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momπntumFatFNsqrt{s}fXZOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2021SFaXSFX 4.2 0
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YWYXSFX
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CommunicationsSF2020SFY]YSFXW_YWW 4.2 13

468 vπasurπmπntFoρFtχπF—NTgFâ��Râ��â��O˛‡FproνuμtψonFμrossTsπμtψonFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχF
tχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 2

467 vπasurπmπntFoρFlonτTranτπFtwoTpartψμlπFazψmutχalFμorrπlatψonsFψnF—TγosonFtaττπνFppFμollψsψonsFatF
Nsqrt{s}faOFanνFXZF~π’UFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 3

466 ~ransvπrsπFmomπntumFanνFproμπssFνπpπnνπntFazψmutχalFanψsotropψπsFψnFNsqrt{s−{matχrmF
{ww}}}faUX^OF~π’FpRyγFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 7

465 mπtπμtψnτFanνFstuνyψnτFχψτχTπnπrτyFμollψνπrFnπutrψnosFwψtχFoj}n{FatFtχπFuqlUFEuropeannPhysicaln
JournalnCSF2020SFaWSFX 4.2 26

464 yπrρormanμπFoρFπlπμtronFanνFpχotonFtrψττπrsFψnFj~uj}FνurψnτFuqlF{unFYUFEuropeannPhysicalnJournaln
CSF2020SFaWSFX 4.2 30

463
}πarμχFρorFπlπμtrowπakFproνuμtψonFoρFμχarτψnosFanνFslπptonsFνπμayψnτFψntoFρψnalFstatπsFwψtχFtwoF
lπptonsFanνFmψssψnτFtransvπrsπFmomπntumFψnFNsqrt{s}fXZOFNtπxtF{~π’}OFppFμollψsψonsFusψnτFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX

4.2 50

462 }πarμχFρorFtopFsquarksFψnFπvπntsFwψtχFaFqψττsForF—FγosonFusψnτFXZbFργNℓ{TX}OFoρFppFμollψsψonFνataFatF
Nsqrt{s}fXZOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 1

461 nvψνπnμπFρorFNtγar{t}tγar{t}OFproνuμtψonFψnFtχπFmultψlπptonFρψnalFstatπFψnFprotonâ��protonFμollψsψonsFatF
Nsqrt{s}fXZOFNtπxtF{~π’}OFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 8

460 }πarμχFρorFχπavyFνψγosonFrπsonanμπsFψnFsπmψlπptonψμFρψnalFstatπsFψnFppFμollψsψonsFatFNsqrt{s}fXZOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 4

459
}πarμχFρorFlψτχtFlonτTlψvπνFnπutralFpartψμlπsFproνuμπνFψnFppFμollψsψonsFatFNsqrt{s}FfFXZ~matχrmF{~π’}OF
anνFνπμayψnτFψntoFμollψmatπνFlπptonsForFlψτχtFχaνronsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2020SFaWSFX

4.2 8

458
}πarμχFρorFaFsμalarFpartnπrFoρFtχπFtopFquarkFψnFtχπFallTχaνronψμFNt{γar{t}}OFplusFmψssψnτFtransvπrsπF
momπntumFρψnalFstatπFatFNsqrt{s}fXZOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF
2020SFaWSFX

4.2 17

457 jlψτnmπntFoρFtχπFj~uj}FrnnπrFmπtπμtorFψnF{unFYUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 4

456 mπtπrmψnatψonFoρFjπtFμalψγratψonFanνFπnπrτyFrπsolutψonFψnFprotonâ��protonFμollψsψonsFatFNsqrt{s}FfF
a~χγoxF{~π’}OFusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 3

(2020-2020)
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455 vπasurπmπntFoρFsVˇ�FproνuμtψonFψnFassoμψatψonFwψtχFaF“´–FγosonFwψtχFppFνataFatFaF~π’UFJournalnofn
HighnEnergynPhysicsSF2020SFYWYWSFX 5.4 4

454 }πarμχFρorFnπwFrπsonanμπsFψnFmassFνψstrψγutψonsFoρFjπtFpaψrsFusψnτFXZbFργâ��XFoρFppFμollψsψonsFatFNF
sqrt{matχrm{s}}FOFfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 20

453 }πarμχFρorFNFtovπrlψnπ{t}FOFrπsonanμπsFψnFρullyFχaνronψμFρψnalFstatπsFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 6

452 {πμonstruμtψonFanνFψνπntψρψμatψonFoρFγoostπνFνψTˇ�FsystπmsFψnFaFsπarμχFρorFqψττsFγosonFpaψrsFusψnτFXZF
~π’FprotonTprotonFμollψsψonFνataFψnFj~uj}UFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 3

451 uχj{jcF~χπFuasπrTχyγrψνFjμμπlπratorFρorF{aνψoγψoloτψμalFjpplψμatψonsUFFrontiersninnPhysicsSF2020SFaSF 3.9 5

450
vπasurπmπntsFoρFψnμlusψvπFanνFνψρρπrπntψalFμrossTsπμtψonsFoρFμomγψnπνFNFtovπrlψnπ{t}τammaFOFanνF
t“˛‡FproνuμtψonFψnFtχπFπ˛…FμχannπlFatFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysics
SF2020SFYWYWSFX

5.4 2

449 yπrρormanμπFoρFtχπFmψssψnτFtransvπrsπFmomπntumFtrψττπrsFρorFtχπFj~uj}FνπtπμtorFνurψnτF{unTYF
νataFtakψnτUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8

448 }πarμχFρorFnπwFnonTrπsonantFpχπnomπnaFψnFχψτχTmassFνψlπptonFρψnalFstatπsFwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 9

447 vπasurπmπntsFoρFtχπFqψττsFγosonFψnμlusψvπFanνFνψρρπrπntψalFρψνuμψalFμrossFsπμtψonsFψnFtχπF[NπllFOF
νπμayFμχannπlFatFNsqrt{s}OFfFXZF~π’UFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 9

446 oluμtuatψonsFoρFanψsotropψμFρlowFψnFyγRyγFμollψsψonsFatFNFsqrt{{matχrm{s}}−{matχrm{ww}}}FOFfF]UWYF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 13

445
}πarμχFρorFνψrπμtFproνuμtψonFoρFπlπμtrowπakψnosFψnFρψnalFstatπsFwψtχFonπFlπptonSFmψssψnτFtransvπrsπF
momπntumFanνFaFqψττsFγosonFνπμayψnτFψntoFtwoFγTjπtsFψnFNppOFμollψsψonsFatFNsqrt{s}fXZOF~π’FwψtχF
tχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX

4.2 13

444 vπasurπmπntFoρFνψρρπrπntψalFμrossFsπμtψonsFρorFsψnτlπFνψρρraμtψvπFνψssoμψatψonFψnFNFsqrt{s}FOFfFaF~π’FppF
μollψsψonsFusψnτFtχπFj~uj}FjuojFspπμtromπtπrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 1

443 vπasurπmπntFoρFψsolatπνTpχotonFplusFtwoTjπtFproνuμtψonFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχF
tχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 2

442
vπasurπmπntsFoρFtχπFproνuμtψonFμrossTsπμtψonFρorFaF—FγosonFψnFassoμψatψonFwψtχFγTjπtsFψnF
protonTprotonFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2020SFYWYWSFX

5.4 5

441
}πarμχFρorFtχπFqqFTgFNFγovπrlψnπ{γ}γovπrlψnπ{γ}FOFproμπssFvψaFvπμtorTγosonFρusψonFproνuμtψonFusψnτF
protonTprotonFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2020SFYWYWSFX

5.4 5

440 xγsπrvatψonFoρFtχπFassoμψatπνFproνuμtψonFoρFaFtopFquarkFanνFaF—FγosonFψnFppFμollψsψonsFatFNFsqrt{s}FOfF
XZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 5

439 vπasurπmπntFoρFtχπFtransvπrsπFmomπntumFνψstrψγutψonFoρFmrπllâ��–anFlπptonFpaψrsFψnFprotonâ��protonF
μollψsψonsFatFNsqrt{s}fXZSO~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 7

438
}πarμχFρorFνψrπμtFproνuμtψonFoρFπlπμtrowπakψnosFψnFρψnalFstatπsFwψtχFmψssψnτFtransvπrsπFmomπntumF
anνFaFqψττsFγosonFνπμayψnτFψntoFpχotonsFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX

5.4 1
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437 vπasurπmπntsFoρFtopTquarkFpaψrFspψnFμorrπlatψonsFψnFtχπFNπmuFOFμχannπlFatFNsqrt{s}FfFXZOF~π’FusψnτF
ppFμollψsψonsFψnFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 8

436 vπasurπmπntFoρFtχπFμrossTsπμtψonFanνFμχarτπFasymmπtryFoρF“FγosonsFproνuμπνFψnFprotonâ��protonF
μollψsψonsFatFNsqrt{s}fa~tπxtF{~π’}OFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 11

435
vπasurπmπntFoρFjπtTsuγstruμturπFoγsπrvaγlπsFψnFtopFquarkSF“FγosonFanνFlψτχtFjπtFproνuμtψonFψnF
protonTprotonFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 8

434 nlπμtronFrπμonstruμtψonFanνFψνπntψρψμatψonFψnFtχπFj~uj}FπxpπrψmπntFusψnτFtχπFYWX]FanνFYWX^FuqlF
protonâ��protonFμollψsψonFνataFatFNsqrt{s}FfFXZOFNtπxtF{~π’}OUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 37

433 vπasurπmπntFoρFνψstrψγutψonsFsπnsψtψvπFtoFtχπFunνπrlyψnτFπvπntFψnFψnμlusψvπF—FγosonFproνuμtψonFψnF
ppFμollψsψonsFatFNsqrt{s}OFfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 2

432
}πarμχπsFρorFsμalarFlπptoquarksFanνFνψρρπrπntψalFμrossTsπμtψonFmπasurπmπntsFψnFνψlπptonâ��νψjπtF
πvπntsFψnFprotonâ��protonFμollψsψonsFatFaFμπntrπToρTmassFπnπrτyFoρFNvarvπμ{sqrt{s}}OFfFXZF~π’FwψtχFtχπF
j~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnCSF2019SF_bSFX

4.2 15

431 }πarμχFρorFsψnτlπFproνuμtψonFoρFvπμtorTlψkπFquarksFνπμayψnτFψntoF“γFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 14

430 }πarμχFρorFtopTquarkFνπμaysFtFTgFqqFwψtχFZ^Fργâ��XFoρFppFμollψsψonFνataFatFNFsqrt{s}FOFfFXZF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 13

429
vπasurπmπntFoρF’qSFNFmatχrm{q}toFmatχrm{γ}ovπrlψnπ{matχrm{γ}}FOFproνuμtψonFasFaFρunμtψonFoρF
tχπFvπμtorTγosonFtransvπrsπFmomπntumFψnFXZF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofn
HighnEnergynPhysicsSF2019SFYWXbSFX

5.4 8

428 vπasurπmπntsFoρF“FanνF—FγosonFproνuμtψonFψnFppFμollψsψonsFatFNsqrt{s}f]UWYOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 12

427 yπrρormanμπFoρFtopTquarkFanνFNvarvπμ{“}OTγosonFtaττψnτFwψtχFj~uj}FψnF{unFYFoρFtχπFuqlUFEuropeann
PhysicalnJournalnCSF2019SF_bSFX 4.2 19

426 vπasurπmπntsFoρFψnμlusψvπFanνFνψρρπrπntψalFρψνuμψalFμrossTsπμtψonsFoρFNtγar{t}τammaFOFproνuμtψonFψnF
lπptonψμFρψnalFstatπsFatFNsqrt{s}fXZ~tπxtF{~π’}OFψnFj~uj}UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 7

425 nlπμtronFanνFpχotonFπnπrτyFμalψγratψonFwψtχFtχπFj~uj}FνπtπμtorFusψnτFYWX]â��YWX^FuqlF
protonTprotonFμollψsψonFνataUFJournalnofnInstrumentationSF2019SFX[SFyWZWX_TyWZWX_ 1 25

424 }πarμχFρorFνouγlyFμχarτπνFsμalarFγosonsFνπμayψnτFψntoFsamπTsψτnFγosonFpaψrsFwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSF]a 4.2 20

423
}πarμχFρorFχπavyFvajoranaForFmψraμFnπutrψnosFanνFrψτχtTχanνπνF“FτauτπFγosonsFψnFρψnalFstatπsFwψtχF
twoFμχarτπνFlπptonsFanνFtwoFjπtsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2019SFYWXbSFX

5.4 21

422 rnFsψtuFμalψγratψonFoρFlarτπTraνψusFjπtFπnπrτyFanνFmassFψnFXZF~π’Fprotonâ��protonFμollψsψonsFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 16

421 vπasurπmπntFoρFtχπFpχotonFψνπntψρψμatψonFπρρψμψπnμψπsFwψtχFtχπFj~uj}FνπtπμtorFusψnτFuqlF{unFYF
νataFμollπμtπνFψnFYWX]FanνFYWX^UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 26

