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bZSGY 4.2 0
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4.2 0
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}νΩrηψGπorGriττsGγosonsGμνηΩyinτGintoGnνwGspinTXGorGspinTYGpΩrtiηlνsGinGπourTlνptonGπinΩlGstΩtνsGwitψG
tψνGk~vk}GμνtνηtorGwitψGY[cGπγâ��YGoπGppGηollisionGμΩtΩGΩtGKKGsqrt{s}GKKGgGY[G~ν VGJournalpofpHighp
EnergypPhysicsSG2022SGZXZZSGY
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2022SG_SGY 6 0
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PhysicalpJournalpCSG2022SGbZSGY

4.2 0

155 ~ψνGk~vk}GinnνrGμνtνηtorGtriττνrGpνrπormΩnηνGinGppGηollisionsGΩtGY[´ ~ν GμurinτGvrmG|unGZVG
EuropeanpPhysicalpJournalpCSG2022SGbZSGY 4.2

154 nνtνrminΩtionGoπGtψνGpΩrtonGμistriγutionGπunηtionsGoπGtψνGprotonGusinτGμivνrsνGk~vk}GμΩtΩGπromGppG
ηollisionsGΩtGKKsqrt{s}GgGaKKSGbGΩnμGY[´ ~ν VGEuropeanpPhysicalpJournalpCSG2022SGbZSGY 4.2 1
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}νΩrηψGπorG|TpΩrityTviolΩtinτGsupνrsymmνtryGinGΩGπinΩlGstΩtνGηontΩininτGlνptonsGΩnμGmΩnyGjνtsGwitψG
tψνGk~vk}GνxpνrimνntGusinτGOsqrt{s}GgGY[ψγoxG{G~ν }PGprotonâ��protonGηollisionGμΩtΩVGEuropeanp
PhysicalpJournalpCSG2021SGbYSGY

4.2 2

152 wνΩsurνmνntGoπGtψνGtOGovνrlinν{t}GPtOGovνrlinν{t}GPGproμuηtionGηrossGsνηtionGinGppGηollisionsGΩtGOG
sqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 0
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intoGtwoGpψotonsGinGppGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighp
EnergypPhysicsSG2021SGZXZYSGY

5.4 2

150 }νΩrηψGπorGtypνTsssGsννsΩwGψνΩvyGlνptonsGinGμilνptonGπinΩlGstΩtνsGinGppGηollisionsGΩtGOGsqrt{s}GgGY[S{tνxtG
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μΩtΩGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 5
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}νΩrηψGπorGriττsGγosonGproμuηtionGinGΩssoηiΩtionGwitψGΩGψiτψTνnνrτyGpψotonGviΩGvνηtorTγosonG
πusionGwitψGμνηΩyGintoGγottomGquΩrkGpΩirsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofp
HighpEnergypPhysicsSG2021SGZXZYSGY

5.4 1
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}νΩrηψGπorGnνwGpψνnomνnΩGwitψGtopGquΩrkGpΩirsGinGπinΩlGstΩtνsGwitψGonνGlνptonSGjνtsSGΩnμGmissinτG
trΩnsvνrsνGmomνntumGinGppGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofp
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momνntumGinGppGηollisionsGΩtGOGsqrt{mΩtψrm{s}}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighp
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PhysicalpJournalpCSG2021SGbYSGY
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144 yptimisΩtionGoπGlΩrτνTrΩμiusGjνtGrνηonstruηtionGπorGtψνGk~vk}GμνtνηtorGinGY[G~ν Gprotonâ��protonG
ηollisionsVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 2

143
}νΩrηψGπorGψνΩvyGrνsonΩnηνsGμνηΩyinτGintoGΩGpΩirGoπGØGγosonsGinGtψνGOνllG^RνllG^TνllGN^RνllGN^TPGΩnμGOνllG
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}νΩrηψGπorGμouγlyGΩnμGsinτlyGηψΩrτνμGriττsGγosonsGμνηΩyinτGintoGvνηtorGγosonsGinGmultiTlνptonGπinΩlG
stΩtνsGwitψGtψνGk~vk}GμνtνηtorGusinτGprotonTprotonGηollisionsGΩtGOGsqrt{mΩtψrm{s}}GPGgGY[G~ν VG
JournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY

5.4 3

139 wνΩsurνmνntsGoπG¯R¯â��RGâ�¥GYGjνtGproμuηtionGηrossTsνηtionsGinGppGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν G
witψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 0

