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}χμrπhFψorFτirχπtFpμirFproτuπtionFoψFμFπhμrginoFμnτFμFnχutrμlinoFτχπμyingFtoFthχFXY]´ pχ’FqiggsF
νosonFinF[oormulμcFsχχFtχxt−´ ~χ’F[oormulμcFsχχFtχxt−FπollisionsFwithFthχFj~uj}FτχtχπtorTFEuropeany
PhysicalyJournalyCRF2015RF_]RFYWa

4.2 50

273
rτχntiψiπμtionFμnτFχnχrgyFπμliνrμtionFoψFhμτroniπμllyFτχπμyingFtμuFlχptonsFwithFthχFj~uj}F
χxpχrimχntFinFπollisionsFμtF[oormulμcFsχχFtχxt−[oormulμcFsχχFtχxt−TFEuropeanyPhysicalyJournalyCRF2015
RF_]RFZWZ

4.2 49

272 vχμsurχmχntFoψFπhμrgχτSpμrtiπlχFspχπtrμFinFyνQyνFπollisionsFμtFNFsqrt{s_{mμthrm{ww}}}fYT_^FOF~χ’F
withFthχFj~uj}FτχtχπtorFμtFthχFuqlTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 49
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271 }χμrπhFψorFrχsonμnπχsFinFτiphotonFχvχntsFμtFNFsqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofy
HighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 49

270 vχμsurχmχntsFoψFtopSquμrkFpμirFτiψψχrχntiμlFπrossSsχπtionsFinFthχFlχptonQjχtsFπhμnnχlFinFπollisionsF
μtF[oormulμcFsχχFtχxt−FusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]Za 4.2 48

269 }χμrπhFψorFsupχrsymmχtryFμtF[oormulμcFsχχFtχxt−´ ~χ’FinFψinμlFstμtχsFwithFjχtsFμnτFtwoFsμmχSsignF
lχptonsForFthrχχFlχptonsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RFY]b 4.2 48

268 vχμsurχmχntFoψFthχFpromptFV[oormulμcFsχχFtχxt−FpμirFproτuπtionFπrossSsχπtionFinFπollisionsFμtF
[oormulμcFsχχFtχxt−´ ~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF__RF_^ 4.2 47

267 }χμrπhFψorFthχFnχutrμlFqiggsFνosonsFoψFthχFminimμlFsupχrsymmχtriπFstμnτμrτFmoτχlFinFppFπollisionsF
μtFNFsqrt{s}f_FOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 47

266 }χμrπhFψorFμFnχwFrχsonμnπχFτχπμyingFtoFμForFνosonFμnτFμFqiggsFνosonFinFthχF[oormulμcFsχχFtχxt−F
ψinμlFstμtχsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RFY^Z 4.2 46

265 uightSquμrkFμnτFgluonFjχtFτisπriminμtionFinF[oormulμcFsχχFtχxt−FπollisionsFμtF[oormulμcFsχχFtχxt−FwithF
thχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2014RF_[RFZWYZ 4.2 46

264 }χμrπhFψorFlχptonSψlμvourSviolμtingFqFSgF˛…ˇ�FτχπμysFoψFthχFqiggsFνosonFwithFthχFj~uj}FτχtχπtorTF
JournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 46

263
}χμrπhFψorFμnomμlousFproτuπtionFoψFpromptFsμmχSsignFlχptonFpμirsFμnτFpμirSproτuπχτFτouνlyF
πhμrgχτFqiggsFνosonsFwithFNFsqrt{s}faFOF~χ’FppFπollisionsFusingFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2015RFYWX]RFX

5.4 45

262 }χμrπhFψorFinvisiνlχFτχπμysFoψFμFqiggsFνosonFusingFvχπtorSνosonFψusionFinFppFπollisionsFμtFNFsqrt{s}faFOF
~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 45

261 vχμsurχmχntFoψF±±FproτuπtionFinFppFπollisionsFμtFNFsqrt{s}f_FOF~χ’FμnτFlimitsFonFμnomμlousF±±±FμnτF
±±˛‡FπouplingsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 45

260 vuonFrχπonstruπtionFχψψiπiχnπyFμnτFmomχntumFrχsolutionFoψFthχFj~uj}FχxpχrimχntFinF
protonSprotonFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’FinFYWXWTFEuropeanyPhysicalyJournalyCRF2014RF_[RFZWZ[ 4.2 45

259 }χμrπhFψorFpμirFproτuπtionFoψFmμssivχFpμrtiπlχsFτχπμyingFintoFthrχχFquμrksFwithFthχFj~uj}FτχtχπtorF
inFNFsqrt{s}f_dmμthrm{~χ’}FOFppFπollisionsFμtFthχFuqlTFJournalyofyHighyEnergyyPhysicsRF2012RFYWXYRFX 5.4 45

258
}χμrπhFψorFsupχrsymmχtryFinFχvχntsFπontμiningFμFsμmχSψlμvourFoppositχSsignFτilχptonFpμirRFjχtsRFμnτF
lμrgχFmissingFtrμnsvχrsχFmomχntumFinF[oormulμcFsχχFtχxt−´ ~χ’FπollisionsFwithFthχFj~uj}FτχtχπtorTF
EuropeanyPhysicalyJournalyCRF2015RF_]RFZXa

4.2 44

257 rτχntiψiπμtionFoψFνoostχτRFhμτroniπμllyFτχπμyingFνosonsFμnτFπompμrisonsFwithFj~uj}FτμtμFtμkχnFμtF
[oormulμcFsχχFtχxt−´ ~χ’TFEuropeanyPhysicalyJournalyCRF2016RF_^RFX][ 4.2 44

256 vχμsurχmχntFoψFisolμtχτSphotonFpμirFproτuπtionFinFppFπollisionsFμtFNFsqrt{s}f_d~χ’FOFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 44

255 }χμrπhFψorFpμirSproτuπχτFmμssivχFπolourχτFsπμlμrsFinFψourSjχtFψinμlFstμtχsFwithFthχFj~uj}FτχtχπtorF
inFprotonâ��protonFπollisionsFμtFNsqrt{s}FfF_Fmνox{~χ’}OTFEuropeanyPhysicalyJournalyCRF2013RF_ZRFX 4.2 44

254 yχrψormμnπχFoψFjχtFsuνstruπturχFtχπhniquχsFψorFlμrgχS{FjχtsFinFprotonSprotonFπollisionsFμtFNF
sqrt{s}f_FOF~χ’FusingFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 43
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253 j~uj}FνSjχtFiτχntiψiπμtionFpχrψormμnπχFμnτFχψψiπiχnπyFmχμsurχmχntFwithFNt{νμr{t}}OFχvχntsFinFppF
πollisionsFμtFNsqrt{s}fXZOF~χ’TFEuropeanyPhysicalyJournalyCRF2019RF_bRFX 4.2 43

252 sχtFrχπonstruπtionFμnτFpχrψormμnπχFusingFpμrtiπlχFψlowFwithFthχFj~uj}FmχtχπtorTFEuropeanyPhysicaly
JournalyCRF2017RF__RF[^^ 4.2 42

251
vχμsurχmχntFoψFthχFτiψψχrχntiμlFπrossSsχπtionsFoψFpromptFμnτFnonSpromptFproτuπtionFoψF[oormulμcF
sχχFtχxt−FμnτF[oormulμcFsχχFtχxt−FinFπollisionsFμtF[oormulμcFsχχFtχxt−FμnτFa´ ~χ’FwithFthχFj~uj}F
τχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RFYaZ

4.2 42

250 }ummμryFoψFthχFj~uj}Fχxpχrimχntâ��sFsχnsitivityFtoFsupχrsymmχtryFμψtχrFuqlF{unFXFâ��FintχrprχtχτF
inFthχFphχnomχnologiπμlFv}}vTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 42

249
}χμrπhFψorFτirχπtFtopFsquμrkFpμirFproτuπtionFinFχvχntsFwithFμF[oormulμcFsχχFtχxt−FνosonRF[oormulμcF
sχχFtχxt−SjχtsFμnτFmissingFtrμnsvχrsχFmomχntumFinF[oormulμcFsχχFtχxt−F~χ’F[oormulμcFsχχFtχxt−F
πollisionsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2014RF_[RFYaaZ

4.2 41

248 }inglχFhμτronFrχsponsχFmχμsurχmχntFμnτFπμlorimχtχrFjχtFχnχrgyFsπμlχFunπχrtμintyFwithFthχFj~uj}F
τχtχπtorFμtFthχFuqlTFEuropeanyPhysicalyJournalyCRF2013RF_ZRFX 4.2 41

247 }χμrπhFψorFnχwFpμrtiπlχsFinFχvχntsFwithFonχFlχptonFμnτFmissingFtrμnsvχrsχFmomχntumFinFppF
πollisionsFμtFNFsqrt{s}FOFfFaF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 40

246
vχμsurχmχntFoψFthχFπχntrμlityFτχpχnτχnπχFoψFthχFπhμrgχτSpμrtiπlχFpsχuτorμpiτityFτistriνutionFinF
protonSlχμτFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2016RF_^RFXbb

4.2 39

245 }χμrπhFψorFsupχrsymmχtryFμtFNsqrt{s}OFfFaF~χ’FinFψinμlFstμtχsFwithFjχtsFμnτFtwoFsμmχSsignFlχptonsForF
thrχχFlχptonsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 39

244 yχrψormμnπχFoψFμlgorithmsFthμtFrχπonstruπtFmissingFtrμnsvχrsχFmomχntumFinF[oormulμcFsχχFtχxt−fF
aF~χ’FprotonSprotonFπollisionsFinFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF__RFY[X 4.2 38

