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μnτFτχπμyingFintoFπollimμtχτFlχptonsForFlightFhμτronsFwithFthχFj~uj}FτχtχπtorUFEuropean Physical 
Journal CSF2020SFaWSFX

4.2 8

219
}χμrπhFψorFμFsπμlμrFpμrtnχrFoψFthχFtopFquμrkFinFthχFμllThμτroniπFNt{νμr{t}}OFplusFmissingFtrμnsvχrsχF
momχntumFψinμlFstμtχFμtFNsqrt{s}fXZOF~χ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF
2020SFaWSFX

4.2 17

218 jlignmχntFoψFthχFj~uj}FrnnχrFmχtχπtorFinF{unFYUFEuropean Physical Journal CSF2020SFaWSFX 4.2 4

217 mχtχrminμtionFoψFjχtFπμliνrμtionFμnτFχnχrgyFrχsolutionFinFprotonâ��protonFπollisionsFμtFNsqrt{s}FfF
a~hνoxF{~χ }OFusingFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2020SFaWSFX 4.2 3

216 vχμsurχmχntFoψFsVˇ�FproτuπtionFinFμssoπiμtionFwithFμF±´–FνosonFwithFppFτμtμFμtFaF~χ UFJournal of 
High Energy PhysicsSF2020SFYWYWSFX 5.4 4

215 }χμrπhFψorFnχwFrχsonμnπχsFinFmμssFτistriνutionsFoψFjχtFpμirsFusingFXZbFψνâ��XFoψFppFπollisionsFμtFNF
sqrt{mμthrm{s}}FOFfFXZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 20

214 }χμrπhFψorFNFtovχrlinχ{t}FOFrχsonμnπχsFinFψullyFhμτroniπFψinμlFstμtχsFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF
~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 6

213 {χπonstruπtionFμnτFiτχntiψiπμtionFoψFνoostχτFτiTˇ�FsystχmsFinFμFsχμrπhFψorFqiggsFνosonFpμirsFusingFXZF
~χ FprotonTprotonFπollisionFτμtμFinFj~uj}UFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 3

212
vχμsurχmχntsFoψFinπlusivχFμnτFτiψψχrχntiμlFπrossTsχπtionsFoψFπomνinχτFNFtovχrlinχ{t}gμmmμFOFμnτF
t±˛‡FproτuπtionFinFthχFχ˛…FπhμnnχlFμtFXZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy Physics
SF2020SFYWYWSFX

5.4 2

(2020-2020)
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211 yχrψormμnπχFoψFthχFmissingFtrμnsvχrsχFmomχntumFtriggχrsFψorFthχFj~uj}FτχtχπtorFτuringF{unTYF
τμtμFtμkingUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 8

210 }χμrπhFψorFnχwFnonTrχsonμntFphχnomχnμFinFhighTmμssFτilχptonFψinμlFstμtχsFwithFthχFj~uj}F
τχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 9

209 vχμsurχmχntsFoψFthχFqiggsFνosonFinπlusivχFμnτFτiψψχrχntiμlFψiτuπiμlFπrossFsχπtionsFinFthχF[NχllFOF
τχπμyFπhμnnχlFμtFNsqrt{s}OFfFXZF~χ UFEuropean Physical Journal CSF2020SFaWSFX 4.2 9

208 oluπtuμtionsFoψFμnisotropiπFψlowFinFyνRyνFπollisionsFμtFNFsqrt{{mμthrm{s}}γ{mμthrm{ww}}}FOFfF]UWYF
~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 13

207
}χμrπhFψorFτirχπtFproτuπtionFoψFχlχπtrowχμkinosFinFψinμlFstμtχsFwithFonχFlχptonSFmissingFtrμnsvχrsχF
momχntumFμnτFμFqiggsFνosonFτχπμyingFintoFtwoFνTjχtsFinFNppOFπollisionsFμtFNsqrt{s}fXZOF~χ FwithF
thχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2020SFaWSFX

4.2 13

206 vχμsurχmχntFoψFτiψψχrχntiμlFπrossFsχπtionsFψorFsinglχFτiψψrμπtivχFτissoπiμtionFinFNFsqrt{s}FOFfFaF~χ FppF
πollisionsFusingFthχFj~uj}FjuojFspχπtromχtχrUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 1

205 vχμsurχmχntFoψFisolμtχτTphotonFplusFtwoTjχtFproτuπtionFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ FwithF
thχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 2

204
vχμsurχmχntsFoψFthχFproτuπtionFπrossTsχπtionFψorFμF−FνosonFinFμssoπiμtionFwithFνTjχtsFinF
protonTprotonFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy 
PhysicsSF2020SFYWYWSFX

5.4 5

203
}χμrπhFψorFthχFqqFTgFNFνovχrlinχ{ν}νovχrlinχ{ν}FOFproπχssFviμFvχπtorTνosonFψusionFproτuπtionFusingF
protonTprotonFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy 
PhysicsSF2020SFYWYWSFX

5.4 5

202 xνsχrvμtionFoψFthχFμssoπiμtχτFproτuπtionFoψFμFtopFquμrkFμnτFμF−FνosonFinFppFπollisionsFμtFNFsqrt{s}FOfF
XZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX 5.4 5

201 vχμsurχmχntFoψFthχFtrμnsvχrsχFmomχntumFτistriνutionFoψFmrχllâ��ℓμnFlχptonFpμirsFinFprotonâ��protonF
πollisionsFμtFNsqrt{s}fXZSO~χ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2020SFaWSFX 4.2 7

