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529 yνrπormΔnγνFoπFtχνFj}uj|FuνvνlSXFtopoloτψγΔlFtrψττνrFψnF{un´ YTFEuropeaniPhysicaliJournaliCRF2022RF
aYRFX 4.2 0

528
|νΔrγχFπorFνxotψγFμνγΔysFoπFtχνFqψττsFαosonFψntoFαJJFovνrlψnν{α}FJJFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFψnFppFγollψsψonsFΔtFJJFsqrt{s}FJJFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2022RFYWYYRFX

5.4 0

527
xαsνrvΔtψonFoπFνlνγtrowνΔkFproμuγtψonFoπFtwoFjνtsFψnFΔssoγψΔtψonFwψtχFΔnFψsolΔtνμFpχotonFΔnμF
mψssψnτFtrΔnsvνrsνFmomνntumRFΔnμFsνΔrγχFπorFΔFqψττsFαosonFμνγΔyψnτFψntoFψnvψsψαlνFpΔrtψγlνsFΔtF
XZ´ JJtνxtF{}ν’}JJFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2022RFaYRFX

4.2 0

526
|νΔrγχFπorFqψττsFαosonsFμνγΔyψnτFψntoFnνwFspψnSWForFspψnSXFpΔrtψγlνsFψnFπourSlνptonFπψnΔlFstΔtνsFwψtχF
tχνFj}uj|FμνtνγtorFwψtχFXZbFπαâ��XFoπFppFγollψsψonFμΔtΔFΔtFJJFsqrt{s}FJJFfFXZF}ν’TFJournaliofiHighi
EnergyiPhysicsRF2022RFYWYYRFX

5.4 0

525 jtloΔstZcF}χνFwνxtFpνnνrΔtψonFoπFoΔstF|ψmulΔtψonFψnFj}uj|TFComputingiandiSoftwareiforiBigiScienceRF
2022RF^RFX 6 0

524
vνΔsurνmνntFoπFtχνFνnνrτyFrνsponsνFoπFtχνFj}uj|´ γΔlorψmνtνrFtoFγχΔrτνμ´ pψonsFπromFJJ–−{pmF
}rψτχtΔrrowFtΔuF−{pmF}NrψτχtΔrrowFpψF−{pmF}nuF≥{tΔuF}OnuF≥{tΔuF}JJFνvνntsFψnF{un´ YFμΔtΔTFEuropeani
PhysicaliJournaliCRF2022RFaYRFX

4.2 0

523 }χνFj}uj|FψnnνrFμνtνγtorFtrψττνrFpνrπormΔnγνFψnFppFγollψsψonsFΔtFXZ´ }ν’FμurψnτFuqlF{unFYTF
EuropeaniPhysicaliJournaliCRF2022RFaYRFX 4.2

522 mνtνrmψnΔtψonFoπFtχνFpΔrtonFμψstrψαutψonFπunγtψonsFoπFtχνFprotonFusψnτFμψvνrsνFj}uj|FμΔtΔFπromFppF
γollψsψonsFΔtFJJsqrt{s}FfF_JJRFaFΔnμFXZ´ }ν’TFEuropeaniPhysicaliJournaliCRF2022RFaYRFX 4.2 1

521
|νΔrγχFπorF{SpΔrψtySvψolΔtψnτFsupνrsymmνtryFψnFΔFπψnΔlFstΔtνFγontΔψnψnτFlνptonsFΔnμFmΔnyFjνtsFwψtχF
tχνFj}uj|FνxpνrψmνntFusψnτFNsqrt{s}FfFXZχαoxF{F}ν’}OFprotonâ��protonFγollψsψonFμΔtΔTFEuropeani
PhysicaliJournaliCRF2021RFaXRFX

4.2 2

520 vνΔsurνmνntFoπFtχνFtNFovνrlψnν{t}FOtNFovνrlψnν{t}FOFproμuγtψonFγrossFsνγtψonFψnFppFγollψsψonsFΔtFNF
sqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 0

519
|νΔrγχFπorFμΔrkFmΔttνrFψnFνvνntsFwψtχFmψssψnτFtrΔnsvνrsνFmomνntumFΔnμFΔFqψττsFαosonFμνγΔyψnτF
ψntoFtwoFpχotonsFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2021RFYWYXRFX

5.4 2

518 |νΔrγχFπorFtypνSrrrFsννsΔwFχνΔvyFlνptonsFψnFμψlνptonFπψnΔlFstΔtνsFψnFppFγollψsψonsFΔtFNFsqrt{s}FfFXZR{tνxtF
{}ν’}}FOFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 7

517 vνΔsurνmνntFoπFlψτχtSαySlψτχtFsγΔttνrψnτFΔnμFsνΔrγχFπorFΔxψonSlψkνFpΔrtψγlνsFwψtχFYTYFnαâ��XFoπFyαQyαF
μΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 5

516
|νΔrγχFπorFqψττsFαosonFproμuγtψonFψnFΔssoγψΔtψonFwψtχFΔFχψτχSνnνrτyFpχotonFvψΔFvνγtorSαosonF
πusψonFwψtχFμνγΔyFψntoFαottomFquΔrkFpΔψrsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2021RFYWYXRFX

5.4 1

515
|νΔrγχFπorFnνwFpχνnomνnΔFwψtχFtopFquΔrkFpΔψrsFψnFπψnΔlFstΔtνsFwψtχFonνFlνptonRFjνtsRFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2021RFYWYXRFX

5.4 6

514
|νΔrγχFπorFnνwFpχνnomνnΔFψnFνvνntsFwψtχFtwoFopposψtνSγχΔrτνFlνptonsRFjνtsFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFψnFppFγollψsψonsFΔtFNFsqrt{mΔtχrm{s}}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2021RFYWYXRFX

5.4 8

513
|νΔrγχFπorFpΔψrFproμuγtψonFoπFsγΔlΔrFlνptoquΔrksFμνγΔyψnτFψntoFπψrstSForFsνγonμSτνnνrΔtψonFlνptonsF
ΔnμFtopFquΔrksFψnFprotonâ��protonFγollψsψonsFΔtFNsqrt{s}OFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2021RFaXRFX

4.2 5
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512 xptψmψsΔtψonFoπFlΔrτνSrΔμψusFjνtFrνγonstruγtψonFπorFtχνFj}uj|FμνtνγtorFψnFXZF}ν’Fprotonâ��protonF
γollψsψonsTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 2

511
|νΔrγχFπorFχνΔvyFrνsonΔnγνsFμνγΔyψnτFψntoFΔFpΔψrFoπF±FαosonsFψnFtχνFNνllF−QνllF−SνllFM−QνllFM−SOFΔnμFNνllF
−QνllF−SnuF{{αΔr{nuF}}}OFπψnΔlFstΔtνsFusψnτFXZbFNmΔtχrmF{πα}−{SX}OFoπFprotonâ��protonFγollψsψonsFΔtF
Nsqrt{s}FfFXZRO}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX

4.2 8

510
|νΔrγχFπorFnνwFpχνnomνnΔFψnFπψnΔlFstΔtνsFwψtχFαSjνtsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnFNF
sqrt{mΔtχrm{s}}FOFfFXZF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2021RFYWYXRFX

5.4 6

509
|νΔrγχFπorFΔFχνΔvyFqψττsFαosonFμνγΔyψnτFψntoFΔF±FαosonFΔnμFΔnotχνrFχνΔvyFqψττsFαosonFψnFtχνFNνllF
νllFααOFΔnμFNνllFνllF––OFπψnΔlFstΔtνsFψnFppFγollψsψonsFΔtFNsqrt{s}fXZOFNtνxtF{}ν’}OFwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX

4.2 7

508
|νΔrγχFπorFμouαlyFΔnμFsψnτlyFγχΔrτνμFqψττsFαosonsFμνγΔyψnτFψntoFvνγtorFαosonsFψnFmultψSlνptonFπψnΔlF
stΔtνsFwψtχFtχνFj}uj|FμνtνγtorFusψnτFprotonSprotonFγollψsψonsFΔtFNFsqrt{mΔtχrm{s}}FOFfFXZF}ν’TF
JournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX

5.4 3

507 vνΔsurνmνntsFoπF–Q–â��QFâ�¥FXFjνtFproμuγtψonFγrossSsνγtψonsFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 0

506 |νΔrγχFπorFγχΔrτνμFqψττsFαosonsFμνγΔyψnτFψntoFΔFtopFquΔrkFΔnμFΔFαottomFquΔrkFΔtFNFsqrt{mΔtχrm{s}}F
OFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 8

505 vνΔsurνmνntsFoπFqψττsFαosonsFμνγΔyψnτFtoFαottomFquΔrksFπromFvνγtorFαosonFπusψonFproμuγtψonF
wψtχFtχνFj}uj|FνxpνrψmνntFΔtFNsqrt{s}fXZRtνxtF{}ν’}OTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 0

504
|νΔrγχFπorFpΔψrFproμuγtψonFoπFtχψrμSτνnνrΔtψonFsγΔlΔrFlνptoquΔrksFμνγΔyψnτFψntoFΔFtopFquΔrkFΔnμFΔF
ˇ�SlνptonFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2021RFYWYXRFX

5.4 6

503 |νΔrγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFπourForFmorνFγχΔrτνμFlνptonsFψnFXZbFπαâ��XFoπFNFsqrt{s}FOFfF
XZF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 2

502
mνtνrmψnΔtψonFoπFtχνFpΔrtonFμψstrψαutψonFπunγtψonsFoπFtχνFprotonFπromFj}uj|FmνΔsurνmνntsFoπF
μψππνrνntψΔlF–´–FΔnμF±FαosonFproμuγtψonFψnFΔssoγψΔtψonFwψtχFjνtsTFJournaliofiHighiEnergyiPhysicsRF2021
RFYWYXRFX

5.4 1

501 vνΔsurνmνntsFoπFμψππνrνntψΔlFγrossSsνγtψonsFψnFπourSlνptonFνvνntsFψnFXZF}ν’FprotonSprotonF
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 0

500 jFsνΔrγχFπorFtχνFμνγΔysFoπFstoppνμFlonτSlψvνμFpΔrtψγlνsFΔtFNFsqrt{mΔtχrm{s}}FOFfFXZF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 1

499 vuonFrνγonstruγtψonFΔnμFψμνntψπψγΔtψonFνππψγψνnγyFψnFj}uj|FusψnτFtχνFπullF{unFYFppFγollψsψonFμΔtΔFsνtF
ΔtFNsqrt{s}fXZOF}ν’TFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 13

498 vνΔsurνmνntFoπFχΔμronψγFνvνntFsχΔpνsFψnFχψτχSp}FmultψjνtFπψnΔlFstΔtνsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχF
tχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 3

497
|νΔrγχFπorFsquΔrksFΔnμFτluψnosFψnFπψnΔlFstΔtνsFwψtχFjνtsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFusψnτFXZbF
παâ��XFoπFNFsqrt{s}FOFfFXZF}ν’FppFγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2021RFYWYXRFX

5.4 8

496 mψππνrνntψΔlFγrossSsνγtψonFmνΔsurνmνntsFπorFtχνFνlνγtrowνΔkFproμuγtψonFoπFμψjνtsFψnFΔssoγψΔtψonF
wψtχFΔF±FαosonFψnFprotonâ��protonFγollψsψonsFΔtFj}uj|TFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 5

495 vνΔsurνmνntsFoπF–qFΔnμF±qFproμuγtψonFψnFtχνFNqFrψτχtΔrrowFααΔr{α}OFμνγΔyFγχΔnnνlFψnFppF
γollψsψonsFΔtFNXZRtνxtF{}ν}tνxtF{’}OFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 7
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494 |νΔrγχFπorFμΔrkFmΔttνrFψnFΔssoγψΔtψonFwψtχFΔnFνnνrτνtψγFpχotonFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 5

493 |νΔrγχFπorFsquΔrksFΔnμFτluψnosFψnFπψnΔlFstΔtνsFwψtχFonνFψsolΔtνμFlνptonRFjνtsRFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFΔtFNsqrt{s}fXZOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 0

492 vνΔsurνmνntFoπFsψnτlνFtopSquΔrkFproμuγtψonFψnFΔssoγψΔtψonFwψtχFΔF–FαosonFψnFtχνFsψnτlνSlνptonF
γχΔnnνlFΔtFNsqrt{s}FfFaRtνxtF{}ν’}OFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 1

491 sνtFνnνrτyFsγΔlνFΔnμFrνsolutψonFmνΔsurνμFψnFprotonâ��protonFγollψsψonsFΔtFNsqrt{s}fXZOF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 11

490 }χνF|wxQFνxpνrψmνntTFJournaliofiInstrumentationRF2021RFX^RFyWaW]b 1 6

489
vνΔsurνmνntsFoπFtχνFψnγlusψvνFΔnμFμψππνrνntψΔlFproμuγtψonFγrossFsνγtψonsFoπFΔFtopSquΔrkâ��ΔntψquΔrkF
pΔψrFψnFΔssoγψΔtψonFwψtχFΔF±FαosonFΔtFNsqrt{s}FfFXZOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2021RFaXRFX

4.2 1

488 |νΔrγχFπorFμΔrkFmΔttνrFproμuγνμFψnFΔssoγψΔtψonFwψtχFΔFsψnτlνFtopFquΔrkFψnFNsqrt{s}fXZOF}ν’FNppOF
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 4

487
vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFsψnτlνSFΔnμFμouαlνSμψππνrνntψΔlFγrossSsνγtψonsFψnFtχνFΔllSχΔμronψγF
γχΔnnνlFψnFppFγollψsψonsFΔtFNFsqrt{mΔtχrm{s}}FOFfFXZF}ν’FusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2021RFYWYXRFX

5.4 2

486 |νΔrγχFπorFpχνnomνnΔFανyonμFtχνF|tΔnμΔrμFvoμνlFψnFνvνntsFwψtχFlΔrτνFαSjνtFmultψplψγψtyFusψnτFtχνF
j}uj|FμνtνγtorFΔtFtχνFuqlTFEuropeaniPhysicaliJournaliCRF2021RFaXRFX 4.2 1

485
|νΔrγχFπorFμΔrkFmΔttνrFproμuγνμFψnFΔssoγψΔtψonFwψtχFΔF|tΔnμΔrμFvoμνlFqψττsFαosonFμνγΔyψnτFψntoF
αSquΔrksFusψnτFtχνFπullF{unFYFμΔtΔsνtFπromFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RF
YWYXRFX

5.4 0

484 vνΔsurνmνntFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFpΔψrsFoπFψsolΔtνμFpχotonsFψnFppFγollψsψonsFΔtFXZF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RFYWYXRFX 5.4 0

483
|νΔrγχFπorFνxotψγFμνγΔysFoπFtχνFqψττsFαosonFψntoFlonτSlψvνμFpΔrtψγlνsFψnFppFγollψsψonsFΔtFJJFsqrt{s}FJJF
fFXZF}ν’FusψnτFμψsplΔγνμFvνrtψγνsFψnFtχνFj}uj|FψnnνrFμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RF
YWYXRFX

5.4 0

482
|νΔrγχFπorFγχΔrτψnoâ��nνutrΔlψnoFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFtχrννFlνptonsFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFJJsqrt{s}FfFXZJJ´ }ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2021RFaXRFX

4.2 1

481 lonπψτurΔtψonFΔnμFpνrπormΔnγνFoπFtχνFj}uj|FαSjνtFtrψττνrsFψnF{unFYTFEuropeaniPhysicaliJournaliCRF
2021RFaXRFX 4.2 1

480
vνΔsurνmνntFoπFαSquΔrkFπrΔτmνntΔtψonFpropνrtψνsFψnFjνtsFusψnτFtχνFμνγΔyFk´–FSgFsVˇ�t´–FψnFppF
γollψsψonsFΔtFJJFsqrt{s}FJJFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2021RF
YWYXRFX

5.4 0

479 qψττsFαosonFproμuγtψonFγrossSsνγtψonFmνΔsurνmνntsFΔnμFtχνψrFno}FψntνrprνtΔtψonFψnFtχνFN[νllFOF
μνγΔyFγχΔnnνlFΔtFNsqrt{s}fOXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 12

478 |νΔrγχFπorFpΔψrsFoπFsγΔlΔrFlνptoquΔrksFμνγΔyψnτFψntoFquΔrksFΔnμFνlνγtronsForFmuonsFψnFNFsqrt{s}FOFfFXZF
}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 8

477 |νΔrγχFπorFsquΔrksFΔnμFτluψnosFψnFπψnΔlFstΔtνsFwψtχFsΔmνSsψτnFlνptonsFΔnμFjνtsFusψnτFXZbFπαâ��XFoπFμΔtΔF
γollνγtνμFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 8
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476 yνrπormΔnγνFoπFνlνγtronFΔnμFpχotonFtrψττνrsFψnFj}uj|FμurψnτFuqlF{unFYTFEuropeaniPhysicaliJournali
CRF2020RFaWRFX 4.2 30

475 |νΔrγχFπorFtopFsquΔrksFψnFνvνntsFwψtχFΔFqψττsForF±FαosonFusψnτFXZbFπαN−{SX}OFoπFppFγollψsψonFμΔtΔFΔtF
Nsqrt{s}fXZOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 1

474 nvψμνnγνFπorFNtαΔr{t}tαΔr{t}OFproμuγtψonFψnFtχνFmultψlνptonFπψnΔlFstΔtνFψnFprotonâ��protonFγollψsψonsFΔtF
Nsqrt{s}fXZOFNtνxtF{}ν’}OFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 8