243
xνsχrvμtionFμnτFmχμsurχmχntsFoψFthχFproτuπtionFoψFpromptFμnτFnonSpromptF[oormulμcFsχχFtχxt−F
mχsonsFinFμssoπiμtionFwithFμF[oormulμcFsχχFtχxt−FνosonFinF[oormulμcFsχχFtχxt−FπollisionsFμtF[oormulμcF
sχχFtχxt−FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RFYYb

4.2 38

242 }χμrπhFψorFlongSlivχτFnχutrμlFpμrtiπlχsFτχπμyingFintoFlχptonFjχtsFinFprotonSprotonFπollisionsFμtFNF
sqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 38

241 nlχπtronFrχπonstruπtionFμnτFiτχntiψiπμtionFinFthχFj~uj}FχxpχrimχntFusingFthχFYWX]FμnτFYWX^FuqlF
protonâ��protonFπollisionFτμtμFμtFNsqrt{s}FfFXZOFNtχxtF{~χ’}OTFEuropeanyPhysicalyJournalyCRF2019RF_bRFX 4.2 37

240 vχμsurχmχntFoψFthχFproτuπtionFoψFμF–FνosonFinFμssoπiμtionFwithFμFπhμrmFquμrkFinFppFπollisionsFμtFNF
sqrt{s}FOFfF_F~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 37

239 }χμrπhFψorFsquμrksFμnτFgluinosFinFχvχntsFwithFisolμtχτFlχptonsRFjχtsFμnτFmissingFtrμnsvχrsχF
momχntumFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 37

238 lhμrgχτSpμrtiπlχFτistriνutionsFμtFlowFtrμnsvχrsχFmomχntumFinF[oormulμcFsχχFtχxt−´ ~χ’FintχrμπtionsF
mχμsurχτFwithFthχFj~uj}FτχtχπtorFμtFthχFuqlTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]WY 4.2 37

237 vχμsurχmχntFoψFthχFqiggsFνosonFπouplingFpropχrtiχsFinFthχFqFSgF±±PFSgF[â��FτχπμyFπhμnnχlFμtFNF
sqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2018RFYWXaRFX 5.4 36

236 }χμrπhFψorFτirχπtFpμirFproτuπtionFoψFthχFtopFsquμrkFinFμllShμτroniπFψinμlFstμtχsFinFprotonSprotonF
πollisionsFμtFNFsqrt{s}FOFfFaF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 36
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235 vχμsurχmχntFoψFthχFπhμrgχτSpμrtiπlχFmultipliπityFinsiτχFjχtsFψromF[oormulμcFsχχFtχxt−[oormulμcFsχχF
tχxt−´ FπollisionsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RFZYY 4.2 35

234 vχμsurχmχntFoψFthχFπrossSsχπtionFψorF–FνosonFproτuπtionFinFμssoπiμtionFwithFνSjχtsFinFppFπollisionsF
μtFNFsqrt{s}f_FOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 34

233 j~uj}FsχμrπhFψorFμFhχμvyFgμugχFνosonFτχπμyingFtoFμFπhμrgχτFlχptonFμnτFμFnχutrinoFinFppFπollisionsF
μtFNsqrt{s}FfF_Fmμthrm{~χ’}OTFEuropeanyPhysicalyJournalyCRF2012RF_YRFX 4.2 34

232 yχrψormμnπχFoψFthχFj~uj}FtrμπkFrχπonstruπtionFμlgorithmsFinFτχnsχFχnvironmχntsFinFuqlF{unFYTF
EuropeanyPhysicalyJournalyCRF2017RF__RF^_Z 4.2 33

231 }χμrπhFψorFπhμrgχτFqiggsFνosonsFinFthχFqF´–FSgFtνFτχπμyFπhμnnχlFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’F
usingFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 33

230
}χμrπhFψorFtopSsquμrkFpμirFproτuπtionFinFψinμlFstμtχsFwithFonχFlχptonRFjχtsRFμnτFmissingFtrμnsvχrsχF
momχntumFusingFZ^Fψνâ��XFoψFNFsqrt{s}fXZFOF~χ’FppFπollisionFτμtμFwithFthχFj~uj}FτχtχπtorTFJournalyofy
HighyEnergyyPhysicsRF2018RFYWXaRFX

5.4 33

229 vχμsurχmχntFoψFthχFtopFquμrkFmμssFinFthχF[oormulμcFsχχFtχxt−FμnτF[oormulμcFsχχFtχxt−FπhμnnχlsF
usingF[oormulμcFsχχFtχxt−´ [oormulμcFsχχFtχxt−Fj~uj}FτμtμTFEuropeanyPhysicalyJournalyCRF2015RF_]RFZZW 4.2 32

228
}χμrπhFψorFpμirFproτuπtionFoψFqiggsFνosonsFinFthχFNFνovχrlinχ{ν}νovχrlinχ{ν}FOFψinμlFstμtχFusingF
protonSprotonFπollisionsFμtFNFsqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyy
PhysicsRF2019RFYWXbRFX

5.4 31

227 lonstrμintsFonFmχτiμtorSνμsχτFτμrkFmμttχrFμnτFsπμlμrFτμrkFχnχrgyFmoτχlsFusingFNFsqrt{s}FOFfFXZF~χ’F
ppFπollisionFτμtμFπollχπtχτFνyFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2019RFYWXbRFX 5.4 31

226
miψψχrχntiμlFtopSμntitopFπrossSsχπtionFmχμsurχmχntsFμsFμFψunπtionFoψFoνsχrvμνlχsFπonstruπtχτFψromF
ψinμlSstμtχFpμrtiπlχsFusingFppFπollisionsFμtFNFsqrt{s}f_FOF~χ’FinFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2015RFYWX]RFX

5.4 31

225
vχμsurχmχntFoψFthχFproτuπtionFμnτFlχptonFπhμrgχFμsymmχtryFoψF[oormulμcFsχχFtχxt−FνosonsFinF
yνQyνFπollisionsFμtF[oormulμcFsχχFtχxt−FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF
_]RFYZ

4.2 31

224
}χμrπhFψorFπontμπtFintχrμπtionsFμnτFlμrgχFχxtrμFτimχnsionsFinFthχFτilχptonFπhμnnχlFusingF
protonSprotonFπollisionsFμtF[oormulμcFsχχFtχxt−´ a´ ~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2014RF_[RFZXZ[

4.2 31

223
}χμrπhFψorFstrongFproτuπtionFoψFsupχrsymmχtriπFpμrtiπlχsFinFψinμlFstμtχsFwithFmissingFtrμnsvχrsχF
momχntumFμnτFμtFlχμstFthrχχFνSjχtsFμtFNFsqrt{s}FfFaFOF~χ’FprotonSprotonFπollisionsFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX

5.4 31

222
}χμrπhFψorFlightFsπμlμrFtopSquμrkFpμirFproτuπtionFinFψinμlFstμtχsFwithFtwoFlχptonsFwithFthχFj~uj}F
τχtχπtorFinFNsqrt{s}f_Fmμthrm{~χ’}OFprotonâ��protonFπollisionsTFEuropeanyPhysicalyJournalyCRF2012RF
_YRFX

4.2 31

221 vχμsurχmχntsFoψFνSjχtFtμggingFχψψiπiχnπyFwithFthχFj~uj}FτχtχπtorFusingFNFtovχrlinχ{t}FOFχvχntsFμtFNF
sqrt{s}fXZFOF~χ’TFJournalyofyHighyEnergyyPhysicsRF2018RFYWXaRFX 5.4 31

220 }χμrπhFψorFthirτFgχnχrμtionFsπμlμrFlχptoquμrksFinFppFπollisionsFμtFNFsqrt{s}f_FOF~χ’FwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 30

219 vχμsurχmχntsFoψFψiτuπiμlFμnτFτiψψχrχntiμlFπrossFsχπtionsFψorFqiggsFνosonFproτuπtionFinFthχF
τiphotonFτχπμyFπhμnnχlFμtFNFsqrt{s}faFOF~χ’FwithFj~uj}TFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 30

218 vχμsurχmχntFoψFthχF[oormulμcFsχχFtχxt−FproτuπtionFπrossFsχπtionFinFthχFtμuFQFjχtsFπhμnnχlFusingFthχF
j~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2013RF_ZRFYZYa 4.2 30
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217 yχrψormμnπχFoψFχlχπtronFμnτFphotonFtriggχrsFinFj~uj}FτuringFuqlF{unFYTFEuropeanyPhysicalyJournaly
CRF2020RFaWRFX 4.2 30

216 }χμrπhχsFψorFhχμvyFlongSlivχτFπhμrgχτFpμrtiπlχsFwithFthχFj~uj}FτχtχπtorFinFprotonSprotonFπollisionsF
μtFNFsqrt{s}faFOF~χ’TFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 29

215
}χμrπhFψorFthχFτirχπtFproτuπtionFoψFπhμrginosRFnχutrμlinosFμnτFstμusFinFψinμlFstμtχsFwithFμtFlχμstFtwoF
hμτroniπμllyFτχπμyingFtμusFμnτFmissingFtrμnsvχrsχFmomχntumFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’F
withFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX

5.4 29

214 {χπonstruπtionFoψFprimμryFvχrtiπχsFμtFthχFj~uj}FχxpχrimχntFinF{unFXFprotonSprotonFπollisionsFμtF
thχFuqlTFEuropeanyPhysicalyJournalyCRF2017RF__RFZZY 4.2 29

213
}χμrπhFψorFpμirFμnτFsinglχFproτuπtionFoψFnχwFhχμvyFquμrksFthμtFτχπμyFtoFμF±FνosonFμnτFμF
thirτSgχnχrμtionFquμrkFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2014RFYWX[RFX

