνhFχorFinvisiμlτFπτνγysFoχFγFqiψψsFμosonFusinψFvτνtorSμosonFχusionFinFppFνollisionsFγtFNFsqrt{s}faFOF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 45

237
}τγrνhFχorFγnomγlousFνouplinψsFinFthτF–FtμFvτrtτxFχromFthτFmτγsurτmτntFoχFπouμlτFπiχχτrτntiγlF
γnψulγrFπτνγyFrγtτsFoχFsinψlτFtopFquγrksFproπuντπFinFthτFtSνhγnnτlFwithFthτFj~uj}FπτtτνtorTF
JournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFXS[^

5.4 12

236 }τγrνhτsFχorFsνγlγrFlτptoquγrksFinFνollisionsFγtF[oormulγcFsττFtτxt−FfFa´ ~τ’FwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2016RF_^RF] 4.2 68
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235
vτγsurτmτntsFoχFthτFqiψψsFμosonFproπuνtionFγnπFπτνγyFrγtτsFγnπFνouplinψFstrτnψthsFusinψF
νollisionFπγtγFγtF[oormulγcFsττFtτxt−FγnπFa´ ~τ’FinFthτFj~uj}FτxpτrimτntTFEuropeanqPhysicalqJournalqC
RF2016RF_^RF^

4.2 185

234
vτγsurτmτntsFoχFχiπuνiγlFνrossSsτνtionsFχorF[oormulγcFsττFtτxt−FproπuνtionFwithFonτForFtwoF
γππitionγlFSjτtsFinFνollisionsFγtF[oormulγcFsττFtτxt−faF~τ’´ usinψFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2016RF_^RFXX

4.2 21

233 }tuπyFoχFthτF[oormulγcFsττFtτxt−FγnπF[oormulγcFsττFtτxt−FπτνγysFwithFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2016RF_^RF[ 4.2 13

232
}τγrνhFχorFγnFγππitionγlRFhτγvyFqiψψsFμosonFinFthτF[oormulγcFsττFtτxt−FπτνγyFνhγnnτlFγtF[oormulγcF
sττFtτxt−FinF[oormulγcFsττFtτxt−FνollisionFπγtγFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RF[]

4.2 152

231 }τγrνhFχorFsinψlτFtopSquγrkFproπuνtionFviγFχlγvourSνhγnψinψFnτutrγlFνurrτntsFγtFa´ ~τ’FwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]] 4.2 28

230 vτγsurτmτntFoχFthτFνhγrψτFγsymmτtryFinFtopSquγrkFpγirFproπuνtionFinFthτFlτptonSplusSjτtsFχinγlF
stγtτFinFppFνollisionFπγtγFγtFNsqrt{s}faRmγthrmF~τ’{}OFwithFthτFj~uj}FπτtτνtorF2016RF_^RFX 1

229 ~hτFuγsτrFνγliμrγtionFoχFthτFj~uj}F~ilτFlγlorimτtτrFπurinψFthτFuqlFrunFXTFJournalqofqInstrumentation
RF2016RFXXRF~XWWW]S~XWWW] 1 13

228 }tuπyFoχFhγrπFπouμlτSpγrtonFsνγttτrinψFinFχourSjτtFτvτntsFinFppFνollisionsFγtFNFsqrt{s}f_FOF~τ’FwithF
thτFj~uj}FτxpτrimτntTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 21

227
}τγrνhFχorFthτF}tγnπγrπFvoπτlFqiψψsFμosonFproπuντπFμyFvτνtorSμosonFχusionFγnπFπτνγyinψFtoF
μottomFquγrksFinFNFsqrt{s}faFOF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyq
PhysicsRF2016RFYWX^RFX

5.4 8

226
vτγsurτmτntFoχFτvτntSshγpτFoμsτrvγμlτsFinF[oormulγcFsττFtτxt−FτvτntsFinFνollisionsFγtF[oormulγcF
sττFtτxt−´ [oormulγcFsττFtτxt−FwithFthτFj~uj}FπτtτνtorFγtFthτFuqlTFEuropeanqPhysicalqJournalqCRF2016RF
_^RFZ_]

4.2 5

225 lhγrψτπSpγrtiνlτFπistriμutionsFinFintτrγνtionsFγtF[oormulγcFsττFtτxt−FmτγsurτπFwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF[WZ 4.2 19

224 lhγrψτπSpγrtiνlτFπistriμutionsFγtFlowFtrγnsvτrsτFmomτntumFinF[oormulγcFsττFtτxt−´ ~τ’FintτrγνtionsF
mτγsurτπFwithFthτFj~uj}FπτtτνtorFγtFthτFuqlTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]WY 4.2 37

223 }τγrνhFχorFμottomFsquγrkFpγirFproπuνtionFinFprotonSprotonFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’F
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF][_ 4.2 25

222
}τγrνhFχorFminimγlFsupτrsymmτtriνFstγnπγrπFmoπτlFqiψψsFkosonsF´ V´ FγnπFχorFγF[oormulγcFsττFtτxt−F
μosonFinFthτF[oormulγcFsττFtτxt−FχinγlFstγtτFproπuντπFinFνollisionsFγtF[oormulγcFsττFtτxt−F~τ’FwithF
thτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]a]

4.2 28

221 vτγsurτmτntFoχFthτFphotonFiπτntiχiνγtionFτχχiνiτnνiτsFwithFthτFj~uj}FπτtτνtorFusinψFuqlF{unSXF
πγtγTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^^^ 4.2 53

220 vτγsurτmτntFoχFthτF[oormulγcFsττFtτxt−FπijτtFνrossFsτνtionFinFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’F
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^_W 4.2 7

219 ~hτFpτrχormγnντFoχFthτFjτtFtriψψτrFχorFthτFj~uj}FπτtτνtorFπurinψFYWXXFπγtγFtγkinψTFEuropeanq
PhysicalqJournalqCRF2016RF_^RF]Y^ 4.2 16

218 }τγrνhFχorFnτwFphτnomτnγFinFπiχχτrτntSχlγvourFhiψhSmγssFπilτptonFχinγlFstγtτsFinFνollisionsFγtF
[oormulγcFsττFtτxt−´ ~τvFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF][X 4.2 7