473 |νΔrγχFπorFχνΔvyFμψαosonFrνsonΔnγνsFψnFsνmψlνptonψγFπψnΔlFstΔtνsFψnFppFγollψsψonsFΔtFNsqrt{s}fXZOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 4

472
|νΔrγχFπorFΔFsγΔlΔrFpΔrtnνrFoπFtχνFtopFquΔrkFψnFtχνFΔllSχΔμronψγFNt{αΔr{t}}OFplusFmψssψnτFtrΔnsvνrsνF
momνntumFπψnΔlFstΔtνFΔtFNsqrt{s}fXZOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2020RFaWRFX

4.2 17

471 jlψτnmνntFoπFtχνFj}uj|FrnnνrFmνtνγtorFψnF{unFYTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 4

470 mνtνrmψnΔtψonFoπFjνtFγΔlψαrΔtψonFΔnμFνnνrτyFrνsolutψonFψnFprotonâ��protonFγollψsψonsFΔtFNsqrt{s}FfF
a~χαoxF{}ν’}OFusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 3

469 |νΔrγχFπorFNFtovνrlψnν{t}FOFrνsonΔnγνsFψnFπullyFχΔμronψγFπψnΔlFstΔtνsFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 6

468 {νγonstruγtψonFΔnμFψμνntψπψγΔtψonFoπFαoostνμFμψSˇ�FsystνmsFψnFΔFsνΔrγχFπorFqψττsFαosonFpΔψrsFusψnτFXZF
}ν’FprotonSprotonFγollψsψonFμΔtΔFψnFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 3

467 yνrπormΔnγνFoπFtχνFmψssψnτFtrΔnsvνrsνFmomνntumFtrψττνrsFπorFtχνFj}uj|FμνtνγtorFμurψnτF{unSYF
μΔtΔFtΔkψnτTFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 8

466 |νΔrγχFπorFnνwFnonSrνsonΔntFpχνnomνnΔFψnFχψτχSmΔssFμψlνptonFπψnΔlFstΔtνsFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 9

465 vνΔsurνmνntsFoπFtχνFqψττsFαosonFψnγlusψvνFΔnμFμψππνrνntψΔlFπψμuγψΔlFγrossFsνγtψonsFψnFtχνF[NνllFOF
μνγΔyFγχΔnnνlFΔtFNsqrt{s}OFfFXZF}ν’TFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 9

464
|νΔrγχFπorFμψrνγtFproμuγtψonFoπFνlνγtrowνΔkψnosFψnFπψnΔlFstΔtνsFwψtχFonνFlνptonRFmψssψnτFtrΔnsvνrsνF
momνntumFΔnμFΔFqψττsFαosonFμνγΔyψnτFψntoFtwoFαSjνtsFψnFNppOFγollψsψonsFΔtFNsqrt{s}fXZOF}ν’FwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX

4.2 13

463
vνΔsurνmνntsFoπFtχνFproμuγtψonFγrossSsνγtψonFπorFΔF±FαosonFψnFΔssoγψΔtψonFwψtχFαSjνtsFψnF
protonSprotonFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2020RFYWYWRFX

5.4 5

462
|νΔrγχFπorFtχνFqqFSgFNFαovνrlψnν{α}αovνrlψnν{α}FOFproγνssFvψΔFvνγtorSαosonFπusψonFproμuγtψonFusψnτF
protonSprotonFγollψsψonsFΔtFNFsqrt{s}FOFfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2020RFYWYWRFX

5.4 5

461 xαsνrvΔtψonFoπFtχνFΔssoγψΔtνμFproμuγtψonFoπFΔFtopFquΔrkFΔnμFΔF±FαosonFψnFppFγollψsψonsFΔtFNFsqrt{s}FOfF
XZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2020RFYWYWRFX 5.4 5

460 vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFspψnFγorrνlΔtψonsFψnFtχνFNνmuFOFγχΔnnνlFΔtFNsqrt{s}FfFXZOF}ν’FusψnτF
ppFγollψsψonsFψnFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2020RFaWRFX 4.2 8

459 vνΔsurνmνntFoπFtχνFγrossSsνγtψonFΔnμFγχΔrτνFΔsymmνtryFoπF–FαosonsFproμuγνμFψnFprotonâ��protonF
γollψsψonsFΔtFNsqrt{s}fa~tνxtF{}ν’}OFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2019RF_bRFX 4.2 11

(2019-2020)
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458 nlνγtronFrνγonstruγtψonFΔnμFψμνntψπψγΔtψonFψnFtχνFj}uj|FνxpνrψmνntFusψnτFtχνFYWX]FΔnμFYWX^FuqlF
protonâ��protonFγollψsψonFμΔtΔFΔtFNsqrt{s}FfFXZOFNtνxtF{}ν’}OTFEuropeaniPhysicaliJournaliCRF2019RF_bRFX 4.2 37

457
vνΔsurνmνntFoπF’qRFNFmΔtχrm{q}toFmΔtχrm{α}ovνrlψnν{mΔtχrm{α}}FOFproμuγtψonFΔsFΔFπunγtψonFoπF
tχνFvνγtorSαosonFtrΔnsvνrsνFmomνntumFψnFXZF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2019RFYWXbRFX

5.4 8

456 yνrπormΔnγνFoπFtopSquΔrkFΔnμFNvΔrvνγ{–}OSαosonFtΔττψnτFwψtχFj}uj|FψnF{unFYFoπFtχνFuqlTFEuropeani
PhysicaliJournaliCRF2019RF_bRFX 4.2 19

455 nlνγtronFΔnμFpχotonFνnνrτyFγΔlψαrΔtψonFwψtχFtχνFj}uj|FμνtνγtorFusψnτFYWX]â��YWX^FuqlF
protonSprotonFγollψsψonFμΔtΔTFJournaliofiInstrumentationRF2019RFX[RFyWZWX_SyWZWX_ 1 25

454 |νΔrγχFπorFμouαlyFγχΔrτνμFsγΔlΔrFαosonsFμνγΔyψnτFψntoFsΔmνSsψτnFαosonFpΔψrsFwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2019RF_bRF]a 4.2 20

453 vνΔsurνmνntFoπFtχνFpχotonFψμνntψπψγΔtψonFνππψγψνnγψνsFwψtχFtχνFj}uj|FμνtνγtorFusψnτFuqlF{unFYF
μΔtΔFγollνγtνμFψnFYWX]FΔnμFYWX^TFEuropeaniPhysicaliJournaliCRF2019RF_bRFX 4.2 26

452 vνΔsurνmνntFoπFtχνFrΔtψoFoπFγrossFsνγtψonsFπorFψnγlusψvνFψsolΔtνμSpχotonFproμuγtψonFψnFppFγollψsψonsF
ΔtFNFsqrt{s}FOFfFXZFΔnμFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2019RFYWXbRFX 5.4 5

451
|νΔrγχFπorFpΔψrFproμuγtψonFoπFqψττsFαosonsFψnFtχνFNFαovνrlψnν{α}αovνrlψnν{α}FOFπψnΔlFstΔtνFusψnτF
protonSprotonFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2019RFYWXbRFX

5.4 31

450 lonstrΔψntsFonFmνμψΔtorSαΔsνμFμΔrkFmΔttνrFΔnμFsγΔlΔrFμΔrkFνnνrτyFmoμνlsFusψnτFNFsqrt{s}FOFfFXZF}ν’F
ppFγollψsψonFμΔtΔFγollνγtνμFαyFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2019RFYWXbRFX 5.4 31

449 vνΔsurνmνntFoπFπψμuγψΔlFΔnμFμψππνrνntψΔlFN–−Q–−SOFproμuγtψonFγrossSsνγtψonsFΔtFNsqrt{s}fXZOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2019RF_bRFX 4.2 16

448 vνΔsurνmνntFoπFN–−{pmF}OSαosonFΔnμF±SαosonFproμuγtψonFγrossSsνγtψonsFψnFppFγollψsψonsFΔtF
Nsqrt{s}fYT_^OF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2019RF_bRFX 4.2 2

447
vνΔsurνmνntFoπFtχνFψnγlusψvνFγrossSsνγtψonFπorFtχνFproμuγtψonFoπFjνtsFψnFΔssoγψΔtψonFwψtχFΔF±FαosonF
ψnFprotonâ��protonFγollψsψonsFΔtFaF}ν’FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2019RF
_bRFX

4.2 4

446 j}uj|FαSjνtFψμνntψπψγΔtψonFpνrπormΔnγνFΔnμFνππψγψνnγyFmνΔsurνmνntFwψtχFNt{αΔr{t}}OFνvνntsFψnFppF
γollψsψonsFΔtFNsqrt{s}fXZOF}ν’TFEuropeaniPhysicaliJournaliCRF2019RF_bRFX 4.2 43

445
vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFμψππνrνntψΔlFΔnμFμouαlνSμψππνrνntψΔlFγrossSsνγtψonsFψnFtχνFNνllFOQjνtsF
γχΔnnνlFwψtχFppFγollψsψonsFΔtFNsqrt{s}fXZOF}ν’FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliC
RF2019RF_bRFX

4.2 13

444
|νΔrγχFπorFΔμμψtψonΔlFχνΔvyFnνutrΔlFqψττsFΔnμFτΔuτνFαosonsFψnFtχνFμψtΔuFπψnΔlFstΔtνFproμuγνμFψnFZ^F
παâ��XFoπFppFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2018RFYWXaRFX

5.4 81

443 vνΔsurνmνntFoπFtχνFSαosonFmΔssFψnFppFγollψsψonsFΔtFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2018RF_aRFXXW 4.2 59

442 |νΔrγχFπorFnνwFpχνnomνnΔFψnFχψτχSmΔssFπψnΔlFstΔtνsFwψtχFΔFpχotonFΔnμFΔFjνtFπromFγollψsψonsFΔtFfF
XZ´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFXWY 4.2 7

441 |νΔrγχFπorFtχνFμψrνγtFproμuγtψonFoπFγχΔrτψnosFΔnμFnνutrΔlψnosFψnFπψnΔlFstΔtνsFwψtχFtΔuFlνptonsFψnF
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFX][ 4.2 23

Amelia Maio
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440 vνΔsurνmνntFoπFlonτψtuμψnΔlFπlowFμνγorrνlΔtψonsFψnFyαQyαFγollψsψonsFΔtFΔnμF]TWYF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFX[Y 4.2 35

439 vνΔsurνmνntFoπFquΔrkonψumFproμuγtψonFψnFprotonSlνΔμFΔnμFprotonSprotonFγollψsψonsFΔtFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFX_X 4.2 35

438 vνΔsurνmνntFoπFμψππνrνntψΔlFγrossSsνγtψonsFoπFΔFsψnτlνFtopFquΔrkFproμuγνμFψnFΔssoγψΔtψonFwψtχFΔF
αosonFΔtFwψtχFj}uj|TFEuropeaniPhysicaliJournaliCRF2018RF_aRFXa^ 4.2 5

437 |νΔrγχFπorFχνΔvyFrνsonΔnγνsFψnFtχνFΔnμFπψnΔlFstΔtνsFusψnτFprotonSprotonFγollψsψonsFΔtF´ FwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFYbZ 4.2 41

436 jFsνΔrγχFπorFpΔψrSproμuγνμFrνsonΔnγνsFψnFπourSjνtFπψnΔlFstΔtνsFΔtFwψtχFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2018RF_aRFY]W 4.2 28

435 |νΔrγχFπorFχνΔvyFrνsonΔnγνsFμνγΔyψnτFψntoFψnFtχνFπψnΔlFstΔtνFψnFγollψsψonsFΔtFwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFY[ 4.2 47

434 mψrνγtFtopSquΔrkFμνγΔyFwψμtχFmνΔsurνmνntFψnFtχνFlνptonQjνtsFγχΔnnνlFΔtFwψtχFtχνFj}uj|F
νxpνrψmνntTFEuropeaniPhysicaliJournaliCRF2018RF_aRFXYb 4.2 11

433 |νΔrγχFπorF–F–V–F±FrνsonΔnγνFproμuγtψonFψnFâ��˛‰qqFπψnΔlFstΔtνsFψnFppFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2018RFYWXaRFX 5.4 22

432 vνΔsurνmνntFoπFtχνFqψττsFαosonFγouplψnτFpropνrtψνsFψnFtχνFqFSgF±±PFSgF[â��FμνγΔyFγχΔnnνlFΔtFNF
sqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2018RFYWXaRFX 5.4 36

431 vνΔsurνmνntFoπFψnγlusψvνFjνtFΔnμFμψjνtFγrossSsνγtψonsFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}fXZFOF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2018RFYWXaRFX 5.4 12

430 |νΔrγχFπorFμΔrkFmΔttνrFproμuγνμFψnFΔssoγψΔtψonFwψtχFαottomForFtopFquΔrksFψnF´ }ν’FγollψsψonsFwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFXa 4.2 32

429 |νΔrγχFπorFμouαlyFγχΔrτνμFqψττsFαosonFproμuγtψonFψnFmultψSlνptonFπψnΔlFstΔtνsFwψtχFtχνFj}uj|F
μνtνγtorFusψnτFprotonSprotonFγollψsψonsFΔtTFEuropeaniPhysicaliJournaliCRF2018RF_aRFXbb 4.2 55

428 vνΔsurνmνntFoπFpolΔrψsΔtψonFψnFμνγΔysFψnFprotonSprotonFγollψsψonsFΔtF}ν’FwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2018RF_aRFX^Z 4.2 3

427
vνΔsurνmνntFoπFμψππνrνntψΔlFγrossFsνγtψonsFΔnμF–QV–â��FγrossSsνγtψonFrΔtψosFπorF–FαosonFproμuγtψonF
ψnFΔssoγψΔtψonFwψtχFjνtsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2018RFYWXaRFX

5.4 7

426 yromptFΔnμFnonSpromptFνllψptψγFπlowFψnFyαQyαFγollψsψonsFΔtF}νvFwψtχFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2018RF_aRF_a[ 4.2 8

425 |νΔrγχFπorFqψττsFαosonFpΔψrFproμuγtψonFψnFtχνFγχΔnnνlFusψnτFγollψsψonFμΔtΔFrνγorμνμFΔtF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFXWW_ 4.2 21

424 vνΔsurνmνntFoπFγolourFπlowFusψnτFjνtSpullFoαsνrvΔαlνsFψnFνvνntsFwψtχFtχνFj}uj|FνxpνrψmνntFΔtTF
EuropeaniPhysicaliJournaliCRF2018RF_aRFa[_ 4.2 5

423
|νΔrγχFπorFΔFnνwFχνΔvyFτΔuτνSαosonFrνsonΔnγνFμνγΔyψnτFψntoFΔFlνptonFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFψnFZ^FπαFoπFγollψsψonsFΔtF´ }ν’FwψtχFtχνFj}uj|FνxpνrψmνntTFEuropeaniPhysicaliJournaliCRF
2018RF_aRF[WX

4.2 23

(2018-2018)
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422 |νΔrγχFπorFnνwFpχνnomνnΔFψnFνvνntsFwψtχFsΔmνSγχΔrτνFlνptonsFΔnμFαSjνtsFψnFppFγollψsψonsFΔtFNF
sqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2018RFYWXaRFX 5.4 21

421 vνΔsurνmνntFoπFtχνFΔzψmutχΔlFΔnψsotropyFoπFγχΔrτνμFpΔrtψγlνsFproμuγνμFψnFfF]TWY´ }ν’FyαQyαF
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFbb_ 4.2 21

420 yνrπormΔnγνFoπFmψssψnτFtrΔnsvνrsνFmomνntumFrνγonstruγtψonFwψtχFtχνFj}uj|FμνtνγtorFusψnτF
protonSprotonFγollψsψonsFΔtTFEuropeaniPhysicaliJournaliCRF2018RF_aRFbWZ 4.2 66

419 |νΔrγχFπorFνlνγtrowνΔkFproμuγtψonFoπFsupνrsymmνtrψγFpΔrtψγlνsFψnFπψnΔlFstΔtνsFwψtχFtwoForFtχrννF
lνptonsFΔtFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRFbb] 4.2 49

418 xpνrΔtψonFΔnμFpνrπormΔnγνFoπFtχνFj}uj|F}ψlνFlΔlorψmνtνrFψnF{un´ XTFEuropeaniPhysicaliJournaliCRF
2018RF_aRFba_ 4.2 13

417
|νΔrγχFπorFtopSsquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFonνFlνptonRFjνtsRFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFusψnτFZ^Fπαâ��XFoπFNFsqrt{s}fXZFOF}ν’FppFγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2018RFYWXaRFX

5.4 33

416 yromptFΔnμFnonSpromptFΔnμFsupprνssψonFΔtFχψτχFtrΔnsvνrsνFmomνntumFψnFyαQyαFγollψsψonsFwψtχF
tχνFj}uj|FνxpνrψmνntTFEuropeaniPhysicaliJournaliCRF2018RF_aRF_^Y 4.2 23

415 vνΔsurνmνntsFoπFαSjνtFtΔττψnτFνππψγψνnγyFwψtχFtχνFj}uj|FμνtνγtorFusψnτFNFtovνrlψnν{t}FOFνvνntsFΔtFNF
sqrt{s}fXZFOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2018RFYWXaRFX 5.4 31

414 vνΔsurνmνntFoπFtχνFψnγlusψvνFΔnμFπψμuγψΔlFproμuγtψonFγrossSsνγtψonsFψnFtχνFlνptonQjνtsFγχΔnnνlFψnF
γollψsψonsFΔtFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRF[a_ 4.2 5

