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477 qχρρsFαosonFproμuγtχonFγrossTsνγtχonFmνΣsurνmνntsFΣnμFtτνχrFno~FχntνrprνtΣtχonFχnFtτνFN[νllFOF
μνγΣyFγτΣnnνlFΣtFNsqrt{s}fOXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 12

476 }νΣrγτFπorFpΣχrsFoπFsγΣlΣrFlνptoquΣrksFμνγΣyχnρFχntoFquΣrksFΣnμFνlνγtronsForFmuonsFχnFNFsqrt{s}FOFfFXZF
~ν’FppFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8

475 }νΣrγτFπorFsquΣrksFΣnμFρluχnosFχnFπχnΣlFstΣtνsFwχtτFsΣmνTsχρnFlνptonsFΣnμFψνtsFusχnρFXZbFπαâ��XFoπFμΣtΣF
γollνγtνμFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8
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474
}νΣrγτFπorFμχψνtFrνsonΣnγνsFχnFνvνntsFwχtτFΣnFχsolΣtνμFγτΣrρνμFlνptonFusχnρFNFsqrt{s}FOFfFXZF~ν’F
protonTprotonFγollχsχonFμΣtΣFγollνγtνμFαyFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SF
YWYWSFX

5.4 3

473 vνΣsurνmνntFoπFtτνF±NTgFâ��Râ��â��O˛‡FproμuγtχonFγrossTsνγtχonFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτF
tτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 2

472 vνΣsurνmνntFoπFlonρTrΣnρνFtwoTpΣrtχγlνFΣzχmutτΣlFγorrνlΣtχonsFχnF±TαosonFtΣρρνμFppFγollχsχonsFΣtF
Nsqrt{s}faOFΣnμFXZF~ν’UFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 3

471 ~rΣnsvνrsνFmomνntumFΣnμFproγνssFμνpνnμνntFΣzχmutτΣlFΣnχsotropχνsFχnFNsqrt{s_{mΣtτrmF
{ww}}}faUX^OF~ν’FpRyαFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 7

470 yνrπormΣnγνFoπFνlνγtronFΣnμFpτotonFtrχρρνrsFχnFj~uj}FμurχnρFuqlF{unFYUFEuropeannPhysicalnJournaln
CSF2020SFaWSFX 4.2 30

469
}νΣrγτFπorFνlνγtrowνΣkFproμuγtχonFoπFγτΣrρχnosFΣnμFslνptonsFμνγΣyχnρFχntoFπχnΣlFstΣtνsFwχtτFtwoF
lνptonsFΣnμFmχssχnρFtrΣnsvνrsνFmomνntumFχnFNsqrt{s}fXZOFNtνxtF{~ν’}OFppFγollχsχonsFusχnρFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX

4.2 50

468 }νΣrγτFπorFtopFsquΣrksFχnFνvνntsFwχtτFΣFqχρρsForF±FαosonFusχnρFXZbFπαN≥{TX}OFoπFppFγollχsχonFμΣtΣFΣtF
Nsqrt{s}fXZOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 1

467 nvχμνnγνFπorFNtαΣr{t}tαΣr{t}OFproμuγtχonFχnFtτνFmultχlνptonFπχnΣlFstΣtνFχnFprotonâ��protonFγollχsχonsFΣtF
Nsqrt{s}fXZOFNtνxtF{~ν’}OFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 8

466 }νΣrγτFπorFτνΣvyFμχαosonFrνsonΣnγνsFχnFsνmχlνptonχγFπχnΣlFstΣtνsFχnFppFγollχsχonsFΣtFNsqrt{s}fXZOF~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 4

465
}νΣrγτFπorFlχρτtFlonρTlχvνμFnνutrΣlFpΣrtχγlνsFproμuγνμFχnFppFγollχsχonsFΣtFNsqrt{s}FfFXZ~mΣtτrmF{~ν’}OF
ΣnμFμνγΣyχnρFχntoFγollχmΣtνμFlνptonsForFlχρτtFτΣμronsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicaln
JournalnCSF2020SFaWSFX

4.2 8

464
}νΣrγτFπorFΣFsγΣlΣrFpΣrtnνrFoπFtτνFtopFquΣrkFχnFtτνFΣllTτΣμronχγFNt{αΣr{t}}OFplusFmχssχnρFtrΣnsvνrsνF
momνntumFπχnΣlFstΣtνFΣtFNsqrt{s}fXZOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF
2020SFaWSFX

4.2 17

463 jlχρnmνntFoπFtτνFj~uj}FrnnνrFmνtνγtorFχnF{unFYUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 4

462 mνtνrmχnΣtχonFoπFψνtFγΣlχαrΣtχonFΣnμFνnνrρyFrνsolutχonFχnFprotonâ��protonFγollχsχonsFΣtFNsqrt{s}FfF
a~ταoxF{~ν’}OFusχnρFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 3

461 vνΣsurνmνntFoπFsVˇ�FproμuγtχonFχnFΣssoγχΣtχonFwχtτFΣF–´–FαosonFwχtτFppFμΣtΣFΣtFaF~ν’UFJournalnofn
HighnEnergynPhysicsSF2020SFYWYWSFX 5.4 4

460 }νΣrγτFπorFnνwFrνsonΣnγνsFχnFmΣssFμχstrχαutχonsFoπFψνtFpΣχrsFusχnρFXZbFπαâ��XFoπFppFγollχsχonsFΣtFNF
sqrt{mΣtτrm{s}}FOFfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 20

459 }νΣrγτFπorFNFtovνrlχnν{t}FOFrνsonΣnγνsFχnFπullyFτΣμronχγFπχnΣlFstΣtνsFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 6

458 {νγonstruγtχonFΣnμFχμνntχπχγΣtχonFoπFαoostνμFμχTˇ�FsystνmsFχnFΣFsνΣrγτFπorFqχρρsFαosonFpΣχrsFusχnρFXZF
~ν’FprotonTprotonFγollχsχonFμΣtΣFχnFj~uj}UFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 3

457
vνΣsurνmνntsFoπFχnγlusχvνFΣnμFμχππνrνntχΣlFγrossTsνγtχonsFoπFγomαχnνμFNFtovνrlχnν{t}ρΣmmΣFOFΣnμF
t–˛‡FproμuγtχonFχnFtτνFν˛…FγτΣnnνlFΣtFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysics
SF2020SFYWYWSFX

5.4 2
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456 yνrπormΣnγνFoπFtτνFmχssχnρFtrΣnsvνrsνFmomνntumFtrχρρνrsFπorFtτνFj~uj}FμνtνγtorFμurχnρF{unTYF
μΣtΣFtΣkχnρUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8

455 }νΣrγτFπorFnνwFnonTrνsonΣntFpτνnomνnΣFχnFτχρτTmΣssFμχlνptonFπχnΣlFstΣtνsFwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 9

454 vνΣsurνmνntsFoπFtτνFqχρρsFαosonFχnγlusχvνFΣnμFμχππνrνntχΣlFπχμuγχΣlFγrossFsνγtχonsFχnFtτνF[NνllFOF
μνγΣyFγτΣnnνlFΣtFNsqrt{s}OFfFXZF~ν’UFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 9

453 oluγtuΣtχonsFoπFΣnχsotropχγFπlowFχnFyαRyαFγollχsχonsFΣtFNFsqrt{{mΣtτrm{s}}_{mΣtτrm{ww}}}FOFfF]UWYF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 13

452
}νΣrγτFπorFμχrνγtFproμuγtχonFoπFνlνγtrowνΣkχnosFχnFπχnΣlFstΣtνsFwχtτFonνFlνptonSFmχssχnρFtrΣnsvνrsνF
momνntumFΣnμFΣFqχρρsFαosonFμνγΣyχnρFχntoFtwoFαTψνtsFχnFNppOFγollχsχonsFΣtFNsqrt{s}fXZOF~ν’FwχtτF
tτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX

4.2 13

451 vνΣsurνmνntFoπFμχππνrνntχΣlFγrossFsνγtχonsFπorFsχnρlνFμχππrΣγtχvνFμχssoγχΣtχonFχnFNFsqrt{s}FOFfFaF~ν’FppF
γollχsχonsFusχnρFtτνFj~uj}FjuojFspνγtromνtνrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 1

450 vνΣsurνmνntFoπFχsolΣtνμTpτotonFplusFtwoTψνtFproμuγtχonFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτF
tτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 2

449
vνΣsurνmνntsFoπFtτνFproμuγtχonFγrossTsνγtχonFπorFΣF±FαosonFχnFΣssoγχΣtχonFwχtτFαTψνtsFχnF
protonTprotonFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2020SFYWYWSFX

5.4 5

448
}νΣrγτFπorFtτνFqqFTgFNFαovνrlχnν{α}αovνrlχnν{α}FOFproγνssFvχΣFvνγtorTαosonFπusχonFproμuγtχonFusχnρF
protonTprotonFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2020SFYWYWSFX

5.4 5

447 xαsνrvΣtχonFoπFtτνFΣssoγχΣtνμFproμuγtχonFoπFΣFtopFquΣrkFΣnμFΣF±FαosonFχnFppFγollχsχonsFΣtFNFsqrt{s}FOfF
XZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 5

446 vνΣsurνmνntFoπFtτνFtrΣnsvνrsνFmomνntumFμχstrχαutχonFoπFmrνllâ�� ΣnFlνptonFpΣχrsFχnFprotonâ��protonF
γollχsχonsFΣtFNsqrt{s}fXZSO~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 7

445
}νΣrγτFπorFμχrνγtFproμuγtχonFoπFνlνγtrowνΣkχnosFχnFπχnΣlFstΣtνsFwχtτFmχssχnρFtrΣnsvνrsνFmomνntumF
ΣnμFΣFqχρρsFαosonFμνγΣyχnρFχntoFpτotonsFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX

5.4 1

444 vνΣsurνmνntsFoπFtopTquΣrkFpΣχrFspχnFγorrνlΣtχonsFχnFtτνFNνmuFOFγτΣnnνlFΣtFNsqrt{s}FfFXZOF~ν’FusχnρF
ppFγollχsχonsFχnFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 8

443 vνΣsurνmνntFoπFtτνFγrossTsνγtχonFΣnμFγτΣrρνFΣsymmνtryFoπF–FαosonsFproμuγνμFχnFprotonâ��protonF
γollχsχonsFΣtFNsqrt{s}fa~tνxtF{~ν’}OFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 11

442
vνΣsurνmνntFoπFψνtTsuαstruγturνFoαsνrvΣαlνsFχnFtopFquΣrkSF–FαosonFΣnμFlχρτtFψνtFproμuγtχonFχnF
protonTprotonFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 8

