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554 yρrτormγnνρFoτFtχρFj}uj|FuρvρlSXFtopoloφψνγlFtrψφφρrFψnF{un´ YTFEuropeanpPhysicalpJournalpCRF2022RF
aYRFX 4.2 0

553
|ργrνχFτorFρxotψνFπρνγysFoτFtχρFqψφφsFμosonFψntoFμJJFovρrlψnρ{μ}FJJFγnπFmψssψnφFtrγnsvρrsρF
momρntumFψnFppFνollψsψonsFγtFJJFsqrt{s}FJJFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2022RFYWYYRFX

5.4 0

552
xμsρrvγtψonFoτFρlρνtrowργkFproπuνtψonFoτFtwoFjρtsFψnFγssoνψγtψonFwψtχFγnFψsolγtρπFpχotonFγnπF
mψssψnφFtrγnsvρrsρFmomρntumRFγnπFsργrνχFτorFγFqψφφsFμosonFπρνγyψnφFψntoFψnvψsψμlρFpγrtψνlρsFγtF
XZ´ JJtρxtF{}ρ‘}JJFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2022RFaYRFX

4.2 0

551
|ργrνχFτorFqψφφsFμosonsFπρνγyψnφFψntoFnρwFspψnSWForFspψnSXFpγrtψνlρsFψnFτourSlρptonFτψnγlFstγtρsFwψtχF
tχρFj}uj|FπρtρνtorFwψtχFXZbFτμâ��XFoτFppFνollψsψonFπγtγFγtFJJFsqrt{s}FJJFfFXZF}ρ‘TFJournalpofpHighp
EnergypPhysicsRF2022RFYWYYRFX

5.4 0

550 jtloγstZcF}χρFwρxtFpρnρrγtψonFoτFoγstF|ψmulγtψonFψnFj}uj|TFComputingpandpSoftwarepforpBigpScienceRF
2022RF^RFX 6 0

549
vργsurρmρntFoτFtχρFρnρrφyFrρsponsρFoτFtχρFj}uj|´ νγlorψmρtρrFtoFνχγrφρπ´ pψonsFτromFJJ’−{pmF
}rψφχtγrrowFtγuF−{pmF}NrψφχtγrrowFpψF−{pmF}nuF≥{tγuF}OnuF≥{tγuF}JJFρvρntsFψnF{un´ YFπγtγTFEuropeanp
PhysicalpJournalpCRF2022RFaYRFX

4.2 0

548 }χρFj}uj|FψnnρrFπρtρνtorFtrψφφρrFpρrτormγnνρFψnFppFνollψsψonsFγtFXZ´ }ρ‘FπurψnφFuqlF{unFYTF
EuropeanpPhysicalpJournalpCRF2022RFaYRFX 4.2

547 mρtρrmψnγtψonFoτFtχρFpγrtonFπψstrψμutψonFτunνtψonsFoτFtχρFprotonFusψnφFπψvρrsρFj}uj|FπγtγFτromFppF
νollψsψonsFγtFJJsqrt{s}FfF_JJRFaFγnπFXZ´ }ρ‘TFEuropeanpPhysicalpJournalpCRF2022RFaYRFX 4.2 1

546
|ργrνχFτorF{SpγrψtySvψolγtψnφFsupρrsymmρtryFψnFγFτψnγlFstγtρFνontγψnψnφFlρptonsFγnπFmγnyFjρtsFwψtχF
tχρFj}uj|FρxpρrψmρntFusψnφFNsqrt{s}FfFXZχμoxF{F}ρ‘}OFprotonâ��protonFνollψsψonFπγtγTFEuropeanp
PhysicalpJournalpCRF2021RFaXRFX

4.2 2

545 vργsurρmρntFoτFtχρFtNFovρrlψnρ{t}FOtNFovρrlψnρ{t}FOFproπuνtψonFνrossFsρνtψonFψnFppFνollψsψonsFγtFNF
sqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 0

544
|ργrνχFτorFπγrkFmγttρrFψnFρvρntsFwψtχFmψssψnφFtrγnsvρrsρFmomρntumFγnπFγFqψφφsFμosonFπρνγyψnφF
ψntoFtwoFpχotonsFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2021RFYWYXRFX

5.4 2

543 |ργrνχFτorFtypρSrrrFsρρsγwFχργvyFlρptonsFψnFπψlρptonFτψnγlFstγtρsFψnFppFνollψsψonsFγtFNFsqrt{s}FfFXZR{tρxtF
{}ρ‘}}FOFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 7

542 vργsurρmρntFoτFlψφχtSμySlψφχtFsνγttρrψnφFγnπFsργrνχFτorFγxψonSlψkρFpγrtψνlρsFwψtχFYTYFnμâ��XFoτFyμQyμF
πγtγFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 5

541
|ργrνχFτorFqψφφsFμosonFproπuνtψonFψnFγssoνψγtψonFwψtχFγFχψφχSρnρrφyFpχotonFvψγFvρνtorSμosonF
τusψonFwψtχFπρνγyFψntoFμottomFquγrkFpγψrsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2021RFYWYXRFX

5.4 1

540
|ργrνχFτorFnρwFpχρnomρnγFwψtχFtopFquγrkFpγψrsFψnFτψnγlFstγtρsFwψtχFonρFlρptonRFjρtsRFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2021RFYWYXRFX

5.4 6

539
|ργrνχFτorFnρwFpχρnomρnγFψnFρvρntsFwψtχFtwoFopposψtρSνχγrφρFlρptonsRFjρtsFγnπFmψssψnφFtrγnsvρrsρF
momρntumFψnFppFνollψsψonsFγtFNFsqrt{mγtχrm{s}}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2021RFYWYXRFX

5.4 8

538
|ργrνχFτorFpγψrFproπuνtψonFoτFsνγlγrFlρptoquγrksFπρνγyψnφFψntoFτψrstSForFsρνonπSφρnρrγtψonFlρptonsF
γnπFtopFquγrksFψnFprotonâ��protonFνollψsψonsFγtFNsqrt{s}OFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2021RFaXRFX

4.2 5
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537 xptψmψsγtψonFoτFlγrφρSrγπψusFjρtFrρνonstruνtψonFτorFtχρFj}uj|FπρtρνtorFψnFXZF}ρ‘Fprotonâ��protonF
νollψsψonsTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 2

536
|ργrνχFτorFχργvyFrρsonγnνρsFπρνγyψnφFψntoFγFpγψrFoτF FμosonsFψnFtχρFNρllF−QρllF−SρllFM−QρllFM−SOFγnπFNρllF
−QρllF−SnuF{{μγr{nuF}}}OFτψnγlFstγtρsFusψnφFXZbFNmγtχrmF{τμ}−{SX}OFoτFprotonâ��protonFνollψsψonsFγtF
Nsqrt{s}FfFXZRO}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX

4.2 8

535
|ργrνχFτorFnρwFpχρnomρnγFψnFτψnγlFstγtρsFwψtχFμSjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFNF
sqrt{mγtχrm{s}}FOFfFXZF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2021RFYWYXRFX

5.4 6

534
|ργrνχFτorFγFχργvyFqψφφsFμosonFπρνγyψnφFψntoFγF FμosonFγnπFγnotχρrFχργvyFqψφφsFμosonFψnFtχρFNρllF
ρllFμμOFγnπFNρllFρllF’’OFτψnγlFstγtρsFψnFppFνollψsψonsFγtFNsqrt{s}fXZOFNtρxtF{}ρ‘}OFwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX

4.2 7

533
|ργrνχFτorFπouμlyFγnπFsψnφlyFνχγrφρπFqψφφsFμosonsFπρνγyψnφFψntoFvρνtorFμosonsFψnFmultψSlρptonFτψnγlF
stγtρsFwψtχFtχρFj}uj|FπρtρνtorFusψnφFprotonSprotonFνollψsψonsFγtFNFsqrt{mγtχrm{s}}FOFfFXZF}ρ‘TF
JournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX

5.4 3

532 vργsurρmρntsFoτF’Q’â��QFâ�¥FXFjρtFproπuνtψonFνrossSsρνtψonsFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 0

531 |ργrνχFτorFνχγrφρπFqψφφsFμosonsFπρνγyψnφFψntoFγFtopFquγrkFγnπFγFμottomFquγrkFγtFNFsqrt{mγtχrm{s}}F
OFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 8

530 vργsurρmρntsFoτFqψφφsFμosonsFπρνγyψnφFtoFμottomFquγrksFτromFvρνtorFμosonFτusψonFproπuνtψonF
wψtχFtχρFj}uj|FρxpρrψmρntFγtFNsqrt{s}fXZRtρxtF{}ρ‘}OTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 0

529
|ργrνχFτorFpγψrFproπuνtψonFoτFtχψrπSφρnρrγtψonFsνγlγrFlρptoquγrksFπρνγyψnφFψntoFγFtopFquγrkFγnπFγF
ˇ�SlρptonFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2021RFYWYXRFX

5.4 6

528 |ργrνχFτorFsupρrsymmρtryFψnFρvρntsFwψtχFτourForFmorρFνχγrφρπFlρptonsFψnFXZbFτμâ��XFoτFNFsqrt{s}FOFfF
XZF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 2

527
mρtρrmψnγtψonFoτFtχρFpγrtonFπψstrψμutψonFτunνtψonsFoτFtχρFprotonFτromFj}uj|FmργsurρmρntsFoτF
πψττρrρntψγlF’´–FγnπF FμosonFproπuνtψonFψnFγssoνψγtψonFwψtχFjρtsTFJournalpofpHighpEnergypPhysicsRF2021
RFYWYXRFX

5.4 1

526 vργsurρmρntsFoτFπψττρrρntψγlFνrossSsρνtψonsFψnFτourSlρptonFρvρntsFψnFXZF}ρ‘FprotonSprotonF
νollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 0

525 jFsργrνχFτorFtχρFπρνγysFoτFstoppρπFlonφSlψvρπFpγrtψνlρsFγtFNFsqrt{mγtχrm{s}}FOFfFXZF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 1

524 vuonFrρνonstruνtψonFγnπFψπρntψτψνγtψonFρττψνψρnνyFψnFj}uj|FusψnφFtχρFτullF{unFYFppFνollψsψonFπγtγFsρtF
γtFNsqrt{s}fXZOF}ρ‘TFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 13

523 vργsurρmρntFoτFχγπronψνFρvρntFsχγpρsFψnFχψφχSp}FmultψjρtFτψnγlFstγtρsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 3

522
|ργrνχFτorFsquγrksFγnπFφluψnosFψnFτψnγlFstγtρsFwψtχFjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFusψnφFXZbF
τμâ��XFoτFNFsqrt{s}FOFfFXZF}ρ‘FppFνollψsψonFπγtγFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2021RFYWYXRFX

5.4 8

521 mψττρrρntψγlFνrossSsρνtψonFmργsurρmρntsFτorFtχρFρlρνtrowργkFproπuνtψonFoτFπψjρtsFψnFγssoνψγtψonF
wψtχFγF FμosonFψnFprotonâ��protonFνollψsψonsFγtFj}uj|TFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 5

520 vργsurρmρntsFoτF’qFγnπF qFproπuνtψonFψnFtχρFNqFrψφχtγrrowFμμγr{μ}OFπρνγyFνχγnnρlFψnFppF
νollψsψonsFγtFNXZRtρxtF{}ρ}tρxtF{‘}OFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 7
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519 |ργrνχFτorFπγrkFmγttρrFψnFγssoνψγtψonFwψtχFγnFρnρrφρtψνFpχotonFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 5

518 |ργrνχFτorFsquγrksFγnπFφluψnosFψnFτψnγlFstγtρsFwψtχFonρFψsolγtρπFlρptonRFjρtsRFγnπFmψssψnφFtrγnsvρrsρF
momρntumFγtFNsqrt{s}fXZOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 0

517 vργsurρmρntFoτFsψnφlρFtopSquγrkFproπuνtψonFψnFγssoνψγtψonFwψtχFγF’FμosonFψnFtχρFsψnφlρSlρptonF
νχγnnρlFγtFNsqrt{s}FfFaRtρxtF{}ρ‘}OFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 1

516 sρtFρnρrφyFsνγlρFγnπFrρsolutψonFmργsurρπFψnFprotonâ��protonFνollψsψonsFγtFNsqrt{s}fXZOF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 11

515
vργsurρmρntsFoτFtχρFψnνlusψvρFγnπFπψττρrρntψγlFproπuνtψonFνrossFsρνtψonsFoτFγFtopSquγrkâ��γntψquγrkF
pγψrFψnFγssoνψγtψonFwψtχFγF FμosonFγtFNsqrt{s}FfFXZOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2021RFaXRFX

4.2 1

514 |ργrνχFτorFπγrkFmγttρrFproπuνρπFψnFγssoνψγtψonFwψtχFγFsψnφlρFtopFquγrkFψnFNsqrt{s}fXZOF}ρ‘FNppOF
νollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 4

513
vργsurρmρntsFoτFtopSquγrkFpγψrFsψnφlρSFγnπFπouμlρSπψττρrρntψγlFνrossSsρνtψonsFψnFtχρFγllSχγπronψνF
νχγnnρlFψnFppFνollψsψonsFγtFNFsqrt{mγtχrm{s}}FOFfFXZF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2021RFYWYXRFX

5.4 2

512 |ργrνχFτorFpχρnomρnγFμρyonπFtχρF|tγnπγrπFvoπρlFψnFρvρntsFwψtχFlγrφρFμSjρtFmultψplψνψtyFusψnφFtχρF
j}uj|FπρtρνtorFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2021RFaXRFX 4.2 1

511
|ργrνχFτorFπγrkFmγttρrFproπuνρπFψnFγssoνψγtψonFwψtχFγF|tγnπγrπFvoπρlFqψφφsFμosonFπρνγyψnφFψntoF
μSquγrksFusψnφFtχρFτullF{unFYFπγtγsρtFτromFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RF
YWYXRFX

5.4 0

510 vργsurρmρntFoτFtχρFproπuνtψonFνrossFsρνtψonFoτFpγψrsFoτFψsolγtρπFpχotonsFψnFppFνollψsψonsFγtFXZF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RFYWYXRFX 5.4 0

509
|ργrνχFτorFρxotψνFπρνγysFoτFtχρFqψφφsFμosonFψntoFlonφSlψvρπFpγrtψνlρsFψnFppFνollψsψonsFγtFJJFsqrt{s}FJJF
fFXZF}ρ‘FusψnφFπψsplγνρπFvρrtψνρsFψnFtχρFj}uj|FψnnρrFπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RF
YWYXRFX

5.4 0

508
|ργrνχFτorFνχγrφψnoâ��nρutrγlψnoFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFtχrρρFlρptonsFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFJJsqrt{s}FfFXZJJ´ }ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2021RFaXRFX

4.2 1

507 lonτψφurγtψonFγnπFpρrτormγnνρFoτFtχρFj}uj|FμSjρtFtrψφφρrsFψnF{unFYTFEuropeanpPhysicalpJournalpCRF
2021RFaXRFX 4.2 1

506
vργsurρmρntFoτFμSquγrkFτrγφmρntγtψonFpropρrtψρsFψnFjρtsFusψnφFtχρFπρνγyFk´–FSgFsVˇ�t´–FψnFppF
νollψsψonsFγtFJJFsqrt{s}FJJFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2021RF
YWYXRFX

5.4 0

505
|ργrνχFτorFnρwFpχρnomρnγFψnFτψnγlFstγtρsFwψtχFlγrφρFjρtFmultψplψνψtψρsFγnπFmψssψnφFtrγnsvρrsρF
momρntumFusψnφFNFsqrt{s}FOFfFXZF}ρ‘FprotonSprotonFνollψsψonsFrρνorπρπFμyFj}uj|FψnF{unFYFoτFtχρF
uqlTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX

5.4 7

504 qψφφsFμosonFproπuνtψonFνrossSsρνtψonFmργsurρmρntsFγnπFtχρψrFno}FψntρrprρtγtψonFψnFtχρFN[ρllFOF
πρνγyFνχγnnρlFγtFNsqrt{s}fOXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 12