138 }νΩrηψGπorGηψΩrτνμGriττsGγosonsGμνηΩyinτGintoGΩGtopGquΩrkGΩnμGΩGγottomGquΩrkGΩtGOGsqrt{mΩtψrm{s}}G
PGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 8

137 wνΩsurνmνntsGoπGriττsGγosonsGμνηΩyinτGtoGγottomGquΩrksGπromGvνηtorGγosonGπusionGproμuηtionG
witψGtψνGk~vk}GνxpνrimνntGΩtGOsqrt{s}gY[StνxtG{~ν }PVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 0
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}νΩrηψGπorGpΩirGproμuηtionGoπGtψirμTτνnνrΩtionGsηΩlΩrGlνptoquΩrksGμνηΩyinτGintoGΩGtopGquΩrkGΩnμGΩG
ˇ�TlνptonGinGppGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergyp
PhysicsSG2021SGZXZYSGY

5.4 6

135 }νΩrηψGπorGsupνrsymmνtryGinGνvνntsGwitψGπourGorGmorνGηψΩrτνμGlνptonsGinGY[cGπγâ��YGoπGOGsqrt{s}GPGgG
Y[G~ν GppGηollisionsGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 2

134
nνtνrminΩtionGoπGtψνGpΩrtonGμistriγutionGπunηtionsGoπGtψνGprotonGπromGk~vk}GmνΩsurνmνntsGoπG
μiππνrνntiΩlG¯´–GΩnμGØGγosonGproμuηtionGinGΩssoηiΩtionGwitψGjνtsVGJournalpofpHighpEnergypPhysicsSG2021
SGZXZYSGY

5.4 1

133 wνΩsurνmνntsGoπGμiππνrνntiΩlGηrossTsνηtionsGinGπourTlνptonGνvνntsGinGY[G~ν GprotonTprotonG
ηollisionsGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 0

132 kGsνΩrηψGπorGtψνGμνηΩysGoπGstoppνμGlonτTlivνμGpΩrtiηlνsGΩtGOGsqrt{mΩtψrm{s}}GPGgGY[G~ν GwitψGtψνG
k~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 1

131 wuonGrνηonstruηtionGΩnμGiμνntiπiηΩtionGνππiηiνnηyGinGk~vk}GusinτGtψνGπullG|unGZGppGηollisionGμΩtΩGsνtG
ΩtGOsqrt{s}gY[PG~ν VGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 13

130 wνΩsurνmνntGoπGψΩμroniηGνvνntGsψΩpνsGinGψiτψTp~GmultijνtGπinΩlGstΩtνsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψG
tψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 3

129
}νΩrηψGπorGsquΩrksGΩnμGτluinosGinGπinΩlGstΩtνsGwitψGjνtsGΩnμGmissinτGtrΩnsvνrsνGmomνntumGusinτGY[cG
πγâ��YGoπGOGsqrt{s}GPGgGY[G~ν GppGηollisionGμΩtΩGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG
2021SGZXZYSGY

5.4 8

128 niππνrνntiΩlGηrossTsνηtionGmνΩsurνmνntsGπorGtψνGνlνηtrowνΩkGproμuηtionGoπGμijνtsGinGΩssoηiΩtionG
witψGΩGØGγosonGinGprotonâ��protonGηollisionsGΩtGk~vk}VGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 5

127 wνΩsurνmνntsGoπG¯rGΩnμGØrGproμuηtionGinGtψνGOrGriτψtΩrrowGγγΩr{γ}PGμνηΩyGηψΩnnνlGinGppG
ηollisionsGΩtGOY[StνxtG{~ν}tνxtG{ }PGwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 7
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126 }νΩrηψGπorGμΩrkGmΩttνrGinGΩssoηiΩtionGwitψGΩnGνnνrτνtiηGpψotonGinGppGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν G
witψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 5

125 }νΩrηψGπorGsquΩrksGΩnμGτluinosGinGπinΩlGstΩtνsGwitψGonνGisolΩtνμGlνptonSGjνtsSGΩnμGmissinτGtrΩnsvνrsνG
momνntumGΩtGOsqrt{s}gY[PG~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 0

124 wνΩsurνmνntGoπGsinτlνGtopTquΩrkGproμuηtionGinGΩssoηiΩtionGwitψGΩG¯GγosonGinGtψνGsinτlνTlνptonG
ηψΩnnνlGΩtGOsqrt{s}GgGbStνxtG{~ν }PGwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 1