420 vπasurπmπntFoρFtχπFratψoFoρFμrossFsπμtψonsFρorFψnμlusψvπFψsolatπνTpχotonFproνuμtψonFψnFppFμollψsψonsF
atFNFsqrt{s}FOFfFXZFanνFaF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 5
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419 vπasurπmπntFoρFtχπFtopFquarkFmassFψnFtχπFNtγar{t}rψτχtarrowFOFlπptonRjπtsFμχannπlFρromFNsqrt{s}faOF
~π’Fj~uj}FνataFanνFμomγψnatψonFwψtχFprπvψousFrπsultsUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 24

418
}πarμχFρorFpaψrFproνuμtψonFoρFqψττsFγosonsFψnFtχπFNFγovπrlψnπ{γ}γovπrlψnπ{γ}FOFρψnalFstatπFusψnτF
protonTprotonFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 31

417 lonstraψntsFonFmπνψatorTγasπνFνarkFmattπrFanνFsμalarFνarkFπnπrτyFmoνπlsFusψnτFNFsqrt{s}FOFfFXZF~π’F
ppFμollψsψonFνataFμollπμtπνFγyFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 31

416 }πarμχFρorFlonτTlψvπνFnπutralFpartψμlπsFψnFppFμollψsψonsFatFN{sqrt{s}}FfFXZ~{tπxtF{F~π’}}OFtχatFνπμayFψntoF
νψsplaμπνFχaνronψμFjπtsFψnFtχπFj~uj}FμalorψmπtπrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 18

415 }πarμχFρorFqψττsFγosonFpaψrFproνuμtψonFψnFtχπF““NPO““NPOFνπμayFμχannπlFusψnτFj~uj}FνataF
rπμorνπνFatFNFsqrt{matχrm{s}}FOFfFXZF~π’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 12

414 }πarμχFρorFlarτπFmψssψnτFtransvπrsπFmomπntumFψnFassoμψatψonFwψtχFonπFtopTquarkFψnFprotonTprotonF
μollψsψonsFatFNFsqrt{s}FOFfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 7

413
vπasurπmπntFoρFN“ℓ{pmF}—OFproνuμtψonFμrossFsπμtψonsFanνFτauτπFγosonFpolarψsatψonFψnFppF
μollψsψonsFatFNsqrt{s}FfFXZ~tπxtF{~π’}OFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF
_bSFX

4.2 20

412 }πarμχπsFρorFtχψrνTτπnπratψonFsμalarFlπptoquarksFψnFNFsqrt{s}FOFfFXZF~π’FppFμollψsψonsFwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 18

411
}πarμχFρorFsμalarFrπsonanμπsFνπμayψnτFψntoF˛…R˛…â��FψnFπvπntsFwψtχFanνFwψtχoutFγTtaττπνFjπtsFproνuμπνF
ψnFprotonTprotonFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 8

410 }πarμχFρorFνψγosonFrπsonanμπsFψnFχaνronψμFρψnalFstatπsFψnFXZbFργâ��XFoρFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 10

409 }πarμχFρorFπxμψtπνFπlπμtronsFsψnτlyFproνuμπνFψnFprotonâ��protonFμollψsψonsFatFJJsqrt{s}F~f~XZ~tπxtF
{~π}tπxtF{’}JJFwψtχFtχπFj~uj}FπxpπrψmπntFatFtχπFuqlUFEuropeannPhysicalnJournalnCSF2019SF_bSF 4.2 3

408 rνπntψρψμatψonFoρFγoostπνFqψττsFγosonsFνπμayψnτFψntoFγTquarkFpaψrsFwψtχFtχπFj~uj}FνπtπμtorFatF
XZ´ JJtπxtF{~π’}JJUFEuropeannPhysicalnJournalnCSF2019SF_bSF 4.2 11

407 pammaFoaμtoryFatFln{wFTTTFwovπlF{πsπarμχF~oolsFvaνπFoρFuψτχtUFActanPhysicanPolonicanBSF2019SF]WSFXXbX 1.9 9

406 vπasurπmπntFoρFJJt−}ℓWJJFanνFJJuamγνaFℓWJJFproνuμtψonFψnFJJtFγar{t}JJFνψlπptonψμFπvπntsFψnFppF
μollψsψonsFatFJJsqrt{s}FfJJF_F~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 3

405 vπasurπmπntFoρFtχπFψnμlusψvπFψsolatπνTpχotonFμrossFsπμtψonFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFXZF~π’F
usψnτFZ^Fργâ��XFoρFj~uj}FνataUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 2

404 jFstratπτyFρorFaFτπnπralFsπarμχFρorFnπwFpχπnomπnaFusψnτFνataTνπrψvπνFsψτnalFrπτψonsFanνFψtsF
applψμatψonFwψtχψnFtχπFj~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 14

403 vπasurπmπntFoρFtχπFtopTquarkFmassFψnFNFtovπrlψnπ{t}FOFRFXTjπtFπvπntsFμollπμtπνFwψtχFtχπFj~uj}F
νπtπμtorFψnFppFμollψsψonsFatFNFsqrt{s}FOFfFaF~π’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 12

402 vπasurπmπntFoρFρψνuμψalFanνFνψρρπrπntψalFN“ℓR“ℓTOFproνuμtψonFμrossTsπμtψonsFatFNsqrt{s}fXZOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 16

StephenuGibson
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401 vπasurπmπntFoρF——FproνuμtψonFψnFtχπFâ��â�� ˛‰ ˛‰FρψnalFstatπFwψtχFtχπFj~uj}FνπtπμtorFψnFppFμollψsψonsFatFNF
sqrt{s}FOFfFXZF~π’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 2

400 vπasurπmπntFoρFN“ℓ{pmF}OTγosonFanνF—TγosonFproνuμtψonFμrossTsπμtψonsFψnFppFμollψsψonsFatF
Nsqrt{s}fYU_^OF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 2

399
vπasurπmπntFoρFtχπFψnμlusψvπFμrossTsπμtψonFρorFtχπFproνuμtψonFoρFjπtsFψnFassoμψatψonFwψtχFaF—FγosonF
ψnFprotonâ��protonFμollψsψonsFatFaF~π’FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF
_bSFX

4.2 4

398
}πarμχFρorFχπavyFnπutralFlπptonsFψnFνπμaysFoρF“FγosonsFproνuμπνFψnFXZF~π’FppFμollψsψonsFusψnτF
promptFanνFνψsplaμπνFsψτnaturπsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2019SF
YWXbSFX

5.4 21

397 vπasurπmπntFoρFN“ℓpmFOFγosonFproνuμtψonFψnFyγRyγFμollψsψonsFatFNsqrt{s−{matχrm{ww}}}FfF
]UWY~tπxtF{~π}tπxtF{’}OFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 7

396 j~uj}FγTjπtFψνπntψρψμatψonFpπrρormanμπFanνFπρρψμψπnμyFmπasurπmπntFwψtχFNt{γar{t}}OFπvπntsFψnFppF
μollψsψonsFatFNsqrt{s}fXZOF~π’UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 43

395
vπasurπmπntFoρFρlowFχarmonψμsFμorrπlatψonsFwψtχFmπanFtransvπrsπFmomπntumFψnFlπaνâ��lπaνFanνF
protonâ��lπaνFμollψsψonsFatFNsqrt{s−{matχrm{ww}}}FfF]UWY~χγoxF{~π’}OFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2019SF_bSFX

4.2 16

394
vπasurπmπntsFoρFtopTquarkFpaψrFνψρρπrπntψalFanνFνouγlπTνψρρπrπntψalFμrossTsπμtψonsFψnFtχπFNπllFORjπtsF
μχannπlFwψtχFppFμollψsψonsFatFNsqrt{s}fXZOF~π’FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnC
SF2019SF_bSFX

4.2 13

393 }πarμχFρorFγottomTsquarkFpaψrFproνuμtψonFwψtχFtχπFj~uj}FνπtπμtorFψnFρψnalFstatπsFμontaψnψnτFqψττsF
γosonsSFγTjπtsFanνFmψssψnτFtransvπrsπFmomπntumUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 7

392
}πarμχFρorFaννψtψonalFχπavyFnπutralFqψττsFanνFτauτπFγosonsFψnFtχπFνψtauFρψnalFstatπFproνuμπνFψnFZ^F
ργâ��XFoρFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF
2018SFYWXaSFX

5.4 81

391 vπasurπmπntFoρFtχπFμrossTsπμtψonFρorFproνuμψnτFaF“FγosonFψnFassoμψatψonFwψtχFaFsψnτlπFtopFquarkFψnF
ppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFj~uj}UFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 10

390 vπasurπmπntFoρFtχπFTγosonFmassFψnFppFμollψsψonsFatFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2018SF_aSFXXW 4.2 59

389 }πarμχFρorFnπwFpχπnomπnaFψnFχψτχTmassFρψnalFstatπsFwψtχFaFpχotonFanνFaFjπtFρromFμollψsψonsFatFfF
XZ´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFXWY 4.2 7

388 }πarμχFρorFtχπFνψrπμtFproνuμtψonFoρFμχarτψnosFanνFnπutralψnosFψnFρψnalFstatπsFwψtχFtauFlπptonsFψnF
μollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFX][ 4.2 23

387 vπasurπmπntFoρFlonτψtuνψnalFρlowFνπμorrπlatψonsFψnFyγRyγFμollψsψonsFatFanνF]UWYF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFX[Y 4.2 35

386 vπasurπmπntFoρFquarkonψumFproνuμtψonFψnFprotonTlπaνFanνFprotonTprotonFμollψsψonsFatFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFX_X 4.2 35

385 vπasurπmπntFoρFνψρρπrπntψalFμrossTsπμtψonsFoρFaFsψnτlπFtopFquarkFproνuμπνFψnFassoμψatψonFwψtχFaF
γosonFatFwψtχFj~uj}UFEuropeannPhysicalnJournalnCSF2018SF_aSFXa^ 4.2 5

384 }πarμχFρorFχπavyFrπsonanμπsFψnFtχπFanνFρψnalFstatπsFusψnτFprotonTprotonFμollψsψonsFatF´ FwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFYbZ 4.2 41

(2018-2019)
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383 jFsπarμχFρorFpaψrTproνuμπνFrπsonanμπsFψnFρourTjπtFρψnalFstatπsFatFwψtχFtχπFj~uj}FνπtπμtorUFEuropeann
PhysicalnJournalnCSF2018SF_aSFY]W 4.2 28

382
}πarμχFρorFχπavyFrπsonanμπsFνπμayψnτFψntoFaF“ForF—FγosonFanνFaFqψττsFγosonFψnFρψnalFstatπsFwψtχF
lπptonsFanνFγTjπtsFψnFZ^Fργâ��XFoρFNFsqrt{s}fXZFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX

5.4 26

381 }πarμχFρorFχπavyFrπsonanμπsFνπμayψnτFψntoFψnFtχπFρψnalFstatπFψnFμollψsψonsFatFwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFY[ 4.2 47

380 mψrπμtFtopTquarkFνπμayFwψνtχFmπasurπmπntFψnFtχπFlπptonRjπtsFμχannπlFatFwψtχFtχπFj~uj}F
πxpπrψmπntUFEuropeannPhysicalnJournalnCSF2018SF_aSFXYb 4.2 11

379 }πarμχFρorF“F“V“F—FrπsonanμπFproνuμtψonFψnFâ��˛‰qqFρψnalFstatπsFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 22

378 vπasurπmπntFoρFtχπFqψττsFγosonFμouplψnτFpropπrtψπsFψnFtχπFqFTgF——PFTgF[â��FνπμayFμχannπlFatFNF
sqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 36

377 vπasurπmπntFoρFψnμlusψvπFjπtFanνFνψjπtFμrossTsπμtψonsFψnFprotonTprotonFμollψsψonsFatFNFsqrt{s}fXZFOF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 12

376 }πarμχFρorFνarkFmattπrFproνuμπνFψnFassoμψatψonFwψtχFγottomForFtopFquarksFψnF´ ~π’FμollψsψonsFwψtχF
tχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFXa 4.2 32

375 }πarμχFρorFνouγlyFμχarτπνFqψττsFγosonFproνuμtψonFψnFmultψTlπptonFρψnalFstatπsFwψtχFtχπFj~uj}F
νπtπμtorFusψnτFprotonTprotonFμollψsψonsFatUFEuropeannPhysicalnJournalnCSF2018SF_aSFXbb 4.2 55

374 vπasurπmπntFoρFpolarψsatψonFψnFνπμaysFψnFprotonTprotonFμollψsψonsFatF~π’FwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2018SF_aSFX^Z 4.2 3

373 }πarμχπsFρorFχπavyF——FanνF—“FrπsonanμπsFψnFtχπFâ��â��qqFanνF˛‰˛‰qqFρψnalFstatπsFψnFppFμollψsψonsFatFNF
sqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 17

372 }πarμχFρorFpaψrFproνuμtψonFoρFupTtypπFvπμtorTlψkπFquarksFanνFρorFρourTtopTquarkFπvπntsFψnFρψnalF
statπsFwψtχFmultψplπFγTjπtsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 23

371
vπasurπmπntFoρFνψρρπrπntψalFμrossFsπμtψonsFanνF“RV“â��FμrossTsπμtψonFratψosFρorF“FγosonFproνuμtψonF
ψnFassoμψatψonFwψtχFjπtsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF
2018SFYWXaSFX