503 |ργrνχFτorFpγψrsFoτFsνγlγrFlρptoquγrksFπρνγyψnφFψntoFquγrksFγnπFρlρνtronsForFmuonsFψnFNFsqrt{s}FOFfFXZF
}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 8

502 |ργrνχFτorFsquγrksFγnπFφluψnosFψnFτψnγlFstγtρsFwψtχFsγmρSsψφnFlρptonsFγnπFjρtsFusψnφFXZbFτμâ��XFoτFπγtγF
νollρνtρπFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 8
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501
|ργrνχFτorFπψjρtFrρsonγnνρsFψnFρvρntsFwψtχFγnFψsolγtρπFνχγrφρπFlρptonFusψnφFNFsqrt{s}FOFfFXZF}ρ‘F
protonSprotonFνollψsψonFπγtγFνollρνtρπFμyFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RF
YWYWRFX

5.4 3

500 vργsurρmρntFoτFtχρF NSgFâ��Qâ��â��O˛‡FproπuνtψonFνrossSsρνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 2

499 vργsurρmρntFoτFlonφSrγnφρFtwoSpγrtψνlρFγzψmutχγlFνorrρlγtψonsFψnF SμosonFtγφφρπFppFνollψsψonsFγtF
Nsqrt{s}faOFγnπFXZF}ρ‘TFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 3

498 }rγnsvρrsρFmomρntumFγnπFproνρssFπρpρnπρntFγzψmutχγlFγnψsotropψρsFψnFNsqrt{s≥{mγtχrmF
{ww}}}faTX^OF}ρ‘FpQyμFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 7

497 yρrτormγnνρFoτFρlρνtronFγnπFpχotonFtrψφφρrsFψnFj}uj|FπurψnφFuqlF{unFYTFEuropeanpPhysicalpJournalp
CRF2020RFaWRFX 4.2 30

496
|ργrνχFτorFρlρνtrowργkFproπuνtψonFoτFνχγrφψnosFγnπFslρptonsFπρνγyψnφFψntoFτψnγlFstγtρsFwψtχFtwoF
lρptonsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFNsqrt{s}fXZOFNtρxtF{}ρ‘}OFppFνollψsψonsFusψnφFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX

4.2 50

495 |ργrνχFτorFtopFsquγrksFψnFρvρntsFwψtχFγFqψφφsForF FμosonFusψnφFXZbFτμN−{SX}OFoτFppFνollψsψonFπγtγFγtF
Nsqrt{s}fXZOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 1

494 nvψπρnνρFτorFNtμγr{t}tμγr{t}OFproπuνtψonFψnFtχρFmultψlρptonFτψnγlFstγtρFψnFprotonâ��protonFνollψsψonsFγtF
Nsqrt{s}fXZOFNtρxtF{}ρ‘}OFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 8

493 |ργrνχFτorFχργvyFπψμosonFrρsonγnνρsFψnFsρmψlρptonψνFτψnγlFstγtρsFψnFppFνollψsψonsFγtFNsqrt{s}fXZOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 4

492
|ργrνχFτorFlψφχtFlonφSlψvρπFnρutrγlFpγrtψνlρsFproπuνρπFψnFppFνollψsψonsFγtFNsqrt{s}FfFXZ~mγtχrmF{}ρ‘}OF
γnπFπρνγyψnφFψntoFνollψmγtρπFlρptonsForFlψφχtFχγπronsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2020RFaWRFX

4.2 8

491
|ργrνχFτorFγFsνγlγrFpγrtnρrFoτFtχρFtopFquγrkFψnFtχρFγllSχγπronψνFNt{μγr{t}}OFplusFmψssψnφFtrγnsvρrsρF
momρntumFτψnγlFstγtρFγtFNsqrt{s}fXZOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2020RFaWRFX

4.2 17

490 jlψφnmρntFoτFtχρFj}uj|FrnnρrFmρtρνtorFψnF{unFYTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 4

489 mρtρrmψnγtψonFoτFjρtFνγlψμrγtψonFγnπFρnρrφyFrρsolutψonFψnFprotonâ��protonFνollψsψonsFγtFNsqrt{s}FfF
a~χμoxF{}ρ‘}OFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 3

488 vργsurρmρntFoτFsVˇ�FproπuνtψonFψnFγssoνψγtψonFwψtχFγF’´–FμosonFwψtχFppFπγtγFγtFaF}ρ‘TFJournalpofp
HighpEnergypPhysicsRF2020RFYWYWRFX 5.4 4

487 |ργrνχFτorFnρwFrρsonγnνρsFψnFmγssFπψstrψμutψonsFoτFjρtFpγψrsFusψnφFXZbFτμâ��XFoτFppFνollψsψonsFγtFNF
sqrt{mγtχrm{s}}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 20

486 |ργrνχFτorFNFtovρrlψnρ{t}FOFrρsonγnνρsFψnFτullyFχγπronψνFτψnγlFstγtρsFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 6

485 {ρνonstruνtψonFγnπFψπρntψτψνγtψonFoτFμoostρπFπψSˇ�FsystρmsFψnFγFsργrνχFτorFqψφφsFμosonFpγψrsFusψnφFXZF
}ρ‘FprotonSprotonFνollψsψonFπγtγFψnFj}uj|TFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 3

484
vργsurρmρntsFoτFψnνlusψvρFγnπFπψττρrρntψγlFνrossSsρνtψonsFoτFνomμψnρπFNFtovρrlψnρ{t}φγmmγFOFγnπF
t’˛‡FproπuνtψonFψnFtχρFρ˛…FνχγnnρlFγtFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysics
RF2020RFYWYWRFX

5.4 2
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483 yρrτormγnνρFoτFtχρFmψssψnφFtrγnsvρrsρFmomρntumFtrψφφρrsFτorFtχρFj}uj|FπρtρνtorFπurψnφF{unSYF
πγtγFtγkψnφTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 8

482 |ργrνχFτorFnρwFnonSrρsonγntFpχρnomρnγFψnFχψφχSmγssFπψlρptonFτψnγlFstγtρsFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 9

481 vργsurρmρntsFoτFtχρFqψφφsFμosonFψnνlusψvρFγnπFπψττρrρntψγlFτψπuνψγlFνrossFsρνtψonsFψnFtχρF[NρllFOF
πρνγyFνχγnnρlFγtFNsqrt{s}OFfFXZF}ρ‘TFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 9

480 oluνtuγtψonsFoτFγnψsotropψνFτlowFψnFyμQyμFνollψsψonsFγtFNFsqrt{{mγtχrm{s}}≥{mγtχrm{ww}}}FOFfF]TWYF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 13

479
|ργrνχFτorFπψrρνtFproπuνtψonFoτFρlρνtrowργkψnosFψnFτψnγlFstγtρsFwψtχFonρFlρptonRFmψssψnφFtrγnsvρrsρF
momρntumFγnπFγFqψφφsFμosonFπρνγyψnφFψntoFtwoFμSjρtsFψnFNppOFνollψsψonsFγtFNsqrt{s}fXZOF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX

4.2 13

478 vργsurρmρntFoτFπψττρrρntψγlFνrossFsρνtψonsFτorFsψnφlρFπψττrγνtψvρFπψssoνψγtψonFψnFNFsqrt{s}FOFfFaF}ρ‘FppF
νollψsψonsFusψnφFtχρFj}uj|FjuojFspρνtromρtρrTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 1

477 vργsurρmρntFoτFψsolγtρπSpχotonFplusFtwoSjρtFproπuνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 2

476
vργsurρmρntsFoτFtχρFproπuνtψonFνrossSsρνtψonFτorFγF FμosonFψnFγssoνψγtψonFwψtχFμSjρtsFψnF
protonSprotonFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2020RFYWYWRFX

5.4 5

475
|ργrνχFτorFtχρFqqFSgFNFμovρrlψnρ{μ}μovρrlψnρ{μ}FOFproνρssFvψγFvρνtorSμosonFτusψonFproπuνtψonFusψnφF
protonSprotonFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2020RFYWYWRFX

5.4 5

474 xμsρrvγtψonFoτFtχρFγssoνψγtρπFproπuνtψonFoτFγFtopFquγrkFγnπFγF FμosonFψnFppFνollψsψonsFγtFNFsqrt{s}FOfF
XZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX 5.4 5

473 vργsurρmρntFoτFtχρFtrγnsvρrsρFmomρntumFπψstrψμutψonFoτFmrρllâ��—γnFlρptonFpγψrsFψnFprotonâ��protonF
νollψsψonsFγtFNsqrt{s}fXZRO}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 7

472
|ργrνχFτorFπψrρνtFproπuνtψonFoτFρlρνtrowργkψnosFψnFτψnγlFstγtρsFwψtχFmψssψnφFtrγnsvρrsρFmomρntumF
γnπFγFqψφφsFμosonFπρνγyψnφFψntoFpχotonsFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2020RFYWYWRFX

5.4 1

471 vργsurρmρntsFoτFtopSquγrkFpγψrFspψnFνorrρlγtψonsFψnFtχρFNρmuFOFνχγnnρlFγtFNsqrt{s}FfFXZOF}ρ‘FusψnφF
ppFνollψsψonsFψnFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2020RFaWRFX 4.2 8

470 vργsurρmρntFoτFtχρFνrossSsρνtψonFγnπFνχγrφρFγsymmρtryFoτF’FμosonsFproπuνρπFψnFprotonâ��protonF
νollψsψonsFγtFNsqrt{s}fa~tρxtF{}ρ‘}OFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 11

469
vργsurρmρntFoτFjρtSsuμstruνturρFoμsρrvγμlρsFψnFtopFquγrkRF’FμosonFγnπFlψφχtFjρtFproπuνtψonFψnF
protonSprotonFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2019RFYWXbRFX

5.4 8

468 nlρνtronFrρνonstruνtψonFγnπFψπρntψτψνγtψonFψnFtχρFj}uj|FρxpρrψmρntFusψnφFtχρFYWX]FγnπFYWX^FuqlF
protonâ��protonFνollψsψonFπγtγFγtFNsqrt{s}FfFXZOFNtρxtF{}ρ‘}OTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 37

467 vργsurρmρntFoτFπψstrψμutψonsFsρnsψtψvρFtoFtχρFunπρrlyψnφFρvρntFψnFψnνlusψvρF FμosonFproπuνtψonFψnF
ppFνollψsψonsFγtFNsqrt{s}OFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 2

466
|ργrνχρsFτorFsνγlγrFlρptoquγrksFγnπFπψττρrρntψγlFνrossSsρνtψonFmργsurρmρntsFψnFπψlρptonâ��πψjρtF
ρvρntsFψnFprotonâ��protonFνollψsψonsFγtFγFνρntrρSoτSmγssFρnρrφyFoτFNvγrvρν{sqrt{s}}OFfFXZF}ρ‘FwψtχFtχρF
j}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX

4.2 15
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465 |ργrνχFτorFsψnφlρFproπuνtψonFoτFvρνtorSlψkρFquγrksFπρνγyψnφFψntoF’μFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 14

464 |ργrνχFτorFtopSquγrkFπρνγysFtFSgFqqFwψtχFZ^Fτμâ��XFoτFppFνollψsψonFπγtγFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 13

463
vργsurρmρntFoτF‘qRFNFmγtχrm{q}toFmγtχrm{μ}ovρrlψnρ{mγtχrm{μ}}FOFproπuνtψonFγsFγFτunνtψonFoτF
tχρFvρνtorSμosonFtrγnsvρrsρFmomρntumFψnFXZF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2019RFYWXbRFX

5.4 8

462 vργsurρmρntsFoτF’FγnπF FμosonFproπuνtψonFψnFppFνollψsψonsFγtFNsqrt{s}f]TWYOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 12

461 yρrτormγnνρFoτFtopSquγrkFγnπFNvγrvρν{’}OSμosonFtγφφψnφFwψtχFj}uj|FψnF{unFYFoτFtχρFuqlTFEuropeanp
PhysicalpJournalpCRF2019RF_bRFX 4.2 19

460 vργsurρmρntsFoτFψnνlusψvρFγnπFπψττρrρntψγlFτψπuνψγlFνrossSsρνtψonsFoτFNtμγr{t}φγmmγFOFproπuνtψonFψnF
lρptonψνFτψnγlFstγtρsFγtFNsqrt{s}fXZ~tρxtF{}ρ‘}OFψnFj}uj|TFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 7

459 nlρνtronFγnπFpχotonFρnρrφyFνγlψμrγtψonFwψtχFtχρFj}uj|FπρtρνtorFusψnφFYWX]â��YWX^FuqlF
protonSprotonFνollψsψonFπγtγTFJournalpofpInstrumentationRF2019RFX[RFyWZWX_SyWZWX_ 1 25

458 |ργrνχFτorFπouμlyFνχγrφρπFsνγlγrFμosonsFπρνγyψnφFψntoFsγmρSsψφnFμosonFpγψrsFwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRF]a 4.2 20

457
|ργrνχFτorFχργvyFvγjorγnγForFmψrγνFnρutrψnosFγnπFrψφχtSχγnπρπF’FφγuφρFμosonsFψnFτψnγlFstγtρsFwψtχF
twoFνχγrφρπFlρptonsFγnπFtwoFjρtsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2019RFYWXbRFX

5.4 21

456 rnFsψtuFνγlψμrγtψonFoτFlγrφρSrγπψusFjρtFρnρrφyFγnπFmγssFψnFXZF}ρ‘Fprotonâ��protonFνollψsψonsFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 16

455 vργsurρmρntFoτFtχρFpχotonFψπρntψτψνγtψonFρττψνψρnνψρsFwψtχFtχρFj}uj|FπρtρνtorFusψnφFuqlF{unFYF
πγtγFνollρνtρπFψnFYWX]FγnπFYWX^TFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 26

454 vργsurρmρntFoτFtχρFrγtψoFoτFνrossFsρνtψonsFτorFψnνlusψvρFψsolγtρπSpχotonFproπuνtψonFψnFppFνollψsψonsF
γtFNFsqrt{s}FOFfFXZFγnπFaF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 5

453 vργsurρmρntFoτFtχρFtopFquγrkFmγssFψnFtχρFNtμγr{t}rψφχtγrrowFOFlρptonQjρtsFνχγnnρlFτromFNsqrt{s}faOF
}ρ‘Fj}uj|FπγtγFγnπFνomμψnγtψonFwψtχFprρvψousFrρsultsTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 24

452
|ργrνχFτorFpγψrFproπuνtψonFoτFqψφφsFμosonsFψnFtχρFNFμovρrlψnρ{μ}μovρrlψnρ{μ}FOFτψnγlFstγtρFusψnφF
protonSprotonFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2019RFYWXbRFX

5.4 31

451 lonstrγψntsFonFmρπψγtorSμγsρπFπγrkFmγttρrFγnπFsνγlγrFπγrkFρnρrφyFmoπρlsFusψnφFNFsqrt{s}FOFfFXZF}ρ‘F
ppFνollψsψonFπγtγFνollρνtρπFμyFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 31

450 |ργrνχFτorFlonφSlψvρπFnρutrγlFpγrtψνlρsFψnFppFνollψsψonsFγtFN{sqrt{s}}FfFXZ~{tρxtF{F}ρ‘}}OFtχγtFπρνγyFψntoF
πψsplγνρπFχγπronψνFjρtsFψnFtχρFj}uj|FνγlorψmρtρrTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 18

449 |ργrνχFτorFqψφφsFμosonFpγψrFproπuνtψonFψnFtχρF’’NPO’’NPOFπρνγyFνχγnnρlFusψnφFj}uj|FπγtγF
rρνorπρπFγtFNFsqrt{mγtχrm{s}}FOFfFXZF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 12

448 |ργrνχFτorFlγrφρFmψssψnφFtrγnsvρrsρFmomρntumFψnFγssoνψγtψonFwψtχFonρFtopSquγrkFψnFprotonSprotonF
νollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 7
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447
vργsurρmρntFoτFN’−{pmF} OFproπuνtψonFνrossFsρνtψonsFγnπFφγuφρFμosonFpolγrψsγtψonFψnFppF
νollψsψonsFγtFNsqrt{s}FfFXZ~tρxtF{}ρ‘}OFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF
_bRFX

4.2 20

446 |ργrνχρsFτorFtχψrπSφρnρrγtψonFsνγlγrFlρptoquγrksFψnFNFsqrt{s}FOFfFXZF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 18