200
}χμrπhFψorFτirχπtFproτuπtionFoψFχlχπtrowχμkinosFinFψinμlFstμtχsFwithFmissingFtrμnsvχrsχFmomχntumF
μnτFμFqiggsFνosonFτχπμyingFintoFphotonsFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ FwithFthχFj~uj}F
τχtχπtorUFJournal of High Energy PhysicsSF2020SFYWYWSFX

5.4 1

199 vχμsurχmχntsFoψFtopTquμrkFpμirFspinFπorrχlμtionsFinFthχFNχmuFOFπhμnnχlFμtFNsqrt{s}FfFXZOF~χ FusingF
ppFπollisionsFinFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2020SFaWSFX 4.2 8

198 vχμsurχmχntFoψFthχFπrossTsχπtionFμnτFπhμrgχFμsymmχtryFoψF±FνosonsFproτuπχτFinFprotonâ��protonF
πollisionsFμtFNsqrt{s}fa~tχxtF{~χ }OFwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 11

197
vχμsurχmχntFoψFjχtTsuνstruπturχFoνsχrvμνlχsFinFtopFquμrkSF±FνosonFμnτFlightFjχtFproτuπtionFinF
protonTprotonFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy 
PhysicsSF2019SFYWXbSFX

5.4 8

196 nlχπtronFrχπonstruπtionFμnτFiτχntiψiπμtionFinFthχFj~uj}FχxpχrimχntFusingFthχFYWX]FμnτFYWX^FuqlF
protonâ��protonFπollisionFτμtμFμtFNsqrt{s}FfFXZOFNtχxtF{~χ }OUFEuropean Physical Journal CSF2019SF_bSFX 4.2 37

195 vχμsurχmχntFoψFτistriνutionsFsχnsitivχFtoFthχFunτχrlyingFχvχntFinFinπlusivχF−FνosonFproτuπtionFinF
ppFπollisionsFμtFNsqrt{s}OFfFXZF~χ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 2

194 }χμrπhFψorFsinglχFproτuπtionFoψFvχπtorTlikχFquμrksFτχπμyingFintoF±νFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF
~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 14
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193 }χμrπhFψorFtopTquμrkFτχπμysFtFTgFqqFwithFZ^Fψνâ��XFoψFppFπollisionFτμtμFμtFNFsqrt{s}FOFfFXZF~χ FwithFthχF
j~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 13

192
vχμsurχmχntFoψF qSFNFmμthrm{q}toFmμthrm{ν}ovχrlinχ{mμthrm{ν}}FOFproτuπtionFμsFμFψunπtionFoψF
thχFvχπtorTνosonFtrμnsvχrsχFmomχntumFinFXZF~χ FppFπollisionsFwithFthχFj~uj}FτχtχπtorUFJournal of 
High Energy PhysicsSF2019SFYWXbSFX

5.4 8

191 vχμsurχmχntsFoψF±FμnτF−FνosonFproτuπtionFinFppFπollisionsFμtFNsqrt{s}f]UWYOF~χ FwithFthχFj~uj}F
τχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 12

190 yχrψormμnπχFoψFtopTquμrkFμnτFNvμrvχπ{±}OTνosonFtμggingFwithFj~uj}FinF{unFYFoψFthχFuqlUFEuropean 
Physical Journal CSF2019SF_bSFX 4.2 19

189 vχμsurχmχntsFoψFinπlusivχFμnτFτiψψχrχntiμlFψiτuπiμlFπrossTsχπtionsFoψFNtνμr{t}gμmmμFOFproτuπtionFinF
lχptoniπFψinμlFstμtχsFμtFNsqrt{s}fXZ~tχxtF{~χ }OFinFj~uj}UFEuropean Physical Journal CSF2019SF_bSFX 4.2 7

188 nlχπtronFμnτFphotonFχnχrgyFπμliνrμtionFwithFthχFj~uj}FτχtχπtorFusingFYWX]â��YWX^FuqlF
protonTprotonFπollisionFτμtμUFJournal of InstrumentationSF2019SFX[SFyWZWX_TyWZWX_ 1 25

187 }χμrπhFψorFτouνlyFπhμrgχτFsπμlμrFνosonsFτχπμyingFintoFsμmχTsignFνosonFpμirsFwithFthχFj~uj}F
τχtχπtorUFEuropean Physical Journal CSF2019SF_bSF]a 4.2 20

186
}χμrπhFψorFhχμvyFvμjorμnμForFmirμπFnχutrinosFμnτFrightThμnτχτF±FgμugχFνosonsFinFψinμlFstμtχsFwithF
twoFπhμrgχτFlχptonsFμnτFtwoFjχtsFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High 
Energy PhysicsSF2019SFYWXbSFX

5.4 21

185 rnFsituFπμliνrμtionFoψFlμrgχTrμτiusFjχtFχnχrgyFμnτFmμssFinFXZF~χ Fprotonâ��protonFπollisionsFwithFthχF
j~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 16

184 vχμsurχmχntFoψFthχFphotonFiτχntiψiπμtionFχψψiπiχnπiχsFwithFthχFj~uj}FτχtχπtorFusingFuqlF{unFYF
τμtμFπollχπtχτFinFYWX]FμnτFYWX^UFEuropean Physical Journal CSF2019SF_bSFX 4.2 26