5.4 7

370 vπasurπmπntFoρFtχπF“TγosonFmassFψnFppFμollψsψonsFatFNsqrt{s}f_SFχγoxF{~π’}OFwψtχFtχπFj~uj}F
νπtπμtorF2018SF_aSFX 1

369 }πarμχFρorFνouγlyFμχarτπνFqψττsFγosonFproνuμtψonFψnFmultψTlπptonFρψnalFstatπsFwψtχFtχπFj~uj}F
νπtπμtorFusψnτFprotonâ��protonFμollψsψonsFatFNsqrt{s}fXZStπxtF{~π’}OF2018SF_aSFX 1

368 }πarμχFρorFχπavyFrπsonanμπsFνπμayψnτFψntoFaF“ForF—FγosonFanνFaFqψττsFγosonFψnFρψnalFstatπsFwψtχF
lπptonsFanνFγTjπtsFψnFZ^Fργâ��XFoρFNFsqrt{s}fXZFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorF2018SFYWXaSFX 1

367
}πarμχFρorFtχπFqψττsFγosonFproνuμπνFψnFassoμψatψonFwψtχFaFvπμtorFγosonFanνFνπμayψnτFψntoFtwoF
spψnTzπroFpartψμlπsFψnFtχπFqFTgFaaFTgF[γFμχannπlFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX

5.4 14

366 jFnovπlFlonτψtuνψnalFlasπrwψrπFtoFnonTψnvasψvπlyFmπasurπF^TνψmπnsψonalFγunμχFparamπtπrsFatFχψτχF
μurrπntFχyνroτπnFψonFaμμπlπratorsUFJournalnofnPhysics:nConferencenSeriesSF2018SFXW^_SFW_YWX^ 0.3 0
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365
vπasurπmπntFoρFtχπFNF—τammaFtoFnuFovπrlψnπ{nu}τammaFOFproνuμtψonFμrossFsπμtψonFψnFppFμollψsψonsF
atFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorFanνFlψmψtsFonFanomalousFtrψplπFτauτπTγosonF
μouplψnτsUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX

5.4 6

364 yromptFanνFnonTpromptFπllψptψμFρlowFψnFyγRyγFμollψsψonsFatF~πvFwψtχFtχπFj~uj}FνπtπμtorUFEuropeann
PhysicalnJournalnCSF2018SF_aSF_a[ 4.2 8

363 }πarμχFρorFqψττsFγosonFpaψrFproνuμtψonFψnFtχπFμχannπlFusψnτFμollψsψonFνataFrπμorνπνFatF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFXWW_ 4.2 21

362 vπasurπmπntFoρFμolourFρlowFusψnτFjπtTpullFoγsπrvaγlπsFψnFπvπntsFwψtχFtχπFj~uj}FπxpπrψmπntFatUF
EuropeannPhysicalnJournalnCSF2018SF_aSFa[_ 4.2 5

361 jnτularFanalysψsFoρFkFWFνFFTgFtP˛…R˛…â��FνπμaysFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 44

360
}πarμχFρorFaFnπwFχπavyFτauτπTγosonFrπsonanμπFνπμayψnτFψntoFaFlπptonFanνFmψssψnτFtransvπrsπF
momπntumFψnFZ^FργFoρFμollψsψonsFatF´ ~π’FwψtχFtχπFj~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnCSF
2018SF_aSF[WX

4.2 23

359
}πarμχFρorFνarkFmattπrFψnFπvπntsFwψtχFaFχaνronψμallyFνπμayψnτFvπμtorFγosonFanνFmψssψnτFtransvπrsπF
momπntumFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2018SFYWXaSFX

5.4 15

358
vπasurπmπntsFoρFνψρρπrπntψalFμrossFsπμtψonsFoρFtopFquarkFpaψrFproνuμtψonFψnFassoμψatψonFwψtχFjπtsFψnF
ppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FusψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SF
YWXaSFX

5.4 4

357
}πarμχFρorFqψττsFγosonFpaψrFproνuμtψonFψnFtχπFNFupτammaFupτammaFγovπrlψnπ{γ}FOFρψnalFstatπFwψtχF
XZF~π’FppFμollψsψonFνataFμollπμtπνFγyFtχπFj~uj}FπxpπrψmπntUFJournalnofnHighnEnergynPhysicsSF2018SF
YWXaSFX

5.4 23

356 }πarμχFρorFnπwFpχπnomπnaFψnFπvπntsFwψtχFsamπTμχarτπFlπptonsFanνFγTjπtsFψnFppFμollψsψonsFatFNF
sqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 21

355 vπasurπmπntFoρFtχπFazψmutχalFanψsotropyFoρFμχarτπνFpartψμlπsFproνuμπνFψnFfF]UWY´ ~π’FyγRyγF
μollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFbb_ 4.2 21

354 yπrρormanμπFoρFmψssψnτFtransvπrsπFmomπntumFrπμonstruμtψonFwψtχFtχπFj~uj}FνπtπμtorFusψnτF
protonTprotonFμollψsψonsFatUFEuropeannPhysicalnJournalnCSF2018SF_aSFbWZ 4.2 66

353 }πarμχFρorFπlπμtrowπakFproνuμtψonFoρFsupπrsymmπtrψμFpartψμlπsFψnFρψnalFstatπsFwψtχFtwoForFtχrππF
lπptonsFatFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSFbb] 4.2 49

352 }πarμχFρorFμχarτπνFqψττsFγosonsFνπμayψnτFψntoFtopFanνFγottomFquarksFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 39

351 xpπratψonFanνFpπrρormanμπFoρFtχπFj~uj}F~ψlπFlalorψmπtπrFψnF{un´ XUFEuropeannPhysicalnJournalnCSF
2018SF_aSFba_ 4.2 13

350
}πarμχFρorFsupπrsymmπtryFψnFρψnalFstatπsFwψtχFmψssψnτFtransvπrsπFmomπntumFanνFmultψplπFγTjπtsFψnF
protonTprotonFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2018SFYWXaSFX

5.4 28

349
}πarμχFρorFpaψrFproνuμtψonFoρFχπavyFvπμtorTlψkπFquarksFνπμayψnτFψntoFχψτχTp~F“FγosonsFanνFtopF
quarksFψnFtχπFlπptonTplusTjπtsFρψnalFstatπFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX

5.4 16

348
}πarμχFρorFtopTsquarkFpaψrFproνuμtψonFψnFρψnalFstatπsFwψtχFonπFlπptonSFjπtsSFanνFmψssψnτFtransvπrsπF
momπntumFusψnτFZ^Fργâ��XFoρFNFsqrt{s}fXZFOF~π’FppFμollψsψonFνataFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX

5.4 33

(2018-2018)
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347 }πarμχFρorFlonτTlψvπνFμχarτψnosFγasπνFonFaFνψsappπarψnτTtraμkFsψτnaturπFψnFppFμollψsψonsFatFNF
sqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 48

346 }πarμχFρorFsupπrsymmπtryFψnFρψnalFstatπsFwψtχFμχarmFjπtsFanνFmψssψnτFtransvπrsπFmomπntumFψnFXZF
~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 9

345
}πarμχFρorFμχarτπνFqψττsFγosonsFνπμayψnτFvψaFq´–FTgFˇ�´–˛‰ˇ�FψnFtχπFˇ�RjπtsFanνFˇ�RlπptonFρψnalFstatπsFwψtχF
Z^Fργâ��XFoρFppFμollψsψonFνataFrπμorνπνFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FπxpπrψmπntUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX

5.4 33

344 yromptFanνFnonTpromptFanνFsupprπssψonFatFχψτχFtransvπrsπFmomπntumFψnFyγRyγFμollψsψonsFwψtχF
tχπFj~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnCSF2018SF_aSF_^Y 4.2 23

343 }πarμχFρorFqψττsFγosonFνπμaysFtoFγπyonνTtχπT}tanνarνTvoνπlFlψτχtFγosonsFψnFρourTlπptonFπvπntsF
wψtχFtχπFj~uj}FνπtπμtorFatFNFsqrt{s}fXZFOF~π’UFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 22

342 }πarμχFρorFπxμlusψvπFqψττsFanνF—FγosonFνπμaysFtoFh˛‡FanνFˇ�˛‡FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofn
HighnEnergynPhysicsSF2018SFYWXaSFX 5.4 6

341 vπasurπmπntsFoρFγTjπtFtaττψnτFπρρψμψπnμyFwψtχFtχπFj~uj}FνπtπμtorFusψnτFNFtovπrlψnπ{t}FOFπvπntsFatFNF
sqrt{s}fXZFOF~π’UFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 31

340 }πarμχFρorFρlavourTμχanτψnτFnπutralFμurrπntFtopTquarkFνπμaysFtFTgFq—FψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 8

339 vπasurπmπntFoρFtχπFψnμlusψvπFanνFρψνuμψalFproνuμtψonFμrossTsπμtψonsFψnFtχπFlπptonRjπtsFμχannπlFψnF
μollψsψonsFatFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSF[a_ 4.2 5

338 }πarμχFρorFχπavyFpartψμlπsFνπμayψnτFψntoFtopTquarkFpaψrsFusψnτFlπptonTplusTjπtsFπvπntsFψnF
protonTprotonFμollψsψonsFatF´ FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2018SF_aSF]^] 4.2 34

337
}πarμχFρorFnπwFpχπnomπnaFusψnτFtχπFψnvarψantFmassFνψstrψγutψonFoρFsamπTρlavourFopposψtπTsψτnF
νψlπptonFpaψrsFψnFπvπntsFwψtχFmψssψnτFtransvπrsπFmomπntumFψnF´ FμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2018SF_aSF^Y]

4.2 15

336 }πarμχFρorFνarkFmattπrFanνFotχπrFnπwFpχπnomπnaFψnFπvπntsFwψtχFanFπnπrτπtψμFjπtFanνFlarτπFmψssψnτF
transvπrsπFmomπntumFusψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 101

335
jFlowTpowπrFlasπrwψrπFproρψlπFmonψtorFρorFqâ��FγπamscFmπsψτnFanνFπxpπrψmπntalFrπsultsUFNuclearn
InstrumentsnandnMethodsninnPhysicsnResearch,nSectionnA:nAccelerators,nSpectrometers,nDetectorsnandn
AssociatednEquipmentSF2018SFbWZSFX[WTX[^

1.2

334
vπasurπmπntFoρFtχπF oormulacFsππFtπxt]FanνF oormulacFsππFtπxt]FproνuμtψonFμrossFsπμtψonsFψnF
multψlπptonFρψnalFstatπsFusψnτFZUYFργ oormulacFsππFtπxt]FoρF oormulacFsππFtπxt]FμollψsψonsFatF oormulacF
sππFtπxt]FfFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SF[W

4.2 14

333
jFmπasurπmπntFoρFtχπFμalorψmπtπrFrπsponsπFtoFsψnτlπFχaνronsFanνFνπtπrmψnatψonFoρFtχπFjπtFπnπrτyF
sμalπFunμπrtaψntyFusψnτFuqlF{unTXFTμollψsψonFνataFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2017SF__SFY^

4.2 22

332
vπasurπmπntFoρFtχπFψnμlusψvπFμrossTsπμtψonsFoρFsψnτlπFtopTquarkFanνFtopTantψquarkFtTμχannπlF
proνuμtψonFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2017SFYWX_SFX

5.4 22

331
vπasurπmπntFoρFjπtFaμtψvψtyFproνuμπνFψnFtopTquarkFπvπntsFwψtχFanFπlπμtronSFaFmuonFanνFtwoF
TtaττπνFjπtsFψnFtχπFρψnalFstatπFψnFμollψsψonsFatF oormulacFsππFtπxt]F~π’FwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2017SF__SFYYW

4.2 5

330 vπasurπmπntFoρFtχπFγosonFpolarψsatψonFψnF oormulacFsππFtπxt]FπvπntsFρromFμollψsψonsFatF oormulacF
sππFtπxt]FfFaF~π’FψnFtχπFlπpton´ R´ jπtsFμχannπlFwψtχFj~uj}UFEuropeannPhysicalnJournalnCSF2017SF__SFY^[ 4.2 19
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329 nlπμtronFπρρψμψπnμyFmπasurπmπntsFwψtχFtχπFj~uj}FνπtπμtorFusψnτFYWXYFuqlFprotonTprotonFμollψsψonF
νataUFEuropeannPhysicalnJournalnCSF2017SF__SFXb] 4.2 61

328
vπasurπmπntsFoρFtopTquarkFpaψrFνψρρπrπntψalFμrossTsπμtψonsFψnFtχπF oormulacFsππFtπxt]FμχannπlFψnF
μollψsψonsFatF oormulacFsππFtπxt]´ ~π’FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF
__SFYbY

4.2 13

327 yπrρormanμπFoρFalτorψtχmsFtχatFrπμonstruμtFmψssψnτFtransvπrsπFmomπntumFψnF oormulacFsππFtπxt]fF
aF~π’FprotonTprotonFμollψsψonsFψnFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFY[X 4.2 38