445
|ργrνχFτorFsνγlγrFrρsonγnνρsFπρνγyψnφFψntoF˛…Q˛…â��FψnFρvρntsFwψtχFγnπFwψtχoutFμStγφφρπFjρtsFproπuνρπF
ψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2019RFYWXbRFX

5.4 8

444 |ργrνχFτorFπψμosonFrρsonγnνρsFψnFχγπronψνFτψnγlFstγtρsFψnFXZbFτμâ��XFoτFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 10

443 |ργrνχFτorFρxνψtρπFρlρνtronsFsψnφlyFproπuνρπFψnFprotonâ��protonFνollψsψonsFγtFJJsqrt{s}F~f~XZ~tρxtF
{}ρ}tρxtF{‘}JJFwψtχFtχρFj}uj|FρxpρrψmρntFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2019RF_bRF 4.2 3

442 rπρntψτψνγtψonFoτFμoostρπFqψφφsFμosonsFπρνγyψnφFψntoFμSquγrkFpγψrsFwψtχFtχρFj}uj|FπρtρνtorFγtF
XZ´ JJtρxtF{}ρ‘}JJTFEuropeanpPhysicalpJournalpCRF2019RF_bRF 4.2 11

441 vργsurρmρntFoτFJJt≥|−WJJFγnπFJJuγmμπγF−WJJFproπuνtψonFψnFJJtFμγr{t}JJFπψlρptonψνFρvρntsFψnFppF
νollψsψonsFγtFJJsqrt{s}FfJJF_F}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 3

440 vργsurρmρntFoτFtχρFψnνlusψvρFψsolγtρπSpχotonFνrossFsρνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFXZF}ρ‘F
usψnφFZ^Fτμâ��XFoτFj}uj|FπγtγTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 2

439 jFstrγtρφyFτorFγFφρnρrγlFsργrνχFτorFnρwFpχρnomρnγFusψnφFπγtγSπρrψvρπFsψφnγlFrρφψonsFγnπFψtsF
γpplψνγtψonFwψtχψnFtχρFj}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 14

438 vργsurρmρntFoτFtχρFtopSquγrkFmγssFψnFNFtovρrlψnρ{t}FOFQFXSjρtFρvρntsFνollρνtρπFwψtχFtχρFj}uj|F
πρtρνtorFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFaF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 12

437 vργsurρmρntFoτFτψπuνψγlFγnπFπψττρrρntψγlFN’−Q’−SOFproπuνtψonFνrossSsρνtψonsFγtFNsqrt{s}fXZOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 16

436 vργsurρmρntFoτF  FproπuνtψonFψnFtχρFâ��â�� ˛‰ ˛‰FτψnγlFstγtρFwψtχFtχρFj}uj|FπρtρνtorFψnFppFνollψsψonsFγtFNF
sqrt{s}FOFfFXZF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 2

435 vργsurρmρntFoτFN’−{pmF}OSμosonFγnπF SμosonFproπuνtψonFνrossSsρνtψonsFψnFppFνollψsψonsFγtF
Nsqrt{s}fYT_^OF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 2

434
vργsurρmρntFoτFtχρFψnνlusψvρFνrossSsρνtψonFτorFtχρFproπuνtψonFoτFjρtsFψnFγssoνψγtψonFwψtχFγF FμosonF
ψnFprotonâ��protonFνollψsψonsFγtFaF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF
_bRFX

4.2 4

433
|ργrνχFτorFχργvyFnρutrγlFlρptonsFψnFπρνγysFoτF’FμosonsFproπuνρπFψnFXZF}ρ‘FppFνollψsψonsFusψnφF
promptFγnπFπψsplγνρπFsψφnγturρsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2019RF
YWXbRFX

5.4 21

432 vργsurρmρntFoτFN’−pmFOFμosonFproπuνtψonFψnFyμQyμFνollψsψonsFγtFNsqrt{s≥{mγtχrm{ww}}}FfF
]TWY~tρxtF{}ρ}tρxtF{‘}OFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 7

431 j}uj|FμSjρtFψπρntψτψνγtψonFpρrτormγnνρFγnπFρττψνψρnνyFmργsurρmρntFwψtχFNt{μγr{t}}OFρvρntsFψnFppF
νollψsψonsFγtFNsqrt{s}fXZOF}ρ‘TFEuropeanpPhysicalpJournalpCRF2019RF_bRFX 4.2 43

430
vργsurρmρntFoτFτlowFχγrmonψνsFνorrρlγtψonsFwψtχFmργnFtrγnsvρrsρFmomρntumFψnFlργπâ��lργπFγnπF
protonâ��lργπFνollψsψonsFγtFNsqrt{s≥{mγtχrm{ww}}}FfF]TWY~χμoxF{}ρ‘}OFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2019RF_bRFX

4.2 16
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429
vργsurρmρntsFoτFtopSquγrkFpγψrFπψττρrρntψγlFγnπFπouμlρSπψττρrρntψγlFνrossSsρνtψonsFψnFtχρFNρllFOQjρtsF
νχγnnρlFwψtχFppFνollψsψonsFγtFNsqrt{s}fXZOF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpC
RF2019RF_bRFX

4.2 13

428 |ργrνχFτorFμottomSsquγrkFpγψrFproπuνtψonFwψtχFtχρFj}uj|FπρtρνtorFψnFτψnγlFstγtρsFνontγψnψnφFqψφφsF
μosonsRFμSjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumTFJournalpofpHighpEnergypPhysicsRF2019RFYWXbRFX 5.4 7

427
|ργrνχFτorFγππψtψonγlFχργvyFnρutrγlFqψφφsFγnπFφγuφρFμosonsFψnFtχρFπψtγuFτψnγlFstγtρFproπuνρπFψnFZ^F
τμâ��XFoτFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2018RFYWXaRFX

5.4 81

426 vργsurρmρntFoτFtχρFνrossSsρνtψonFτorFproπuνψnφFγF’FμosonFψnFγssoνψγtψonFwψtχFγFsψnφlρFtopFquγrkFψnF
ppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFj}uj|TFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 10

425 vργsurρmρntFoτFtχρFSμosonFmγssFψnFppFνollψsψonsFγtFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2018RF_aRFXXW 4.2 59

424 |ργrνχFτorFnρwFpχρnomρnγFψnFχψφχSmγssFτψnγlFstγtρsFwψtχFγFpχotonFγnπFγFjρtFτromFνollψsψonsFγtFfF
XZ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFXWY 4.2 7

423 |ργrνχFτorFtχρFπψrρνtFproπuνtψonFoτFνχγrφψnosFγnπFnρutrγlψnosFψnFτψnγlFstγtρsFwψtχFtγuFlρptonsFψnF
νollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFX][ 4.2 23

422 vργsurρmρntFoτFlonφψtuπψnγlFτlowFπρνorrρlγtψonsFψnFyμQyμFνollψsψonsFγtFγnπF]TWYF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFX[Y 4.2 35

421 vργsurρmρntFoτFquγrkonψumFproπuνtψonFψnFprotonSlργπFγnπFprotonSprotonFνollψsψonsFγtFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFX_X 4.2 35

420 vργsurρmρntFoτFπψττρrρntψγlFνrossSsρνtψonsFoτFγFsψnφlρFtopFquγrkFproπuνρπFψnFγssoνψγtψonFwψtχFγF
μosonFγtFwψtχFj}uj|TFEuropeanpPhysicalpJournalpCRF2018RF_aRFXa^ 4.2 5

419 |ργrνχFτorFχργvyFrρsonγnνρsFψnFtχρFγnπFτψnγlFstγtρsFusψnφFprotonSprotonFνollψsψonsFγtF´ FwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFYbZ 4.2 41

418 jFsργrνχFτorFpγψrSproπuνρπFrρsonγnνρsFψnFτourSjρtFτψnγlFstγtρsFγtFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2018RF_aRFY]W 4.2 28

417
|ργrνχFτorFχργvyFrρsonγnνρsFπρνγyψnφFψntoFγF’ForF FμosonFγnπFγFqψφφsFμosonFψnFτψnγlFstγtρsFwψtχF
lρptonsFγnπFμSjρtsFψnFZ^Fτμâ��XFoτFNFsqrt{s}fXZFOF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2018RFYWXaRFX

5.4 26

416 |ργrνχFτorFχργvyFrρsonγnνρsFπρνγyψnφFψntoFψnFtχρFτψnγlFstγtρFψnFνollψsψonsFγtFwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFY[ 4.2 47

415 mψrρνtFtopSquγrkFπρνγyFwψπtχFmργsurρmρntFψnFtχρFlρptonQjρtsFνχγnnρlFγtFwψtχFtχρFj}uj|F
ρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2018RF_aRFXYb 4.2 11

414 |ργrνχFτorF’F’V’F FrρsonγnνρFproπuνtψonFψnFâ��˛‰qqFτψnγlFstγtρsFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 22

413 vργsurρmρntFoτFtχρFqψφφsFμosonFνouplψnφFpropρrtψρsFψnFtχρFqFSgF  PFSgF[â��FπρνγyFνχγnnρlFγtFNF
sqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 36

412 vργsurρmρntFoτFψnνlusψvρFjρtFγnπFπψjρtFνrossSsρνtψonsFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}fXZFOF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 12
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411 |ργrνχFτorFπγrkFmγttρrFproπuνρπFψnFγssoνψγtψonFwψtχFμottomForFtopFquγrksFψnF´ }ρ‘FνollψsψonsFwψtχF
tχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFXa 4.2 32

410 |ργrνχFτorFπouμlyFνχγrφρπFqψφφsFμosonFproπuνtψonFψnFmultψSlρptonFτψnγlFstγtρsFwψtχFtχρFj}uj|F
πρtρνtorFusψnφFprotonSprotonFνollψsψonsFγtTFEuropeanpPhysicalpJournalpCRF2018RF_aRFXbb 4.2 55

409 vργsurρmρntFoτFpolγrψsγtψonFψnFπρνγysFψnFprotonSprotonFνollψsψonsFγtF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2018RF_aRFX^Z 4.2 3

408 |ργrνχρsFτorFχργvyF  FγnπF ’FrρsonγnνρsFψnFtχρFâ��â��qqFγnπF˛‰˛‰qqFτψnγlFstγtρsFψnFppFνollψsψonsFγtFNF
sqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 17

407 |ργrνχFτorFpγψrFproπuνtψonFoτFupStypρFvρνtorSlψkρFquγrksFγnπFτorFτourStopSquγrkFρvρntsFψnFτψnγlF
stγtρsFwψtχFmultψplρFμSjρtsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 23

406
vργsurρmρntFoτFπψττρrρntψγlFνrossFsρνtψonsFγnπF’QV’â��FνrossSsρνtψonFrγtψosFτorF’FμosonFproπuνtψonF
ψnFγssoνψγtψonFwψtχFjρtsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2018RFYWXaRFX

5.4 7

405
|ργrνχFτorFtχρFqψφφsFμosonFproπuνρπFψnFγssoνψγtψonFwψtχFγFvρνtorFμosonFγnπFπρνγyψnφFψntoFtwoF
spψnSzρroFpγrtψνlρsFψnFtχρFqFSgFγγFSgF[μFνχγnnρlFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX

5.4 14

404
vργsurρmρntFoτFtχρFNF φγmmγFtoFnuFovρrlψnρ{nu}φγmmγFOFproπuνtψonFνrossFsρνtψonFψnFppFνollψsψonsF
γtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorFγnπFlψmψtsFonFγnomγlousFtrψplρFφγuφρSμosonF
νouplψnφsTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX

5.4 6

403 yromptFγnπFnonSpromptFρllψptψνFτlowFψnFyμQyμFνollψsψonsFγtF}ρvFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2018RF_aRF_a[ 4.2 8

402 |ργrνχFτorFqψφφsFμosonFpγψrFproπuνtψonFψnFtχρFνχγnnρlFusψnφFνollψsψonFπγtγFrρνorπρπFγtF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFXWW_ 4.2 21

401 vργsurρmρntFoτFνolourFτlowFusψnφFjρtSpullFoμsρrvγμlρsFψnFρvρntsFwψtχFtχρFj}uj|FρxpρrψmρntFγtTF
EuropeanpPhysicalpJournalpCRF2018RF_aRFa[_ 4.2 5

400 jnφulγrFγnγlysψsFoτFkFWFπFFSgFtP˛…Q˛…â��FπρνγysFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 44

399
|ργrνχFτorFγFnρwFχργvyFφγuφρSμosonFrρsonγnνρFπρνγyψnφFψntoFγFlρptonFγnπFmψssψnφFtrγnsvρrsρF
momρntumFψnFZ^FτμFoτFνollψsψonsFγtF´ }ρ‘FwψtχFtχρFj}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF
2018RF_aRF[WX

4.2 23

398
|ργrνχFτorFπγrkFmγttρrFψnFρvρntsFwψtχFγFχγπronψνγllyFπρνγyψnφFvρνtorFμosonFγnπFmψssψnφFtrγnsvρrsρF
momρntumFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2018RFYWXaRFX

5.4 15

397
vργsurρmρntsFoτFπψττρrρntψγlFνrossFsρνtψonsFoτFtopFquγrkFpγψrFproπuνtψonFψnFγssoνψγtψonFwψtχFjρtsFψnF
ppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RF
YWXaRFX

5.4 4

396
|ργrνχFτorFqψφφsFμosonFpγψrFproπuνtψonFψnFtχρFNFupφγmmγFupφγmmγFμovρrlψnρ{μ}FOFτψnγlFstγtρFwψtχF
XZF}ρ‘FppFνollψsψonFπγtγFνollρνtρπFμyFtχρFj}uj|FρxpρrψmρntTFJournalpofpHighpEnergypPhysicsRF2018RF
YWXaRFX

5.4 23

395 |ργrνχFτorFnρwFpχρnomρnγFψnFρvρntsFwψtχFsγmρSνχγrφρFlρptonsFγnπFμSjρtsFψnFppFνollψsψonsFγtFNF
sqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 21

394 vργsurρmρntFoτFtχρFγzψmutχγlFγnψsotropyFoτFνχγrφρπFpγrtψνlρsFproπuνρπFψnFfF]TWY´ }ρ‘FyμQyμF
νollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFbb_ 4.2 21
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393 yρrτormγnνρFoτFmψssψnφFtrγnsvρrsρFmomρntumFrρνonstruνtψonFwψtχFtχρFj}uj|FπρtρνtorFusψnφF
protonSprotonFνollψsψonsFγtTFEuropeanpPhysicalpJournalpCRF2018RF_aRFbWZ 4.2 66

392 |ργrνχFτorFρlρνtrowργkFproπuνtψonFoτFsupρrsymmρtrψνFpγrtψνlρsFψnFτψnγlFstγtρsFwψtχFtwoForFtχrρρF
lρptonsFγtFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRFbb] 4.2 49

391 |ργrνχFτorFνχγrφρπFqψφφsFμosonsFπρνγyψnφFψntoFtopFγnπFμottomFquγrksFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 39

390 xpρrγtψonFγnπFpρrτormγnνρFoτFtχρFj}uj|F}ψlρFlγlorψmρtρrFψnF{un´ XTFEuropeanpPhysicalpJournalpCRF
2018RF_aRFba_ 4.2 13

389
|ργrνχFτorFsupρrsymmρtryFψnFτψnγlFstγtρsFwψtχFmψssψnφFtrγnsvρrsρFmomρntumFγnπFmultψplρFμSjρtsFψnF
protonSprotonFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2018RFYWXaRFX

5.4 28

388
|ργrνχFτorFpγψrFproπuνtψonFoτFχργvyFvρνtorSlψkρFquγrksFπρνγyψnφFψntoFχψφχSp}F’FμosonsFγnπFtopF
quγrksFψnFtχρFlρptonSplusSjρtsFτψnγlFstγtρFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX

5.4 16

387
|ργrνχFτorFtopSsquγrkFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFonρFlρptonRFjρtsRFγnπFmψssψnφFtrγnsvρrsρF
momρntumFusψnφFZ^Fτμâ��XFoτFNFsqrt{s}fXZFOF}ρ‘FppFνollψsψonFπγtγFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2018RFYWXaRFX