413 |νΔrγχFπorFχνΔvyFpΔrtψγlνsFμνγΔyψnτFψntoFtopSquΔrkFpΔψrsFusψnτFlνptonSplusSjνtsFνvνntsFψnF
protonSprotonFγollψsψonsFΔtF´ FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2018RF_aRF]^] 4.2 34

412
|νΔrγχFπorFnνwFpχνnomνnΔFusψnτFtχνFψnvΔrψΔntFmΔssFμψstrψαutψonFoπFsΔmνSπlΔvourFopposψtνSsψτnF
μψlνptonFpΔψrsFψnFνvνntsFwψtχFmψssψnτFtrΔnsvνrsνFmomνntumFψnF´ FγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2018RF_aRF^Y]

4.2 15

411 |νΔrγχFπorFμΔrkFmΔttνrFΔnμFotχνrFnνwFpχνnomνnΔFψnFνvνntsFwψtχFΔnFνnνrτνtψγFjνtFΔnμFlΔrτνFmψssψnτF
trΔnsvνrsνFmomνntumFusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2018RFYWXaRFX 5.4 101

410
vνΔsurνmνntFoπFtχνF[oormulΔcFsννFtνxt]FΔnμF[oormulΔcFsννFtνxt]FproμuγtψonFγrossFsνγtψonsFψnF
multψlνptonFπψnΔlFstΔtνsFusψnτFZTYFπα[oormulΔcFsννFtνxt]FoπF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcF
sννFtνxt]FfFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RF[W

4.2 14

409
jFmνΔsurνmνntFoπFtχνFγΔlorψmνtνrFrνsponsνFtoFsψnτlνFχΔμronsFΔnμFμνtνrmψnΔtψonFoπFtχνFjνtFνnνrτyF
sγΔlνFunγνrtΔψntyFusψnτFuqlF{unSXFSγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2017RF__RFY^

4.2 22

408
vνΔsurνmνntFoπFtχνFψnγlusψvνFγrossSsνγtψonsFoπFsψnτlνFtopSquΔrkFΔnμFtopSΔntψquΔrkFtSγχΔnnνlF
proμuγtψonFψnFppFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2017RFYWX_RFX

5.4 22

407
vνΔsurνmνntFoπFjνtFΔγtψvψtyFproμuγνμFψnFtopSquΔrkFνvνntsFwψtχFΔnFνlνγtronRFΔFmuonFΔnμFtwoF
StΔττνμFjνtsFψnFtχνFπψnΔlFstΔtνFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]F}ν’FwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2017RF__RFYYW

4.2 5

406 vνΔsurνmνntFoπFtχνFαosonFpolΔrψsΔtψonFψnF[oormulΔcFsννFtνxt]FνvνntsFπromFγollψsψonsFΔtF[oormulΔcF
sννFtνxt]FfFaF}ν’FψnFtχνFlνpton´ Q´ jνtsFγχΔnnνlFwψtχFj}uj|TFEuropeaniPhysicaliJournaliCRF2017RF__RFY^[ 4.2 19

405 nlνγtronFνππψγψνnγyFmνΔsurνmνntsFwψtχFtχνFj}uj|FμνtνγtorFusψnτFYWXYFuqlFprotonSprotonFγollψsψonF
μΔtΔTFEuropeaniPhysicaliJournaliCRF2017RF__RFXb] 4.2 61
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404
vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFμψππνrνntψΔlFγrossSsνγtψonsFψnFtχνF[oormulΔcFsννFtνxt]FγχΔnnνlFψnF
γollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF
__RFYbY

4.2 13

403 yνrπormΔnγνFoπFΔlτorψtχmsFtχΔtFrνγonstruγtFmψssψnτFtrΔnsvνrsνFmomνntumFψnF[oormulΔcFsννFtνxt]fF
aF}ν’FprotonSprotonFγollψsψonsFψnFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFY[X 4.2 38

402 vνΔsurνmνntFoπFtχνFpromptFV[oormulΔcFsννFtνxt]FpΔψrFproμuγtψonFγrossSsνγtψonFψnFγollψsψonsFΔtF
[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RF_^ 4.2 47

401 |νΔrγχFπorFtrψαosonF[oormulΔcFsννFtνxt]FproμuγtψonFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ [oormulΔcFsννF
tνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFX[X 4.2 13

400 }opoloτψγΔlFγνllFγlustνrψnτFψnFtχνFj}uj|FγΔlorψmνtνrsFΔnμFψtsFpνrπormΔnγνFψnFuqlF{unFXTFEuropeani
PhysicaliJournaliCRF2017RF__RF[bW 4.2 177

399
oψμuγψΔlRFtotΔlFΔnμFμψππνrνntψΔlFγrossSsνγtψonFmνΔsurνmνntsFoπFSγχΔnnνlFsψnτlνFtopSquΔrkFproμuγtψonF
ψnFγollψsψonsFΔtFa´ }ν’FusψnτFμΔtΔFγollνγtνμFαyFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF
__RF]ZX

4.2 27

398 vνΔsurνmνntsFoπFνlνγtrowνΔkF[oormulΔcFsννFtνxt]FproμuγtψonFΔnμFγonstrΔψntsFonFΔnomΔlousFτΔuτνF
γouplψnτsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RF[_[ 4.2 14

397 sνtFrνγonstruγtψonFΔnμFpνrπormΔnγνFusψnτFpΔrtψγlνFπlowFwψtχFtχνFj}uj|FmνtνγtorTFEuropeaniPhysicali
JournaliCRF2017RF__RF[^^ 4.2 42

396 vνΔsurνmνntFoπFmultψSpΔrtψγlνFΔzψmutχΔlFγorrνlΔtψonsFψnFppRFp´ Q´ yαFΔnμFlowSmultψplψγψtyFyα´ Q´ yαF
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RF[Ya 4.2 48

395 vνΔsurνmνntFoπFψnγlusψvνFΔnμFμψππνrνntψΔlFγrossFsνγtψonsFψnFtχνFqFSgF±±FPFSgF[â��FμνγΔyFγχΔnnνlFψnFppF
γollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 25

394 vνΔsurνmνntFoπFlνptonFμψππνrνntψΔlFμψstrψαutψonsFΔnμFtχνFtopFquΔrkFmΔssFψnFproμuγtψonFψnFγollψsψonsF
ΔtF´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFaW[ 4.2 11

393 vνΔsurνmνntFoπFtχνFNFtovνrlψnν{t}τΔmmΔFOFproμuγtψonFγrossFsνγtψonFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 7

392
vνΔsurνmνntsFoπFγχΔrτνFΔnμFlyFΔsymmνtrψνsFψnFαSχΔμronFμνγΔysFusψnτFtopSquΔrkFνvνntsFγollνγtνμF
αyFtχνFj}uj|FμνtνγtorFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2017RF
YWX_RFX

5.4 6

391 yνrπormΔnγνFoπFtχνFj}uj|FtrΔγkFrνγonstruγtψonFΔlτorψtχmsFψnFμνnsνFνnvψronmνntsFψnFuqlF{unFYTF
EuropeaniPhysicaliJournaliCRF2017RF__RF^_Z 4.2 33

390
|νΔrγχFπorFnνwFpχνnomνnΔFψnFνvνntsFγontΔψnψnτFΔFsΔmνSπlΔvourFopposψtνSsψτnFμψlνptonFpΔψrRFjνtsRF
ΔnμFlΔrτνFmψssψnτFtrΔnsvνrsνFmomνntumFψnF[oormulΔcFsννFtνxt]´ [oormulΔcFsννFtνxt][oormulΔcFsννF
tνxt]FγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFX[[

4.2 8

389
vνΔsurνmνntFoπFtχνF±±FproμuγtψonFγrossFsνγtψonFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’F
usψnτFtχνF±±FSgFâ��â�� â��Qâ��hâ��â��hQFΔnμFNF±±toF{νll}−{S}{νll}−{Q}nuFovνrlψnν{nu}FOFμνγΔyFγχΔnnνlsFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX

5.4 9

388 yroαψnτFtχνF–FtαFvνrtνxFstruγturνFψnFtSγχΔnnνlFsψnτlνStopSquΔrkFproμuγtψonFΔnμFμνγΔyFψnFppF
γollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 11

387 vνΔsurνmνntsFoπFˇ�NY|OFΔnμF—NZa_YOFSgFsVˇ�ˇ�FQFˇ�Fâ��FproμuγtψonFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχF
tχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 15
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386 vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFtoF±SαosonFγrossSsνγtψonFrΔtψosFΔtFNFsqrt{s}fXZFOFRFaRF_F}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 7

385 |νΔrγχFπorFlνptonSπlΔvourSvψolΔtψnτFμνγΔysFoπFtχνFqψττsFΔnμFαosonsFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2017RF__RF_W 4.2 52

384 yνrπormΔnγνFoπFtχνFj}uj|FtrψττνrFsystνmFψnFYWX]TFEuropeaniPhysicaliJournaliCRF2017RF__RFZX_ 4.2 272

383 {νγonstruγtψonFoπFprψmΔryFvνrtψγνsFΔtFtχνFj}uj|FνxpνrψmνntFψnF{unFXFprotonSprotonFγollψsψonsFΔtF
tχνFuqlTFEuropeaniPhysicaliJournaliCRF2017RF__RFZZY 4.2 29

382
vνΔsurνmνntsFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFΔF[oormulΔcFsννFtνxt]FαosonFψnFΔssoγψΔtψonFwψtχF
jνtsFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2017RF__RFZ^X

4.2 26

381 yrνγψsψonFmνΔsurνmνntFΔnμFψntνrprνtΔtψonFoπFψnγlusψvνFRFΔnμFproμuγtψonFγrossFsνγtψonsFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFZ^_ 4.2 56

380 vνΔsurνmνntFoπFjνtFπrΔτmνntΔtψonFψnFyαQyαFΔnμFγollψsψonsFΔtF}ν’FwψtχFtχνFj}uj|FμνtνγtorFΔtFtχνF
uqlTFEuropeaniPhysicaliJournaliCRF2017RF__RFZ_b 4.2 35

379
|νΔrγχFπorFμΔrkFmΔttνrFΔtF[oormulΔcFsννFtνxt]FψnFπψnΔlFstΔtνsFγontΔψnψnτFΔnFνnνrτνtψγFpχotonFΔnμF
lΔrτνFmψssψnτFtrΔnsvνrsνFmomνntumFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF
__RFZbZ

4.2 52

378
vνΔsurνmνntFoπFγχΔrτνμSpΔrtψγlνFμψstrψαutψonsFsνnsψtψvνFtoFtχνFunμνrlyψnτFνvνntFψnFNFsqrt{s}fXZFOF
}ν’FprotonSprotonFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF
2017RFYWX_RFX

5.4 9

377 |νΔrγχFπorFμψrνγtFtopFsquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFtwoFlνptonsFψnF}ν’FγollψsψonsFwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFaba 4.2 19

376
|νΔrγχFπorFμψrνγtFtopFsquΔrkFpΔψrFproμuγtψonFψnFνvνntsFwψtχFΔFqψττsForF±FαosonRFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFNFsqrt{s}fXZFOF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2017RFYWX_RFX

5.4 7

375
vνΔsurνmνntFoπFμνtνγtorSγorrνγtνμFoαsνrvΔαlνsFsνnsψtψvνFtoFtχνFΔnomΔlousFproμuγtψonFoπFνvνntsF
wψtχFjνtsFΔnμFlΔrτνFmψssψnτFtrΔnsvνrsνFmomνntumFψnFγollψsψonsFΔtF´ }ν’FusψnτFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2017RF__RF_^]

4.2 10

374 vνΔsurνmνntFoπFαSχΔμronFpΔψrFproμuγtψonFwψtχFtχνFj}uj|FμνtνγtorFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 5

373 |νΔrγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFαStΔττνμFjνtsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnFppF
γollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 13

372 vνΔsurνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonsFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχF
tχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 12

371
|νΔrγχFπorFpΔψrFproμuγtψonFoπFvνγtorSlψkνFtopFquΔrksFψnFνvνntsFwψtχFonνFlνptonRFjνtsRFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFNFsqrt{s}fXZFOF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2017RFYWX_RFX

5.4 27

370 rμνntψπψγΔtψonFΔnμFrνjνγtψonFoπFpψlνSupFjνtsFΔtFχψτχFpsνuμorΔpψμψtyFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2017RF__RF]aW 4.2 16

369
vνΔsurνmνntFoπFproμuγtψonFwψtχFtχνFχΔμronψγΔllyFμνγΔyψnτFαosonFrνγonstruγtνμFΔsFonνForFtwoFjνtsF
ψnFγollψsψonsFΔtFwψtχFj}uj|RFΔnμFγonstrΔψntsFonFΔnomΔlousFτΔuτνFγouplψnτsTFEuropeaniPhysicali
JournaliCRF2017RF__RF]^Z

4.2 15
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368
|νΔrγχFπorFnνwFpχνnomνnΔFψnFΔFlνptonFplusFχψτχFjνtFmultψplψγψtyFπψnΔlFstΔtνFwψtχFtχνFj}uj|F
νxpνrψmνntFusψnτFNFsqrt{s}fXZFOF}ν’FprotonSprotonFγollψsψonFμΔtΔTFJournaliofiHighiEnergyiPhysicsRF
2017RFYWX_RFX

5.4 7

367 |νΔrγχνsFπorFtχνF±˛‡FμνγΔyFmoμνFoπFtχνFqψττsFαosonFΔnμFπorFnνwFχψτχSmΔssFrνsonΔnγνsFψnFppF
γollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 20

366 |tuμψνsFoπF±˛‡FproμuγtψonFψnFΔssoγψΔtψonFwψtχFΔFχψτχSmΔssFμψjνtFsystνmFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 7

365 vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFμψππνrνntψΔlFγrossSsνγtψonsFψnFtχνFlνptonQjνtsFγχΔnnνlFψnFppF
γollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 12

364 |νΔrγχFπorFtopFquΔrkFμνγΔysFtFSgFqqRFwψtχFqFSgF˛‡˛‡RFψnFNFsqrt{s}fXZFOF}ν’FppFγollψsψonsFusψnτFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 12

363 |tuμyFoπFΔnμFproμuγtψonFψnFγollψsψonsFΔtFΔnμFsνΔrγχFπorFΔnomΔlousFquΔrtψγFτΔuτνFγouplψnτsFwψtχFtχνF
j}uj|FνxpνrψmνntTFEuropeaniPhysicaliJournaliCRF2017RF__RF^[^ 4.2 11

362 vνΔsurνmνntsFoπFtopFquΔrkFspψnFoαsνrvΔαlνsFψnFNFtovνrlψnν{t}FOFνvνntsFusψnτFμψlνptonFπψnΔlFstΔtνsFψnFNF
sqrt{s}faFOF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 12

361
|νΔrγχFπorFnνwFpχνnomνnΔFwψtχFlΔrτνFjνtFmultψplψγψtψνsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFusψnτF
lΔrτνSrΔμψusFjνtsFΔnμFπlΔvourStΔττψnτFΔtFj}uj|FψnFXZF}ν’FppFγollψsψonsTFJournaliofiHighiEnergyiPhysics
RF2017RFYWX_RFX

5.4 8

360 }opSquΔrkFmΔssFmνΔsurνmνntFψnFtχνFΔllSχΔμronψγFNFtovνrlψnν{t}FOFμνγΔyFγχΔnnνlFΔtFNFsqrt{s}faFOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 6

359 vνΔsurνmνntFoπFtχνFmrνllS ΔnFtrψplνSμψππνrνntψΔlFγrossFsνγtψonFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’TF
JournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 16

358 |νΔrγχFπorFΔFsγΔlΔrFpΔrtnνrFoπFtχνFtopFquΔrkFψnFtχνFjνtsFplusFmψssψnτFtrΔnsvνrsνFmomνntumFπψnΔlF
stΔtνFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 30

357
|νΔrγχFπorFsupνrsymmνtryFψnFπψnΔlFstΔtνsFwψtχFtwoFsΔmνSsψτnForFtχrννFlνptonsFΔnμFjνtsFusψnτFZ^Fπαâ��XF
oπFNFsqrt{s}fXZFOF}ν’FppFγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RF
YWX_RFX

5.4 22

356
|νΔrγχFπorFpΔψrFproμuγtψonFoπFχνΔvyFvνγtorSlψkνFquΔrksFμνγΔyψnτFtoFχψτχSpF}F–FαosonsFΔnμFαFquΔrksF
ψnFtχνFlνptonSplusSjνtsFπψnΔlFstΔtνFψnFppFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTF
JournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX

5.4 29

355 vνΔsurνmνntFoπFtχνFkFtFsplψttψnτFsγΔlνsFψnF±FSgFâ��â��FνvνntsFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RFYWX_RFX 5.4 3

354
jnΔlysψsFoπFtχνF–tαFvνrtνxFπromFtχνFmνΔsurνmνntFoπFtrψplνSμψππνrνntψΔlFΔnτulΔrFμνγΔyFrΔtνsFoπF
sψnτlνFtopFquΔrksFproμuγνμFψnFtχνFtSγχΔnnνlFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2017RFYWX_RFX

5.4 7

353 nvψμνnγνFπorFtχνFNFqtoFαovνrlψnν{α}FOFμνγΔyFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2017RFYWX_RFX 5.4 50

352
|νΔrγχFπorFnνwFχψτχSmΔssFpχνnomνnΔFψnFtχνFμψlνptonFπψnΔlFstΔtνFusψnτFZ^Fπαâ��XFoπFprotonSprotonF
γollψsψonFμΔtΔFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2017RF
YWX_RFX