326 vπasurπmπntFoρFtχπFpromptFV oormulacFsππFtπxt]FpaψrFproνuμtψonFμrossTsπμtψonFψnFμollψsψonsFatF
 oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SF_^ 4.2 47

325 }πarμχFρorFtrψγosonF oormulacFsππFtπxt]FproνuμtψonFψnFμollψsψonsFatF oormulacFsππFtπxt]´  oormulacFsππF
tπxt]FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFX[X 4.2 13

324 ~opoloτψμalFμπllFμlustπrψnτFψnFtχπFj~uj}FμalorψmπtπrsFanνFψtsFpπrρormanμπFψnFuqlF{unFXUFEuropeann
PhysicalnJournalnCSF2017SF__SF[bW 4.2 177

323
oψνuμψalSFtotalFanνFνψρρπrπntψalFμrossTsπμtψonFmπasurπmπntsFoρFTμχannπlFsψnτlπFtopTquarkFproνuμtψonF
ψnFμollψsψonsFatFa´ ~π’FusψnτFνataFμollπμtπνFγyFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF
__SF]ZX

4.2 27

322 vπasurπmπntsFoρFπlπμtrowπakF oormulacFsππFtπxt]FproνuμtψonFanνFμonstraψntsFonFanomalousFτauτπF
μouplψnτsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SF[_[ 4.2 14

321 sπtFrπμonstruμtψonFanνFpπrρormanμπFusψnτFpartψμlπFρlowFwψtχFtχπFj~uj}FmπtπμtorUFEuropeannPhysicaln
JournalnCSF2017SF__SF[^^ 4.2 42

320 vπasurπmπntFoρFmultψTpartψμlπFazψmutχalFμorrπlatψonsFψnFppSFp´ R´ yγFanνFlowTmultψplψμψtyFyγ´ R´ yγF
μollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SF[Ya 4.2 48

319 vπasurπmπntFoρFψnμlusψvπFanνFνψρρπrπntψalFμrossFsπμtψonsFψnFtχπFqFTgF——FPFTgF[â��FνπμayFμχannπlFψnFppF
μollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 25

318 vπasurπmπntFoρFlπptonFνψρρπrπntψalFνψstrψγutψonsFanνFtχπFtopFquarkFmassFψnFproνuμtψonFψnFμollψsψonsF
atF´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFaW[ 4.2 11

317 vπasurπmπntFoρFtχπFNFtovπrlψnπ{t}τammaFOFproνuμtψonFμrossFsπμtψonFψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 7

316
vπasurπmπntsFoρFμχarτπFanνFlyFasymmπtrψπsFψnFγTχaνronFνπμaysFusψnτFtopTquarkFπvπntsFμollπμtπνF
γyFtχπFj~uj}FνπtπμtorFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’UFJournalnofnHighnEnergynPhysicsSF2017SF
YWX_SFX

5.4 6

315 yπrρormanμπFoρFtχπFj~uj}FtraμkFrπμonstruμtψonFalτorψtχmsFψnFνπnsπFπnvψronmπntsFψnFuqlF{unFYUF
EuropeannPhysicalnJournalnCSF2017SF__SF^_Z 4.2 33

314
}πarμχFρorFnπwFpχπnomπnaFψnFπvπntsFμontaψnψnτFaFsamπTρlavourFopposψtπTsψτnFνψlπptonFpaψrSFjπtsSF
anνFlarτπFmψssψnτFtransvπrsπFmomπntumFψnF oormulacFsππFtπxt]´  oormulacFsππFtπxt] oormulacFsππF
tπxt]FμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFX[[

4.2 8

313
vπasurπmπntFoρFtχπF——FproνuμtψonFμrossFsπμtψonFψnFprotonTprotonFμollψsψonsFatFNFsqrt{s}faFOF~π’F
usψnτFtχπF——FTgFâ��â�� â��Râ��hâ��â��hRFanνFNF——toF{πll}ℓ{T}{πll}ℓ{R}nuFovπrlψnπ{nu}FOFνπμayFμχannπlsFwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX

5.4 9

312 yroγψnτFtχπF“FtγFvπrtπxFstruμturπFψnFtTμχannπlFsψnτlπTtopTquarkFproνuμtψonFanνFνπμayFψnFppF
μollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 11
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311 vπasurπmπntsFoρFˇ�NY}OFanνF”NZa_YOFTgFsVˇ�ˇ�FRFˇ�Fâ��FproνuμtψonFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχF
tχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 15

310 vπasurπmπntsFoρFtopTquarkFpaψrFtoF—TγosonFμrossTsπμtψonFratψosFatFNFsqrt{s}fXZFOFSFaSF_F~π’FwψtχFtχπF
j~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 7

309 }πarμχFρorFlπptonTρlavourTvψolatψnτFνπμaysFoρFtχπFqψττsFanνFγosonsFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2017SF__SF_W 4.2 52

308 yπrρormanμπFoρFtχπFj~uj}FtrψττπrFsystπmFψnFYWX]UFEuropeannPhysicalnJournalnCSF2017SF__SFZX_ 4.2 272

307 {πμonstruμtψonFoρFprψmaryFvπrtψμπsFatFtχπFj~uj}FπxpπrψmπntFψnF{unFXFprotonTprotonFμollψsψonsFatF
tχπFuqlUFEuropeannPhysicalnJournalnCSF2017SF__SFZZY 4.2 29

306
vπasurπmπntsFoρFtχπFproνuμtψonFμrossFsπμtψonFoρFaF oormulacFsππFtπxt]FγosonFψnFassoμψatψonFwψtχF
jπtsFψnFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF
2017SF__SFZ^X

4.2 26

305 yrπμψsψonFmπasurπmπntFanνFψntπrprπtatψonFoρFψnμlusψvπFSFanνFproνuμtψonFμrossFsπμtψonsFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFZ^_ 4.2 56

304 vπasurπmπntFoρFjπtFρraτmπntatψonFψnFyγRyγFanνFμollψsψonsFatF~π’FwψtχFtχπFj~uj}FνπtπμtorFatFtχπF
uqlUFEuropeannPhysicalnJournalnCSF2017SF__SFZ_b 4.2 35

303
}πarμχFρorFνarkFmattπrFatF oormulacFsππFtπxt]FψnFρψnalFstatπsFμontaψnψnτFanFπnπrτπtψμFpχotonFanνF
larτπFmψssψnτFtransvπrsπFmomπntumFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF
__SFZbZ

4.2 52

302
vπasurπmπntFoρFμχarτπνTpartψμlπFνψstrψγutψonsFsπnsψtψvπFtoFtχπFunνπrlyψnτFπvπntFψnFNFsqrt{s}fXZFOF
~π’FprotonTprotonFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorFatFtχπFuqlUFJournalnofnHighnEnergynPhysicsSF
2017SFYWX_SFX

5.4 9

301 }πarμχFρorFνψrπμtFtopFsquarkFpaψrFproνuμtψonFψnFρψnalFstatπsFwψtχFtwoFlπptonsFψnF~π’FμollψsψonsFwψtχF
tχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFaba 4.2 19

300
}πarμχFρorFνψrπμtFtopFsquarkFpaψrFproνuμtψonFψnFπvπntsFwψtχFaFqψττsForF—FγosonSFanνFmψssψnτF
transvπrsπFmomπntumFψnFNFsqrt{s}fXZFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2017SFYWX_SFX

5.4 7

299
vπasurπmπntFoρFνπtπμtorTμorrπμtπνFoγsπrvaγlπsFsπnsψtψvπFtoFtχπFanomalousFproνuμtψonFoρFπvπntsF
wψtχFjπtsFanνFlarτπFmψssψnτFtransvπrsπFmomπntumFψnFμollψsψonsFatF´ ~π’FusψnτFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2017SF__SF_^]

4.2 10

298 vπasurπmπntFoρFγTχaνronFpaψrFproνuμtψonFwψtχFtχπFj~uj}FνπtπμtorFψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}faFOF~π’UFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 5

297 }πarμχFρorFsupπrsymmπtryFψnFπvπntsFwψtχFγTtaττπνFjπtsFanνFmψssψnτFtransvπrsπFmomπntumFψnFppF
μollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 13

296 vπasurπmπntFoρFtχπFψnμlusψvπFjπtFμrossTsπμtψonsFψnFprotonTprotonFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχF
tχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 12

295
}πarμχFρorFpaψrFproνuμtψonFoρFvπμtorTlψkπFtopFquarksFψnFπvπntsFwψtχFonπFlπptonSFjπtsSFanνFmψssψnτF
transvπrsπFmomπntumFψnFNFsqrt{s}fXZFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2017SFYWX_SFX

5.4 27

294 rνπntψρψμatψonFanνFrπjπμtψonFoρFpψlπTupFjπtsFatFχψτχFpsπuνorapψνψtyFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2017SF__SF]aW 4.2 16
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293
vπasurπmπntFoρFproνuμtψonFwψtχFtχπFχaνronψμallyFνπμayψnτFγosonFrπμonstruμtπνFasFonπForFtwoFjπtsF
ψnFμollψsψonsFatFwψtχFj~uj}SFanνFμonstraψntsFonFanomalousFτauτπFμouplψnτsUFEuropeannPhysicaln
JournalnCSF2017SF__SF]^Z

4.2 15

292
}πarμχFρorFnπwFpχπnomπnaFψnFaFlπptonFplusFχψτχFjπtFmultψplψμψtyFρψnalFstatπFwψtχFtχπFj~uj}F
πxpπrψmπntFusψnτFNFsqrt{s}fXZFOF~π’FprotonTprotonFμollψsψonFνataUFJournalnofnHighnEnergynPhysicsSF
2017SFYWX_SFX

5.4 7

291 }πarμχπsFρorFtχπF—˛‡FνπμayFmoνπFoρFtχπFqψττsFγosonFanνFρorFnπwFχψτχTmassFrπsonanμπsFψnFppF
μollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 20

290 }tuνψπsFoρF—˛‡FproνuμtψonFψnFassoμψatψonFwψtχFaFχψτχTmassFνψjπtFsystπmFψnFppFμollψsψonsFatFNFsqrt{s}faFOF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 7

289 vπasurπmπntsFoρFtopTquarkFpaψrFνψρρπrπntψalFμrossTsπμtψonsFψnFtχπFlπptonRjπtsFμχannπlFψnFppF
μollψsψonsFatFNFsqrt{s}fXZFOF~π’FusψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 12

288 }πarμχFρorFtopFquarkFνπμaysFtFTgFqqSFwψtχFqFTgF˛‡˛‡SFψnFNFsqrt{s}fXZFOF~π’FppFμollψsψonsFusψnτFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 12

287 }tuνyFoρFanνFproνuμtψonFψnFμollψsψonsFatFanνFsπarμχFρorFanomalousFquartψμFτauτπFμouplψnτsFwψtχFtχπF
j~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnCSF2017SF__SF^[^ 4.2 11

286 vπasurπmπntsFoρFtopFquarkFspψnFoγsπrvaγlπsFψnFNFtovπrlψnπ{t}FOFπvπntsFusψnτFνψlπptonFρψnalFstatπsFψnFNF
sqrt{s}faFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 12

285
}πarμχFρorFnπwFpχπnomπnaFwψtχFlarτπFjπtFmultψplψμψtψπsFanνFmψssψnτFtransvπrsπFmomπntumFusψnτF
larτπTraνψusFjπtsFanνFρlavourTtaττψnτFatFj~uj}FψnFXZF~π’FppFμollψsψonsUFJournalnofnHighnEnergynPhysics
SF2017SFYWX_SFX

5.4 8

284 ~opTquarkFmassFmπasurπmπntFψnFtχπFallTχaνronψμFNFtovπrlψnπ{t}FOFνπμayFμχannπlFatFNFsqrt{s}faFOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 6

283 vπasurπmπntFoρFtχπFmrπllT–anFtrψplπTνψρρπrπntψalFμrossFsπμtψonFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’UF
JournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 16

282 }πarμχFρorFaFsμalarFpartnπrFoρFtχπFtopFquarkFψnFtχπFjπtsFplusFmψssψnτFtransvπrsπFmomπntumFρψnalF
statπFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 30

281
}πarμχFρorFsupπrsymmπtryFψnFρψnalFstatπsFwψtχFtwoFsamπTsψτnForFtχrππFlπptonsFanνFjπtsFusψnτFZ^Fργâ��XF
oρFNFsqrt{s}fXZFOF~π’FppFμollψsψonFνataFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SF
YWX_SFX

5.4 22

280
}πarμχFρorFpaψrFproνuμtψonFoρFχπavyFvπμtorTlψkπFquarksFνπμayψnτFtoFχψτχTpF~F“FγosonsFanνFγFquarksF
ψnFtχπFlπptonTplusTjπtsFρψnalFstatπFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUF
JournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX

5.4 29

279 vπasurπmπntFoρFtχπFkFtFsplψttψnτFsμalπsFψnF—FTgFâ��â��FπvπntsFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SFYWX_SFX 5.4 3