5.4 33

386 |ργrνχFτorFlonφSlψvρπFνχγrφψnosFμγsρπFonFγFπψsγppργrψnφStrγνkFsψφnγturρFψnFppFνollψsψonsFγtFNF
sqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 48

385 |ργrνχFτorFsupρrsymmρtryFψnFτψnγlFstγtρsFwψtχFνχγrmFjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFXZF
}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 9

384
|ργrνχFτorFνχγrφρπFqψφφsFμosonsFπρνγyψnφFvψγFq´–FSgFˇ�´–˛‰ˇ�FψnFtχρFˇ�QjρtsFγnπFˇ�QlρptonFτψnγlFstγtρsFwψtχF
Z^Fτμâ��XFoτFppFνollψsψonFπγtγFrρνorπρπFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FρxpρrψmρntTFJournalpofp
HighpEnergypPhysicsRF2018RFYWXaRFX

5.4 33

383 yromptFγnπFnonSpromptFγnπFsupprρssψonFγtFχψφχFtrγnsvρrsρFmomρntumFψnFyμQyμFνollψsψonsFwψtχF
tχρFj}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2018RF_aRF_^Y 4.2 23

382 |ργrνχFτorFqψφφsFμosonFπρνγysFtoFμρyonπStχρS|tγnπγrπSvoπρlFlψφχtFμosonsFψnFτourSlρptonFρvρntsF
wψtχFtχρFj}uj|FπρtρνtorFγtFNFsqrt{s}fXZFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 22

381 |ργrνχFτorFρxνlusψvρFqψφφsFγnπF FμosonFπρνγysFtoFh˛‡FγnπFˇ�˛‡FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2018RFYWXaRFX 5.4 6

380 vργsurρmρntsFoτFμSjρtFtγφφψnφFρττψνψρnνyFwψtχFtχρFj}uj|FπρtρνtorFusψnφFNFtovρrlψnρ{t}FOFρvρntsFγtFNF
sqrt{s}fXZFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 31

379 |ργrνχFτorFτlγvourSνχγnφψnφFnρutrγlFνurrρntFtopSquγrkFπρνγysFtFSgFq FψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 8

378 vργsurρmρntFoτFtχρFψnνlusψvρFγnπFτψπuνψγlFproπuνtψonFνrossSsρνtψonsFψnFtχρFlρptonQjρtsFνχγnnρlFψnF
νollψsψonsFγtFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRF[a_ 4.2 5

377 |ργrνχFτorFχργvyFpγrtψνlρsFπρνγyψnφFψntoFtopSquγrkFpγψrsFusψnφFlρptonSplusSjρtsFρvρntsFψnF
protonSprotonFνollψsψonsFγtF´ FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2018RF_aRF]^] 4.2 34

376
|ργrνχFτorFnρwFpχρnomρnγFusψnφFtχρFψnvγrψγntFmγssFπψstrψμutψonFoτFsγmρSτlγvourFopposψtρSsψφnF
πψlρptonFpγψrsFψnFρvρntsFwψtχFmψssψnφFtrγnsvρrsρFmomρntumFψnF´ FνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2018RF_aRF^Y]

4.2 15

(2018-2018)
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375 |ργrνχFτorFπγrkFmγttρrFγnπFotχρrFnρwFpχρnomρnγFψnFρvρntsFwψtχFγnFρnρrφρtψνFjρtFγnπFlγrφρFmψssψnφF
trγnsvρrsρFmomρntumFusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2018RFYWXaRFX 5.4 101

374
vργsurρmρntFoτFtχρF±oormulγcFsρρFtρxtℓFγnπF±oormulγcFsρρFtρxtℓFproπuνtψonFνrossFsρνtψonsFψnF
multψlρptonFτψnγlFstγtρsFusψnφFZTYFτμ±oormulγcFsρρFtρxtℓFoτF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcF
sρρFtρxtℓFfFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RF[W

4.2 14

373
jFmργsurρmρntFoτFtχρFνγlorψmρtρrFrρsponsρFtoFsψnφlρFχγπronsFγnπFπρtρrmψnγtψonFoτFtχρFjρtFρnρrφyF
sνγlρFunνρrtγψntyFusψnφFuqlF{unSXFSνollψsψonFπγtγFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2017RF__RFY^

4.2 22

372
vργsurρmρntFoτFtχρFψnνlusψvρFνrossSsρνtψonsFoτFsψnφlρFtopSquγrkFγnπFtopSγntψquγrkFtSνχγnnρlF
proπuνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2017RFYWX_RFX

5.4 22

371
vργsurρmρntFoτFjρtFγνtψvψtyFproπuνρπFψnFtopSquγrkFρvρntsFwψtχFγnFρlρνtronRFγFmuonFγnπFtwoF
StγφφρπFjρtsFψnFtχρFτψnγlFstγtρFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2017RF__RFYYW

4.2 5

370 vργsurρmρntFoτFtχρFμosonFpolγrψsγtψonFψnF±oormulγcFsρρFtρxtℓFρvρntsFτromFνollψsψonsFγtF±oormulγcF
sρρFtρxtℓFfFaF}ρ‘FψnFtχρFlρpton´ Q´ jρtsFνχγnnρlFwψtχFj}uj|TFEuropeanpPhysicalpJournalpCRF2017RF__RFY^[ 4.2 19

369 nlρνtronFρττψνψρnνyFmργsurρmρntsFwψtχFtχρFj}uj|FπρtρνtorFusψnφFYWXYFuqlFprotonSprotonFνollψsψonF
πγtγTFEuropeanpPhysicalpJournalpCRF2017RF__RFXb] 4.2 61

368
vργsurρmρntsFoτFtopSquγrkFpγψrFπψττρrρntψγlFνrossSsρνtψonsFψnFtχρF±oormulγcFsρρFtρxtℓFνχγnnρlFψnF
νollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF
__RFYbY

4.2 13

367 yρrτormγnνρFoτFγlφorψtχmsFtχγtFrρνonstruνtFmψssψnφFtrγnsvρrsρFmomρntumFψnF±oormulγcFsρρFtρxtℓfF
aF}ρ‘FprotonSprotonFνollψsψonsFψnFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFY[X 4.2 38

366 vργsurρmρntFoτFtχρFpromptFV±oormulγcFsρρFtρxtℓFpγψrFproπuνtψonFνrossSsρνtψonFψnFνollψsψonsFγtF
±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RF_^ 4.2 47

365 |ργrνχFτorFtrψμosonF±oormulγcFsρρFtρxtℓFproπuνtψonFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ ±oormulγcFsρρF
tρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFX[X 4.2 13

364 }opoloφψνγlFνρllFνlustρrψnφFψnFtχρFj}uj|FνγlorψmρtρrsFγnπFψtsFpρrτormγnνρFψnFuqlF{unFXTFEuropeanp
PhysicalpJournalpCRF2017RF__RF[bW 4.2 177

363
oψπuνψγlRFtotγlFγnπFπψττρrρntψγlFνrossSsρνtψonFmργsurρmρntsFoτFSνχγnnρlFsψnφlρFtopSquγrkFproπuνtψonF
ψnFνollψsψonsFγtFa´ }ρ‘FusψnφFπγtγFνollρνtρπFμyFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF
__RF]ZX

4.2 27

362 vργsurρmρntsFoτFρlρνtrowργkF±oormulγcFsρρFtρxtℓFproπuνtψonFγnπFνonstrγψntsFonFγnomγlousFφγuφρF
νouplψnφsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RF[_[ 4.2 14

361 sρtFrρνonstruνtψonFγnπFpρrτormγnνρFusψnφFpγrtψνlρFτlowFwψtχFtχρFj}uj|FmρtρνtorTFEuropeanpPhysicalp
JournalpCRF2017RF__RF[^^ 4.2 42

360 vργsurρmρntFoτFmultψSpγrtψνlρFγzψmutχγlFνorrρlγtψonsFψnFppRFp´ Q´ yμFγnπFlowSmultψplψνψtyFyμ´ Q´ yμF
νollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RF[Ya 4.2 48

359 vργsurρmρntFoτFψnνlusψvρFγnπFπψττρrρntψγlFνrossFsρνtψonsFψnFtχρFqFSgF  FPFSgF[â��FπρνγyFνχγnnρlFψnFppF
νollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 25

358 vργsurρmρntFoτFlρptonFπψττρrρntψγlFπψstrψμutψonsFγnπFtχρFtopFquγrkFmγssFψnFproπuνtψonFψnFνollψsψonsF
γtF´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFaW[ 4.2 11

Stefano Rosati
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357 vργsurρmρntFoτFtχρFNFtovρrlψnρ{t}φγmmγFOFproπuνtψonFνrossFsρνtψonFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 7

356
vργsurρmρntsFoτFνχγrφρFγnπFlyFγsymmρtrψρsFψnFμSχγπronFπρνγysFusψnφFtopSquγrkFρvρntsFνollρνtρπF
μyFtχρFj}uj|FπρtρνtorFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2017RF
YWX_RFX

5.4 6

355 yρrτormγnνρFoτFtχρFj}uj|FtrγνkFrρνonstruνtψonFγlφorψtχmsFψnFπρnsρFρnvψronmρntsFψnFuqlF{unFYTF
EuropeanpPhysicalpJournalpCRF2017RF__RF^_Z 4.2 33

354
|ργrνχFτorFnρwFpχρnomρnγFψnFρvρntsFνontγψnψnφFγFsγmρSτlγvourFopposψtρSsψφnFπψlρptonFpγψrRFjρtsRF
γnπFlγrφρFmψssψnφFtrγnsvρrsρFmomρntumFψnF±oormulγcFsρρFtρxtℓ´ ±oormulγcFsρρFtρxtℓ±oormulγcFsρρF
tρxtℓFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFX[[

4.2 8

353
vργsurρmρntFoτFtχρF  FproπuνtψonFνrossFsρνtψonFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘F
usψnφFtχρF  FSgFâ��â�� â��Qâ��hâ��â��hQFγnπFNF  toF{ρll}−{S}{ρll}−{Q}nuFovρrlψnρ{nu}FOFπρνγyFνχγnnρlsFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX

5.4 9

352 yroμψnφFtχρF’FtμFvρrtρxFstruνturρFψnFtSνχγnnρlFsψnφlρStopSquγrkFproπuνtψonFγnπFπρνγyFψnFppF
νollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 11

351 vργsurρmρntsFoτFˇ�NY|OFγnπF–NZa_YOFSgFsVˇ�ˇ�FQFˇ�Fâ��FproπuνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 15

350 vργsurρmρntsFoτFtopSquγrkFpγψrFtoF SμosonFνrossSsρνtψonFrγtψosFγtFNFsqrt{s}fXZFOFRFaRF_F}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 7

349 |ργrνχFτorFlρptonSτlγvourSvψolγtψnφFπρνγysFoτFtχρFqψφφsFγnπFμosonsFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2017RF__RF_W 4.2 52

348 yρrτormγnνρFoτFtχρFj}uj|FtrψφφρrFsystρmFψnFYWX]TFEuropeanpPhysicalpJournalpCRF2017RF__RFZX_ 4.2 272

347 {ρνonstruνtψonFoτFprψmγryFvρrtψνρsFγtFtχρFj}uj|FρxpρrψmρntFψnF{unFXFprotonSprotonFνollψsψonsFγtF
tχρFuqlTFEuropeanpPhysicalpJournalpCRF2017RF__RFZZY 4.2 29

346
vργsurρmρntsFoτFtχρFproπuνtψonFνrossFsρνtψonFoτFγF±oormulγcFsρρFtρxtℓFμosonFψnFγssoνψγtψonFwψtχF
jρtsFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2017RF__RFZ^X

4.2 26

345 yrρνψsψonFmργsurρmρntFγnπFψntρrprρtγtψonFoτFψnνlusψvρFRFγnπFproπuνtψonFνrossFsρνtψonsFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFZ^_ 4.2 56

344 vργsurρmρntFoτFjρtFτrγφmρntγtψonFψnFyμQyμFγnπFνollψsψonsFγtF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorFγtFtχρF
uqlTFEuropeanpPhysicalpJournalpCRF2017RF__RFZ_b 4.2 35

343
|ργrνχFτorFπγrkFmγttρrFγtF±oormulγcFsρρFtρxtℓFψnFτψnγlFstγtρsFνontγψnψnφFγnFρnρrφρtψνFpχotonFγnπF
lγrφρFmψssψnφFtrγnsvρrsρFmomρntumFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF
__RFZbZ

4.2 52

342
vργsurρmρntFoτFνχγrφρπSpγrtψνlρFπψstrψμutψonsFsρnsψtψvρFtoFtχρFunπρrlyψnφFρvρntFψnFNFsqrt{s}fXZFOF
}ρ‘FprotonSprotonFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorFγtFtχρFuqlTFJournalpofpHighpEnergypPhysicsRF
2017RFYWX_RFX

5.4 9

341 |ργrνχFτorFπψrρνtFtopFsquγrkFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFtwoFlρptonsFψnF}ρ‘FνollψsψonsFwψtχF
tχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFaba 4.2 19

340
|ργrνχFτorFπψrρνtFtopFsquγrkFpγψrFproπuνtψonFψnFρvρntsFwψtχFγFqψφφsForF FμosonRFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFNFsqrt{s}fXZFOF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2017RFYWX_RFX

5.4 7

(2017-2017)
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339
vργsurρmρntFoτFπρtρνtorSνorrρνtρπFoμsρrvγμlρsFsρnsψtψvρFtoFtχρFγnomγlousFproπuνtψonFoτFρvρntsF
wψtχFjρtsFγnπFlγrφρFmψssψnφFtrγnsvρrsρFmomρntumFψnFνollψsψonsFγtF´ }ρ‘FusψnφFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2017RF__RF_^]

4.2 10

338 vργsurρmρntFoτFμSχγπronFpγψrFproπuνtψonFwψtχFtχρFj}uj|FπρtρνtorFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 5

337 |ργrνχFτorFsupρrsymmρtryFψnFρvρntsFwψtχFμStγφφρπFjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFppF
νollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 13

336 vργsurρmρntFoτFtχρFψnνlusψvρFjρtFνrossSsρνtψonsFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 12

335
|ργrνχFτorFpγψrFproπuνtψonFoτFvρνtorSlψkρFtopFquγrksFψnFρvρntsFwψtχFonρFlρptonRFjρtsRFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFNFsqrt{s}fXZFOF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2017RFYWX_RFX

5.4 27

334 rπρntψτψνγtψonFγnπFrρjρνtψonFoτFpψlρSupFjρtsFγtFχψφχFpsρuπorγpψπψtyFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2017RF__RF]aW 4.2 16

333
vργsurρmρntFoτFproπuνtψonFwψtχFtχρFχγπronψνγllyFπρνγyψnφFμosonFrρνonstruνtρπFγsFonρForFtwoFjρtsF
ψnFνollψsψonsFγtFwψtχFj}uj|RFγnπFνonstrγψntsFonFγnomγlousFφγuφρFνouplψnφsTFEuropeanpPhysicalp
JournalpCRF2017RF__RF]^Z

4.2 15

332
|ργrνχFτorFnρwFpχρnomρnγFψnFγFlρptonFplusFχψφχFjρtFmultψplψνψtyFτψnγlFstγtρFwψtχFtχρFj}uj|F
ρxpρrψmρntFusψnφFNFsqrt{s}fXZFOF}ρ‘FprotonSprotonFνollψsψonFπγtγTFJournalpofpHighpEnergypPhysicsRF
2017RFYWX_RFX

5.4 7

331 |ργrνχρsFτorFtχρF ˛‡FπρνγyFmoπρFoτFtχρFqψφφsFμosonFγnπFτorFnρwFχψφχSmγssFrρsonγnνρsFψnFppF
νollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 20

330 |tuπψρsFoτF ˛‡FproπuνtψonFψnFγssoνψγtψonFwψtχFγFχψφχSmγssFπψjρtFsystρmFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 7

329 vργsurρmρntsFoτFtopSquγrkFpγψrFπψττρrρntψγlFνrossSsρνtψonsFψnFtχρFlρptonQjρtsFνχγnnρlFψnFppF
νollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 12

