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547
vΣasurΣχΣψtsFωγFtμΣFνψΛτusνvΣFaψΞFΞνγγΣrΣψtνaτFprωΞuΛtνωψFΛrωssFsΣΛtνωψsFωγFaFtωpTquarρâ��aψtνquarρF
paνrFνψFassωΛνatνωψFwνtμFaF¯FbωsωψFatFNsqrt{s}FfFXZOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicaln
JournalnCSF2021SFaXSFX

4.2 1

546 mνrΣΛtFvΣasurΣχΣψtFωγFtμΣFkraψΛμνψηForaΛtνωψsFkNˇ�NZ^a^OTgsVˇ�—OFaψΞFkNˇ�NZ__WOTgsVˇ�—OSFaψΞF
xbsΣrvatνωψFωγFtμΣF}tatΣF{NZ_^WOFνψFΣ−{R}Σ−{T}TgsVˇ�—UFPhysicalnReviewnLettersSF2021SFXY_SFWaYWWY 7.4

545 oνrstFvΣasurΣχΣψtFωγFtμΣFjbsωτutΣFkraψΛμνψηForaΛtνωψFωγF˛�Tgp˛…−{T}˛‰±ωvΣrF´flℓ√{˛…}UFPhysicalnReviewn
LettersSF2021SFXY_SFXYXaWY 7.4 0

544 vΣasurΣχΣψtsFωγFtμΣFΛΣψtΣrTωγTχassFΣψΣrηνΣsFωγFFFFFFFFFFFFFΛωττνsνωψsFatFkn}rrrFPUFChinesenPhysicsnCSF2021SF
[]SFXWZWWX 2.2 0

543 }ΣarΛμFγωrFΞarρFχattΣrFprωΞuΛΣΞFνψFassωΛνatνωψFwνtμFaFsνψητΣFtωpFquarρFνψFNsqrt{s}fXZOF~Σ’FNppOF
ΛωττνsνωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2021SFaXSFX 4.2 4

542
vΣasurΣχΣψtsFωγFtωpTquarρFpaνrFsνψητΣTFaψΞFΞωubτΣTΞνγγΣrΣψtνaτFΛrωssTsΣΛtνωψsFνψFtμΣFaττTμaΞrωψνΛF
ΛμaψψΣτFνψFppFΛωττνsνωψsFatFNFsqrt{χatμrχ{s}}FOFfFXZF~Σ’FusνψηFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighn
EnergynPhysicsSF2021SFYWYXSFX

5.4 2

SerkantsAl˜°sˆ�et˜°n
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541 }ΣarΛμFγωrFpμΣψωχΣψaFbΣyωψΞFtμΣF}taψΞarΞFvωΞΣτFνψFΣvΣψtsFwνtμFτarηΣFbTπΣtFχuτtνpτνΛνtyFusνψηFtμΣF
j~uj}FΞΣtΣΛtωrFatFtμΣFuqlUFEuropeannPhysicalnJournalnCSF2021SFaXSFX 4.2 1

540
}ΣarΛμFγωrFΞarρFχattΣrFprωΞuΛΣΞFνψFassωΛνatνωψFwνtμFaF}taψΞarΞFvωΞΣτFqνηηsFbωsωψFΞΣΛayνψηFνψtωF
bTquarρsFusνψηFtμΣFγuττF{uψFYFΞatasΣtFγrωχFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2021SF
YWYXSFX

5.4 0

539 vΣasurΣχΣψtFωγFtμΣFprωΞuΛtνωψFΛrωssFsΣΛtνωψFωγFpaνrsFωγFνsωτatΣΞFpμωtωψsFνψFppFΛωττνsνωψsFatFXZF~Σ’F
wνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2021SFYWYXSFX 5.4 0

538 vΣasurΣχΣψtFωγFbraψΛμνψηFγraΛtνωψsFωγFsVˇ�FaψΞFˇ�NZ^a^OFΞΣΛaysFtωF˛£RFaψΞFJJFωvΣrτνψΣ{}νηχa}FJJâ��UF
JournalnofnHighnEnergynPhysicsSF2021SFYWYXSFX 5.4

537
}ΣarΛμFγωrFΣxωtνΛFΞΣΛaysFωγFtμΣFqνηηsFbωsωψFνψtωFτωψηTτνvΣΞFpartνΛτΣsFνψFppFΛωττνsνωψsFatFJJFsqrt{s}FJJF
fFXZF~Σ’FusνψηFΞνspτaΛΣΞFvΣrtνΛΣsFνψFtμΣFj~uj}FνψψΣrFΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2021SF
YWYXSFX

5.4 0

536
}ΣarΛμFγωrFΛμarηνψωâ��ψΣutraτνψωFpaνrFprωΞuΛtνωψFνψFγνψaτFstatΣsFwνtμFtμrΣΣFτΣptωψsFaψΞFχνssνψηF
traψsvΣrsΣFχωχΣψtuχFνψFJJsqrt{s}FfFXZJJ´ ~Σ’FppFΛωττνsνωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeann
PhysicalnJournalnCSF2021SFaXSFX

4.2 1

535 lωψγνηuratνωψFaψΞFpΣrγωrχaψΛΣFωγFtμΣFj~uj}FbTπΣtFtrνηηΣrsFνψF{uψFYUFEuropeannPhysicalnJournalnCSF
2021SFaXSFX 4.2 1