278
jnalysψsFoρFtχπF“tγFvπrtπxFρromFtχπFmπasurπmπntFoρFtrψplπTνψρρπrπntψalFanτularFνπμayFratπsFoρF
sψnτlπFtopFquarksFproνuμπνFψnFtχπFtTμχannπlFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofn
HighnEnergynPhysicsSF2017SFYWX_SFX

5.4 7

277 nvψνπnμπFρorFtχπFNFqtoFγovπrlψnπ{γ}FOFνπμayFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF
2017SFYWX_SFX 5.4 50

276
}πarμχFρorFnπwFχψτχTmassFpχπnomπnaFψnFtχπFνψlπptonFρψnalFstatπFusψnτFZ^Fργâ��XFoρFprotonTprotonF
μollψsψonFνataFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2017SF
YWX_SFX

5.4 126
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275 mπtπrmψnatψonFoρFtχπFstronτFμouplψnτFμonstantFρromFtransvπrsπFπnπrτyTπnπrτyFμorrπlatψonsFψnF
multψjπtFπvπntsFatFusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2017SF__SFa_Y 4.2 19

274 {πμonstruμtψonFoρFχaνronψμFνπμayFproνuμtsFoρFtauFlπptonsFwψtχFtχπFj~uj}FπxpπrψmπntUFEuropeann
PhysicalnJournalnCSF2016SF_^SFYb] 4.2 28

273 yπrρormanμπFoρFpψlπTupFmψtψτatψonFtπμχnψquπsFρorFjπtsFψnF oormulacFsππFtπxt]FμollψsψonsFatF oormulacF
sππFtπxt]´ ~π’FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]aX 4.2 148

272 vπasurπmπntFoρFtχπFμχarτπνTpartψμlπFmultψplψμψtyFψnsψνπFjπtsFρromF oormulacFsππFtπxt] oormulacFsππF
tπxt]´ FμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFZYY 4.2 35

271 vπasurπmπntFoρFjπtFaμtψvψtyFψnFtopFquarkFπvπntsFusψnτFtχπFπ˛…FρψnalFstatπFwψtχFtwoFγTtaττπνFjπtsFψnFppF
μollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 4

270
vπasurπmπntFoρFtχπFtransvπrsπFmomπntumFanνF oormulacFsππFtπxt]FνψstrψγutψonsFoρFmrπllT–anF
lπptonFpaψrsFψnFprotonTprotonFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2016SF_^SFYbX

4.2 63

269
vπasurπmπntFoρFρψνuμψalFνψρρπrπntψalFμrossFsπμtψonsFoρFτluonTρusψonFproνuμtψonFoρFqψττsFγosonsF
νπμayψnτFtoF““FPTgπ˛‰˛…˛‰FwψtχFtχπFj~uj}FνπtπμtorFatFNFsqrt{s}faFOF~π’UFJournalnofnHighnEnergynPhysicsSF
2016SFYWX^SFX

5.4 13

268 }πarμχFρorFnπwFpχπnomπnaFψnFπvπntsFwψtχFaFpχotonFanνFmψssψnτFtransvπrsπFmomπntumFψnFppF
μollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 13

267 jFsπarμχFρorFtopFsquarksFwψtχF{TparψtyTvψolatψnτFνπμaysFtoFallTχaνronψμFρψnalFstatπsFwψtχFtχπFj~uj}F
νπtπμtorFψnFNFsqrt{s}faFOF~π’FprotonTprotonFμollψsψonsUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 10

266 rνπntψρψμatψonFoρFχψτχFtransvπrsπFmomπntumFtopFquarksFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 13

265 jFsπarμχFρorFanFπxμψtπνFmuonFνπμayψnτFtoFaFmuonFanνFtwoFjπtsFψnppμollψsψonsFatF
Jsqrt{s}dfdad{rm{~π’}}JFwψtχFtχπFj~uj}FνπtπμtorUFNewnJournalnofnPhysicsSF2016SFXaSFW_ZWYX 2.9 1

264 kπamTψnνuμπνFanνFμosmψμTrayFγaμkτrounνsFoγsπrvπνFψnFtχπFj~uj}FνπtπμtorFνurψnτFtχπFuqlFYWXYF
protonTprotonFrunnψnτFpπrψoνUFJournalnofnInstrumentationSF2016SFXXSFyW]WXZTyW]WXZ 1 8

263 vπasurπmπntsFoρFtopTquarkFpaψrFνψρρπrπntψalFμrossTsπμtψonsFψnFtχπFlπptonRjπtsFμχannπlFψnFμollψsψonsF
atF oormulacFsππFtπxt]FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]Za 4.2 48

262
vπasurπmπntFoρFtχπFνψρρπrπntψalFμrossTsπμtψonsFoρFpromptFanνFnonTpromptFproνuμtψonFoρF oormulacF
sππFtπxt]FanνF oormulacFsππFtπxt]FψnFμollψsψonsFatF oormulacFsππFtπxt]FanνFa´ ~π’FwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYaZ

4.2 42

261 uumψnosψtyFνπtπrmψnatψonFψnFμollψsψonsFatF oormulacFsππFtπxt]FfFaF~π’FusψnτFtχπFj~uj}FνπtπμtorFatF
tχπFuqlUFEuropeannPhysicalnJournalnCSF2016SF_^SF^]Z 4.2 188

260
}πarμχFρorFsquarksFanνFτluψnosFψnFπvπntsFwψtχFχaνronψμallyFνπμayψnτFtauFlπptonsSFjπtsFanνFmψssψnτF
transvπrsπFmomπntumFψnFprotonTprotonFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’FrπμorνπνFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF^aZ

4.2 7

259
jννπnνumFtoFâ��vπasurπmπntFoρFtχπFNtγar{t}OFproνuμtψonFμrossTsπμtψonFusψnτFNπmuFOFπvπntsFwψtχF
γTtaττπνFjπtsFψnFppFμollψsψonsFatFNsqrt{s}OFfF_FanνFaFNSmatχrm{~π’}OFwψtχFtχπFj~uj}Fνπtπμtorâ��UF
EuropeannPhysicalnJournalnCSF2016SF_^SFX

4.2 13

258 vπasurπmπntFoρFtχπFanτularFμoπρρψμψπntsFψnF—TγosonFπvπntsFusψnτFπlπμtronFanνFmuonFpaψrsFρromF
νataFtakπnFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 20
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257 }πarμχπsFρorFχπavyFνψγosonFrπsonanμπsFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 20

256 markFmattπrFψntπrprπtatψonsFoρFj~uj}FsπarμχπsFρorFtχπFπlπμtrowπakFproνuμtψonFoρFsupπrsymmπtrψμF
partψμlπsFψnFNFsqrt{s}faFOF~π’FprotonTprotonFμollψsψonsUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 16

255
}πarμχFρorFtχπF}tanνarνFvoνπlFqψττsFγosonFνπμayψnτFψntoFNFγovπrlψnπ{γ}FOFproνuμπνFψnFassoμψatψonF
wψtχFtopFquarksFνπμayψnτFχaνronψμallyFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUF
JournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX

5.4 16

254 vπasurπmπntFoρFtχπFlyTvψolatψnτFpχasπFhFsFanνFtχπFkFWFsFmπsonFνπμayFwψνtχFνψρρπrπnμπFwψtχFkFWFsF
FTgFsVˇ�hFνπμaysFψnFj~uj}UFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 10

253
}πarμχFρorFsquarksFanνFτluψnosFψnFρψnalFstatπsFwψtχFjπtsFanνFmψssψnτFtransvπrsπFmomπntumFatF
 oormulacFsππFtπxt]FfXZF oormulacFsππFtπxt]wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SFZbY

4.2 53

252 vπasurπmπntFoρFtχπFνouγlπTνψρρπrπntψalFχψτχTmassFmrπllT–anFμrossFsπμtψonFψnFppFμollψsψonsFatFNF
sqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 24

251 jFsπarμχFρorFpromptFlπptonTjπtsFψnFppFμollψsψonsFatFNFsqrt{matχrm{s}}faFOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 22

250 }πarμχFρorFnπwFpχπnomπnaFwψtχFpχotonRjπtFπvπntsFψnFprotonTprotonFμollψsψonsFatFNFsqrt{s}fXZFOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 12

249
vπasurπmπntFoρFtχπFμπntralψtyFνπpπnνπnμπFoρFtχπFμχarτπνTpartψμlπFpsπuνorapψνψtyFνψstrψγutψonFψnF
protonTlπaνFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2016SF_^SFXbb

4.2 39

248 vπasurπmπntFoρFtχπFproνuμtψonFμrossTsπμtψonFoρFaFsψnτlπFtopFquarkFψnFassoμψatψonFwψtχFaF“FγosonFatF
aF~π’FwψtχFtχπFj~uj}FπxpπrψmπntUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 12

247 }πarμχFρorFtχπFproνuμtψonFoρFsψnτlπFvπμtorTlψkπFanνFπxμψtπνFquarksFψnFtχπF“tFρψnalFstatπFψnFppF
μollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 14

246 }πarμχFρorFstronτFτravψtyFψnFmultψjπtFρψnalFstatπsFproνuμπνFψnFppFμollψsψonsFatFNFsqrt{s}fXZFOF~π’FusψnτF
tχπFj~uj}FνπtπμtorFatFtχπFuqlUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 12

245
nxpπrψmπntalFrπsultsFoρFtχπFlasπrwψrπFπmψttanμπFsμannπrFρorFurwjl[FatFln{wUFNuclearnInstrumentsn
andnMethodsninnPhysicsnResearch,nSectionnA:nAccelerators,nSpectrometers,nDetectorsnandnAssociatedn
EquipmentSF2016SFaZWSF]Y^T]ZX

1.2 2

244 rνπntψρψμatψonFoρFγoostπνSFχaνronψμallyFνπμayψnτFγosonsFanνFμomparψsonsFwψtχFj~uj}FνataFtakπnFatF
 oormulacFsππFtπxt]´ ~π’UFEuropeannPhysicalnJournalnCSF2016SF_^SFX][ 4.2 44

243 }πarμχFρorFnπwFpχπnomπnaFψnFπvπntsFwψtχFatFlπastFtχrππFpχotonsFμollπμtπνFψnFμollψsψonsFatF oormulacF
sππFtπxt]FfFaF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYXW 4.2 53

242 yroγψnτFlπptonFρlavourFvψolatψonFvψaFnπutrψnolπssF oormulacFsππFtπxt]FνπμaysFwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYZY 4.2 12

241 jFnπwFmπtχoνFtoFνψstψnτuψsχFχaνronψμallyFνπμayψnτFγoostπνFγosonsFρromFγosonsFusψnτFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFYZa 4.2 6

240 }πarμχFρorFsupπrsymmπtryFatF oormulacFsππFtπxt]´ ~π’FψnFρψnalFstatπsFwψtχFjπtsFanνFtwoFsamπTsψτnF
lπptonsForFtχrππFlπptonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFY]b 4.2 48
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239 }πarμχFρorFψnvψsψγlπFνπμaysFoρFaFqψττsFγosonFusψnτFvπμtorTγosonFρusψonFψnFppFμollψsψonsFatFNFsqrt{s}faFOF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 45

238
}πarμχFρorFanomalousFμouplψnτsFψnFtχπF“FtγFvπrtπxFρromFtχπFmπasurπmπntFoρFνouγlπFνψρρπrπntψalF
anτularFνπμayFratπsFoρFsψnτlπFtopFquarksFproνuμπνFψnFtχπFtTμχannπlFwψtχFtχπFj~uj}FνπtπμtorUF
JournalnofnHighnEnergynPhysicsSF2016SFYWX^SFXT[^

5.4 12

237 }πarμχπsFρorFsμalarFlπptoquarksFψnFμollψsψonsFatF oormulacFsππFtπxt]FfFa´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2016SF_^SF] 4.2 68

236
vπasurπmπntsFoρFtχπFqψττsFγosonFproνuμtψonFanνFνπμayFratπsFanνFμouplψnτFstrπnτtχsFusψnτF
μollψsψonFνataFatF oormulacFsππFtπxt]FanνFa´ ~π’FψnFtχπFj~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnC
SF2016SF_^SF^

4.2 185

235
vπasurπmπntsFoρFρψνuμψalFμrossTsπμtψonsFρorF oormulacFsππFtπxt]FproνuμtψonFwψtχFonπForFtwoF
aννψtψonalFTjπtsFψnFμollψsψonsFatF oormulacFsππFtπxt]faF~π’´ usψnτFtχπFj~uj}FνπtπμtorUFEuropeann
PhysicalnJournalnCSF2016SF_^SFXX

4.2 21

234 }tuνyFoρFtχπF oormulacFsππFtπxt]FanνF oormulacFsππFtπxt]FνπμaysFwψtχFtχπFj~uj}FνπtπμtorUFEuropeann
PhysicalnJournalnCSF2016SF_^SF[ 4.2 13

233
}πarμχFρorFanFaννψtψonalSFχπavyFqψττsFγosonFψnFtχπF oormulacFsππFtπxt]FνπμayFμχannπlFatF oormulacF
sππFtπxt]FψnF oormulacFsππFtπxt]FμollψsψonFνataFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SF[]

