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jGmτμsurτmτntGoψGthτGπμlorimτtτrGrτsponsτGtoGsinglτGhμρronsGμnρGρτtτrminμtionGoψGthτGjτtGτnτrgyG
sπμlτGunπτrtμintyGusingGuqlG{unTXGTπollisionGρμtμGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicalt
JournaltCSG2017SG__SGY^

4.2 22

201
xνsτrvμtionGoψGτlτπtrowτμkG ´–ZGνosonGpμirGproρuπtionGinGμssoπiμtionGwithGtwoGjτtsGinGppGπollisionsG
μtGsfXZG}τ–GwithGthτGj}uj|GρτtτπtorUGPhysicstLetters,tSectiontB:tNuclear,tElementarytParticletandt
High-EnergytPhysicsSG2019SG_bZSG[^bT[bY

4.2 22

200 |τμrπhGψorG G V GZGrτsonμnπτGproρuπtionGinGâ��˛‰qqGψinμlGstμtτsGinGppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–G
withGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX 5.4 22

199 |τμrπhGψorGqiggsGνosonGρτπμysGtoGντyonρTthτT|tμnρμrρTvoρτlGlightGνosonsGinGψourTlτptonGτvτntsG
withGthτGj}uj|GρτtτπtorGμtGOGsqrt{s}fXZGPG}τ–UGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX 5.4 22

198 |τμrπhGψorGinvisiνlτGqiggsGνosonGρτπμysGinGvτπtorGνosonGψusionGμtGsfXZ}τ–GwithGthτGj}uj|GρτtτπtorUG
PhysicstLetters,tSectiontB:tNuclear,tElementarytParticletandtHigh-EnergytPhysicsSG2019SG_bZSG[bbT]Xb 4.2 21

(2019-2018)
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197
|τμrπhGψorGhτμvyGvμjorμnμGorGmirμπGnτutrinosGμnρGrightThμnρτρG GgμugτGνosonsGinGψinμlGstμtτsGwithG
twoGπhμrgτρGlτptonsGμnρGtwoGjτtsGμtGOGsqrt{s}fXZGPG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHight
EnergytPhysicsSG2019SGYWXbSGX

5.4 21

196
|τμrπhGψorGhτμvyGnτutrμlGlτptonsGinGρτπμysGoψG GνosonsGproρuπτρGinGXZG}τ–GppGπollisionsGusingG
promptGμnρGρisplμπτρGsignμturτsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SG
YWXbSGX

5.4 21

195 jGsτμrπhGψorGthτGρimuonGρτπμyGoψGthτG|tμnρμrρGvoρτlGqiggsGνosonGwithGthτGj}uj|GρτtτπtorUGPhysicst
Letters,tSectiontB:tNuclear,tElementarytParticletandtHigh-EnergytPhysicsSG2021SGaXYSGXZ]baW 4.2 21

194 |τμrπhGψorGqiggsGνosonGpμirGproρuπtionGinGthτGπhμnnτlGusingGπollisionGρμtμGrτπorρτρGμtG}τ–GwithGthτG
j}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2018SG_aSGXWW_ 4.2 21

193 |τμrπhGψorGnτwGphτnomτnμGinGτvτntsGwithGsμmτTπhμrgτGlτptonsGμnρGνTjτtsGinGppGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX 5.4 21

192 vτμsurτmτntGoψGthτGμzimuthμlGμnisotropyGoψGπhμrgτρGpμrtiπlτsGproρuπτρGinGfG]UWY´ }τ–GyνRyνG
πollisionsGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2018SG_aSGbb_ 4.2 21

191 |τμrπhGψorGρouνlyGπhμrgτρGsπμlμrGνosonsGρτπμyingGintoGsμmτTsignGνosonGpμirsGwithGthτGj}uj|G
ρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSG]a 4.2 20

190
vτμsurτmτntGoψGO ≥{pmG}ZPGproρuπtionGπrossGsτπtionsGμnρGgμugτGνosonGpolμrisμtionGinGppG
πollisionsGμtGOsqrt{s}GfGXZ~tτxtG{}τ–}PGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG
_bSGX

4.2 20

189 |τμrπhGψorGnτwGrτsonμnπτsGinGmμssGρistriνutionsGoψGjτtGpμirsGusingGXZbGψνâ��XGoψGppGπollisionsGμtGOG
sqrt{mμthrm{s}}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 20

188 yτrψormμnπτGoψGtopTquμrkGμnρGOvμrvτπ{ }PTνosonGtμggingGwithGj}uj|GinG{unGYGoψGthτGuqlUGEuropeant
PhysicaltJournaltCSG2019SG_bSGX 4.2 19

187 |τμrπhGψorGρirτπtGtopGsquμrkGpμirGproρuπtionGinGψinμlGstμtτsGwithGtwoGlτptonsGinG}τ–GπollisionsGwithG
thτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2017SG__SGaba 4.2 19

186 |tuρyGoψGthτGmμtτriμlGoψGthτGj}uj|GinnτrGρτtτπtorGψorG{unGYGoψGthτGuqlUGJournaltoftInstrumentationSG
2017SGXYSGyXYWWbTyXYWWb 1 19

185 |τμrπhGψorGqighTvμssG{τsonμnπτsGmτπμyingGtoGˇ�˛‰GinGppGlollisionsGμtGsqrtℓs√fXZGG}τ–GwithGthτGj}uj|G
mτtτπtorUGPhysicaltReviewtLettersSG2018SGXYWSGX^XaWY 7.4 18

184 |τμrπhGψorGlongTlivτρGnτutrμlGpμrtiπlτsGinGppGπollisionsGμtGO{sqrt{s}}GfGXZ~{tτxtG{G}τ–}}PGthμtGρτπμyGintoG
ρisplμπτρGhμρroniπGjτtsGinGthτGj}uj|GπμlorimτtτrUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 18

183 |τμrπhτsGψorGthirρTgτnτrμtionGsπμlμrGlτptoquμrksGinGOGsqrt{s}GPGfGXZG}τ–GppGπollisionsGwithGthτGj}uj|G
ρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 18

182
vτμsurτmτntGoψGthτGπhμrgτGμsymmτtryGinGtopTquμrkGpμirGproρuπtionGinGthτGlτptonTplusTjτtsGψinμlG
stμtτGinGπollisionGρμtμGμtGℓoormulμcGsττGtτxt√GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG
2016SG_^SGa_