5.4 126

351 mνtνrmψnΔtψonFoπFtχνFstronτFγouplψnτFγonstΔntFπromFtrΔnsvνrsνFνnνrτySνnνrτyFγorrνlΔtψonsFψnF
multψjνtFνvνntsFΔtFusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2017RF__RFa_Y 4.2 19
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350 {νγonstruγtψonFoπFχΔμronψγFμνγΔyFproμuγtsFoπFtΔuFlνptonsFwψtχFtχνFj}uj|FνxpνrψmνntTFEuropeani
PhysicaliJournaliCRF2016RF_^RFYb] 4.2 28

349 yνrπormΔnγνFoπFpψlνSupFmψtψτΔtψonFtνγχnψquνsFπorFjνtsFψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcF
sννFtνxt]´ }ν’FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]aX 4.2 148

348 vνΔsurνmνntFoπFtχνFγχΔrτνμSpΔrtψγlνFmultψplψγψtyFψnsψμνFjνtsFπromF[oormulΔcFsννFtνxt][oormulΔcFsννF
tνxt]´ FγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFZYY 4.2 35

347 vνΔsurνmνntFoπFjνtFΔγtψvψtyFψnFtopFquΔrkFνvνntsFusψnτFtχνFν˛…FπψnΔlFstΔtνFwψtχFtwoFαStΔττνμFjνtsFψnFppF
γollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 4

346
vνΔsurνmνntFoπFtχνFtrΔnsvνrsνFmomνntumFΔnμF[oormulΔcFsννFtνxt]FμψstrψαutψonsFoπFmrνllS ΔnF
lνptonFpΔψrsFψnFprotonSprotonFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2016RF_^RFYbX

4.2 63

345
vνΔsurνmνntFoπFπψμuγψΔlFμψππνrνntψΔlFγrossFsνγtψonsFoπFτluonSπusψonFproμuγtψonFoπFqψττsFαosonsF
μνγΔyψnτFtoF––FPSgν˛‰˛…˛‰FwψtχFtχνFj}uj|FμνtνγtorFΔtFNFsqrt{s}faFOF}ν’TFJournaliofiHighiEnergyiPhysicsRF
2016RFYWX^RFX

5.4 13

344 |νΔrγχFπorFnνwFpχνnomνnΔFψnFνvνntsFwψtχFΔFpχotonFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnFppF
γollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 13

343 jFsνΔrγχFπorFtopFsquΔrksFwψtχF{SpΔrψtySvψolΔtψnτFμνγΔysFtoFΔllSχΔμronψγFπψnΔlFstΔtνsFwψtχFtχνFj}uj|F
μνtνγtorFψnFNFsqrt{s}faFOF}ν’FprotonSprotonFγollψsψonsTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 10

342 rμνntψπψγΔtψonFoπFχψτχFtrΔnsvνrsνFmomνntumFtopFquΔrksFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 13

341 jFsνΔrγχFπorFΔnFνxγψtνμFmuonFμνγΔyψnτFtoFΔFmuonFΔnμFtwoFjνtsFψnppγollψsψonsFΔtF
Jsqrt{s}dfdad{rm{}ν’}}JFwψtχFtχνFj}uj|FμνtνγtorTFNewiJournaliofiPhysicsRF2016RFXaRFW_ZWYX 2.9 1

340 kνΔmSψnμuγνμFΔnμFγosmψγSrΔyFαΔγkτrounμsFoαsνrvνμFψnFtχνFj}uj|FμνtνγtorFμurψnτFtχνFuqlFYWXYF
protonSprotonFrunnψnτFpνrψoμTFJournaliofiInstrumentationRF2016RFXXRFyW]WXZSyW]WXZ 1 8

339 vνΔsurνmνntsFoπFtopSquΔrkFpΔψrFμψππνrνntψΔlFγrossSsνγtψonsFψnFtχνFlνptonQjνtsFγχΔnnνlFψnFγollψsψonsF
ΔtF[oormulΔcFsννFtνxt]FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]Za 4.2 48

338
vνΔsurνmνntFoπFtχνFμψππνrνntψΔlFγrossSsνγtψonsFoπFpromptFΔnμFnonSpromptFproμuγtψonFoπF[oormulΔcF
sννFtνxt]FΔnμF[oormulΔcFsννFtνxt]FψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FΔnμFa´ }ν’FwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFYaZ

4.2 42

337 uumψnosψtyFμνtνrmψnΔtψonFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FfFaF}ν’FusψnτFtχνFj}uj|FμνtνγtorFΔtF
tχνFuqlTFEuropeaniPhysicaliJournaliCRF2016RF_^RF^]Z 4.2 188

336
|νΔrγχFπorFsquΔrksFΔnμFτluψnosFψnFνvνntsFwψtχFχΔμronψγΔllyFμνγΔyψnτFtΔuFlνptonsRFjνtsFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFprotonSprotonFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FrνγorμνμFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF^aZ

4.2 7

335 vνΔsurνmνntFoπFtχνFΔnτulΔrFγoνππψγψνntsFψnF±SαosonFνvνntsFusψnτFνlνγtronFΔnμFmuonFpΔψrsFπromF
μΔtΔFtΔkνnFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 20

334 |νΔrγχνsFπorFχνΔvyFμψαosonFrνsonΔnγνsFψnFppFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 20

333 mΔrkFmΔttνrFψntνrprνtΔtψonsFoπFj}uj|FsνΔrγχνsFπorFtχνFνlνγtrowνΔkFproμuγtψonFoπFsupνrsymmνtrψγF
pΔrtψγlνsFψnFNFsqrt{s}faFOF}ν’FprotonSprotonFγollψsψonsTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 16
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332
|νΔrγχFπorFtχνF|tΔnμΔrμFvoμνlFqψττsFαosonFμνγΔyψnτFψntoFNFαovνrlψnν{α}FOFproμuγνμFψnFΔssoγψΔtψonF
wψtχFtopFquΔrksFμνγΔyψnτFχΔμronψγΔllyFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTF
JournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX

5.4 16

331 vνΔsurνmνntFoπFtχνFlySvψolΔtψnτFpχΔsνFhFsFΔnμFtχνFkFWFsFmνsonFμνγΔyFwψμtχFμψππνrνnγνFwψtχFkFWFsF
FSgFsVˇ�hFμνγΔysFψnFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 10

330
|νΔrγχFπorFsquΔrksFΔnμFτluψnosFψnFπψnΔlFstΔtνsFwψtχFjνtsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFΔtF
[oormulΔcFsννFtνxt]FfXZF[oormulΔcFsννFtνxt]wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2016RF_^RFZbY

4.2 53

329 vνΔsurνmνntFoπFtχνFμouαlνSμψππνrνntψΔlFχψτχSmΔssFmrνllS ΔnFγrossFsνγtψonFψnFppFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 24

328 jFsνΔrγχFπorFpromptFlνptonSjνtsFψnFppFγollψsψonsFΔtFNFsqrt{mΔtχrm{s}}faFOF}ν’FwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 22

327 |νΔrγχFπorFnνwFpχνnomνnΔFwψtχFpχotonQjνtFνvνntsFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 12

326
vνΔsurνmνntFoπFtχνFγνntrΔlψtyFμνpνnμνnγνFoπFtχνFγχΔrτνμSpΔrtψγlνFpsνuμorΔpψμψtyFμψstrψαutψonFψnF
protonSlνΔμFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2016RF_^RFXbb

4.2 39

325 vνΔsurνmνntFoπFtχνFproμuγtψonFγrossSsνγtψonFoπFΔFsψnτlνFtopFquΔrkFψnFΔssoγψΔtψonFwψtχFΔF–FαosonFΔtF
aF}ν’FwψtχFtχνFj}uj|FνxpνrψmνntTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 12

324 |νΔrγχFπorFtχνFproμuγtψonFoπFsψnτlνFvνγtorSlψkνFΔnμFνxγψtνμFquΔrksFψnFtχνF–tFπψnΔlFstΔtνFψnFppF
γollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 14

323 |νΔrγχFπorFstronτFτrΔvψtyFψnFmultψjνtFπψnΔlFstΔtνsFproμuγνμFψnFppFγollψsψonsFΔtFNFsqrt{s}fXZFOF}ν’FusψnτF
tχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 12

322 rμνntψπψγΔtψonFoπFαoostνμRFχΔμronψγΔllyFμνγΔyψnτFαosonsFΔnμFγompΔrψsonsFwψtχFj}uj|FμΔtΔFtΔkνnFΔtF
[oormulΔcFsννFtνxt]´ }ν’TFEuropeaniPhysicaliJournaliCRF2016RF_^RFX][ 4.2 44

321 |νΔrγχFπorFnνwFpχνnomνnΔFψnFνvνntsFwψtχFΔtFlνΔstFtχrννFpχotonsFγollνγtνμFψnFγollψsψonsFΔtF[oormulΔcF
sννFtνxt]FfFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFYXW 4.2 53

320 yroαψnτFlνptonFπlΔvourFvψolΔtψonFvψΔFnνutrψnolνssF[oormulΔcFsννFtνxt]FμνγΔysFwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFYZY 4.2 12

319 jFnνwFmνtχoμFtoFμψstψnτuψsχFχΔμronψγΔllyFμνγΔyψnτFαoostνμFαosonsFπromFαosonsFusψnτFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFYZa 4.2 6

318 |νΔrγχFπorFsupνrsymmνtryFΔtF[oormulΔcFsννFtνxt]´ }ν’FψnFπψnΔlFstΔtνsFwψtχFjνtsFΔnμFtwoFsΔmνSsψτnF
lνptonsForFtχrννFlνptonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFY]b 4.2 48

317 |νΔrγχFπorFψnvψsψαlνFμνγΔysFoπFΔFqψττsFαosonFusψnτFvνγtorSαosonFπusψonFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 45

316
|νΔrγχFπorFΔnomΔlousFγouplψnτsFψnFtχνF–FtαFvνrtνxFπromFtχνFmνΔsurνmνntFoπFμouαlνFμψππνrνntψΔlF
ΔnτulΔrFμνγΔyFrΔtνsFoπFsψnτlνFtopFquΔrksFproμuγνμFψnFtχνFtSγχΔnnνlFwψtχFtχνFj}uj|FμνtνγtorTF
JournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFXS[^

5.4 12

315 |νΔrγχνsFπorFsγΔlΔrFlνptoquΔrksFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FfFa´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2016RF_^RF] 4.2 68
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314
vνΔsurνmνntsFoπFtχνFqψττsFαosonFproμuγtψonFΔnμFμνγΔyFrΔtνsFΔnμFγouplψnτFstrνnτtχsFusψnτF
γollψsψonFμΔtΔFΔtF[oormulΔcFsννFtνxt]FΔnμFa´ }ν’FψnFtχνFj}uj|FνxpνrψmνntTFEuropeaniPhysicaliJournaliC
RF2016RF_^RF^

4.2 185

313
vνΔsurνmνntsFoπFπψμuγψΔlFγrossSsνγtψonsFπorF[oormulΔcFsννFtνxt]FproμuγtψonFwψtχFonνForFtwoF
ΔμμψtψonΔlFSjνtsFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]faF}ν’´ usψnτFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2016RF_^RFXX

4.2 21

312 |tuμyFoπFtχνF[oormulΔcFsννFtνxt]FΔnμF[oormulΔcFsννFtνxt]FμνγΔysFwψtχFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2016RF_^RF[ 4.2 13

311
|νΔrγχFπorFΔnFΔμμψtψonΔlRFχνΔvyFqψττsFαosonFψnFtχνF[oormulΔcFsννFtνxt]FμνγΔyFγχΔnnνlFΔtF[oormulΔcF
sννFtνxt]FψnF[oormulΔcFsννFtνxt]FγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2016RF_^RF[]

4.2 152

310 |νΔrγχFπorFsψnτlνFtopSquΔrkFproμuγtψonFvψΔFπlΔvourSγχΔnτψnτFnνutrΔlFγurrνntsFΔtFa´ }ν’FwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]] 4.2 28

309 vνΔsurνmνntFoπFtχνFγχΔrτνFΔsymmνtryFψnFtopSquΔrkFpΔψrFproμuγtψonFψnFtχνFlνptonSplusSjνtsFπψnΔlF
stΔtνFψnFppFγollψsψonFμΔtΔFΔtFNsqrt{s}faRmΔtχrmF}ν’{}OFwψtχFtχνFj}uj|FμνtνγtorF2016RF_^RFX 1

308 }χνFjuojF{omΔnFyotFμνtνγtorsFoπFj}uj|TFJournaliofiInstrumentationRF2016RFXXRFyXXWXZSyXXWXZ 1 10

307 lurrνntF|tΔtusFΔnμFouturνFyrospνγtsFoπFtχνF|wxQFnxpνrψmνntTFAdvancesiiniHighiEnergyiPhysicsRF
2016RFYWX^RFXSYX 1 139

306 }χνFuΔsνrFγΔlψαrΔtψonFoπFtχνFj}uj|F}ψlνFlΔlorψmνtνrFμurψnτFtχνFuqlFrunFXTFJournaliofiInstrumentation
RF2016RFXXRF}XWWW]S}XWWW] 1 13

305 |tuμyFoπFχΔrμFμouαlνSpΔrtonFsγΔttνrψnτFψnFπourSjνtFνvνntsFψnFppFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FwψtχF
tχνFj}uj|FνxpνrψmνntTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 21

304
|νΔrγχFπorFtχνF|tΔnμΔrμFvoμνlFqψττsFαosonFproμuγνμFαyFvνγtorSαosonFπusψonFΔnμFμνγΔyψnτFtoF
αottomFquΔrksFψnFNFsqrt{s}faFOF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2016RFYWX^RFX

5.4 8

303
vνΔsurνmνntFoπFνvνntSsχΔpνFoαsνrvΔαlνsFψnF[oormulΔcFsννFtνxt]FνvνntsFψnFγollψsψonsFΔtF[oormulΔcF
sννFtνxt]´ [oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFEuropeaniPhysicaliJournaliCRF2016RF
_^RFZ_]

4.2 5

302 lχΔrτνμSpΔrtψγlνFμψstrψαutψonsFψnFψntνrΔγtψonsFΔtF[oormulΔcFsννFtνxt]FmνΔsurνμFwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF[WZ 4.2 19

301 lχΔrτνμSpΔrtψγlνFμψstrψαutψonsFΔtFlowFtrΔnsvνrsνFmomνntumFψnF[oormulΔcFsννFtνxt]´ }ν’FψntνrΔγtψonsF
mνΔsurνμFwψtχFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]WY 4.2 37

300 |νΔrγχFπorFαottomFsquΔrkFpΔψrFproμuγtψonFψnFprotonSprotonFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’F
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF][_ 4.2 25

299
|νΔrγχFπorFmψnψmΔlFsupνrsymmνtrψγFstΔnμΔrμFmoμνlFqψττsFkosonsF´ V´ FΔnμFπorFΔF[oormulΔcFsννFtνxt]F
αosonFψnFtχνF[oormulΔcFsννFtνxt]FπψnΔlFstΔtνFproμuγνμFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]F}ν’FwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]a]

4.2 28

298 vνΔsurνmνntFoπFtχνFpχotonFψμνntψπψγΔtψonFνππψγψνnγψνsFwψtχFtχνFj}uj|FμνtνγtorFusψnτFuqlF{unSXF
μΔtΔTFEuropeaniPhysicaliJournaliCRF2016RF_^RF^^^ 4.2 53

297 vνΔsurνmνntFoπFtχνF[oormulΔcFsννFtνxt]FμψjνtFγrossFsνγtψonFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’F
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF^_W 4.2 7
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296 }χνFpνrπormΔnγνFoπFtχνFjνtFtrψττνrFπorFtχνFj}uj|FμνtνγtorFμurψnτFYWXXFμΔtΔFtΔkψnτTFEuropeani
PhysicaliJournaliCRF2016RF_^RF]Y^ 4.2 16

295 |νΔrγχFπorFnνwFpχνnomνnΔFψnFμψππνrνntSπlΔvourFχψτχSmΔssFμψlνptonFπψnΔlFstΔtνsFψnFγollψsψonsFΔtF
[oormulΔcFsννFtνxt]´ }νvFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF][X 4.2 7

294
|νΔrγχFπorFtχνFqψττsFαosonFproμuγνμFψnFΔssoγψΔtψonFwψtχFΔFαosonFΔnμFμνγΔyψnτFtoFπourFSquΔrksFvψΔF
twoFspψnSzνroFpΔrtψγlνsFψnFγollψsψonsFΔtFXZF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2016RF_^RF^W]

4.2 16

293 vuonFrνγonstruγtψonFpνrπormΔnγνFoπFtχνFj}uj|FμνtνγtorFψnFprotonSprotonFγollψsψonFμΔtΔFΔtF
[oormulΔcFsννFtνxt]fXZ´ }ν’TFEuropeaniPhysicaliJournaliCRF2016RF_^RFYbY 4.2 263

292 }νstFoπFlyFψnvΔrψΔnγνFψnFvνγtorSαosonFπusψonFproμuγtψonFoπFtχνFqψττsFαosonFusψnτFtχνFmνtχoμFψnFtχνF
μψtΔuFμνγΔyFγχΔnnνlFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF^]a 4.2 26

291 |νΔrγχFπorFτluψnosFψnFνvνntsFwψtχFΔnFψsolΔtνμFlνptonRFjνtsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFΔtF
[oormulΔcFsννFtνxt]FfFXZF}νF’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]^] 4.2 20