4.2 152

232 }πarμχFρorFsψnτlπFtopTquarkFproνuμtψonFvψaFρlavourTμχanτψnτFnπutralFμurrπntsFatFa´ ~π’FwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]] 4.2 28

231 vπasurπmπntFoρFtχπFμχarτπFasymmπtryFψnFtopTquarkFpaψrFproνuμtψonFψnFtχπFlπptonTplusTjπtsFρψnalF
statπFψnFppFμollψsψonFνataFatFNsqrt{s}faSmatχrmF~π’{}OFwψtχFtχπFj~uj}FνπtπμtorF2016SF_^SFX 1

230 }tuνyFoρFχarνFνouγlπTpartonFsμattπrψnτFψnFρourTjπtFπvπntsFψnFppFμollψsψonsFatFNFsqrt{s}f_FOF~π’FwψtχF
tχπFj~uj}FπxpπrψmπntUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 21

229
}πarμχFρorFtχπF}tanνarνFvoνπlFqψττsFγosonFproνuμπνFγyFvπμtorTγosonFρusψonFanνFνπμayψnτFtoF
γottomFquarksFψnFNFsqrt{s}faFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2016SFYWX^SFX

5.4 8

228
vπasurπmπntFoρFπvπntTsχapπFoγsπrvaγlπsFψnF oormulacFsππFtπxt]FπvπntsFψnFμollψsψonsFatF oormulacF
sππFtπxt]´  oormulacFsππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorFatFtχπFuqlUFEuropeannPhysicalnJournalnCSF2016SF
_^SFZ_]

4.2 5

227 lχarτπνTpartψμlπFνψstrψγutψonsFψnFψntπraμtψonsFatF oormulacFsππFtπxt]FmπasurπνFwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF[WZ 4.2 19

226 lχarτπνTpartψμlπFνψstrψγutψonsFatFlowFtransvπrsπFmomπntumFψnF oormulacFsππFtπxt]´ ~π’FψntπraμtψonsF
mπasurπνFwψtχFtχπFj~uj}FνπtπμtorFatFtχπFuqlUFEuropeannPhysicalnJournalnCSF2016SF_^SF]WY 4.2 37

225 }πarμχFρorFγottomFsquarkFpaψrFproνuμtψonFψnFprotonTprotonFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’F
wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF][_ 4.2 25

224
}πarμχFρorFmψnψmalFsupπrsymmπtrψμFstanνarνFmoνπlFqψττsFkosonsF´ V´ FanνFρorFaF oormulacFsππFtπxt]F
γosonFψnFtχπF oormulacFsππFtπxt]FρψnalFstatπFproνuμπνFψnFμollψsψonsFatF oormulacFsππFtπxt]F~π’FwψtχF
tχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]a]

4.2 28

223 vπasurπmπntFoρFtχπFpχotonFψνπntψρψμatψonFπρρψμψπnμψπsFwψtχFtχπFj~uj}FνπtπμtorFusψnτFuqlF{unTXF
νataUFEuropeannPhysicalnJournalnCSF2016SF_^SF^^^ 4.2 53

222 vπasurπmπntFoρFtχπF oormulacFsππFtπxt]FνψjπtFμrossFsπμtψonFψnFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’F
wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF^_W 4.2 7
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221 ~χπFpπrρormanμπFoρFtχπFjπtFtrψττπrFρorFtχπFj~uj}FνπtπμtorFνurψnτFYWXXFνataFtakψnτUFEuropeann
PhysicalnJournalnCSF2016SF_^SF]Y^ 4.2 16

220 }πarμχFρorFnπwFpχπnomπnaFψnFνψρρπrπntTρlavourFχψτχTmassFνψlπptonFρψnalFstatπsFψnFμollψsψonsFatF
 oormulacFsππFtπxt]´ ~πvFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF][X 4.2 7

219
}πarμχFρorFtχπFqψττsFγosonFproνuμπνFψnFassoμψatψonFwψtχFaFγosonFanνFνπμayψnτFtoFρourFTquarksFvψaF
twoFspψnTzπroFpartψμlπsFψnFμollψsψonsFatFXZF~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SF^W]

4.2 16

218 vuonFrπμonstruμtψonFpπrρormanμπFoρFtχπFj~uj}FνπtπμtorFψnFprotonTprotonFμollψsψonFνataFatF
 oormulacFsππFtπxt]fXZ´ ~π’UFEuropeannPhysicalnJournalnCSF2016SF_^SFYbY 4.2 263

217 ~πstFoρFlyFψnvarψanμπFψnFvπμtorTγosonFρusψonFproνuμtψonFoρFtχπFqψττsFγosonFusψnτFtχπFmπtχoνFψnFtχπF
νψtauFνπμayFμχannπlFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF^]a 4.2 26

216 }πarμχFρorFτluψnosFψnFπvπntsFwψtχFanFψsolatπνFlπptonSFjπtsFanνFmψssψnτFtransvπrsπFmomπntumFatF
 oormulacFsππFtπxt]FfFXZF~πF’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]^] 4.2 20

215 vπasurπmπntFoρFtχπFψnμlusψvπFψsolatπνFpromptFpχotonFμrossFsπμtψonFψnFppFμollψsψonsFatFNFsqrt{s}faFOF
~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 25

214 }πarμχFρorFaFχψτχTmassFqψττsFγosonFνπμayψnτFtoFaF“FγosonFpaψrFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 59

213
}πarμχFρorFρlavourTμχanτψnτFnπutralFμurrπntFtopTquarkFνπμaysFtoF oormulacFsππFtπxt]FψnF oormulacF
sππFtπxt]FμollψsψonFνataFμollπμtπνFwψtχFtχπFj~uj}FνπtπμtorFatF oormulacFsππFtπxt]´ ~π’UFEuropeann
PhysicalnJournalnCSF2016SF_^SFXY

4.2 16

212
vπasurπmπntFoρFtχπFμχarτπFasymmπtryFψnFtopTquarkFpaψrFproνuμtψonFψnFtχπFlπptonTplusTjπtsFρψnalF
statπFψnFμollψsψonFνataFatF oormulacFsππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF
2016SF_^SFa_

4.2 18

211 }πarμχFρorFνψrπμtFtopFsquarkFpaψrFproνuμtψonFψnFρψnalFstatπsFwψtχFtwoFtauFlπptonsFψnFμollψsψonsFatF
 oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SFaX 4.2 7

210 }πarμχFρorFμχarτπνFqψττsFγosonsFψnFtχπFqF´–FTgFtγFνπμayFμχannπlFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’F
usψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 33

209 }tuνyFoρFtχπFrarπFνπμaysFoρF oormulacFsππFtπxt]FanνF oormulacFsππFtπxt]FψntoFmuonFpaψrsFρromFνataF
μollπμtπνFνurψnτFtχπFuqlF{unFXFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]XZ 4.2 27

208
}πarμχFρorFsupπrsymmπtryFψnFaFρψnalFstatπFμontaψnψnτFtwoFpχotonsFanνFmψssψnτFtransvπrsπF
momπntumFψnF oormulacFsππFtπxt]´ f´ XZ´ ~π’F oormulacFsππFtπxt]FμollψsψonsFatFtχπFuqlFusψnτFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF]X_

4.2 17

207 }πarμχFρorFrπsonanμπsFψnFνψpχotonFπvπntsFatFNFsqrt{s}fXZFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofn
HighnEnergynPhysicsSF2016SFYWX^SFX 5.4 49

206 }πarμχFρorFsψnτlπFproνuμtψonFoρFvπμtorTlψkπFquarksFνπμayψnτFψntoFψnFμollψsψonsFatF oormulacFsππF
tπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2016SF_^SF[[Y 4.2 24

205 vπasurπmπntFoρFtχπFrπlatψvπFwψνtχFνψρρπrπnμπFoρFtχπFNF{k}ℓWχγox{T}F{ovπrlψnπ{k}}ℓWFOFsystπmFwψtχF
tχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2016SFYWX^SFX 5.4 5

204 sπtFπnπrτyFmπasurπmπntFanνFψtsFsystπmatψμFunμπrtaψntyFψnFprotonTprotonFμollψsψonsFatF oormulacFsππF
tπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFX_ 4.2 194
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203 }πarμχFρorFψnvψsψγlπFpartψμlπsFproνuμπνFψnFassoμψatψonFwψtχFsψnτlπTtopTquarksFψnFprotonTprotonF
μollψsψonsFatF oormulacFsππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF_b 4.2 21

202 }πarμχFρorFrπsonantFνψγosonFproνuμtψonFψnFtχπF oormulacFsππFtπxt]FρψnalFstatπFψnF oormulacFsππFtπxt]F
μollψsψonsFatF oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF^b 4.2 62

201 vπasurπmπntsFoρFtχπF oormulacFsππFtπxt]FproνuμtψonFμrossFsπμtψonsFψnFassoμψatψonFwψtχFjπtsFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFaY 4.2 54

200 }πarμχFρorFνarkFmattπrFψnFπvπntsFwψtχFχπavyFquarksFanνFmψssψnτFtransvπrsπFmomπntumFψnF oormulacF
sππFtπxt]FμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFbY 4.2 60

199
vπasurπmπntFoρFtχπFNFtovπrlψnπ{t}FOFproνuμtψonFμrossTsπμtψonFasFaFρunμtψonFoρFjπtFmultψplψμψtyFanνFjπtF
transvπrsπFmomπntumFψnF_F~π’FprotonTprotonFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2015SFYWX]SFX

5.4 14

198
vπasurπmπntFoρFtχπF“F“FRF“F—FμrossFsπμtψonFanνFlψmψtsFonFanomalousFtrψplπFτauτπFμouplψnτsFusψnτF
ρψnalFstatπsFwψtχFonπFlπptonSFmψssψnτFtransvπrsπFmomπntumSFanνFtwoFjπtsFwψtχFtχπFj~uj}FνπtπμtorF
atFNFsqrt{s}f_FOF~π’UFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX

5.4 12

197 }πarμχπsFρorFχπavyFlonτTlψvπνFμχarτπνFpartψμlπsFwψtχFtχπFj~uj}FνπtπμtorFψnFprotonTprotonFμollψsψonsF
atFNFsqrt{s}faFOF~π’UFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 29

196 }πarμχFρorFtχπFNFγovπrlψnπ{γ}FOFνπμayFoρFtχπF}tanνarνFvoνπlFqψττsFγosonFψnFassoμψatπνFN“V—OqF
proνuμtψonFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 64

195 vπasurπmπntFoρFtχπFψnμlusψvπFjπtFμrossTsπμtψonFψnFprotonTprotonFμollψsψonsFatFNFsqrt{s}f_FOF~π’FusψnτF
[U]Fργâ��XFoρFνataFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 27

194
}πarμχFρorFanomalousFproνuμtψonFoρFpromptFsamπTsψτnFlπptonFpaψrsFanνFpaψrTproνuμπνFνouγlyF
μχarτπνFqψττsFγosonsFwψtχFNFsqrt{s}faFOF~π’FppFμollψsψonsFusψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2015SFYWX]SFX

5.4 45

193
}πarμχFρorFμχarτπνFqψττsFγosonsFνπμayψnτFvψaFqF´–FTgFˇ�F´–F˛‰FψnFρullyFχaνronψμFρψnalFstatπsFusψnτFppF
μollψsψonFνataFatFNFsqrt{s}FOFfFaF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SF
YWX]SFX

5.4 56

192
}πarμχFρorFproνuμtψonFoρF oormulacFsππFtπxt]FrπsonanμπsFνπμayψnτFtoFaFlπptonSFnπutrψnoFanνFjπtsFψnF
 oormulacFsππFtπxt]FμollψsψonsFatF oormulacFsππFtπxt]´ ~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2015SF_]SFYWb

4.2 73

191 yπrρormanμπFoρFtχπFj~uj}FmuonFtrψττπrFψnFppFμollψsψonsFatF oormulacFsππFtπxt]F~π’UFEuropeann
PhysicalnJournalnCSF2015SF_]SFXYW 4.2 51

190 }πarμχFρorFqψττsFγosonFpaψrFproνuμtψonFψnFtχπF oormulacFsππFtπxt]FρψnalFstatπFρromFμollψsψonsFatF
 oormulacFsππFtπxt]F~π’wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF[XY 4.2 66

189 mπtπrmψnatψonFoρFspψnFanνFparψtyFoρFtχπFqψττsFγosonFψnFtχπF oormulacFsππFtπxt]FνπμayFμχannπlFwψtχF
tχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFYZX 4.2 15

188
}πarμχFρorFnπwFpχπnomπnaFψnFρψnalFstatπsFwψtχFanFπnπrτπtψμFjπtFanνFlarτπFmψssψnτFtransvπrsπF
momπntumFψnFμollψsψonsFatF oormulacFsππFtπxt]~π’FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2015SF_]SFYbb

4.2 202

187 }πarμχFρorFaFnπwFrπsonanμπFνπμayψnτFtoFaForFγosonFanνFaFqψττsFγosonFψnFtχπF oormulacFsππFtπxt]F
ρψnalFstatπsFwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFY^Z 4.2 46