183 vχμsurχmχntFoψFthχFrμtioFoψFπrossFsχπtionsFψorFinπlusivχFisolμtχτTphotonFproτuπtionFinFppFπollisionsF
μtFNFsqrt{s}FOFfFXZFμnτFaF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 5

182 vχμsurχmχntFoψFthχFtopFquμrkFmμssFinFthχFNtνμr{t}rightμrrowFOFlχptonRjχtsFπhμnnχlFψromFNsqrt{s}faOF
~χ Fj~uj}FτμtμFμnτFπomνinμtionFwithFprχviousFrχsultsUFEuropean Physical Journal CSF2019SF_bSFX 4.2 24

181
}χμrπhFψorFpμirFproτuπtionFoψFqiggsFνosonsFinFthχFNFνovχrlinχ{ν}νovχrlinχ{ν}FOFψinμlFstμtχFusingF
protonTprotonFπollisionsFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy 
PhysicsSF2019SFYWXbSFX

5.4 31

180 lonstrμintsFonFmχτiμtorTνμsχτFτμrkFmμttχrFμnτFsπμlμrFτμrkFχnχrgyFmoτχlsFusingFNFsqrt{s}FOFfFXZF~χ F
ppFπollisionFτμtμFπollχπtχτFνyFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 31

179 }χμrπhFψorFlongTlivχτFnχutrμlFpμrtiπlχsFinFppFπollisionsFμtFN{sqrt{s}}FfFXZ~{tχxtF{F~χ }}OFthμtFτχπμyFintoF
τisplμπχτFhμτroniπFjχtsFinFthχFj~uj}FπμlorimχtχrUFEuropean Physical Journal CSF2019SF_bSFX 4.2 18

178 }χμrπhFψorFqiggsFνosonFpμirFproτuπtionFinFthχF±±NPO±±NPOFτχπμyFπhμnnχlFusingFj~uj}FτμtμF
rχπorτχτFμtFNFsqrt{mμthrm{s}}FOFfFXZF~χ UFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 12

177 }χμrπhFψorFlμrgχFmissingFtrμnsvχrsχFmomχntumFinFμssoπiμtionFwithFonχFtopTquμrkFinFprotonTprotonF
πollisionsFμtFNFsqrt{s}FOFfFXZF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 7

176
vχμsurχmχntFoψFN±Ξ{pmF}−OFproτuπtionFπrossFsχπtionsFμnτFgμugχFνosonFpolμrisμtionFinFppF
πollisionsFμtFNsqrt{s}FfFXZ~tχxtF{~χ }OFwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF
_bSFX

4.2 20

(2019-2019)
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175 }χμrπhχsFψorFthirτTgχnχrμtionFsπμlμrFlχptoquμrksFinFNFsqrt{s}FOFfFXZF~χ FppFπollisionsFwithFthχFj~uj}F
τχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 18

174
}χμrπhFψorFsπμlμrFrχsonμnπχsFτχπμyingFintoF˛…R˛…â��FinFχvχntsFwithFμnτFwithoutFνTtμggχτFjχtsFproτuπχτF
inFprotonTprotonFπollisionsFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy 
PhysicsSF2019SFYWXbSFX

5.4 8

173 }χμrπhFψorFτiνosonFrχsonμnπχsFinFhμτroniπFψinμlFstμtχsFinFXZbFψνâ��XFoψFppFπollisionsFμtFNFsqrt{s}FOFfFXZF
~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 10

172 }χμrπhFψorFχxπitχτFχlχπtronsFsinglyFproτuπχτFinFprotonâ��protonFπollisionsFμtFJJsqrt{s}F~f~XZ~tχxtF
{~χ}tχxtF{ }JJFwithFthχFj~uj}FχxpχrimχntFμtFthχFuqlUFEuropean Physical Journal CSF2019SF_bSF 4.2 3

171 rτχntiψiπμtionFoψFνoostχτFqiggsFνosonsFτχπμyingFintoFνTquμrkFpμirsFwithFthχFj~uj}FτχtχπtorFμtF
XZ´ JJtχxtF{~χ }JJUFEuropean Physical Journal CSF2019SF_bSF 4.2 11

170 vχμsurχmχntsFoψFlyFμsymmχtriχsFinFπhμrmlχssFψourTνoτyFN{vμruμmντμF}FΞWγ{ν}FOFμnτFN{vμrXiF}FΞWγ{ν}F
OFτχπμysUFEuropean Physical Journal CSF2019SF_bSFX 4.2 6

169 vχμsurχmχntFoψFJJtγ}ΞWJJFμnτFJJuμmντμFΞWJJFproτuπtionFinFJJtFνμr{t}JJFτilχptoniπFχvχntsFinFppF
πollisionsFμtFJJsqrt{s}FfJJF_F~χ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 3

168 vχμsurχmχntFoψFthχFinπlusivχFisolμtχτTphotonFπrossFsχπtionFinFppFπollisionsFμtFNFsqrt{s}FOFfFXZF~χ F
usingFZ^Fψνâ��XFoψFj~uj}FτμtμUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 2

167 jFstrμtχgyFψorFμFgχnχrμlFsχμrπhFψorFnχwFphχnomχnμFusingFτμtμTτχrivχτFsignμlFrχgionsFμnτFitsF
μppliπμtionFwithinFthχFj~uj}FχxpχrimχntUFEuropean Physical Journal CSF2019SF_bSFX 4.2 14

166 vχμsurχmχntFoψFthχFtopTquμrkFmμssFinFNFtovχrlinχ{t}FOFRFXTjχtFχvχntsFπollχπtχτFwithFthχFj~uj}F
τχtχπtorFinFppFπollisionsFμtFNFsqrt{s}FOFfFaF~χ UFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 12