4.2 18

181
xνsτrvμtionGoψGlτntrμlityTmτpτnρτntGjπoplμnμrityGψorGvuonGyμirsGyroρuπτρGviμG}woTyhotonG
|πμttτringGinGyνRyνGlollisionsGμtGsqrtℓs_{ww}√f]UWYGG}τ–GwithGthτGj}uj|GmτtτπtorUGPhysicaltReviewt
LettersSG2018SGXYXSGYXYZWX

7.4 18

180 |τμrπhτsGψorGhτμvyGZZGμnρGZ GrτsonμnπτsGinGthτGâ��â��qqGμnρG˛‰˛‰qqGψinμlGstμtτsGinGppGπollisionsGμtGOG
sqrt{s}fXZGPG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX 5.4 17
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179
|τμrπhGψorGμGsπμlμrGpμrtnτrGoψGthτGtopGquμrkGinGthτGμllThμρroniπGOt{νμr{t}}PGplusGmissingGtrμnsvτrsτG
momτntumGψinμlGstμtτGμtGOsqrt{s}fXZPG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG
2020SGaWSGX

4.2 17

178 rnGsituGπμliνrμtionGoψGlμrgτTrμρiusGjτtGτnτrgyGμnρGmμssGinGXZG}τ–Gprotonâ��protonGπollisionsGwithGthτG
j}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 16

177 j}uj|GρμtμGquμlityGopτrμtionsGμnρGpτrψormμnπτGψorGYWX]â��YWXaGρμtμTtμkingUGJournaltoft
InstrumentationSG2020SGX]SGyW[WWZTyW[WWZ 1 16

176
|τμrπhGψorGthτG|tμnρμrρGvoρτlGqiggsGνosonGρτπμyingGintoGOGνovτrlinτ{ν}GPGproρuπτρGinGμssoπiμtionG
withGtopGquμrksGρτπμyingGhμρroniπμllyGinGppGπollisionsGμtGOGsqrt{s}faGPG}τ–GwithGthτGj}uj|GρτtτπtorUG
JournaltoftHightEnergytPhysicsSG2016SGYWX^SGX

5.4 16

175 vτμsurτmτntGoψGthτGmrτllT±μnGtriplτTρiψψτrτntiμlGπrossGsτπtionGinGppGπollisionsGμtGOGsqrt{s}faGPG}τ–UG
JournaltoftHightEnergytPhysicsSG2017SGYWX_SGX 5.4 16

174 }hτGpτrψormμnπτGoψGthτGjτtGtriggτrGψorGthτGj}uj|GρτtτπtorGρuringGYWXXGρμtμGtμkingUGEuropeant
PhysicaltJournaltCSG2016SG_^SG]Y^ 4.2 16

173 vτμsurτmτntGoψGψiρuπiμlGμnρGρiψψτrτntiμlGO ≥R ≥TPGproρuπtionGπrossTsτπtionsGμtGOsqrt{s}fXZPG}τ–G
withGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 16

172
vτμsurτmτntGoψGψlowGhμrmoniπsGπorrτlμtionsGwithGmτμnGtrμnsvτrsτGmomτntumGinGlτμρâ��lτμρGμnρG
protonâ��lτμρGπollisionsGμtGOsqrt{s_{mμthrm{ww}}}GfG]UWY~hνoxG{}τ–}PGwithGthτGj}uj|GρτtτπtorUG
EuropeantPhysicaltJournaltCSG2019SG_bSGX

4.2 16

171
|τμrπhGψorGpμirGproρuπtionGoψGhτμvyGvτπtorTlikτGquμrksGρτπμyingGintoGhighTp}G GνosonsGμnρGtopG
quμrksGinGthτGlτptonTplusTjτtsGψinμlGstμtτGinGppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–GwithGthτGj}uj|G
ρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX

5.4 16

170
|τμrπhτsGψorGsπμlμrGlτptoquμrksGμnρGρiψψτrτntiμlGπrossTsτπtionGmτμsurτmτntsGinGρilτptonâ��ρijτtG
τvτntsGinGprotonâ��protonGπollisionsGμtGμGπτntrτToψTmμssGτnτrgyGoψGOvμrvτπ{sqrt{s}}PGfGXZG}τ–GwithGthτG
j}uj|GτxpτrimτntUGEuropeantPhysicaltJournaltCSG2019SG_bSGX

4.2 15

169 |τμrπhGψorGvμgnτtiπGvonopolτsGμnρG|tμνlτGqighTnlτπtriπTlhμrgτGxνjτπtsGinGXZ´ }τvGyrotonTyrotonG
lollisionsGwithGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2020SGXY[SGWZXaWY 7.4 15

168 mijτtG{τsonμnπτG|τμrπhGwithG τμkG|upτrvisionG~singGsqrtℓs√fXZGG}τ–GppGlollisionsGinGthτGj}uj|G
mτtτπtorUGPhysicaltReviewtLettersSG2020SGXY]SGXZXaWX 7.4 15

167 lyGyropτrtiτsGoψGqiggsGkosonGrntτrμπtionsGwithG}opGzuμrksGinGthτGttℓovτrG´fl√qGμnρGtqGyroπτssτsG
~singGqTg˛‡˛‡GwithGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2020SGXY]SGW^XaWY 7.4 15

166
|τμrπhGψorGρμrkGmμttτrGinGτvτntsGwithGμGhμρroniπμllyGρτπμyingGvτπtorGνosonGμnρGmissingGtrμnsvτrsτG
momτntumGinGppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergyt
PhysicsSG2018SGYWXaSGX

5.4 15

165
|τμrπhGψorGnτwGphτnomτnμGusingGthτGinvμriμntGmμssGρistriνutionGoψGsμmτTψlμvourGoppositτTsignG
ρilτptonGpμirsGinGτvτntsGwithGmissingGtrμnsvτrsτGmomτntumGinG´ GπollisionsGwithGthτGj}uj|GρτtτπtorUG
EuropeantPhysicaltJournaltCSG2018SG_aSG^Y]

4.2 15

164 vτμsurτmτntsGoψGτlτπtrowτμkGℓoormulμcGsττGtτxt√GproρuπtionGμnρGπonstrμintsGonGμnomμlousGgμugτG
πouplingsGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2017SG__SG[_[ 4.2 14

163 |τμrπhGψorGsinglτGproρuπtionGoψGvτπtorTlikτGquμrksGρτπμyingGintoG νGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG
}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 14

162
vτμsurτmτntGoψGthτGproρuπtionGπrossTsτπtionGoψGμGsinglτGtopGquμrkGinGμssoπiμtionGwithGμGZGνosonGinG
protonâ��protonGπollisionsGμtGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGPhysicstLetters,tSectiontB:tNuclear,t
ElementarytParticletandtHigh-EnergytPhysicsSG2018SG_aWSG]]_T]__