186 vπasurπmπntFoρFtχrππTjπtFproνuμtψonFμrossTsπμtψonsFψnF oormulacFsππFtπxt]FμollψsψonsFatF_´  oormulacF
sππFtπxt]FμπntrπToρTmassFπnπrτyFusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFYYa 4.2 18
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185 lonstraψntsFonFtχπFoρρTsχπllFqψττsFγosonFsψτnalFstrπnτtχFψnFtχπFχψτχTmassFanνFρψnalFstatπsFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFZZ] 4.2 56

184
rνπntψρψμatψonFanνFπnπrτyFμalψγratψonFoρFχaνronψμallyFνπμayψnτFtauFlπptonsFwψtχFtχπFj~uj}F
πxpπrψmπntFψnFμollψsψonsFatF oormulacFsππFtπxt] oormulacFsππFtπxt]UFEuropeannPhysicalnJournalnCSF2015
SF_]SFZWZ

4.2 49

183 }tuνyFoρFtχπFspψnFanνFparψtyFoρFtχπFqψττsFγosonFψnFνψγosonFνπμaysFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2015SF_]SF[_^ 4.2 104

182
xγsπrvatψonFanνFmπasurπmπntsFoρFtχπFproνuμtψonFoρFpromptFanνFnonTpromptF oormulacFsππFtπxt]F
mπsonsFψnFassoμψatψonFwψtχFaF oormulacFsππFtπxt]FγosonFψnF oormulacFsππFtπxt]FμollψsψonsFatF oormulacF
sππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFYYb

4.2 38

181
}πarμχFρorFtχπF}tanνarνFvoνπlFqψττsFγosonFproνuμπνFψnFassoμψatψonFwψtχFtopFquarksFanνFνπμayψnτF
ψntoF oormulacFsππFtπxt]FψnF oormulacFsππFtπxt]FμollψsψonsFatF oormulacFsππFtπxt]FwψtχFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFZ[b

4.2 94

180
}πarμχFρorFsupπrsymmπtryFψnFπvπntsFμontaψnψnτFaFsamπTρlavourFopposψtπTsψτnFνψlπptonFpaψrSFjπtsSFanνF
larτπFmψssψnτFtransvπrsπFmomπntumFψnF oormulacFsππFtπxt]´ ~π’FμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2015SF_]SFZXa

4.2 44

179 }πarμχFρorFχπavyFlonτTlψvπνFmultψTμχarτπνFpartψμlπsFψnFμollψsψonsFatF oormulacFsππFtπxt]´ ~π’FusψnτFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SFZ^Y 4.2 22

178 ~woTpartψμlπFkosπTnψnstπψnFμorrπlatψonsFψnFμollψsψonsFatF oormulacFsππFtπxt]FWUbFanνF_F~π’FmπasurπνF
wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2015SF_]SF[^^ 4.2 28

177 vπasurπmπntFoρFtχπFtopFquarkFmassFψnFtχπF oormulacFsππFtπxt]FanνF oormulacFsππFtπxt]FμχannπlsF
usψnτF oormulacFsππFtπxt]´  oormulacFsππFtπxt]Fj~uj}FνataUFEuropeannPhysicalnJournalnCSF2015SF_]SFZZW 4.2 32

176 j~uj}F{unFXFsπarμχπsFρorFνψrπμtFpaψrFproνuμtψonFoρFtχψrνTτπnπratψonFsquarksFatFtχπFuarτπFqaνronF
lollψνπrUFEuropeannPhysicalnJournalnCSF2015SF_]SF]XW 4.2 109

175 }πarμχFρorFlowTsμalπFτravψtyFsψτnaturπsFψnFmultψTjπtFρψnalFstatπsFwψtχFtχπFj~uj}FνπtπμtorFatFNF
sqrt{s}faFOF~π’UFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 2

174 jFsπarμχFρorFχψτχTmassFrπsonanμπsFνπμayψnτFtoFˇ�Rˇ�â��FψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπF
j~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 22

173 }ummaryFoρFtχπFj~uj}Fπxpπrψmπntâ��sFsπnsψtψvψtyFtoFsupπrsymmπtryFaρtπrFuqlF{unFXFâ��FψntπrprπtπνF
ψnFtχπFpχπnomπnoloτψμalFv}}vUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 42

172 }πarμχFρorFlπptonTρlavourTvψolatψnτFqFTgF˛…ˇ�FνπμaysFoρFtχπFqψττsFγosonFwψtχFtχπFj~uj}FνπtπμtorUF
JournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 46

171 vπasurπmπntFoρFρourTjπtFνψρρπrπntψalFμrossFsπμtψonsFψnFNFsqrt{s}faFOF~π’FprotonTprotonFμollψsψonsF
usψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFXT_^ 5.4 5

170 jFsπarμχFρorFNFtovπrlψnπ{t}FOFrπsonanμπsFusψnτFlπptonTplusTjπtsFπvπntsFψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 57

169 vπasurπmπntFoρFtχπFρorwarνTγaμkwarνFasymmπtryFoρFπlπμtronFanνFmuonFpaψrTproνuμtψonFψnFppF
μollψsψonsFatFNFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 18

168 vπasurπmπntFoρFμχarτπνTpartψμlπFspπμtraFψnFyγRyγFμollψsψonsFatFNFsqrt{s−{matχrm{ww}}}fYU_^FOF~π’F
wψtχFtχπFj~uj}FνπtπμtorFatFtχπFuqlUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 49
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167 jnalysψsFoρFπvπntsFwψtχFγTjπtsFanνFaFpaψrFoρFlπptonsFoρFtχπFsamπFμχarτπFψnFppFμollψsψonsFatFNFsqrt{s}faF
OF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 26

166 lonstraψntsFonFnπwFpχπnomπnaFvψaFqψττsFγosonFμouplψnτsFanνFψnvψsψγlπFνπμaysFwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 91

165 }πarμχFρorFχψτχTmassFνψγosonFrπsonanμπsFwψtχFγosonTtaττπνFjπtsFψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2015SFYWX]SFXTZb 5.4 66

164
mψρρπrπntψalFtopTantψtopFμrossTsπμtψonFmπasurπmπntsFasFaFρunμtψonFoρFoγsπrvaγlπsFμonstruμtπνFρromF
ρψnalTstatπFpartψμlπsFusψnτFppFμollψsψonsFatFNFsqrt{s}f_FOF~π’FψnFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2015SFYWX]SFX

5.4 31

163 }πarμχFρorFχπavyFvajoranaFnπutrψnosFwψtχFtχπFj~uj}FνπtπμtorFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’UF
JournalnofnHighnEnergynPhysicsSF2015SFYWX]SFX 5.4 65

162
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νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2014SFYWX[SFX

5.4 31

103 vπasurπmπntFoρFνψρρπrπntψalFproνuμtψonFμrossTsπμtψonsFρorFaF—FγosonFψnFassoμψatψonFwψtχFγTjπtsFψnF_F
~π’FprotonTprotonFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2014SFYWX[SFX 5.4 26

102 }πarμχFρorFlonτTlψvπνFnπutralFpartψμlπsFνπμayψnτFψntoFlπptonFjπtsFψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2014SFYWX[SFX 5.4 38

101
}πarμχFρorFpaψrFanνFsψnτlπFproνuμtψonFoρFnπwFχπavyFquarksFtχatFνπμayFtoFaF—FγosonFanνFaF
tχψrνTτπnπratψonFquarkFψnFppFμollψsψonsFatFNFsqrt{s}faFOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2014SFYWX[SFX

5.4 29

100 vπasurπmπntFoρFtχπFNtovπrlψnπ{t}OFproνuμtψonFμrossTsπμtψonFusψnτFNπmuFOFπvπntsFwψtχFNγOTtaττπνFjπtsF
ψnFNppOFμollψsψonsFatFNsqrt{s}f_OFanνFaF~π’FwψtχFtχπFj~uj}FνπtπμtorF2014SF_[SFX 2

99 vπasurπmπntFoρFtχπFproνuμtψonFμrossFsπμtψonFoρFjπtsFψnFassoμψatψonFwψtχFaF—FγosonFψnFppFμollψsψonsFatF
NFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 50

98 vπasurπmπntFoρFtχπFμrossTsπμtψonFρorF“FγosonFproνuμtψonFψnFassoμψatψonFwψtχFγTjπtsFψnFppFμollψsψonsF
atFNFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 34

97 }πarμχFρorFtχψrνFτπnπratψonFsμalarFlπptoquarksFψnFppFμollψsψonsFatFNFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 30

96 }πarμχFρorFνarkFmattπrFμanνψνatπsFanνFlarτπFπxtraFνψmπnsψonsFψnFπvπntsFwψtχFaFjπtFanνFmψssψnτF
transvπrsπFmomπntumFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 124

(2013-2014)
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95 vπasurπmπntFoρF——FproνuμtψonFψnFppFμollψsψonsFatFNFsqrt{s}f_FOF~π’FanνFlψmψtsFonFanomalousF———FanνF
——˛‡FμouplψnτsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 45

94
}πarμχFρorFμχarτπνFqψττsFγosonsFtχrouτχFtχπFvψolatψonFoρFlπptonFunψvπrsalψtyFψnFNFtovπrlψnπ{t}FOF
πvπntsFusψnτFppFμollψsψonFνataFatFNFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}FπxpπrψmπntUFJournalnofnHighn
EnergynPhysicsSF2013SFYWXZSFX

5.4 14

93 }πarμχFρorFtχπFnπutralFqψττsFγosonsFoρFtχπFmψnψmalFsupπrsymmπtrψμFstanνarνFmoνπlFψnFppFμollψsψonsF
atFNFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 47

92 vπasurπmπntFoρFsplψttψnτFsμalπsFψnFTgFπvπntsFatF oormulacFsππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2013SF_ZSFY[ZY 4.2 8

91
}πarμχFρorFaFlψτχtFμχarτπνFqψττsFγosonFψnFtχπFνπμayFμχannπlF oormulacFsππFtπxt]FψnF oormulacFsππF
tπxt]FπvπntsFusψnτFμollψsψonsFatF oormulacFsππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2013SF_ZSFY[^]

4.2 76

90
}πarμχFρorFνψrπμtFtχψrνTτπnπratψonFsquarkFpaψrFproνuμtψonFψnFρψnalFstatπsFwψtχFmψssψnτFtransvπrsπF
momπntumFanνFtwoFγTjπtsFψnFNFsqrt{s}faFOF~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighn
EnergynPhysicsSF2013SFYWXZSFX

5.4 92

89
}πarμχFρorFnπwFpχπnomπnaFψnFρψnalFstatπsFwψtχFlarτπFjπtFmultψplψμψtψπsFanνFmψssψnτFtransvπrsπF
momπntumFatFNFsqrt{s}faFOF~π’FprotonTprotonFμollψsψonsFusψnτFtχπFj~uj}FπxpπrψmπntUFJournalnofn
HighnEnergynPhysicsSF2013SFYWXZSFX

5.4 64

88 vπasurπmπntFoρFtχπFνψρρπrπntψalFμrossTsπμtψonFoρFkFRFmπsonFproνuμtψonFψnFppFμollψsψonsFatFNF
sqrt{s}f_FOF~π’FatFj~uj}UFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 24

87 yπrρormanμπFoρFjπtFsuγstruμturπFtπμχnψquπsFρorFlarτπT{FjπtsFψnFprotonTprotonFμollψsψonsFatFNF
sqrt{s}f_FOF~π’FusψnτFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 43

86 rmprovπνFlumψnosψtyFνπtπrmψnatψonFψnFμollψsψonsFatF oormulacFsππFtπxt]FusψnτFtχπFj~uj}FνπtπμtorFatF
tχπFuqlUFEuropeannPhysicalnJournalnCSF2013SF_ZSFY]Xa 4.2 276

85
vπasurπmπntFoρFtχπFψnμlusψvπFjπtFμrossTsπμtψonFψnFμollψsψonsFatF oormulacFsππFtπxt]FanνFμomparψsonF
toFtχπFψnμlusψvπFjπtFμrossTsπμtψonFatF oormulacFsππFtπxt]FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicaln
JournalnCSF2013SF_ZSFY]Wb

4.2 71

84 vultψTμχannπlFsπarμχFρorFsquarksFanνFτluψnosFψnF oormulacFsππFtπxt]FμollψsψonsFwψtχFtχπFj~uj}F
νπtπμtorFatFtχπFuqlUFEuropeannPhysicalnJournalnCSF2013SF_ZSFYZ^Y 4.2 25

83 sπtFπnπrτyFmπasurπmπntFwψtχFtχπFj~uj}FνπtπμtorFψnFprotonTprotonFμollψsψonsFatF
Nsqrt{matχrm{s}}f_Fmatχrm{~π’}OUFEuropeannPhysicalnJournalnCSF2013SF_ZSFX 4.2 209

82 vπasurπmπntFoρFjπtFsχapπsFψnFtopTquarkFpaψrFπvπntsFatF oormulacFsππFtπxt]FusψnτFtχπFj~uj}F
νπtπμtorUFEuropeannPhysicalnJournalnCSF2013SF_ZSFY^_^ 4.2 18