5.4 29

212 ~woSpμrtiπlχFkosχSninstχinFπorrχlμtionsFinFπollisionsFμtF[oormulμcFsχχFtχxt−FWTbFμnτF_F~χ’FmχμsurχτF
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RF[^^ 4.2 28

211 {χπonstruπtionFoψFhμτroniπFτχπμyFproτuπtsFoψFtμuFlχptonsFwithFthχFj~uj}FχxpχrimχntTFEuropeany
PhysicalyJournalyCRF2016RF_^RFYb] 4.2 28

210 }χμrπhFψorFsinglχFtopSquμrkFproτuπtionFviμFψlμvourSπhμngingFnχutrμlFπurrχntsFμtFa´ ~χ’FwithFthχF
j~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]] 4.2 28

209
}χμrπhFψorFminimμlFsupχrsymmχtriπFstμnτμrτFmoτχlFqiggsFkosonsF´ V´ FμnτFψorFμF[oormulμcFsχχFtχxt−F
νosonFinFthχF[oormulμcFsχχFtχxt−FψinμlFstμtχFproτuπχτFinFπollisionsFμtF[oormulμcFsχχFtχxt−F~χ’FwithF
thχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]a]

4.2 28

208
oiτuπiμlRFtotμlFμnτFτiψψχrχntiμlFπrossSsχπtionFmχμsurχmχntsFoψFSπhμnnχlFsinglχFtopSquμrkFproτuπtionF
inFπollisionsFμtFa´ ~χ’FusingFτμtμFπollχπtχτFνyFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF
__RF]ZX

4.2 27

207 vχμsurχmχntFoψFthχFinπlusivχFjχtFπrossSsχπtionFinFprotonSprotonFπollisionsFμtFNFsqrt{s}f_FOF~χ’FusingF
[T]Fψνâ��XFoψFτμtμFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 27

206 }tuτyFoψFthχFrμrχFτχπμysFoψF[oormulμcFsχχFtχxt−FμnτF[oormulμcFsχχFtχxt−FintoFmuonFpμirsFψromFτμtμF
πollχπtχτFτuringFthχFuqlF{unFXFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]XZ 4.2 27

205 vχμsurχmχntFoψFthχFphotonFiτχntiψiπμtionFχψψiπiχnπiχsFwithFthχFj~uj}FτχtχπtorFusingFuqlF{unFYF
τμtμFπollχπtχτFinFYWX]FμnτFYWX^TFEuropeanyPhysicalyJournalyCRF2019RF_bRFX 4.2 26

204 vχμsurχmχntFoψFˇ�FπXFμnτFˇ�FπYFproτuπtionFwithFNFsqrt{s}FOFfF_F~χ’FppFπollisionsFμtFj~uj}TFJournalyofy
HighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 26

203
vχμsurχmχntsFoψFthχFproτuπtionFπrossFsχπtionFoψFμF[oormulμcFsχχFtχxt−FνosonFinFμssoπiμtionFwithF
jχtsFinFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF
2017RF__RFZ^X

4.2 26

202 jnμlysisFoψFχvχntsFwithFνSjχtsFμnτFμFpμirFoψFlχptonsFoψFthχFsμmχFπhμrgχFinFppFπollisionsFμtFNFsqrt{s}faF
OF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 26

201 vχμsurχmχntFoψFτiψψχrχntiμlFproτuπtionFπrossSsχπtionsFψorFμF±FνosonFinFμssoπiμtionFwithFνSjχtsFinF_F
~χ’FprotonSprotonFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 26

200 ~χstFoψFlyFinvμriμnπχFinFvχπtorSνosonFψusionFproτuπtionFoψFthχFqiggsFνosonFusingFthχFmχthoτFinFthχF
τitμuFτχπμyFπhμnnχlFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF^]a 4.2 26

(2016-2020)
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199 nlχπtronFμnτFphotonFχnχrgyFπμliνrμtionFwithFthχFj~uj}FτχtχπtorFusingFYWX]â��YWX^FuqlF
protonSprotonFπollisionFτμtμTFJournalyofyInstrumentationRF2019RFX[RFyWZWX_SyWZWX_ 1 25

198 vultiSπhμnnχlFsχμrπhFψorFsquμrksFμnτFgluinosFinF[oormulμcFsχχFtχxt−FπollisionsFwithFthχFj~uj}F
τχtχπtorFμtFthχFuqlTFEuropeanyPhysicalyJournalyCRF2013RF_ZRFYZ^Y 4.2 25

197 vχμsurχmχntFoψFinπlusivχFμnτFτiψψχrχntiμlFπrossFsχπtionsFinFthχFqFSgF±±FPFSgF[â��FτχπμyFπhμnnχlFinFppF
πollisionsFμtFNFsqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 25

196 }χμrπhFψorF[oormulμcFsχχFtχxt−FτχπμysFinF[oormulμcFsχχFtχxt−FπollisionsFμtF[oormulμcFsχχFtχxt−´ f´ a´ ~χ’F
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RFX^] 4.2 25

195 }χμrπhFψorFνottomFsquμrkFpμirFproτuπtionFinFprotonSprotonFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’F
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF][_ 4.2 25

194 vχμsurχmχntFoψFthχFinπlusivχFisolμtχτFpromptFphotonFπrossFsχπtionFinFppFπollisionsFμtFNFsqrt{s}faFOF
~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 25

193 vχμsurχmχntFoψFthχFτouνlχSτiψψχrχntiμlFhighSmμssFmrχllS μnFπrossFsχπtionFinFppFπollisionsFμtFNF
sqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 24

192 vχμsurχmχntFoψFthχFtopFquμrkFpμirFproτuπtionFπhμrgχFμsymmχtryFinFprotonSprotonFπollisionsFμtFNF
sqrt{s}FOFfF_F~χ’FusingFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 24

191
vχμsurχmχntFoψFthχFproτuπtionFπrossFsχπtionFoψFpromptFsVˇ�FmχsonsFinFμssoπiμtionFwithFμF–F´–F
νosonFinFppFπollisionsFμtFNFsqrt{s}FOFfF_F~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF
2014RFYWX[RFX

5.4 24

190 vχμsurχmχntFoψFthχFτiψψχrχntiμlFπrossSsχπtionFoψFkFQFmχsonFproτuπtionFinFppFπollisionsFμtFNF
sqrt{s}f_FOF~χ’FμtFj~uj}TFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 24

189 }χμrπhFψorFsinglχFproτuπtionFoψFvχπtorSlikχFquμrksFτχπμyingFintoFinFπollisionsFμtF[oormulμcFsχχF
tχxt−´ ~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF[[Y 4.2 24

188 yromptFμnτFnonSpromptFμnτFsupprχssionFμtFhighFtrμnsvχrsχFmomχntumFinFyνQyνFπollisionsFwithF
thχFj~uj}FχxpχrimχntTFEuropeanyPhysicalyJournalyCRF2018RF_aRF_^Y 4.2 23

187
jFmχμsurχmχntFoψFthχFπμlorimχtχrFrχsponsχFtoFsinglχFhμτronsFμnτFτχtχrminμtionFoψFthχFjχtFχnχrgyF
sπμlχFunπχrtμintyFusingFuqlF{unSXFSπollisionFτμtμFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2017RF__RFY^

4.2 22

186
vχμsurχmχntFoψFthχFinπlusivχFπrossSsχπtionsFoψFsinglχFtopSquμrkFμnτFtopSμntiquμrkFtSπhμnnχlF
proτuπtionFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyy
PhysicsRF2017RFYWX_RFX

5.4 22

185 }χμrπhFψorFhχμvyFlongSlivχτFmultiSπhμrgχτFpμrtiπlχsFinFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’FusingFthχF
j~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RFZ^Y 4.2 22

184 jFsχμrπhFψorFpromptFlχptonSjχtsFinFppFπollisionsFμtFNFsqrt{mμthrm{s}}faFOF~χ’FwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 22

183 jFsχμrπhFψorFhighSmμssFrχsonμnπχsFτχπμyingFtoFˇ�Qˇ�â��FinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχF
j~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 22

182 }χμrπhFψorFhχμvyFlχptonFrχsonμnπχsFτχπμyingFtoFμF±FνosonFμnτFμFlχptonFinFppFπollisionsFμtFNFsqrt{s}faF
OF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 22

SarkavTodorova
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181 }χμrπhFψorFinvisiνlχFpμrtiπlχsFproτuπχτFinFμssoπiμtionFwithFsinglχStopSquμrksFinFprotonSprotonF
πollisionsFμtF[oormulμcFsχχFtχxt−FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RF_b 4.2 21

180
vχμsurχmχntsFoψFψiτuπiμlFπrossSsχπtionsFψorF[oormulμcFsχχFtχxt−FproτuπtionFwithFonχForFtwoF
μττitionμlFSjχtsFinFπollisionsFμtF[oormulμcFsχχFtχxt−faF~χ’´ usingFthχFj~uj}FτχtχπtorTFEuropeany
PhysicalyJournalyCRF2016RF_^RFXX

4.2 21

179
vχμsurχmχntFoψFτistriνutionsFsχnsitivχFtoFthχFunτχrlyingFχvχntFinFinπlusivχF±SνosonFproτuπtionFinF
[oormulμcFsχχFtχxt−FπollisionsFμtF[oormulμcFsχχFtχxt−F~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2014RF_[RFZXb]

4.2 21

178 }tuτyFoψFhμrτFτouνlχSpμrtonFsπμttχringFinFψourSjχtFχvχntsFinFppFπollisionsFμtFNFsqrt{s}f_FOF~χ’FwithF
thχFj~uj}FχxpχrimχntTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 21