534
vΣasurΣχΣψtFωγFbTquarρFγraηχΣψtatνωψFprωpΣrtνΣsFνψFπΣtsFusνψηFtμΣFΞΣΛayFk´–FTgFsVˇ�t´–FνψFppF
ΛωττνsνωψsFatFJJFsqrt{s}FJJFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2021SF
YWYXSFX

5.4 0

533
}ΣarΛμFγωrFψΣwFpμΣψωχΣψaFνψFγνψaτFstatΣsFwνtμFτarηΣFπΣtFχuτtνpτνΛνtνΣsFaψΞFχνssνψηFtraψsvΣrsΣF
χωχΣψtuχFusνψηFNFsqrt{s}FOFfFXZF~Σ’FprωtωψTprωtωψFΛωττνsνωψsFrΣΛωrΞΣΞFbyFj~uj}FνψF{uψFYFωγFtμΣF
uqlUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX

5.4 7

532 qνηηsFbωsωψFprωΞuΛtνωψFΛrωssTsΣΛtνωψFχΣasurΣχΣψtsFaψΞFtμΣνrFno~FνψtΣrprΣtatνωψFνψFtμΣFN[ΣττFOF
ΞΣΛayFΛμaψψΣτFatFNsqrt{s}fOXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 12

531 }ΣarΛμFγωrFpaνrsFωγFsΛaτarFτΣptωquarρsFΞΣΛayνψηFνψtωFquarρsFaψΞFΣτΣΛtrωψsFωrFχuωψsFνψFNFsqrt{s}FOFfFXZF
~Σ’FppFΛωττνsνωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8

530 vΣasurΣχΣψtsFωγFjbsωτutΣFkraψΛμνψηForaΛtνωψsFωγFoωurtΣΣψFnxΛτusνvΣFqaΞrωψνΛFmFmΣΛaysFtωF˛•UF
PhysicalnReviewnLettersSF2020SFXY[SFY[XaWZ 7.4 2

529 oνrstFxbsΣrvatνωψFωγFm−{R}Tg˛•˛…−{R}˛‰√{˛…}FaψΞFvΣasurΣχΣψtFωγFrtsFmΣΛayFmyψaχνΛsUFPhysicalnReviewn
LettersSF2020SFXY[SFYZXaWX 7.4 7

528 }ΣarΛμFγωrFsquarρsFaψΞFητuνψωsFνψFγνψaτFstatΣsFwνtμFsaχΣTsνηψFτΣptωψsFaψΞFπΣtsFusνψηFXZbFγbâ��XFωγFΞataF
ΛωττΣΛtΣΞFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8

527
}ΣarΛμFγωrFΞνπΣtFrΣsωψaψΛΣsFνψFΣvΣψtsFwνtμFaψFνsωτatΣΞFΛμarηΣΞFτΣptωψFusνψηFNFsqrt{s}FOFfFXZF~Σ’F
prωtωψTprωtωψFΛωττνsνωψFΞataFΛωττΣΛtΣΞFbyFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SF
YWYWSFX

5.4 3

526 vΣasurΣχΣψtFωγFtμΣFlrωssF}ΣΛtνωψFγωrFΣ−{R}Σ−{T}Tg˛�−{T}˛�±ωvΣrF´flℓ−{R}FaψΞFxbsΣrvatνωψFωγFaψFnxΛνtΣΞF˛�F
karyωψUFPhysicalnReviewnLettersSF2020SFXY[SFWZYWWY 7.4 8

525 vΣasurΣχΣψtFωγFtμΣF¯NTgFâ��Râ��â��O˛‡FprωΞuΛtνωψFΛrωssTsΣΛtνωψFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμF
tμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 2

524 vΣasurΣχΣψtFωγFτωψηTraψηΣFtwωTpartνΛτΣFazνχutμaτFΛωrrΣτatνωψsFνψF¯TbωsωψFtaηηΣΞFppFΛωττνsνωψsFatF
Nsqrt{s}faOFaψΞFXZF~Σ’UFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 3

(2020-2021)

5



523 ~raψsvΣrsΣFχωχΣψtuχFaψΞFprωΛΣssFΞΣpΣψΞΣψtFazνχutμaτFaψνsωtrωpνΣsFνψFNsqrt{s√{χatμrχF
{ww}}}faUX^OF~Σ’FpRybFΛωττνsνωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 7

522 yΣrγωrχaψΛΣFωγFΣτΣΛtrωψFaψΞFpμωtωψFtrνηηΣrsFνψFj~uj}FΞurνψηFuqlF{uψFYUFEuropeannPhysicalnJournaln
CSF2020SFaWSFX 4.2 30

521
}ΣarΛμFγωrFΣτΣΛtrωwΣaρFprωΞuΛtνωψFωγFΛμarηνψωsFaψΞFsτΣptωψsFΞΣΛayνψηFνψtωFγνψaτFstatΣsFwνtμFtwωF
τΣptωψsFaψΞFχνssνψηFtraψsvΣrsΣFχωχΣψtuχFνψFNsqrt{s}fXZOFNtΣxtF{~Σ’}OFppFΛωττνsνωψsFusνψηFtμΣFj~uj}F
ΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX

4.2 50

520 }ΣarΛμFγωrFtωpFsquarρsFνψFΣvΣψtsFwνtμFaFqνηηsFωrF¯FbωsωψFusνψηFXZbFγbN−{TX}OFωγFppFΛωττνsνωψFΞataFatF
Nsqrt{s}fXZOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 1