165 vχμsurχmχntFoψFψiτuπiμlFμnτFτiψψχrχntiμlFN±ΞR±ΞTOFproτuπtionFπrossTsχπtionsFμtFNsqrt{s}fXZOF~χ F
withFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 16

164 vχμsurχmχntFoψF−−FproτuπtionFinFthχFâ��â�� ˛‰ ˛‰FψinμlFstμtχFwithFthχFj~uj}FτχtχπtorFinFppFπollisionsFμtFNF
sqrt{s}FOFfFXZF~χ UFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 2

163 vχμsurχmχntFoψFN±Ξ{pmF}OTνosonFμnτF−TνosonFproτuπtionFπrossTsχπtionsFinFppFπollisionsFμtF
Nsqrt{s}fYU_^OF~χ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 2

162
vχμsurχmχntFoψFthχFinπlusivχFπrossTsχπtionFψorFthχFproτuπtionFoψFjχtsFinFμssoπiμtionFwithFμF−FνosonF
inFprotonâ��protonFπollisionsFμtFaF~χ FusingFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF
_bSFX

4.2 4

161
}χμrπhFψorFhχμvyFnχutrμlFlχptonsFinFτχπμysFoψF±FνosonsFproτuπχτFinFXZF~χ FppFπollisionsFusingF
promptFμnτFτisplμπχτFsignμturχsFwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2019SF
YWXbSFX

5.4 21

160 vχμsurχmχntFoψFN±ΞpmFOFνosonFproτuπtionFinFyνRyνFπollisionsFμtFNsqrt{sγ{mμthrm{ww}}}FfF
]UWY~tχxtF{~χ}tχxtF{ }OFwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2019SF_bSFX 4.2 7

159 j~uj}FνTjχtFiτχntiψiπμtionFpχrψormμnπχFμnτFχψψiπiχnπyFmχμsurχmχntFwithFNt{νμr{t}}OFχvχntsFinFppF
πollisionsFμtFNsqrt{s}fXZOF~χ UFEuropean Physical Journal CSF2019SF_bSFX 4.2 43

158
vχμsurχmχntFoψFψlowFhμrmoniπsFπorrχlμtionsFwithFmχμnFtrμnsvχrsχFmomχntumFinFlχμτâ��lχμτFμnτF
protonâ��lχμτFπollisionsFμtFNsqrt{sγ{mμthrm{ww}}}FfF]UWY~hνoxF{~χ }OFwithFthχFj~uj}FτχtχπtorUF
European Physical Journal CSF2019SF_bSFX

4.2 16

Kenneth Wraight

8



157
vχμsurχmχntsFoψFtopTquμrkFpμirFτiψψχrχntiμlFμnτFτouνlχTτiψψχrχntiμlFπrossTsχπtionsFinFthχFNχllFORjχtsF
πhμnnχlFwithFppFπollisionsFμtFNsqrt{s}fXZOF~χ FusingFthχFj~uj}FτχtχπtorUFEuropean Physical Journal C
SF2019SF_bSFX

4.2 13

156 }χμrπhFψorFνottomTsquμrkFpμirFproτuπtionFwithFthχFj~uj}FτχtχπtorFinFψinμlFstμtχsFπontμiningFqiggsF
νosonsSFνTjχtsFμnτFmissingFtrμnsvχrsχFmomχntumUFJournal of High Energy PhysicsSF2019SFYWXbSFX 5.4 7

155 }χμrπhFψorFthχFlχptonTψlμvourFviolμtingFτχπμysFkFWNFsOFFTgFχ´–˛…hUFJournal of High Energy PhysicsSF2018SF
YWXaSFX 5.4 15

154 vχμsurχmχntFoψFνrμnπhingFψrμπtionsFoψFπhμrmlχssFψourTνoτyF˛�FWFνFμnτF˛�FWFνFτχπμysUFJournal of High 
Energy PhysicsSF2018SFYWXaSFX 5.4 8

153 }χμrπhFψorFpμirFproτuπtionFoψFupTtypχFvχπtorTlikχFquμrksFμnτFψorFψourTtopTquμrkFχvχntsFinFψinμlF
stμtχsFwithFmultiplχFνTjχtsFwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2018SFYWXaSFX 5.4 23

152
}χμrπhFψorFthχFqiggsFνosonFproτuπχτFinFμssoπiμtionFwithFμFvχπtorFνosonFμnτFτχπμyingFintoFtwoF
spinTzχroFpμrtiπlχsFinFthχFqFTgFμμFTgF[νFπhμnnχlFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}F
τχtχπtorUFJournal of High Energy PhysicsSF2018SFYWXaSFX

5.4 14

151
vχμsurχmχntFoψFthχFNF−gμmmμFtoFnuFovχrlinχ{nu}gμmmμFOFproτuπtionFπrossFsχπtionFinFppFπollisionsF
μtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}FτχtχπtorFμnτFlimitsFonFμnomμlousFtriplχFgμugχTνosonF
πouplingsUFJournal of High Energy PhysicsSF2018SFYWXaSFX

5.4 6

150 yromptFμnτFnonTpromptFχlliptiπFψlowFinFyνRyνFπollisionsFμtF~χvFwithFthχFj~uj}FτχtχπtorUFEuropean 
Physical Journal CSF2018SF_aSF_a[ 4.2 8