177 }χμrπhFψorFnχwFphχnomχnμFinFχvχntsFwithFsμmχSπhμrgχFlχptonsFμnτFνSjχtsFinFppFπollisionsFμtFNF
sqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2018RFYWXaRFX 5.4 21

176 vχμsurχmχntFoψFthχFμngulμrFπoχψψiπiχntsFinF±SνosonFχvχntsFusingFχlχπtronFμnτFmuonFpμirsFψromF
τμtμFtμkχnFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 20

175 }χμrπhχsFψorFhχμvyFτiνosonFrχsonμnπχsFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ’FwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 20

174 }χμrπhFψorFgluinosFinFχvχntsFwithFμnFisolμtχτFlχptonRFjχtsFμnτFmissingFtrμnsvχrsχFmomχntumFμtF
[oormulμcFsχχFtχxt−FfFXZF~χF’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]^] 4.2 20

173 vχμsurχmχntFoψFthχFνosonFpolμrisμtionFinF[oormulμcFsχχFtχxt−FχvχntsFψromFπollisionsFμtF[oormulμcF
sχχFtχxt−FfFaF~χ’FinFthχFlχpton´ Q´ jχtsFπhμnnχlFwithFj~uj}TFEuropeanyPhysicalyJournalyCRF2017RF__RFY^[ 4.2 19

172 yχrψormμnπχFoψFtopSquμrkFμnτFNvμrvχπ{–}OSνosonFtμggingFwithFj~uj}FinF{unFYFoψFthχFuqlTFEuropeany
PhysicalyJournalyCRF2019RF_bRFX 4.2 19

171 }χμrπhFψorFτirχπtFtopFsquμrkFpμirFproτuπtionFinFψinμlFstμtχsFwithFtwoFlχptonsFinF~χ’FπollisionsFwithF
thχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF__RFaba 4.2 19

170 lhμrgχτSpμrtiπlχFτistriνutionsFinFintχrμπtionsFμtF[oormulμcFsχχFtχxt−FmχμsurχτFwithFthχFj~uj}F
τχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF[WZ 4.2 19

169 vχμsurχmχntFoψFthrχχSjχtFproτuπtionFπrossSsχπtionsFinF[oormulμcFsχχFtχxt−FπollisionsFμtF_´ [oormulμcF
sχχFtχxt−FπχntrχSoψSmμssFχnχrgyFusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RFYYa 4.2 18

168 vχμsurχmχntFoψFthχFunτχrlyingFχvχntFinFjχtFχvχntsFψromF_FNtχxtF{~χ’}OFprotonâ��protonFπollisionsF
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2014RF_[RFX 4.2 18

167
vχμsurχmχntFoψFthχFπχntrμlityFμnτFpsχuτorμpiτityFτχpχnτχnπχFoψFthχFintχgrμtχτFχlliptiπFψlowFinF
lχμτSlχμτFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’´ withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF
2014RF_[RFYbaY

4.2 18

166 vχμsurχmχntFoψFthχFlowSmμssFmrχllS μnFτiψψχrχntiμlFπrossFsχπtionFμtFNFsqrt{s}FOFfF_F~χ’FusingFthχF
j~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 18

165 vχμsurχmχntFoψFjχtFshμpχsFinFtopSquμrkFpμirFχvχntsFμtF[oormulμcFsχχFtχxt−FusingFthχFj~uj}F
τχtχπtorTFEuropeanyPhysicalyJournalyCRF2013RF_ZRFY^_^ 4.2 18

164 vχμsurχmχntFoψFthχFψorwμrτSνμπkwμrτFμsymmχtryFoψFχlχπtronFμnτFmuonFpμirSproτuπtionFinFppF
πollisionsFμtFNFsqrt{s}f_FOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 18

(2015-2015)
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163 }χμrπhFψorFψlμvourSπhμngingFnχutrμlFπurrχntFtopFquμrkFτχπμysFtFSgFqqFinFppFπollisionsFμtFNFsqrt{s}faFOF
~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFXS^] 5.4 18

162 }χμrπhFψorFmχtμstμνlχFhχμvyFπhμrgχτFpμrtiπlχsFwithFlμrgχFionisμtionFχnχrgyFlossFinFπollisionsFμtF
[oormulμcFsχχFtχxt−´ ~χ’FusingFthχFj~uj}FχxpχrimχntTFEuropeanyPhysicalyJournalyCRF2015RF_]RF[W_ 4.2 18

161
vχμsurχmχntFoψFthχFπhμrgχFμsymmχtryFinFtopSquμrkFpμirFproτuπtionFinFthχFlχptonSplusSjχtsFψinμlF
stμtχFinFπollisionFτμtμFμtF[oormulμcFsχχFtχxt−FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF
2016RF_^RFa_

4.2 18

160 vχμsurχmχntFoψFτijχtFπrossSsχπtionsFinFppFπollisionsFμtF_F~χ’FπχntrχSoψSmμssFχnχrgyFusingFthχF
j~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 17

159
vχμsurχmχntsFoψFjχtFvχtoχsFμnτFμzimuthμlFτχπorrχlμtionsFinFτijχtFχvχntsFproτuπχτFinF[oormulμcFsχχF
tχxt−FπollisionsFμtF[oormulμcFsχχFtχxt−FusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2014RF
_[RFZXX_

4.2 17

158
}χμrπhFψorFμFsπμlμrFpμrtnχrFoψFthχFtopFquμrkFinFthχFμllShμτroniπFNt{νμr{t}}OFplusFmissingFtrμnsvχrsχF
momχntumFψinμlFstμtχFμtFNsqrt{s}fXZOF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF
2020RFaWRFX

4.2 17

157
}χμrπhFψorFsupχrsymmχtryFinFμFψinμlFstμtχFπontμiningFtwoFphotonsFμnτFmissingFtrμnsvχrsχF
momχntumFinF[oormulμcFsχχFtχxt−´ f´ XZ´ ~χ’F[oormulμcFsχχFtχxt−FπollisionsFμtFthχFuqlFusingFthχF
j~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF]X_

4.2 17

156 mμrkFmμttχrFintχrprχtμtionsFoψFj~uj}FsχμrπhχsFψorFthχFχlχπtrowχμkFproτuπtionFoψFsupχrsymmχtriπF
pμrtiπlχsFinFNFsqrt{s}faFOF~χ’FprotonSprotonFπollisionsTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 16

155
}χμrπhFψorFthχF}tμnτμrτFvoτχlFqiggsFνosonFτχπμyingFintoFNFνovχrlinχ{ν}FOFproτuπχτFinFμssoπiμtionF
withFtopFquμrksFτχπμyingFhμτroniπμllyFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTF
JournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX

5.4 16

154 vχμsurχmχntFoψFthχFmrχllS μnFtriplχSτiψψχrχntiμlFπrossFsχπtionFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’TF
JournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 16

153 }χμrπhFψorFnχwFphχnomχnμFinFχvχntsFwithFthrχχForFmorχFπhμrgχτFlχptonsFinFppFπollisionsFμtFNF
sqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 16

152 vχμsurχmχntFoψFthχFNFtovχrlinχ{t}–FOFμnτFNFtovχrlinχ{t}±FOFproτuπtionFπrossFsχπtionsFinFppFπollisionsF
μtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 16

151 vχμsurχmχntFoψFthχFπhμrgχFμsymmχtryFinFτilχptoniπFτχπμysFoψFtopFquμrkFpμirsFinFppFπollisionsFμtFNF
sqrt{s}f_FOF~χ’FusingFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 16

150
jFmχμsurχmχntFoψFthχFrμtioFoψFthχFproτuπtionFπrossFsχπtionsFψorF[oormulμcFsχχFtχxt−FμnτF[oormulμcF
sχχFtχxt−FνosonsFinFμssoπiμtionFwithFjχtsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2014
RF_[RFZX^a

4.2 16

149 vχμsurχmχntFoψFthχFproτuπtionFπrossSsχπtionFoψFˇ�NY}OFSgFsVˇ�NSg˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FinFppFπollisionsFμtFNF
sqrt{s}FOFfF_F~χ’FμtFj~uj}TFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 16

148 }χμrπhFψorFμnomμlousFproτuπtionFoψFpromptFlikχSsignFlχptonFpμirsFμtFNFsqrt{s}f_dmμthrm{~χ’}FOFwithF
thχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2012RFYWXYRFX 5.4 16

147 ~hχFpχrψormμnπχFoψFthχFjχtFtriggχrFψorFthχFj~uj}FτχtχπtorFτuringFYWXXFτμtμFtμkingTFEuropeany
PhysicalyJournalyCRF2016RF_^RF]Y^ 4.2 16

146
}χμrπhFψorFthχFqiggsFνosonFproτuπχτFinFμssoπiμtionFwithFμFνosonFμnτFτχπμyingFtoFψourFSquμrksFviμF
twoFspinSzχroFpμrtiπlχsFinFπollisionsFμtFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF
2016RF_^RF^W]

4.2 16
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145
}χμrπhFψorFψlμvourSπhμngingFnχutrμlFπurrχntFtopSquμrkFτχπμysFtoF[oormulμcFsχχFtχxt−FinF[oormulμcF
sχχFtχxt−FπollisionFτμtμFπollχπtχτFwithFthχFj~uj}FτχtχπtorFμtF[oormulμcFsχχFtχxt−´ ~χ’TFEuropeany
PhysicalyJournalyCRF2016RF_^RFXY

4.2 16

144 vχμsurχmχntFoψFψiτuπiμlFμnτFτiψψχrχntiμlFN–≥Q–≥SOFproτuπtionFπrossSsχπtionsFμtFNsqrt{s}fXZOF~χ’F
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2019RF_bRFX 4.2 16