123 tνtGνnνrτyGsηΩlνGΩnμGrνsolutionGmνΩsurνμGinGprotonâ��protonGηollisionsGΩtGOsqrt{s}gY[PG~ν GwitψGtψνG
k~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 11

122
wνΩsurνmνntsGoπGtψνGinηlusivνGΩnμGμiππνrνntiΩlGproμuηtionGηrossGsνηtionsGoπGΩGtopTquΩrkâ��ΩntiquΩrkG
pΩirGinGΩssoηiΩtionGwitψGΩGØGγosonGΩtGOsqrt{s}GgGY[PG~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalp
JournalpCSG2021SGbYSGY

4.2 1

121 }νΩrηψGπorGμΩrkGmΩttνrGproμuηνμGinGΩssoηiΩtionGwitψGΩGsinτlνGtopGquΩrkGinGOsqrt{s}gY[PG~ν GOppPG
ηollisionsGwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 4

120
wνΩsurνmνntsGoπGtopTquΩrkGpΩirGsinτlνTGΩnμGμouγlνTμiππνrνntiΩlGηrossTsνηtionsGinGtψνGΩllTψΩμroniηG
ηψΩnnνlGinGppGηollisionsGΩtGOGsqrt{mΩtψrm{s}}GPGgGY[G~ν GusinτGtψνGk~vk}GμνtνηtorVGJournalpofpHighp
EnergypPhysicsSG2021SGZXZYSGY

5.4 2

119 }νΩrηψGπorGpψνnomνnΩGγνyonμGtψνG}tΩnμΩrμGwoμνlGinGνvνntsGwitψGlΩrτνGγTjνtGmultipliηityGusinτGtψνG
k~vk}GμνtνηtorGΩtGtψνGvrmVGEuropeanpPhysicalpJournalpCSG2021SGbYSGY 4.2 1

118
}νΩrηψGπorGμΩrkGmΩttνrGproμuηνμGinGΩssoηiΩtionGwitψGΩG}tΩnμΩrμGwoμνlGriττsGγosonGμνηΩyinτGintoG
γTquΩrksGusinτGtψνGπullG|unGZGμΩtΩsνtGπromGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SG
ZXZYSGY

5.4 0

117 wνΩsurνmνntGoπGtψνGproμuηtionGηrossGsνηtionGoπGpΩirsGoπGisolΩtνμGpψotonsGinGppGηollisionsGΩtGY[G~ν G
witψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SGZXZYSGY 5.4 0

116
}νΩrηψGπorGνxotiηGμνηΩysGoπGtψνGriττsGγosonGintoGlonτTlivνμGpΩrtiηlνsGinGppGηollisionsGΩtGKKGsqrt{s}GKKG
gGY[G~ν GusinτGμisplΩηνμGvνrtiηνsGinGtψνGk~vk}GinnνrGμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SG
ZXZYSGY

5.4 0

115
}νΩrηψGπorGηψΩrτinoâ��nνutrΩlinoGpΩirGproμuηtionGinGπinΩlGstΩtνsGwitψGtψrννGlνptonsGΩnμGmissinτG
trΩnsvνrsνGmomνntumGinGKKsqrt{s}GgGY[KK´ ~ν GppGηollisionsGwitψGtψνGk~vk}GμνtνηtorVGEuropeanp
PhysicalpJournalpCSG2021SGbYSGY

4.2 1

114 monπiτurΩtionGΩnμGpνrπormΩnηνGoπGtψνGk~vk}GγTjνtGtriττνrsGinG|unGZVGEuropeanpPhysicalpJournalpCSG
2021SGbYSGY 4.2 1

113
wνΩsurνmνntGoπGγTquΩrkGπrΩτmνntΩtionGpropνrtiνsGinGjνtsGusinτGtψνGμνηΩyGl´–GThGtWˇ�u´–GinGppG
ηollisionsGΩtGKKGsqrt{s}GKKGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2021SG
ZXZYSGY

5.4 0

112 riττsGγosonGproμuηtionGηrossTsνηtionGmνΩsurνmνntsGΩnμGtψνirGop~GintνrprνtΩtionGinGtψνGO]νllGPG
μνηΩyGηψΩnnνlGΩtGOsqrt{s}gPY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 12