149 }χμrπhFψorFqiggsFνosonFpμirFproτuπtionFinFthχFπhμnnχlFusingFπollisionFτμtμFrχπorτχτFμtF~χ FwithFthχF
j~uj}FτχtχπtorUFEuropean Physical Journal CSF2018SF_aSFXWW_ 4.2 21

148
}χμrπhFψorFτμrkFmμttχrFinFχvχntsFwithFμFhμτroniπμllyFτχπμyingFvχπtorFνosonFμnτFmissingFtrμnsvχrsχF
momχntumFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy 
PhysicsSF2018SFYWXaSFX

5.4 15

147
}χμrπhFψorFqiggsFνosonFpμirFproτuπtionFinFthχFNFupgμmmμFupgμmmμFνovχrlinχ{ν}FOFψinμlFstμtχFwithF
XZF~χ FppFπollisionFτμtμFπollχπtχτFνyFthχFj~uj}FχxpχrimχntUFJournal of High Energy PhysicsSF2018SF
YWXaSFX

5.4 23

146 }χμrπhFψorFnχwFphχnomχnμFinFχvχntsFwithFsμmχTπhμrgχFlχptonsFμnτFνTjχtsFinFppFπollisionsFμtFNF
sqrt{s}fXZFOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2018SFYWXaSFX 5.4 21

145 vχμsurχmχntFoψFthχFμzimuthμlFμnisotropyFoψFπhμrgχτFpμrtiπlχsFproτuπχτFinFfF]UWY´ ~χ FyνRyνF
πollisionsFwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2018SF_aSFbb_ 4.2 21

144 }χμrπhFψorFπhμrgχτFqiggsFνosonsFτχπμyingFintoFtopFμnτFνottomFquμrksFμtFNFsqrt{s}fXZFOF~χ FwithFthχF
j~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2018SFYWXaSFX 5.4 39

143 xpχrμtionFμnτFpχrψormμnπχFoψFthχFj~uj}F~ilχFlμlorimχtχrFinF{un´ XUFEuropean Physical Journal CSF
2018SF_aSFba_ 4.2 13

142
}χμrπhFψorFpμirFproτuπtionFoψFhχμvyFvχπtorTlikχFquμrksFτχπμyingFintoFhighTp~F±FνosonsFμnτFtopF
quμrksFinFthχFlχptonTplusTjχtsFψinμlFstμtχFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}F
τχtχπtorUFJournal of High Energy PhysicsSF2018SFYWXaSFX

5.4 16

141 }χμrπhFψorFsupχrsymmχtryFinFψinμlFstμtχsFwithFπhμrmFjχtsFμnτFmissingFtrμnsvχrsχFmomχntumFinFXZF
~χ FppFπollisionsFwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2018SFYWXaSFX 5.4 9

140
}χμrπhFψorFπhμrgχτFqiggsFνosonsFτχπμyingFviμFq´–FTgFˇ�´–˛‰ˇ�FinFthχFˇ�RjχtsFμnτFˇ�RlχptonFψinμlFstμtχsFwithF
Z^Fψνâ��XFoψFppFπollisionFτμtμFrχπorτχτFμtFNFsqrt{s}fXZFOF~χ FwithFthχFj~uj}FχxpχrimχntUFJournal of 
High Energy PhysicsSF2018SFYWXaSFX

5.4 33

(2018-2019)
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139 yromptFμnτFnonTpromptFμnτFsupprχssionFμtFhighFtrμnsvχrsχFmomχntumFinFyνRyνFπollisionsFwithF
thχFj~uj}FχxpχrimχntUFEuropean Physical Journal CSF2018SF_aSF_^Y 4.2 23

138 vχμsurχmχntsFoψFνTjχtFtμggingFχψψiπiχnπyFwithFthχFj~uj}FτχtχπtorFusingFNFtovχrlinχ{t}FOFχvχntsFμtFNF
sqrt{s}fXZFOF~χ UFJournal of High Energy PhysicsSF2018SFYWXaSFX 5.4 31

137 }χμrπhFψorFhχμvyFpμrtiπlχsFτχπμyingFintoFtopTquμrkFpμirsFusingFlχptonTplusTjχtsFχvχntsFinF
protonTprotonFπollisionsFμtF´ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2018SF_aSF]^] 4.2 34

136
}χμrπhFψorFnχwFphχnomχnμFusingFthχFinvμriμntFmμssFτistriνutionFoψFsμmχTψlμvourFoppositχTsignF
τilχptonFpμirsFinFχvχntsFwithFmissingFtrμnsvχrsχFmomχntumFinF´ FπollisionsFwithFthχFj~uj}FτχtχπtorUF
European Physical Journal CSF2018SF_aSF^Y]

4.2 15

135 oirstFoνsχrvμtionFoψFkRFTgFmFRFsFtRtâ��FτχπμysFμnτFμFsχμrπhFψorFkRFTgFmFRFsFhFτχπμysUFJournal of High 
Energy PhysicsSF2018SFYWXaSFX 5.4 6

134 vχμsurχmχntFoψFthχFphμsχFτiψψχrχnπχFνχtwχχnFshortTFμnτFlongTτistμnπχFμmplituτχsFinFthχF
≥oormulμcFsχχFtχxtΛFτχπμyUFEuropean Physical Journal CSF2017SF__SFX^X 4.2 25

133 }tuτyFoψFthχFmFWFpFμmplituτχFinF˛�FWFνFFTgFmFWFpˇ�Fâ��FτχπμysUFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 33