143 mχtχrminμtionFoψFspinFμnτFpμrityFoψFthχFqiggsFνosonFinFthχF[oormulμcFsχχFtχxt−FτχπμyFπhμnnχlFwithF
thχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2015RF_]RFYZX 4.2 15

142 vχμsurχmχntFoψFthχFtopFquμrkFπhμrgχFinFppFπollisionsFμtFNFsqrt{s}f_FOF~χ’FwithFthχFj~uj}FτχtχπtorTF
JournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX 5.4 15

141
}χμrπhFψorFτirχπtFπhμrginoFproτuπtionFinFμnomμlySmχτiμtχτFsupχrsymmχtryFνrχμkingFmoτχlsFνμsχτF
onFμFτisμppχμringStrμπkFsignμturχFinFppFπollisionsFμtFNFsqrt{s}f_dmμthrm{~χ’}FOFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2013RFYWXZRFX

5.4 15

140 vχμsurχmχntsFoψFˇ�NY}OFμnτF—NZa_YOFSgFsVˇ�ˇ�FQFˇ�Fâ��FproτuπtionFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’FwithF
thχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 15

139 mχtχrminμtionFoψFthχFtopSquμrkFpolχFmμssFusingFNFtovχrlinχ{t}FOFQFXSjχtFχvχntsFπollχπtχτFwithFthχF
j~uj}FχxpχrimχntFinF_F~χ’FppFπollisionsTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 15

138
}χμrπhFψor–qproτuπtionFwithFμFlightFqiggsFνosonFτχπμyingFtoFpromptFχlχπtronSjχtsFinF
protonâ��protonFπollisionsFμtFJsqrtF{s}f_JF~χ’FwithFthχFj~uj}FτχtχπtorTFNewyJournalyofyPhysicsRF2013RF
X]RFW[ZWWb

2.9 15

137
vχμsurχmχntFoψFthχF[oormulμcFsχχFtχxt−FμnτF[oormulμcFsχχFtχxt−FproτuπtionFπrossFsχπtionsFinF
multilχptonFψinμlFstμtχsFusingFZTYFψν[oormulμcFsχχFtχxt−FoψF[oormulμcFsχχFtχxt−FπollisionsFμtF[oormulμcF
sχχFtχxt−FfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF__RF[W

4.2 14

136 vχμsurχmχntsFoψFχlχπtrowχμkF[oormulμcFsχχFtχxt−FproτuπtionFμnτFπonstrμintsFonFμnomμlousFgμugχF
πouplingsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF__RF[_[ 4.2 14

135
vχμsurχmχntFoψFthχFNFtovχrlinχ{t}FOFproτuπtionFπrossSsχπtionFμsFμFψunπtionFoψFjχtFmultipliπityFμnτFjχtF
trμnsvχrsχFmomχntumFinF_F~χ’FprotonSprotonFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2015RFYWX]RFX

5.4 14

134 }χμrπhFψorFthχFproτuπtionFoψFsinglχFvχπtorSlikχFμnτFχxπitχτFquμrksFinFthχF–tFψinμlFstμtχFinFppF
πollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 14

133
vχμsurχmχntFoψFthχFχlχπtrowχμkFproτuπtionFoψFτijχtsFinFμssoπiμtionFwithFμF±SνosonFμnτF
τistriνutionsFsχnsitivχFtoFvχπtorFνosonFψusionFinFprotonSprotonFπollisionsFμtFNFsqrt{s}FOFfFaF~χ’FusingF
thχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX

5.4 14

132
}χμrπhFψorFπhμrgχτFqiggsFνosonsFthroughFthχFviolμtionFoψFlχptonFunivχrsμlityFinFNFtovχrlinχ{t}FOF
χvχntsFusingFppFπollisionFτμtμFμtFNFsqrt{s}f_FOF~χ’FwithFthχFj~uj}FχxpχrimχntTFJournalyofyHighy
EnergyyPhysicsRF2013RFYWXZRFX

5.4 14

131 }tuτyFoψFN–V±OqFproτuπtionFμnτFqiggsFνosonFπouplingsFusingFqSgF–F–FPFτχπμysFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 14

130
vχμsurχmχntsFoψFtopSquμrkFpμirFτiψψχrχntiμlFπrossSsχπtionsFinFthχF[oormulμcFsχχFtχxt−FπhμnnχlFinF
πollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’FusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF
__RFYbY

4.2 13

129 }χμrπhFψorFtriνosonF[oormulμcFsχχFtχxt−FproτuπtionFinFπollisionsFμtF[oormulμcFsχχFtχxt−´ [oormulμcFsχχF
tχxt−FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2017RF__RFX[X 4.2 13

128
vχμsurχmχntFoψFψiτuπiμlFτiψψχrχntiμlFπrossFsχπtionsFoψFgluonSψusionFproτuπtionFoψFqiggsFνosonsF
τχπμyingFtoF––FPSgχ˛‰˛…˛‰FwithFthχFj~uj}FτχtχπtorFμtFNFsqrt{s}faFOF~χ’TFJournalyofyHighyEnergyyPhysicsRF
2016RFYWX^RFX

5.4 13

(2016-2016)
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127 }χμrπhFψorFnχwFphχnomχnμFinFχvχntsFwithFμFphotonFμnτFmissingFtrμnsvχrsχFmomχntumFinFppF
πollisionsFμtFNFsqrt{s}fXZFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 13

126 rτχntiψiπμtionFoψFhighFtrμnsvχrsχFmomχntumFtopFquμrksFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχF
j~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 13

125
jττχnτumFtoFâ��vχμsurχmχntFoψFthχFNtνμr{t}OFproτuπtionFπrossSsχπtionFusingFNχmuFOFχvχntsFwithF
νStμggχτFjχtsFinFppFπollisionsFμtFNsqrt{s}OFfF_FμnτFaFNRmμthrm{~χ’}OFwithFthχFj~uj}Fτχtχπtorâ��TF
EuropeanyPhysicalyJournalyCRF2016RF_^RFX

4.2 13

124 }tuτyFoψFthχF[oormulμcFsχχFtχxt−FμnτF[oormulμcFsχχFtχxt−FτχπμysFwithFthχFj~uj}FτχtχπtorTFEuropeany
PhysicalyJournalyCRF2016RF_^RF[ 4.2 13

123
}χμrπhFψorF{SpμritySviolμtingFsupχrsymmχtryFinFχvχntsFwithFψourForFmorχFlχptonsFinFNF
sqrt{s}f_dmμthrm{~χ’}FOFppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2012RF
YWXYRFX

5.4 13

122
}χμrπhFψorFτirχπtFproτuπtionFoψFχlχπtrowχμkinosFinFψinμlFstμtχsFwithFonχFlχptonRFmissingFtrμnsvχrsχF
momχntumFμnτFμFqiggsFνosonFτχπμyingFintoFtwoFνSjχtsFinFNppOFπollisionsFμtFNsqrt{s}fXZOF~χ’FwithF
thχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX

4.2 13

121 vuonFrχπonstruπtionFμnτFiτχntiψiπμtionFχψψiπiχnπyFinFj~uj}FusingFthχFψullF{unFYFppFπollisionFτμtμFsχtF
μtFNsqrt{s}fXZOF~χ’TFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 13

120
vχμsurχmχntsFoψFtopSquμrkFpμirFτiψψχrχntiμlFμnτFτouνlχSτiψψχrχntiμlFπrossSsχπtionsFinFthχFNχllFOQjχtsF
πhμnnχlFwithFppFπollisionsFμtFNsqrt{s}fXZOF~χ’FusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyC
RF2019RF_bRFX

4.2 13

119
vχμsurχmχntFoψFthχF–F–FQF–F±FπrossFsχπtionFμnτFlimitsFonFμnomμlousFtriplχFgμugχFπouplingsFusingF
ψinμlFstμtχsFwithFonχFlχptonRFmissingFtrμnsvχrsχFmomχntumRFμnτFtwoFjχtsFwithFthχFj~uj}FτχtχπtorF
μtFNFsqrt{s}f_FOF~χ’TFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX

5.4 12

118 qiggsFνosonFproτuπtionFπrossSsχπtionFmχμsurχmχntsFμnτFthχirFno~FintχrprχtμtionFinFthχFN[χllFOF
τχπμyFπhμnnχlFμtFNsqrt{s}fOXZF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 12

117 }χμrπhFψorFnχwFphχnomχnμFwithFphotonQjχtFχvχntsFinFprotonSprotonFπollisionsFμtFNFsqrt{s}fXZFOF~χ’F
withFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 12

116 vχμsurχmχntFoψFthχFproτuπtionFπrossSsχπtionFoψFμFsinglχFtopFquμrkFinFμssoπiμtionFwithFμF–FνosonFμtF
aF~χ’FwithFthχFj~uj}FχxpχrimχntTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 12

115 }χμrπhFψorFstrongFgrμvityFinFmultijχtFψinμlFstμtχsFproτuπχτFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ’FusingF
thχFj~uj}FτχtχπtorFμtFthχFuqlTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 12

114 yroνingFlχptonFψlμvourFviolμtionFviμFnχutrinolχssF[oormulμcFsχχFtχxt−FτχπμysFwithFthχFj~uj}F
τχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RFYZY 4.2 12

113
}χμrπhFψorFμnomμlousFπouplingsFinFthχF–FtνFvχrtχxFψromFthχFmχμsurχmχntFoψFτouνlχFτiψψχrχntiμlF
μngulμrFτχπμyFrμtχsFoψFsinglχFtopFquμrksFproτuπχτFinFthχFtSπhμnnχlFwithFthχFj~uj}FτχtχπtorTF
JournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFXS[^