111 }νΩrηψGπorGpΩirsGoπGsηΩlΩrGlνptoquΩrksGμνηΩyinτGintoGquΩrksGΩnμGνlνηtronsGorGmuonsGinGOGsqrt{s}GPGgGY[G
~ν GppGηollisionsGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 8

110 }νΩrηψGπorGsquΩrksGΩnμGτluinosGinGπinΩlGstΩtνsGwitψGsΩmνTsiτnGlνptonsGΩnμGjνtsGusinτGY[cGπγâ��YGoπGμΩtΩG
ηollνηtνμGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 8

109 zνrπormΩnηνGoπGνlνηtronGΩnμGpψotonGtriττνrsGinGk~vk}GμurinτGvrmG|unGZVGEuropeanpPhysicalpJournalp
CSG2020SGbXSGY 4.2 30
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108 }νΩrηψGπorGtopGsquΩrksGinGνvνntsGwitψGΩGriττsGorGØGγosonGusinτGY[cGπγO^{TY}PGoπGppGηollisionGμΩtΩGΩtG
Osqrt{s}gY[PG~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 1

107 oviμνnηνGπorGOtγΩr{t}tγΩr{t}PGproμuηtionGinGtψνGmultilνptonGπinΩlGstΩtνGinGprotonâ��protonGηollisionsGΩtG
Osqrt{s}gY[PGOtνxtG{~ν }PGwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 8

106 }νΩrηψGπorGψνΩvyGμiγosonGrνsonΩnηνsGinGsνmilνptoniηGπinΩlGstΩtνsGinGppGηollisionsGΩtGOsqrt{s}gY[PG~ν G
witψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 4

105
}νΩrηψGπorGΩGsηΩlΩrGpΩrtnνrGoπGtψνGtopGquΩrkGinGtψνGΩllTψΩμroniηGOt{γΩr{t}}PGplusGmissinτGtrΩnsvνrsνG
momνntumGπinΩlGstΩtνGΩtGOsqrt{s}gY[PG~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG
2020SGbXSGY

4.2 17

104 kliτnmνntGoπGtψνGk~vk}GsnnνrGnνtνηtorGinG|unGZVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 4

103 nνtνrminΩtionGoπGjνtGηΩliγrΩtionGΩnμGνnνrτyGrνsolutionGinGprotonâ��protonGηollisionsGΩtGOsqrt{s}GgG
b~ψγoxG{~ν }PGusinτGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 3

102 }νΩrηψGπorGOGtovνrlinν{t}GPGrνsonΩnηνsGinGπullyGψΩμroniηGπinΩlGstΩtνsGinGppGηollisionsGΩtGOGsqrt{s}GPGgGY[G
~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 6

101 |νηonstruηtionGΩnμGiμνntiπiηΩtionGoπGγoostνμGμiTˇ�GsystνmsGinGΩGsνΩrηψGπorGriττsGγosonGpΩirsGusinτGY[G
~ν GprotonTprotonGηollisionGμΩtΩGinGk~vk}VGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 3

100 zνrπormΩnηνGoπGtψνGmissinτGtrΩnsvνrsνGmomνntumGtriττνrsGπorGtψνGk~vk}GμνtνηtorGμurinτG|unTZG
μΩtΩGtΩkinτVGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 8

99 }νΩrηψGπorGnνwGnonTrνsonΩntGpψνnomνnΩGinGψiτψTmΩssGμilνptonGπinΩlGstΩtνsGwitψGtψνGk~vk}G
μνtνηtorVGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 9

98 wνΩsurνmνntsGoπGtψνGriττsGγosonGinηlusivνGΩnμGμiππνrνntiΩlGπiμuηiΩlGηrossGsνηtionsGinGtψνG]OνllGPG
μνηΩyGηψΩnnνlGΩtGOsqrt{s}PGgGY[G~ν VGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 9

97
}νΩrηψGπorGμirνηtGproμuηtionGoπGνlνηtrowνΩkinosGinGπinΩlGstΩtνsGwitψGonνGlνptonSGmissinτGtrΩnsvνrsνG
momνntumGΩnμGΩGriττsGγosonGμνηΩyinτGintoGtwoGγTjνtsGinGOppPGηollisionsGΩtGOsqrt{s}gY[PG~ν GwitψG
tψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY

4.2 13

96
wνΩsurνmνntsGoπGtψνGproμuηtionGηrossTsνηtionGπorGΩGØGγosonGinGΩssoηiΩtionGwitψGγTjνtsGinG
protonTprotonGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergyp
PhysicsSG2020SGZXZXSGY