441 nlνγtronFrνγonstruγtχonFΣnμFχμνntχπχγΣtχonFχnFtτνFj~uj}FνxpνrχmνntFusχnρFtτνFYWX]FΣnμFYWX^FuqlF
protonâ��protonFγollχsχonFμΣtΣFΣtFNsqrt{s}FfFXZOFNtνxtF{~ν’}OUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 37

440 vνΣsurνmνntFoπFμχstrχαutχonsFsνnsχtχvνFtoFtτνFunμνrlyχnρFνvνntFχnFχnγlusχvνF±FαosonFproμuγtχonFχnF
ppFγollχsχonsFΣtFNsqrt{s}OFfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 2

439
}νΣrγτνsFπorFsγΣlΣrFlνptoquΣrksFΣnμFμχππνrνntχΣlFγrossTsνγtχonFmνΣsurνmνntsFχnFμχlνptonâ��μχψνtF
νvνntsFχnFprotonâ��protonFγollχsχonsFΣtFΣFγνntrνToπTmΣssFνnνrρyFoπFNvΣrvνγ{sqrt{s}}OFfFXZF~ν’FwχtτFtτνF
j~uj}FνxpνrχmνntUFEuropeannPhysicalnJournalnCSF2019SF_bSFX

4.2 15
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438 }νΣrγτFπorFsχnρlνFproμuγtχonFoπFvνγtorTlχkνFquΣrksFμνγΣyχnρFχntoF–αFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 14

437 }νΣrγτFπorFtopTquΣrkFμνγΣysFtFTgFqqFwχtτFZ^Fπαâ��XFoπFppFγollχsχonFμΣtΣFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 13

436
vνΣsurνmνntFoπF’qSFNFmΣtτrm{q}toFmΣtτrm{α}ovνrlχnν{mΣtτrm{α}}FOFproμuγtχonFΣsFΣFπunγtχonFoπF
tτνFvνγtorTαosonFtrΣnsvνrsνFmomνntumFχnFXZF~ν’FppFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofn
HighnEnergynPhysicsSF2019SFYWXbSFX

5.4 8

435 vνΣsurνmνntsFoπF–FΣnμF±FαosonFproμuγtχonFχnFppFγollχsχonsFΣtFNsqrt{s}f]UWYOF~ν’FwχtτFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 12

434 yνrπormΣnγνFoπFtopTquΣrkFΣnμFNvΣrvνγ{–}OTαosonFtΣρρχnρFwχtτFj~uj}FχnF{unFYFoπFtτνFuqlUFEuropeann
PhysicalnJournalnCSF2019SF_bSFX 4.2 19

433 vνΣsurνmνntsFoπFχnγlusχvνFΣnμFμχππνrνntχΣlFπχμuγχΣlFγrossTsνγtχonsFoπFNtαΣr{t}ρΣmmΣFOFproμuγtχonFχnF
lνptonχγFπχnΣlFstΣtνsFΣtFNsqrt{s}fXZ~tνxtF{~ν’}OFχnFj~uj}UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 7

432 nlνγtronFΣnμFpτotonFνnνrρyFγΣlχαrΣtχonFwχtτFtτνFj~uj}FμνtνγtorFusχnρFYWX]â��YWX^FuqlF
protonTprotonFγollχsχonFμΣtΣUFJournalnofnInstrumentationSF2019SFX[SFyWZWX_TyWZWX_ 1 25

431 }νΣrγτFπorFμouαlyFγτΣrρνμFsγΣlΣrFαosonsFμνγΣyχnρFχntoFsΣmνTsχρnFαosonFpΣχrsFwχtτFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSF]a 4.2 20

430
}νΣrγτFπorFτνΣvyFvΣψorΣnΣForFmχrΣγFnνutrχnosFΣnμFrχρτtTτΣnμνμF–FρΣuρνFαosonsFχnFπχnΣlFstΣtνsFwχtτF
twoFγτΣrρνμFlνptonsFΣnμFtwoFψνtsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighn
EnergynPhysicsSF2019SFYWXbSFX

5.4 21

429 rnFsχtuFγΣlχαrΣtχonFoπFlΣrρνTrΣμχusFψνtFνnνrρyFΣnμFmΣssFχnFXZF~ν’Fprotonâ��protonFγollχsχonsFwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 16

428 vνΣsurνmνntFoπFtτνFpτotonFχμνntχπχγΣtχonFνππχγχνnγχνsFwχtτFtτνFj~uj}FμνtνγtorFusχnρFuqlF{unFYF
μΣtΣFγollνγtνμFχnFYWX]FΣnμFYWX^UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 26

427 vνΣsurνmνntFoπFtτνFrΣtχoFoπFγrossFsνγtχonsFπorFχnγlusχvνFχsolΣtνμTpτotonFproμuγtχonFχnFppFγollχsχonsF
ΣtFNFsqrt{s}FOFfFXZFΣnμFaF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 5

426 vνΣsurνmνntFoπFtτνFtopFquΣrkFmΣssFχnFtτνFNtαΣr{t}rχρτtΣrrowFOFlνptonRψνtsFγτΣnnνlFπromFNsqrt{s}faOF
~ν’Fj~uj}FμΣtΣFΣnμFγomαχnΣtχonFwχtτFprνvχousFrνsultsUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 24

425
}νΣrγτFπorFpΣχrFproμuγtχonFoπFqχρρsFαosonsFχnFtτνFNFαovνrlχnν{α}αovνrlχnν{α}FOFπχnΣlFstΣtνFusχnρF
protonTprotonFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 31

424 lonstrΣχntsFonFmνμχΣtorTαΣsνμFμΣrkFmΣttνrFΣnμFsγΣlΣrFμΣrkFνnνrρyFmoμνlsFusχnρFNFsqrt{s}FOFfFXZF~ν’F
ppFγollχsχonFμΣtΣFγollνγtνμFαyFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 31

423 }νΣrγτFπorFlonρTlχvνμFnνutrΣlFpΣrtχγlνsFχnFppFγollχsχonsFΣtFN{sqrt{s}}FfFXZ~{tνxtF{F~ν’}}OFtτΣtFμνγΣyFχntoF
μχsplΣγνμFτΣμronχγFψνtsFχnFtτνFj~uj}FγΣlorχmνtνrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 18

422 }νΣrγτFπorFqχρρsFαosonFpΣχrFproμuγtχonFχnFtτνF––NPO––NPOFμνγΣyFγτΣnnνlFusχnρFj~uj}FμΣtΣF
rνγorμνμFΣtFNFsqrt{mΣtτrm{s}}FOFfFXZF~ν’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 12

421 }νΣrγτFπorFlΣrρνFmχssχnρFtrΣnsvνrsνFmomνntumFχnFΣssoγχΣtχonFwχtτFonνFtopTquΣrkFχnFprotonTprotonF
γollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 7
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420
vνΣsurνmνntFoπFN–≥{pmF}±OFproμuγtχonFγrossFsνγtχonsFΣnμFρΣuρνFαosonFpolΣrχsΣtχonFχnFppF
γollχsχonsFΣtFNsqrt{s}FfFXZ~tνxtF{~ν’}OFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF
_bSFX

4.2 20

419 }νΣrγτνsFπorFtτχrμTρνnνrΣtχonFsγΣlΣrFlνptoquΣrksFχnFNFsqrt{s}FOFfFXZF~ν’FppFγollχsχonsFwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 18

418
}νΣrγτFπorFsγΣlΣrFrνsonΣnγνsFμνγΣyχnρFχntoF˛…R˛…â��FχnFνvνntsFwχtτFΣnμFwχtτoutFαTtΣρρνμFψνtsFproμuγνμF
χnFprotonTprotonFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 8

417 }νΣrγτFπorFμχαosonFrνsonΣnγνsFχnFτΣμronχγFπχnΣlFstΣtνsFχnFXZbFπαâ��XFoπFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 10

416 }νΣrγτFπorFνxγχtνμFνlνγtronsFsχnρlyFproμuγνμFχnFprotonâ��protonFγollχsχonsFΣtFJJsqrt{s}F~f~XZ~tνxtF
{~ν}tνxtF{’}JJFwχtτFtτνFj~uj}FνxpνrχmνntFΣtFtτνFuqlUFEuropeannPhysicalnJournalnCSF2019SF_bSF 4.2 3

415 rμνntχπχγΣtχonFoπFαoostνμFqχρρsFαosonsFμνγΣyχnρFχntoFαTquΣrkFpΣχrsFwχtτFtτνFj~uj}FμνtνγtorFΣtF
XZ´ JJtνxtF{~ν’}JJUFEuropeannPhysicalnJournalnCSF2019SF_bSF 4.2 11

414 vνΣsurνmνntFoπFJJt_}≥WJJFΣnμFJJuΣmαμΣF≥WJJFproμuγtχonFχnFJJtFαΣr{t}JJFμχlνptonχγFνvνntsFχnFppF
γollχsχonsFΣtFJJsqrt{s}FfJJF_F~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 3

413 vνΣsurνmνntFoπFtτνFχnγlusχvνFχsolΣtνμTpτotonFγrossFsνγtχonFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFXZF~ν’F
usχnρFZ^Fπαâ��XFoπFj~uj}FμΣtΣUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 2

412 jFstrΣtνρyFπorFΣFρνnνrΣlFsνΣrγτFπorFnνwFpτνnomνnΣFusχnρFμΣtΣTμνrχvνμFsχρnΣlFrνρχonsFΣnμFχtsF
ΣpplχγΣtχonFwχtτχnFtτνFj~uj}FνxpνrχmνntUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 14

411 vνΣsurνmνntFoπFtτνFtopTquΣrkFmΣssFχnFNFtovνrlχnν{t}FOFRFXTψνtFνvνntsFγollνγtνμFwχtτFtτνFj~uj}F
μνtνγtorFχnFppFγollχsχonsFΣtFNFsqrt{s}FOFfFaF~ν’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 12

410 vνΣsurνmνntFoπFπχμuγχΣlFΣnμFμχππνrνntχΣlFN–≥R–≥TOFproμuγtχonFγrossTsνγtχonsFΣtFNsqrt{s}fXZOF~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 16

409 vνΣsurνmνntFoπF±±FproμuγtχonFχnFtτνFâ��â�� ˛‰ ˛‰FπχnΣlFstΣtνFwχtτFtτνFj~uj}FμνtνγtorFχnFppFγollχsχonsFΣtFNF
sqrt{s}FOFfFXZF~ν’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 2

408 vνΣsurνmνntFoπFN–≥{pmF}OTαosonFΣnμF±TαosonFproμuγtχonFγrossTsνγtχonsFχnFppFγollχsχonsFΣtF
Nsqrt{s}fYU_^OF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 2

407
vνΣsurνmνntFoπFtτνFχnγlusχvνFγrossTsνγtχonFπorFtτνFproμuγtχonFoπFψνtsFχnFΣssoγχΣtχonFwχtτFΣF±FαosonF
χnFprotonâ��protonFγollχsχonsFΣtFaF~ν’FusχnρFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF
_bSFX