519 nvνΞΣψΛΣFγωrFNtbar{t}tbar{t}OFprωΞuΛtνωψFνψFtμΣFχuτtντΣptωψFγνψaτFstatΣFνψFprωtωψâ��prωtωψFΛωττνsνωψsFatF
Nsqrt{s}fXZOFNtΣxtF{~Σ’}OFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 8

518 }ΣarΛμFγωrFμΣavyFΞνbωsωψFrΣsωψaψΛΣsFνψFsΣχντΣptωψνΛFγνψaτFstatΣsFνψFppFΛωττνsνωψsFatFNsqrt{s}fXZOF~Σ’F
wνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 4

517
}ΣarΛμFγωrFτνημtFτωψηTτνvΣΞFψΣutraτFpartνΛτΣsFprωΞuΛΣΞFνψFppFΛωττνsνωψsFatFNsqrt{s}FfFXZ~χatμrχF{~Σ’}OF
aψΞFΞΣΛayνψηFνψtωFΛωττνχatΣΞFτΣptωψsFωrFτνημtFμaΞrωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicaln
JournalnCSF2020SFaWSFX

4.2 8

516
}ΣarΛμFγωrFaFsΛaτarFpartψΣrFωγFtμΣFtωpFquarρFνψFtμΣFaττTμaΞrωψνΛFNt{bar{t}}OFpτusFχνssνψηFtraψsvΣrsΣF
χωχΣψtuχFγνψaτFstatΣFatFNsqrt{s}fXZOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF
2020SFaWSFX

4.2 17

515 jτνηψχΣψtFωγFtμΣFj~uj}FrψψΣrFmΣtΣΛtωrFνψF{uψFYUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 4

514 mΣtΣrχνψatνωψFωγFπΣtFΛaτνbratνωψFaψΞFΣψΣrηyFrΣsωτutνωψFνψFprωtωψâ��prωtωψFΛωττνsνωψsFatFNsqrt{s}FfF
a~μbωxF{~Σ’}OFusνψηFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 3

513 vΣasurΣχΣψtFωγFsVˇ�FprωΞuΛtνωψFνψFassωΛνatνωψFwνtμFaF–´–FbωsωψFwνtμFppFΞataFatFaF~Σ’UFJournalnofn
HighnEnergynPhysicsSF2020SFYWYWSFX 5.4 4

512 }ΣarΛμFγωrFψΣwFrΣsωψaψΛΣsFνψFχassFΞνstrνbutνωψsFωγFπΣtFpaνrsFusνψηFXZbFγbâ��XFωγFppFΛωττνsνωψsFatFNF
sqrt{χatμrχ{s}}FOFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 20

511 }ΣarΛμFγωrFNFtωvΣrτνψΣ{t}FOFrΣsωψaψΛΣsFνψFγuττyFμaΞrωψνΛFγνψaτFstatΣsFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF
~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 6

510 {ΣΛωψstruΛtνωψFaψΞFνΞΣψtνγνΛatνωψFωγFbωωstΣΞFΞνTˇ�FsystΣχsFνψFaFsΣarΛμFγωrFqνηηsFbωsωψFpaνrsFusνψηFXZF
~Σ’FprωtωψTprωtωψFΛωττνsνωψFΞataFνψFj~uj}UFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 3

509
vΣasurΣχΣψtsFωγFνψΛτusνvΣFaψΞFΞνγγΣrΣψtνaτFΛrωssTsΣΛtνωψsFωγFΛωχbνψΣΞFNFtωvΣrτνψΣ{t}ηaχχaFOFaψΞF
t–˛‡FprωΞuΛtνωψFνψFtμΣFΣ˛…FΛμaψψΣτFatFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysics
SF2020SFYWYWSFX

5.4 2

508 yΣrγωrχaψΛΣFωγFtμΣFχνssνψηFtraψsvΣrsΣFχωχΣψtuχFtrνηηΣrsFγωrFtμΣFj~uj}FΞΣtΣΛtωrFΞurνψηF{uψTYF
ΞataFtaρνψηUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 8

507 }ΣarΛμFγωrFψΣwFψωψTrΣsωψaψtFpμΣψωχΣψaFνψFμνημTχassFΞντΣptωψFγνψaτFstatΣsFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 9

506 vΣasurΣχΣψtsFωγFtμΣFqνηηsFbωsωψFνψΛτusνvΣFaψΞFΞνγγΣrΣψtνaτFγνΞuΛνaτFΛrωssFsΣΛtνωψsFνψFtμΣF[NΣττFOF
ΞΣΛayFΛμaψψΣτFatFNsqrt{s}OFfFXZF~Σ’UFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 9

SerkantsAl˜°sˆ�et˜°n
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505 oτuΛtuatνωψsFωγFaψνsωtrωpνΛFγτωwFνψFybRybFΛωττνsνωψsFatFNFsqrt{{χatμrχ{s}}√{χatμrχ{ww}}}FOFfF]UWYF
~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 13