5.4 5

95
}νΩrηψGπorGtψνGrrGThGOGγovνrlinν{γ}γovνrlinν{γ}GPGproηνssGviΩGvνηtorTγosonGπusionGproμuηtionGusinτG
protonTprotonGηollisionsGΩtGOGsqrt{s}GPGgGY[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergyp
PhysicsSG2020SGZXZXSGY

5.4 5

94 yγsνrvΩtionGoπGtψνGΩssoηiΩtνμGproμuηtionGoπGΩGtopGquΩrkGΩnμGΩGØGγosonGinGppGηollisionsGΩtGOGsqrt{s}GPgG
Y[G~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2020SGZXZXSGY 5.4 5

93 wνΩsurνmνntsGoπGtopTquΩrkGpΩirGspinGηorrνlΩtionsGinGtψνGOνmuGPGηψΩnnνlGΩtGOsqrt{s}GgGY[PG~ν GusinτG
ppGηollisionsGinGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2020SGbXSGY 4.2 8

92 wνΩsurνmνntGoπGtψνGηrossTsνηtionGΩnμGηψΩrτνGΩsymmνtryGoπG¯GγosonsGproμuηνμGinGprotonâ��protonG
ηollisionsGΩtGOsqrt{s}gb~tνxtG{~ν }PGwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2019SGacSGY 4.2 11

91 olνηtronGrνηonstruηtionGΩnμGiμνntiπiηΩtionGinGtψνGk~vk}GνxpνrimνntGusinτGtψνGZXY^GΩnμGZXY_GvrmG
protonâ��protonGηollisionGμΩtΩGΩtGOsqrt{s}GgGY[PGOtνxtG{~ν }PVGEuropeanpPhysicalpJournalpCSG2019SGacSGY 4.2 37

(2019-2020)
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90
wνΩsurνmνntGoπG rSGOGmΩtψrm{r}toGmΩtψrm{γ}ovνrlinν{mΩtψrm{γ}}GPGproμuηtionGΩsGΩGπunηtionGoπG
tψνGvνηtorTγosonGtrΩnsvνrsνGmomνntumGinGY[G~ν GppGηollisionsGwitψGtψνGk~vk}GμνtνηtorVGJournalpofp
HighpEnergypPhysicsSG2019SGZXYcSGY

5.4 8

89 zνrπormΩnηνGoπGtopTquΩrkGΩnμGOvΩrvνη{¯}PTγosonGtΩττinτGwitψGk~vk}GinG|unGZGoπGtψνGvrmVGEuropeanp
PhysicalpJournalpCSG2019SGacSGY 4.2 19

88 olνηtronGΩnμGpψotonGνnνrτyGηΩliγrΩtionGwitψGtψνGk~vk}GμνtνηtorGusinτGZXY^â��ZXY_GvrmG
protonTprotonGηollisionGμΩtΩVGJournalpofpInstrumentationSG2019SGY]SGzX[XYaTzX[XYa 1 25

87 }νΩrηψGπorGμouγlyGηψΩrτνμGsηΩlΩrGγosonsGμνηΩyinτGintoGsΩmνTsiτnGγosonGpΩirsGwitψGtψνGk~vk}G
μνtνηtorVGEuropeanpPhysicalpJournalpCSG2019SGacSG^b 4.2 20

86 wνΩsurνmνntGoπGtψνGpψotonGiμνntiπiηΩtionGνππiηiνnηiνsGwitψGtψνGk~vk}GμνtνηtorGusinτGvrmG|unGZG
μΩtΩGηollνηtνμGinGZXY^GΩnμGZXY_VGEuropeanpPhysicalpJournalpCSG2019SGacSGY 4.2 26

85 wνΩsurνmνntGoπGtψνGrΩtioGoπGηrossGsνηtionsGπorGinηlusivνGisolΩtνμTpψotonGproμuηtionGinGppGηollisionsG
ΩtGOGsqrt{s}GPGgGY[GΩnμGbG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2019SGZXYcSGY 5.4 5

84
}νΩrηψGπorGpΩirGproμuηtionGoπGriττsGγosonsGinGtψνGOGγovνrlinν{γ}γovνrlinν{γ}GPGπinΩlGstΩtνGusinτG
protonTprotonGηollisionsGΩtGOGsqrt{s}gY[GPG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergyp
PhysicsSG2019SGZXYcSGY