4.2 4

406
}νΣrγτFπorFτνΣvyFnνutrΣlFlνptonsFχnFμνγΣysFoπF–FαosonsFproμuγνμFχnFXZF~ν’FppFγollχsχonsFusχnρF
promptFΣnμFμχsplΣγνμFsχρnΣturνsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2019SF
YWXbSFX

5.4 21

405 vνΣsurνmνntFoπFN–≥pmFOFαosonFproμuγtχonFχnFyαRyαFγollχsχonsFΣtFNsqrt{s_{mΣtτrm{ww}}}FfF
]UWY~tνxtF{~ν}tνxtF{’}OFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 7

404 j~uj}FαTψνtFχμνntχπχγΣtχonFpνrπormΣnγνFΣnμFνππχγχνnγyFmνΣsurνmνntFwχtτFNt{αΣr{t}}OFνvνntsFχnFppF
γollχsχonsFΣtFNsqrt{s}fXZOF~ν’UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 43

403
vνΣsurνmνntFoπFπlowFτΣrmonχγsFγorrνlΣtχonsFwχtτFmνΣnFtrΣnsvνrsνFmomνntumFχnFlνΣμâ��lνΣμFΣnμF
protonâ��lνΣμFγollχsχonsFΣtFNsqrt{s_{mΣtτrm{ww}}}FfF]UWY~ταoxF{~ν’}OFwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2019SF_bSFX

4.2 16
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402
vνΣsurνmνntsFoπFtopTquΣrkFpΣχrFμχππνrνntχΣlFΣnμFμouαlνTμχππνrνntχΣlFγrossTsνγtχonsFχnFtτνFNνllFORψνtsF
γτΣnnνlFwχtτFppFγollχsχonsFΣtFNsqrt{s}fXZOF~ν’FusχnρFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnC
SF2019SF_bSFX

4.2 13

401 }νΣrγτFπorFαottomTsquΣrkFpΣχrFproμuγtχonFwχtτFtτνFj~uj}FμνtνγtorFχnFπχnΣlFstΣtνsFγontΣχnχnρFqχρρsF
αosonsSFαTψνtsFΣnμFmχssχnρFtrΣnsvνrsνFmomνntumUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 7

400
}νΣrγτFπorFΣμμχtχonΣlFτνΣvyFnνutrΣlFqχρρsFΣnμFρΣuρνFαosonsFχnFtτνFμχtΣuFπχnΣlFstΣtνFproμuγνμFχnFZ^F
παâ��XFoπFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF
2018SFYWXaSFX

5.4 81

399 vνΣsurνmνntFoπFtτνFγrossTsνγtχonFπorFproμuγχnρFΣF–FαosonFχnFΣssoγχΣtχonFwχtτFΣFsχnρlνFtopFquΣrkFχnF
ppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFj~uj}UFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 10

398 vνΣsurνmνntFoπFtτνFTαosonFmΣssFχnFppFγollχsχonsFΣtFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicaln
JournalnCSF2018SF_aSFXXW 4.2 59

397 }νΣrγτFπorFnνwFpτνnomνnΣFχnFτχρτTmΣssFπχnΣlFstΣtνsFwχtτFΣFpτotonFΣnμFΣFψνtFπromFγollχsχonsFΣtFfF
XZ´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFXWY 4.2 7

396 }νΣrγτFπorFtτνFμχrνγtFproμuγtχonFoπFγτΣrρχnosFΣnμFnνutrΣlχnosFχnFπχnΣlFstΣtνsFwχtτFtΣuFlνptonsFχnF
γollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFX][ 4.2 23

395 vνΣsurνmνntFoπFlonρχtuμχnΣlFπlowFμνγorrνlΣtχonsFχnFyαRyαFγollχsχonsFΣtFΣnμF]UWYF~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFX[Y 4.2 35

394 vνΣsurνmνntFoπFquΣrkonχumFproμuγtχonFχnFprotonTlνΣμFΣnμFprotonTprotonFγollχsχonsFΣtFwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFX_X 4.2 35

393 vνΣsurνmνntFoπFμχππνrνntχΣlFγrossTsνγtχonsFoπFΣFsχnρlνFtopFquΣrkFproμuγνμFχnFΣssoγχΣtχonFwχtτFΣF
αosonFΣtFwχtτFj~uj}UFEuropeannPhysicalnJournalnCSF2018SF_aSFXa^ 4.2 5

392 }νΣrγτFπorFτνΣvyFrνsonΣnγνsFχnFtτνFΣnμFπχnΣlFstΣtνsFusχnρFprotonTprotonFγollχsχonsFΣtF´ FwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFYbZ 4.2 41

391 jFsνΣrγτFπorFpΣχrTproμuγνμFrνsonΣnγνsFχnFπourTψνtFπχnΣlFstΣtνsFΣtFwχtτFtτνFj~uj}FμνtνγtorUFEuropeann
PhysicalnJournalnCSF2018SF_aSFY]W 4.2 28

390
}νΣrγτFπorFτνΣvyFrνsonΣnγνsFμνγΣyχnρFχntoFΣF–ForF±FαosonFΣnμFΣFqχρρsFαosonFχnFπχnΣlFstΣtνsFwχtτF
lνptonsFΣnμFαTψνtsFχnFZ^Fπαâ��XFoπFNFsqrt{s}fXZFOF~ν’FppFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX

5.4 26

389 }νΣrγτFπorFτνΣvyFrνsonΣnγνsFμνγΣyχnρFχntoFχnFtτνFπχnΣlFstΣtνFχnFγollχsχonsFΣtFwχtτFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFY[ 4.2 47

388 mχrνγtFtopTquΣrkFμνγΣyFwχμtτFmνΣsurνmνntFχnFtτνFlνptonRψνtsFγτΣnnνlFΣtFwχtτFtτνFj~uj}F
νxpνrχmνntUFEuropeannPhysicalnJournalnCSF2018SF_aSFXYb 4.2 11

387 }νΣrγτFπorF–F–V–F±FrνsonΣnγνFproμuγtχonFχnFâ��˛‰qqFπχnΣlFstΣtνsFχnFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 22

386 vνΣsurνmνntFoπFtτνFqχρρsFαosonFγouplχnρFpropνrtχνsFχnFtτνFqFTgF±±PFTgF[â��FμνγΣyFγτΣnnνlFΣtFNF
sqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 36

385 vνΣsurνmνntFoπFχnγlusχvνFψνtFΣnμFμχψνtFγrossTsνγtχonsFχnFprotonTprotonFγollχsχonsFΣtFNFsqrt{s}fXZFOF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 12
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384 }νΣrγτFπorFμΣrkFmΣttνrFproμuγνμFχnFΣssoγχΣtχonFwχtτFαottomForFtopFquΣrksFχnF´ ~ν’FγollχsχonsFwχtτF
tτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFXa 4.2 32

383 }νΣrγτFπorFμouαlyFγτΣrρνμFqχρρsFαosonFproμuγtχonFχnFmultχTlνptonFπχnΣlFstΣtνsFwχtτFtτνFj~uj}F
μνtνγtorFusχnρFprotonTprotonFγollχsχonsFΣtUFEuropeannPhysicalnJournalnCSF2018SF_aSFXbb 4.2 55

382 vνΣsurνmνntFoπFpolΣrχsΣtχonFχnFμνγΣysFχnFprotonTprotonFγollχsχonsFΣtF~ν’FwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2018SF_aSFX^Z 4.2 3

381 }νΣrγτνsFπorFτνΣvyF±±FΣnμF±–FrνsonΣnγνsFχnFtτνFâ��â��qqFΣnμF˛‰˛‰qqFπχnΣlFstΣtνsFχnFppFγollχsχonsFΣtFNF
sqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 17

380 }νΣrγτFπorFpΣχrFproμuγtχonFoπFupTtypνFvνγtorTlχkνFquΣrksFΣnμFπorFπourTtopTquΣrkFνvνntsFχnFπχnΣlF
stΣtνsFwχtτFmultχplνFαTψνtsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 23

379
vνΣsurνmνntFoπFμχππνrνntχΣlFγrossFsνγtχonsFΣnμF–RV–â��FγrossTsνγtχonFrΣtχosFπorF–FαosonFproμuγtχonF
χnFΣssoγχΣtχonFwχtτFψνtsFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF
2018SFYWXaSFX

5.4 7

378 vνΣsurνmνntFoπFtτνF–TαosonFmΣssFχnFppFγollχsχonsFΣtFNsqrt{s}f_SFταoxF{~ν’}OFwχtτFtτνFj~uj}F
μνtνγtorF2018SF_aSFX 1

377 }νΣrγτFπorFμouαlyFγτΣrρνμFqχρρsFαosonFproμuγtχonFχnFmultχTlνptonFπχnΣlFstΣtνsFwχtτFtτνFj~uj}F
μνtνγtorFusχnρFprotonâ��protonFγollχsχonsFΣtFNsqrt{s}fXZStνxtF{~ν’}OF2018SF_aSFX 1

376 }νΣrγτFπorFτνΣvyFrνsonΣnγνsFμνγΣyχnρFχntoFΣF–ForF±FαosonFΣnμFΣFqχρρsFαosonFχnFπχnΣlFstΣtνsFwχtτF
lνptonsFΣnμFαTψνtsFχnFZ^Fπαâ��XFoπFNFsqrt{s}fXZFOF~ν’FppFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorF2018SFYWXaSFX 1

375
}νΣrγτFπorFtτνFqχρρsFαosonFproμuγνμFχnFΣssoγχΣtχonFwχtτFΣFvνγtorFαosonFΣnμFμνγΣyχnρFχntoFtwoF
spχnTzνroFpΣrtχγlνsFχnFtτνFqFTgFΣΣFTgF[αFγτΣnnνlFχnFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX

5.4 14

374
vνΣsurνmνntFoπFtτνFNF±ρΣmmΣFtoFnuFovνrlχnν{nu}ρΣmmΣFOFproμuγtχonFγrossFsνγtχonFχnFppFγollχsχonsF
ΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorFΣnμFlχmχtsFonFΣnomΣlousFtrχplνFρΣuρνTαosonF
γouplχnρsUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX

5.4 6

373 yromptFΣnμFnonTpromptFνllχptχγFπlowFχnFyαRyαFγollχsχonsFΣtF~νvFwχtτFtτνFj~uj}FμνtνγtorUFEuropeann
PhysicalnJournalnCSF2018SF_aSF_a[ 4.2 8

372 }νΣrγτFπorFqχρρsFαosonFpΣχrFproμuγtχonFχnFtτνFγτΣnnνlFusχnρFγollχsχonFμΣtΣFrνγorμνμFΣtF~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFXWW_ 4.2 21