132 }χμrπhFψorFmμssivχFlongTlivχτFpμrtiπlχsFτχπμyingFsχmilχptoniπμllyFinFthχFuqlνFτχtχπtorUFEuropean 
Physical Journal CSF2017SF__SFYY[ 4.2 35

131 }tuτyFoψFpromptFmFWFmχsonFproτuπtionFinFpyνFπollisionsFμtFNFsqrt{sγ{mμthrm{w}dmμthrm{w}}}f]FOF
~χ UFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 27

130 }tuτyFoψFπhμrmoniumFproτuπtionFinFThμτronFτχπμysFμnτFψirstFχviτχnπχFψorFthχFτχπμyUFEuropean 
Physical Journal CSF2017SF__SF^Wb 4.2 10

129 rmprovχτFlimitFonFthχFνrμnπhingFψrμπtionFoψFthχFrμrχFτχπμyUFEuropean Physical Journal CSF2017SF__SF^_a 4.2 7

128 vχμsurχmχntFoψFthχFrμtioFoψFνrμnπhingFψrμπtionsFμnτFτiψψχrχnπχFinFlyFμsymmχtriχsFoψFthχFτχπμysFkF
RFTgFsVˇ�ˇ�FRFμnτFkFRFTgFsVˇ�tFRUFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 2

127 }χμrπhFψorFthχFkFWsFFTgF˛•hhFτχπμyUFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 1

126 xνsχrvμtionFoψFthχFsupprχssχτFτχπμyF˛�FWFνFFTgFpˇ�Fâ��F˛…FRF˛…Fâ��UFJournal of High Energy PhysicsSF2017SF
YWX_SFX 5.4 10

125 ~χstFoψFlχptonFunivχrsμlityFwithFkFWFTgFtFPWFâ��FRFâ��Fâ��FτχπμysUFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 298

124 vχμsurχmχntFoψFthχFsVˇ�FpμirFproτuπtionFπrossTsχπtionFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ UFJournal 
of High Energy PhysicsSF2017SFYWX_SFX 5.4 25

123 wχwFμlgorithmsFψorFiτχntiψyingFthχFψlμvourFoψF≥oormulμcFsχχFtχxtΛFmχsonsFusingFpionsFμnτFprotonsUF
European Physical Journal CSF2017SF__SFYZa 4.2 4

122 nviτχnπχFψorFthχFtwoTνoτyFπhμrmlχssFνμryoniπFτχπμyFNF{k}Ξ{R}toFpovχrlinχ{vμruμmντμ}FOUFJournal of 
High Energy PhysicsSF2017SFYWX_SFX 5.4 4
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121 {χsonμnπχsFμnτFlyFviolμtionFinFkFWFsFμnτFNF{ovχrlinχ{k}}γsΞWtoFsVpsiF{t}Ξ{R}{t}Ξ{T}FOFτχπμysFinFthχF
mμssFrχgionFμνovχFthχFhNXWYWOUFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 13

120 }tuτyFoψFNFmμthrm{ν}ovχrlinχ{mμthrm{ν}}FOFπorrχlμtionsFinFhighFχnχrgyFprotonTprotonFπollisionsUF
Journal of High Energy PhysicsSF2017SFYWX_SFX 5.4 5

119 vχμsurχmχntFoψFlyFoνsχrvμνlχsFinFk´–FTgFmtP´–FτχπμysFusingFtwoTFμnτFψourTνoτyFmFψinμlFstμtχsUF
Journal of High Energy PhysicsSF2017SFYWX_SFX 5.4 4

118 –pτμtχτFsχμrπhFψorFlongTlivχτFpμrtiπlχsFτχπμyingFtoFjχtFpμirsUFEuropean Physical Journal CSF2017SF__SFaXY 4.2 23

117 }χμrπhFψorFτχπμysFoψFnχutrμlFνχμutyFmχsonsFintoFψourFmuonsUFJournal of High Energy PhysicsSF2017SF
YWX_SFX 5.4 7

116 kosχTninstχinFπorrχlμtionsFoψFsμmχTsignFπhμrgχτFpionsFinFthχFψorwμrτFrχgionFinFppFπollisionsFμtFNF
sqrt{s}f_FOF~χ UFJournal of High Energy PhysicsSF2017SFYWX_SFX 5.4 3

115 vχμsurχmχntFoψFthχFℓNn}OFpolμrizμtionsFinFppFπollisionsFμtFNFsqrt{s}f_FOFμnτFaF~χ UFJournal of High 
Energy PhysicsSF2017SFYWX_SFX 5.4 6

114 miψψχrχntiμlFνrμnπhingFψrμπtionFμnτFμngulμrFmomχntsFμnμlysisFoψFthχFτχπμyFkFWFTgFtFRˇ�â��F˛…FRF˛…Fâ��FinFthχF
tFPWSYFNX[ZWOWFrχgionUFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 11

113 }tuτyFoψFmFNPOFRFssFmχsonsFτχπμyingFtoFmFPFRFtFW}FμnτFmFPWFtFRFψinμlFstμtχsUFJournal of High Energy 
PhysicsSF2016SFYWX^SFX 5.4 7

112 }tuτyFoψFˇ�NY}OFproτuπtionFμnτFπolτFnuπlχμrFmμttχrFχψψχπtsFinFpyνFπollisionsFμtFNFsqrt{sγ{wdw}}f]FOF
~χ UFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 10