5.4 31

83 monstrΩintsGonGmνμiΩtorTγΩsνμGμΩrkGmΩttνrGΩnμGsηΩlΩrGμΩrkGνnνrτyGmoμνlsGusinτGOGsqrt{s}GPGgGY[G~ν G
ppGηollisionGμΩtΩGηollνηtνμGγyGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2019SGZXYcSGY 5.4 31

82 zropνrtiνsGoπGØη´–O[cXXPGproμuηνμGinGpp´flGηollisionsVGPhysicalpReviewpDSG2019SGYXXSG 4.9 8

81 wνΩsurνmνntGoπGπiμuηiΩlGΩnμGμiππνrνntiΩlGO¯^R¯^TPGproμuηtionGηrossTsνηtionsGΩtGOsqrt{s}gY[PG~ν G
witψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2019SGacSGY 4.2 16

80
wνΩsurνmνntGoπGtψνGinηlusivνGηrossTsνηtionGπorGtψνGproμuηtionGoπGjνtsGinGΩssoηiΩtionGwitψGΩGØGγosonG
inGprotonâ��protonGηollisionsGΩtGbG~ν GusinτGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2019SG
acSGY

4.2 4

79 k~vk}GγTjνtGiμνntiπiηΩtionGpνrπormΩnηνGΩnμGνππiηiνnηyGmνΩsurνmνntGwitψGOt{γΩr{t}}PGνvνntsGinGppG
ηollisionsGΩtGOsqrt{s}gY[PG~ν VGEuropeanpPhysicalpJournalpCSG2019SGacSGY 4.2 43

78
wνΩsurνmνntsGoπGtopTquΩrkGpΩirGμiππνrνntiΩlGΩnμGμouγlνTμiππνrνntiΩlGηrossTsνηtionsGinGtψνGOνllGPRjνtsG
ηψΩnnνlGwitψGppGηollisionsGΩtGOsqrt{s}gY[PG~ν GusinτGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpC
SG2019SGacSGY

4.2 13

77
}νΩrηψGπorGΩμμitionΩlGψνΩvyGnνutrΩlGriττsGΩnμGτΩuτνGγosonsGinGtψνGμitΩuGπinΩlGstΩtνGproμuηνμGinG[_G
πγâ��YGoπGppGηollisionsGΩtGOGsqrt{s}gY[GPG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG
2018SGZXYbSGY

5.4 81

76 momγinνμGporwΩrμTlΩηkwΩrμGksymmνtryGwνΩsurνmνntsGinG~opTkntitopG{uΩrkGzroμuηtionGΩtGtψνG
~νvΩtronVGPhysicalpReviewpLettersSG2018SGYZXSGX]ZXXY 7.4 8

75 }νΩrηψGπorGnνwGpψνnomνnΩGinGψiτψTmΩssGπinΩlGstΩtνsGwitψGΩGpψotonGΩnμGΩGjνtGπromGηollisionsGΩtGgG
Y[´ ~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2018SGabSGYXZ 4.2 7

74 wνΩsurνmνntGoπGlonτituμinΩlGπlowGμνηorrνlΩtionsGinGzγRzγGηollisionsGΩtGΩnμG^VXZG~ν GwitψGtψνG
k~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2018SGabSGY]Z 4.2 35

73 wνΩsurνmνntGoπGμiππνrνntiΩlGηrossTsνηtionsGoπGΩGsinτlνGtopGquΩrkGproμuηνμGinGΩssoηiΩtionGwitψGΩG
γosonGΩtGwitψGk~vk}VGEuropeanpPhysicalpJournalpCSG2018SGabSGYb_ 4.2 5

Arnaud Duperrin
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72 }νΩrηψGπorGψνΩvyGrνsonΩnηνsGinGtψνGΩnμGπinΩlGstΩtνsGusinτGprotonTprotonGηollisionsGΩtG´ GwitψGtψνG
k~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2018SGabSGZc[ 4.2 41

71
}νΩrηψGπorGψνΩvyGrνsonΩnηνsGμνηΩyinτGintoGΩG¯GorGØGγosonGΩnμGΩGriττsGγosonGinGπinΩlGstΩtνsGwitψG
lνptonsGΩnμGγTjνtsGinG[_Gπγâ��YGoπGOGsqrt{s}gY[GPG~ν GppGηollisionsGwitψGtψνGk~vk}GμνtνηtorVGJournalpofp
HighpEnergypPhysicsSG2018SGZXYbSGY