371 vνΣsurνmνntFoπFγolourFπlowFusχnρFψνtTpullFoαsνrvΣαlνsFχnFνvνntsFwχtτFtτνFj~uj}FνxpνrχmνntFΣtUF
EuropeannPhysicalnJournalnCSF2018SF_aSFa[_ 4.2 5

370 jnρulΣrFΣnΣlysχsFoπFkFWFμFFTgFtP˛…R˛…â��FμνγΣysFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 44

369
}νΣrγτFπorFΣFnνwFτνΣvyFρΣuρνTαosonFrνsonΣnγνFμνγΣyχnρFχntoFΣFlνptonFΣnμFmχssχnρFtrΣnsvνrsνF
momνntumFχnFZ^FπαFoπFγollχsχonsFΣtF´ ~ν’FwχtτFtτνFj~uj}FνxpνrχmνntUFEuropeannPhysicalnJournalnCSF
2018SF_aSF[WX

4.2 23

368
}νΣrγτFπorFμΣrkFmΣttνrFχnFνvνntsFwχtτFΣFτΣμronχγΣllyFμνγΣyχnρFvνγtorFαosonFΣnμFmχssχnρFtrΣnsvνrsνF
momνntumFχnFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2018SFYWXaSFX

5.4 15

367
vνΣsurνmνntsFoπFμχππνrνntχΣlFγrossFsνγtχonsFoπFtopFquΣrkFpΣχrFproμuγtχonFχnFΣssoγχΣtχonFwχtτFψνtsFχnF
ppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FusχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SF
YWXaSFX

5.4 4
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366
}νΣrγτFπorFqχρρsFαosonFpΣχrFproμuγtχonFχnFtτνFNFupρΣmmΣFupρΣmmΣFαovνrlχnν{α}FOFπχnΣlFstΣtνFwχtτF
XZF~ν’FppFγollχsχonFμΣtΣFγollνγtνμFαyFtτνFj~uj}FνxpνrχmνntUFJournalnofnHighnEnergynPhysicsSF2018SF
YWXaSFX

5.4 23

365 }νΣrγτFπorFnνwFpτνnomνnΣFχnFνvνntsFwχtτFsΣmνTγτΣrρνFlνptonsFΣnμFαTψνtsFχnFppFγollχsχonsFΣtFNF
sqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 21

364 vνΣsurνmνntFoπFtτνFΣzχmutτΣlFΣnχsotropyFoπFγτΣrρνμFpΣrtχγlνsFproμuγνμFχnFfF]UWY´ ~ν’FyαRyαF
γollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFbb_ 4.2 21

363 yνrπormΣnγνFoπFmχssχnρFtrΣnsvνrsνFmomνntumFrνγonstruγtχonFwχtτFtτνFj~uj}FμνtνγtorFusχnρF
protonTprotonFγollχsχonsFΣtUFEuropeannPhysicalnJournalnCSF2018SF_aSFbWZ 4.2 66

362 }νΣrγτFπorFνlνγtrowνΣkFproμuγtχonFoπFsupνrsymmνtrχγFpΣrtχγlνsFχnFπχnΣlFstΣtνsFwχtτFtwoForFtτrννF
lνptonsFΣtFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFbb] 4.2 49

361 }νΣrγτFπorFγτΣrρνμFqχρρsFαosonsFμνγΣyχnρFχntoFtopFΣnμFαottomFquΣrksFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 39

360 xpνrΣtχonFΣnμFpνrπormΣnγνFoπFtτνFj~uj}F~χlνFlΣlorχmνtνrFχnF{un´ XUFEuropeannPhysicalnJournalnCSF
2018SF_aSFba_ 4.2 13

359
}νΣrγτFπorFsupνrsymmνtryFχnFπχnΣlFstΣtνsFwχtτFmχssχnρFtrΣnsvνrsνFmomνntumFΣnμFmultχplνFαTψνtsFχnF
protonTprotonFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2018SFYWXaSFX

5.4 28

358
}νΣrγτFπorFpΣχrFproμuγtχonFoπFτνΣvyFvνγtorTlχkνFquΣrksFμνγΣyχnρFχntoFτχρτTp~F–FαosonsFΣnμFtopF
quΣrksFχnFtτνFlνptonTplusTψνtsFπχnΣlFstΣtνFχnFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX

5.4 16

357
}νΣrγτFπorFtopTsquΣrkFpΣχrFproμuγtχonFχnFπχnΣlFstΣtνsFwχtτFonνFlνptonSFψνtsSFΣnμFmχssχnρFtrΣnsvνrsνF
momνntumFusχnρFZ^Fπαâ��XFoπFNFsqrt{s}fXZFOF~ν’FppFγollχsχonFμΣtΣFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX

5.4 33

356 }νΣrγτFπorFlonρTlχvνμFγτΣrρχnosFαΣsνμFonFΣFμχsΣppνΣrχnρTtrΣγkFsχρnΣturνFχnFppFγollχsχonsFΣtFNF
sqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 48

355 }νΣrγτFπorFsupνrsymmνtryFχnFπχnΣlFstΣtνsFwχtτFγτΣrmFψνtsFΣnμFmχssχnρFtrΣnsvνrsνFmomνntumFχnFXZF
~ν’FppFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 9

354
}νΣrγτFπorFγτΣrρνμFqχρρsFαosonsFμνγΣyχnρFvχΣFq´–FTgFˇ�´–˛‰ˇ�FχnFtτνFˇ�RψνtsFΣnμFˇ�RlνptonFπχnΣlFstΣtνsFwχtτF
Z^Fπαâ��XFoπFppFγollχsχonFμΣtΣFrνγorμνμFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FνxpνrχmνntUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX

5.4 33

353 yromptFΣnμFnonTpromptFΣnμFsupprνssχonFΣtFτχρτFtrΣnsvνrsνFmomνntumFχnFyαRyαFγollχsχonsFwχtτF
tτνFj~uj}FνxpνrχmνntUFEuropeannPhysicalnJournalnCSF2018SF_aSF_^Y 4.2 23

352 }νΣrγτFπorFqχρρsFαosonFμνγΣysFtoFανyonμTtτνT}tΣnμΣrμTvoμνlFlχρτtFαosonsFχnFπourTlνptonFνvνntsF
wχtτFtτνFj~uj}FμνtνγtorFΣtFNFsqrt{s}fXZFOF~ν’UFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 22

351 }νΣrγτFπorFνxγlusχvνFqχρρsFΣnμF±FαosonFμνγΣysFtoFh˛‡FΣnμFˇ�˛‡FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX 5.4 6

350 vνΣsurνmνntsFoπFαTψνtFtΣρρχnρFνππχγχνnγyFwχtτFtτνFj~uj}FμνtνγtorFusχnρFNFtovνrlχnν{t}FOFνvνntsFΣtFNF
sqrt{s}fXZFOF~ν’UFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 31

349 }νΣrγτFπorFπlΣvourTγτΣnρχnρFnνutrΣlFγurrνntFtopTquΣrkFμνγΣysFtFTgFq±FχnFprotonTprotonFγollχsχonsFΣtFNF
sqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 8
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348 vνΣsurνmνntFoπFtτνFχnγlusχvνFΣnμFπχμuγχΣlFproμuγtχonFγrossTsνγtχonsFχnFtτνFlνptonRψνtsFγτΣnnνlFχnF
γollχsχonsFΣtFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSF[a_ 4.2 5

347 }νΣrγτFπorFτνΣvyFpΣrtχγlνsFμνγΣyχnρFχntoFtopTquΣrkFpΣχrsFusχnρFlνptonTplusTψνtsFνvνntsFχnF
protonTprotonFγollχsχonsFΣtF´ FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2018SF_aSF]^] 4.2 34

346
}νΣrγτFπorFnνwFpτνnomνnΣFusχnρFtτνFχnvΣrχΣntFmΣssFμχstrχαutχonFoπFsΣmνTπlΣvourFopposχtνTsχρnF
μχlνptonFpΣχrsFχnFνvνntsFwχtτFmχssχnρFtrΣnsvνrsνFmomνntumFχnF´ FγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2018SF_aSF^Y]

4.2 15

345 }νΣrγτFπorFμΣrkFmΣttνrFΣnμFotτνrFnνwFpτνnomνnΣFχnFνvνntsFwχtτFΣnFνnνrρνtχγFψνtFΣnμFlΣrρνFmχssχnρF
trΣnsvνrsνFmomνntumFusχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 101

344
vνΣsurνmνntFoπFtτνF[oormulΣcFsννFtνxt−FΣnμF[oormulΣcFsννFtνxt−FproμuγtχonFγrossFsνγtχonsFχnF
multχlνptonFπχnΣlFstΣtνsFusχnρFZUYFπα[oormulΣcFsννFtνxt−FoπF[oormulΣcFsννFtνxt−FγollχsχonsFΣtF[oormulΣcF
sννFtνxt−FfFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SF[W

4.2 14

343
jFmνΣsurνmνntFoπFtτνFγΣlorχmνtνrFrνsponsνFtoFsχnρlνFτΣμronsFΣnμFμνtνrmχnΣtχonFoπFtτνFψνtFνnνrρyF
sγΣlνFunγνrtΣχntyFusχnρFuqlF{unTXFTγollχsχonFμΣtΣFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicaln
JournalnCSF2017SF__SFY^

4.2 22

342
vνΣsurνmνntFoπFtτνFχnγlusχvνFγrossTsνγtχonsFoπFsχnρlνFtopTquΣrkFΣnμFtopTΣntχquΣrkFtTγτΣnnνlF
proμuγtχonFχnFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2017SFYWX_SFX

5.4 22

341
vνΣsurνmνntFoπFψνtFΣγtχvχtyFproμuγνμFχnFtopTquΣrkFνvνntsFwχtτFΣnFνlνγtronSFΣFmuonFΣnμFtwoF
TtΣρρνμFψνtsFχnFtτνFπχnΣlFstΣtνFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−F~ν’FwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2017SF__SFYYW

4.2 5

340 vνΣsurνmνntFoπFtτνFαosonFpolΣrχsΣtχonFχnF[oormulΣcFsννFtνxt−FνvνntsFπromFγollχsχonsFΣtF[oormulΣcF
sννFtνxt−FfFaF~ν’FχnFtτνFlνpton´ R´ ψνtsFγτΣnnνlFwχtτFj~uj}UFEuropeannPhysicalnJournalnCSF2017SF__SFY^[ 4.2 19

339 nlνγtronFνππχγχνnγyFmνΣsurνmνntsFwχtτFtτνFj~uj}FμνtνγtorFusχnρFYWXYFuqlFprotonTprotonFγollχsχonF
μΣtΣUFEuropeannPhysicalnJournalnCSF2017SF__SFXb] 4.2 61