111 jngulμrFμnμlysisFoψFthχFkFWFTgFtFPWF˛…FRF˛…Fâ��FτχπμyFusingFZFψνâ��XFoψFintχgrμtχτFluminosityUFJournal of High 
Energy PhysicsSF2016SFYWX^SFX 5.4 232

110 vχμsurχmχntsFoψFthχF}TwμvχFψrμπtionFinFkFWFTgFtFRFˇ�Fâ��F˛…FRF˛…Fâ��FτχπμysFμnτFthχFkFWFTgFtFPNabYOWF˛…FRF˛…Fâ��F
τiψψχrχntiμlFνrμnπhingFψrμπtionF2016SFYWX^SFX 2

109 }χμrπhFψorFqiggsTlikχFνosonsFτχπμyingFintoFlongTlivχτFχxotiπFpμrtiπlχsUFEuropean Physical Journal CSF
2016SF_^SF^^[ 4.2 16

108 xνsχrvμtionsFoψF˛�FWFνFFTgF˛�tFRˇ�â��FμnτF˛�FWFνFFTgF˛�tFRFtFâ��FτχπμysFμnτFsχμrπhχsFψorFothχrF˛�FWFνFμnτF˛�FWFνF
τχπμysFtoF˛�hFRFhhâ��FψinμlFstμtχsUFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 17

107 vχμsurχmχntFoψFψorwμrτF±FμnτF−FνosonFproτuπtionFinFμssoπiμtionFwithFjχtsFinFprotonTprotonF
πollisionsFμtFNFsqrt{s}faFOF~χ UFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 8

106 xνsχrvμtionFoψF˛�FWνFFTgFˇ�NY}Optâ��FμnτF˛�FWνFFTgFsVˇ�ˇ�FRFˇ�Fâ��ptâ��FτχπμysFμnτFμFmχμsurχmχntFoψFthχF˛�FWνF
νμryonFmμssUFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 15

105 vχμsurχmχntFoψFthχFψorwμrτF−FνosonFproτuπtionFπrossTsχπtionFinFppFπollisionsFμtFNFsqrt{s}fXZFOF~χ UF
Journal of High Energy PhysicsSF2016SFYWX^SFX 5.4 13

104
vχμsurχmχntFoψFthχFrμtioFoψFνrμnπhingFψrμπtionsFNF
mμthrm{mμthπμl{k}}lχψtN{mμthrm{k}}γ{mμthrm{π}}Ξ{R}toFmμthrm{s}V{uppsiF
mμthrm{t}}Ξ{R}rightOVmμthrm{mμthπμl{k}}lχψtN{mμthrm{k}}γ{mμthrm{π}}Ξ{R}toFmμthrm{s}V{uppsiF
uppi}Ξ{R}rightOFOUFJournal of High Energy PhysicsSF2016SFYWX^SFX

5.4 5

(2016-2017)
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103 vχμsurχmχntFoψFψorwμrτF±FTgFχ˛‰FproτuπtionFinFppFπollisionsFμtFNFsqrt{s}faFOF~χ UFJournal of High 
Energy PhysicsSF2016SFYWX^SFX 5.4 8

102 vχμsurχmχntFoψFthχFltvFμnglχF˛‡FψromFμFπomνinμtionFoψFuqlνFrχsultsUFJournal of High Energy 
PhysicsSF2016SFYWX^SFX 5.4 23

101 vχμsurχmχntsFoψFthχF}TwμvχFψrμπtionFinFkFWFTgFtFRFˇ�Fâ��F˛…FRF˛…Fâ��FτχπμysFμnτFthχFkFWFTgFtFPNabYOWF˛…FRF˛…Fâ��F
τiψψχrχntiμlFνrμnπhingFψrμπtionUFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 48

100 voτχlTinτχpχnτχntFmχμsurχmχntFoψFthχFltvFμnglχF˛‡FusingFkWFTgFmtPWFτχπμysFwithFmFTgFtFW}Fˇ�FRFˇ�Fâ��F
μnτFtFW}FtRtâ��UFJournal of High Energy PhysicsSF2016SFYWX^SFX 5.4 6

99 sχtFχnχrgyFmχμsurχmχntFμnτFitsFsystχmμtiπFunπχrtμintyFinFprotonTprotonFπollisionsFμtF≥oormulμcFsχχF
tχxtΛ´ ~χ FwithFthχFj~uj}FτχtχπtorUFEuropean Physical Journal CSF2015SF_]SFX_ 4.2 194

98 vχμsurχmχntFoψFthχFtopFquμrkFpμirFproτuπtionFπhμrgχFμsymmχtryFinFprotonTprotonFπollisionsFμtFNF
sqrt{s}FOFfF_F~χ FusingFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2014SFYWX[SFX 5.4 24

97
~hχFτiψψχrχntiμlFproτuπtionFπrossFsχπtionFoψFthχF≥oormulμcFsχχFtχxtΛNXWYWOFmχsonFinF≥oormulμcFsχχF
tχxtΛFfF_´ ~χ F≥oormulμcFsχχFtχxtΛFπollisionsFmχμsurχτFwithFthχFj~uj}FτχtχπtorUFEuropean Physical 
Journal CSF2014SF_[SFYab]

4.2 12

96
vχμsurχmχntFoψFthχFproτuπtionFπrossFsχπtionFoψFpromptFsVˇ�FmχsonsFinFμssoπiμtionFwithFμF±F´–F
νosonFinFppFπollisionsFμtFNFsqrt{s}FOFfF_F~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF
2014SFYWX[SFX