5.4 26

70 }νΩrηψGπorGψνΩvyGrνsonΩnηνsGμνηΩyinτGintoGinGtψνGπinΩlGstΩtνGinGηollisionsGΩtGwitψGtψνGk~vk}G
μνtνηtorVGEuropeanpPhysicalpJournalpCSG2018SGabSGZ] 4.2 47

69 nirνηtGtopTquΩrkGμνηΩyGwiμtψGmνΩsurνmνntGinGtψνGlνptonRjνtsGηψΩnnνlGΩtGwitψGtψνGk~vk}G
νxpνrimνntVGEuropeanpPhysicalpJournalpCSG2018SGabSGYZc 4.2 11

68 }νΩrηψGπorG¯G¯W¯GØGrνsonΩnηνGproμuηtionGinGâ��˛‰qqGπinΩlGstΩtνsGinGppGηollisionsGΩtGOGsqrt{s}gY[GPG~ν G
witψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 22

67 wνΩsurνmνntGoπGtψνGriττsGγosonGηouplinτGpropνrtiνsGinGtψνGrGThGØØQGThG]â��GμνηΩyGηψΩnnνlGΩtGOG
sqrt{s}gY[GPG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 36

66 wνΩsurνmνntGoπGinηlusivνGjνtGΩnμGμijνtGηrossTsνηtionsGinGprotonTprotonGηollisionsGΩtGOGsqrt{s}gY[GPG
~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 12

65 }νΩrηψGπorGμΩrkGmΩttνrGproμuηνμGinGΩssoηiΩtionGwitψGγottomGorGtopGquΩrksGinG´ ~ν GηollisionsGwitψG
tψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2018SGabSGYb 4.2 32

64 }νΩrηψGπorGμouγlyGηψΩrτνμGriττsGγosonGproμuηtionGinGmultiTlνptonGπinΩlGstΩtνsGwitψGtψνGk~vk}G
μνtνηtorGusinτGprotonTprotonGηollisionsGΩtVGEuropeanpPhysicalpJournalpCSG2018SGabSGYcc 4.2 55

63 wνΩsurνmνntGoπGpolΩrisΩtionGinGμνηΩysGinGprotonTprotonGηollisionsGΩtG~ν GwitψGtψνGk~vk}GμνtνηtorVG
EuropeanpPhysicalpJournalpCSG2018SGabSGY_[ 4.2 3

62 }νΩrηψνsGπorGψνΩvyGØØGΩnμGØ¯GrνsonΩnηνsGinGtψνGâ��â��qqGΩnμG˛‰˛‰qqGπinΩlGstΩtνsGinGppGηollisionsGΩtGOG
sqrt{s}gY[GPG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 17

61
wνΩsurνmνntGoπGμiππνrνntiΩlGηrossGsνηtionsGΩnμG¯RW¯â��GηrossTsνηtionGrΩtiosGπorG¯GγosonGproμuηtionG
inGΩssoηiΩtionGwitψGjνtsGΩtGOGsqrt{s}gbGPG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG
2018SGZXYbSGY

5.4 7

60 }νΩrηψGπorGnνwGpψνnomνnΩGinGνvνntsGwitψGsΩmνTηψΩrτνGlνptonsGΩnμGγTjνtsGinGppGηollisionsGΩtGOG
sqrt{s}gY[GPG~ν GwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 21

59 wνΩsurνmνntGoπGtψνGΩzimutψΩlGΩnisotropyGoπGηψΩrτνμGpΩrtiηlνsGproμuηνμGinGgG^VXZ´ ~ν GzγRzγG
ηollisionsGwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2018SGabSGcca 4.2 21

58 oviμνnηνGπorGØη´–O[cXXPGinGsνmiTinηlusivνGμνηΩysGoπGγTπlΩvorνμGψΩμronsVGPhysicalpReviewpDSG2018SGcbSG 4.9 17

57 zromptGΩnμGnonTpromptGΩnμGsupprνssionGΩtGψiτψGtrΩnsvνrsνGmomνntumGinGzγRzγGηollisionsGwitψG
tψνGk~vk}GνxpνrimνntVGEuropeanpPhysicalpJournalpCSG2018SGabSGa_Z 4.2 23

56 wνΩsurνmνntsGoπGγTjνtGtΩττinτGνππiηiνnηyGwitψGtψνGk~vk}GμνtνηtorGusinτGOGtovνrlinν{t}GPGνvνntsGΩtGOG
sqrt{s}gY[GPG~ν VGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 31