338
vνΣsurνmνntsFoπFtopTquΣrkFpΣχrFμχππνrνntχΣlFγrossTsνγtχonsFχnFtτνF[oormulΣcFsννFtνxt−FγτΣnnνlFχnF
γollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’FusχnρFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF
__SFYbY

4.2 13

337 yνrπormΣnγνFoπFΣlρorχtτmsFtτΣtFrνγonstruγtFmχssχnρFtrΣnsvνrsνFmomνntumFχnF[oormulΣcFsννFtνxt−fF
aF~ν’FprotonTprotonFγollχsχonsFχnFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SFY[X 4.2 38

336 vνΣsurνmνntFoπFtτνFpromptFV[oormulΣcFsννFtνxt−FpΣχrFproμuγtχonFγrossTsνγtχonFχnFγollχsχonsFΣtF
[oormulΣcFsννFtνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SF_^ 4.2 47

335 }νΣrγτFπorFtrχαosonF[oormulΣcFsννFtνxt−FproμuγtχonFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ [oormulΣcFsννF
tνxt−FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SFX[X 4.2 13

334 ~opoloρχγΣlFγνllFγlustνrχnρFχnFtτνFj~uj}FγΣlorχmνtνrsFΣnμFχtsFpνrπormΣnγνFχnFuqlF{unFXUFEuropeann
PhysicalnJournalnCSF2017SF__SF[bW 4.2 177

333
oχμuγχΣlSFtotΣlFΣnμFμχππνrνntχΣlFγrossTsνγtχonFmνΣsurνmνntsFoπFTγτΣnnνlFsχnρlνFtopTquΣrkFproμuγtχonF
χnFγollχsχonsFΣtFa´ ~ν’FusχnρFμΣtΣFγollνγtνμFαyFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF
__SF]ZX

4.2 27

332 vνΣsurνmνntsFoπFνlνγtrowνΣkF[oormulΣcFsννFtνxt−FproμuγtχonFΣnμFγonstrΣχntsFonFΣnomΣlousFρΣuρνF
γouplχnρsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SF[_[ 4.2 14

331 sνtFrνγonstruγtχonFΣnμFpνrπormΣnγνFusχnρFpΣrtχγlνFπlowFwχtτFtτνFj~uj}FmνtνγtorUFEuropeannPhysicaln
JournalnCSF2017SF__SF[^^ 4.2 42
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330 vνΣsurνmνntFoπFmultχTpΣrtχγlνFΣzχmutτΣlFγorrνlΣtχonsFχnFppSFp´ R´ yαFΣnμFlowTmultχplχγχtyFyα´ R´ yαF
γollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SF[Ya 4.2 48

329 vνΣsurνmνntFoπFχnγlusχvνFΣnμFμχππνrνntχΣlFγrossFsνγtχonsFχnFtτνFqFTgF±±FPFTgF[â��FμνγΣyFγτΣnnνlFχnFppF
γollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 25

328 vνΣsurνmνntFoπFlνptonFμχππνrνntχΣlFμχstrχαutχonsFΣnμFtτνFtopFquΣrkFmΣssFχnFproμuγtχonFχnFγollχsχonsF
ΣtF´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SFaW[ 4.2 11

327 vνΣsurνmνntFoπFtτνFNFtovνrlχnν{t}ρΣmmΣFOFproμuγtχonFγrossFsνγtχonFχnFprotonTprotonFγollχsχonsFΣtFNF
sqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 7

326
vνΣsurνmνntsFoπFγτΣrρνFΣnμFlyFΣsymmνtrχνsFχnFαTτΣμronFμνγΣysFusχnρFtopTquΣrkFνvνntsFγollνγtνμF
αyFtτνFj~uj}FμνtνγtorFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’UFJournalnofnHighnEnergynPhysicsSF2017SF
YWX_SFX

5.4 6

325 yνrπormΣnγνFoπFtτνFj~uj}FtrΣγkFrνγonstruγtχonFΣlρorχtτmsFχnFμνnsνFνnvχronmνntsFχnFuqlF{unFYUF
EuropeannPhysicalnJournalnCSF2017SF__SF^_Z 4.2 33

324
}νΣrγτFπorFnνwFpτνnomνnΣFχnFνvνntsFγontΣχnχnρFΣFsΣmνTπlΣvourFopposχtνTsχρnFμχlνptonFpΣχrSFψνtsSF
ΣnμFlΣrρνFmχssχnρFtrΣnsvνrsνFmomνntumFχnF[oormulΣcFsννFtνxt−´ [oormulΣcFsννFtνxt−[oormulΣcFsννF
tνxt−FγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SFX[[

4.2 8

323
vνΣsurνmνntFoπFtτνF±±FproμuγtχonFγrossFsνγtχonFχnFprotonTprotonFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’F
usχnρFtτνF±±FTgFâ��â�� â��Râ��hâ��â��hRFΣnμFNF±±toF{νll}≥{T}{νll}≥{R}nuFovνrlχnν{nu}FOFμνγΣyFγτΣnnνlsFwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX

5.4 9

322 yroαχnρFtτνF–FtαFvνrtνxFstruγturνFχnFtTγτΣnnνlFsχnρlνTtopTquΣrkFproμuγtχonFΣnμFμνγΣyFχnFppF
γollχsχonsFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 11

321 vνΣsurνmνntsFoπFˇ�NY}OFΣnμF—NZa_YOFTgFsVˇ�ˇ�FRFˇ�Fâ��FproμuγtχonFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’FwχtτF
tτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 15

320 vνΣsurνmνntsFoπFtopTquΣrkFpΣχrFtoF±TαosonFγrossTsνγtχonFrΣtχosFΣtFNFsqrt{s}fXZFOFSFaSF_F~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 7

319 }νΣrγτFπorFlνptonTπlΣvourTvχolΣtχnρFμνγΣysFoπFtτνFqχρρsFΣnμFαosonsFwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2017SF__SF_W 4.2 52

318 yνrπormΣnγνFoπFtτνFj~uj}FtrχρρνrFsystνmFχnFYWX]UFEuropeannPhysicalnJournalnCSF2017SF__SFZX_ 4.2 272

317 {νγonstruγtχonFoπFprχmΣryFvνrtχγνsFΣtFtτνFj~uj}FνxpνrχmνntFχnF{unFXFprotonTprotonFγollχsχonsFΣtF
tτνFuqlUFEuropeannPhysicalnJournalnCSF2017SF__SFZZY 4.2 29

316
vνΣsurνmνntsFoπFtτνFproμuγtχonFγrossFsνγtχonFoπFΣF[oormulΣcFsννFtνxt−FαosonFχnFΣssoγχΣtχonFwχtτF
ψνtsFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF
2017SF__SFZ^X

4.2 26

315 yrνγχsχonFmνΣsurνmνntFΣnμFχntνrprνtΣtχonFoπFχnγlusχvνFSFΣnμFproμuγtχonFγrossFsνγtχonsFwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF__SFZ^_ 4.2 56

314 vνΣsurνmνntFoπFψνtFπrΣρmνntΣtχonFχnFyαRyαFΣnμFγollχsχonsFΣtF~ν’FwχtτFtτνFj~uj}FμνtνγtorFΣtFtτνF
uqlUFEuropeannPhysicalnJournalnCSF2017SF__SFZ_b 4.2 35

313
}νΣrγτFπorFμΣrkFmΣttνrFΣtF[oormulΣcFsννFtνxt−FχnFπχnΣlFstΣtνsFγontΣχnχnρFΣnFνnνrρνtχγFpτotonFΣnμF
lΣrρνFmχssχnρFtrΣnsvνrsνFmomνntumFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2017SF
__SFZbZ

4.2 52

(2017-2017)

13



312
vνΣsurνmνntFoπFγτΣrρνμTpΣrtχγlνFμχstrχαutχonsFsνnsχtχvνFtoFtτνFunμνrlyχnρFνvνntFχnFNFsqrt{s}fXZFOF
~ν’FprotonTprotonFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorFΣtFtτνFuqlUFJournalnofnHighnEnergynPhysicsSF
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4.2 39
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258 vνΣsurνmνntFoπFtτνFproμuγtχonFγrossTsνγtχonFoπFΣFsχnρlνFtopFquΣrkFχnFΣssoγχΣtχonFwχtτFΣF–FαosonFΣtF
aF~ν’FwχtτFtτνFj~uj}FνxpνrχmνntUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 12

257 }νΣrγτFπorFtτνFproμuγtχonFoπFsχnρlνFvνγtorTlχkνFΣnμFνxγχtνμFquΣrksFχnFtτνF–tFπχnΣlFstΣtνFχnFppF
γollχsχonsFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 14

256 }νΣrγτFπorFstronρFρrΣvχtyFχnFmultχψνtFπχnΣlFstΣtνsFproμuγνμFχnFppFγollχsχonsFΣtFNFsqrt{s}fXZFOF~ν’FusχnρF
tτνFj~uj}FμνtνγtorFΣtFtτνFuqlUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 12

255 rμνntχπχγΣtχonFoπFαoostνμSFτΣμronχγΣllyFμνγΣyχnρFαosonsFΣnμFγompΣrχsonsFwχtτFj~uj}FμΣtΣFtΣkνnFΣtF
[oormulΣcFsννFtνxt−´ ~ν’UFEuropeannPhysicalnJournalnCSF2016SF_^SFX][ 4.2 44

254 }νΣrγτFπorFnνwFpτνnomνnΣFχnFνvνntsFwχtτFΣtFlνΣstFtτrννFpτotonsFγollνγtνμFχnFγollχsχonsFΣtF[oormulΣcF
sννFtνxt−FfFaF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYXW 4.2 53

253 yroαχnρFlνptonFπlΣvourFvχolΣtχonFvχΣFnνutrχnolνssF[oormulΣcFsννFtνxt−FμνγΣysFwχtτFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYZY 4.2 12

252 jFnνwFmνtτoμFtoFμχstχnρuχsτFτΣμronχγΣllyFμνγΣyχnρFαoostνμFαosonsFπromFαosonsFusχnρFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYZa 4.2 6

251 }νΣrγτFπorFsupνrsymmνtryFΣtF[oormulΣcFsννFtνxt−´ ~ν’FχnFπχnΣlFstΣtνsFwχtτFψνtsFΣnμFtwoFsΣmνTsχρnF
lνptonsForFtτrννFlνptonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFY]b 4.2 48

250 }νΣrγτFπorFχnvχsχαlνFμνγΣysFoπFΣFqχρρsFαosonFusχnρFvνγtorTαosonFπusχonFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 45

249
}νΣrγτFπorFΣnomΣlousFγouplχnρsFχnFtτνF–FtαFvνrtνxFπromFtτνFmνΣsurνmνntFoπFμouαlνFμχππνrνntχΣlF
ΣnρulΣrFμνγΣyFrΣtνsFoπFsχnρlνFtopFquΣrksFproμuγνμFχnFtτνFtTγτΣnnνlFwχtτFtτνFj~uj}FμνtνγtorUF
JournalnofnHighnEnergynPhysicsSF2016SFYWX^SFXT[^