504
}ΣarΛμFγωrFΞνrΣΛtFprωΞuΛtνωψFωγFΣτΣΛtrωwΣaρνψωsFνψFγνψaτFstatΣsFwνtμFωψΣFτΣptωψSFχνssνψηFtraψsvΣrsΣF
χωχΣψtuχFaψΞFaFqνηηsFbωsωψFΞΣΛayνψηFνψtωFtwωFbTπΣtsFνψFNppOFΛωττνsνωψsFatFNsqrt{s}fXZOF~Σ’FwνtμF
tμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX

4.2 13

503 vΣasurΣχΣψtFωγFΞνγγΣrΣψtνaτFΛrωssFsΣΛtνωψsFγωrFsνψητΣFΞνγγraΛtνvΣFΞνssωΛνatνωψFνψFNFsqrt{s}FOFfFaF~Σ’FppF
ΛωττνsνωψsFusνψηFtμΣFj~uj}FjuojFspΣΛtrωχΣtΣrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 1

502 vΣasurΣχΣψtFωγFνsωτatΣΞTpμωtωψFpτusFtwωTπΣtFprωΞuΛtνωψFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμF
tμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 2

501
vΣasurΣχΣψtsFωγFtμΣFprωΞuΛtνωψFΛrωssTsΣΛtνωψFγωrFaF¯FbωsωψFνψFassωΛνatνωψFwνtμFbTπΣtsFνψF
prωtωψTprωtωψFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergyn
PhysicsSF2020SFYWYWSFX

5.4 5

500
}ΣarΛμFγωrFtμΣFqqFTgFNFbωvΣrτνψΣ{b}bωvΣrτνψΣ{b}FOFprωΛΣssFvνaFvΣΛtωrTbωsωψFγusνωψFprωΞuΛtνωψFusνψηF
prωtωψTprωtωψFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergyn
PhysicsSF2020SFYWYWSFX

5.4 5

499 xbsΣrvatνωψFωγFtμΣFassωΛνatΣΞFprωΞuΛtνωψFωγFaFtωpFquarρFaψΞFaF¯FbωsωψFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOfF
XZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX 5.4 5

498 vΣasurΣχΣψtFωγFtμΣFtraψsvΣrsΣFχωχΣψtuχFΞνstrνbutνωψFωγFmrΣττâ�� aψFτΣptωψFpaνrsFνψFprωtωψâ��prωtωψF
ΛωττνsνωψsFatFNsqrt{s}fXZSO~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 7

497 xbsΣrvatνωψFωγFtμΣFmωubτyFlabνbbωT}upprΣssΣΞFmΣΛayFm−{R}Tgt−{R}ˇ�−{R}ˇ�−{T}ˇ�−{W}FaψΞFnvνΞΣψΛΣFγωrF
m−{R}Tgt−{R}ˇ�UFPhysicalnReviewnLettersSF2020SFXY]SFX[XaWY 7.4 0

496
}ΣarΛμFγωrFΞνrΣΛtFprωΞuΛtνωψFωγFΣτΣΛtrωwΣaρνψωsFνψFγνψaτFstatΣsFwνtμFχνssνψηFtraψsvΣrsΣFχωχΣψtuχF
aψΞFaFqνηηsFbωsωψFΞΣΛayνψηFνψtωFpμωtωψsFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2020SFYWYWSFX

5.4 1

495 vΣasurΣχΣψtsFωγFtωpTquarρFpaνrFspνψFΛωrrΣτatνωψsFνψFtμΣFNΣχuFOFΛμaψψΣτFatFNsqrt{s}FfFXZOF~Σ’FusνψηF
ppFΛωττνsνωψsFνψFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2020SFaWSFX 4.2 8

494 vΣasurΣχΣψtFωγFtμΣFΛrωssTsΣΛtνωψFaψΞFΛμarηΣFasyχχΣtryFωγF–FbωsωψsFprωΞuΛΣΞFνψFprωtωψâ��prωtωψF
ΛωττνsνωψsFatFNsqrt{s}fa~tΣxtF{~Σ’}OFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 11

493
vΣasurΣχΣψtFωγFπΣtTsubstruΛturΣFωbsΣrvabτΣsFνψFtωpFquarρSF–FbωsωψFaψΞFτνημtFπΣtFprωΞuΛtνωψFνψF
prωtωψTprωtωψFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 8

492 nτΣΛtrωψFrΣΛωψstruΛtνωψFaψΞFνΞΣψtνγνΛatνωψFνψFtμΣFj~uj}FΣxpΣrνχΣψtFusνψηFtμΣFYWX]FaψΞFYWX^FuqlF
prωtωψâ��prωtωψFΛωττνsνωψFΞataFatFNsqrt{s}FfFXZOFNtΣxtF{~Σ’}OUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 37

491 vΣasurΣχΣψtFωγFΞνstrνbutνωψsFsΣψsνtνvΣFtωFtμΣFuψΞΣrτyνψηFΣvΣψtFνψFνψΛτusνvΣF¯FbωsωψFprωΞuΛtνωψFνψF
ppFΛωττνsνωψsFatFNsqrt{s}OFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 2

490
}ΣarΛμΣsFγωrFsΛaτarFτΣptωquarρsFaψΞFΞνγγΣrΣψtνaτFΛrωssTsΣΛtνωψFχΣasurΣχΣψtsFνψFΞντΣptωψâ��ΞνπΣtF
ΣvΣψtsFνψFprωtωψâ��prωtωψFΛωττνsνωψsFatFaFΛΣψtrΣTωγTχassFΣψΣrηyFωγFNvarvΣΛ{sqrt{s}}OFfFXZF~Σ’FwνtμFtμΣF
j~uj}FΣxpΣrνχΣψtUFEuropeannPhysicalnJournalnCSF2019SF_bSFX