Pavel Starovoitov

14



217
}τγrνhFχorFthτFqiψψsFμosonFproπuντπFinFγssoνiγtionFwithFγFμosonFγnπFπτνγyinψFtoFχourFSquγrksFviγF
twoFspinSzτroFpγrtiνlτsFinFνollisionsFγtFXZF~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RF^W]

4.2 16

216 vuonFrτνonstruνtionFpτrχormγnντFoχFthτFj~uj}FπτtτνtorFinFprotonSprotonFνollisionFπγtγFγtF
[oormulγcFsττFtτxt−fXZ´ ~τ’TFEuropeanqPhysicalqJournalqCRF2016RF_^RFYbY 4.2 263

215 ~τstFoχFlyFinvγriγnντFinFvτνtorSμosonFχusionFproπuνtionFoχFthτFqiψψsFμosonFusinψFthτFmτthoπFinFthτF
πitγuFπτνγyFνhγnnτlFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF^]a 4.2 26

214 }τγrνhFχorFψluinosFinFτvτntsFwithFγnFisolγtτπFlτptonRFjτtsFγnπFmissinψFtrγnsvτrsτFmomτntumFγtF
[oormulγcFsττFtτxt−FfFXZF~τF’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]^] 4.2 20

213 vτγsurτmτntFoχFthτFinνlusivτFisolγtτπFpromptFphotonFνrossFsτνtionFinFppFνollisionsFγtFNFsqrt{s}faFOF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 25

212 }τγrνhFχorFγFhiψhSmγssFqiψψsFμosonFπτνγyinψFtoFγF–FμosonFpγirFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 59

211
}τγrνhFχorFχlγvourSνhγnψinψFnτutrγlFνurrτntFtopSquγrkFπτνγysFtoF[oormulγcFsττFtτxt−FinF[oormulγcF
sττFtτxt−FνollisionFπγtγFνollτνtτπFwithFthτFj~uj}FπτtτνtorFγtF[oormulγcFsττFtτxt−´ ~τ’TFEuropeanq
PhysicalqJournalqCRF2016RF_^RFXY

4.2 16

210
vτγsurτmτntFoχFthτFνhγrψτFγsymmτtryFinFtopSquγrkFpγirFproπuνtionFinFthτFlτptonSplusSjτtsFχinγlF
stγtτFinFνollisionFπγtγFγtF[oormulγcFsττFtτxt−FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2016RF_^RFa_

4.2 18

209 }τγrνhFχorFπirτνtFtopFsquγrkFpγirFproπuνtionFinFχinγlFstγtτsFwithFtwoFtγuFlτptonsFinFνollisionsFγtF
[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RFaX 4.2 7

208 }τγrνhFχorFνhγrψτπFqiψψsFμosonsFinFthτFqF´–FSgFtμFπτνγyFνhγnnτlFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’F
usinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 33

207 }tuπyFoχFthτFrγrτFπτνγysFoχF[oormulγcFsττFtτxt−FγnπF[oormulγcFsττFtτxt−FintoFmuonFpγirsFχromFπγtγF
νollτνtτπFπurinψFthτFuqlF{unFXFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]XZ 4.2 27

206
}τγrνhFχorFsupτrsymmτtryFinFγFχinγlFstγtτFνontγininψFtwoFphotonsFγnπFmissinψFtrγnsvτrsτF
momτntumFinF[oormulγcFsττFtτxt−´ f´ XZ´ ~τ’F[oormulγcFsττFtτxt−FνollisionsFγtFthτFuqlFusinψFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF]X_

4.2 17

205 }τγrνhFχorFrτsonγnντsFinFπiphotonFτvτntsFγtFNFsqrt{s}fXZFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 49

204 }τγrνhFχorFsinψlτFproπuνtionFoχFvτνtorSlikτFquγrksFπτνγyinψFintoFinFνollisionsFγtF[oormulγcFsττF
tτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2016RF_^RF[[Y 4.2 24

203 vτγsurτmτntFoχFthτFrτlγtivτFwiπthFπiχχτrτnντFoχFthτFNF{k}≥Whμox{S}F{ovτrlinτ{k}}≥WFOFsystτmFwithF
thτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2016RFYWX^RFX 5.4 5

202 sτtFτnτrψyFmτγsurτmτntFγnπFitsFsystτmγtiνFunντrtγintyFinFprotonSprotonFνollisionsFγtF[oormulγcFsττF
tτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFX_ 4.2 194

201 }τγrνhFχorFinvisiμlτFpγrtiνlτsFproπuντπFinFγssoνiγtionFwithFsinψlτStopSquγrksFinFprotonSprotonF
νollisionsFγtF[oormulγcFsττFtτxt−FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF_b 4.2 21

200 }τγrνhFχorFrτsonγntFπiμosonFproπuνtionFinFthτF[oormulγcFsττFtτxt−FχinγlFstγtτFinF[oormulγcFsττFtτxt−F
νollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF^b 4.2 62
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199 vτγsurτmτntsFoχFthτF[oormulγcFsττFtτxt−FproπuνtionFνrossFsτνtionsFinFγssoνiγtionFwithFjτtsFwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFaY 4.2 54

198 }τγrνhFχorFπγrkFmγttτrFinFτvτntsFwithFhτγvyFquγrksFγnπFmissinψFtrγnsvτrsτFmomτntumFinF[oormulγcF
sττFtτxt−FνollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFbY 4.2 60

197
vτγsurτmτntFoχFthτFNFtovτrlinτ{t}FOFproπuνtionFνrossSsτνtionFγsFγFχunνtionFoχFjτtFmultipliνityFγnπFjτtF
trγnsvτrsτFmomτntumFinF_F~τ’FprotonSprotonFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2015RFYWX]RFX