5.4 12

248 }νΣrγτνsFπorFsγΣlΣrFlνptoquΣrksFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−FfFa´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2016SF_^SF] 4.2 68

247
vνΣsurνmνntsFoπFtτνFqχρρsFαosonFproμuγtχonFΣnμFμνγΣyFrΣtνsFΣnμFγouplχnρFstrνnρtτsFusχnρF
γollχsχonFμΣtΣFΣtF[oormulΣcFsννFtνxt−FΣnμFa´ ~ν’FχnFtτνFj~uj}FνxpνrχmνntUFEuropeannPhysicalnJournalnC
SF2016SF_^SF^

4.2 185

246
vνΣsurνmνntsFoπFπχμuγχΣlFγrossTsνγtχonsFπorF[oormulΣcFsννFtνxt−FproμuγtχonFwχtτFonνForFtwoF
ΣμμχtχonΣlFTψνtsFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−faF~ν’´ usχnρFtτνFj~uj}FμνtνγtorUFEuropeann
PhysicalnJournalnCSF2016SF_^SFXX

4.2 21

245 }tuμyFoπFtτνF[oormulΣcFsννFtνxt−FΣnμF[oormulΣcFsννFtνxt−FμνγΣysFwχtτFtτνFj~uj}FμνtνγtorUFEuropeann
PhysicalnJournalnCSF2016SF_^SF[ 4.2 13

244
}νΣrγτFπorFΣnFΣμμχtχonΣlSFτνΣvyFqχρρsFαosonFχnFtτνF[oormulΣcFsννFtνxt−FμνγΣyFγτΣnnνlFΣtF[oormulΣcF
sννFtνxt−FχnF[oormulΣcFsννFtνxt−FγollχsχonFμΣtΣFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SF[]

4.2 152

243 }νΣrγτFπorFsχnρlνFtopTquΣrkFproμuγtχonFvχΣFπlΣvourTγτΣnρχnρFnνutrΣlFγurrνntsFΣtFa´ ~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]] 4.2 28

242 vνΣsurνmνntFoπFtτνFγτΣrρνFΣsymmνtryFχnFtopTquΣrkFpΣχrFproμuγtχonFχnFtτνFlνptonTplusTψνtsFπχnΣlF
stΣtνFχnFppFγollχsχonFμΣtΣFΣtFNsqrt{s}faSmΣtτrmF~ν’{}OFwχtτFtτνFj~uj}FμνtνγtorF2016SF_^SFX 1

241 }tuμyFoπFτΣrμFμouαlνTpΣrtonFsγΣttνrχnρFχnFπourTψνtFνvνntsFχnFppFγollχsχonsFΣtFNFsqrt{s}f_FOF~ν’FwχtτF
tτνFj~uj}FνxpνrχmνntUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 21
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240
}νΣrγτFπorFtτνF}tΣnμΣrμFvoμνlFqχρρsFαosonFproμuγνμFαyFvνγtorTαosonFπusχonFΣnμFμνγΣyχnρFtoF
αottomFquΣrksFχnFNFsqrt{s}faFOF~ν’FppFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergyn
PhysicsSF2016SFYWX^SFX

5.4 8

239
vνΣsurνmνntFoπFνvνntTsτΣpνFoαsνrvΣαlνsFχnF[oormulΣcFsννFtνxt−FνvνntsFχnFγollχsχonsFΣtF[oormulΣcF
sννFtνxt−´ [oormulΣcFsννFtνxt−FwχtτFtτνFj~uj}FμνtνγtorFΣtFtτνFuqlUFEuropeannPhysicalnJournalnCSF2016SF
_^SFZ_]

4.2 5

238 lτΣrρνμTpΣrtχγlνFμχstrχαutχonsFχnFχntνrΣγtχonsFΣtF[oormulΣcFsννFtνxt−FmνΣsurνμFwχtτFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF[WZ 4.2 19

237 lτΣrρνμTpΣrtχγlνFμχstrχαutχonsFΣtFlowFtrΣnsvνrsνFmomνntumFχnF[oormulΣcFsννFtνxt−´ ~ν’FχntνrΣγtχonsF
mνΣsurνμFwχtτFtτνFj~uj}FμνtνγtorFΣtFtτνFuqlUFEuropeannPhysicalnJournalnCSF2016SF_^SF]WY 4.2 37

236 }νΣrγτFπorFαottomFsquΣrkFpΣχrFproμuγtχonFχnFprotonTprotonFγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF][_ 4.2 25

235
}νΣrγτFπorFmχnχmΣlFsupνrsymmνtrχγFstΣnμΣrμFmoμνlFqχρρsFkosonsF´ V´ FΣnμFπorFΣF[oormulΣcFsννFtνxt−F
αosonFχnFtτνF[oormulΣcFsννFtνxt−FπχnΣlFstΣtνFproμuγνμFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−F~ν’FwχtτF
tτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]a]

4.2 28

234 vνΣsurνmνntFoπFtτνFpτotonFχμνntχπχγΣtχonFνππχγχνnγχνsFwχtτFtτνFj~uj}FμνtνγtorFusχnρFuqlF{unTXF
μΣtΣUFEuropeannPhysicalnJournalnCSF2016SF_^SF^^^ 4.2 53

233 vνΣsurνmνntFoπFtτνF[oormulΣcFsννFtνxt−FμχψνtFγrossFsνγtχonFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF^_W 4.2 7

232 ~τνFpνrπormΣnγνFoπFtτνFψνtFtrχρρνrFπorFtτνFj~uj}FμνtνγtorFμurχnρFYWXXFμΣtΣFtΣkχnρUFEuropeann
PhysicalnJournalnCSF2016SF_^SF]Y^ 4.2 16

231 }νΣrγτFπorFnνwFpτνnomνnΣFχnFμχππνrνntTπlΣvourFτχρτTmΣssFμχlνptonFπχnΣlFstΣtνsFχnFγollχsχonsFΣtF
[oormulΣcFsννFtνxt−´ ~νvFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF][X 4.2 7

230
}νΣrγτFπorFtτνFqχρρsFαosonFproμuγνμFχnFΣssoγχΣtχonFwχtτFΣFαosonFΣnμFμνγΣyχnρFtoFπourFTquΣrksFvχΣF
twoFspχnTzνroFpΣrtχγlνsFχnFγollχsχonsFΣtFXZF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SF^W]

4.2 16

229 vuonFrνγonstruγtχonFpνrπormΣnγνFoπFtτνFj~uj}FμνtνγtorFχnFprotonTprotonFγollχsχonFμΣtΣFΣtF
[oormulΣcFsννFtνxt−fXZ´ ~ν’UFEuropeannPhysicalnJournalnCSF2016SF_^SFYbY 4.2 263

228 ~νstFoπFlyFχnvΣrχΣnγνFχnFvνγtorTαosonFπusχonFproμuγtχonFoπFtτνFqχρρsFαosonFusχnρFtτνFmνtτoμFχnFtτνF
μχtΣuFμνγΣyFγτΣnnνlFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF^]a 4.2 26

227 }νΣrγτFπorFρluχnosFχnFνvνntsFwχtτFΣnFχsolΣtνμFlνptonSFψνtsFΣnμFmχssχnρFtrΣnsvνrsνFmomνntumFΣtF
[oormulΣcFsννFtνxt−FfFXZF~νF’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]^] 4.2 20

226 vνΣsurνmνntFoπFtτνFχnγlusχvνFχsolΣtνμFpromptFpτotonFγrossFsνγtχonFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 25

225 }νΣrγτFπorFΣFτχρτTmΣssFqχρρsFαosonFμνγΣyχnρFtoFΣF–FαosonFpΣχrFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 59

224
}νΣrγτFπorFπlΣvourTγτΣnρχnρFnνutrΣlFγurrνntFtopTquΣrkFμνγΣysFtoF[oormulΣcFsννFtνxt−FχnF[oormulΣcF
sννFtνxt−FγollχsχonFμΣtΣFγollνγtνμFwχtτFtτνFj~uj}FμνtνγtorFΣtF[oormulΣcFsννFtνxt−´ ~ν’UFEuropeann
PhysicalnJournalnCSF2016SF_^SFXY

4.2 16

223
vνΣsurνmνntFoπFtτνFγτΣrρνFΣsymmνtryFχnFtopTquΣrkFpΣχrFproμuγtχonFχnFtτνFlνptonTplusTψνtsFπχnΣlF
stΣtνFχnFγollχsχonFμΣtΣFΣtF[oormulΣcFsννFtνxt−FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SFa_

4.2 18
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222 }νΣrγτFπorFμχrνγtFtopFsquΣrkFpΣχrFproμuγtχonFχnFπχnΣlFstΣtνsFwχtτFtwoFtΣuFlνptonsFχnFγollχsχonsFΣtF
[oormulΣcFsννFtνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFaX 4.2 7

221 }νΣrγτFπorFγτΣrρνμFqχρρsFαosonsFχnFtτνFqF´–FTgFtαFμνγΣyFγτΣnnνlFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’F
usχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 33

220 }tuμyFoπFtτνFrΣrνFμνγΣysFoπF[oormulΣcFsννFtνxt−FΣnμF[oormulΣcFsννFtνxt−FχntoFmuonFpΣχrsFπromFμΣtΣF
γollνγtνμFμurχnρFtτνFuqlF{unFXFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]XZ 4.2 27

219
}νΣrγτFπorFsupνrsymmνtryFχnFΣFπχnΣlFstΣtνFγontΣχnχnρFtwoFpτotonsFΣnμFmχssχnρFtrΣnsvνrsνF
momνntumFχnF[oormulΣcFsννFtνxt−´ f´ XZ´ ~ν’F[oormulΣcFsννFtνxt−FγollχsχonsFΣtFtτνFuqlFusχnρFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]X_

4.2 17

218 }νΣrγτFπorFrνsonΣnγνsFχnFμχpτotonFνvνntsFΣtFNFsqrt{s}fXZFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofn
HighnEnergynPhysicsSF2016SFYWX^SFX 5.4 49

217 }νΣrγτFπorFsχnρlνFproμuγtχonFoπFvνγtorTlχkνFquΣrksFμνγΣyχnρFχntoFχnFγollχsχonsFΣtF[oormulΣcFsννF
tνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF[[Y 4.2 24

216 vνΣsurνmνntFoπFtτνFrνlΣtχvνFwχμtτFμχππνrνnγνFoπFtτνFNF{k}≥Wταox{T}F{ovνrlχnν{k}}≥WFOFsystνmFwχtτF
tτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 5