4.2 15

489 }ΣarΛμFγωrFsνψητΣFprωΞuΛtνωψFωγFvΣΛtωrTτνρΣFquarρsFΞΣΛayνψηFνψtωF–bFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF
~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 14

488 }ΣarΛμFγωrFtωpTquarρFΞΣΛaysFtFTgFqqFwνtμFZ^Fγbâ��XFωγFppFΛωττνsνωψFΞataFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμFtμΣF
j~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 13
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487
vΣasurΣχΣψtFωγF’qSFNFχatμrχ{q}tωFχatμrχ{b}ωvΣrτνψΣ{χatμrχ{b}}FOFprωΞuΛtνωψFasFaFγuψΛtνωψFωγF
tμΣFvΣΛtωrTbωsωψFtraψsvΣrsΣFχωχΣψtuχFνψFXZF~Σ’FppFΛωττνsνωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofn
HighnEnergynPhysicsSF2019SFYWXbSFX

5.4 8

486 xbsΣrvatνωψFωγFtμΣFmΣΛayF—NZa_YOTgˇ�−{W}ˇ�√{ΛX}NXyOUFPhysicalnReviewnLettersSF2019SFXYYSFYWYWWX 7.4 16

485 vΣasurΣχΣψtsFωγF–FaψΞF¯FbωsωψFprωΞuΛtνωψFνψFppFΛωττνsνωψsFatFNsqrt{s}f]UWYOF~Σ’FwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 12

484 yΣrγωrχaψΛΣFωγFtωpTquarρFaψΞFNvarvΣΛ{–}OTbωsωψFtaηηνψηFwνtμFj~uj}FνψF{uψFYFωγFtμΣFuqlUFEuropeann
PhysicalnJournalnCSF2019SF_bSFX 4.2 19

483 vΣasurΣχΣψtsFωγFνψΛτusνvΣFaψΞFΞνγγΣrΣψtνaτFγνΞuΛνaτFΛrωssTsΣΛtνωψsFωγFNtbar{t}ηaχχaFOFprωΞuΛtνωψFνψF
τΣptωψνΛFγνψaτFstatΣsFatFNsqrt{s}fXZ~tΣxtF{~Σ’}OFνψFj~uj}UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 7

482 nvνΞΣψΛΣFωγFaF{ΣsωψaψtF}truΛturΣFνψFtμΣFΣ−{R}Σ−{T}Tgˇ�−{R}m−{W}m−{PT}FlrωssF}ΣΛtνωψFbΣtwΣΣψF[UW]F
aψΞF[U^W´ pΣ’UFPhysicalnReviewnLettersSF2019SFXYYSFXWYWWY 7.4 27

481 nτΣΛtrωψFaψΞFpμωtωψFΣψΣrηyFΛaτνbratνωψFwνtμFtμΣFj~uj}FΞΣtΣΛtωrFusνψηFYWX]â��YWX^FuqlF
prωtωψTprωtωψFΛωττνsνωψFΞataUFJournalnofnInstrumentationSF2019SFX[SFyWZWX_TyWZWX_ 1 25

480 }ΣarΛμFγωrFΞωubτyFΛμarηΣΞFsΛaτarFbωsωψsFΞΣΛayνψηFνψtωFsaχΣTsνηψFbωsωψFpaνrsFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSF]a 4.2 20

479
}ΣarΛμFγωrFμΣavyFvaπωraψaFωrFmνraΛFψΣutrνψωsFaψΞFrνημtTμaψΞΣΞF–FηauηΣFbωsωψsFνψFγνψaτFstatΣsFwνtμF
twωFΛμarηΣΞFτΣptωψsFaψΞFtwωFπΣtsFatFNFsqrt{s}fXZFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighn
EnergynPhysicsSF2019SFYWXbSFX

5.4 21

478 yrΣΛνsνωψFvΣasurΣχΣψtFωγFtμΣFkraψΛμνψηForaΛtνωψsFωγF˛•−{M}FmΣΛaysUFPhysicalnReviewnLettersSF2019SF
XYYSFX[YWWY 7.4 5

477 rψFsνtuFΛaτνbratνωψFωγFτarηΣTraΞνusFπΣtFΣψΣrηyFaψΞFχassFνψFXZF~Σ’Fprωtωψâ��prωtωψFΛωττνsνωψsFwνtμFtμΣF
j~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 16

476 vΣasurΣχΣψtFωγFtμΣFpμωtωψFνΞΣψtνγνΛatνωψFΣγγνΛνΣψΛνΣsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrFusνψηFuqlF{uψFYF
ΞataFΛωττΣΛtΣΞFνψFYWX]FaψΞFYWX^UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 26

475 vΣasurΣχΣψtFωγFtμΣFratνωFωγFΛrωssFsΣΛtνωψsFγωrFνψΛτusνvΣFνsωτatΣΞTpμωtωψFprωΞuΛtνωψFνψFppFΛωττνsνωψsF
atFNFsqrt{s}FOFfFXZFaψΞFaF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 5