5.4 14

196
vτγsurτmτntFoχFthτF–F–FQF–F±FνrossFsτνtionFγnπFlimitsFonFγnomγlousFtriplτFψγuψτFνouplinψsFusinψF
χinγlFstγtτsFwithFonτFlτptonRFmissinψFtrγnsvτrsτFmomτntumRFγnπFtwoFjτtsFwithFthτFj~uj}FπτtτνtorF
γtFNFsqrt{s}f_FOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX

5.4 12

195 }τγrνhτsFχorFhτγvyFlonψSlivτπFνhγrψτπFpγrtiνlτsFwithFthτFj~uj}FπτtτνtorFinFprotonSprotonFνollisionsF
γtFNFsqrt{s}faFOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 29

194 }τγrνhFχorFthτFNFμovτrlinτ{μ}FOFπτνγyFoχFthτF}tγnπγrπFvoπτlFqiψψsFμosonFinFγssoνiγtτπFN–V±OqF
proπuνtionFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 64

193 vτγsurτmτntFoχFthτFinνlusivτFjτtFνrossSsτνtionFinFprotonSprotonFνollisionsFγtFNFsqrt{s}f_FOF~τ’FusinψF
[T]Fχμâ��XFoχFπγtγFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 27

192
}τγrνhFχorFγnomγlousFproπuνtionFoχFpromptFsγmτSsiψnFlτptonFpγirsFγnπFpγirSproπuντπFπouμlyF
νhγrψτπFqiψψsFμosonsFwithFNFsqrt{s}faFOF~τ’FppFνollisionsFusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2015RFYWX]RFX

5.4 45

191
}τγrνhFχorFνhγrψτπFqiψψsFμosonsFπτνγyinψFviγFqF´–FSgFˇ�F´–F˛‰FinFχullyFhγπroniνFχinγlFstγtτsFusinψFppF
νollisionFπγtγFγtFNFsqrt{s}FOFfFaF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RF
YWX]RFX

5.4 56

190
}τγrνhFχorFproπuνtionFoχF[oormulγcFsττFtτxt−FrτsonγnντsFπτνγyinψFtoFγFlτptonRFnτutrinoFγnπFjτtsFinF
[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2015RF_]RFYWb

4.2 73

189 yτrχormγnντFoχFthτFj~uj}FmuonFtriψψτrFinFppFνollisionsFγtF[oormulγcFsττFtτxt−F~τ’TFEuropeanq
PhysicalqJournalqCRF2015RF_]RFXYW 4.2 51

188 }τγrνhFχorFqiψψsFμosonFpγirFproπuνtionFinFthτF[oormulγcFsττFtτxt−FχinγlFstγtτFχromFνollisionsFγtF
[oormulγcFsττFtτxt−F~τ’withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF[XY 4.2 66

187 mτtτrminγtionFoχFspinFγnπFpγrityFoχFthτFqiψψsFμosonFinFthτF[oormulγcFsττFtτxt−FπτνγyFνhγnnτlFwithF
thτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFYZX 4.2 15

186
}τγrνhFχorFnτwFphτnomτnγFinFχinγlFstγtτsFwithFγnFτnτrψτtiνFjτtFγnπFlγrψτFmissinψFtrγnsvτrsτF
momτntumFinFνollisionsFγtF[oormulγcFsττFtτxt−~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2015RF_]RFYbb

4.2 202

185 }τγrνhFχorFγFnτwFrτsonγnντFπτνγyinψFtoFγForFμosonFγnπFγFqiψψsFμosonFinFthτF[oormulγcFsττFtτxt−F
χinγlFstγtτsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFY^Z 4.2 46

184 vτγsurτmτntFoχFthrττSjτtFproπuνtionFνrossSsτνtionsFinF[oormulγcFsττFtτxt−FνollisionsFγtF_´ [oormulγcF
sττFtτxt−FντntrτSoχSmγssFτnτrψyFusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFYYa 4.2 18

183 lonstrγintsFonFthτFoχχSshτllFqiψψsFμosonFsiψnγlFstrτnψthFinFthτFhiψhSmγssFγnπFχinγlFstγtτsFwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZZ] 4.2 56

182
rπτntiχiνγtionFγnπFτnτrψyFνγliμrγtionFoχFhγπroniνγllyFπτνγyinψFtγuFlτptonsFwithFthτFj~uj}F
τxpτrimτntFinFνollisionsFγtF[oormulγcFsττFtτxt−[oormulγcFsττFtτxt−TFEuropeanqPhysicalqJournalqCRF2015
RF_]RFZWZ

4.2 49
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181 }tuπyFoχFthτFspinFγnπFpγrityFoχFthτFqiψψsFμosonFinFπiμosonFπτνγysFwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2015RF_]RF[_^ 4.2 104

180
xμsτrvγtionFγnπFmτγsurτmτntsFoχFthτFproπuνtionFoχFpromptFγnπFnonSpromptF[oormulγcFsττFtτxt−F
mτsonsFinFγssoνiγtionFwithFγF[oormulγcFsττFtτxt−FμosonFinF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcF
sττFtτxt−FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFYYb

4.2 38

179
}τγrνhFχorFthτF}tγnπγrπFvoπτlFqiψψsFμosonFproπuντπFinFγssoνiγtionFwithFtopFquγrksFγnπFπτνγyinψF
intoF[oormulγcFsττFtτxt−FinF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcFsττFtτxt−FwithFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZ[b

4.2 94

178
}τγrνhFχorFsupτrsymmτtryFinFτvτntsFνontγininψFγFsγmτSχlγvourFoppositτSsiψnFπilτptonFpγirRFjτtsRFγnπF
lγrψτFmissinψFtrγnsvτrsτFmomτntumFinF[oormulγcFsττFtτxt−´ ~τ’FνollisionsFwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2015RF_]RFZXa

4.2 44

177 }τγrνhFχorFhτγvyFlonψSlivτπFmultiSνhγrψτπFpγrtiνlτsFinFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FusinψFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZ^Y 4.2 22

176 ~woSpγrtiνlτFkosτSninstτinFνorrτlγtionsFinFνollisionsFγtF[oormulγcFsττFtτxt−FWTbFγnπF_F~τ’FmτγsurτπF
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RF[^^ 4.2 28