5.4 12

112 vχμsurχmχntFoψFinπlusivχFjχtFμnτFτijχtFπrossSsχπtionsFinFprotonSprotonFπollisionsFμtFNFsqrt{s}fXZFOF
~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2018RFYWXaRFX 5.4 12

111
~hχFτiψψχrχntiμlFproτuπtionFπrossFsχπtionFoψFthχF[oormulμcFsχχFtχxt−NXWYWOFmχsonFinF[oormulμcFsχχF
tχxt−FfF_´ ~χ’F[oormulμcFsχχFtχxt−FπollisionsFmχμsurχτFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2014RF_[RFYab]

4.2 12

110 vχμsurχmχntFoψFthχFinπlusivχFjχtFπrossSsχπtionsFinFprotonSprotonFπollisionsFμtFNFsqrt{s}faFOF~χ’FwithF
thχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 12
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109 vχμsurχmχntsFoψFtopFquμrkFspinFoνsχrvμνlχsFinFNFtovχrlinχ{t}FOFχvχntsFusingFτilχptonFψinμlFstμtχsFinFNF
sqrt{s}faFOF~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 12

108 vχμsurχmχntFoψFthχFψlμvourFπompositionFoψFτijχtFχvχntsFinFppFπollisionsFμtFNsqrt{s}f_Fmνox{~χ’}OF
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2013RF_ZRFX 4.2 12

107 vχμsurχmχntFoψFthχFπrossSsχπtionFμnτFπhμrgχFμsymmχtryFoψF–FνosonsFproτuπχτFinFprotonâ��protonF
πollisionsFμtFNsqrt{s}fa~tχxtF{~χ’}OFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2019RF_bRFX 4.2 11

106 yroνingFthχF–FtνFvχrtχxFstruπturχFinFtSπhμnnχlFsinglχStopSquμrkFproτuπtionFμnτFτχπμyFinFppF
πollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 11

105
}χμrπhFψorFsupχrsymmχtryFinFχvχntsFwithFlμrgχFmissingFtrμnsvχrsχFmomχntumRFjχtsRFμnτFμtFlχμstF
onχFtμuFlχptonFinF_F~χ’FprotonSprotonFπollisionFτμtμFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2012RF_YRFX

4.2 11

104 sχtFχnχrgyFsπμlχFμnτFrχsolutionFmχμsurχτFinFprotonâ��protonFπollisionsFμtFNsqrt{s}fXZOF~χ’FwithFthχF
j~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 11

103 vχμsurχmχntFoψFthχFπrossSsχπtionFψorFproτuπingFμF–FνosonFinFμssoπiμtionFwithFμFsinglχFtopFquμrkFinF
ppFπollisionsFμtFNFsqrt{s}fXZFOF~χ’FwithFj~uj}TFJournalyofyHighyEnergyyPhysicsRF2018RFYWXaRFX 5.4 10

102 jFsχμrπhFψorFtopFsquμrksFwithF{SpμritySviolμtingFτχπμysFtoFμllShμτroniπFψinμlFstμtχsFwithFthχFj~uj}F
τχtχπtorFinFNFsqrt{s}faFOF~χ’FprotonSprotonFπollisionsTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 10

101 vχμsurχmχntFoψFthχFlySviolμtingFphμsχFhFsFμnτFthχFkFWFsFmχsonFτχπμyFwiτthFτiψψχrχnπχFwithFkFWFsF
FSgFsVˇ�hFτχπμysFinFj~uj}TFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 10

100
vχμsurχmχntFoψFthχF±±FproτuπtionFπrossFsχπtionFinFprotonSprotonFπollisionsFμtFNFsqrt{s}faFOF~χ’F
usingFthχF±±FSgFâ��â�� â��Qâ��hâ��â��hQFμnτFNF±±toF{χll}≥{S}{χll}≥{Q}nuFovχrlinχ{nu}FOFτχπμyFπhμnnχlsFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX

5.4 9

99
}χμrπhFψorFsupχrsymmχtryFinFχvχntsFwithFlμrgχFmissingFtrμnsvχrsχFmomχntumRFjχtsRFμnτFμtFlχμstF
onχFtμuFlχptonFinFYWFψνâ��XFoψFNFsqrt{s}FOFfFaF~χ’FprotonSprotonFπollisionFτμtμFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX

5.4 9

98 }χμrπhFψorFnχwFnonSrχsonμntFphχnomχnμFinFhighSmμssFτilχptonFψinμlFstμtχsFwithFthχFj~uj}F
τχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 9

97 vχμsurχmχntsFoψFthχFqiggsFνosonFinπlusivχFμnτFτiψψχrχntiμlFψiτuπiμlFπrossFsχπtionsFinFthχF[NχllFOF
τχπμyFπhμnnχlFμtFNsqrt{s}OFfFXZF~χ’TFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 9

96
vχμsurχmχntFoψF’qRFNFmμthrm{q}toFmμthrm{ν}ovχrlinχ{mμthrm{ν}}FOFproτuπtionFμsFμFψunπtionFoψF
thχFvχπtorSνosonFtrμnsvχrsχFmomχntumFinFXZF~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofy
HighyEnergyyPhysicsRF2019RFYWXbRFX

5.4 8

95 }χμrπhFψorFpμirsFoψFsπμlμrFlχptoquμrksFτχπμyingFintoFquμrksFμnτFχlχπtronsForFmuonsFinFNFsqrt{s}FOFfFXZF
~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 8

94 }χμrπhFψorFsquμrksFμnτFgluinosFinFψinμlFstμtχsFwithFsμmχSsignFlχptonsFμnτFjχtsFusingFXZbFψνâ��XFoψFτμtμF
πollχπtχτFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 8

93 kχμmSinτuπχτFμnτFπosmiπSrμyFνμπkgrounτsFoνsχrvχτFinFthχFj~uj}FτχtχπtorFτuringFthχFuqlFYWXYF
protonSprotonFrunningFpχrioτTFJournalyofyInstrumentationRF2016RFXXRFyW]WXZSyW]WXZ 1 8

92 vχμsurχmχntFoψFsplittingFsπμlχsFinFSgFχvχntsFμtF[oormulμcFsχχFtχxt−FwithFthχFj~uj}FτχtχπtorTF
EuropeanyPhysicalyJournalyCRF2013RF_ZRFY[ZY 4.2 8

(2013-2017)
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91 vχμsurχmχntFoψFthχFtopSquμrkFmμssFinFthχFψullyFhμτroniπFτχπμyFπhμnnχlFψromFj~uj}FτμtμFμtF
[oormulμcFsχχFtχxt−TFEuropeanyPhysicalyJournalyCRF2015RF_]RFX]a 4.2 8

90 nviτχnπχFψorFNtνμr{t}tνμr{t}OFproτuπtionFinFthχFmultilχptonFψinμlFstμtχFinFprotonâ��protonFπollisionsFμtF
Nsqrt{s}fXZOFNtχxtF{~χ’}OFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 8

89 yχrψormμnπχFoψFthχFmissingFtrμnsvχrsχFmomχntumFtriggχrsFψorFthχFj~uj}FτχtχπtorFτuringF{unSYF
τμtμFtμkingTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 8

88 vχμsurχmχntsFoψFtopSquμrkFpμirFspinFπorrχlμtionsFinFthχFNχmuFOFπhμnnχlFμtFNsqrt{s}FfFXZOF~χ’FusingF
ppFπollisionsFinFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 8

87
}χμrπhFψorFnχwFphχnomχnμFinFχvχntsFwithFtwoFoppositχSπhμrgχFlχptonsRFjχtsFμnτFmissingFtrμnsvχrsχF
momχntumFinFppFπollisionsFμtFNFsqrt{mμthrm{s}}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2021RFYWYXRFX

5.4 8

86
}χμrπhFψorFhχμvyFrχsonμnπχsFτχπμyingFintoFμFpμirFoψF±FνosonsFinFthχFNχllF≥QχllF≥SχllFM≥QχllFM≥SOFμnτFNχllF
≥QχllF≥SnuF{{νμr{nuF}}}OFψinμlFstμtχsFusingFXZbFNmμthrmF{ψν}≥{SX}OFoψFprotonâ��protonFπollisionsFμtF
Nsqrt{s}FfFXZRO~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX

4.2 8

85 }χμrπhFψorFπhμrgχτFqiggsFνosonsFτχπμyingFintoFμFtopFquμrkFμnτFμFνottomFquμrkFμtFNFsqrt{mμthrm{s}}F
OFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX 5.4 8

84
}χμrπhFψorFthχF}tμnτμrτFvoτχlFqiggsFνosonFproτuπχτFνyFvχπtorSνosonFψusionFμnτFτχπμyingFtoF
νottomFquμrksFinFNFsqrt{s}faFOF~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyy
PhysicsRF2016RFYWX^RFX

5.4 8

83
}χμrπhFψorFsquμrksFμnτFgluinosFinFψinμlFstμtχsFwithFjχtsFμnτFmissingFtrμnsvχrsχFmomχntumFusingFXZbF
ψνâ��XFoψFNFsqrt{s}FOFfFXZF~χ’FppFπollisionFτμtμFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF
2021RFYWYXRFX

5.4 8

82
}χμrπhFψorFnχwFphχnomχnμFinFψinμlFstμtχsFwithFlμrgχFjχtFmultipliπitiχsFμnτFmissingFtrμnsvχrsχF
momχntumFusingFNFsqrt{s}FOFfFXZF~χ’FprotonSprotonFπollisionsFrχπorτχτFνyFj~uj}FinF{unFYFoψFthχF
uqlTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX

5.4 7

81 ~rμnsvχrsχFmomχntumFμnτFproπχssFτχpχnτχntFμzimuthμlFμnisotropiχsFinFNsqrt{s_{mμthrmF
{ww}}}faTX^OF~χ’FpQyνFπollisionsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 7

80
}χμrπhFψorFsquμrksFμnτFgluinosFinFχvχntsFwithFhμτroniπμllyFτχπμyingFtμuFlχptonsRFjχtsFμnτFmissingF
trμnsvχrsχFmomχntumFinFprotonSprotonFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’FrχπorτχτFwithFthχF
j~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF^aZ

4.2 7

79
vχμsurχmχntFoψFτiψψχrχntiμlFπrossFsχπtionsFμnτF–QV–â��FπrossSsχπtionFrμtiosFψorF–FνosonFproτuπtionF
inFμssoπiμtionFwithFjχtsFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF
2018RFYWXaRFX

5.4 7

78
}χμrπhFψorFτirχπtFtopFsquμrkFpμirFproτuπtionFinFχvχntsFwithFμFqiggsForF±FνosonRFμnτFmissingF
trμnsvχrsχFmomχntumFinFNFsqrt{s}fXZFOF~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2017RFYWX_RFX

5.4 7

77 }χμrπhFψorFtypχSrrrFsχχsμwFhχμvyFlχptonsFinFτilχptonFψinμlFstμtχsFinFppFπollisionsFμtFNFsqrt{s}FfFXZR{tχxtF
{~χ’}}FOFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 7

76
}χμrπhFψorFμFhχμvyFqiggsFνosonFτχπμyingFintoFμF±FνosonFμnτFμnothχrFhχμvyFqiggsFνosonFinFthχFNχllF
χllFννOFμnτFNχllFχllF––OFψinμlFstμtχsFinFppFπollisionsFμtFNsqrt{s}fXZOFNtχxtF{~χ’}OFwithFthχFj~uj}F
τχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX

4.2 7

75 vχμsurχmχntFoψFthχF[oormulμcFsχχFtχxt−FτijχtFπrossFsχπtionFinFπollisionsFμtF[oormulμcFsχχFtχxt−´ ~χ’F
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF^_W 4.2 7

74 }χμrπhFψorFnχwFphχnomχnμFinFτiψψχrχntSψlμvourFhighSmμssFτilχptonFψinμlFstμtχsFinFπollisionsFμtF
[oormulμcFsχχFtχxt−´ ~χvFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RF][X 4.2 7
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73 }χμrπhFψorFτirχπtFtopFsquμrkFpμirFproτuπtionFinFψinμlFstμtχsFwithFtwoFtμuFlχptonsFinFπollisionsFμtF
[oormulμcFsχχFtχxt−´ ~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RFaX 4.2 7

72 vχμsurχmχntsFoψF–qFμnτF±qFproτuπtionFinFthχFNqFrightμrrowFννμr{ν}OFτχπμyFπhμnnχlFinFppF
πollisionsFμtFNXZRtχxtF{~χ}tχxtF{’}OFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 7

71 jFnχwFmχthoτFtoFτistinguishFhμτroniπμllyFτχπμyingFνoostχτFνosonsFψromFνosonsFusingFthχFj~uj}F
τχtχπtorTFEuropeanyPhysicalyJournalyCRF2016RF_^RFYZa 4.2 6

70 }χμrπhFψorFmiπrosπopiπFνlμπkFholχsFμnτFstringFνμllsFinFψinμlFstμtχsFwithFlχptonsFμnτFjχtsFwithFthχF
j~uj}FτχtχπtorFμtFNFsqrt{s}FOFfFaF~χ’TFJournalyofyHighyEnergyyPhysicsRF2014RFYWX[RFX 5.4 6

69
vχμsurχmχntsFoψFπhμrgχFμnτFlyFμsymmχtriχsFinFνShμτronFτχπμysFusingFtopSquμrkFχvχntsFπollχπtχτF
νyFthχFj~uj}FτχtχπtorFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ’TFJournalyofyHighyEnergyyPhysicsRF2017RF
YWX_RFX

5.4 6

68 ~opSquμrkFmμssFmχμsurχmχntFinFthχFμllShμτroniπFNFtovχrlinχ{t}FOFτχπμyFπhμnnχlFμtFNFsqrt{s}faFOF~χ’F
withFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2017RFYWX_RFX 5.4 6

67 }χμrπhFψorFNFtovχrlinχ{t}FOFrχsonμnπχsFinFψullyFhμτroniπFψinμlFstμtχsFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF
~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 6

66
}χμrπhFψorFnχwFphχnomχnμFwithFtopFquμrkFpμirsFinFψinμlFstμtχsFwithFonχFlχptonRFjχtsRFμnτFmissingF
trμnsvχrsχFmomχntumFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofy
HighyEnergyyPhysicsRF2021RFYWYXRFX

5.4 6

65
}χμrπhFψorFnχwFphχnomχnμFinFψinμlFstμtχsFwithFνSjχtsFμnτFmissingFtrμnsvχrsχFmomχntumFinFNF
sqrt{mμthrm{s}}FOFfFXZF~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF
2021RFYWYXRFX

5.4 6

64
}χμrπhFψorFpμirFproτuπtionFoψFthirτSgχnχrμtionFsπμlμrFlχptoquμrksFτχπμyingFintoFμFtopFquμrkFμnτFμF
ˇ�SlχptonFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyy
PhysicsRF2021RFYWYXRFX

5.4 6

63
vχμsurχmχntFoψFjχtFμπtivityFproτuπχτFinFtopSquμrkFχvχntsFwithFμnFχlχπtronRFμFmuonFμnτFtwoF
StμggχτFjχtsFinFthχFψinμlFstμtχFinFπollisionsFμtF[oormulμcFsχχFtχxt−F~χ’FwithFthχFj~uj}FτχtχπtorTF
EuropeanyPhysicalyJournalyCRF2017RF__RFYYW

4.2 5

62 vχμsurχmχntFoψFthχFrμtioFoψFπrossFsχπtionsFψorFinπlusivχFisolμtχτSphotonFproτuπtionFinFppFπollisionsF
μtFNFsqrt{s}FOFfFXZFμnτFaF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2019RFYWXbRFX 5.4 5

61 vχμsurχmχntFoψFψourSjχtFτiψψχrχntiμlFπrossFsχπtionsFinFNFsqrt{s}faFOF~χ’FprotonSprotonFπollisionsF
usingFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFXS_^ 5.4 5

60
vχμsurχmχntsFoψFthχFproτuπtionFπrossSsχπtionFψorFμF±FνosonFinFμssoπiμtionFwithFνSjχtsFinF
protonSprotonFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyy
PhysicsRF2020RFYWYWRFX

5.4 5

59
}χμrπhFψorFthχFqqFSgFNFνovχrlinχ{ν}νovχrlinχ{ν}FOFproπχssFviμFvχπtorSνosonFψusionFproτuπtionFusingF
protonSprotonFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyy
PhysicsRF2020RFYWYWRFX

5.4 5

58 xνsχrvμtionFoψFthχFμssoπiμtχτFproτuπtionFoψFμFtopFquμrkFμnτFμF±FνosonFinFppFπollisionsFμtFNFsqrt{s}FOfF
XZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 5

57 vχμsurχmχntFoψFlightSνySlightFsπμttχringFμnτFsχμrπhFψorFμxionSlikχFpμrtiπlχsFwithFYTYFnνâ��XFoψFyνQyνF
τμtμFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX 5.4 5

56
}χμrπhFψorFpμirFproτuπtionFoψFsπμlμrFlχptoquμrksFτχπμyingFintoFψirstSForFsχπonτSgχnχrμtionFlχptonsF
μnτFtopFquμrksFinFprotonâ��protonFπollisionsFμtFNsqrt{s}OFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeany
PhysicalyJournalyCRF2021RFaXRFX

4.2 5
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55
vχμsurχmχntFoψFχvχntSshμpχFoνsχrvμνlχsFinF[oormulμcFsχχFtχxt−FχvχntsFinFπollisionsFμtF[oormulμcF
sχχFtχxt−´ [oormulμcFsχχFtχxt−FwithFthχFj~uj}FτχtχπtorFμtFthχFuqlTFEuropeanyPhysicalyJournalyCRF2016RF
_^RFZ_]

4.2 5

54 vχμsurχmχntFoψFthχFrχlμtivχFwiτthFτiψψχrχnπχFoψFthχFNF{k}≥Whνox{S}F{ovχrlinχ{k}}≥WFOFsystχmFwithF
thχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 5

53 miψψχrχntiμlFπrossSsχπtionFmχμsurχmχntsFψorFthχFχlχπtrowχμkFproτuπtionFoψFτijχtsFinFμssoπiμtionF
withFμF±FνosonFinFprotonâ��protonFπollisionsFμtFj~uj}TFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 5

52 }χμrπhFψorFτμrkFmμttχrFinFμssoπiμtionFwithFμnFχnχrgχtiπFphotonFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ’F
withFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX 5.4 5

51 vχμsurχmχntFoψFjχtFμπtivityFinFtopFquμrkFχvχntsFusingFthχFχ˛…FψinμlFstμtχFwithFtwoFνStμggχτFjχtsFinFppF
πollisionsFμtFNFsqrt{s}faFOF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2016RFYWX^RFX 5.4 4

50 }χμrπhFψorFhχμvyFτiνosonFrχsonμnπχsFinFsχmilχptoniπFψinμlFstμtχsFinFppFπollisionsFμtFNsqrt{s}fXZOF~χ’F
withFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 4

49 jlignmχntFoψFthχFj~uj}FrnnχrFmχtχπtorFinF{unFYTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 4