474 vΣasurΣχΣψtFωγFtμΣFtωpFquarρFχassFνψFtμΣFNtbar{t}rνημtarrωwFOFτΣptωψRπΣtsFΛμaψψΣτFγrωχFNsqrt{s}faOF
~Σ’Fj~uj}FΞataFaψΞFΛωχbνψatνωψFwνtμFprΣvνωusFrΣsuτtsUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 24

473
}ΣarΛμFγωrFpaνrFprωΞuΛtνωψFωγFqνηηsFbωsωψsFνψFtμΣFNFbωvΣrτνψΣ{b}bωvΣrτνψΣ{b}FOFγνψaτFstatΣFusνψηF
prωtωψTprωtωψFΛωττνsνωψsFatFNFsqrt{s}fXZFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 31

472 oνrstFvΣasurΣχΣψtFωγFtμΣFoωrχFoaΛtωrsFνψFm√{s}−{R}Tgt−{W}Σ−{R}˛‰√{Σ}FaψΞFm√{s}−{R}Tgt−{PW}Σ−{R}˛‰√{Σ}F
mΣΛaysUFPhysicalnReviewnLettersSF2019SFXYYSFW^XaWX 7.4 15

471 lωψstraνψtsFωψFχΣΞνatωrTbasΣΞFΞarρFχattΣrFaψΞFsΛaτarFΞarρFΣψΣrηyFχωΞΣτsFusνψηFNFsqrt{s}FOFfFXZF~Σ’F
ppFΛωττνsνωψFΞataFΛωττΣΛtΣΞFbyFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 31

470 }ΣarΛμFγωrFτωψηTτνvΣΞFψΣutraτFpartνΛτΣsFνψFppFΛωττνsνωψsFatFN{sqrt{s}}FfFXZ~{tΣxtF{F~Σ’}}OFtμatFΞΣΛayFνψtωF
ΞνspτaΛΣΞFμaΞrωψνΛFπΣtsFνψFtμΣFj~uj}FΛaτωrνχΣtΣrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 18

SerkantsAl˜°sˆ�et˜°n

8



469 }ΣarΛμFγωrFqνηηsFbωsωψFpaνrFprωΞuΛtνωψFνψFtμΣF––NPO––NPOFΞΣΛayFΛμaψψΣτFusνψηFj~uj}FΞataF
rΣΛωrΞΣΞFatFNFsqrt{χatμrχ{s}}FOFfFXZF~Σ’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 12

468 }ΣarΛμFγωrFτarηΣFχνssνψηFtraψsvΣrsΣFχωχΣψtuχFνψFassωΛνatνωψFwνtμFωψΣFtωpTquarρFνψFprωtωψTprωtωψF
ΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 7

467
vΣasurΣχΣψtFωγFN–−{pχF}¯OFprωΞuΛtνωψFΛrωssFsΣΛtνωψsFaψΞFηauηΣFbωsωψFpωτarνsatνωψFνψFppF
ΛωττνsνωψsFatFNsqrt{s}FfFXZ~tΣxtF{~Σ’}OFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF
_bSFX

4.2 20

466 }ΣarΛμΣsFγωrFtμνrΞTηΣψΣratνωψFsΛaτarFτΣptωquarρsFνψFNFsqrt{s}FOFfFXZF~Σ’FppFΛωττνsνωψsFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 18

465
}ΣarΛμFγωrFsΛaτarFrΣsωψaψΛΣsFΞΣΛayνψηFνψtωF˛…R˛…â��FνψFΣvΣψtsFwνtμFaψΞFwνtμωutFbTtaηηΣΞFπΣtsFprωΞuΛΣΞF
νψFprωtωψTprωtωψFΛωττνsνωψsFatFNFsqrt{s}fXZFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergyn
PhysicsSF2019SFYWXbSFX

5.4 8

464 }tuΞyFωγFΣ−{R}Σ−{T}Tg˛‡ˇ�sVˇ�FaψΞFxbsΣrvatνωψFωγF—NZa_YOTgˇ�sVˇ�UFPhysicalnReviewnLettersSF2019SFXYYSFYZYWWY 7.4 20

463 }ΣarΛμFγωrFΞνbωsωψFrΣsωψaψΛΣsFνψFμaΞrωψνΛFγνψaτFstatΣsFνψFXZbFγbâ��XFωγFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF
~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 10

462 }ΣarΛμFγωrFΣxΛνtΣΞFΣτΣΛtrωψsFsνψητyFprωΞuΛΣΞFνψFprωtωψâ��prωtωψFΛωττνsνωψsFatFJJsqrt{s}F~f~XZ~tΣxtF
{~Σ}tΣxtF{’}JJFwνtμFtμΣFj~uj}FΣxpΣrνχΣψtFatFtμΣFuqlUFEuropeannPhysicalnJournalnCSF2019SF_bSF 4.2 3

461 rΞΣψtνγνΛatνωψFωγFbωωstΣΞFqνηηsFbωsωψsFΞΣΛayνψηFνψtωFbTquarρFpaνrsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrFatF
XZ´ JJtΣxtF{~Σ’}JJUFEuropeannPhysicalnJournalnCSF2019SF_bSF 4.2 11

460 vΣasurΣχΣψtFωγFJJt√}−WJJFaψΞFJJuaχbΞaF−WJJFprωΞuΛtνωψFνψFJJtFbar{t}JJFΞντΣptωψνΛFΣvΣψtsFνψFppF
ΛωττνsνωψsFatFJJsqrt{s}FfJJF_F~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 3