175 vτγsurτmτntFoχFthτFtopFquγrkFmγssFinFthτF[oormulγcFsττFtτxt−FγnπF[oormulγcFsττFtτxt−FνhγnnτlsF
usinψF[oormulγcFsττFtτxt−´ [oormulγcFsττFtτxt−Fj~uj}FπγtγTFEuropeanqPhysicalqJournalqCRF2015RF_]RFZZW 4.2 32

174 j~uj}F{unFXFsτγrνhτsFχorFπirτνtFpγirFproπuνtionFoχFthirπSψτnτrγtionFsquγrksFγtFthτFuγrψτFqγπronF
lolliπτrTFEuropeanqPhysicalqJournalqCRF2015RF_]RF]XW 4.2 109

173 }τγrνhFχorFlowSsνγlτFψrγvityFsiψnγturτsFinFmultiSjτtFχinγlFstγtτsFwithFthτFj~uj}FπτtτνtorFγtFNF
sqrt{s}faFOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 2

172 jFsτγrνhFχorFhiψhSmγssFrτsonγnντsFπτνγyinψFtoFˇ�Qˇ�â��FinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 22

171 }ummγryFoχFthτFj~uj}Fτxpτrimτntâ��sFsτnsitivityFtoFsupτrsymmτtryFγχtτrFuqlF{unFXFâ��FintτrprτtτπF
inFthτFphτnomτnoloψiνγlFv}}vTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 42

170 }τγrνhFχorFlτptonSχlγvourSviolγtinψFqFSgF˛…ˇ�FπτνγysFoχFthτFqiψψsFμosonFwithFthτFj~uj}FπτtτνtorTF
JournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 46

169 vτγsurτmτntFoχFχourSjτtFπiχχτrτntiγlFνrossFsτνtionsFinFNFsqrt{s}faFOF~τ’FprotonSprotonFνollisionsF
usinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFXS_^ 5.4 5

168 jFsτγrνhFχorFNFtovτrlinτ{t}FOFrτsonγnντsFusinψFlτptonSplusSjτtsFτvτntsFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 57

167 vτγsurτmτntFoχFthτFχorwγrπSμγνkwγrπFγsymmτtryFoχFτlτνtronFγnπFmuonFpγirSproπuνtionFinFppF
νollisionsFγtFNFsqrt{s}f_FOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 18

166 vτγsurτmτntFoχFνhγrψτπSpγrtiνlτFspτνtrγFinFyμQyμFνollisionsFγtFNFsqrt{s_{mγthrm{ww}}}fYT_^FOF~τ’F
withFthτFj~uj}FπτtτνtorFγtFthτFuqlTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 49

165 jnγlysisFoχFτvτntsFwithFμSjτtsFγnπFγFpγirFoχFlτptonsFoχFthτFsγmτFνhγrψτFinFppFνollisionsFγtFNFsqrt{s}faF
OF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 26

164 lonstrγintsFonFnτwFphτnomτnγFviγFqiψψsFμosonFνouplinψsFγnπFinvisiμlτFπτνγysFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 91
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163 }τγrνhFχorFhiψhSmγssFπiμosonFrτsonγnντsFwithFμosonStγψψτπFjτtsFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFXSZb 5.4 66

162
miχχτrτntiγlFtopSγntitopFνrossSsτνtionFmτγsurτmτntsFγsFγFχunνtionFoχFoμsτrvγμlτsFνonstruνtτπFχromF
χinγlSstγtτFpγrtiνlτsFusinψFppFνollisionsFγtFNFsqrt{s}f_FOF~τ’FinFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2015RFYWX]RFX

5.4 31

161 }τγrνhFχorFhτγvyFvγjorγnγFnτutrinosFwithFthτFj~uj}FπτtτνtorFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’TF
JournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 65

160
}τγrνhFχorFproπuνtionFoχFvτνtorSlikτFquγrkFpγirsFγnπFoχFχourFtopFquγrksFinFthτFlτptonSplusSjτtsFχinγlF
stγtτFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2015RFYWX]RFX

5.4 54

159 }τγrνhFχorFnτwFphτnomτnγFinFτvτntsFwithFthrττForFmorτFνhγrψτπFlτptonsFinFppFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 16

158 }ummγryFoχFthτFsτγrνhτsFχorFsquγrksFγnπFψluinosFusinψFNFsqrt{s}faFOF~τ’FppFνollisionsFwithFthτF
j~uj}FτxpτrimτntFγtFthτFuqlTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 55

157 mτtτrminγtionFoχFthτFtopSquγrkFpolτFmγssFusinψFNFtovτrlinτ{t}FOFQFXSjτtFτvτntsFνollτνtτπFwithFthτF
j~uj}FτxpτrimτntFinF_F~τ’FppFνollisionsTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 15

156 vτγsurτmτntFoχFthτFNFtovτrlinτ{t}–FOFγnπFNFtovτrlinτ{t}±FOFproπuνtionFνrossFsτνtionsFinFppFνollisionsF
γtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 16

155 }τγrνhFχorFχlγvourSνhγnψinψFnτutrγlFνurrτntFtopFquγrkFπτνγysFtFSgFqqFinFppFνollisionsFγtFNFsqrt{s}faFOF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFXS^] 5.4 18

154 qn{joittτrTFEuropeanqPhysicalqJournalqCRF2015RF_]RFX 4.2 109

153 }τγrνhFχorFhτγvyFlτptonFrτsonγnντsFπτνγyinψFtoFγF±FμosonFγnπFγFlτptonFinFppFνollisionsFγtFNFsqrt{s}faF
OF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 22

152 }τγrνhFχorFsquγrksFγnπFψluinosFinFτvτntsFwithFisolγtτπFlτptonsRFjτtsFγnπFmissinψFtrγnsvτrsτF
momτntumFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 37

151 nviπτnντFχorFthτFqiψψsSμosonF ukγwγFνouplinψFtoFtγuFlτptonsFwithFthτFj~uj}FπτtτνtorTFJournalqofq
HighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 74