4.2 14

(2018-2020)
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161 jGstrμtτgyGψorGμGgτnτrμlGsτμrπhGψorGnτwGphτnomτnμGusingGρμtμTρτrivτρGsignμlGrτgionsGμnρGitsG
μppliπμtionGwithinGthτGj}uj|GτxpτrimτntUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 14

160
|τμrπhGψorGthτGqiggsGνosonGproρuπτρGinGμssoπiμtionGwithGμGvτπtorGνosonGμnρGρτπμyingGintoGtwoG
spinTzτroGpμrtiπlτsGinGthτGqGTgGμμGTgG[νGπhμnnτlGinGppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–GwithGthτGj}uj|G
ρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX

5.4 14

159
lomνinτρGmτμsurτmτntGoψGρiψψτrτntiμlGμnρGtotμlGπrossGsτπtionsGinGthτGqGTgG˛‡˛‡GμnρGthτGqGTgGZZhGTgG[â��G
ρτπμyGπhμnnτlsGμtGsfXZG}τ–GwithGthτGj}uj|GρτtτπtorUGPhysicstLetters,tSectiontB:tNuclear,tElementaryt
ParticletandtHigh-EnergytPhysicsSG2018SG_a^SGXX[TXZZ

4.2 14

158 |τμrπhGψorGtopTquμrkGρτπμysGtGTgGqqGwithGZ^Gψνâ��XGoψGppGπollisionGρμtμGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτG
j}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 13

157 oluπtuμtionsGoψGμnisotropiπGψlowGinGyνRyνGπollisionsGμtGOGsqrt{{mμthrm{s}}_{mμthrm{ww}}}GPGfG]UWYG
}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 13

156 yτrψormμnπτGoψGthτGj}uj|GmuonGtriggτrsGinG{unGYUGJournaltoftInstrumentationSG2020SGX]SGyWbWX]TyWbWX]1 13

155
|τμrπhGψorGρirτπtGproρuπtionGoψGτlτπtrowτμkinosGinGψinμlGstμtτsGwithGonτGlτptonSGmissingGtrμnsvτrsτG
momτntumGμnρGμGqiggsGνosonGρτπμyingGintoGtwoGνTjτtsGinGOppPGπollisionsGμtGOsqrt{s}fXZPG}τ–GwithG
thτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX

4.2 13

154 vuonGrτπonstruπtionGμnρGiρτntiψiπμtionGτψψiπiτnπyGinGj}uj|GusingGthτGψullG{unGYGppGπollisionGρμtμGsτtG
μtGOsqrt{s}fXZPG}τ–UGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 13

153
vτμsurτmτntsGoψGtopTquμrkGpμirGρiψψτrτntiμlGμnρGρouνlτTρiψψτrτntiμlGπrossTsτπtionsGinGthτGOτllGPRjτtsG
πhμnnτlGwithGppGπollisionsGμtGOsqrt{s}fXZPG}τ–GusingGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltC
SG2019SG_bSGX

4.2 13

152 xpτrμtionGμnρGpτrψormμnπτGoψGthτGj}uj|G}ilτGlμlorimτtτrGinG{un´ XUGEuropeantPhysicaltJournaltCSG
2018SG_aSGba_ 4.2 13

151 vτμsurτmτntsGoψG GμnρGZGνosonGproρuπtionGinGppGπollisionsGμtGOsqrt{s}f]UWYPG}τ–GwithGthτGj}uj|G
ρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 12

150 qiggsGνosonGproρuπtionGπrossTsτπtionGmτμsurτmτntsGμnρGthτirGno}GintτrprτtμtionGinGthτGO[τllGPG
ρτπμyGπhμnnτlGμtGOsqrt{s}fPXZG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 12

149 vτμsurτmτntGoψGinπlusivτGjτtGμnρGρijτtGπrossTsτπtionsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG
}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX 5.4 12

148 lompμrisonGoψGorμgmτntμtionGounπtionsGψorGsτtsGmominμtτρGνyGuightGzuμrksGμnρGpluonsGψromGppG
μnρGyνRyνGlollisionsGinGj}uj|UGPhysicaltReviewtLettersSG2019SGXYZSGW[YWWX 7.4 12

147 |τμrπhGψorGqiggsGνosonGpμirGproρuπtionGinGthτG  OQP  OQPGρτπμyGπhμnnτlGusingGj}uj|GρμtμG
rτπorρτρGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–UGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 12

146
vτμsurτmτntGoψGthτGπrossTsτπtionGψorGτlτπtrowτμkGproρuπtionGoψGρijτtsGinGμssoπiμtionGwithGμGZG
νosonGinGppGπollisionsGμtGsfXZ´ }τ–GwithGthτGj}uj|GρτtτπtorUGPhysicstLetters,tSectiontB:tNuclear,t
ElementarytParticletandtHigh-EnergytPhysicsSG2017SG__]SGYW^TYYa

4.2 12

145 vτμsurτmτntGoψGthτGinπlusivτGjτtGπrossTsτπtionsGinGprotonTprotonGπollisionsGμtGOGsqrt{s}faGPG}τ–GwithG
thτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2017SGYWX_SGX 5.4 12

144 vτμsurτmτntGoψGthτGtopTquμrkGmμssGinGOGtovτrlinτ{t}GPGRGXTjτtGτvτntsGπollτπtτρGwithGthτGj}uj|G
ρτtτπtorGinGppGπollisionsGμtGOGsqrt{s}GPGfGaG}τ–UGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 12
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143 vτμsurτmτntGoψGthτGπrossTsτπtionGμnρGπhμrgτGμsymmτtryGoψG GνosonsGproρuπτρGinGprotonâ��protonG
πollisionsGμtGOsqrt{s}fa~tτxtG{}τ–}PGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 11

142 mirτπtGtopTquμrkGρτπμyGwiρthGmτμsurτmτntGinGthτGlτptonRjτtsGπhμnnτlGμtGwithGthτGj}uj|G
τxpτrimτntUGEuropeantPhysicaltJournaltCSG2018SG_aSGXYb 4.2 11

141 rρτntiψiπμtionGoψGνoostτρGqiggsGνosonsGρτπμyingGintoGνTquμrkGpμirsGwithGthτGj}uj|GρτtτπtorGμtG
XZ´ KKtτxtG{}τ–}KKUGEuropeantPhysicaltJournaltCSG2019SG_bSG 4.2 11