48
vχμsurχmχntFoψFthχFinπlusivχFπrossSsχπtionFψorFthχFproτuπtionFoψFjχtsFinFμssoπiμtionFwithFμF±FνosonF
inFprotonâ��protonFπollisionsFμtFaF~χ’FusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2019RF
_bRFX

4.2 4

47 }χμrπhFψorFτμrkFmμttχrFproτuπχτFinFμssoπiμtionFwithFμFsinglχFtopFquμrkFinFNsqrt{s}fXZOF~χ’FNppOF
πollisionsFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 4

46
}χμrπhFψorFτijχtFrχsonμnπχsFinFχvχntsFwithFμnFisolμtχτFπhμrgχτFlχptonFusingFNFsqrt{s}FOFfFXZF~χ’F
protonSprotonFπollisionFτμtμFπollχπtχτFνyFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2020RF
YWYWRFX

5.4 3

45 }tuτyFoψFthχFhχlixFstruπturχFoψFzlmFstringTFPhysicalyReviewyDRF2012RFa^RF 4.9 3

44 mχtχrminμtionFoψFjχtFπμliνrμtionFμnτFχnχrgyFrχsolutionFinFprotonâ��protonFπollisionsFμtFNsqrt{s}FfF
a~hνoxF{~χ’}OFusingFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 3

43 vχμsurχmχntFoψFthχFinπlusivχFjχtFπrossSsχπtionFinFprotonSprotonFπollisionsFμtFNFsqrt{s}f_FOF~χ’FusingF
[T]Fψνâ��XFoψFτμtμFwithFthχFj~uj}FτχtχπtorF2015RFYWX]RFX 3

42 {χπonstruπtionFμnτFiτχntiψiπμtionFoψFνoostχτFτiSˇ�FsystχmsFinFμFsχμrπhFψorFqiggsFνosonFpμirsFusingFXZF
~χ’FprotonSprotonFπollisionFτμtμFinFj~uj}TFJournalyofyHighyEnergyyPhysicsRF2020RFYWYWRFX 5.4 3

41
}χμrπhFψorFτouνlyFμnτFsinglyFπhμrgχτFqiggsFνosonsFτχπμyingFintoFvχπtorFνosonsFinFmultiSlχptonFψinμlF
stμtχsFwithFthχFj~uj}FτχtχπtorFusingFprotonSprotonFπollisionsFμtFNFsqrt{mμthrm{s}}FOFfFXZF~χ’TF
JournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX

5.4 3

40 vχμsurχmχntFoψFhμτroniπFχvχntFshμpχsFinFhighSp~FmultijχtFψinμlFstμtχsFμtFNFsqrt{s}FOFfFXZF~χ’FwithF
thχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX 5.4 3

39 }χμrπhFψorFlowSsπμlχFgrμvityFsignμturχsFinFmultiSjχtFψinμlFstμtχsFwithFthχFj~uj}FτχtχπtorFμtFNF
sqrt{s}faFOF~χ’TFJournalyofyHighyEnergyyPhysicsRF2015RFYWX]RFX 5.4 2

38 zuμntizμtionFoψFthχFzlmFstringFwithFμFhχliπμlFstruπturχTFPhysicalyReviewyDRF2014RFabRF 4.9 2
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37 vχμsurχmχntFoψFthχFNtovχrlinχ{t}OFproτuπtionFπrossSsχπtionFusingFNχmuFOFχvχntsFwithFNνOStμggχτFjχtsF
inFNppOFπollisionsFμtFNsqrt{s}f_OFμnτFaF~χ’FwithFthχFj~uj}FτχtχπtorF2014RF_[RFX 2

36 }χμrπhFψorFnχwFphχnomχnμFinFψinμlFstμtχsFwithFμnFχnχrgχtiπFjχtFμnτFlμrgχFmissingFtrμnsvχrsχF
momχntumFinFppFπollisionsFμtFNsqrt{s}fa~O~χ’FwithFthχFj~uj}FτχtχπtorF2015RF_]RFX 2

35
}χμrπhFψorF{SpμritySviolμtingFsupχrsymmχtryFinFμFψinμlFstμtχFπontμiningFlχptonsFμnτFmμnyFjχtsFwithF
thχFj~uj}FχxpχrimχntFusingFNsqrt{s}FfFXZhνoxF{F~χ’}OFprotonâ��protonFπollisionFτμtμTFEuropeany
PhysicalyJournalyCRF2021RFaXRFX

4.2 2

34
}χμrπhFψorFτμrkFmμttχrFinFχvχntsFwithFmissingFtrμnsvχrsχFmomχntumFμnτFμFqiggsFνosonFτχπμyingF
intoFtwoFphotonsFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2021RFYWYXRFX

5.4 2

33
vχμsurχmχntsFoψFinπlusivχFμnτFτiψψχrχntiμlFπrossSsχπtionsFoψFπomνinχτFNFtovχrlinχ{t}gμmmμFOFμnτF
t–˛‡FproτuπtionFinFthχFχ˛…FπhμnnχlFμtFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysics
RF2020RFYWYWRFX

5.4 2

32 xptimisμtionFoψFlμrgχSrμτiusFjχtFrχπonstruπtionFψorFthχFj~uj}FτχtχπtorFinFXZF~χ’Fprotonâ��protonF
πollisionsTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 2

31 }χμrπhFψorFsupχrsymmχtryFinFχvχntsFwithFψourForFmorχFπhμrgχτFlχptonsFinFXZbFψνâ��XFoψFNFsqrt{s}FOFfF
XZF~χ’FppFπollisionsFwithFthχFj~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX 5.4 2

30
vχμsurχmχntsFoψFtopSquμrkFpμirFsinglχSFμnτFτouνlχSτiψψχrχntiμlFπrossSsχπtionsFinFthχFμllShμτroniπF
πhμnnχlFinFppFπollisionsFμtFNFsqrt{mμthrm{s}}FOFfFXZF~χ’FusingFthχFj~uj}FτχtχπtorTFJournalyofyHighy
EnergyyPhysicsRF2021RFYWYXRFX

5.4 2

29 jFsχμrπhFψorFμnFχxπitχτFmuonFτχπμyingFtoFμFmuonFμnτFtwoFjχtsFinppπollisionsFμtF
Jsqrt{s}dfdad{rm{~χ’}}JFwithFthχFj~uj}FτχtχπtorTFNewyJournalyofyPhysicsRF2016RFXaRFW_ZWYX 2.9 1

28 }χμrπhFψorFproτuπtionFoψFN––V–±OFrχsonμnπχsFτχπμyingFtoFμFlχptonRFnχutrinoFμnτFjχtsFinFNppOF
πollisionsFμtFNsqrt{s}faOF~χ’FwithFthχFj~uj}FτχtχπtorF2015RF_]RFX 1

27 vχμsurχmχntFoψFthχFπhμrgχFμsymmχtryFinFtopSquμrkFpμirFproτuπtionFinFthχFlχptonSplusSjχtsFψinμlF
stμtχFinFppFπollisionFτμtμFμtFNsqrt{s}faRmμthrmF~χ’{}OFwithFthχFj~uj}FτχtχπtorF2016RF_^RFX 1

26 }χμrπhFψorFtopFsquμrksFinFχvχntsFwithFμFqiggsForF±FνosonFusingFXZbFψνN≥{SX}OFoψFppFπollisionFτμtμFμtF
Nsqrt{s}fXZOF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2020RFaWRFX 4.2 1

25
}χμrπhFψorFqiggsFνosonFproτuπtionFinFμssoπiμtionFwithFμFhighSχnχrgyFphotonFviμFvχπtorSνosonF
ψusionFwithFτχπμyFintoFνottomFquμrkFpμirsFμtFNFsqrt{s}FOFfFXZF~χ’FwithFthχFj~uj}FτχtχπtorTFJournalyofy
HighyEnergyyPhysicsRF2021RFYWYXRFX

5.4 1

24
mχtχrminμtionFoψFthχFpμrtonFτistriνutionFψunπtionsFoψFthχFprotonFψromFj~uj}FmχμsurχmχntsFoψF
τiψψχrχntiμlF–´–FμnτF±FνosonFproτuπtionFinFμssoπiμtionFwithFjχtsTFJournalyofyHighyEnergyyPhysicsRF2021
RFYWYXRFX

5.4 1

23 jFsχμrπhFψorFthχFτχπμysFoψFstoppχτFlongSlivχτFpμrtiπlχsFμtFNFsqrt{mμthrm{s}}FOFfFXZF~χ’FwithFthχF
j~uj}FτχtχπtorTFJournalyofyHighyEnergyyPhysicsRF2021RFYWYXRFX 5.4 1

22 vχμsurχmχntFoψFsinglχFtopSquμrkFproτuπtionFinFμssoπiμtionFwithFμF–FνosonFinFthχFsinglχSlχptonF
πhμnnχlFμtFNsqrt{s}FfFaRtχxtF{~χ’}OFwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicalyJournalyCRF2021RFaXRFX 4.2 1

21
vχμsurχmχntsFoψFthχFinπlusivχFμnτFτiψψχrχntiμlFproτuπtionFπrossFsχπtionsFoψFμFtopSquμrkâ��μntiquμrkF
pμirFinFμssoπiμtionFwithFμF±FνosonFμtFNsqrt{s}FfFXZOF~χ’FwithFthχFj~uj}FτχtχπtorTFEuropeanyPhysicaly
JournalyCRF2021RFaXRFX

4.2 1

20 }χμrπhFψorFphχnomχnμFνχyonτFthχF}tμnτμrτFvoτχlFinFχvχntsFwithFlμrgχFνSjχtFmultipliπityFusingFthχF
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