328 |ργrνχFτorFtopFquγrkFπρνγysFtFSgFqqRFwψtχFqFSgF˛‡˛‡RFψnFNFsqrt{s}fXZFOF}ρ‘FppFνollψsψonsFusψnφFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 12

327 |tuπyFoτFγnπFproπuνtψonFψnFνollψsψonsFγtFγnπFsργrνχFτorFγnomγlousFquγrtψνFφγuφρFνouplψnφsFwψtχFtχρF
j}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2017RF__RF^[^ 4.2 11

326 vργsurρmρntsFoτFtopFquγrkFspψnFoμsρrvγμlρsFψnFNFtovρrlψnρ{t}FOFρvρntsFusψnφFπψlρptonFτψnγlFstγtρsFψnFNF
sqrt{s}faFOF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 12

325
|ργrνχFτorFnρwFpχρnomρnγFwψtχFlγrφρFjρtFmultψplψνψtψρsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFusψnφF
lγrφρSrγπψusFjρtsFγnπFτlγvourStγφφψnφFγtFj}uj|FψnFXZF}ρ‘FppFνollψsψonsTFJournalpofpHighpEnergypPhysics
RF2017RFYWX_RFX

5.4 8

324 }opSquγrkFmγssFmργsurρmρntFψnFtχρFγllSχγπronψνFNFtovρrlψnρ{t}FOFπρνγyFνχγnnρlFγtFNFsqrt{s}faFOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 6

323 vργsurρmρntFoτFtχρFmrρllS—γnFtrψplρSπψττρrρntψγlFνrossFsρνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘TF
JournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 16

322 |ργrνχFτorFγFsνγlγrFpγrtnρrFoτFtχρFtopFquγrkFψnFtχρFjρtsFplusFmψssψnφFtrγnsvρrsρFmomρntumFτψnγlF
stγtρFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 30
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321
|ργrνχFτorFsupρrsymmρtryFψnFτψnγlFstγtρsFwψtχFtwoFsγmρSsψφnForFtχrρρFlρptonsFγnπFjρtsFusψnφFZ^Fτμâ��XF
oτFNFsqrt{s}fXZFOF}ρ‘FppFνollψsψonFπγtγFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RF
YWX_RFX

5.4 22

320
|ργrνχFτorFpγψrFproπuνtψonFoτFχργvyFvρνtorSlψkρFquγrksFπρνγyψnφFtoFχψφχSpF}F’FμosonsFγnπFμFquγrksF
ψnFtχρFlρptonSplusSjρtsFτψnγlFstγtρFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
JournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX

5.4 29

319 vργsurρmρntFoτFtχρFkFtFsplψttψnφFsνγlρsFψnF FSgFâ��â��FρvρntsFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RFYWX_RFX 5.4 3

318
jnγlysψsFoτFtχρF’tμFvρrtρxFτromFtχρFmργsurρmρntFoτFtrψplρSπψττρrρntψγlFγnφulγrFπρνγyFrγtρsFoτF
sψnφlρFtopFquγrksFproπuνρπFψnFtχρFtSνχγnnρlFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2017RFYWX_RFX

5.4 7

317 nvψπρnνρFτorFtχρFNFqtoFμovρrlψnρ{μ}FOFπρνγyFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2017RFYWX_RFX 5.4 50

316
|ργrνχFτorFnρwFχψφχSmγssFpχρnomρnγFψnFtχρFπψlρptonFτψnγlFstγtρFusψnφFZ^Fτμâ��XFoτFprotonSprotonF
νollψsψonFπγtγFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2017RF
YWX_RFX

5.4 126

315 mρtρrmψnγtψonFoτFtχρFstronφFνouplψnφFνonstγntFτromFtrγnsvρrsρFρnρrφySρnρrφyFνorrρlγtψonsFψnF
multψjρtFρvρntsFγtFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2017RF__RFa_Y 4.2 19

314 {ρνonstruνtψonFoτFχγπronψνFπρνγyFproπuνtsFoτFtγuFlρptonsFwψtχFtχρFj}uj|FρxpρrψmρntTFEuropeanp
PhysicalpJournalpCRF2016RF_^RFYb] 4.2 28

313 yρrτormγnνρFoτFpψlρSupFmψtψφγtψonFtρνχnψquρsFτorFjρtsFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcF
sρρFtρxtℓ´ }ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]aX 4.2 148

312 vργsurρmρntFoτFtχρFνχγrφρπSpγrtψνlρFmultψplψνψtyFψnsψπρFjρtsFτromF±oormulγcFsρρFtρxtℓ±oormulγcFsρρF
tρxtℓ´ FνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFZYY 4.2 35

311 vργsurρmρntFoτFjρtFγνtψvψtyFψnFtopFquγrkFρvρntsFusψnφFtχρFρ˛…FτψnγlFstγtρFwψtχFtwoFμStγφφρπFjρtsFψnFppF
νollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 4

310
vργsurρmρntFoτFtχρFtrγnsvρrsρFmomρntumFγnπF±oormulγcFsρρFtρxtℓFπψstrψμutψonsFoτFmrρllS—γnF
lρptonFpγψrsFψnFprotonSprotonFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2016RF_^RFYbX

4.2 63

309
vργsurρmρntFoτFτψπuνψγlFπψττρrρntψγlFνrossFsρνtψonsFoτFφluonSτusψonFproπuνtψonFoτFqψφφsFμosonsF
πρνγyψnφFtoF’’FPSgρ˛‰˛…˛‰FwψtχFtχρFj}uj|FπρtρνtorFγtFNFsqrt{s}faFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF
2016RFYWX^RFX

5.4 13

308 |ργrνχFτorFnρwFpχρnomρnγFψnFρvρntsFwψtχFγFpχotonFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFppF
νollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 13

307 jFsργrνχFτorFtopFsquγrksFwψtχF{SpγrψtySvψolγtψnφFπρνγysFtoFγllSχγπronψνFτψnγlFstγtρsFwψtχFtχρFj}uj|F
πρtρνtorFψnFNFsqrt{s}faFOF}ρ‘FprotonSprotonFνollψsψonsTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 10

306 rπρntψτψνγtψonFoτFχψφχFtrγnsvρrsρFmomρntumFtopFquγrksFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 13

305 jFsργrνχFτorFγnFρxνψtρπFmuonFπρνγyψnφFtoFγFmuonFγnπFtwoFjρtsFψnppνollψsψonsFγtF
Jsqrt{s}dfdad{rm{}ρ‘}}JFwψtχFtχρFj}uj|FπρtρνtorTFNewpJournalpofpPhysicsRF2016RFXaRFW_ZWYX 2.9 1

304 kργmSψnπuνρπFγnπFνosmψνSrγyFμγνkφrounπsFoμsρrvρπFψnFtχρFj}uj|FπρtρνtorFπurψnφFtχρFuqlFYWXYF
protonSprotonFrunnψnφFpρrψoπTFJournalpofpInstrumentationRF2016RFXXRFyW]WXZSyW]WXZ 1 8

(2016-2017)

15



303 vργsurρmρntsFoτFtopSquγrkFpγψrFπψττρrρntψγlFνrossSsρνtψonsFψnFtχρFlρptonQjρtsFνχγnnρlFψnFνollψsψonsF
γtF±oormulγcFsρρFtρxtℓFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]Za 4.2 48

302
vργsurρmρntFoτFtχρFπψττρrρntψγlFνrossSsρνtψonsFoτFpromptFγnπFnonSpromptFproπuνtψonFoτF±oormulγcF
sρρFtρxtℓFγnπF±oormulγcFsρρFtρxtℓFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFγnπFa´ }ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFYaZ

4.2 42

301 uumψnosψtyFπρtρrmψnγtψonFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFfFaF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorFγtF
tχρFuqlTFEuropeanpPhysicalpJournalpCRF2016RF_^RF^]Z 4.2 188

300
|ργrνχFτorFsquγrksFγnπFφluψnosFψnFρvρntsFwψtχFχγπronψνγllyFπρνγyψnφFtγuFlρptonsRFjρtsFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFprotonSprotonFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FrρνorπρπFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF^aZ

4.2 7

299
jππρnπumFtoFâ��vργsurρmρntFoτFtχρFNtμγr{t}OFproπuνtψonFνrossSsρνtψonFusψnφFNρmuFOFρvρntsFwψtχF
μStγφφρπFjρtsFψnFppFνollψsψonsFγtFNsqrt{s}OFfF_FγnπFaFNRmγtχrm{}ρ‘}OFwψtχFtχρFj}uj|Fπρtρνtorâ��TF
EuropeanpPhysicalpJournalpCRF2016RF_^RFX

4.2 13

298 vργsurρmρntFoτFtχρFγnφulγrFνoρττψνψρntsFψnF SμosonFρvρntsFusψnφFρlρνtronFγnπFmuonFpγψrsFτromF
πγtγFtγkρnFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 20

297 |ργrνχρsFτorFχργvyFπψμosonFrρsonγnνρsFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 20

296 mγrkFmγttρrFψntρrprρtγtψonsFoτFj}uj|FsργrνχρsFτorFtχρFρlρνtrowργkFproπuνtψonFoτFsupρrsymmρtrψνF
pγrtψνlρsFψnFNFsqrt{s}faFOF}ρ‘FprotonSprotonFνollψsψonsTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 16

295
|ργrνχFτorFtχρF|tγnπγrπFvoπρlFqψφφsFμosonFπρνγyψnφFψntoFNFμovρrlψnρ{μ}FOFproπuνρπFψnFγssoνψγtψonF
wψtχFtopFquγrksFπρνγyψnφFχγπronψνγllyFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
JournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX

5.4 16

294 vργsurρmρntFoτFtχρFlySvψolγtψnφFpχγsρFhFsFγnπFtχρFkFWFsFmρsonFπρνγyFwψπtχFπψττρrρnνρFwψtχFkFWFsF
FSgFsVˇ�hFπρνγysFψnFj}uj|TFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 10

293
|ργrνχFτorFsquγrksFγnπFφluψnosFψnFτψnγlFstγtρsFwψtχFjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFγtF
±oormulγcFsρρFtρxtℓFfXZF±oormulγcFsρρFtρxtℓwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2016RF_^RFZbY

4.2 53

292 vργsurρmρntFoτFtχρFπouμlρSπψττρrρntψγlFχψφχSmγssFmrρllS—γnFνrossFsρνtψonFψnFppFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 24

291 jFsργrνχFτorFpromptFlρptonSjρtsFψnFppFνollψsψonsFγtFNFsqrt{mγtχrm{s}}faFOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 22

290 |ργrνχFτorFnρwFpχρnomρnγFwψtχFpχotonQjρtFρvρntsFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 12

289
vργsurρmρntFoτFtχρFνρntrγlψtyFπρpρnπρnνρFoτFtχρFνχγrφρπSpγrtψνlρFpsρuπorγpψπψtyFπψstrψμutψonFψnF
protonSlργπFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2016RF_^RFXbb

4.2 39

288 vργsurρmρntFoτFtχρFproπuνtψonFνrossSsρνtψonFoτFγFsψnφlρFtopFquγrkFψnFγssoνψγtψonFwψtχFγF’FμosonFγtF
aF}ρ‘FwψtχFtχρFj}uj|FρxpρrψmρntTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 12

287 |ργrνχFτorFtχρFproπuνtψonFoτFsψnφlρFvρνtorSlψkρFγnπFρxνψtρπFquγrksFψnFtχρF’tFτψnγlFstγtρFψnFppF
νollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 14

286 |ργrνχFτorFstronφFφrγvψtyFψnFmultψjρtFτψnγlFstγtρsFproπuνρπFψnFppFνollψsψonsFγtFNFsqrt{s}fXZFOF}ρ‘FusψnφF
tχρFj}uj|FπρtρνtorFγtFtχρFuqlTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 12
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285 rπρntψτψνγtψonFoτFμoostρπRFχγπronψνγllyFπρνγyψnφFμosonsFγnπFνompγrψsonsFwψtχFj}uj|FπγtγFtγkρnFγtF
±oormulγcFsρρFtρxtℓ´ }ρ‘TFEuropeanpPhysicalpJournalpCRF2016RF_^RFX][ 4.2 44

284 |ργrνχFτorFnρwFpχρnomρnγFψnFρvρntsFwψtχFγtFlργstFtχrρρFpχotonsFνollρνtρπFψnFνollψsψonsFγtF±oormulγcF
sρρFtρxtℓFfFaF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFYXW 4.2 53

283 yroμψnφFlρptonFτlγvourFvψolγtψonFvψγFnρutrψnolρssF±oormulγcFsρρFtρxtℓFπρνγysFwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFYZY 4.2 12

282 jFnρwFmρtχoπFtoFπψstψnφuψsχFχγπronψνγllyFπρνγyψnφFμoostρπFμosonsFτromFμosonsFusψnφFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFYZa 4.2 6

281 |ργrνχFτorFsupρrsymmρtryFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FψnFτψnγlFstγtρsFwψtχFjρtsFγnπFtwoFsγmρSsψφnF
lρptonsForFtχrρρFlρptonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFY]b 4.2 48

280 |ργrνχFτorFψnvψsψμlρFπρνγysFoτFγFqψφφsFμosonFusψnφFvρνtorSμosonFτusψonFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 45

279
|ργrνχFτorFγnomγlousFνouplψnφsFψnFtχρF’FtμFvρrtρxFτromFtχρFmργsurρmρntFoτFπouμlρFπψττρrρntψγlF
γnφulγrFπρνγyFrγtρsFoτFsψnφlρFtopFquγrksFproπuνρπFψnFtχρFtSνχγnnρlFwψtχFtχρFj}uj|FπρtρνtorTF
JournalpofpHighpEnergypPhysicsRF2016RFYWX^RFXS[^

5.4 12

278 |ργrνχρsFτorFsνγlγrFlρptoquγrksFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFfFa´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2016RF_^RF] 4.2 68

277
vργsurρmρntsFoτFtχρFqψφφsFμosonFproπuνtψonFγnπFπρνγyFrγtρsFγnπFνouplψnφFstrρnφtχsFusψnφF
νollψsψonFπγtγFγtF±oormulγcFsρρFtρxtℓFγnπFa´ }ρ‘FψnFtχρFj}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpC
RF2016RF_^RF^

4.2 185

276
vργsurρmρntsFoτFτψπuνψγlFνrossSsρνtψonsFτorF±oormulγcFsρρFtρxtℓFproπuνtψonFwψtχFonρForFtwoF
γππψtψonγlFSjρtsFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓfaF}ρ‘´ usψnφFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2016RF_^RFXX

4.2 21

275 |tuπyFoτFtχρF±oormulγcFsρρFtρxtℓFγnπF±oormulγcFsρρFtρxtℓFπρνγysFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2016RF_^RF[ 4.2 13

274
|ργrνχFτorFγnFγππψtψonγlRFχργvyFqψφφsFμosonFψnFtχρF±oormulγcFsρρFtρxtℓFπρνγyFνχγnnρlFγtF±oormulγcF
sρρFtρxtℓFψnF±oormulγcFsρρFtρxtℓFνollψsψonFπγtγFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2016RF_^RF[]

4.2 152

273 |ργrνχFτorFsψnφlρFtopSquγrkFproπuνtψonFvψγFτlγvourSνχγnφψnφFnρutrγlFνurrρntsFγtFa´ }ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]] 4.2 28

272 vργsurρmρntFoτFtχρFνχγrφρFγsymmρtryFψnFtopSquγrkFpγψrFproπuνtψonFψnFtχρFlρptonSplusSjρtsFτψnγlF
stγtρFψnFppFνollψsψonFπγtγFγtFNsqrt{s}faRmγtχrmF}ρ‘{}OFwψtχFtχρFj}uj|FπρtρνtorF2016RF_^RFX 1

271 |tuπyFoτFχγrπFπouμlρSpγrtonFsνγttρrψnφFψnFτourSjρtFρvρntsFψnFppFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FwψtχF
tχρFj}uj|FρxpρrψmρntTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 21

270
|ργrνχFτorFtχρF|tγnπγrπFvoπρlFqψφφsFμosonFproπuνρπFμyFvρνtorSμosonFτusψonFγnπFπρνγyψnφFtoF
μottomFquγrksFψnFNFsqrt{s}faFOF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergyp
PhysicsRF2016RFYWX^RFX