150 vτγsurτmτntFoχFthτFνhγrψτFγsymmτtryFinFπilτptoniνFπτνγysFoχFtopFquγrkFpγirsFinFppFνollisionsFγtFNF
sqrt{s}f_FOF~τ’FusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 16

149 }τγrνhFχorF[oormulγcFsττFtτxt−FπτνγysFinF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcFsττFtτxt−´ f´ a´ ~τ’F
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF_]RFX^] 4.2 25

148 vτγsurτmτntFoχFthτFtopSquγrkFmγssFinFthτFχullyFhγπroniνFπτνγyFνhγnnτlFχromFj~uj}FπγtγFγtF
[oormulγcFsττFtτxt−TFEuropeanqPhysicalqJournalqCRF2015RF_]RFX]a 4.2 8

147
}τγrνhFχorFπirτνtFpγirFproπuνtionFoχFγFνhγrψinoFγnπFγFnτutrγlinoFπτνγyinψFtoFthτFXY]´ pτ’FqiψψsF
μosonFinF[oormulγcFsττFtτxt−´ ~τ’F[oormulγcFsττFtτxt−FνollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanq
PhysicalqJournalqCRF2015RF_]RFYWa

4.2 50

146 }tuπyFoχFN–V±OqFproπuνtionFγnπFqiψψsFμosonFνouplinψsFusinψFqSgF–F–FPFπτνγysFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2015RFYWX]RFX 5.4 14
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145 }τγrνhFχorFmτtγstγμlτFhτγvyFνhγrψτπFpγrtiνlτsFwithFlγrψτFionisγtionFτnτrψyFlossFinFνollisionsFγtF
[oormulγcFsττFtτxt−´ ~τ’FusinψFthτFj~uj}FτxpτrimτntTFEuropeanqPhysicalqJournalqCRF2015RF_]RF[W_ 4.2 18

144
vτγsurτmτntFoχFthτFproπuνtionFγnπFlτptonFνhγrψτFγsymmτtryFoχF[oormulγcFsττFtτxt−FμosonsFinF
yμQyμFνollisionsFγtF[oormulγcFsττFtτxt−FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2015RF
_]RFYZ

4.2 31

143 vτγsurτmτntFoχFthτFinνlusivτFjτtFνrossSsτνtionFinFprotonSprotonFνollisionsFγtFNFsqrt{s}f_FOF~τ’FusinψF
[T]Fχμâ��XFoχFπγtγFwithFthτFj~uj}FπτtτνtorF2015RFYWX]RFX 3

142 vτγsurτmτntFoχFthτFtopFquγrkFpγirFproπuνtionFνhγrψτFγsymmτtryFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}FOFfF_F~τ’FusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 24

141
}τγrνhFχorFthτFπirτνtFproπuνtionFoχFνhγrψinosRFnτutrγlinosFγnπFstγusFinFχinγlFstγtτsFwithFγtFlτγstFtwoF
hγπroniνγllyFπτνγyinψFtγusFγnπFmissinψFtrγnsvτrsτFmomτntumFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’F
withFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 29

140
~hτFπiχχτrτntiγlFproπuνtionFνrossFsτνtionFoχFthτF[oormulγcFsττFtτxt−NXWYWOFmτsonFinF[oormulγcFsττF
tτxt−FfF_´ ~τ’F[oormulγcFsττFtτxt−FνollisionsFmτγsurτπFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2014RF_[RFYab]

4.2 12

139 nlτνtronFrτνonstruνtionFγnπFiπτntiχiνγtionFτχχiνiτnνyFmτγsurτmτntsFwithFthτFj~uj}FπτtτνtorFusinψF
thτFYWXXFuqlFprotonSprotonFνollisionFπγtγTFEuropeanqPhysicalqJournalqCRF2014RF_[RFYb[X 4.2 160

138 vτγsurτmτntFoχFthτFunπτrlyinψFτvτntFinFjτtFτvτntsFχromF_FNtτxtF{~τ’}OFprotonâ��protonFνollisionsF
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFX 4.2 18

137
vτγsurτmτntFoχFthτFντntrγlityFγnπFpsτuπorγpiπityFπτpτnπτnντFoχFthτFintτψrγtτπFτlliptiνFχlowFinF
lτγπSlτγπFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’´ withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF
2014RF_[RFYbaY

4.2 18

136 uiψhtSquγrkFγnπFψluonFjτtFπisνriminγtionFinF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcFsττFtτxt−FwithF
thτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZWYZ 4.2 46

135
vτγsurτmτntFoχFthτFτlτνtrowτγkFproπuνtionFoχFπijτtsFinFγssoνiγtionFwithFγF±SμosonFγnπF
πistriμutionsFsτnsitivτFtoFvτνtorFμosonFχusionFinFprotonSprotonFνollisionsFγtFNFsqrt{s}FOFfFaF~τ’FusinψF
thτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 14

134
}τγrνhFχorFπirτνtFproπuνtionFoχFνhγrψinosFγnπFnτutrγlinosFinFτvτntsFwithFthrττFlτptonsFγnπFmissinψF
trγnsvτrsτFmomτntumFinFNFsqrt{s}FOFfFaF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2014RFYWX[RFX

5.4 76

133
vτγsurτmτntFoχFthτFproπuνtionFνrossFsτνtionFoχFpromptFsVˇ�FmτsonsFinFγssoνiγtionFwithFγF–F´–F
μosonFinFppFνollisionsFγtFNFsqrt{s}FOFfF_F~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF
2014RFYWX[RFX

5.4 24

132 vτγsurτmτntFoχFπijτtFνrossSsτνtionsFinFppFνollisionsFγtF_F~τ’FντntrτSoχSmγssFτnτrψyFusinψFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 17

131 vτγsurτmτntFoχFthτFproπuνtionFoχFγF–FμosonFinFγssoνiγtionFwithFγFνhγrmFquγrkFinFppFνollisionsFγtFNF
sqrt{s}FOFfF_F~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 37

130
}τγrνhFχorFπirτνtFproπuνtionFoχFνhγrψinosRFnτutrγlinosFγnπFslτptonsFinFχinγlFstγtτsFwithFtwoFlτptonsF
γnπFmissinψFtrγnsvτrsτFmomτntumFinFppFνollisionsFγtFNFsqrt{s}FOFfFa~τ’FwithFthτFj~uj}FπτtτνtorTF
JournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 120