81
vπasurπmπntFoρFtχπFνψstrψγutψonsFoρFπvπntTγyTπvπntFρlowFχarmonψμsFψnFlπaνTlπaνFμollψsψonsFatFNF
sqrt{{{s−{wwF}}}}FOFfFYU_^F~π’FwψtχFtχπFj~uj}FνπtπμtorFatFtχπFuqlUFJournalnofnHighnEnergynPhysicsSF
2013SFYWXZSFX

5.4 143

80 vπasurπmπntFoρFtχπFtopFquarkFμχarτπFψnFppFμollψsψonsFatFNFsqrt{s}f_FOF~π’FwψtχFtχπFj~uj}FνπtπμtorUF
JournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 15

79 j~uj}FsπarμχFρorFnπwFpχπnomπnaFψnFνψjπtFmassFanνFanτularFνψstrψγutψonsFusψnτFppFμollψsψonsFatFNF
sqrt{s}f_FO~π’UFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 72

78 vπasurπmπntFoρFψsolatπνTpχotonFpaψrFproνuμtψonFψnFppFμollψsψonsFatFNFsqrt{s}f_d~π’FOFwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 44
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77 }πarμχFρorFrπsonanμπsFνπμayψnτFψntoFtopTquarkFpaψrsFusψnτFρullyFχaνronψμFνπμaysFψnFppFμollψsψonsFwψtχF
j~uj}FatFNFsqrt{s}f_FOF~π’UFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX 5.4 55

76
}πarμχFρorFνψrπμtFμχarτψnoFproνuμtψonFψnFanomalyTmπνψatπνFsupπrsymmπtryFγrπakψnτFmoνπlsFγasπνF
onFaFνψsappπarψnτTtraμkFsψτnaturπFψnFppFμollψsψonsFatFNFsqrt{s}f_dmatχrm{~π’}FOFwψtχFtχπFj~uj}F
νπtπμtorUFJournalnofnHighnEnergynPhysicsSF2013SFYWXZSFX

5.4 15

75 vπasurπmπntsFoρFtopFquarkFpaψrFrπlatψvπFνψρρπrπntψalFμrossTsπμtψonsFwψtχFj~uj}FψnFppFμollψsψonsFatF
Nsqrt{s}FfF_Fmγox{~π’}OUFEuropeannPhysicalnJournalnCSF2013SF_ZSFX 4.2 55

74 }πarμχFρorFpaψrTproνuμπνFmassψvπFμolourπνFsμalarsFψnFρourTjπtFρψnalFstatπsFwψtχFtχπFj~uj}FνπtπμtorF
ψnFprotonâ��protonFμollψsψonsFatFNsqrt{s}FfF_Fmγox{~π’}OUFEuropeannPhysicalnJournalnCSF2013SF_ZSFX 4.2 44

73 vπasurπmπntFoρFtχπFρlavourFμomposψtψonFoρFνψjπtFπvπntsFψnFppFμollψsψonsFatFNsqrt{s}f_Fmγox{~π’}OF
wψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2013SF_ZSFX 4.2 12

72 }ψnτlπFχaνronFrπsponsπFmπasurπmπntFanνFμalorψmπtπrFjπtFπnπrτyFsμalπFunμπrtaψntyFwψtχFtχπFj~uj}F
νπtπμtorFatFtχπFuqlUFEuropeannPhysicalnJournalnCSF2013SF_ZSFX 4.2 41

71 sπtFπnπrτyFrπsolutψonFψnFprotonTprotonFμollψsψonsFatF oormulacFsππFtπxt]FrπμorνπνFψnFYWXWFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2013SF_ZSFYZW^ 4.2 153

70 vπasurπmπntFoρFtχπF oormulacFsππFtπxt]FproνuμtψonFμrossFsπμtψonFψnFtχπFtauFRFjπtsFμχannπlFusψnτFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2013SF_ZSFYZYa 4.2 30

69
}πarμχFρor“qproνuμtψonFwψtχFaFlψτχtFqψττsFγosonFνπμayψnτFtoFpromptFπlπμtronTjπtsFψnF
protonâ��protonFμollψsψonsFatFJsqrtF{s}f_JF~π’FwψtχFtχπFj~uj}FνπtπμtorUFNewnJournalnofnPhysicsSF2013SF
X]SFW[ZWWb

2.9 15

68 }πarμχFρorFνπμaysFoρFstoppπνSFlonτTlψvπνFpartψμlπsFρromF_F~π’FppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2012SF_YSFX 4.2 14

67
vπasurπmπntFoρFtχπFpolarψsatψonFoρF“FγosonsFproνuμπνFwψtχFlarτπFtransvπrsπFmomπntumFψnFppF
μollψsψonsFatFNsqrt{s}FfF_Fmγox{~π’}OFwψtχFtχπFj~uj}FπxpπrψmπntUFEuropeannPhysicalnJournalnCSF2012SF
_YSFX

4.2 31

66 vπasurπmπntFoρFtχπFμχarτπFasymmπtryFψnFtopFquarkFpaψrFproνuμtψonFψnFμollψsψonsFatF oormulacFsππF
tπxt]FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2012SF_YSFYWZb 4.2 78

65 }πarμχFρorFlπptonFρlavourFvψolatψonFψnFtχπFμontψnuumFwψtχFtχπFj~uj}FνπtπμtorFψnF oormulacFsππFtπxt]F
μollψsψonsFatFtχπFuqlUFEuropeannPhysicalnJournalnCSF2012SF_YSFYW[W 4.2 10

64 vπasurπmπntFoρFtχπFtopFquarkFmassFwψtχFtχπFtπmplatπFmπtχoνFψnFtχπF oormulacFsππFtπxt]FμχannπlF
usψnτFj~uj}FνataUFEuropeannPhysicalnJournalnCSF2012SF_YSFYW[^ 4.2 42

63 }πarμχFρorFχπavyFnπutrψnosFanνFrψτχtTχanνπνFγosonsFψnFπvπntsFwψtχFtwoFlπptonsFanνFjπtsFψnF
μollψsψonsFatF oormulacFsππFtπxt]FwψtχFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2012SF_YSFYW]^ 4.2 78

62 vπasurπmπntFoρFpolarψzatψonFψnFTgFνπμaysFwψtχFtχπFj~uj}FνπtπμtorFψnFμollψsψonsFatF oormulacFsππF
tπxt]UFEuropeannPhysicalnJournalnCSF2012SF_YSFYW^Y 4.2 17

61
vπasurπmπntFoρFtχπFμrossFsπμtψonFρorFtopTquarkFpaψrFproνuμtψonFψnFppFμollψsψonsFatFNsqrtF{s}FfF
{_}S{tπxt{~π’}}OFwψtχFtχπFj~uj}FνπtπμtorFusψnτFρψnalFstatπsFwψtχFtwoFχψτχTpF~FlπptonsUFJournalnofn
HighnEnergynPhysicsSF2012SFYWXYSFX

5.4 43

60 sπtFmassFanνFsuγstruμturπFoρFψnμlusψvπFjπtsFψnFNFsqrtF{s}FfF_d{tπxt{~π’}}FOFppFμollψsψonsFwψtχFtχπFj~uj}F
πxpπrψmπntUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 67

(2012-2013)
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59 vπasurπmπntFoρFψnμlusψvπFtwoTpartψμlπFanτularFμorrπlatψonsFψnFppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorF
atFtχπFuqlUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 10

58
quntFρorFnπwFpχπnomπnaFusψnτFlarτπFjπtFmultψplψμψtψπsFanνFmψssψnτFtransvπrsπFmomπntumFwψtχF
j~uj}FψnF[U_Fργâ��XFoρFNFsqrtF{s}FfF_d~π’FOFprotonTprotonFμollψsψonsUFJournalnofnHighnEnergynPhysicsSF
2012SFYWXYSFX

5.4 48

57
jFsπarμχFρorFNFtovπrlψnπFtFOFrπsonanμπsFψnFlπptonRjπtsFπvπntsFwψtχFχψτχlyFγoostπνFtopFquarksF
μollπμtπνFψnFppFμollψsψonsFatFNFsqrtF{s}FfF_FOF~π’FwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergyn
PhysicsSF2012SFYWXYSFX

5.4 39

56 }πarμχFρorFtχπF}tanνarνFvoνπlFqψττsFγosonFψnFtχπFqFTgFˇ�FRFˇ�Fâ��FνπμayFmoνπFψnFNFsqrtF{s}FfF
_S{matχrm{~π’}}FOFppFμollψsψonsFwψtχFj~uj}UFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 37

55 jFsπarμχFρorFρlavourFμχanτψnτFnπutralFμurrπntsFψnFtopTquarkFνπμaysFψnFppFμollψsψonFνataFμollπμtπνF
wψtχFtχπFj~uj}FνπtπμtorFatFNFsqrt{s}f_d~π’FOUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 31

54 vπasurπmπntsFoρFtχπFpsπuνorapψνψtyFνπpπnνπnμπFoρFtχπFtotalFtransvπrsπFπnπrτyFψnFprotonTprotonF
μollψsψonsFatFNFsqrt{s}f_FOF~π’FwψtχFj~uj}UFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 11

53 }πarμχFρorFaFχπavyFtopTquarkFpartnπrFψnFρψnalFstatπsFwψtχFtwoFlπptonsFwψtχFtχπFj~uj}FνπtπμtorFatF
tχπFuqlUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 53

52 }πarμχFρorFχψτχTmassFrπsonanμπsFνπμayψnτFtoFνψlπptonFρψnalFstatπsFψnFppFμollψsψonsFatFNFsqrt{s}f_FOF~π’F
wψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 49

51 }πarμχFρorFanomalousFproνuμtψonFoρFpromptFlψkπTsψτnFlπptonFpaψrsFatFNFsqrt{s}f_dmatχrm{~π’}FOFwψtχF
tχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 16

50 }πarμχFρorFpaψrFproνuμtψonFoρFmassψvπFpartψμlπsFνπμayψnτFψntoFtχrππFquarksFwψtχFtχπFj~uj}FνπtπμtorF
ψnFNFsqrt{s}f_dmatχrm{~π’}FOFppFμollψsψonsFatFtχπFuqlUFJournalnofnHighnEnergynPhysicsSF2012SFYWXYSFX 5.4 45

49
}πarμχFρorF{TparψtyTvψolatψnτFsupπrsymmπtryFψnFπvπntsFwψtχFρourForFmorπFlπptonsFψnFNF
sqrt{s}f_dmatχrm{~π’}FOFppFμollψsψonsFwψtχFtχπFj~uj}FνπtπμtorUFJournalnofnHighnEnergynPhysicsSF2012SF
YWXYSFX

5.4 13

48 nlπμtronFpπrρormanμπFmπasurπmπntsFwψtχFtχπFj~uj}FνπtπμtorFusψnτFtχπFYWXWFuqlFprotonTprotonF
μollψsψonFνataUFEuropeannPhysicalnJournalnCSF2012SF_YSFX 4.2 199

47 {apψνψtyFτapFμrossFsπμtψonsFmπasurπνFwψtχFtχπFj~uj}FνπtπμtorFψnFppFμollψsψonsFatFNsqrt{s}FfF_F
mγox{~~π’}OUFEuropeannPhysicalnJournalnCSF2012SF_YSFX 4.2 70

46
}πarμχFρorFanomalyTmπνψatπνFsupπrsymmπtryFγrπakψnτFwψtχFtχπFj~uj}FνπtπμtorFγasπνFonFaF
νψsappπarψnτTtraμkFsψτnaturπFψnFppFμollψsψonsFatFNsqrt{s}FfF_~matχrm{~π’}OUFEuropeannPhysicaln
JournalnCSF2012SF_YSFX

4.2 13

45
vπasurπmπntFoρF oormulacFsππFtπxt]FproνuμtψonFwψtχFaFvπtoFonFaννψtψonalFμπntralFjπtFaμtψvψtyFψnF
μollψsψonsFatF oormulacFsππFtπxt]F~π’FusψnτFtχπFj~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2012SF
_YSFYW[Z

4.2 82

44 jFsπarμχFρorF oormulacFsππFtπxt]FrπsonanμπsFwψtχFtχπFj~uj}FνπtπμtorFψnFYUW]FργFoρFprotonTprotonF
μollψsψonsFatF oormulacFsππFtπxt]UFEuropeannPhysicalnJournalnCSF2012SF_YSFYWaZ 4.2 14

43 }πarμχFρorFsπμonνFτπnπratψonFsμalarFlπptoquarksFψnFppFμollψsψonsFatFNsqrt{s}f_~mγox{~π’}OFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2012SF_YSFX 4.2 35

42 }πarμχFρorFaFρπrmψopχoγψμFqψττsFγosonFψnFtχπFνψpχotonFνπμayFμχannπlFwψtχFtχπFj~uj}FνπtπμtorUF
EuropeannPhysicalnJournalnCSF2012SF_YSFX 4.2 13
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41 vπasurπmπntFoρF“F´–F—FproνuμtψonFψnFprotonTprotonFμollψsψonsFatFNsqrt{s}f_~mγox{~π’}OFwψtχFtχπF
j~uj}FνπtπμtorUFEuropeannPhysicalnJournalnCSF2012SF_YSFX 4.2 54

40
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