140 vτμsurτmτntGoψGlτptonGρiψψτrτntiμlGρistriνutionsGμnρGthτGtopGquμrkGmμssGinGproρuπtionGinGπollisionsG
μtG´ }τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2017SG__SGaW[ 4.2 11

139 sτtGτnτrgyGsπμlτGμnρGrτsolutionGmτμsurτρGinGprotonâ��protonGπollisionsGμtGOsqrt{s}fXZPG}τ–GwithGthτG
j}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 11

138 UGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 10

137 |τμrπhGψorGρiνosonGrτsonμnπτsGinGhμρroniπGψinμlGstμtτsGinGXZbGψνâ��XGoψGppGπollisionsGμtGOGsqrt{s}GPGfGXZG
}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 10

136 UGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 9

135 |τμrπhGψorGnτwGnonTrτsonμntGphτnomτnμGinGhighTmμssGρilτptonGψinμlGstμtτsGwithGthτGj}uj|G
ρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 9

134 vτμsurτmτntsGoψGthτGqiggsGνosonGinπlusivτGμnρGρiψψτrτntiμlGψiρuπiμlGπrossGsτπtionsGinGthτG[OτllGPG
ρτπμyGπhμnnτlGμtGOsqrt{s}PGfGXZG}τ–UGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 9

133 |τμrπhGψorGsupτrsymmτtryGinGψinμlGstμtτsGwithGπhμrmGjτtsGμnρGmissingGtrμnsvτrsτGmomτntumGinGXZG
}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX 5.4 9

132 yroνingGthτGzuμntumGrntτrψτrτnπτGντtwττnG|inglyGμnρGmouνlyG{τsonμntG}opTzuμrkGyroρuπtionGinG
ppGlollisionsGμtGsqrtℓs√fXZGG}τ–GwithGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2018SGXYXSGX]YWWY 7.4 9

131
vτμsurτmτntGoψGjτtTsuνstruπturτGoνsτrvμνlτsGinGtopGquμrkSG GνosonGμnρGlightGjτtGproρuπtionGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergyt
PhysicsSG2019SGYWXbSGX

5.4 8

130
vτμsurτmτntGoψG–qSGOGmμthrm{q}toGmμthrm{ν}ovτrlinτ{mμthrm{ν}}GPGproρuπtionGμsGμGψunπtionGoψG
thτGvτπtorTνosonGtrμnsvτrsτGmomτntumGinGXZG}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoft
HightEnergytPhysicsSG2019SGYWXbSGX

5.4 8

129 |τμrπhGψorGpμirsGoψGsπμlμrGlτptoquμrksGρτπμyingGintoGquμrksGμnρGτlτπtronsGorGmuonsGinGOGsqrt{s}GPGfGXZG
}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 8

128 vτμsurτmτntGoψGjzimuthμlGjnisotropyGoψGvuonsGψromGlhμrmGμnρGkottomGqμρronsGinGppGlollisionsG
μtGsqrtℓs√fXZGG}τ–GwithGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2020SGXY[SGWaYZWX 7.4 8

127 |τμrπhGψorGsquμrksGμnρGgluinosGinGψinμlGstμtτsGwithGsμmτTsignGlτptonsGμnρGjτtsGusingGXZbGψνâ��XGoψGρμtμG
πollτπtτρGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 8

126
|τμrπhGψorGsπμlμrGrτsonμnπτsGρτπμyingGintoG˛…R˛…â��GinGτvτntsGwithGμnρGwithoutGνTtμggτρGjτtsGproρuπτρG
inGprotonTprotonGπollisionsGμtGOGsqrt{s}fXZGPG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergyt
PhysicsSG2019SGYWXbSGX

5.4 8

(2019-2019)
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125 nviρτnπτGψorGOtνμr{t}tνμr{t}PGproρuπtionGinGthτGmultilτptonGψinμlGstμtτGinGprotonâ��protonGπollisionsGμtG
Osqrt{s}fXZPGOtτxtG{}τ–}PGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 8

124
|τμrπhGψorGlightGlongTlivτρGnτutrμlGpμrtiπlτsGproρuπτρGinGppGπollisionsGμtGOsqrt{s}GfGXZ~mμthrmG{}τ–}PG
μnρGρτπμyingGintoGπollimμtτρGlτptonsGorGlightGhμρronsGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicalt
JournaltCSG2020SGaWSGX

4.2 8

123 yτrψormμnπτGoψGthτGmissingGtrμnsvτrsτGmomτntumGtriggτrsGψorGthτGj}uj|GρτtτπtorGρuringG{unTYG
ρμtμGtμkingUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 8

122 vτμsurτmτntsGoψGtopTquμrkGpμirGspinGπorrτlμtionsGinGthτGOτmuGPGπhμnnτlGμtGOsqrt{s}GfGXZPG}τ–GusingG
ppGπollisionsGinGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 8

121
|τμrπhGψorGnτwGphτnomτnμGinGτvτntsGwithGtwoGoppositτTπhμrgτGlτptonsSGjτtsGμnρGmissingGtrμnsvτrsτG
momτntumGinGppGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHight
EnergytPhysicsSG2021SGYWYXSGX

5.4 8

120
|τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGintoGμGpμirGoψGZGνosonsGinGthτGOτllG≥RτllG≥TτllGN≥RτllGN≥TPGμnρGOτllG
≥RτllG≥TnuG{{νμr{nuG}}}PGψinμlGstμtτsGusingGXZbGOmμthrmG{ψν}≥{TX}PGoψGprotonâ��protonGπollisionsGμtG
Osqrt{s}GfGXZSP}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX

4.2 8

119 |τμrπhGψorGπhμrgτρGqiggsGνosonsGρτπμyingGintoGμGtopGquμrkGμnρGμGνottomGquμrkGμtGOGsqrt{mμthrm{s}}G
PGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 8

118
|τμrπhGψorGsquμrksGμnρGgluinosGinGψinμlGstμtτsGwithGjτtsGμnρGmissingGtrμnsvτrsτGmomτntumGusingGXZbG
ψνâ��XGoψGOGsqrt{s}GPGfGXZG}τ–GppGπollisionGρμtμGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG
2021SGYWYXSGX

5.4 8

117 yromptGμnρGnonTpromptGτlliptiπGψlowGinGyνRyνGπollisionsGμtG}τvGwithGthτGj}uj|GρτtτπtorUGEuropeant
PhysicaltJournaltCSG2018SG_aSG_a[ 4.2 8