459 vΣasurΣχΣψtFωγFtμΣFνψΛτusνvΣFνsωτatΣΞTpμωtωψFΛrωssFsΣΛtνωψFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFXZF~Σ’F
usνψηFZ^Fγbâ��XFωγFj~uj}FΞataUFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 2

458 jFstratΣηyFγωrFaFηΣψΣraτFsΣarΛμFγωrFψΣwFpμΣψωχΣψaFusνψηFΞataTΞΣrνvΣΞFsνηψaτFrΣηνωψsFaψΞFνtsF
appτνΛatνωψFwνtμνψFtμΣFj~uj}FΣxpΣrνχΣψtUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 14

457 vΣasurΣχΣψtFωγFtμΣFtωpTquarρFχassFνψFNFtωvΣrτνψΣ{t}FOFRFXTπΣtFΣvΣψtsFΛωττΣΛtΣΞFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrFνψFppFΛωττνsνωψsFatFNFsqrt{s}FOFfFaF~Σ’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 12

456 vΣasurΣχΣψtFωγFγνΞuΛνaτFaψΞFΞνγγΣrΣψtνaτFN–−R–−TOFprωΞuΛtνωψFΛrωssTsΣΛtνωψsFatFNsqrt{s}fXZOF~Σ’F
wνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 16

455 vΣasurΣχΣψtFωγF¯¯FprωΞuΛtνωψFνψFtμΣFâ��â�� ˛‰ ˛‰FγνψaτFstatΣFwνtμFtμΣFj~uj}FΞΣtΣΛtωrFνψFppFΛωττνsνωψsFatFNF
sqrt{s}FOFfFXZF~Σ’UFJournalnofnHighnEnergynPhysicsSF2019SFYWXbSFX 5.4 2

454 vΣasurΣχΣψtFωγFN–−{pχF}OTbωsωψFaψΞF¯TbωsωψFprωΞuΛtνωψFΛrωssTsΣΛtνωψsFνψFppFΛωττνsνωψsFatF
Nsqrt{s}fYU_^OF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 2

453
vΣasurΣχΣψtFωγFtμΣFνψΛτusνvΣFΛrωssTsΣΛtνωψFγωrFtμΣFprωΞuΛtνωψFωγFπΣtsFνψFassωΛνatνωψFwνtμFaF¯FbωsωψF
νψFprωtωψâ��prωtωψFΛωττνsνωψsFatFaF~Σ’FusνψηFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF
_bSFX

4.2 4

452
}ΣarΛμFγωrFμΣavyFψΣutraτFτΣptωψsFνψFΞΣΛaysFωγF–FbωsωψsFprωΞuΛΣΞFνψFXZF~Σ’FppFΛωττνsνωψsFusνψηF
prωχptFaψΞFΞνspτaΛΣΞFsνηψaturΣsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2019SF
YWXbSFX

5.4 21
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451 vΣasurΣχΣψtFωγFN–−pχFOFbωsωψFprωΞuΛtνωψFνψFybRybFΛωττνsνωψsFatFNsqrt{s√{χatμrχ{ww}}}FfF
]UWY~tΣxtF{~Σ}tΣxtF{’}OFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 7

450 j~uj}FbTπΣtFνΞΣψtνγνΛatνωψFpΣrγωrχaψΛΣFaψΞFΣγγνΛνΣψΛyFχΣasurΣχΣψtFwνtμFNt{bar{t}}OFΣvΣψtsFνψFppF
ΛωττνsνωψsFatFNsqrt{s}fXZOF~Σ’UFEuropeannPhysicalnJournalnCSF2019SF_bSFX 4.2 43
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436 }ΣarΛμFγωrFμΣavyFrΣsωψaψΛΣsFνψFtμΣFaψΞFγνψaτFstatΣsFusνψηFprωtωψTprωtωψFΛωττνsνωψsFatF´ FwνtμFtμΣF
j~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2018SF_aSFYbZ 4.2 41

435 jFsΣarΛμFγωrFpaνrTprωΞuΛΣΞFrΣsωψaψΛΣsFνψFγωurTπΣtFγνψaτFstatΣsFatFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeann
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428 }ΣarΛμFγωrFΞarρFχattΣrFprωΞuΛΣΞFνψFassωΛνatνωψFwνtμFbωttωχFωrFtωpFquarρsFνψF´ ~Σ’FΛωττνsνωψsFwνtμF
tμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2018SF_aSFXa 4.2 32

427 }ΣarΛμFγωrFΞωubτyFΛμarηΣΞFqνηηsFbωsωψFprωΞuΛtνωψFνψFχuτtνTτΣptωψFγνψaτFstatΣsFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrFusνψηFprωtωψTprωtωψFΛωττνsνωψsFatUFEuropeannPhysicalnJournalnCSF2018SF_aSFXbb 4.2 55

426 vΣasurΣχΣψtFωγFpωτarνsatνωψFνψFΞΣΛaysFνψFprωtωψTprωtωψFΛωττνsνωψsFatF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUF
EuropeannPhysicalnJournalnCSF2018SF_aSFX^Z 4.2 3