5.4 8

269
vργsurρmρntFoτFρvρntSsχγpρFoμsρrvγμlρsFψnF±oormulγcFsρρFtρxtℓFρvρntsFψnFνollψsψonsFγtF±oormulγcF
sρρFtρxtℓ´ ±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2016RF
_^RFZ_]

4.2 5

268 lχγrφρπSpγrtψνlρFπψstrψμutψonsFψnFψntρrγνtψonsFγtF±oormulγcFsρρFtρxtℓFmργsurρπFwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF[WZ 4.2 19

(2016-2016)
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267 lχγrφρπSpγrtψνlρFπψstrψμutψonsFγtFlowFtrγnsvρrsρFmomρntumFψnF±oormulγcFsρρFtρxtℓ´ }ρ‘FψntρrγνtψonsF
mργsurρπFwψtχFtχρFj}uj|FπρtρνtorFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]WY 4.2 37

266 |ργrνχFτorFμottomFsquγrkFpγψrFproπuνtψonFψnFprotonSprotonFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF][_ 4.2 25

265
|ργrνχFτorFmψnψmγlFsupρrsymmρtrψνFstγnπγrπFmoπρlFqψφφsFkosonsF´ V´ FγnπFτorFγF±oormulγcFsρρFtρxtℓF
μosonFψnFtχρF±oormulγcFsρρFtρxtℓFτψnγlFstγtρFproπuνρπFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓF}ρ‘FwψtχF
tχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]a]

4.2 28

264 vργsurρmρntFoτFtχρFpχotonFψπρntψτψνγtψonFρττψνψρnνψρsFwψtχFtχρFj}uj|FπρtρνtorFusψnφFuqlF{unSXF
πγtγTFEuropeanpPhysicalpJournalpCRF2016RF_^RF^^^ 4.2 53

263 vργsurρmρntFoτFtχρF±oormulγcFsρρFtρxtℓFπψjρtFνrossFsρνtψonFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF^_W 4.2 7

262 }χρFpρrτormγnνρFoτFtχρFjρtFtrψφφρrFτorFtχρFj}uj|FπρtρνtorFπurψnφFYWXXFπγtγFtγkψnφTFEuropeanp
PhysicalpJournalpCRF2016RF_^RF]Y^ 4.2 16

261 |ργrνχFτorFnρwFpχρnomρnγFψnFπψττρrρntSτlγvourFχψφχSmγssFπψlρptonFτψnγlFstγtρsFψnFνollψsψonsFγtF
±oormulγcFsρρFtρxtℓ´ }ρvFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF][X 4.2 7

260
|ργrνχFτorFtχρFqψφφsFμosonFproπuνρπFψnFγssoνψγtψonFwψtχFγFμosonFγnπFπρνγyψnφFtoFτourFSquγrksFvψγF
twoFspψnSzρroFpγrtψνlρsFψnFνollψsψonsFγtFXZF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2016RF_^RF^W]

4.2 16

259 vuonFrρνonstruνtψonFpρrτormγnνρFoτFtχρFj}uj|FπρtρνtorFψnFprotonSprotonFνollψsψonFπγtγFγtF
±oormulγcFsρρFtρxtℓfXZ´ }ρ‘TFEuropeanpPhysicalpJournalpCRF2016RF_^RFYbY 4.2 263

258 }ρstFoτFlyFψnvγrψγnνρFψnFvρνtorSμosonFτusψonFproπuνtψonFoτFtχρFqψφφsFμosonFusψnφFtχρFmρtχoπFψnFtχρF
πψtγuFπρνγyFνχγnnρlFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF^]a 4.2 26

257 |ργrνχFτorFφluψnosFψnFρvρntsFwψtχFγnFψsolγtρπFlρptonRFjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFγtF
±oormulγcFsρρFtρxtℓFfFXZF}ρF‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]^] 4.2 20

256 vργsurρmρntFoτFtχρFψnνlusψvρFψsolγtρπFpromptFpχotonFνrossFsρνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 25

255 |ργrνχFτorFγFχψφχSmγssFqψφφsFμosonFπρνγyψnφFtoFγF’FμosonFpγψrFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 59

254
|ργrνχFτorFτlγvourSνχγnφψnφFnρutrγlFνurrρntFtopSquγrkFπρνγysFtoF±oormulγcFsρρFtρxtℓFψnF±oormulγcF
sρρFtρxtℓFνollψsψonFπγtγFνollρνtρπFwψtχFtχρFj}uj|FπρtρνtorFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘TFEuropeanp
PhysicalpJournalpCRF2016RF_^RFXY

4.2 16

253
vργsurρmρntFoτFtχρFνχγrφρFγsymmρtryFψnFtopSquγrkFpγψrFproπuνtψonFψnFtχρFlρptonSplusSjρtsFτψnγlF
stγtρFψnFνollψsψonFπγtγFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2016RF_^RFa_

4.2 18

252 |ργrνχFτorFπψrρνtFtopFsquγrkFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFtwoFtγuFlρptonsFψnFνollψsψonsFγtF
±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RFaX 4.2 7

251 |ργrνχFτorFνχγrφρπFqψφφsFμosonsFψnFtχρFqF´–FSgFtμFπρνγyFνχγnnρlFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘F
usψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 33

250 |tuπyFoτFtχρFrγrρFπρνγysFoτF±oormulγcFsρρFtρxtℓFγnπF±oormulγcFsρρFtρxtℓFψntoFmuonFpγψrsFτromFπγtγF
νollρνtρπFπurψnφFtχρFuqlF{unFXFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]XZ 4.2 27

Stefano Rosati
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249
|ργrνχFτorFsupρrsymmρtryFψnFγFτψnγlFstγtρFνontγψnψnφFtwoFpχotonsFγnπFmψssψnφFtrγnsvρrsρF
momρntumFψnF±oormulγcFsρρFtρxtℓ´ f´ XZ´ }ρ‘F±oormulγcFsρρFtρxtℓFνollψsψonsFγtFtχρFuqlFusψnφFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF]X_

4.2 17

248 |ργrνχFτorFrρsonγnνρsFψnFπψpχotonFρvρntsFγtFNFsqrt{s}fXZFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2016RFYWX^RFX 5.4 49

247 |ργrνχFτorFsψnφlρFproπuνtψonFoτFvρνtorSlψkρFquγrksFπρνγyψnφFψntoFψnFνollψsψonsFγtF±oormulγcFsρρF
tρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2016RF_^RF[[Y 4.2 24

246 vργsurρmρntFoτFtχρFrρlγtψvρFwψπtχFπψττρrρnνρFoτFtχρFNF{k}−Wχμox{S}F{ovρrlψnρ{k}}−WFOFsystρmFwψtχF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2016RFYWX^RFX 5.4 5

245 sρtFρnρrφyFmργsurρmρntFγnπFψtsFsystρmγtψνFunνρrtγψntyFψnFprotonSprotonFνollψsψonsFγtF±oormulγcFsρρF
tρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFX_ 4.2 194

244 |ργrνχFτorFψnvψsψμlρFpγrtψνlρsFproπuνρπFψnFγssoνψγtψonFwψtχFsψnφlρStopSquγrksFψnFprotonSprotonF
νollψsψonsFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RF_b 4.2 21

243 |ργrνχFτorFrρsonγntFπψμosonFproπuνtψonFψnFtχρF±oormulγcFsρρFtρxtℓFτψnγlFstγtρFψnF±oormulγcFsρρFtρxtℓF
νollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RF^b 4.2 62

242 vργsurρmρntsFoτFtχρF±oormulγcFsρρFtρxtℓFproπuνtψonFνrossFsρνtψonsFψnFγssoνψγtψonFwψtχFjρtsFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFaY 4.2 54

241 |ργrνχFτorFπγrkFmγttρrFψnFρvρntsFwψtχFχργvyFquγrksFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnF±oormulγcF
sρρFtρxtℓFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFbY 4.2 60

240
vργsurρmρntFoτFtχρFNFtovρrlψnρ{t}FOFproπuνtψonFνrossSsρνtψonFγsFγFτunνtψonFoτFjρtFmultψplψνψtyFγnπFjρtF
trγnsvρrsρFmomρntumFψnF_F}ρ‘FprotonSprotonFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2015RFYWX]RFX

5.4 14

239
vργsurρmρntFoτFtχρF’F’FQF’F FνrossFsρνtψonFγnπFlψmψtsFonFγnomγlousFtrψplρFφγuφρFνouplψnφsFusψnφF
τψnγlFstγtρsFwψtχFonρFlρptonRFmψssψnφFtrγnsvρrsρFmomρntumRFγnπFtwoFjρtsFwψtχFtχρFj}uj|FπρtρνtorF
γtFNFsqrt{s}f_FOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX

5.4 12

238 |ργrνχρsFτorFχργvyFlonφSlψvρπFνχγrφρπFpγrtψνlρsFwψtχFtχρFj}uj|FπρtρνtorFψnFprotonSprotonFνollψsψonsF
γtFNFsqrt{s}faFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 29

237 |ργrνχFτorFtχρFNFμovρrlψnρ{μ}FOFπρνγyFoτFtχρF|tγnπγrπFvoπρlFqψφφsFμosonFψnFγssoνψγtρπFN’V OqF
proπuνtψonFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 64

236 vργsurρmρntFoτFtχρFψnνlusψvρFjρtFνrossSsρνtψonFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FusψnφF
[T]Fτμâ��XFoτFπγtγFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 27

235
|ργrνχFτorFγnomγlousFproπuνtψonFoτFpromptFsγmρSsψφnFlρptonFpγψrsFγnπFpγψrSproπuνρπFπouμlyF
νχγrφρπFqψφφsFμosonsFwψtχFNFsqrt{s}faFOF}ρ‘FppFνollψsψonsFusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2015RFYWX]RFX

5.4 45

234
|ργrνχFτorFνχγrφρπFqψφφsFμosonsFπρνγyψnφFvψγFqF´–FSgFˇ�F´–F˛‰FψnFτullyFχγπronψνFτψnγlFstγtρsFusψnφFppF
νollψsψonFπγtγFγtFNFsqrt{s}FOFfFaF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RF
YWX]RFX

5.4 56

233
|ργrνχFτorFproπuνtψonFoτF±oormulγcFsρρFtρxtℓFrρsonγnνρsFπρνγyψnφFtoFγFlρptonRFnρutrψnoFγnπFjρtsFψnF
±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2015RF_]RFYWb

4.2 73

232 yρrτormγnνρFoτFtχρFj}uj|FmuonFtrψφφρrFψnFppFνollψsψonsFγtF±oormulγcFsρρFtρxtℓF}ρ‘TFEuropeanp
PhysicalpJournalpCRF2015RF_]RFXYW 4.2 51

(2015-2016)
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231 |ργrνχFτorFqψφφsFμosonFpγψrFproπuνtψonFψnFtχρF±oormulγcFsρρFtρxtℓFτψnγlFstγtρFτromFνollψsψonsFγtF
±oormulγcFsρρFtρxtℓF}ρ‘wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RF[XY 4.2 66

230 mρtρrmψnγtψonFoτFspψnFγnπFpγrψtyFoτFtχρFqψφφsFμosonFψnFtχρF±oormulγcFsρρFtρxtℓFπρνγyFνχγnnρlFwψtχF
tχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFYZX 4.2 15

229
|ργrνχFτorFnρwFpχρnomρnγFψnFτψnγlFstγtρsFwψtχFγnFρnρrφρtψνFjρtFγnπFlγrφρFmψssψnφFtrγnsvρrsρF
momρntumFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2015RF_]RFYbb

4.2 202

228 |ργrνχFτorFγFnρwFrρsonγnνρFπρνγyψnφFtoFγForFμosonFγnπFγFqψφφsFμosonFψnFtχρF±oormulγcFsρρFtρxtℓF
τψnγlFstγtρsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFY^Z 4.2 46

227 vργsurρmρntFoτFtχrρρSjρtFproπuνtψonFνrossSsρνtψonsFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF_´ ±oormulγcF
sρρFtρxtℓFνρntrρSoτSmγssFρnρrφyFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFYYa 4.2 18

226 lonstrγψntsFonFtχρFoττSsχρllFqψφφsFμosonFsψφnγlFstrρnφtχFψnFtχρFχψφχSmγssFγnπFτψnγlFstγtρsFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFZZ] 4.2 56

225
rπρntψτψνγtψonFγnπFρnρrφyFνγlψμrγtψonFoτFχγπronψνγllyFπρνγyψnφFtγuFlρptonsFwψtχFtχρFj}uj|F
ρxpρrψmρntFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ±oormulγcFsρρFtρxtℓTFEuropeanpPhysicalpJournalpCRF2015
RF_]RFZWZ

4.2 49

224 |tuπyFoτFtχρFspψnFγnπFpγrψtyFoτFtχρFqψφφsFμosonFψnFπψμosonFπρνγysFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2015RF_]RF[_^ 4.2 104

223
xμsρrvγtψonFγnπFmργsurρmρntsFoτFtχρFproπuνtψonFoτFpromptFγnπFnonSpromptF±oormulγcFsρρFtρxtℓF
mρsonsFψnFγssoνψγtψonFwψtχFγF±oormulγcFsρρFtρxtℓFμosonFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcF
sρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFYYb

4.2 38

222
|ργrνχFτorFtχρF|tγnπγrπFvoπρlFqψφφsFμosonFproπuνρπFψnFγssoνψγtψonFwψtχFtopFquγrksFγnπFπρνγyψnφF
ψntoF±oormulγcFsρρFtρxtℓFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFZ[b

4.2 94

221
|ργrνχFτorFsupρrsymmρtryFψnFρvρntsFνontγψnψnφFγFsγmρSτlγvourFopposψtρSsψφnFπψlρptonFpγψrRFjρtsRFγnπF
lγrφρFmψssψnφFtrγnsvρrsρFmomρntumFψnF±oormulγcFsρρFtρxtℓ´ }ρ‘FνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2015RF_]RFZXa

4.2 44

220 |ργrνχFτorFχργvyFlonφSlψvρπFmultψSνχγrφρπFpγrtψνlρsFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FusψnφFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFZ^Y 4.2 22

219 }woSpγrtψνlρFkosρSnψnstρψnFνorrρlγtψonsFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFWTbFγnπF_F}ρ‘FmργsurρπF
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RF[^^ 4.2 28

218 vργsurρmρntFoτFtχρFtopFquγrkFmγssFψnFtχρF±oormulγcFsρρFtρxtℓFγnπF±oormulγcFsρρFtρxtℓFνχγnnρlsF
usψnφF±oormulγcFsρρFtρxtℓ´ ±oormulγcFsρρFtρxtℓFj}uj|FπγtγTFEuropeanpPhysicalpJournalpCRF2015RF_]RFZZW 4.2 32

217 j}uj|F{unFXFsργrνχρsFτorFπψrρνtFpγψrFproπuνtψonFoτFtχψrπSφρnρrγtψonFsquγrksFγtFtχρFuγrφρFqγπronF
lollψπρrTFEuropeanpPhysicalpJournalpCRF2015RF_]RF]XW 4.2 109

216 |ργrνχFτorFlowSsνγlρFφrγvψtyFsψφnγturρsFψnFmultψSjρtFτψnγlFstγtρsFwψtχFtχρFj}uj|FπρtρνtorFγtFNF
sqrt{s}faFOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 2

215 jFsργrνχFτorFχψφχSmγssFrρsonγnνρsFπρνγyψnφFtoFˇ�Qˇ�â��FψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 22

214 |ummγryFoτFtχρFj}uj|Fρxpρrψmρntâ��sFsρnsψtψvψtyFtoFsupρrsymmρtryFγτtρrFuqlF{unFXFâ��FψntρrprρtρπF
ψnFtχρFpχρnomρnoloφψνγlFv||vTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 42
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213 |ργrνχFτorFlρptonSτlγvourSvψolγtψnφFqFSgF˛…ˇ�FπρνγysFoτFtχρFqψφφsFμosonFwψtχFtχρFj}uj|FπρtρνtorTF
JournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 46