116 vτμsurτmτntsGoψGinπlusivτGμnρGρiψψτrτntiμlGψiρuπiμlGπrossTsτπtionsGoψGOtνμr{t}gμmmμGPGproρuπtionGinG
lτptoniπGψinμlGstμtτsGμtGOsqrt{s}fXZ~tτxtG{}τ–}PGinGj}uj|UGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 7

115 jGmτμsurτmτntGoψGmμtτriμlGinGthτGj}uj|GtrμπkτrGusingGsτπonρμryGhμρroniπGintτrμπtionsGinG_G
}τ–ppπollisionsUGJournaltoftInstrumentationSG2016SGXXSGyXXWYWTyXXWYW 1 7

114
|τμrπhGψorGnτwGphτnomτnμGinGψinμlGstμtτsGwithGlμrgτGjτtGmultipliπitiτsGμnρGmissingGtrμnsvτrsτG
momτntumGusingGOGsqrt{s}GPGfGXZG}τ–GprotonTprotonGπollisionsGrτπorρτρGνyGj}uj|GinG{unGYGoψGthτG
uqlUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX

5.4 7

113 }rμnsvτrsτGmomτntumGμnρGproπτssGρτpτnρτntGμzimuthμlGμnisotropiτsGinGOsqrt{s_{mμthrmG
{ww}}}faUX^PG}τ–GpRyνGπollisionsGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 7

112 |τμrπhGψorGnτwGphτnomτnμGinGhighTmμssGψinμlGstμtτsGwithGμGphotonGμnρGμGjτtGψromGπollisionsGμtGfG
XZ´ }τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2018SG_aSGXWY 4.2 7

111
vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGμnρG RV â��GπrossTsτπtionGrμtiosGψorG GνosonGproρuπtionG
inGμssoπiμtionGwithGjτtsGμtGOGsqrt{s}faGPG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG
2018SGYWXaSGX

5.4 7

110 |τμrπhGψorGlμrgτGmissingGtrμnsvτrsτGmomτntumGinGμssoπiμtionGwithGonτGtopTquμrkGinGprotonTprotonG
πollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 7

109
|τμrπhGψorGρirτπtGtopGsquμrkGpμirGproρuπtionGinGτvτntsGwithGμGqiggsGorGZGνosonSGμnρGmissingG
trμnsvτrsτGmomτntumGinGOGsqrt{s}fXZGPG}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHight
EnergytPhysicsSG2017SGYWX_SGX

5.4 7

108 yτrψormμnπτGoψGthτGj}uj|G}rμnsitionG{μρiμtionG}rμπkτrGinG{unGXGoψGthτGuqlcGtrμπkτrGpropτrtiτsUG
JournaltoftInstrumentationSG2017SGXYSGyW]WWYTyW]WWY 1 7

Mohamad Kassem Ayoub
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107 vτμsurτmτntGoψGthτGtrμnsvτrsτGmomτntumGρistriνutionGoψGmrτllâ��±μnGlτptonGpμirsGinGprotonâ��protonG
πollisionsGμtGOsqrt{s}fXZSP}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 7

106 |τμrπhGψorGtypτTrrrGsττsμwGhτμvyGlτptonsGinGρilτptonGψinμlGstμtτsGinGppGπollisionsGμtGOGsqrt{s}GfGXZS{tτxtG
{}τ–}}GPGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 7

105
|τμrπhGψorGμGhτμvyGqiggsGνosonGρτπμyingGintoGμGZGνosonGμnρGμnothτrGhτμvyGqiggsGνosonGinGthτGOτllG
τllGννPGμnρGOτllGτllG  PGψinμlGstμtτsGinGppGπollisionsGμtGOsqrt{s}fXZPGOtτxtG{}τ–}PGwithGthτGj}uj|G
ρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX

4.2 7

104 vτμsurτmτntGoψGO ≥pmGPGνosonGproρuπtionGinGyνRyνGπollisionsGμtGOsqrt{s_{mμthrm{ww}}}GfG
]UWY~tτxtG{}τ}tτxtG{–}PGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 7

103 |τμrπhGψorGνottomTsquμrkGpμirGproρuπtionGwithGthτGj}uj|GρτtτπtorGinGψinμlGstμtτsGπontμiningGqiggsG
νosonsSGνTjτtsGμnρGmissingGtrμnsvτrsτGmomτntumUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 7

102 vτμsurτmτntsGoψG qGμnρGZqGproρuπtionGinGthτGOqGrightμrrowGννμr{ν}PGρτπμyGπhμnnτlGinGppG
πollisionsGμtGOXZStτxtG{}τ}tτxtG{–}PGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 7

101 |τμrπhGψorGqiggsGkosonGmτπμysGintoGμGZGkosonGμnρGμGuightGqμρroniπμllyGmτπμyingG{τsonμnπτG~singG
XZ´ }τ–GppGlollisionGmμtμGψromGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2020SGXY]SGYYXaWY 7.4 6

100 |τμrπhGψorGOGtovτrlinτ{t}GPGrτsonμnπτsGinGψullyGhμρroniπGψinμlGstμtτsGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG
}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 6

99
|τμrπhGψorGnτwGphτnomτnμGwithGtopGquμrkGpμirsGinGψinμlGstμtτsGwithGonτGlτptonSGjτtsSGμnρGmissingG
trμnsvτrsτGmomτntumGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoft
HightEnergytPhysicsSG2021SGYWYXSGX

5.4 6

98
|τμrπhGψorGnτwGphτnomτnμGinGψinμlGstμtτsGwithGνTjτtsGμnρGmissingGtrμnsvτrsτGmomτntumGinGOG
sqrt{mμthrm{s}}GPGfGXZG}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG
2021SGYWYXSGX

5.4 6

97
|τμrπhGψorGpμirGproρuπtionGoψGthirρTgτnτrμtionGsπμlμrGlτptoquμrksGρτπμyingGintoGμGtopGquμrkGμnρGμG
ˇ�TlτptonGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergyt
PhysicsSG2021SGYWYXSGX

5.4 6

96
vτμsurτmτntGoψGthτGOGZgμmmμGtoGnuGovτrlinτ{nu}gμmmμGPGproρuπtionGπrossGsτπtionGinGppGπollisionsG
μtGOGsqrt{s}fXZGPG}τ–GwithGthτGj}uj|GρτtτπtorGμnρGlimitsGonGμnomμlousGtriplτGgμugτTνosonG
πouplingsUGJournaltoftHightEnergytPhysicsSG2018SGYWXaSGX