425 }ΣarΛμΣsFγωrFμΣavyF¯¯FaψΞF¯–FrΣsωψaψΛΣsFνψFtμΣFâ��â��qqFaψΞF˛‰˛‰qqFγνψaτFstatΣsFνψFppFΛωττνsνωψsFatFNF
sqrt{s}fXZFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 17
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423 }ΣarΛμFγωrFpaνrFprωΞuΛtνωψFωγFupTtypΣFvΣΛtωrTτνρΣFquarρsFaψΞFγωrFγωurTtωpTquarρFΣvΣψtsFνψFγνψaτF
statΣsFwνtμFχuτtνpτΣFbTπΣtsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 23

422 vΣasurΣχΣψtFωγFsνψητyFlabνbbωTsupprΣssΣΞFΞΣΛaysFmWFTgFˇ�Wˇ�Wˇ�WSFˇ�Wˇ�W˛•SFˇ�W˛•˛•FaψΞF˛•˛•˛•UFPhysicsn
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vΣasurΣχΣψtFωγFΞνγγΣrΣψtνaτFΛrωssFsΣΛtνωψsFaψΞF–RV–â��FΛrωssTsΣΛtνωψFratνωsFγωrF–FbωsωψFprωΞuΛtνωψF
νψFassωΛνatνωψFwνtμFπΣtsFatFNFsqrt{s}faFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF
2018SFYWXaSFX

5.4 7

420 vΣasurΣχΣψtFωγFtμΣF–TbωsωψFχassFνψFppFΛωττνsνωψsFatFNsqrt{s}f_SFμbωxF{~Σ’}OFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrF2018SF_aSFX 1

419 }ΣarΛμFγωrFΞωubτyFΛμarηΣΞFqνηηsFbωsωψFprωΞuΛtνωψFνψFχuτtνTτΣptωψFγνψaτFstatΣsFwνtμFtμΣFj~uj}F
ΞΣtΣΛtωrFusνψηFprωtωψâ��prωtωψFΛωττνsνωψsFatFNsqrt{s}fXZStΣxtF{~Σ’}OF2018SF_aSFX 1

418 }ΣarΛμFγωrFμΣavyFrΣsωψaψΛΣsFΞΣΛayνψηFνψtωFaF–FωrF¯FbωsωψFaψΞFaFqνηηsFbωsωψFνψFγνψaτFstatΣsFwνtμF
τΣptωψsFaψΞFbTπΣtsFνψFZ^Fγbâ��XFωγFNFsqrt{s}fXZFOF~Σ’FppFΛωττνsνωψsFwνtμFtμΣFj~uj}FΞΣtΣΛtωrF2018SFYWXaSFX 1
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}ΣarΛμFγωrFtμΣFqνηηsFbωsωψFprωΞuΛΣΞFνψFassωΛνatνωψFwνtμFaFvΣΛtωrFbωsωψFaψΞFΞΣΛayνψηFνψtωFtwωF
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414 }ΣarΛμFγωrFqνηηsFbωsωψFpaνrFprωΞuΛtνωψFνψFtμΣFΛμaψψΣτFusνψηFΛωττνsνωψFΞataFrΣΛωrΞΣΞFatF~Σ’FwνtμFtμΣF
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412 jψηuτarFaψaτysνsFωγFkFWFΞFFTgFtP˛…R˛…â��FΞΣΛaysFνψFppFΛωττνsνωψsFatFNFsqrt{s}faFOF~Σ’FwνtμFtμΣFj~uj}F
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410
}ΣarΛμFγωrFaFψΣwFμΣavyFηauηΣTbωsωψFrΣsωψaψΛΣFΞΣΛayνψηFνψtωFaFτΣptωψFaψΞFχνssνψηFtraψsvΣrsΣF
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}ΣarΛμFγωrFΞarρFχattΣrFνψFΣvΣψtsFwνtμFaFμaΞrωψνΛaττyFΞΣΛayνψηFvΣΛtωrFbωsωψFaψΞFχνssνψηFtraψsvΣrsΣF
χωχΣψtuχFνψFppFΛωττνsνωψsFatFNFsqrt{s}fXZFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergyn
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YWXaSFX

5.4 4
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406 }ΣarΛμFγωrFψΣwFpμΣψωχΣψaFνψFΣvΣψtsFwνtμFsaχΣTΛμarηΣFτΣptωψsFaψΞFbTπΣtsFνψFppFΛωττνsνωψsFatFNF
sqrt{s}fXZFOF~Σ’FwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 21

405 vΣasurΣχΣψtFωγFtμΣFazνχutμaτFaψνsωtrωpyFωγFΛμarηΣΞFpartνΛτΣsFprωΞuΛΣΞFνψFfF]UWY´ ~Σ’FybRybF
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τΣptωψsFatFwνtμFtμΣFj~uj}FΞΣtΣΛtωrUFEuropeannPhysicalnJournalnCSF2018SF_aSFbb] 4.2 49

402 }ΣarΛμFγωrFΛμarηΣΞFqνηηsFbωsωψsFΞΣΛayνψηFνψtωFtωpFaψΞFbωttωχFquarρsFatFNFsqrt{s}fXZFOF~Σ’FwνtμFtμΣF
j~uj}FΞΣtΣΛtωrUFJournalnofnHighnEnergynPhysicsSF2018SFYWXaSFX 5.4 39

401 xpΣratνωψFaψΞFpΣrγωrχaψΛΣFωγFtμΣFj~uj}F~ντΣFlaτωrνχΣtΣrFνψF{uψ´ XUFEuropeannPhysicalnJournalnCSF
2018SF_aSFba_ 4.2 13
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