129 }τγrνhFχorFsupτrsymmτtryFγtFNsqrt{s}OFfFaF~τ’FinFχinγlFstγtτsFwithFjτtsFγnπFtwoFsγmτSsiψnFlτptonsForF
thrττFlτptonsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 39

128 vτγsurτmτntFoχFthτFlowSmγssFmrτllS γnFπiχχτrτntiγlFνrossFsτνtionFγtFNFsqrt{s}FOFfF_F~τ’FusinψFthτF
j~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 18
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127 }τγrνhFχorFπirτνtFtopSsquγrkFpγirFproπuνtionFinFχinγlFstγtτsFwithFtwoFlτptonsFinFppFνollisionsFγtFNF
sqrt{s}FOFfFaF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 52

126 vτγsurτmτntFoχFˇ�FνXFγnπFˇ�FνYFproπuνtionFwithFNFsqrt{s}FOFfF_F~τ’FppFνollisionsFγtFj~uj}TFJournalqofq
HighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 26

125 }τγrνhFχorFmiνrosνopiνFμlγνkFholτsFγnπFstrinψFμγllsFinFχinγlFstγtτsFwithFlτptonsFγnπFjτtsFwithFthτF
j~uj}FπτtτνtorFγtFNFsqrt{s}FOFfFaF~τ’TFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 6

124 }τγrνhFχorFnτwFpγrtiνlτsFinFτvτntsFwithFonτFlτptonFγnπFmissinψFtrγnsvτrsτFmomτntumFinFppF
νollisionsFγtFNFsqrt{s}FOFfFaF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 40

123
}τγrνhFχorFπirτνtFtopFsquγrkFpγirFproπuνtionFinFτvτntsFwithFγF[oormulγcFsττFtτxt−FμosonRF[oormulγcF
sττFtτxt−SjτtsFγnπFmissinψFtrγnsvτrsτFmomτntumFinF[oormulγcFsττFtτxt−F~τ’F[oormulγcFsττFtτxt−F
νollisionsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFYaaZ

4.2 41

122 }τγrνhFχorFnτutrγlFqiψψsFμosonsFoχFthτFminimγlFsupτrsymmτtriνFstγnπγrπFmoπτlFinFppFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 67

121 vτγsurτmτntFoχFthτFmuonFrτνonstruνtionFpτrχormγnντFoχFthτFj~uj}FπτtτνtorFusinψFYWXXFγnπFYWXYF
uqlFprotonSprotonFνollisionFπγtγTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZXZW 4.2 166

120
vτγsurτmτntsFoχFjτtFvτtoτsFγnπFγzimuthγlFπτνorrτlγtionsFinFπijτtFτvτntsFproπuντπFinF[oormulγcFsττF
tτxt−FνollisionsFγtF[oormulγcFsττFtτxt−FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014RF
_[RFZXX_

4.2 17

119
jFmτγsurτmτntFoχFthτFrγtioFoχFthτFproπuνtionFνrossFsτνtionsFχorF[oormulγcFsττFtτxt−FγnπF[oormulγcF
sττFtτxt−FμosonsFinFγssoνiγtionFwithFjτtsFwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014
RF_[RFZX^a

4.2 16

118 vτγsurτmτntsFoχFχiπuνiγlFγnπFπiχχτrτntiγlFνrossFsτνtionsFχorFqiψψsFμosonFproπuνtionFinFthτF
πiphotonFπτνγyFνhγnnτlFγtFNFsqrt{s}faFOF~τ’FwithFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 30

117
}τγrνhFχorFsupτrsymmτtryFinFτvτntsFwithFlγrψτFmissinψFtrγnsvτrsτFmomτntumRFjτtsRFγnπFγtFlτγstF
onτFtγuFlτptonFinFYWFχμâ��XFoχFNFsqrt{s}FOFfFaF~τ’FprotonSprotonFνollisionFπγtγFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 9

116
}τγrνhFχorFsquγrksFγnπFψluinosFwithFthτFj~uj}FπτtτνtorFinFχinγlFstγtτsFwithFjτtsFγnπFmissinψF
trγnsvτrsτFmomτntumFusinψFNFsqrt{s}faFOF~τ’FprotonSprotonFνollisionFπγtγTFJournalqofqHighqEnergyq
PhysicsRF2014RFYWX[RFX

5.4 108

115
vτγsurτmτntFoχFthτF[oormulγcFsττFtτxt−FproπuνtionFνrossSsτνtionFusinψF[oormulγcFsττFtτxt−FτvτntsF
withF[oormulγcFsττFtτxt−StγψψτπFjτtsFinF[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcFsττFtτxt−FγnπF
a´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZXWb

4.2 107

114
}τγrνhFχorFtopFsquγrkFpγirFproπuνtionFinFχinγlFstγtτsFwithFonτFisolγtτπFlτptonRFjτtsRFγnπFmissinψF
trγnsvτrsτFmomτntumFinFNFsqrt{s}FOFfFaF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2014RFYWX[RFX

5.4 54

113 vuonFrτνonstruνtionFτχχiνiτnνyFγnπFmomτntumFrτsolutionFoχFthτFj~uj}FτxpτrimτntFinF
protonSprotonFνollisionsFγtF[oormulγcFsττFtτxt−´ ~τ’FinFYWXWTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZWZ[ 4.2 45

112 nlτνtronFγnπFphotonFτnτrψyFνγliμrγtionFwithFthτFj~uj}FπτtτνtorFusinψFuqlF{unFXFπγtγTFEuropeanq
PhysicalqJournalqCRF2014RF_[RFX 4.2 160

111
}τγrνhFχorFνontγνtFintτrγνtionsFγnπFlγrψτFτxtrγFπimτnsionsFinFthτFπilτptonFνhγnnτlFusinψF
protonSprotonFνollisionsFγtF[oormulγcFsττFtτxt−´ a´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2014RF_[RFZXZ[