5.4 6

95 |τμrπhGψorGτxπlusivτGqiggsGμnρGZGνosonGρτπμysGtoGh˛‡GμnρGˇ�˛‡GwithGthτGj}uj|GρτtτπtorUGJournaltoft
HightEnergytPhysicsSG2018SGYWXaSGX 5.4 6

94
lomνinμtionsGoψGsinglτTtopTquμrkGproρuπtionGπrossTsτπtionGmτμsurτmτntsGμnρG|ψu––tν|G
ρτtτrminμtionsGμtGOGsqrt{s}GPGfG_GμnρGaG}τ–GwithGthτGj}uj|GμnρGlv|GτxpτrimτntsUGJournaltoftHight
EnergytPhysicsSG2019SGYWXbSGX

5.4 5

93
|τμrπhGψorGthτGyroρuπtionGoψGμGuongTuivτρGwτutrμlGyμrtiπlτGmτπμyingGwithinGthτGj}uj|GqμρroniπG
lμlorimτtτrGinGjssoπiμtionGwithGμGZGkosonGψromGppGlollisionsGμtGsqrtℓs√fXZGG}τ–UGPhysicaltReviewt
LettersSG2019SGXYYSGX]XaWX

7.4 5

92 vτμsurτmτntGoψGthτGrμtioGoψGπrossGsτπtionsGψorGinπlusivτGisolμtτρTphotonGproρuπtionGinGppGπollisionsG
μtGOGsqrt{s}GPGfGXZGμnρGaG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 5

91 vτμsurτmτntGoψGρiψψτrτntiμlGπrossTsτπtionsGoψGμGsinglτGtopGquμrkGproρuπτρGinGμssoπiμtionGwithGμG
νosonGμtGwithGj}uj|UGEuropeantPhysicaltJournaltCSG2018SG_aSGXa^ 4.2 5

90 xνsτrvμtionGμnρGvτμsurτmτntGoψGoorwμrρGyrotonG|πμttτringGinGjssoπiμtionGwithGuτptonGyμirsG
yroρuπτρGviμGthτGyhotonGousionGvτπhμnismGμtGj}uj|UGPhysicaltReviewtLettersSG2020SGXY]SGY^XaWX 7.4 5

(2020-2020)
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89
nviρτnπτGψorGτlτπtrowτμkGproρuπtionGoψGtwoGjτtsGinGμssoπiμtionGwithGμGZ˛‡GpμirGinGppGπollisionsGμtG
sfXZ´ }τ–GwithGthτGj}uj|GρτtτπtorUGPhysicstLetters,tSectiontB:tNuclear,tElementarytParticletandt
High-EnergytPhysicsSG2020SGaWZSGXZ]Z[X

4.2 5

88
vτμsurτmτntsGoψGthτGproρuπtionGπrossTsτπtionGψorGμGZGνosonGinGμssoπiμtionGwithGνTjτtsGinG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergyt
PhysicsSG2020SGYWYWSGX

5.4 5

87
|τμrπhGψorGthτGqqGTgGOGνovτrlinτ{ν}νovτrlinτ{ν}GPGproπτssGviμGvτπtorTνosonGψusionGproρuπtionGusingG
protonTprotonGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergyt
PhysicsSG2020SGYWYWSGX

5.4 5

86 xνsτrvμtionGoψGthτGμssoπiμtτρGproρuπtionGoψGμGtopGquμrkGμnρGμGZGνosonGinGppGπollisionsGμtGOGsqrt{s}GPfG
XZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 5

85 vτμsurτmτntGoψGlightTνyTlightGsπμttτringGμnρGsτμrπhGψorGμxionTlikτGpμrtiπlτsGwithGYUYGnνâ��XGoψGyνRyνG
ρμtμGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 5

84
|τμrπhGψorGpμirGproρuπtionGoψGsπμlμrGlτptoquμrksGρτπμyingGintoGψirstTGorGsτπonρTgτnτrμtionGlτptonsG
μnρGtopGquμrksGinGprotonâ��protonGπollisionsGμtGOsqrt{s}PGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeant
PhysicaltJournaltCSG2021SGaXSGX

4.2 5

83 miψψτrτntiμlGπrossTsτπtionGmτμsurτmτntsGψorGthτGτlτπtrowτμkGproρuπtionGoψGρijτtsGinGμssoπiμtionG
withGμGZGνosonGinGprotonâ��protonGπollisionsGμtGj}uj|UGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 5

82 |τμrπhGψorGρμrkGmμttτrGinGμssoπiμtionGwithGμnGτnτrgτtiπGphotonGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–G
withGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 5

81 vτμsurτmτntGoψGπolourGψlowGusingGjτtTpullGoνsτrvμνlτsGinGτvτntsGwithGthτGj}uj|GτxpτrimτntGμtUG
EuropeantPhysicaltJournaltCSG2018SG_aSGa[_ 4.2 5

80 vτμsurτmτntGoψGthτGinπlusivτGμnρGψiρuπiμlGproρuπtionGπrossTsτπtionsGinGthτGlτptonRjτtsGπhμnnτlGinG
πollisionsGμtGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2018SG_aSG[a_ 4.2 5

79 vτμsurτmτntGoψGthτGuunρGsτtGylμnτG~singGlhμrgτρGyμrtiπlτsGinGXZ´ }τ–GyrotonTyrotonGlollisionsG
withGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2020SGXY[SGYYYWWY 7.4 4

78
lomνinμtionGoψGinπlusivτGμnρGρiψψτrτntiμlGOGmμthrm{t}ovτrlinτ{mμthrm{t}}GPGπhμrgτGμsymmτtryG
mτμsurτmτntsGusingGj}uj|GμnρGlv|GρμtμGμtGOGsqrt{s}f_GPGμnρGaG}τ–UGJournaltoftHightEnergytPhysicsSG
2018SGYWXaSGX

5.4 4

77 |τμrπhGψorGhτμvyGρiνosonGrτsonμnπτsGinGsτmilτptoniπGψinμlGstμtτsGinGppGπollisionsGμtGOsqrt{s}fXZPG}τ–G
withGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 4

76 jlignmτntGoψGthτGj}uj|GrnnτrGmτtτπtorGinG{unGYUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 4

75 vτμsurτmτntGoψGsVˇ�GproρuπtionGinGμssoπiμtionGwithGμG ´–GνosonGwithGppGρμtμGμtGaG}τ–UGJournaltoft
HightEnergytPhysicsSG2020SGYWYWSGX 5.4 4

74 |τμrπhGψorGπhμrgτρTlτptonTψlμvourGviolμtionGinGZTνosonGρτπμysGwithGthτGj}uj|GρτtτπtorUGNaturet
PhysicsSG2021SGX_SGaXbTaY] 16.2 4