5.4 24

95 vχμsurχmχntFoψFτijχtFπrossTsχπtionsFinFppFπollisionsFμtF_F~χ FπχntrχToψTmμssFχnχrgyFusingFthχF
j~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2014SFYWX[SFX 5.4 17

94 vχμsurχmχntFoψFˇ�FπXFμnτFˇ�FπYFproτuπtionFwithFNFsqrt{s}FOFfF_F~χ FppFπollisionsFμtFj~uj}UFJournal of 
High Energy PhysicsSF2014SFYWX[SFX 5.4 26

93 vuonFrχπonstruπtionFχψψiπiχnπyFμnτFmomχntumFrχsolutionFoψFthχFj~uj}FχxpχrimχntFinF
protonTprotonFπollisionsFμtF≥oormulμcFsχχFtχxtΛ´ ~χ FinFYWXWUFEuropean Physical Journal CSF2014SF_[SFZWZ[ 4.2 45

92 vχμsurχmχntFoψFthχFproτuπtionFπrossFsχπtionFoψFjχtsFinFμssoπiμtionFwithFμF−FνosonFinFppFπollisionsFμtF
NFsqrt{s}f_FOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 50

91 vχμsurχmχntFoψFthχFπrossTsχπtionFψorF±FνosonFproτuπtionFinFμssoπiμtionFwithFνTjχtsFinFppFπollisionsF
μtFNFsqrt{s}f_FOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 34

90 }χμrπhFψorFthirτFgχnχrμtionFsπμlμrFlχptoquμrksFinFppFπollisionsFμtFNFsqrt{s}f_FOF~χ FwithFthχFj~uj}F
τχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 30

89 }χμrπhFψorFτμrkFmμttχrFπμnτiτμtχsFμnτFlμrgχFχxtrμFτimχnsionsFinFχvχntsFwithFμFjχtFμnτFmissingF
trμnsvχrsχFmomχntumFwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 124

88 vχμsurχmχntFoψF−−FproτuπtionFinFppFπollisionsFμtFNFsqrt{s}f_FOF~χ FμnτFlimitsFonFμnomμlousF−−−FμnτF
−−˛‡FπouplingsFwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 45

87
}χμrπhFψorFπhμrgχτFqiggsFνosonsFthroughFthχFviolμtionFoψFlχptonFunivχrsμlityFinFNFtovχrlinχ{t}FOF
χvχntsFusingFppFπollisionFτμtμFμtFNFsqrt{s}f_FOF~χ FwithFthχFj~uj}FχxpχrimχntUFJournal of High 
Energy PhysicsSF2013SFYWXZSFX

5.4 14

86 }χμrπhFψorFthχFnχutrμlFqiggsFνosonsFoψFthχFminimμlFsupχrsymmχtriπFstμnτμrτFmoτχlFinFppFπollisionsF
μtFNFsqrt{s}f_FOF~χ FwithFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 47
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85 vχμsurχmχntFoψFsplittingFsπμlχsFinFTgFχvχntsFμtF≥oormulμcFsχχFtχxtΛFwithFthχFj~uj}FτχtχπtorUF
European Physical Journal CSF2013SF_ZSFY[ZY 4.2 8

84
}χμrπhFψorFμFlightFπhμrgχτFqiggsFνosonFinFthχFτχπμyFπhμnnχlF≥oormulμcFsχχFtχxtΛFinF≥oormulμcFsχχF
tχxtΛFχvχntsFusingFπollisionsFμtF≥oormulμcFsχχFtχxtΛFwithFthχFj~uj}FτχtχπtorUFEuropean Physical 
Journal CSF2013SF_ZSFY[^]

4.2 76

83
}χμrπhFψorFτirχπtFthirτTgχnχrμtionFsquμrkFpμirFproτuπtionFinFψinμlFstμtχsFwithFmissingFtrμnsvχrsχF
momχntumFμnτFtwoFνTjχtsFinFNFsqrt{s}faFOF~χ FppFπollisionsFwithFthχFj~uj}FτχtχπtorUFJournal of High 
Energy PhysicsSF2013SFYWXZSFX

5.4 92

82
}χμrπhFψorFnχwFphχnomχnμFinFψinμlFstμtχsFwithFlμrgχFjχtFmultipliπitiχsFμnτFmissingFtrμnsvχrsχF
momχntumFμtFNFsqrt{s}faFOF~χ FprotonTprotonFπollisionsFusingFthχFj~uj}FχxpχrimχntUFJournal of 
High Energy PhysicsSF2013SFYWXZSFX

5.4 64

81 vχμsurχmχntFoψFthχFτiψψχrχntiμlFπrossTsχπtionFoψFkFRFmχsonFproτuπtionFinFppFπollisionsFμtFNF
sqrt{s}f_FOF~χ FμtFj~uj}UFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 24

80 yχrψormμnπχFoψFjχtFsuνstruπturχFtχπhniquχsFψorFlμrgχT{FjχtsFinFprotonTprotonFπollisionsFμtFNF
sqrt{s}f_FOF~χ FusingFthχFj~uj}FτχtχπtorUFJournal of High Energy PhysicsSF2013SFYWXZSFX 5.4 43

79 rmprovχτFluminosityFτχtχrminμtionFinFπollisionsFμtF≥oormulμcFsχχFtχxtΛFusingFthχFj~uj}FτχtχπtorFμtF
thχFuqlUFEuropean Physical Journal CSF2013SF_ZSFY]Xa 4.2 276
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