215 sνtFνnνrρyFmνΣsurνmνntFΣnμFχtsFsystνmΣtχγFunγνrtΣχntyFχnFprotonTprotonFγollχsχonsFΣtF[oormulΣcFsννF
tνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFX_ 4.2 194

214 }νΣrγτFπorFχnvχsχαlνFpΣrtχγlνsFproμuγνμFχnFΣssoγχΣtχonFwχtτFsχnρlνTtopTquΣrksFχnFprotonTprotonF
γollχsχonsFΣtF[oormulΣcFsννFtνxt−FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF_b 4.2 21

213 }νΣrγτFπorFrνsonΣntFμχαosonFproμuγtχonFχnFtτνF[oormulΣcFsννFtνxt−FπχnΣlFstΣtνFχnF[oormulΣcFsννFtνxt−F
γollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF^b 4.2 62

212 vνΣsurνmνntsFoπFtτνF[oormulΣcFsννFtνxt−FproμuγtχonFγrossFsνγtχonsFχnFΣssoγχΣtχonFwχtτFψνtsFwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFaY 4.2 54

211 }νΣrγτFπorFμΣrkFmΣttνrFχnFνvνntsFwχtτFτνΣvyFquΣrksFΣnμFmχssχnρFtrΣnsvνrsνFmomνntumFχnF[oormulΣcF
sννFtνxt−FγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFbY 4.2 60

210
vνΣsurνmνntFoπFtτνFNFtovνrlχnν{t}FOFproμuγtχonFγrossTsνγtχonFΣsFΣFπunγtχonFoπFψνtFmultχplχγχtyFΣnμFψνtF
trΣnsvνrsνFmomνntumFχnF_F~ν’FprotonTprotonFγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighn
EnergynPhysicsSF2015SFYWX]SFX

5.4 14

209
vνΣsurνmνntFoπFtτνF–F–FRF–F±FγrossFsνγtχonFΣnμFlχmχtsFonFΣnomΣlousFtrχplνFρΣuρνFγouplχnρsFusχnρF
πχnΣlFstΣtνsFwχtτFonνFlνptonSFmχssχnρFtrΣnsvνrsνFmomνntumSFΣnμFtwoFψνtsFwχtτFtτνFj~uj}FμνtνγtorF
ΣtFNFsqrt{s}f_FOF~ν’UFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX

5.4 12

208 }νΣrγτνsFπorFτνΣvyFlonρTlχvνμFγτΣrρνμFpΣrtχγlνsFwχtτFtτνFj~uj}FμνtνγtorFχnFprotonTprotonFγollχsχonsF
ΣtFNFsqrt{s}faFOF~ν’UFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 29

207 }νΣrγτFπorFtτνFNFαovνrlχnν{α}FOFμνγΣyFoπFtτνF}tΣnμΣrμFvoμνlFqχρρsFαosonFχnFΣssoγχΣtνμFN–V±OqF
proμuγtχonFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 64

206 vνΣsurνmνntFoπFtτνFχnγlusχvνFψνtFγrossTsνγtχonFχnFprotonTprotonFγollχsχonsFΣtFNFsqrt{s}f_FOF~ν’FusχnρF
[U]Fπαâ��XFoπFμΣtΣFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 27

205
}νΣrγτFπorFΣnomΣlousFproμuγtχonFoπFpromptFsΣmνTsχρnFlνptonFpΣχrsFΣnμFpΣχrTproμuγνμFμouαlyF
γτΣrρνμFqχρρsFαosonsFwχtτFNFsqrt{s}faFOF~ν’FppFγollχsχonsFusχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighn
EnergynPhysicsSF2015SFYWX]SFX

5.4 45
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204
}νΣrγτFπorFγτΣrρνμFqχρρsFαosonsFμνγΣyχnρFvχΣFqF´–FTgFˇ�F´–F˛‰FχnFπullyFτΣμronχγFπχnΣlFstΣtνsFusχnρFppF
γollχsχonFμΣtΣFΣtFNFsqrt{s}FOFfFaF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SF
YWX]SFX

5.4 56

203
}νΣrγτFπorFproμuγtχonFoπF[oormulΣcFsννFtνxt−FrνsonΣnγνsFμνγΣyχnρFtoFΣFlνptonSFnνutrχnoFΣnμFψνtsFχnF
[oormulΣcFsννFtνxt−FγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicaln
JournalnCSF2015SF_]SFYWb

4.2 73

202 yνrπormΣnγνFoπFtτνFj~uj}FmuonFtrχρρνrFχnFppFγollχsχonsFΣtF[oormulΣcFsννFtνxt−F~ν’UFEuropeann
PhysicalnJournalnCSF2015SF_]SFXYW 4.2 51

201 }νΣrγτFπorFqχρρsFαosonFpΣχrFproμuγtχonFχnFtτνF[oormulΣcFsννFtνxt−FπχnΣlFstΣtνFπromFγollχsχonsFΣtF
[oormulΣcFsννFtνxt−F~ν’wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF[XY 4.2 66

200 mνtνrmχnΣtχonFoπFspχnFΣnμFpΣrχtyFoπFtτνFqχρρsFαosonFχnFtτνF[oormulΣcFsννFtνxt−FμνγΣyFγτΣnnνlFwχtτF
tτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFYZX 4.2 15

199
}νΣrγτFπorFnνwFpτνnomνnΣFχnFπχnΣlFstΣtνsFwχtτFΣnFνnνrρνtχγFψνtFΣnμFlΣrρνFmχssχnρFtrΣnsvνrsνF
momνntumFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−~ν’FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicaln
JournalnCSF2015SF_]SFYbb

4.2 202

198 }νΣrγτFπorFΣFnνwFrνsonΣnγνFμνγΣyχnρFtoFΣForFαosonFΣnμFΣFqχρρsFαosonFχnFtτνF[oormulΣcFsννFtνxt−F
πχnΣlFstΣtνsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFY^Z 4.2 46

197 vνΣsurνmνntFoπFtτrννTψνtFproμuγtχonFγrossTsνγtχonsFχnF[oormulΣcFsννFtνxt−FγollχsχonsFΣtF_´ [oormulΣcF
sννFtνxt−FγνntrνToπTmΣssFνnνrρyFusχnρFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFYYa 4.2 18

196 lonstrΣχntsFonFtτνFoππTsτνllFqχρρsFαosonFsχρnΣlFstrνnρtτFχnFtτνFτχρτTmΣssFΣnμFπχnΣlFstΣtνsFwχtτFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFZZ] 4.2 56

195
rμνntχπχγΣtχonFΣnμFνnνrρyFγΣlχαrΣtχonFoπFτΣμronχγΣllyFμνγΣyχnρFtΣuFlνptonsFwχtτFtτνFj~uj}F
νxpνrχmνntFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−[oormulΣcFsννFtνxt−UFEuropeannPhysicalnJournalnCSF2015
SF_]SFZWZ

4.2 49

194 }tuμyFoπFtτνFspχnFΣnμFpΣrχtyFoπFtτνFqχρρsFαosonFχnFμχαosonFμνγΣysFwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2015SF_]SF[_^ 4.2 104

193
xαsνrvΣtχonFΣnμFmνΣsurνmνntsFoπFtτνFproμuγtχonFoπFpromptFΣnμFnonTpromptF[oormulΣcFsννFtνxt−F
mνsonsFχnFΣssoγχΣtχonFwχtτFΣF[oormulΣcFsννFtνxt−FαosonFχnF[oormulΣcFsννFtνxt−FγollχsχonsFΣtF[oormulΣcF
sννFtνxt−FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFYYb

4.2 38

192
}νΣrγτFπorFtτνF}tΣnμΣrμFvoμνlFqχρρsFαosonFproμuγνμFχnFΣssoγχΣtχonFwχtτFtopFquΣrksFΣnμFμνγΣyχnρF
χntoF[oormulΣcFsννFtνxt−FχnF[oormulΣcFsννFtνxt−FγollχsχonsFΣtF[oormulΣcFsννFtνxt−FwχtτFtτνFj~uj}F
μνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFZ[b

4.2 94

191
}νΣrγτFπorFsupνrsymmνtryFχnFνvνntsFγontΣχnχnρFΣFsΣmνTπlΣvourFopposχtνTsχρnFμχlνptonFpΣχrSFψνtsSFΣnμF
lΣrρνFmχssχnρFtrΣnsvνrsνFmomνntumFχnF[oormulΣcFsννFtνxt−´ ~ν’FγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUF
EuropeannPhysicalnJournalnCSF2015SF_]SFZXa

4.2 44

190 }νΣrγτFπorFτνΣvyFlonρTlχvνμFmultχTγτΣrρνμFpΣrtχγlνsFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ ~ν’FusχnρFtτνF
j~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFZ^Y 4.2 22

189 ~woTpΣrtχγlνFkosνTnχnstνχnFγorrνlΣtχonsFχnFγollχsχonsFΣtF[oormulΣcFsννFtνxt−FWUbFΣnμF_F~ν’FmνΣsurνμF
wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF[^^ 4.2 28

188 vνΣsurνmνntFoπFtτνFtopFquΣrkFmΣssFχnFtτνF[oormulΣcFsννFtνxt−FΣnμF[oormulΣcFsννFtνxt−FγτΣnnνlsF
usχnρF[oormulΣcFsννFtνxt−´ [oormulΣcFsννFtνxt−Fj~uj}FμΣtΣUFEuropeannPhysicalnJournalnCSF2015SF_]SFZZW 4.2 32

187 j~uj}F{unFXFsνΣrγτνsFπorFμχrνγtFpΣχrFproμuγtχonFoπFtτχrμTρνnνrΣtχonFsquΣrksFΣtFtτνFuΣrρνFqΣμronF
lollχμνrUFEuropeannPhysicalnJournalnCSF2015SF_]SF]XW 4.2 109
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186 }νΣrγτFπorFlowTsγΣlνFρrΣvχtyFsχρnΣturνsFχnFmultχTψνtFπχnΣlFstΣtνsFwχtτFtτνFj~uj}FμνtνγtorFΣtFNF
sqrt{s}faFOF~ν’UFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 2

185 jFsνΣrγτFπorFτχρτTmΣssFrνsonΣnγνsFμνγΣyχnρFtoFˇ�Rˇ�â��FχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνF
j~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 22

184 }ummΣryFoπFtτνFj~uj}Fνxpνrχmνntâ��sFsνnsχtχvχtyFtoFsupνrsymmνtryFΣπtνrFuqlF{unFXFâ��FχntνrprνtνμF
χnFtτνFpτνnomνnoloρχγΣlFv}}vUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 42

183 }νΣrγτFπorFlνptonTπlΣvourTvχolΣtχnρFqFTgF˛…ˇ�FμνγΣysFoπFtτνFqχρρsFαosonFwχtτFtτνFj~uj}FμνtνγtorUF
JournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 46