55 }tuμyGoπGtψνG±´–O^^_bPGstΩtνGwitψGsνmilνptoniηGμνηΩysGoπGtψνGlsXGmνsonVGPhysicalpReviewpDSG2018SG
caSG 4.9 18

(2018-2018)
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54 }νΩrηψGπorGμΩrkGmΩttνrGΩnμGotψνrGnνwGpψνnomνnΩGinGνvνntsGwitψGΩnGνnνrτνtiηGjνtGΩnμGlΩrτνGmissinτG
trΩnsvνrsνGmomνntumGusinτGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG2018SGZXYbSGY 5.4 101

53 wνΩsurνmνntGoπGtopGquΩrkGpolΩrizΩtionGinGtt´flGlνptonRjνtsGπinΩlGstΩtνsVGPhysicalpReviewpDSG2017SGc^SG 4.9 3

52 wνΩsurνmνntGoπGtψνGμirνηtGmzGviolΩtinτGηψΩrτνGΩsymmνtryGinGl´–Th˛…´–˛‰˛…nXGμνηΩysVGPhysicalpReviewpDSG
2017SGc^SG 4.9 1

51 momγinΩtionGoπGnXGmνΩsurνmνntsGoπGtψνGtopGquΩrkGmΩssVGPhysicalpReviewpDSG2017SGc^SG 4.9 1

50 wνΩsurνmνntGoπGlνptonGμiππνrνntiΩlGμistriγutionsGΩnμGtψνGtopGquΩrkGmΩssGinGproμuηtionGinGηollisionsG
ΩtG´ ~ν GwitψGtψνGk~vk}GμνtνηtorVGEuropeanpPhysicalpJournalpCSG2017SGaaSGbX] 4.2 11

49 wνΩsurνmνntGoπGtψνGnrνllTYΩnGtriplνTμiππνrνntiΩlGηrossGsνηtionGinGppGηollisionsGΩtGOGsqrt{s}gbGPG~ν VG
JournalpofpHighpEnergypPhysicsSG2017SGZXYaSGY 5.4 16

48 oviμνnηνGπorGtψνGOGrtoGγovνrlinν{γ}GPGμνηΩyGwitψGtψνGk~vk}GμνtνηtorVGJournalpofpHighpEnergypPhysicsSG
2017SGZXYaSGY 5.4 50

47 wνΩsurνmνntGoπGtψνGπorwΩrμTγΩηkwΩrμGΩsymmνtryGoπG˛�GΩnμG˛�´flGproμuηtionGinGpp´flGηollisionsVGPhysicalp
ReviewpDSG2016SGc[SG 4.9 1

46 wνΩsurνmνntGoπGtψνGπorwΩrμTγΩηkwΩrμGΩsymmνtriνsGinGtψνGproμuηtionGoπG˛�GΩnμG˛'GγΩryonsGinGpp´flG
ηollisionsVGPhysicalpReviewpDSG2016SGc[SG 4.9 1

45 oviμνnηνGπorG}imultΩnνousGzroμuηtionGoπGtWˇ�GΩnμGiGwνsonsVGPhysicalpReviewpLettersSG2016SGYY_SGXbZXXZ 7.4 31

44 oviμνnηνGπorGΩGlΛ{s}^{X}ˇ�^{´–}G}tΩtνVGPhysicalpReviewpLettersSG2016SGYYaSGXZZXX[ 7.4 110

43 }tuμyGoπGμouγlνGpΩrtonGintνrΩηtionsGinGμipψotonRμijνtGνvνntsGinGpp´flGηollisionsGΩtGsgYVc_GG~ν VG
PhysicalpReviewpDSG2016SGc[SG 4.9 13

42 wνΩsurνmνntGoπGtψνGinηlusivνGtt´flGproμuηtionGηrossGsνηtionGinGpp´flGηollisionsGΩtGsgYVc_GG~ν GΩnμG
μνtνrminΩtionGoπGtψνGtopGquΩrkGpolνGmΩssVGPhysicalpReviewpDSG2016SGc]SG 4.9 9

41
wνΩsurνmνntGoπGspinGηorrνlΩtionGγνtwννnGtopGΩnμGΩntitopGquΩrksGproμuηνμGinGpp´flGηollisionsGΩtG
sgYVc_´ ~ν VGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2016SG
a^aSGYccTZX_

4.2 3
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