290 vνΔsurνmνntFoπFtχνFψnγlusψvνFψsolΔtνμFpromptFpχotonFγrossFsνγtψonFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 25

289 |νΔrγχFπorFΔFχψτχSmΔssFqψττsFαosonFμνγΔyψnτFtoFΔF–FαosonFpΔψrFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 59

288
|νΔrγχFπorFπlΔvourSγχΔnτψnτFnνutrΔlFγurrνntFtopSquΔrkFμνγΔysFtoF[oormulΔcFsννFtνxt]FψnF[oormulΔcF
sννFtνxt]FγollψsψonFμΔtΔFγollνγtνμFwψtχFtχνFj}uj|FμνtνγtorFΔtF[oormulΔcFsννFtνxt]´ }ν’TFEuropeani
PhysicaliJournaliCRF2016RF_^RFXY

4.2 16

287
vνΔsurνmνntFoπFtχνFγχΔrτνFΔsymmνtryFψnFtopSquΔrkFpΔψrFproμuγtψonFψnFtχνFlνptonSplusSjνtsFπψnΔlF
stΔtνFψnFγollψsψonFμΔtΔFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2016RF_^RFa_

4.2 18

286 |νΔrγχFπorFμψrνγtFtopFsquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFtwoFtΔuFlνptonsFψnFγollψsψonsFΔtF
[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RFaX 4.2 7

285 |νΔrγχFπorFγχΔrτνμFqψττsFαosonsFψnFtχνFqF´–FSgFtαFμνγΔyFγχΔnnνlFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’F
usψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 33

284 |tuμyFoπFtχνFrΔrνFμνγΔysFoπF[oormulΔcFsννFtνxt]FΔnμF[oormulΔcFsννFtνxt]FψntoFmuonFpΔψrsFπromFμΔtΔF
γollνγtνμFμurψnτFtχνFuqlF{unFXFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]XZ 4.2 27

283
|νΔrγχFπorFsupνrsymmνtryFψnFΔFπψnΔlFstΔtνFγontΔψnψnτFtwoFpχotonsFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFψnF[oormulΔcFsννFtνxt]´ f´ XZ´ }ν’F[oormulΔcFsννFtνxt]FγollψsψonsFΔtFtχνFuqlFusψnτFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF]X_

4.2 17

282 |νΔrγχFπorFrνsonΔnγνsFψnFμψpχotonFνvνntsFΔtFNFsqrt{s}fXZFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 49

281 |νΔrγχFπorFsψnτlνFproμuγtψonFoπFvνγtorSlψkνFquΔrksFμνγΔyψnτFψntoFψnFγollψsψonsFΔtF[oormulΔcFsννF
tνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2016RF_^RF[[Y 4.2 24

280 vνΔsurνmνntFoπFtχνFrνlΔtψvνFwψμtχFμψππνrνnγνFoπFtχνFNF{k}−Wχαox{S}F{ovνrlψnν{k}}−WFOFsystνmFwψtχF
tχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2016RFYWX^RFX 5.4 5

279 sνtFνnνrτyFmνΔsurνmνntFΔnμFψtsFsystνmΔtψγFunγνrtΔψntyFψnFprotonSprotonFγollψsψonsFΔtF[oormulΔcFsννF
tνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFX_ 4.2 194
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278 |νΔrγχFπorFψnvψsψαlνFpΔrtψγlνsFproμuγνμFψnFΔssoγψΔtψonFwψtχFsψnτlνStopSquΔrksFψnFprotonSprotonF
γollψsψonsFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RF_b 4.2 21

277 |νΔrγχFπorFrνsonΔntFμψαosonFproμuγtψonFψnFtχνF[oormulΔcFsννFtνxt]FπψnΔlFstΔtνFψnF[oormulΔcFsννFtνxt]F
γollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RF^b 4.2 62

276 vνΔsurνmνntsFoπFtχνF[oormulΔcFsννFtνxt]FproμuγtψonFγrossFsνγtψonsFψnFΔssoγψΔtψonFwψtχFjνtsFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFaY 4.2 54

275 |νΔrγχFπorFμΔrkFmΔttνrFψnFνvνntsFwψtχFχνΔvyFquΔrksFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnF[oormulΔcF
sννFtνxt]FγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFbY 4.2 60

274
vνΔsurνmνntFoπFtχνFNFtovνrlψnν{t}FOFproμuγtψonFγrossSsνγtψonFΔsFΔFπunγtψonFoπFjνtFmultψplψγψtyFΔnμFjνtF
trΔnsvνrsνFmomνntumFψnF_F}ν’FprotonSprotonFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2015RFYWX]RFX

5.4 14

273
vνΔsurνmνntFoπFtχνF–F–FQF–F±FγrossFsνγtψonFΔnμFlψmψtsFonFΔnomΔlousFtrψplνFτΔuτνFγouplψnτsFusψnτF
πψnΔlFstΔtνsFwψtχFonνFlνptonRFmψssψnτFtrΔnsvνrsνFmomνntumRFΔnμFtwoFjνtsFwψtχFtχνFj}uj|FμνtνγtorF
ΔtFNFsqrt{s}f_FOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX

5.4 12

272 |νΔrγχνsFπorFχνΔvyFlonτSlψvνμFγχΔrτνμFpΔrtψγlνsFwψtχFtχνFj}uj|FμνtνγtorFψnFprotonSprotonFγollψsψonsF
ΔtFNFsqrt{s}faFOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 29

271 |νΔrγχFπorFtχνFNFαovνrlψnν{α}FOFμνγΔyFoπFtχνF|tΔnμΔrμFvoμνlFqψττsFαosonFψnFΔssoγψΔtνμFN–V±OqF
proμuγtψonFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 64

270 vνΔsurνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FusψnτF
[T]Fπαâ��XFoπFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 27

269
|νΔrγχFπorFΔnomΔlousFproμuγtψonFoπFpromptFsΔmνSsψτnFlνptonFpΔψrsFΔnμFpΔψrSproμuγνμFμouαlyF
γχΔrτνμFqψττsFαosonsFwψtχFNFsqrt{s}faFOF}ν’FppFγollψsψonsFusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2015RFYWX]RFX

5.4 45

268
|νΔrγχFπorFγχΔrτνμFqψττsFαosonsFμνγΔyψnτFvψΔFqF´–FSgFˇ�F´–F˛‰FψnFπullyFχΔμronψγFπψnΔlFstΔtνsFusψnτFppF
γollψsψonFμΔtΔFΔtFNFsqrt{s}FOFfFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RF
YWX]RFX

5.4 56

267
|νΔrγχFπorFproμuγtψonFoπF[oormulΔcFsννFtνxt]FrνsonΔnγνsFμνγΔyψnτFtoFΔFlνptonRFnνutrψnoFΔnμFjνtsFψnF
[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2015RF_]RFYWb

4.2 73

266 yνrπormΔnγνFoπFtχνFj}uj|FmuonFtrψττνrFψnFppFγollψsψonsFΔtF[oormulΔcFsννFtνxt]F}ν’TFEuropeani
PhysicaliJournaliCRF2015RF_]RFXYW 4.2 51

265 |νΔrγχFπorFqψττsFαosonFpΔψrFproμuγtψonFψnFtχνF[oormulΔcFsννFtνxt]FπψnΔlFstΔtνFπromFγollψsψonsFΔtF
[oormulΔcFsννFtνxt]F}ν’wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RF[XY 4.2 66

264 mνtνrmψnΔtψonFoπFspψnFΔnμFpΔrψtyFoπFtχνFqψττsFαosonFψnFtχνF[oormulΔcFsννFtνxt]FμνγΔyFγχΔnnνlFwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFYZX 4.2 15

263
|νΔrγχFπorFnνwFpχνnomνnΔFψnFπψnΔlFstΔtνsFwψtχFΔnFνnνrτνtψγFjνtFΔnμFlΔrτνFmψssψnτFtrΔnsvνrsνF
momνntumFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2015RF_]RFYbb

4.2 202

262 |νΔrγχFπorFΔFnνwFrνsonΔnγνFμνγΔyψnτFtoFΔForFαosonFΔnμFΔFqψττsFαosonFψnFtχνF[oormulΔcFsννFtνxt]F
πψnΔlFstΔtνsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFY^Z 4.2 46

261 vνΔsurνmνntFoπFtχrννSjνtFproμuγtψonFγrossSsνγtψonsFψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF_´ [oormulΔcF
sννFtνxt]FγνntrνSoπSmΔssFνnνrτyFusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFYYa 4.2 18
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260 lonstrΔψntsFonFtχνFoππSsχνllFqψττsFαosonFsψτnΔlFstrνnτtχFψnFtχνFχψτχSmΔssFΔnμFπψnΔlFstΔtνsFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFZZ] 4.2 56

259
rμνntψπψγΔtψonFΔnμFνnνrτyFγΔlψαrΔtψonFoπFχΔμronψγΔllyFμνγΔyψnτFtΔuFlνptonsFwψtχFtχνFj}uj|F
νxpνrψmνntFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt][oormulΔcFsννFtνxt]TFEuropeaniPhysicaliJournaliCRF2015
RF_]RFZWZ

4.2 49

258 |tuμyFoπFtχνFspψnFΔnμFpΔrψtyFoπFtχνFqψττsFαosonFψnFμψαosonFμνγΔysFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2015RF_]RF[_^ 4.2 104

257
xαsνrvΔtψonFΔnμFmνΔsurνmνntsFoπFtχνFproμuγtψonFoπFpromptFΔnμFnonSpromptF[oormulΔcFsννFtνxt]F
mνsonsFψnFΔssoγψΔtψonFwψtχFΔF[oormulΔcFsννFtνxt]FαosonFψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcF
sννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFYYb

4.2 38

256
|νΔrγχFπorFtχνF|tΔnμΔrμFvoμνlFqψττsFαosonFproμuγνμFψnFΔssoγψΔtψonFwψtχFtopFquΔrksFΔnμFμνγΔyψnτF
ψntoF[oormulΔcFsννFtνxt]FψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFZ[b

4.2 94

255
|νΔrγχFπorFsupνrsymmνtryFψnFνvνntsFγontΔψnψnτFΔFsΔmνSπlΔvourFopposψtνSsψτnFμψlνptonFpΔψrRFjνtsRFΔnμF
lΔrτνFmψssψnτFtrΔnsvνrsνFmomνntumFψnF[oormulΔcFsννFtνxt]´ }ν’FγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2015RF_]RFZXa

4.2 44

254 |νΔrγχFπorFχνΔvyFlonτSlψvνμFmultψSγχΔrτνμFpΔrtψγlνsFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FusψnτFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFZ^Y 4.2 22

253 }woSpΔrtψγlνFkosνSnψnstνψnFγorrνlΔtψonsFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FWTbFΔnμF_F}ν’FmνΔsurνμF
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RF[^^ 4.2 28

252 vνΔsurνmνntFoπFtχνFtopFquΔrkFmΔssFψnFtχνF[oormulΔcFsννFtνxt]FΔnμF[oormulΔcFsννFtνxt]FγχΔnnνlsF
usψnτF[oormulΔcFsννFtνxt]´ [oormulΔcFsννFtνxt]Fj}uj|FμΔtΔTFEuropeaniPhysicaliJournaliCRF2015RF_]RFZZW 4.2 32

251 j}uj|F{unFXFsνΔrγχνsFπorFμψrνγtFpΔψrFproμuγtψonFoπFtχψrμSτνnνrΔtψonFsquΔrksFΔtFtχνFuΔrτνFqΔμronF
lollψμνrTFEuropeaniPhysicaliJournaliCRF2015RF_]RF]XW 4.2 109

250 }χνFγΔlψαrΔtψonFsystνmFπorFtχνFpχotomultψplψνrFΔrrΔyFoπFtχνF|wxQFνxpνrψmνntTFJournaliofi
InstrumentationRF2015RFXWRFyWZWWYSyWZWWY 1 5

249 |νΔrγχFπorFlowSsγΔlνFτrΔvψtyFsψτnΔturνsFψnFmultψSjνtFπψnΔlFstΔtνsFwψtχFtχνFj}uj|FμνtνγtorFΔtFNF
sqrt{s}faFOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 2

248 jFsνΔrγχFπorFχψτχSmΔssFrνsonΔnγνsFμνγΔyψnτFtoFˇ�Qˇ�â��FψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 22

247 |ummΔryFoπFtχνFj}uj|Fνxpνrψmνntâ��sFsνnsψtψvψtyFtoFsupνrsymmνtryFΔπtνrFuqlF{unFXFâ��FψntνrprνtνμF
ψnFtχνFpχνnomνnoloτψγΔlFv||vTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 42

246 |νΔrγχFπorFlνptonSπlΔvourSvψolΔtψnτFqFSgF˛…ˇ�FμνγΔysFoπFtχνFqψττsFαosonFwψtχFtχνFj}uj|FμνtνγtorTF
JournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 46

245 vνΔsurνmνntFoπFπourSjνtFμψππνrνntψΔlFγrossFsνγtψonsFψnFNFsqrt{s}faFOF}ν’FprotonSprotonFγollψsψonsF
usψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFXS_^ 5.4 5

244 jFsνΔrγχFπorFNFtovνrlψnν{t}FOFrνsonΔnγνsFusψnτFlνptonSplusSjνtsFνvνntsFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 57

243 vνΔsurνmνntFoπFtχνFπorwΔrμSαΔγkwΔrμFΔsymmνtryFoπFνlνγtronFΔnμFmuonFpΔψrSproμuγtψonFψnFppF
γollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 18
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242 vνΔsurνmνntFoπFγχΔrτνμSpΔrtψγlνFspνγtrΔFψnFyαQyαFγollψsψonsFΔtFNFsqrt{s≥{mΔtχrm{ww}}}fYT_^FOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 49

241 jnΔlysψsFoπFνvνntsFwψtχFαSjνtsFΔnμFΔFpΔψrFoπFlνptonsFoπFtχνFsΔmνFγχΔrτνFψnFppFγollψsψonsFΔtFNFsqrt{s}faF
OF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 26

240 lonstrΔψntsFonFnνwFpχνnomνnΔFvψΔFqψττsFαosonFγouplψnτsFΔnμFψnvψsψαlνFμνγΔysFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 91

239 |νΔrγχFπorFχψτχSmΔssFμψαosonFrνsonΔnγνsFwψtχFαosonStΔττνμFjνtsFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFXSZb 5.4 66

238
mψππνrνntψΔlFtopSΔntψtopFγrossSsνγtψonFmνΔsurνmνntsFΔsFΔFπunγtψonFoπFoαsνrvΔαlνsFγonstruγtνμFπromF
πψnΔlSstΔtνFpΔrtψγlνsFusψnτFppFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FψnFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2015RFYWX]RFX

5.4 31

237 |νΔrγχFπorFχνΔvyFvΔjorΔnΔFnνutrψnosFwψtχFtχνFj}uj|FμνtνγtorFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’TF
JournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 65

236
|νΔrγχFπorFproμuγtψonFoπFvνγtorSlψkνFquΔrkFpΔψrsFΔnμFoπFπourFtopFquΔrksFψnFtχνFlνptonSplusSjνtsFπψnΔlF
stΔtνFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2015RFYWX]RFX

5.4 54

235 |νΔrγχFπorFnνwFpχνnomνnΔFψnFνvνntsFwψtχFtχrννForFmorνFγχΔrτνμFlνptonsFψnFppFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 16

234 |ummΔryFoπFtχνFsνΔrγχνsFπorFsquΔrksFΔnμFτluψnosFusψnτFNFsqrt{s}faFOF}ν’FppFγollψsψonsFwψtχFtχνF
j}uj|FνxpνrψmνntFΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 55

233 mνtνrmψnΔtψonFoπFtχνFtopSquΔrkFpolνFmΔssFusψnτFNFtovνrlψnν{t}FOFQFXSjνtFνvνntsFγollνγtνμFwψtχFtχνF
j}uj|FνxpνrψmνntFψnF_F}ν’FppFγollψsψonsTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 15

232 vνΔsurνmνntFoπFtχνFNFtovνrlψnν{t}–FOFΔnμFNFtovνrlψnν{t}±FOFproμuγtψonFγrossFsνγtψonsFψnFppFγollψsψonsF
ΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 16

231 |νΔrγχFπorFπlΔvourSγχΔnτψnτFnνutrΔlFγurrνntFtopFquΔrkFμνγΔysFtFSgFqqFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFXS^] 5.4 18

230 |νΔrγχFπorFχνΔvyFlνptonFrνsonΔnγνsFμνγΔyψnτFtoFΔF±FαosonFΔnμFΔFlνptonFψnFppFγollψsψonsFΔtFNFsqrt{s}faF
OF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 22

229 |νΔrγχFπorFvΔjorΔnΔFnνutrψnosFwψtχFtχνF|wxQFμνtνγtorFΔtF|wxujkTFJournaliofiPhysics:iConferencei
SeriesRF2015RF]a_RFWXYWZW 0.3 5

228 }χνFunmFΔnμFπψανrFαΔsνμFγΔlψαrΔtψonFsystνmFπorFtχνFpχotomultψplψνrFΔrrΔyFoπF|wxQTFJournaliofi
Physics:iConferenceiSeriesRF2015RF]a_RFWXYWZX 0.3 0

227 |νΔrγχFπorFsquΔrksFΔnμFτluψnosFψnFνvνntsFwψtχFψsolΔtνμFlνptonsRFjνtsFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 37