182 vνΣsurνmνntFoπFπourTψνtFμχππνrνntχΣlFγrossFsνγtχonsFχnFNFsqrt{s}faFOF~ν’FprotonTprotonFγollχsχonsF
usχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFXT_^ 5.4 5

181 jFsνΣrγτFπorFNFtovνrlχnν{t}FOFrνsonΣnγνsFusχnρFlνptonTplusTψνtsFνvνntsFχnFprotonTprotonFγollχsχonsFΣtFNF
sqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 57

180 vνΣsurνmνntFoπFtτνFπorwΣrμTαΣγkwΣrμFΣsymmνtryFoπFνlνγtronFΣnμFmuonFpΣχrTproμuγtχonFχnFppF
γollχsχonsFΣtFNFsqrt{s}f_FOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 18

179 vνΣsurνmνntFoπFγτΣrρνμTpΣrtχγlνFspνγtrΣFχnFyαRyαFγollχsχonsFΣtFNFsqrt{s_{mΣtτrm{ww}}}fYU_^FOF~ν’F
wχtτFtτνFj~uj}FμνtνγtorFΣtFtτνFuqlUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 49

178 jnΣlysχsFoπFνvνntsFwχtτFαTψνtsFΣnμFΣFpΣχrFoπFlνptonsFoπFtτνFsΣmνFγτΣrρνFχnFppFγollχsχonsFΣtFNFsqrt{s}faF
OF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 26

177 lonstrΣχntsFonFnνwFpτνnomνnΣFvχΣFqχρρsFαosonFγouplχnρsFΣnμFχnvχsχαlνFμνγΣysFwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 91

176 }νΣrγτFπorFτχρτTmΣssFμχαosonFrνsonΣnγνsFwχtτFαosonTtΣρρνμFψνtsFχnFprotonTprotonFγollχsχonsFΣtFNF
sqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFXTZb 5.4 66

175
mχππνrνntχΣlFtopTΣntχtopFγrossTsνγtχonFmνΣsurνmνntsFΣsFΣFπunγtχonFoπFoαsνrvΣαlνsFγonstruγtνμFπromF
πχnΣlTstΣtνFpΣrtχγlνsFusχnρFppFγollχsχonsFΣtFNFsqrt{s}f_FOF~ν’FχnFtτνFj~uj}FμνtνγtorUFJournalnofnHighn
EnergynPhysicsSF2015SFYWX]SFX

5.4 31

174 }νΣrγτFπorFτνΣvyFvΣψorΣnΣFnνutrχnosFwχtτFtτνFj~uj}FμνtνγtorFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’UF
JournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 65

173
}νΣrγτFπorFproμuγtχonFoπFvνγtorTlχkνFquΣrkFpΣχrsFΣnμFoπFπourFtopFquΣrksFχnFtτνFlνptonTplusTψνtsFπχnΣlF
stΣtνFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF
2015SFYWX]SFX

5.4 54

172 }νΣrγτFπorFnνwFpτνnomνnΣFχnFνvνntsFwχtτFtτrννForFmorνFγτΣrρνμFlνptonsFχnFppFγollχsχonsFΣtFNF
sqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 16

171 }ummΣryFoπFtτνFsνΣrγτνsFπorFsquΣrksFΣnμFρluχnosFusχnρFNFsqrt{s}faFOF~ν’FppFγollχsχonsFwχtτFtτνF
j~uj}FνxpνrχmνntFΣtFtτνFuqlUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 55

170 mνtνrmχnΣtχonFoπFtτνFtopTquΣrkFpolνFmΣssFusχnρFNFtovνrlχnν{t}FOFRFXTψνtFνvνntsFγollνγtνμFwχtτFtτνF
j~uj}FνxpνrχmνntFχnF_F~ν’FppFγollχsχonsUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 15

169 vνΣsurνmνntFoπFtτνFNFtovνrlχnν{t}–FOFΣnμFNFtovνrlχnν{t}±FOFproμuγtχonFγrossFsνγtχonsFχnFppFγollχsχonsF
ΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 16
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168 }νΣrγτFπorFπlΣvourTγτΣnρχnρFnνutrΣlFγurrνntFtopFquΣrkFμνγΣysFtFTgFqqFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF
~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFXT^] 5.4 18

167 }νΣrγτFπorFτνΣvyFlνptonFrνsonΣnγνsFμνγΣyχnρFtoFΣF±FαosonFΣnμFΣFlνptonFχnFppFγollχsχonsFΣtFNFsqrt{s}faF
OF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 22

166 }νΣrγτFπorFsquΣrksFΣnμFρluχnosFχnFνvνntsFwχtτFχsolΣtνμFlνptonsSFψνtsFΣnμFmχssχnρFtrΣnsvνrsνF
momνntumFΣtFNFsqrt{s}faFOF~ν’FwχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 37

165 nvχμνnγνFπorFtτνFqχρρsTαosonF ukΣwΣFγouplχnρFtoFtΣuFlνptonsFwχtτFtτνFj~uj}FμνtνγtorUFJournalnofn
HighnEnergynPhysicsSF2015SFYWX]SFX 5.4 74

164 vνΣsurνmνntFoπFtτνFγτΣrρνFΣsymmνtryFχnFμχlνptonχγFμνγΣysFoπFtopFquΣrkFpΣχrsFχnFppFγollχsχonsFΣtFNF
sqrt{s}f_FOF~ν’FusχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 16

163 }νΣrγτFπorF[oormulΣcFsννFtνxt−FμνγΣysFχnF[oormulΣcFsννFtνxt−FγollχsχonsFΣtF[oormulΣcFsννFtνxt−´ f´ a´ ~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFX^] 4.2 25

162 vνΣsurνmνntFoπFtτνFtopTquΣrkFmΣssFχnFtτνFπullyFτΣμronχγFμνγΣyFγτΣnnνlFπromFj~uj}FμΣtΣFΣtF
[oormulΣcFsννFtνxt−UFEuropeannPhysicalnJournalnCSF2015SF_]SFX]a 4.2 8

161
}νΣrγτFπorFμχrνγtFpΣχrFproμuγtχonFoπFΣFγτΣrρχnoFΣnμFΣFnνutrΣlχnoFμνγΣyχnρFtoFtτνFXY]´ pν’FqχρρsF
αosonFχnF[oormulΣcFsννFtνxt−´ ~ν’F[oormulΣcFsννFtνxt−FγollχsχonsFwχtτFtτνFj~uj}FμνtνγtorUFEuropeann
PhysicalnJournalnCSF2015SF_]SFYWa

4.2 50

160 }tuμyFoπFN–V±OqFproμuγtχonFΣnμFqχρρsFαosonFγouplχnρsFusχnρFqTgF–F–FPFμνγΣysFwχtτFtτνFj~uj}F
μνtνγtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 14

159 }νΣrγτFπorFmνtΣstΣαlνFτνΣvyFγτΣrρνμFpΣrtχγlνsFwχtτFlΣrρνFχonχsΣtχonFνnνrρyFlossFχnFγollχsχonsFΣtF
[oormulΣcFsννFtνxt−´ ~ν’FusχnρFtτνFj~uj}FνxpνrχmνntUFEuropeannPhysicalnJournalnCSF2015SF_]SF[W_ 4.2 18

158
vνΣsurνmνntFoπFtτνFproμuγtχonFΣnμFlνptonFγτΣrρνFΣsymmνtryFoπF[oormulΣcFsννFtνxt−FαosonsFχnF
yαRyαFγollχsχonsFΣtF[oormulΣcFsννFtνxt−FwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicalnJournalnCSF2015SF
_]SFYZ

4.2 31

157 }νΣrγτFπorFproμuγtχonFoπFN––V–±OFrνsonΣnγνsFμνγΣyχnρFtoFΣFlνptonSFnνutrχnoFΣnμFψνtsFχnFNppOF
γollχsχonsFΣtFNsqrt{s}faOF~ν’FwχtτFtτνFj~uj}FμνtνγtorF2015SF_]SFX 1

156 }νΣrγτFπorFnνwFpτνnomνnΣFχnFπχnΣlFstΣtνsFwχtτFΣnFνnνrρνtχγFψνtFΣnμFlΣrρνFmχssχnρFtrΣnsvνrsνF
momνntumFχnFppFγollχsχonsFΣtFNsqrt{s}fa~O~ν’FwχtτFtτνFj~uj}FμνtνγtorF2015SF_]SFX 2

155 }tuμyFoπFtτνFspχnFΣnμFpΣrχtyFoπFtτνFqχρρsFαosonFχnFμχαosonFμνγΣysFwχtτFtτνFj~uj}FμνtνγtorF2015SF
_]SFX 3

154 j~uj}F{unFXFsνΣrγτνsFπorFμχrνγtFpΣχrFproμuγtχonFoπFtτχrμTρνnνrΣtχonFsquΣrksFΣtFtτνFuΣrρνFqΣμronF
lollχμνrF2015SF_]SFX 3

153 vνΣsurνmνntFoπFtτνFχnγlusχvνFψνtFγrossTsνγtχonFχnFprotonTprotonFγollχsχonsFΣtFNFsqrt{s}f_FOF~ν’FusχnρF
[U]Fπαâ��XFoπFμΣtΣFwχtτFtτνFj~uj}FμνtνγtorF2015SFYWX]SFX 3

152 vνΣsurνmνntFoπFtτνFtopFquΣrkFpΣχrFproμuγtχonFγτΣrρνFΣsymmνtryFχnFprotonTprotonFγollχsχonsFΣtFNF
sqrt{s}FOFfF_F~ν’FusχnρFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2014SFYWX[SFX 5.4 24

151
}νΣrγτFπorFtτνFμχrνγtFproμuγtχonFoπFγτΣrρχnosSFnνutrΣlχnosFΣnμFstΣusFχnFπχnΣlFstΣtνsFwχtτFΣtFlνΣstFtwoF
τΣμronχγΣllyFμνγΣyχnρFtΣusFΣnμFmχssχnρFtrΣnsvνrsνFmomνntumFχnFppFγollχsχonsFΣtFNFsqrt{s}faFOF~ν’F
wχtτFtτνFj~uj}FμνtνγtorUFJournalnofnHighnEnergynPhysicsSF2014SFYWX[SFX

5.4 29
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150
~τνFμχππνrνntχΣlFproμuγtχonFγrossFsνγtχonFoπFtτνF[oormulΣcFsννFtνxt−NXWYWOFmνsonFχnF[oormulΣcFsννF
tνxt−FfF_´ ~ν’F[oormulΣcFsννFtνxt−FγollχsχonsFmνΣsurνμFwχtτFtτνFj~uj}FμνtνγtorUFEuropeannPhysicaln
JournalnCSF2014SF_[SFYab]

4.2 12
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