73
vτμsurτmτntGoψGthτGinπlusivτGπrossTsτπtionGψorGthτGproρuπtionGoψGjτtsGinGμssoπiμtionGwithGμGZGνosonG
inGprotonâ��protonGπollisionsGμtGaG}τ–GusingGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG
_bSGX

4.2 4

72
vτμsurτmτntsGoψGρiψψτrτntiμlGπrossGsτπtionsGoψGtopGquμrkGpμirGproρuπtionGinGμssoπiμtionGwithGjτtsGinG
ppGπollisionsGμtGOGsqrt{s}fXZGPG}τ–GusingGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2018SG
YWXaSGX

5.4 4

Mohamad Kassem Ayoub

12



71 |τμrπhGψorGρμrkGmμttτrGproρuπτρGinGμssoπiμtionGwithGμGsinglτGtopGquμrkGinGOsqrt{s}fXZPG}τ–GOppPG
πollisionsGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 4

70
|τμrπhGψorGρijτtGrτsonμnπτsGinGτvτntsGwithGμnGisolμtτρGπhμrgτρGlτptonGusingGOGsqrt{s}GPGfGXZG}τ–G
protonTprotonGπollisionGρμtμGπollτπtτρGνyGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SG
YWYWSGX

5.4 3

69 vτμsurτmτntGoψGlongTrμngτGtwoTpμrtiπlτGμzimuthμlGπorrτlμtionsGinGZTνosonGtμggτρGppGπollisionsGμtG
Osqrt{s}faPGμnρGXZG}τ–UGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 3

68 vτμsurτmτntGoψGpolμrisμtionGinGρτπμysGinGprotonTprotonGπollisionsGμtG}τ–GwithGthτGj}uj|GρτtτπtorUG
EuropeantPhysicaltJournaltCSG2018SG_aSGX^Z 4.2 3

67 |τμrπhGψorGτxπitτρGτlτπtronsGsinglyGproρuπτρGinGprotonâ��protonGπollisionsGμtGKKsqrt{s}G~f~XZ~tτxtG
{}τ}tτxtG{–}KKGwithGthτGj}uj|GτxpτrimτntGμtGthτGuqlUGEuropeantPhysicaltJournaltCSG2019SG_bSG 4.2 3

66 |τμrπhGψorGqτμvyG{τsonμnπτsGmτπμyingGintoGμGyhotonGμnρGμGqμρroniπμllyGmτπμyingGqiggsGkosonGinG
ppGlollisionsGμtGsqrtℓs√fXZGG}τ–GwithGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2020SGXY]SGY]XaWY 7.4 3

65 vτμsurτmτntGoψGKKt_|≥WKKGμnρGKKuμmνρμG≥WKKGproρuπtionGinGKKtGνμr{t}KKGρilτptoniπGτvτntsGinGppG
πollisionsGμtGKKsqrt{s}GfKKG_G}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 3

64 mτtτrminμtionGoψGjτtGπμliνrμtionGμnρGτnτrgyGrτsolutionGinGprotonâ��protonGπollisionsGμtGOsqrt{s}GfG
a~hνoxG{}τ–}PGusingGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 3

63 {τπonstruπtionGμnρGiρτntiψiπμtionGoψGνoostτρGρiTˇ�GsystτmsGinGμGsτμrπhGψorGqiggsGνosonGpμirsGusingGXZG
}τ–GprotonTprotonGπollisionGρμtμGinGj}uj|UGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 3

62
|τμrπhGψorGρouνlyGμnρGsinglyGπhμrgτρGqiggsGνosonsGρτπμyingGintoGvτπtorGνosonsGinGmultiTlτptonGψinμlG
stμtτsGwithGthτGj}uj|GρτtτπtorGusingGprotonTprotonGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–UG
JournaltoftHightEnergytPhysicsSG2021SGYWYXSGX

5.4 3

61 vτμsurτmτntGoψGhμρroniπGτvτntGshμpτsGinGhighTp}GmultijτtGψinμlGstμtτsGμtGOGsqrt{s}GPGfGXZG}τ–GwithG
thτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 3

60 vτρiumTrnρuπτρGvoρiψiπμtionGoψGZT}μggτρGlhμrgτρGyμrtiπlτG±iτlρsGinGyνRyνGlollisionsGμtG]UWY´ }τ–G
withGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2021SGXY^SGW_YZWX 7.4 3

59 vτμsurτmτntGoψGρistriνutionsGsτnsitivτGtoGthτGunρτrlyingGτvτntGinGinπlusivτGZGνosonGproρuπtionGinG
ppGπollisionsGμtGOsqrt{s}PGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 2

58 yτrψormμnπτGoψGthτGupgrμρτρGyrτyroπτssorGoψGthτGj}uj|GuτvτlTXGlμlorimτtτrG}riggτrUGJournaltoft
InstrumentationSG2020SGX]SGyXXWX^TyXXWX^ 1 2

57 vτμsurτmτntGoψGthτGZOTgGâ��Râ��â��P˛‡GproρuπtionGπrossTsτπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithG
thτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 2

56
|τμrπhGψorG{TpμrityTviolμtingGsupτrsymmτtryGinGμGψinμlGstμtτGπontμiningGlτptonsGμnρGmμnyGjτtsGwithG
thτGj}uj|GτxpτrimτntGusingGOsqrt{s}GfGXZhνoxG{G}τ–}PGprotonâ��protonGπollisionGρμtμUGEuropeant
PhysicaltJournaltCSG2021SGaXSGX

4.2 2

55
|τμrπhGψorGρμrkGmμttτrGinGτvτntsGwithGmissingGtrμnsvτrsτGmomτntumGμnρGμGqiggsGνosonGρτπμyingG
intoGtwoGphotonsGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHight
EnergytPhysicsSG2021SGYWYXSGX

5.4 2

54 vτμsurτmτntGoψGthτGinπlusivτGisolμtτρTphotonGπrossGsτπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–G
usingGZ^Gψνâ��XGoψGj}uj|GρμtμUGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 2
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53
vτμsurτmτntsGoψGinπlusivτGμnρGρiψψτrτntiμlGπrossTsτπtionsGoψGπomνinτρGOGtovτrlinτ{t}gμmmμGPGμnρG
t ˛‡GproρuπtionGinGthτGτ˛…GπhμnnτlGμtGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysics
SG2020SGYWYWSGX

5.4 2

52 vτμsurτmτntGoψGisolμtτρTphotonGplusGtwoTjτtGproρuπtionGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithG
thτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 2