226 nvψμνnγνFπorFtχνFqψττsSαosonF ukΔwΔFγouplψnτFtoFtΔuFlνptonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 74

225 vνΔsurνmνntFoπFtχνFγχΔrτνFΔsymmνtryFψnFμψlνptonψγFμνγΔysFoπFtopFquΔrkFpΔψrsFψnFppFγollψsψonsFΔtFNF
sqrt{s}f_FOF}ν’FusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 16
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224 |νΔrγχFπorF[oormulΔcFsννFtνxt]FμνγΔysFψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ f´ a´ }ν’F
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF_]RFX^] 4.2 25

223 vνΔsurνmνntFoπFtχνFtopSquΔrkFmΔssFψnFtχνFπullyFχΔμronψγFμνγΔyFγχΔnnνlFπromFj}uj|FμΔtΔFΔtF
[oormulΔcFsννFtνxt]TFEuropeaniPhysicaliJournaliCRF2015RF_]RFX]a 4.2 8

222
|νΔrγχFπorFμψrνγtFpΔψrFproμuγtψonFoπFΔFγχΔrτψnoFΔnμFΔFnνutrΔlψnoFμνγΔyψnτFtoFtχνFXY]´ pν’FqψττsF
αosonFψnF[oormulΔcFsννFtνxt]´ }ν’F[oormulΔcFsννFtνxt]FγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeani
PhysicaliJournaliCRF2015RF_]RFYWa

4.2 50

221 |tuμyFoπFN–V±OqFproμuγtψonFΔnμFqψττsFαosonFγouplψnτsFusψnτFqSgF–F–FPFμνγΔysFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2015RFYWX]RFX 5.4 14

220 |νΔrγχFπorFmνtΔstΔαlνFχνΔvyFγχΔrτνμFpΔrtψγlνsFwψtχFlΔrτνFψonψsΔtψonFνnνrτyFlossFψnFγollψsψonsFΔtF
[oormulΔcFsννFtνxt]´ }ν’FusψnτFtχνFj}uj|FνxpνrψmνntTFEuropeaniPhysicaliJournaliCRF2015RF_]RF[W_ 4.2 18

219
vνΔsurνmνntFoπFtχνFproμuγtψonFΔnμFlνptonFγχΔrτνFΔsymmνtryFoπF[oormulΔcFsννFtνxt]FαosonsFψnF
yαQyαFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2015RF
_]RFYZ

4.2 31

218 |νΔrγχFπorFproμuγtψonFoπFN––V–±OFrνsonΔnγνsFμνγΔyψnτFtoFΔFlνptonRFnνutrψnoFΔnμFjνtsFψnFNppOF
γollψsψonsFΔtFNsqrt{s}faOF}ν’FwψtχFtχνFj}uj|FμνtνγtorF2015RF_]RFX 1

217 |νΔrγχFπorFnνwFpχνnomνnΔFψnFπψnΔlFstΔtνsFwψtχFΔnFνnνrτνtψγFjνtFΔnμFlΔrτνFmψssψnτFtrΔnsvνrsνF
momνntumFψnFppFγollψsψonsFΔtFNsqrt{s}fa~O}ν’FwψtχFtχνFj}uj|FμνtνγtorF2015RF_]RFX 2

216 |tuμyFoπFtχνFspψnFΔnμFpΔrψtyFoπFtχνFqψττsFαosonFψnFμψαosonFμνγΔysFwψtχFtχνFj}uj|FμνtνγtorF2015RF
_]RFX 3

215 j}uj|F{unFXFsνΔrγχνsFπorFμψrνγtFpΔψrFproμuγtψonFoπFtχψrμSτνnνrΔtψonFsquΔrksFΔtFtχνFuΔrτνFqΔμronF
lollψμνrF2015RF_]RFX 3

214 vνΔsurνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FusψnτF
[T]Fπαâ��XFoπFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorF2015RFYWX]RFX 3

213 vνΔsurνmνntFoπFtχνFtopFquΔrkFpΔψrFproμuγtψonFγχΔrτνFΔsymmνtryFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}FOFfF_F}ν’FusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 24

212
|νΔrγχFπorFtχνFμψrνγtFproμuγtψonFoπFγχΔrτψnosRFnνutrΔlψnosFΔnμFstΔusFψnFπψnΔlFstΔtνsFwψtχFΔtFlνΔstFtwoF
χΔμronψγΔllyFμνγΔyψnτFtΔusFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX

5.4 29

211
}χνFμψππνrνntψΔlFproμuγtψonFγrossFsνγtψonFoπFtχνF[oormulΔcFsννFtνxt]NXWYWOFmνsonFψnF[oormulΔcFsννF
tνxt]FfF_´ }ν’F[oormulΔcFsννFtνxt]FγollψsψonsFmνΔsurνμFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2014RF_[RFYab]

4.2 12

210 nlνγtronFrνγonstruγtψonFΔnμFψμνntψπψγΔtψonFνππψγψνnγyFmνΔsurνmνntsFwψtχFtχνFj}uj|FμνtνγtorFusψnτF
tχνFYWXXFuqlFprotonSprotonFγollψsψonFμΔtΔTFEuropeaniPhysicaliJournaliCRF2014RF_[RFYb[X 4.2 160

209 vνΔsurνmνntFoπFtχνFunμνrlyψnτFνvνntFψnFjνtFνvνntsFπromF_FNtνxtF{}ν’}OFprotonâ��protonFγollψsψonsF
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014RF_[RFX 4.2 18

208
vνΔsurνmνntFoπFtχνFγνntrΔlψtyFΔnμFpsνuμorΔpψμψtyFμνpνnμνnγνFoπFtχνFψntντrΔtνμFνllψptψγFπlowFψnF
lνΔμSlνΔμFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’´ wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2014RF_[RFYbaY

4.2 18

207 uψτχtSquΔrkFΔnμFτluonFjνtFμψsγrψmψnΔtψonFψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]FwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014RF_[RFZWYZ 4.2 46
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206
vνΔsurνmνntFoπFtχνFνlνγtrowνΔkFproμuγtψonFoπFμψjνtsFψnFΔssoγψΔtψonFwψtχFΔF±SαosonFΔnμF
μψstrψαutψonsFsνnsψtψvνFtoFvνγtorFαosonFπusψonFψnFprotonSprotonFγollψsψonsFΔtFNFsqrt{s}FOFfFaF}ν’FusψnτF
tχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX

5.4 14

205
|νΔrγχFπorFμψrνγtFproμuγtψonFoπFγχΔrτψnosFΔnμFnνutrΔlψnosFψnFνvνntsFwψtχFtχrννFlνptonsFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFNFsqrt{s}FOFfFaF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2014RFYWX[RFX

5.4 76

204
vνΔsurνmνntFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFpromptFsVˇ�FmνsonsFψnFΔssoγψΔtψonFwψtχFΔF–F´–F
αosonFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfF_F}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF
2014RFYWX[RFX

5.4 24

203 vνΔsurνmνntFoπFμψjνtFγrossSsνγtψonsFψnFppFγollψsψonsFΔtF_F}ν’FγνntrνSoπSmΔssFνnνrτyFusψnτFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 17

202 vνΔsurνmνntFoπFtχνFproμuγtψonFoπFΔF–FαosonFψnFΔssoγψΔtψonFwψtχFΔFγχΔrmFquΔrkFψnFppFγollψsψonsFΔtFNF
sqrt{s}FOFfF_F}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 37

201
|νΔrγχFπorFμψrνγtFproμuγtψonFoπFγχΔrτψnosRFnνutrΔlψnosFΔnμFslνptonsFψnFπψnΔlFstΔtνsFwψtχFtwoFlνptonsF
ΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnFppFγollψsψonsFΔtFNFsqrt{s}FOFfFa}ν’FwψtχFtχνFj}uj|FμνtνγtorTF
JournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX

5.4 120

200 |νΔrγχFπorFsupνrsymmνtryFΔtFNsqrt{s}OFfFaF}ν’FψnFπψnΔlFstΔtνsFwψtχFjνtsFΔnμFtwoFsΔmνSsψτnFlνptonsForF
tχrννFlνptonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 39

199 vνΔsurνmνntFoπFtχνFlowSmΔssFmrνllS ΔnFμψππνrνntψΔlFγrossFsνγtψonFΔtFNFsqrt{s}FOFfF_F}ν’FusψnτFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 18

198 |νΔrγχFπorFμψrνγtFtopSsquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFtwoFlνptonsFψnFppFγollψsψonsFΔtFNF
sqrt{s}FOFfFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 52

197 vνΔsurνmνntFoπFˇ�FγXFΔnμFˇ�FγYFproμuγtψonFwψtχFNFsqrt{s}FOFfF_F}ν’FppFγollψsψonsFΔtFj}uj|TFJournaliofi
HighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 26

196 |νΔrγχFπorFmψγrosγopψγFαlΔγkFχolνsFΔnμFstrψnτFαΔllsFψnFπψnΔlFstΔtνsFwψtχFlνptonsFΔnμFjνtsFwψtχFtχνF
j}uj|FμνtνγtorFΔtFNFsqrt{s}FOFfFaF}ν’TFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 6

195 |νΔrγχFπorFnνwFpΔrtψγlνsFψnFνvνntsFwψtχFonνFlνptonFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnFppF
γollψsψonsFΔtFNFsqrt{s}FOFfFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 40

194
|νΔrγχFπorFμψrνγtFtopFsquΔrkFpΔψrFproμuγtψonFψnFνvνntsFwψtχFΔF[oormulΔcFsννFtνxt]FαosonRF[oormulΔcF
sννFtνxt]SjνtsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFψnF[oormulΔcFsννFtνxt]F}ν’F[oormulΔcFsννFtνxt]F
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014RF_[RFYaaZ

4.2 41

193 |νΔrγχFπorFnνutrΔlFqψττsFαosonsFoπFtχνFmψnψmΔlFsupνrsymmνtrψγFstΔnμΔrμFmoμνlFψnFppFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 67

192 vνΔsurνmνntFoπFtχνFmuonFrνγonstruγtψonFpνrπormΔnγνFoπFtχνFj}uj|FμνtνγtorFusψnτFYWXXFΔnμFYWXYF
uqlFprotonSprotonFγollψsψonFμΔtΔTFEuropeaniPhysicaliJournaliCRF2014RF_[RFZXZW 4.2 166

191
vνΔsurνmνntsFoπFjνtFvνtoνsFΔnμFΔzψmutχΔlFμνγorrνlΔtψonsFψnFμψjνtFνvνntsFproμuγνμFψnF[oormulΔcFsννF
tνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014RF
_[RFZXX_

4.2 17

190
jFmνΔsurνmνntFoπFtχνFrΔtψoFoπFtχνFproμuγtψonFγrossFsνγtψonsFπorF[oormulΔcFsννFtνxt]FΔnμF[oormulΔcF
sννFtνxt]FαosonsFψnFΔssoγψΔtψonFwψtχFjνtsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014
RF_[RFZX^a

4.2 16

189 vνΔsurνmνntsFoπFπψμuγψΔlFΔnμFμψππνrνntψΔlFγrossFsνγtψonsFπorFqψττsFαosonFproμuγtψonFψnFtχνF
μψpχotonFμνγΔyFγχΔnnνlFΔtFNFsqrt{s}faFOF}ν’FwψtχFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 30
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188
|νΔrγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFlΔrτνFmψssψnτFtrΔnsvνrsνFmomνntumRFjνtsRFΔnμFΔtFlνΔstF
onνFtΔuFlνptonFψnFYWFπαâ��XFoπFNFsqrt{s}FOFfFaF}ν’FprotonSprotonFγollψsψonFμΔtΔFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX

5.4 9

187
|νΔrγχFπorFsquΔrksFΔnμFτluψnosFwψtχFtχνFj}uj|FμνtνγtorFψnFπψnΔlFstΔtνsFwψtχFjνtsFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFusψnτFNFsqrt{s}faFOF}ν’FprotonSprotonFγollψsψonFμΔtΔTFJournaliofiHighiEnergyi
PhysicsRF2014RFYWX[RFX

5.4 108

186
vνΔsurνmνntFoπFtχνF[oormulΔcFsννFtνxt]FproμuγtψonFγrossSsνγtψonFusψnτF[oormulΔcFsννFtνxt]FνvνntsF
wψtχF[oormulΔcFsννFtνxt]StΔττνμFjνtsFψnF[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]FΔnμF
a´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014RF_[RFZXWb

4.2 107

185
|νΔrγχFπorFtopFsquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFonνFψsolΔtνμFlνptonRFjνtsRFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFψnFNFsqrt{s}FOFfFaF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2014RFYWX[RFX

5.4 54

184 vuonFrνγonstruγtψonFνππψγψνnγyFΔnμFmomνntumFrνsolutψonFoπFtχνFj}uj|FνxpνrψmνntFψnF
protonSprotonFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ }ν’FψnFYWXWTFEuropeaniPhysicaliJournaliCRF2014RF_[RFZWZ[ 4.2 45

183 nlνγtronFΔnμFpχotonFνnνrτyFγΔlψαrΔtψonFwψtχFtχνFj}uj|FμνtνγtorFusψnτFuqlF{unFXFμΔtΔTFEuropeani
PhysicaliJournaliCRF2014RF_[RFX 4.2 160

182
|νΔrγχFπorFγontΔγtFψntνrΔγtψonsFΔnμFlΔrτνFνxtrΔFμψmνnsψonsFψnFtχνFμψlνptonFγχΔnnνlFusψnτF
protonSprotonFγollψsψonsFΔtF[oormulΔcFsννFtνxt]´ a´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2014RF_[RFZXZ[

4.2 31

181 vνΔsurνmνntFoπFπlowFχΔrmonψγsFwψtχFmultψSpΔrtψγlνFγumulΔntsFψnFyαQyαFγollψsψonsFΔtF[oormulΔcFsννF
tνxt]´ }ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2014RF_[RFZX]_ 4.2 52

180
vνΔsurνmνntFoπFμψstrψαutψonsFsνnsψtψvνFtoFtχνFunμνrlyψnτFνvνntFψnFψnγlusψvνF±SαosonFproμuγtψonFψnF
[oormulΔcFsννFtνxt]FγollψsψonsFΔtF[oormulΔcFsννFtνxt]F}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2014RF_[RFZXb]

4.2 21

179 |νΔrγχFπorFμψrνγtFpΔψrFproμuγtψonFoπFtχνFtopFsquΔrkFψnFΔllSχΔμronψγFπψnΔlFstΔtνsFψnFprotonSprotonF
γollψsψonsFΔtFNFsqrt{s}FOFfFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 36

178 vνΔsurνmνntFoπFtχνFproμuγtψonFγrossSsνγtψonFoπFˇ�NY|OFSgFsVˇ�NSg˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FψnFppFγollψsψonsFΔtFNF
sqrt{s}FOFfF_F}ν’FΔtFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 16

177 vνΔsurνmνntFoπFtχνF±V˛‡FPFαosonFtrΔnsvνrsνFmomνntumFμψstrψαutψonFψnFppFγollψsψonsFΔtFNFsqrt{s}f_FOF
}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 79
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|νΔrγχFπorFstronτFproμuγtψonFoπFsupνrsymmνtrψγFpΔrtψγlνsFψnFπψnΔlFstΔtνsFwψtχFmψssψnτFtrΔnsvνrsνF
momνntumFΔnμFΔtFlνΔstFtχrννFαSjνtsFΔtFNFsqrt{s}FfFaFOF}ν’FprotonSprotonFγollψsψonsFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX

5.4 31

175 vνΔsurνmνntFoπFμψππνrνntψΔlFproμuγtψonFγrossSsνγtψonsFπorFΔF±FαosonFψnFΔssoγψΔtψonFwψtχFαSjνtsFψnF_F
}ν’FprotonSprotonFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 26

174 |νΔrγχFπorFlonτSlψvνμFnνutrΔlFpΔrtψγlνsFμνγΔyψnτFψntoFlνptonFjνtsFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2014RFYWX[RFX 5.4 38

173
|νΔrγχFπorFpΔψrFΔnμFsψnτlνFproμuγtψonFoπFnνwFχνΔvyFquΔrksFtχΔtFμνγΔyFtoFΔF±FαosonFΔnμFΔF
tχψrμSτνnνrΔtψonFquΔrkFψnFppFγollψsψonsFΔtFNFsqrt{s}faFOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2014RFYWX[RFX

5.4 29

172 vνΔsurνmνntFoπFtχνFNtovνrlψnν{t}OFproμuγtψonFγrossSsνγtψonFusψnτFNνmuFOFνvνntsFwψtχFNαOStΔττνμFjνtsF
ψnFNppOFγollψsψonsFΔtFNsqrt{s}f_OFΔnμFaF}ν’FwψtχFtχνFj}uj|FμνtνγtorF2014RF_[RFX 2

171 vνΔsurνmνntFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFjνtsFψnFΔssoγψΔtψonFwψtχFΔF±FαosonFψnFppFγollψsψonsFΔtF
NFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 50
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170 vνΔsurνmνntFoπFtχνFγrossSsνγtψonFπorF–FαosonFproμuγtψonFψnFΔssoγψΔtψonFwψtχFαSjνtsFψnFppFγollψsψonsF
ΔtFNFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 34

169 |νΔrγχFπorFtχψrμFτνnνrΔtψonFsγΔlΔrFlνptoquΔrksFψnFppFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 30

168 |νΔrγχFπorFμΔrkFmΔttνrFγΔnμψμΔtνsFΔnμFlΔrτνFνxtrΔFμψmνnsψonsFψnFνvνntsFwψtχFΔFjνtFΔnμFmψssψnτF
trΔnsvνrsνFmomνntumFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 124