212 vργsurρmρntFoτFτourSjρtFπψττρrρntψγlFνrossFsρνtψonsFψnFNFsqrt{s}faFOF}ρ‘FprotonSprotonFνollψsψonsF
usψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFXS_^ 5.4 5

211 jFsργrνχFτorFNFtovρrlψnρ{t}FOFrρsonγnνρsFusψnφFlρptonSplusSjρtsFρvρntsFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 57

210 vργsurρmρntFoτFtχρFτorwγrπSμγνkwγrπFγsymmρtryFoτFρlρνtronFγnπFmuonFpγψrSproπuνtψonFψnFppF
νollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 18

209 vργsurρmρntFoτFνχγrφρπSpγrtψνlρFspρνtrγFψnFyμQyμFνollψsψonsFγtFNFsqrt{s≥{mγtχrm{ww}}}fYT_^FOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorFγtFtχρFuqlTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 49

208 jnγlysψsFoτFρvρntsFwψtχFμSjρtsFγnπFγFpγψrFoτFlρptonsFoτFtχρFsγmρFνχγrφρFψnFppFνollψsψonsFγtFNFsqrt{s}faF
OF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 26

207 lonstrγψntsFonFnρwFpχρnomρnγFvψγFqψφφsFμosonFνouplψnφsFγnπFψnvψsψμlρFπρνγysFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 91

206 |ργrνχFτorFχψφχSmγssFπψμosonFrρsonγnνρsFwψtχFμosonStγφφρπFjρtsFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFXSZb 5.4 66

205
mψττρrρntψγlFtopSγntψtopFνrossSsρνtψonFmργsurρmρntsFγsFγFτunνtψonFoτFoμsρrvγμlρsFνonstruνtρπFτromF
τψnγlSstγtρFpγrtψνlρsFusψnφFppFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FψnFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2015RFYWX]RFX

5.4 31

204 |ργrνχFτorFχργvyFvγjorγnγFnρutrψnosFwψtχFtχρFj}uj|FπρtρνtorFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘TF
JournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 65

203
|ργrνχFτorFproπuνtψonFoτFvρνtorSlψkρFquγrkFpγψrsFγnπFoτFτourFtopFquγrksFψnFtχρFlρptonSplusSjρtsFτψnγlF
stγtρFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2015RFYWX]RFX

5.4 54

202 |ργrνχFτorFnρwFpχρnomρnγFψnFρvρntsFwψtχFtχrρρForFmorρFνχγrφρπFlρptonsFψnFppFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 16

201 |ummγryFoτFtχρFsργrνχρsFτorFsquγrksFγnπFφluψnosFusψnφFNFsqrt{s}faFOF}ρ‘FppFνollψsψonsFwψtχFtχρF
j}uj|FρxpρrψmρntFγtFtχρFuqlTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 55

200 mρtρrmψnγtψonFoτFtχρFtopSquγrkFpolρFmγssFusψnφFNFtovρrlψnρ{t}FOFQFXSjρtFρvρntsFνollρνtρπFwψtχFtχρF
j}uj|FρxpρrψmρntFψnF_F}ρ‘FppFνollψsψonsTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 15

199 vργsurρmρntFoτFtχρFNFtovρrlψnρ{t}’FOFγnπFNFtovρrlψnρ{t} FOFproπuνtψonFνrossFsρνtψonsFψnFppFνollψsψonsF
γtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 16

198 |ργrνχFτorFτlγvourSνχγnφψnφFnρutrγlFνurrρntFtopFquγrkFπρνγysFtFSgFqqFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFXS^] 5.4 18

197 |ργrνχFτorFχργvyFlρptonFrρsonγnνρsFπρνγyψnφFtoFγF FμosonFγnπFγFlρptonFψnFppFνollψsψonsFγtFNFsqrt{s}faF
OF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 22

196 |ργrνχFτorFsquγrksFγnπFφluψnosFψnFρvρntsFwψtχFψsolγtρπFlρptonsRFjρtsFγnπFmψssψnφFtrγnsvρrsρF
momρntumFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 37
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195 nvψπρnνρFτorFtχρFqψφφsSμosonF—ukγwγFνouplψnφFtoFtγuFlρptonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofp
HighpEnergypPhysicsRF2015RFYWX]RFX 5.4 74

194 vργsurρmρntFoτFtχρFνχγrφρFγsymmρtryFψnFπψlρptonψνFπρνγysFoτFtopFquγrkFpγψrsFψnFppFνollψsψonsFγtFNF
sqrt{s}f_FOF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 16

193 |ργrνχFτorF±oormulγcFsρρFtρxtℓFπρνγysFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ f´ a´ }ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF_]RFX^] 4.2 25

192 vργsurρmρntFoτFtχρFtopSquγrkFmγssFψnFtχρFτullyFχγπronψνFπρνγyFνχγnnρlFτromFj}uj|FπγtγFγtF
±oormulγcFsρρFtρxtℓTFEuropeanpPhysicalpJournalpCRF2015RF_]RFX]a 4.2 8

191
|ργrνχFτorFπψrρνtFpγψrFproπuνtψonFoτFγFνχγrφψnoFγnπFγFnρutrγlψnoFπρνγyψnφFtoFtχρFXY]´ pρ‘FqψφφsF
μosonFψnF±oormulγcFsρρFtρxtℓ´ }ρ‘F±oormulγcFsρρFtρxtℓFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanp
PhysicalpJournalpCRF2015RF_]RFYWa

4.2 50

190 |tuπyFoτFN’V OqFproπuνtψonFγnπFqψφφsFμosonFνouplψnφsFusψnφFqSgF’F’FPFπρνγysFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2015RFYWX]RFX 5.4 14

189 |ργrνχFτorFmρtγstγμlρFχργvyFνχγrφρπFpγrtψνlρsFwψtχFlγrφρFψonψsγtψonFρnρrφyFlossFψnFνollψsψonsFγtF
±oormulγcFsρρFtρxtℓ´ }ρ‘FusψnφFtχρFj}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2015RF_]RF[W_ 4.2 18

188
vργsurρmρntFoτFtχρFproπuνtψonFγnπFlρptonFνχγrφρFγsymmρtryFoτF±oormulγcFsρρFtρxtℓFμosonsFψnF
yμQyμFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2015RF
_]RFYZ

4.2 31

187 vργsurρmρntFoτFtχρFψnνlusψvρFjρtFνrossSsρνtψonFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FusψnφF
[T]Fτμâ��XFoτFπγtγFwψtχFtχρFj}uj|FπρtρνtorF2015RFYWX]RFX 3

186 vργsurρmρntFoτFtχρFtopFquγrkFpγψrFproπuνtψonFνχγrφρFγsymmρtryFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}FOFfF_F}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 24

185
|ργrνχFτorFtχρFπψrρνtFproπuνtψonFoτFνχγrφψnosRFnρutrγlψnosFγnπFstγusFψnFτψnγlFstγtρsFwψtχFγtFlργstFtwoF
χγπronψνγllyFπρνγyψnφFtγusFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘F
wψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX

5.4 29

184
}χρFπψττρrρntψγlFproπuνtψonFνrossFsρνtψonFoτFtχρF±oormulγcFsρρFtρxtℓNXWYWOFmρsonFψnF±oormulγcFsρρF
tρxtℓFfF_´ }ρ‘F±oormulγcFsρρFtρxtℓFνollψsψonsFmργsurρπFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2014RF_[RFYab]

4.2 12

183 nlρνtronFrρνonstruνtψonFγnπFψπρntψτψνγtψonFρττψνψρnνyFmργsurρmρntsFwψtχFtχρFj}uj|FπρtρνtorFusψnφF
tχρFYWXXFuqlFprotonSprotonFνollψsψonFπγtγTFEuropeanpPhysicalpJournalpCRF2014RF_[RFYb[X 4.2 160

182 vργsurρmρntFoτFtχρFunπρrlyψnφFρvρntFψnFjρtFρvρntsFτromF_FNtρxtF{}ρ‘}OFprotonâ��protonFνollψsψonsF
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014RF_[RFX 4.2 18

181
vργsurρmρntFoτFtχρFνρntrγlψtyFγnπFpsρuπorγpψπψtyFπρpρnπρnνρFoτFtχρFψntρφrγtρπFρllψptψνFτlowFψnF
lργπSlργπFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘´ wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF
2014RF_[RFYbaY

4.2 18

180 uψφχtSquγrkFγnπFφluonFjρtFπψsνrψmψnγtψonFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFwψtχF
tχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014RF_[RFZWYZ 4.2 46

179
vργsurρmρntFoτFtχρFρlρνtrowργkFproπuνtψonFoτFπψjρtsFψnFγssoνψγtψonFwψtχFγF SμosonFγnπF
πψstrψμutψonsFsρnsψtψvρFtoFvρνtorFμosonFτusψonFψnFprotonSprotonFνollψsψonsFγtFNFsqrt{s}FOFfFaF}ρ‘FusψnφF
tχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX

5.4 14

178
|ργrνχFτorFπψrρνtFproπuνtψonFoτFνχγrφψnosFγnπFnρutrγlψnosFψnFρvρntsFwψtχFtχrρρFlρptonsFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFNFsqrt{s}FOFfFaF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2014RFYWX[RFX

5.4 76
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177
vργsurρmρntFoτFtχρFproπuνtψonFνrossFsρνtψonFoτFpromptFsVˇ�FmρsonsFψnFγssoνψγtψonFwψtχFγF’F´–F
μosonFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfF_F}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF
2014RFYWX[RFX

5.4 24

176 vργsurρmρntFoτFπψjρtFνrossSsρνtψonsFψnFppFνollψsψonsFγtF_F}ρ‘FνρntrρSoτSmγssFρnρrφyFusψnφFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 17

175 vργsurρmρntFoτFtχρFproπuνtψonFoτFγF’FμosonFψnFγssoνψγtψonFwψtχFγFνχγrmFquγrkFψnFppFνollψsψonsFγtFNF
sqrt{s}FOFfF_F}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 37

174
|ργrνχFτorFπψrρνtFproπuνtψonFoτFνχγrφψnosRFnρutrγlψnosFγnπFslρptonsFψnFτψnγlFstγtρsFwψtχFtwoFlρptonsF
γnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFppFνollψsψonsFγtFNFsqrt{s}FOFfFa}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
JournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX

5.4 120

173 |ργrνχFτorFsupρrsymmρtryFγtFNsqrt{s}OFfFaF}ρ‘FψnFτψnγlFstγtρsFwψtχFjρtsFγnπFtwoFsγmρSsψφnFlρptonsForF
tχrρρFlρptonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 39

172 vργsurρmρntFoτFtχρFlowSmγssFmrρllS—γnFπψττρrρntψγlFνrossFsρνtψonFγtFNFsqrt{s}FOFfF_F}ρ‘FusψnφFtχρF
j}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 18

171 |ργrνχFτorFπψrρνtFtopSsquγrkFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFtwoFlρptonsFψnFppFνollψsψonsFγtFNF
sqrt{s}FOFfFaF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 52

170 vργsurρmρntFoτFˇ�FνXFγnπFˇ�FνYFproπuνtψonFwψtχFNFsqrt{s}FOFfF_F}ρ‘FppFνollψsψonsFγtFj}uj|TFJournalpofp
HighpEnergypPhysicsRF2014RFYWX[RFX 5.4 26

169 |ργrνχFτorFmψνrosνopψνFμlγνkFχolρsFγnπFstrψnφFμγllsFψnFτψnγlFstγtρsFwψtχFlρptonsFγnπFjρtsFwψtχFtχρF
j}uj|FπρtρνtorFγtFNFsqrt{s}FOFfFaF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 6

168 |ργrνχFτorFnρwFpγrtψνlρsFψnFρvρntsFwψtχFonρFlρptonFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnFppF
νollψsψonsFγtFNFsqrt{s}FOFfFaF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 40

167
|ργrνχFτorFπψrρνtFtopFsquγrkFpγψrFproπuνtψonFψnFρvρntsFwψtχFγF±oormulγcFsρρFtρxtℓFμosonRF±oormulγcF
sρρFtρxtℓSjρtsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFψnF±oormulγcFsρρFtρxtℓF}ρ‘F±oormulγcFsρρFtρxtℓF
νollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014RF_[RFYaaZ

4.2 41

166 |ργrνχFτorFnρutrγlFqψφφsFμosonsFoτFtχρFmψnψmγlFsupρrsymmρtrψνFstγnπγrπFmoπρlFψnFppFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 67

165 vργsurρmρntFoτFtχρFmuonFrρνonstruνtψonFpρrτormγnνρFoτFtχρFj}uj|FπρtρνtorFusψnφFYWXXFγnπFYWXYF
uqlFprotonSprotonFνollψsψonFπγtγTFEuropeanpPhysicalpJournalpCRF2014RF_[RFZXZW 4.2 166

164
vργsurρmρntsFoτFjρtFvρtoρsFγnπFγzψmutχγlFπρνorrρlγtψonsFψnFπψjρtFρvρntsFproπuνρπFψnF±oormulγcFsρρF
tρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014RF
_[RFZXX_

4.2 17

163
jFmργsurρmρntFoτFtχρFrγtψoFoτFtχρFproπuνtψonFνrossFsρνtψonsFτorF±oormulγcFsρρFtρxtℓFγnπF±oormulγcF
sρρFtρxtℓFμosonsFψnFγssoνψγtψonFwψtχFjρtsFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014
RF_[RFZX^a

4.2 16

162 vργsurρmρntsFoτFτψπuνψγlFγnπFπψττρrρntψγlFνrossFsρνtψonsFτorFqψφφsFμosonFproπuνtψonFψnFtχρF
πψpχotonFπρνγyFνχγnnρlFγtFNFsqrt{s}faFOF}ρ‘FwψtχFj}uj|TFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 30

161
|ργrνχFτorFsupρrsymmρtryFψnFρvρntsFwψtχFlγrφρFmψssψnφFtrγnsvρrsρFmomρntumRFjρtsRFγnπFγtFlργstF
onρFtγuFlρptonFψnFYWFτμâ��XFoτFNFsqrt{s}FOFfFaF}ρ‘FprotonSprotonFνollψsψonFπγtγFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX

5.4 9

160
|ργrνχFτorFsquγrksFγnπFφluψnosFwψtχFtχρFj}uj|FπρtρνtorFψnFτψnγlFstγtρsFwψtχFjρtsFγnπFmψssψnφF
trγnsvρrsρFmomρntumFusψnφFNFsqrt{s}faFOF}ρ‘FprotonSprotonFνollψsψonFπγtγTFJournalpofpHighpEnergyp
PhysicsRF2014RFYWX[RFX

5.4 108

(2014-2014)
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159
vργsurρmρntFoτFtχρF±oormulγcFsρρFtρxtℓFproπuνtψonFνrossSsρνtψonFusψnφF±oormulγcFsρρFtρxtℓFρvρntsF
wψtχF±oormulγcFsρρFtρxtℓStγφφρπFjρtsFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFγnπF
a´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014RF_[RFZXWb

4.2 107

158
|ργrνχFτorFtopFsquγrkFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFonρFψsolγtρπFlρptonRFjρtsRFγnπFmψssψnφF
trγnsvρrsρFmomρntumFψnFNFsqrt{s}FOFfFaF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2014RFYWX[RFX

5.4 54

157 vuonFrρνonstruνtψonFρττψνψρnνyFγnπFmomρntumFrρsolutψonFoτFtχρFj}uj|FρxpρrψmρntFψnF
protonSprotonFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ }ρ‘FψnFYWXWTFEuropeanpPhysicalpJournalpCRF2014RF_[RFZWZ[ 4.2 45

156 nlρνtronFγnπFpχotonFρnρrφyFνγlψμrγtψonFwψtχFtχρFj}uj|FπρtρνtorFusψnφFuqlF{unFXFπγtγTFEuropeanp
PhysicalpJournalpCRF2014RF_[RFX 4.2 160

155
|ργrνχFτorFνontγνtFψntρrγνtψonsFγnπFlγrφρFρxtrγFπψmρnsψonsFψnFtχρFπψlρptonFνχγnnρlFusψnφF
protonSprotonFνollψsψonsFγtF±oormulγcFsρρFtρxtℓ´ a´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2014RF_[RFZXZ[