4.2 31

110 vτγsurτmτntFoχFχlowFhγrmoniνsFwithFmultiSpγrtiνlτFνumulγntsFinFyμQyμFνollisionsFγtF[oormulγcFsττF
tτxt−´ ~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2014RF_[RFZX]_ 4.2 52
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109
vτγsurτmτntFoχFπistriμutionsFsτnsitivτFtoFthτFunπτrlyinψFτvτntFinFinνlusivτF±SμosonFproπuνtionFinF
[oormulγcFsττFtτxt−FνollisionsFγtF[oormulγcFsττFtτxt−F~τ’FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2014RF_[RFZXb]

4.2 21

108 }τγrνhFχorFπirτνtFpγirFproπuνtionFoχFthτFtopFsquγrkFinFγllShγπroniνFχinγlFstγtτsFinFprotonSprotonF
νollisionsFγtFNFsqrt{s}FOFfFaF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 36

107 vτγsurτmτntFoχFthτFproπuνtionFνrossSsτνtionFoχFˇ�NY}OFSgFsVˇ�NSg˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FinFppFνollisionsFγtFNF
sqrt{s}FOFfF_F~τ’FγtFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 16

106 vτγsurτmτntFoχFthτF±V˛‡FPFμosonFtrγnsvτrsτFmomτntumFπistriμutionFinFppFνollisionsFγtFNFsqrt{s}f_FOF
~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 79

105
}τγrνhFχorFstronψFproπuνtionFoχFsupτrsymmτtriνFpγrtiνlτsFinFχinγlFstγtτsFwithFmissinψFtrγnsvτrsτF
momτntumFγnπFγtFlτγstFthrττFμSjτtsFγtFNFsqrt{s}FfFaFOF~τ’FprotonSprotonFνollisionsFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX

5.4 31

104 vτγsurτmτntFoχFπiχχτrτntiγlFproπuνtionFνrossSsτνtionsFχorFγF±FμosonFinFγssoνiγtionFwithFμSjτtsFinF_F
~τ’FprotonSprotonFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 26

103 }τγrνhFχorFlonψSlivτπFnτutrγlFpγrtiνlτsFπτνγyinψFintoFlτptonFjτtsFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2014RFYWX[RFX 5.4 38

102
}τγrνhFχorFpγirFγnπFsinψlτFproπuνtionFoχFnτwFhτγvyFquγrksFthγtFπτνγyFtoFγF±FμosonFγnπFγF
thirπSψτnτrγtionFquγrkFinFppFνollisionsFγtFNFsqrt{s}faFOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2014RFYWX[RFX

5.4 29

101 vτγsurτmτntFoχFthτFνrossSsτνtionFχorF–FμosonFproπuνtionFinFγssoνiγtionFwithFμSjτtsFinFppFνollisionsF
γtFNFsqrt{s}f_FOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 34

100 }τγrνhFχorFthirπFψτnτrγtionFsνγlγrFlτptoquγrksFinFppFνollisionsFγtFNFsqrt{s}f_FOF~τ’FwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 30

99 }τγrνhFχorFπγrkFmγttτrFνγnπiπγtτsFγnπFlγrψτFτxtrγFπimτnsionsFinFτvτntsFwithFγFjτtFγnπFmissinψF
trγnsvτrsτFmomτntumFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 124

98 vτγsurτmτntFoχF±±FproπuνtionFinFppFνollisionsFγtFNFsqrt{s}f_FOF~τ’FγnπFlimitsFonFγnomγlousF±±±FγnπF
±±˛‡FνouplinψsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 45

97
}τγrνhFχorFνhγrψτπFqiψψsFμosonsFthrouψhFthτFviolγtionFoχFlτptonFunivτrsγlityFinFNFtovτrlinτ{t}FOF
τvτntsFusinψFppFνollisionFπγtγFγtFNFsqrt{s}f_FOF~τ’FwithFthτFj~uj}FτxpτrimτntTFJournalqofqHighq
EnergyqPhysicsRF2013RFYWXZRFX

5.4 14

96 }τγrνhFχorFthτFnτutrγlFqiψψsFμosonsFoχFthτFminimγlFsupτrsymmτtriνFstγnπγrπFmoπτlFinFppFνollisionsF
γtFNFsqrt{s}f_FOF~τ’FwithFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 47

95 vτγsurτmτntFoχFsplittinψFsνγlτsFinFSgFτvτntsFγtF[oormulγcFsττFtτxt−FwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2013RF_ZRFY[ZY 4.2 8

94
}τγrνhFχorFγFliψhtFνhγrψτπFqiψψsFμosonFinFthτFπτνγyFνhγnnτlF[oormulγcFsττFtτxt−FinF[oormulγcFsττF
tτxt−FτvτntsFusinψFνollisionsFγtF[oormulγcFsττFtτxt−FwithFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2013RF_ZRFY[^]

4.2 76

93
}τγrνhFχorFπirτνtFthirπSψτnτrγtionFsquγrkFpγirFproπuνtionFinFχinγlFstγtτsFwithFmissinψFtrγnsvτrsτF
momτntumFγnπFtwoFμSjτtsFinFNFsqrt{s}faFOF~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTFJournalqofqHighq
EnergyqPhysicsRF2013RFYWXZRFX

5.4 92

92
}τγrνhFχorFnτwFphτnomτnγFinFχinγlFstγtτsFwithFlγrψτFjτtFmultipliνitiτsFγnπFmissinψFtrγnsvτrsτF
momτntumFγtFNFsqrt{s}faFOF~τ’FprotonSprotonFνollisionsFusinψFthτFj~uj}FτxpτrimτntTFJournalqofq
HighqEnergyqPhysicsRF2013RFYWXZRFX

5.4 64
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91 vτγsurτmτntFoχFthτFπiχχτrτntiγlFνrossSsτνtionFoχFkFQFmτsonFproπuνtionFinFppFνollisionsFγtFNF
sqrt{s}f_FOF~τ’FγtFj~uj}TFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 24