167 vνΔsurνmνntFoπF±±FproμuγtψonFψnFppFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FΔnμFlψmψtsFonFΔnomΔlousF±±±FΔnμF
±±˛‡FγouplψnτsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 45

166
|νΔrγχFπorFγχΔrτνμFqψττsFαosonsFtχrouτχFtχνFvψolΔtψonFoπFlνptonFunψvνrsΔlψtyFψnFNFtovνrlψnν{t}FOF
νvνntsFusψnτFppFγollψsψonFμΔtΔFΔtFNFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|FνxpνrψmνntTFJournaliofiHighi
EnergyiPhysicsRF2013RFYWXZRFX

5.4 14

165 |νΔrγχFπorFtχνFnνutrΔlFqψττsFαosonsFoπFtχνFmψnψmΔlFsupνrsymmνtrψγFstΔnμΔrμFmoμνlFψnFppFγollψsψonsF
ΔtFNFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 47

164 vνΔsurνmνntFoπFsplψttψnτFsγΔlνsFψnFSgFνvνntsFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2013RF_ZRFY[ZY 4.2 8

163
|νΔrγχFπorFΔFlψτχtFγχΔrτνμFqψττsFαosonFψnFtχνFμνγΔyFγχΔnnνlF[oormulΔcFsννFtνxt]FψnF[oormulΔcFsννF
tνxt]FνvνntsFusψnτFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2013RF_ZRFY[^]

4.2 76

162
|νΔrγχFπorFμψrνγtFtχψrμSτνnνrΔtψonFsquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFmψssψnτFtrΔnsvνrsνF
momνntumFΔnμFtwoFαSjνtsFψnFNFsqrt{s}faFOF}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighi
EnergyiPhysicsRF2013RFYWXZRFX

5.4 92

161
|νΔrγχFπorFnνwFpχνnomνnΔFψnFπψnΔlFstΔtνsFwψtχFlΔrτνFjνtFmultψplψγψtψνsFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFΔtFNFsqrt{s}faFOF}ν’FprotonSprotonFγollψsψonsFusψnτFtχνFj}uj|FνxpνrψmνntTFJournaliofi
HighiEnergyiPhysicsRF2013RFYWXZRFX

5.4 64

160 vνΔsurνmνntFoπFtχνFμψππνrνntψΔlFγrossSsνγtψonFoπFkFQFmνsonFproμuγtψonFψnFppFγollψsψonsFΔtFNF
sqrt{s}f_FOF}ν’FΔtFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 24

159 yνrπormΔnγνFoπFjνtFsuαstruγturνFtνγχnψquνsFπorFlΔrτνS{FjνtsFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrt{s}f_FOF}ν’FusψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 43

158 rmprovνμFlumψnosψtyFμνtνrmψnΔtψonFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FusψnτFtχνFj}uj|FμνtνγtorFΔtF
tχνFuqlTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFY]Xa 4.2 276

157
vνΔsurνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonFψnFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FΔnμFγompΔrψsonF
toFtχνFψnγlusψvνFjνtFγrossSsνγtψonFΔtF[oormulΔcFsννFtνxt]FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2013RF_ZRFY]Wb

4.2 71

156 vultψSγχΔnnνlFsνΔrγχFπorFsquΔrksFΔnμFτluψnosFψnF[oormulΔcFsννFtνxt]FγollψsψonsFwψtχFtχνFj}uj|F
μνtνγtorFΔtFtχνFuqlTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFYZ^Y 4.2 25

155 sνtFνnνrτyFmνΔsurνmνntFwψtχFtχνFj}uj|FμνtνγtorFψnFprotonSprotonFγollψsψonsFΔtF
Nsqrt{mΔtχrm{s}}f_FmΔtχrm{}ν’}OTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFX 4.2 209

154 vνΔsurνmνntFoπFjνtFsχΔpνsFψnFtopSquΔrkFpΔψrFνvνntsFΔtF[oormulΔcFsννFtνxt]FusψnτFtχνFj}uj|F
μνtνγtorTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFY^_^ 4.2 18

153
vνΔsurνmνntFoπFtχνFμψstrψαutψonsFoπFνvνntSαySνvνntFπlowFχΔrmonψγsFψnFlνΔμSlνΔμFγollψsψonsFΔtFNF
sqrt{{{s≥{wwF}}}}FOFfFYT_^F}ν’FwψtχFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF
2013RFYWXZRFX

5.4 143
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152 vνΔsurνmνntFoπFtχνFtopFquΔrkFγχΔrτνFψnFppFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTF
JournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 15

151 j}uj|FsνΔrγχFπorFnνwFpχνnomνnΔFψnFμψjνtFmΔssFΔnμFΔnτulΔrFμψstrψαutψonsFusψnτFppFγollψsψonsFΔtFNF
sqrt{s}f_FO}ν’TFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 72

150 vνΔsurνmνntFoπFψsolΔtνμSpχotonFpΔψrFproμuγtψonFψnFppFγollψsψonsFΔtFNFsqrt{s}f_d}ν’FOFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 44

149 |νΔrγχFπorFrνsonΔnγνsFμνγΔyψnτFψntoFtopSquΔrkFpΔψrsFusψnτFπullyFχΔμronψγFμνγΔysFψnFppFγollψsψonsFwψtχF
j}uj|FΔtFNFsqrt{s}f_FOF}ν’TFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX 5.4 55

148
|νΔrγχFπorFμψrνγtFγχΔrτψnoFproμuγtψonFψnFΔnomΔlySmνμψΔtνμFsupνrsymmνtryFαrνΔkψnτFmoμνlsFαΔsνμF
onFΔFμψsΔppνΔrψnτStrΔγkFsψτnΔturνFψnFppFγollψsψonsFΔtFNFsqrt{s}f_dmΔtχrm{}ν’}FOFwψtχFtχνFj}uj|F
μνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2013RFYWXZRFX

5.4 15

147 vνΔsurνmνntsFoπFtopFquΔrkFpΔψrFrνlΔtψvνFμψππνrνntψΔlFγrossSsνγtψonsFwψtχFj}uj|FψnFppFγollψsψonsFΔtF
Nsqrt{s}FfF_Fmαox{}ν’}OTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFX 4.2 55

146 |νΔrγχFπorFpΔψrSproμuγνμFmΔssψvνFγolourνμFsγΔlΔrsFψnFπourSjνtFπψnΔlFstΔtνsFwψtχFtχνFj}uj|FμνtνγtorF
ψnFprotonâ��protonFγollψsψonsFΔtFNsqrt{s}FfF_Fmαox{}ν’}OTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFX 4.2 44

145 vνΔsurνmνntFoπFtχνFπlΔvourFγomposψtψonFoπFμψjνtFνvνntsFψnFppFγollψsψonsFΔtFNsqrt{s}f_Fmαox{}ν’}OF
wψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFX 4.2 12

144 |ψnτlνFχΔμronFrνsponsνFmνΔsurνmνntFΔnμFγΔlorψmνtνrFjνtFνnνrτyFsγΔlνFunγνrtΔψntyFwψtχFtχνFj}uj|F
μνtνγtorFΔtFtχνFuqlTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFX 4.2 41

143 sνtFνnνrτyFrνsolutψonFψnFprotonSprotonFγollψsψonsFΔtF[oormulΔcFsννFtνxt]FrνγorμνμFψnFYWXWFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFYZW^ 4.2 153

142 vνΔsurνmνntFoπFtχνF[oormulΔcFsννFtνxt]FproμuγtψonFγrossFsνγtψonFψnFtχνFtΔuFQFjνtsFγχΔnnνlFusψnτFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2013RF_ZRFYZYa 4.2 30

141
|νΔrγχFπor–qproμuγtψonFwψtχFΔFlψτχtFqψττsFαosonFμνγΔyψnτFtoFpromptFνlνγtronSjνtsFψnF
protonâ��protonFγollψsψonsFΔtFJsqrtF{s}f_JF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFNewiJournaliofiPhysicsRF2013RF
X]RFW[ZWWb

2.9 15

140 vνγχΔnψγΔlFγonstruγtψonFΔnμFψnstΔllΔtψonFoπFtχνFj}uj|FtψlνFγΔlorψmνtνrTFJournaliofiInstrumentationRF
2013RFaRF}XXWWXS}XXWWX 1 3

139 }χνFoptψγΔlFψnstrumνntΔtψonFoπFtχνFj}uj|F}ψlνFlΔlorψmνtνrTFJournaliofiInstrumentationRF2013RFaRFyWXWW]SyWXWW]1 2

138 }χνFvψnψyn}cFΔFμψμΔγtψγFyn}FsystνmTFJournaliofiInstrumentationRF2013RFaRFlWZWW]SlWZWW] 1 1

137 |νΔrγχFπorFμνγΔysFoπFstoppνμRFlonτSlψvνμFpΔrtψγlνsFπromF_F}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 14

136
vνΔsurνmνntFoπFtχνFpolΔrψsΔtψonFoπF–FαosonsFproμuγνμFwψtχFlΔrτνFtrΔnsvνrsνFmomνntumFψnFppF
γollψsψonsFΔtFNsqrt{s}FfF_Fmαox{}ν’}OFwψtχFtχνFj}uj|FνxpνrψmνntTFEuropeaniPhysicaliJournaliCRF2012RF
_YRFX

4.2 31

135 vνΔsurνmνntFoπFtχνFγχΔrτνFΔsymmνtryFψnFtopFquΔrkFpΔψrFproμuγtψonFψnFγollψsψonsFΔtF[oormulΔcFsννF
tνxt]FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2012RF_YRFYWZb 4.2 78
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134 |νΔrγχFπorFlνptonFπlΔvourFvψolΔtψonFψnFtχνFγontψnuumFwψtχFtχνFj}uj|FμνtνγtorFψnF[oormulΔcFsννFtνxt]F
γollψsψonsFΔtFtχνFuqlTFEuropeaniPhysicaliJournaliCRF2012RF_YRFYW[W 4.2 10

133 vνΔsurνmνntFoπFtχνFtopFquΔrkFmΔssFwψtχFtχνFtνmplΔtνFmνtχoμFψnFtχνF[oormulΔcFsννFtνxt]FγχΔnnνlF
usψnτFj}uj|FμΔtΔTFEuropeaniPhysicaliJournaliCRF2012RF_YRFYW[^ 4.2 42

132 |νΔrγχFπorFχνΔvyFnνutrψnosFΔnμFrψτχtSχΔnμνμFαosonsFψnFνvνntsFwψtχFtwoFlνptonsFΔnμFjνtsFψnF
γollψsψonsFΔtF[oormulΔcFsννFtνxt]FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2012RF_YRFYW]^ 4.2 78

131 vνΔsurνmνntFoπFpolΔrψzΔtψonFψnFSgFμνγΔysFwψtχFtχνFj}uj|FμνtνγtorFψnFγollψsψonsFΔtF[oormulΔcFsννF
tνxt]TFEuropeaniPhysicaliJournaliCRF2012RF_YRFYW^Y 4.2 17

130
vνΔsurνmνntFoπFtχνFγrossFsνγtψonFπorFtopSquΔrkFpΔψrFproμuγtψonFψnFppFγollψsψonsFΔtFNsqrtF{s}FfF
{_}R{tνxt{}ν’}}OFwψtχFtχνFj}uj|FμνtνγtorFusψnτFπψnΔlFstΔtνsFwψtχFtwoFχψτχSpF}FlνptonsTFJournaliofi
HighiEnergyiPhysicsRF2012RFYWXYRFX

5.4 43

129 sνtFmΔssFΔnμFsuαstruγturνFoπFψnγlusψvνFjνtsFψnFNFsqrtF{s}FfF_d{tνxt{}ν’}}FOFppFγollψsψonsFwψtχFtχνFj}uj|F
νxpνrψmνntTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 67

128 vνΔsurνmνntFoπFψnγlusψvνFtwoSpΔrtψγlνFΔnτulΔrFγorrνlΔtψonsFψnFppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorF
ΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 10

127
quntFπorFnνwFpχνnomνnΔFusψnτFlΔrτνFjνtFmultψplψγψtψνsFΔnμFmψssψnτFtrΔnsvνrsνFmomνntumFwψtχF
j}uj|FψnF[T_Fπαâ��XFoπFNFsqrtF{s}FfF_d}ν’FOFprotonSprotonFγollψsψonsTFJournaliofiHighiEnergyiPhysicsRF
2012RFYWXYRFX

5.4 48

126
jFsνΔrγχFπorFNFtovνrlψnνFtFOFrνsonΔnγνsFψnFlνptonQjνtsFνvνntsFwψtχFχψτχlyFαoostνμFtopFquΔrksF
γollνγtνμFψnFppFγollψsψonsFΔtFNFsqrtF{s}FfF_FOF}ν’FwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2012RFYWXYRFX

5.4 39

125 |νΔrγχFπorFtχνF|tΔnμΔrμFvoμνlFqψττsFαosonFψnFtχνFqFSgFˇ�FQFˇ�Fâ��FμνγΔyFmoμνFψnFNFsqrtF{s}FfF
_R{mΔtχrm{}ν’}}FOFppFγollψsψonsFwψtχFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 37

124 jFsνΔrγχFπorFπlΔvourFγχΔnτψnτFnνutrΔlFγurrνntsFψnFtopSquΔrkFμνγΔysFψnFppFγollψsψonFμΔtΔFγollνγtνμF
wψtχFtχνFj}uj|FμνtνγtorFΔtFNFsqrt{s}f_d}ν’FOTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 31

123 vνΔsurνmνntsFoπFtχνFpsνuμorΔpψμψtyFμνpνnμνnγνFoπFtχνFtotΔlFtrΔnsvνrsνFνnνrτyFψnFprotonSprotonF
γollψsψonsFΔtFNFsqrt{s}f_FOF}ν’FwψtχFj}uj|TFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 11

122 |νΔrγχFπorFΔFχνΔvyFtopSquΔrkFpΔrtnνrFψnFπψnΔlFstΔtνsFwψtχFtwoFlνptonsFwψtχFtχνFj}uj|FμνtνγtorFΔtF
tχνFuqlTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 53

121 |νΔrγχFπorFχψτχSmΔssFrνsonΔnγνsFμνγΔyψnτFtoFμψlνptonFπψnΔlFstΔtνsFψnFppFγollψsψonsFΔtFNFsqrt{s}f_FOF}ν’F
wψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 49

120 |νΔrγχFπorFΔnomΔlousFproμuγtψonFoπFpromptFlψkνSsψτnFlνptonFpΔψrsFΔtFNFsqrt{s}f_dmΔtχrm{}ν’}FOFwψtχF
tχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 16

119 |νΔrγχFπorFpΔψrFproμuγtψonFoπFmΔssψvνFpΔrtψγlνsFμνγΔyψnτFψntoFtχrννFquΔrksFwψtχFtχνFj}uj|FμνtνγtorF
ψnFNFsqrt{s}f_dmΔtχrm{}ν’}FOFppFγollψsψonsFΔtFtχνFuqlTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 45

118
|νΔrγχFπorF{SpΔrψtySvψolΔtψnτFsupνrsymmνtryFψnFνvνntsFwψtχFπourForFmorνFlνptonsFψnFNF
sqrt{s}f_dmΔtχrm{}ν’}FOFppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2012RF
YWXYRFX

5.4 13

117 nlνγtronFpνrπormΔnγνFmνΔsurνmνntsFwψtχFtχνFj}uj|FμνtνγtorFusψnτFtχνFYWXWFuqlFprotonSprotonF
γollψsψonFμΔtΔTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 199
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116 {ΔpψμψtyFτΔpFγrossFsνγtψonsFmνΔsurνμFwψtχFtχνFj}uj|FμνtνγtorFψnFppFγollψsψonsFΔtFNsqrt{s}FfF_F
mαox{~}ν’}OTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 70

115
|νΔrγχFπorFΔnomΔlySmνμψΔtνμFsupνrsymmνtryFαrνΔkψnτFwψtχFtχνFj}uj|FμνtνγtorFαΔsνμFonFΔF
μψsΔppνΔrψnτStrΔγkFsψτnΔturνFψnFppFγollψsψonsFΔtFNsqrt{s}FfF_~mΔtχrm{}ν’}OTFEuropeaniPhysicali
JournaliCRF2012RF_YRFX

4.2 13

114
vνΔsurνmνntFoπF[oormulΔcFsννFtνxt]FproμuγtψonFwψtχFΔFvνtoFonFΔμμψtψonΔlFγνntrΔlFjνtFΔγtψvψtyFψnF
γollψsψonsFΔtF[oormulΔcFsννFtνxt]F}ν’FusψnτFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2012RF
_YRFYW[Z

4.2 82

113 jFsνΔrγχFπorF[oormulΔcFsννFtνxt]FrνsonΔnγνsFwψtχFtχνFj}uj|FμνtνγtorFψnFYTW]FπαFoπFprotonSprotonF
γollψsψonsFΔtF[oormulΔcFsννFtνxt]TFEuropeaniPhysicaliJournaliCRF2012RF_YRFYWaZ 4.2 14

112 |νΔrγχFπorFsνγonμFτνnνrΔtψonFsγΔlΔrFlνptoquΔrksFψnFppFγollψsψonsFΔtFNsqrt{s}f_~mαox{}ν’}OFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 35

111 |νΔrγχFπorFΔFπνrmψopχoαψγFqψττsFαosonFψnFtχνFμψpχotonFμνγΔyFγχΔnnνlFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 13