4.2 31

154 vργsurρmρntFoτFτlowFχγrmonψνsFwψtχFmultψSpγrtψνlρFνumulγntsFψnFyμQyμFνollψsψonsFγtF±oormulγcFsρρF
tρxtℓ´ }ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2014RF_[RFZX]_ 4.2 52

153
vργsurρmρntFoτFπψstrψμutψonsFsρnsψtψvρFtoFtχρFunπρrlyψnφFρvρntFψnFψnνlusψvρF SμosonFproπuνtψonFψnF
±oormulγcFsρρFtρxtℓFνollψsψonsFγtF±oormulγcFsρρFtρxtℓF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2014RF_[RFZXb]

4.2 21

152 |ργrνχFτorFπψrρνtFpγψrFproπuνtψonFoτFtχρFtopFsquγrkFψnFγllSχγπronψνFτψnγlFstγtρsFψnFprotonSprotonF
νollψsψonsFγtFNFsqrt{s}FOFfFaF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 36

151 vργsurρmρntFoτFtχρFproπuνtψonFνrossSsρνtψonFoτFˇ�NY|OFSgFsVˇ�NSg˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FψnFppFνollψsψonsFγtFNF
sqrt{s}FOFfF_F}ρ‘FγtFj}uj|TFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 16

150 vργsurρmρntFoτFtχρF V˛‡FPFμosonFtrγnsvρrsρFmomρntumFπψstrψμutψonFψnFppFνollψsψonsFγtFNFsqrt{s}f_FOF
}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 79

149
|ργrνχFτorFstronφFproπuνtψonFoτFsupρrsymmρtrψνFpγrtψνlρsFψnFτψnγlFstγtρsFwψtχFmψssψnφFtrγnsvρrsρF
momρntumFγnπFγtFlργstFtχrρρFμSjρtsFγtFNFsqrt{s}FfFaFOF}ρ‘FprotonSprotonFνollψsψonsFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX

5.4 31

148 vργsurρmρntFoτFπψττρrρntψγlFproπuνtψonFνrossSsρνtψonsFτorFγF FμosonFψnFγssoνψγtψonFwψtχFμSjρtsFψnF_F
}ρ‘FprotonSprotonFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 26

147 |ργrνχFτorFlonφSlψvρπFnρutrγlFpγrtψνlρsFπρνγyψnφFψntoFlρptonFjρtsFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2014RFYWX[RFX 5.4 38

146
|ργrνχFτorFpγψrFγnπFsψnφlρFproπuνtψonFoτFnρwFχργvyFquγrksFtχγtFπρνγyFtoFγF FμosonFγnπFγF
tχψrπSφρnρrγtψonFquγrkFψnFppFνollψsψonsFγtFNFsqrt{s}faFOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2014RFYWX[RFX

5.4 29

145 vργsurρmρntFoτFtχρFproπuνtψonFνrossFsρνtψonFoτFjρtsFψnFγssoνψγtψonFwψtχFγF FμosonFψnFppFνollψsψonsFγtF
NFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 50

144 vργsurρmρntFoτFtχρFνrossSsρνtψonFτorF’FμosonFproπuνtψonFψnFγssoνψγtψonFwψtχFμSjρtsFψnFppFνollψsψonsF
γtFNFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 34

143 |ργrνχFτorFtχψrπFφρnρrγtψonFsνγlγrFlρptoquγrksFψnFppFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 30

142 |ργrνχFτorFπγrkFmγttρrFνγnπψπγtρsFγnπFlγrφρFρxtrγFπψmρnsψonsFψnFρvρntsFwψtχFγFjρtFγnπFmψssψnφF
trγnsvρrsρFmomρntumFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 124
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141 vργsurρmρntFoτF  FproπuνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FγnπFlψmψtsFonFγnomγlousF   FγnπF
  ˛‡FνouplψnφsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 45

140
|ργrνχFτorFνχγrφρπFqψφφsFμosonsFtχrouφχFtχρFvψolγtψonFoτFlρptonFunψvρrsγlψtyFψnFNFtovρrlψnρ{t}FOF
ρvρntsFusψnφFppFνollψsψonFπγtγFγtFNFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|FρxpρrψmρntTFJournalpofpHighp
EnergypPhysicsRF2013RFYWXZRFX

5.4 14

139 |ργrνχFτorFtχρFnρutrγlFqψφφsFμosonsFoτFtχρFmψnψmγlFsupρrsymmρtrψνFstγnπγrπFmoπρlFψnFppFνollψsψonsF
γtFNFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 47

138 vργsurρmρntFoτFsplψttψnφFsνγlρsFψnFSgFρvρntsFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2013RF_ZRFY[ZY 4.2 8

137
|ργrνχFτorFγFlψφχtFνχγrφρπFqψφφsFμosonFψnFtχρFπρνγyFνχγnnρlF±oormulγcFsρρFtρxtℓFψnF±oormulγcFsρρF
tρxtℓFρvρntsFusψnφFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2013RF_ZRFY[^]

4.2 76

136
|ργrνχFτorFπψrρνtFtχψrπSφρnρrγtψonFsquγrkFpγψrFproπuνtψonFψnFτψnγlFstγtρsFwψtχFmψssψnφFtrγnsvρrsρF
momρntumFγnπFtwoFμSjρtsFψnFNFsqrt{s}faFOF}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTFJournalpofpHighp
EnergypPhysicsRF2013RFYWXZRFX

5.4 92

135
|ργrνχFτorFnρwFpχρnomρnγFψnFτψnγlFstγtρsFwψtχFlγrφρFjρtFmultψplψνψtψρsFγnπFmψssψnφFtrγnsvρrsρF
momρntumFγtFNFsqrt{s}faFOF}ρ‘FprotonSprotonFνollψsψonsFusψnφFtχρFj}uj|FρxpρrψmρntTFJournalpofp
HighpEnergypPhysicsRF2013RFYWXZRFX

5.4 64

134 vργsurρmρntFoτFtχρFπψττρrρntψγlFνrossSsρνtψonFoτFkFQFmρsonFproπuνtψonFψnFppFνollψsψonsFγtFNF
sqrt{s}f_FOF}ρ‘FγtFj}uj|TFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 24

133 yρrτormγnνρFoτFjρtFsuμstruνturρFtρνχnψquρsFτorFlγrφρS{FjρtsFψnFprotonSprotonFνollψsψonsFγtFNF
sqrt{s}f_FOF}ρ‘FusψnφFtχρFj}uj|FπρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 43

132 rmprovρπFlumψnosψtyFπρtρrmψnγtψonFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFusψnφFtχρFj}uj|FπρtρνtorFγtF
tχρFuqlTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFY]Xa 4.2 276

131
vργsurρmρntFoτFtχρFψnνlusψvρFjρtFνrossSsρνtψonFψnFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFγnπFνompγrψsonF
toFtχρFψnνlusψvρFjρtFνrossSsρνtψonFγtF±oormulγcFsρρFtρxtℓFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalp
JournalpCRF2013RF_ZRFY]Wb

4.2 71

130 vultψSνχγnnρlFsργrνχFτorFsquγrksFγnπFφluψnosFψnF±oormulγcFsρρFtρxtℓFνollψsψonsFwψtχFtχρFj}uj|F
πρtρνtorFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFYZ^Y 4.2 25

129 sρtFρnρrφyFmργsurρmρntFwψtχFtχρFj}uj|FπρtρνtorFψnFprotonSprotonFνollψsψonsFγtF
Nsqrt{mγtχrm{s}}f_Fmγtχrm{}ρ‘}OTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFX 4.2 209

128 vργsurρmρntFoτFjρtFsχγpρsFψnFtopSquγrkFpγψrFρvρntsFγtF±oormulγcFsρρFtρxtℓFusψnφFtχρFj}uj|F
πρtρνtorTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFY^_^ 4.2 18

127
vργsurρmρntFoτFtχρFπψstrψμutψonsFoτFρvρntSμySρvρntFτlowFχγrmonψνsFψnFlργπSlργπFνollψsψonsFγtFNF
sqrt{{{s≥{wwF}}}}FOFfFYT_^F}ρ‘FwψtχFtχρFj}uj|FπρtρνtorFγtFtχρFuqlTFJournalpofpHighpEnergypPhysicsRF
2013RFYWXZRFX

5.4 143

126 vργsurρmρntFoτFtχρFtopFquγrkFνχγrφρFψnFppFνollψsψonsFγtFNFsqrt{s}f_FOF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTF
JournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 15

125 j}uj|FsργrνχFτorFnρwFpχρnomρnγFψnFπψjρtFmγssFγnπFγnφulγrFπψstrψμutψonsFusψnφFppFνollψsψonsFγtFNF
sqrt{s}f_FO}ρ‘TFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 72

124 vργsurρmρntFoτFψsolγtρπSpχotonFpγψrFproπuνtψonFψnFppFνollψsψonsFγtFNFsqrt{s}f_d}ρ‘FOFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 44

(2013-2013)
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123 |ργrνχFτorFrρsonγnνρsFπρνγyψnφFψntoFtopSquγrkFpγψrsFusψnφFτullyFχγπronψνFπρνγysFψnFppFνollψsψonsFwψtχF
j}uj|FγtFNFsqrt{s}f_FOF}ρ‘TFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX 5.4 55

122
|ργrνχFτorFπψrρνtFνχγrφψnoFproπuνtψonFψnFγnomγlySmρπψγtρπFsupρrsymmρtryFμrργkψnφFmoπρlsFμγsρπF
onFγFπψsγppργrψnφStrγνkFsψφnγturρFψnFppFνollψsψonsFγtFNFsqrt{s}f_dmγtχrm{}ρ‘}FOFwψtχFtχρFj}uj|F
πρtρνtorTFJournalpofpHighpEnergypPhysicsRF2013RFYWXZRFX

5.4 15

121 vργsurρmρntsFoτFtopFquγrkFpγψrFrρlγtψvρFπψττρrρntψγlFνrossSsρνtψonsFwψtχFj}uj|FψnFppFνollψsψonsFγtF
Nsqrt{s}FfF_Fmμox{}ρ‘}OTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFX 4.2 55

120 |ργrνχFτorFpγψrSproπuνρπFmγssψvρFνolourρπFsνγlγrsFψnFτourSjρtFτψnγlFstγtρsFwψtχFtχρFj}uj|FπρtρνtorF
ψnFprotonâ��protonFνollψsψonsFγtFNsqrt{s}FfF_Fmμox{}ρ‘}OTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFX 4.2 44

119 vργsurρmρntFoτFtχρFτlγvourFνomposψtψonFoτFπψjρtFρvρntsFψnFppFνollψsψonsFγtFNsqrt{s}f_Fmμox{}ρ‘}OF
wψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFX 4.2 12

118 |ψnφlρFχγπronFrρsponsρFmργsurρmρntFγnπFνγlorψmρtρrFjρtFρnρrφyFsνγlρFunνρrtγψntyFwψtχFtχρFj}uj|F
πρtρνtorFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFX 4.2 41

117 sρtFρnρrφyFrρsolutψonFψnFprotonSprotonFνollψsψonsFγtF±oormulγcFsρρFtρxtℓFrρνorπρπFψnFYWXWFwψtχFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFYZW^ 4.2 153

116 vργsurρmρntFoτFtχρF±oormulγcFsρρFtρxtℓFproπuνtψonFνrossFsρνtψonFψnFtχρFtγuFQFjρtsFνχγnnρlFusψnφFtχρF
j}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2013RF_ZRFYZYa 4.2 30

115
|ργrνχFτor’qproπuνtψonFwψtχFγFlψφχtFqψφφsFμosonFπρνγyψnφFtoFpromptFρlρνtronSjρtsFψnF
protonâ��protonFνollψsψonsFγtFJsqrtF{s}f_JF}ρ‘FwψtχFtχρFj}uj|FπρtρνtorTFNewpJournalpofpPhysicsRF2013RF
X]RFW[ZWWb

2.9 15

114 |ργrνχFτorFπρνγysFoτFstoppρπRFlonφSlψvρπFpγrtψνlρsFτromF_F}ρ‘FppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorTF
EuropeanpPhysicalpJournalpCRF2012RF_YRFX 4.2 14

113
vργsurρmρntFoτFtχρFpolγrψsγtψonFoτF’FμosonsFproπuνρπFwψtχFlγrφρFtrγnsvρrsρFmomρntumFψnFppF
νollψsψonsFγtFNsqrt{s}FfF_Fmμox{}ρ‘}OFwψtχFtχρFj}uj|FρxpρrψmρntTFEuropeanpPhysicalpJournalpCRF2012RF
_YRFX

4.2 31

112 vργsurρmρntFoτFtχρFνχγrφρFγsymmρtryFψnFtopFquγrkFpγψrFproπuνtψonFψnFνollψsψonsFγtF±oormulγcFsρρF
tρxtℓFusψnφFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2012RF_YRFYWZb 4.2 78

111 |ργrνχFτorFlρptonFτlγvourFvψolγtψonFψnFtχρFνontψnuumFwψtχFtχρFj}uj|FπρtρνtorFψnF±oormulγcFsρρFtρxtℓF
νollψsψonsFγtFtχρFuqlTFEuropeanpPhysicalpJournalpCRF2012RF_YRFYW[W 4.2 10

110 vργsurρmρntFoτFtχρFtopFquγrkFmγssFwψtχFtχρFtρmplγtρFmρtχoπFψnFtχρF±oormulγcFsρρFtρxtℓFνχγnnρlF
usψnφFj}uj|FπγtγTFEuropeanpPhysicalpJournalpCRF2012RF_YRFYW[^ 4.2 42

109 |ργrνχFτorFχργvyFnρutrψnosFγnπFrψφχtSχγnπρπFμosonsFψnFρvρntsFwψtχFtwoFlρptonsFγnπFjρtsFψnF
νollψsψonsFγtF±oormulγcFsρρFtρxtℓFwψtχFtχρFj}uj|FπρtρνtorTFEuropeanpPhysicalpJournalpCRF2012RF_YRFYW]^ 4.2 78

108 vργsurρmρntFoτFpolγrψzγtψonFψnFSgFπρνγysFwψtχFtχρFj}uj|FπρtρνtorFψnFνollψsψonsFγtF±oormulγcFsρρF
tρxtℓTFEuropeanpPhysicalpJournalpCRF2012RF_YRFYW^Y 4.2 17

107
vργsurρmρntFoτFtχρFνrossFsρνtψonFτorFtopSquγrkFpγψrFproπuνtψonFψnFppFνollψsψonsFγtFNsqrtF{s}FfF
{_}R{tρxt{}ρ‘}}OFwψtχFtχρFj}uj|FπρtρνtorFusψnφFτψnγlFstγtρsFwψtχFtwoFχψφχSpF}FlρptonsTFJournalpofp
HighpEnergypPhysicsRF2012RFYWXYRFX

5.4 43

106 sρtFmγssFγnπFsuμstruνturρFoτFψnνlusψvρFjρtsFψnFNFsqrtF{s}FfF_d{tρxt{}ρ‘}}FOFppFνollψsψonsFwψtχFtχρFj}uj|F
ρxpρrψmρntTFJournalpofpHighpEnergypPhysicsRF2012RFYWXYRFX 5.4 67
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105 vργsurρmρntFoτFψnνlusψvρFtwoSpγrtψνlρFγnφulγrFνorrρlγtψonsFψnFppFνollψsψonsFwψtχFtχρFj}uj|FπρtρνtorF
γtFtχρFuqlTFJournalpofpHighpEnergypPhysicsRF2012RFYWXYRFX 5.4 10

104
quntFτorFnρwFpχρnomρnγFusψnφFlγrφρFjρtFmultψplψνψtψρsFγnπFmψssψnφFtrγnsvρrsρFmomρntumFwψtχF
j}uj|FψnF[T_Fτμâ��XFoτFNFsqrtF{s}FfF_d}ρ‘FOFprotonSprotonFνollψsψonsTFJournalpofpHighpEnergypPhysicsRF
2012RFYWXYRFX

5.4 48

103
jFsργrνχFτorFNFtovρrlψnρFtFOFrρsonγnνρsFψnFlρptonQjρtsFρvρntsFwψtχFχψφχlyFμoostρπFtopFquγrksF
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