90 yτrχormγnντFoχFjτtFsuμstruνturτFtτνhniquτsFχorFlγrψτS{FjτtsFinFprotonSprotonFνollisionsFγtFNF
sqrt{s}f_FOF~τ’FusinψFthτFj~uj}FπτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 43

89 rmprovτπFluminosityFπτtτrminγtionFinFνollisionsFγtF[oormulγcFsττFtτxt−FusinψFthτFj~uj}FπτtτνtorFγtF
thτFuqlTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFY]Xa 4.2 276

88
vτγsurτmτntFoχFthτFinνlusivτFjτtFνrossSsτνtionFinFνollisionsFγtF[oormulγcFsττFtτxt−FγnπFνompγrisonF
toFthτFinνlusivτFjτtFνrossSsτνtionFγtF[oormulγcFsττFtτxt−FusinψFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalq
JournalqCRF2013RF_ZRFY]Wb

4.2 71

87 vultiSνhγnnτlFsτγrνhFχorFsquγrksFγnπFψluinosFinF[oormulγcFsττFtτxt−FνollisionsFwithFthτFj~uj}F
πτtτνtorFγtFthτFuqlTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFYZ^Y 4.2 25

86 sτtFτnτrψyFmτγsurτmτntFwithFthτFj~uj}FπτtτνtorFinFprotonSprotonFνollisionsFγtF
Nsqrt{mγthrm{s}}f_Fmγthrm{~τ’}OTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 209

85 vτγsurτmτntFoχFjτtFshγpτsFinFtopSquγrkFpγirFτvτntsFγtF[oormulγcFsττFtτxt−FusinψFthτFj~uj}F
πτtτνtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFY^_^ 4.2 18

84 vτγsurτmτntFoχFthτFtopFquγrkFνhγrψτFinFppFνollisionsFγtFNFsqrt{s}f_FOF~τ’FwithFthτFj~uj}FπτtτνtorTF
JournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 15

83 j~uj}FsτγrνhFχorFnτwFphτnomτnγFinFπijτtFmγssFγnπFγnψulγrFπistriμutionsFusinψFppFνollisionsFγtFNF
sqrt{s}f_FO~τ’TFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 72

82 vτγsurτmτntFoχFisolγtτπSphotonFpγirFproπuνtionFinFppFνollisionsFγtFNFsqrt{s}f_d~τ’FOFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 44

81 }τγrνhFχorFrτsonγnντsFπτνγyinψFintoFtopSquγrkFpγirsFusinψFχullyFhγπroniνFπτνγysFinFppFνollisionsFwithF
j~uj}FγtFNFsqrt{s}f_FOF~τ’TFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX 5.4 55

80
}τγrνhFχorFπirτνtFνhγrψinoFproπuνtionFinFγnomγlySmτπiγtτπFsupτrsymmτtryFμrτγkinψFmoπτlsFμγsτπF
onFγFπisγppτγrinψStrγνkFsiψnγturτFinFppFνollisionsFγtFNFsqrt{s}f_dmγthrm{~τ’}FOFwithFthτFj~uj}F
πτtτνtorTFJournalqofqHighqEnergyqPhysicsRF2013RFYWXZRFX

5.4 15

79 vτγsurτmτntsFoχFtopFquγrkFpγirFrτlγtivτFπiχχτrτntiγlFνrossSsτνtionsFwithFj~uj}FinFppFνollisionsFγtF
Nsqrt{s}FfF_Fmμox{~τ’}OTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 55

78 }τγrνhFχorFpγirSproπuντπFmγssivτFνolourτπFsνγlγrsFinFχourSjτtFχinγlFstγtτsFwithFthτFj~uj}FπτtτνtorF
inFprotonâ��protonFνollisionsFγtFNsqrt{s}FfF_Fmμox{~τ’}OTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 44

77 vτγsurτmτntFoχFthτFχlγvourFνompositionFoχFπijτtFτvτntsFinFppFνollisionsFγtFNsqrt{s}f_Fmμox{~τ’}OF
withFthτFj~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 12

76 }inψlτFhγπronFrτsponsτFmτγsurτmτntFγnπFνγlorimτtτrFjτtFτnτrψyFsνγlτFunντrtγintyFwithFthτFj~uj}F
πτtτνtorFγtFthτFuqlTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFX 4.2 41

75 sτtFτnτrψyFrτsolutionFinFprotonSprotonFνollisionsFγtF[oormulγcFsττFtτxt−FrτνorπτπFinFYWXWFwithFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFYZW^ 4.2 153

74 vτγsurτmτntFoχFthτF[oormulγcFsττFtτxt−FproπuνtionFνrossFsτνtionFinFthτFtγuFQFjτtsFνhγnnτlFusinψFthτF
j~uj}FπτtτνtorTFEuropeanqPhysicalqJournalqCRF2013RF_ZRFYZYa 4.2 30
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73
}τγrνhFχor–qproπuνtionFwithFγFliψhtFqiψψsFμosonFπτνγyinψFtoFpromptFτlτνtronSjτtsFinF
protonâ��protonFνollisionsFγtFJsqrtF{s}f_JF~τ’FwithFthτFj~uj}FπτtτνtorTFNewqJournalqofqPhysicsRF2013RF
X]RFW[ZWWb

2.9 15

72 vτνhγniνγlFνonstruνtionFγnπFinstγllγtionFoχFthτFj~uj}FtilτFνγlorimτtτrTFJournalqofqInstrumentationRF
2013RFaRF~XXWWXS~XXWWX 1 3

71 }τγrνhFχorFπτνγysFoχFstoppτπRFlonψSlivτπFpγrtiνlτsFχromF_F~τ’FppFνollisionsFwithFthτFj~uj}FπτtτνtorTF
EuropeanqPhysicalqJournalqCRF2012RF_YRFX 4.2 14

70
vτγsurτmτntFoχFthτFpolγrisγtionFoχF–FμosonsFproπuντπFwithFlγrψτFtrγnsvτrsτFmomτntumFinFppF
νollisionsFγtFNsqrt{s}FfF_Fmμox{~τ’}OFwithFthτFj~uj}FτxpτrimτntTFEuropeanqPhysicalqJournalqCRF2012RF
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