110 vνΔsurνmνntFoπF–F´–F±FproμuγtψonFψnFprotonSprotonFγollψsψonsFΔtFNsqrt{s}f_~mαox{}ν’}OFwψtχFtχνF
j}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 54

109
|νΔrγχFπorFtopFΔnμFαottomFsquΔrksFπromFτluψnoFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFmψssψnτF
trΔnsvνrsνFνnνrτyFΔnμFΔtFlνΔstFtχrννFαSjνtsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF
2012RF_YRFX

4.2 24

108 vνΔsurνmνntFoπFνvνntFsχΔpνsFΔtFlΔrτνFmomνntumFtrΔnsπνrFwψtχFtχνFj}uj|FμνtνγtorFψnFppF
γollψsψonsFΔtFNsqrt{mΔtχαπ{s}}f_FmΔtχrm{}ν’}OTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 18

107
|νΔrγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFlΔrτνFmψssψnτFtrΔnsvνrsνFmomνntumRFjνtsRFΔnμFΔtFlνΔstF
onνFtΔuFlνptonFψnF_F}ν’FprotonSprotonFγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicali
JournaliCRF2012RF_YRFX

4.2 11

106
|νΔrγχFπorFlψτχtFsγΔlΔrFtopSquΔrkFpΔψrFproμuγtψonFψnFπψnΔlFstΔtνsFwψtχFtwoFlνptonsFwψtχFtχνFj}uj|F
μνtνγtorFψnFNsqrt{s}f_FmΔtχrm{}ν’}OFprotonâ��protonFγollψsψonsTFEuropeaniPhysicaliJournaliCRF2012RF
_YRFX

4.2 31

105 j}uj|FsνΔrγχFπorFΔFχνΔvyFτΔuτνFαosonFμνγΔyψnτFtoFΔFγχΔrτνμFlνptonFΔnμFΔFnνutrψnoFψnFppFγollψsψonsF
ΔtFNsqrt{s}FfF_FmΔtχrm{}ν’}OTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 34

104 |νΔrγχFπorFμouαlyFγχΔrτνμFqψττsFαosonsFψnFlψkνSsψτnFμψlνptonFπψnΔlFstΔtνsFΔtFNsqrt{s}FfF_F
mΔtχrm{}ν’}OFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 104

103 yνrπormΔnγνFoπFmψssψnτFtrΔnsvνrsνFmomνntumFrνγonstruγtψonFψnFprotonSprotonFγollψsψonsFΔtF
Nsqrt{s}FfF_~mαox{}ν’}OFwψtχFj}uj|TFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 217

102 yνrπormΔnγνFoπFtχνFj}uj|F}rψττνrF|ystνmFψnFYWXWTFEuropeaniPhysicaliJournaliCRF2012RF_YRFX 4.2 232

101 |νΔrγχFπorFsΔmνSsψτnFtopSquΔrkFproμuγtψonFΔnμFπourtχSτνnνrΔtψonFμownStypνFquΔrksFψnFppFγollψsψonsF
ΔtFNFsqrtF{s}FfF{_}d{tνxt{}ν’}}FOFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 34

100 |νΔrγχFπorFγχΔrτνμFqψττsFαosonsFμνγΔyψnτFvψΔFqF´–FSgFˇ�˛‰FψnFNFtovνrlψnνFtFOFνvνntsFusψnτFppFγollψsψonFμΔtΔF
ΔtFNFsqrtF{s}FfF_d}ν’FOFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 112

99 vνΔsurνmνntFoπFtχνF–FαosonFpolΔrψzΔtψonFψnFtopFquΔrkFμνγΔysFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofi
HighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 52
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98 oorwΔrμSαΔγkwΔrμFγorrνlΔtψonsFΔnμFγχΔrτνμSpΔrtψγlνFΔzψmutχΔlFμψstrψαutψonsFψnFppFψntνrΔγtψonsF
usψnτFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2012RFYWXYRFX 5.4 23

97 vνΔsurνmνntFoπFψnγlusψvνFjνtFΔnμFμψjνtFγrossFsνγtψonsFψnFprotonSprotonFγollψsψonsFΔtF_F}ν’F
γνntrνSoπSmΔssFνnνrτyFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 103

96 vνΔsurνmνntFoπFtχνFtopFquΔrkSpΔψrFproμuγtψonFγrossFsνγtψonFwψtχFj}uj|FψnFppFγollψsψonsFΔtF
Nsqrt{s}f_OF}ν’TFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 138

95 |tuμψνsFoπFtχνFpνrπormΔnγνFoπFtχνFj}uj|FμνtνγtorFusψnτFγosmψγSrΔyFmuonsTFEuropeaniPhysicali
JournaliCRF2011RF_XRFX 4.2 16

94 uumψnosψtyFμνtνrmψnΔtψonFψnFppFγollψsψonsFΔtFNsqrt{s}FfF_OF}ν’FusψnτFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTF
EuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 167

93
vνΔsurνmνntsFoπFunμνrlyψnτSνvνntFpropνrtψνsFusψnτFnνutrΔlFΔnμFγχΔrτνμFpΔrtψγlνsFψnFppFγollψsψonsF
ΔtFNsqrt{s}fbWWOFpν’FΔnμFNsqrt{s}f_OF}ν’FwψtχFtχνFj}uj|FμνtνγtorFΔtFtχνFuqlTFEuropeaniPhysicali
JournaliCRF2011RF_XRFX

4.2 30

92
|νΔrγχFπorFΔnFνxγνssFoπFνvνntsFwψtχFΔnFψμνntψγΔlFπlΔvourFlνptonFpΔψrFΔnμFsψτnψπψγΔntFmψssψnτF
trΔnsvνrsνFmomνntumFψnFNsqrt{s}f_OF}ν’Fprotonâ��protonFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTF
EuropeaniPhysicaliJournaliCRF2011RF_XRFX

4.2 18

91
|νΔrγχFπorFsupνrsymmνtrψγFpΔrtψγlνsFψnFνvνntsFwψtχFlνptonFpΔψrsFΔnμFlΔrτνFmψssψnτFtrΔnsvνrsνF
momνntumFψnFNsqrt{s}f_~mαox{}ν’}OFprotonâ��protonFγollψsψonsFwψtχFtχνFj}uj|FνxpνrψmνntTF
EuropeaniPhysicaliJournaliCRF2011RF_XRFX

4.2 41

90 uψmψtsFonFtχνFproμuγtψonFoπFtχνFstΔnμΔrμFmoμνlFqψττsFαosonFψnFppFγollψsψonsFΔtFNsqrt{s}FfF_OF}ν’FwψtχF
tχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 37

89 |νΔrγχFπorFμψpχotonFνvνntsFwψtχFlΔrτνFmψssψnτFtrΔnsvνrsνFνnνrτyFwψtχFZ^Fpαâ��XFoπF_F}ν’F
protonâ��protonFγollψsψonFμΔtΔFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 15

88 vνΔsurνmνntFoπFmultψSjνtFγrossFsνγtψonsFψnFprotonâ��protonFγollψsψonsFΔtFΔF_F}ν’FγνntνrSoπSmΔssF
νnνrτyTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 44

87 vνΔsurνmνntFoπFtχνFjνtFπrΔτmνntΔtψonFπunγtψonFΔnμFtrΔnsvνrsνFproπψlνFψnFprotonâ��protonFγollψsψonsF
ΔtFΔFγνntνrSoπSmΔssFνnνrτyFoπF_F}ν’FwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 51

86 |νΔrγχFπorFΔFχνΔvyFnνutrΔlFpΔrtψγlνFμνγΔyψnτFψntoFΔnFνlνγtronFΔnμFΔFmuonFusψnτFXFπαâ��XFoπFj}uj|F
μΔtΔTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 13

85 |νΔrγχFπorFmΔssψvνFγolorνμFsγΔlΔrsFψnFπourSjνtFπψnΔlFstΔtνsFψnFNsqrt{s}f_~mαox{}ν’}OFprotonâ��protonF
γollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 37

84 vνΔsurνmνntFoπFtχνFψnγlusψvνFΔnμFμψjνtFγrossSsνγtψonsFoπFαSjνtsFψnFppFγollψsψonsFΔtF
Nsqrt{s}f_mαox{~}ν’}OFwψtχFtχνFj}uj|FμνtνγtorTFEuropeaniPhysicaliJournaliCRF2011RF_XRFX 4.2 53

83 vνΔsurνmνntFoπF–˛‡FΔnμF±˛‡FproμuγtψonFψnFprotonSprotonFγollψsψonsFΔtFNFsqrtF{s}FfF_FOF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2011RFYWXXRFX 5.4 11

82 rnγlusψvνFsνΔrγχFπorFsΔmνSsψτnFμψlνptonFsψτnΔturνsFψnFppFγollψsψonsFΔtFNFsqrtF{s}FfF_FOF}ν’FwψtχFtχνF
j}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2011RFYWXXRFX 5.4 31

81
|νΔrγχFπorFnνwFpχνnomνnΔFψnFπψnΔlFstΔtνsFwψtχFlΔrτνFjνtFmultψplψγψtψνsFΔnμFmψssψnτFtrΔnsvνrsνF
momνntumFusψnτFNsqrtF{s}OFfF_F}ν’FppFγollψsψonsFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyi
PhysicsRF2011RFYWXXRFX
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80 {νΔμψnνssFoπFtχνFj}uj|FlψquψμFΔrτonFγΔlorψmνtνrFπorFuqlFγollψsψonsTFEuropeaniPhysicaliJournaliCRF
2010RF_WRF_YZS_]Z 4.2 41

79 }χνFj}uj|FrnnνrFmνtνγtorFγommψssψonψnτFΔnμFγΔlψαrΔtψonTFEuropeaniPhysicaliJournaliCRF2010RF_WRF_a_SaYX4.2 70

78 mrψπtF}ψmνFvνΔsurνmνntFψnFtχνFj}uj|FuψquψμFjrτonFnlνγtromΔτnνtψγFlΔlorψmνtνrFusψnτFlosmψγF
vuonsTFEuropeaniPhysicaliJournaliCRF2010RF_WRF_]]S_a] 4.2 12

77 lommψssψonψnτFoπFtχνFj}uj|FvuonF|pνγtromνtνrFwψtχFγosmψγFrΔysTFEuropeaniPhysicaliJournaliCRF
2010RF_WRFa_]SbX^ 4.2 14

76 }χνFj}uj|F|ψmulΔtψonFrnπrΔstruγturνTFEuropeaniPhysicaliJournaliCRF2010RF_WRFaYZSa_[ 4.2 817

75 {νΔμψnνssFoπFtχνFj}uj|F}ψlνFlΔlorψmνtνrFπorFuqlFγollψsψonsTFEuropeaniPhysicaliJournaliCRF2010RF_WRFXXbZSXYZ^4.2 82

74 yνrπormΔnγνFoπFtχνFj}uj|FμνtνγtorFusψnτFπψrstFγollψsψonFμΔtΔTFJournaliofiHighiEnergyiPhysicsRF2010RF
YWXWRFX 5.4 14

73 vνΔsurνmνntFoπFtχνF–FSgFâ��˛‰FΔnμF±V˛‡FPFSgFâ��â��FproμuγtψonFγrossFsνγtψonsFψnFprotonSprotonFγollψsψonsFΔtFNF
sqrtF{s}FfF_d{tνxt{}ν’}}FOFwψtχFtχνFj}uj|FμνtνγtorTFJournaliofiHighiEnergyiPhysicsRF2010RFYWXWRFX 5.4 58

72
vνΔsurνmνntFoπFpψonFΔnμFprotonFrνsponsνFΔnμFlonτψtuμψnΔlFsχowνrFproπψlνsFupFtoFYWFnuγlνΔrF
ψntνrΔγtψonFlνnτtχsFwψtχFtχνFj}uj|F}ψlνFγΔlorψmνtνrTFNucleariInstrumentsiandiMethodsiiniPhysicsi
ResearchviSectioniA:iAcceleratorsviSpectrometersviDetectorsiandiAssociatediEquipmentRF2010RF^X]RFX]aSXaX

1.2 35

71
|tuμyFoπFνnνrτyFrνsponsνFΔnμFrνsolutψonFoπFtχνFj}uj|FαΔrrνlFγΔlorψmνtνrFtoFχΔμronsFoπFνnνrτψνsF
πromFYWFtoFZ]WFpν’TFNucleariInstrumentsiandiMethodsiiniPhysicsiResearchviSectioniA:iAcceleratorsvi
SpectrometersviDetectorsiandiAssociatediEquipmentRF2010RF^YXRFXZ[SX]W

1.2 32

70
}νstανΔmFstuμψνsFoπFproμuγtψonFmoμulνsFoπFtχνFj}uj|F}ψlνFlΔlorψmνtνrTFNucleariInstrumentsiandi
MethodsiiniPhysicsiResearchviSectioniA:iAcceleratorsviSpectrometersviDetectorsiandiAssociatedi
EquipmentRF2009RF^W^RFZ^YSZb[

1.2 52

69
|tuμyFoπFtχνFrνsponsνFoπFtχνFj}uj|FγνntrΔlFγΔlorψmνtνrFtoFpψonsFoπFνnνrτψνsFπromFZFtoFbFpν’TF
NucleariInstrumentsiandiMethodsiiniPhysicsiResearchviSectioniA:iAcceleratorsviSpectrometersvi
DetectorsiandiAssociatediEquipmentRF2009RF^W_RFZ_YSZa^

1.2 10

68
jτνψnτFstuμψνsFoπFwΔvνlνnτtχFsχψπtνrFπψανrsFπorFtχνF}runljuVj}uj|FνxpνrψmνntTFNucleari
InstrumentsiandiMethodsiiniPhysicsiResearchviSectioniA:iAcceleratorsviSpectrometersviDetectorsiandi
AssociatediEquipmentRF2007RF]aWRFZXaSZYX

1.2 2

67
lχΔrΔγtνrψzΔtψonFoπFplΔstψγFoptψγΔlFπψαrνsFwψtχFpulsνμFunmsTFNucleariInstrumentsiandiMethodsiini
PhysicsiResearchviSectioniA:iAcceleratorsviSpectrometersviDetectorsiandiAssociatediEquipmentRF2007RF
]aWRFZW^SZWb

1.2 3

66 qΔμronFανΔmFtνstFoπFΔFsγψntψllΔtψnτFπψαrνFtrΔγkνrFsystνmFπorFνlΔstψγFsγΔttνrψnτFΔnμFlumψnosψtyF
mνΔsurνmνntFψnFj}uj|TFJournaliofiInstrumentationRF2007RFYRFyW_WW[SyW_WW[ 1 6

65 }χνFj}uj|FχΔμronψγFtψlνFγΔlorψmνtνrcFπromFγonstruγtψonFtowΔrμFpχysψγsTFIEEEiTransactionsioni
NucleariScienceRF2006RF]ZRFXY_]SXYaX 1.7 5

64
uumψnosψtyFmνΔsurνmνntFΔtFj}uj|â��mνvνlopmνntRFγonstruγtψonFΔnμFtνstFoπFsγψntψllΔtψnτFπψαrνF
prototypνFμνtνγtorsTFNucleariInstrumentsiandiMethodsiiniPhysicsiResearchviSectioniA:iAcceleratorsvi
SpectrometersviDetectorsiandiAssociatediEquipmentRF2006RF]^aRF]aaS^WW

1.2 20

63 }χνFΔlumψnψzΔtψonFoπF^WWFkF–u|FπψανrsFπorFtχνF}ψlνlΔlVj}uj|VuqlTFIEEEiTransactionsioniNucleari
ScienceRF2004RF]XRFXYZ]SXY[X 1.7 3
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62 oψnτνrFμosνsFrνγνψvνμFμurψnτFVsupFXaVompFψnjνγtψonsFγΔlγulΔtνμFwψtχFvontνFlΔrloF|ψmulΔtψonsTFIEEEi
TransactionsioniNucleariScienceRF2004RF]XRFXa^bSXa_[ 1.7

61 xptψγΔlFpropνrtψνsFoπFψnjνγtψonSmolμνμFpolystyrνnνFsγψntψllΔtorsTFrrTFmψstrψαutψonFoπFμopΔntsTFJournali
ofiAppliediPolymeriScienceRF2003RFaaRFY_X[SY_Xa 2.9 1

60 xptψγΔlFpropνrtψνsFoπFψnjνγtψonSmolμνμFpolystyrνnνFsγψntψllΔtorsTFrTFyroγνssψnτFΔnμFoptψγΔlF
propνrtψνsTFJournaliofiAppliediPolymeriScienceRF2003RFaaRFY_W^SY_XZ 2.9

59
qΔμronFνnνrτyFrνγonstruγtψonFπorFtχνFj}uj|FγΔlorψmνtryFψnFtχνFπrΔmνworkFoπFtχνFnonSpΔrΔmνtrψγΔlF
mνtχoμFj}uj|TFNucleariInstrumentsiandiMethodsiiniPhysicsiResearchviSectioniA:iAcceleratorsvi
SpectrometersviDetectorsiandiAssociatediEquipmentRF2002RF[aWRF]WaS]YZ

1.2 5

58
{νsultsFπromFΔFnνwFγomαψnνμFtνstFoπFΔnFνlνγtromΔτnνtψγFlψquψμFΔrτonFγΔlorψmνtνrFwψtχFΔFχΔμronψγF
sγψntψllΔtψnτStψlνFγΔlorψmνtνrTFNucleariInstrumentsiandiMethodsiiniPhysicsiResearchviSectioniA:i
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