51
|τμrπhGψorGmμrkGvμttτrGyroρuπτρGinGjssoπiμtionGwithGμGmμrkGqiggsGkosonGmτπμyingGintoG ≥{´–} ≥{h}G
orGZZGinGoullyGqμρroniπGoinμlG|tμtτsGψromGsqrtℓs√fXZGG}τ–GppGlollisionsG{τπorρτρGwithGthτGj}uj|G
mτtτπtorUGPhysicaltReviewtLettersSG2021SGXY^SGXYXaWY

7.4 2

50 uongituρinμlGolowGmτπorrτlμtionsGinG¯τR¯τGlollisionsGμtGsqrtℓs_{ww}√f]U[[GG}τ–GwithGthτGj}uj|G
mτtτπtorUGPhysicaltReviewtLettersSG2021SGXY^SGXYYZWX 7.4 2

49 xptimisμtionGoψGlμrgτTrμρiusGjτtGrτπonstruπtionGψorGthτGj}uj|GρτtτπtorGinGXZG}τ–Gprotonâ��protonG
πollisionsUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 2

48 |τμrπhGψorGmisplμπτρGuτptonsGinGsqrtℓs√fXZGG}τ–GppGlollisionsGwithGthτGj}uj|GmτtτπtorUGPhysicalt
ReviewtLettersSG2021SGXY_SGW]XaWY 7.4 2

47 }woTpμrtiπlτGμzimuthμlGπorrτlμtionsGinGphotonuπlτμrGultrμpτriphτrμlGyνRyνGπollisionsGμtG]UWYG}τ–G
withGj}uj|UGPhysicaltReviewtCSG2021SGXW[SG 2.7 2

46 |τμrπhGψorGsupτrsymmτtryGinGτvτntsGwithGψourGorGmorτGπhμrgτρGlτptonsGinGXZbGψνâ��XGoψGOGsqrt{s}GPGfG
XZG}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 2

45 vτμsurτmτntGoψGZZGproρuπtionGinGthτGâ��â�� ˛‰ ˛‰GψinμlGstμtτGwithGthτGj}uj|GρτtτπtorGinGppGπollisionsGμtGOG
sqrt{s}GPGfGXZG}τ–UGJournaltoftHightEnergytPhysicsSG2019SGYWXbSGX 5.4 2

44 vτμsurτmτntGoψGO ≥{pmG}PTνosonGμnρGZTνosonGproρuπtionGπrossTsτπtionsGinGppGπollisionsGμtG
Osqrt{s}fYU_^PG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2019SG_bSGX 4.2 2

43 nxπlusivτGρimuonGproρuπtionGinGultrμpτriphτrμlGyνRyνGπollisionsGμtGswwf]UWY}τ–GwithGj}uj|UG
PhysicaltReviewtCSG2021SGXW[SG 2.7 2

42
vτμsurτmτntsGoψGtopTquμrkGpμirGsinglτTGμnρGρouνlτTρiψψτrτntiμlGπrossTsτπtionsGinGthτGμllThμρroniπG
πhμnnτlGinGppGπollisionsGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–GusingGthτGj}uj|GρτtτπtorUGJournaltoftHight
EnergytPhysicsSG2021SGYWYXSGX

5.4 2

41 xpτrμtionGμnρGpτrψormμnπτGoψGthτGj}uj|GsτmiπonρuπtorGtrμπkτrGinGuqlG{un´ YUGJournaltoft
InstrumentationSG2022SGX_SGyWXWXZ 1 1

40 |τμrπhGψorGρouνlyGπhμrgτρGqiggsGνosonGproρuπtionGinGmultiTlτptonGψinμlGstμtτsGwithGthτGj}uj|G
ρτtτπtorGusingGprotonâ��protonGπollisionsGμtGOsqrt{s}fXZStτxtG{}τ–}PG2018SG_aSGX 1

39 |τμrπhGψorGtopGsquμrksGinGτvτntsGwithGμGqiggsGorGZGνosonGusingGXZbGψνO≥{TX}PGoψGppGπollisionGρμtμGμtG
Osqrt{s}fXZPG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2020SGaWSGX 4.2 1

38 |τμrπhGψorGhτμvyGrτsonμnπτsGρτπμyingGintoGμG GorGZGνosonGμnρGμGqiggsGνosonGinGψinμlGstμtτsGwithG
lτptonsGμnρGνTjτtsGinGZ^Gψνâ��XGoψGOGsqrt{s}fXZGPG}τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorG2018SGYWXaSGX 1

37 vτμsurτmτntGoψGρiψψτrτntiμlGπrossGsτπtionsGψorGsinglτGρiψψrμπtivτGρissoπiμtionGinGOGsqrt{s}GPGfGaG}τ–GppG
πollisionsGusingGthτGj}uj|GjuojGspτπtromτtτrUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX 5.4 1

36
|τμrπhGψorGρirτπtGproρuπtionGoψGτlτπtrowτμkinosGinGψinμlGstμtτsGwithGmissingGtrμnsvτrsτGmomτntumG
μnρGμGqiggsGνosonGρτπμyingGintoGphotonsGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|G
ρτtτπtorUGJournaltoftHightEnergytPhysicsSG2020SGYWYWSGX

5.4 1
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35
|τμrπhGψorGqiggsGνosonGproρuπtionGinGμssoπiμtionGwithGμGhighTτnτrgyGphotonGviμGvτπtorTνosonG
ψusionGwithGρτπμyGintoGνottomGquμrkGpμirsGμtGOGsqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoft
HightEnergytPhysicsSG2021SGYWYXSGX

5.4 1

34 vτμsurτmτntGoψGthτGlyTviolμtingGphμsτGKKphiG_sKKGinGKKGk_{s}≥{W}GrightμrrowGsVpsiGphiGKKGρτπμysGinG
j}uj|GμtGXZ´ }τ–UGEuropeantPhysicaltJournaltCSG2021SGaXSG 4.2 1

33 }τstGoψGthτGunivτrsμlityGoψGˇ�GμnρG˛…GlτptonGπouplingsGinG TνosonGρτπμysGwithGthτGj}uj|GρτtτπtorUG
NaturetPhysicsSG2021SGX_SGaXZTaXa 16.2 1

32
mτtτrminμtionGoψGthτGpμrtonGρistriνutionGψunπtionsGoψGthτGprotonGψromGj}uj|GmτμsurτmτntsGoψG
ρiψψτrτntiμlG ´–GμnρGZGνosonGproρuπtionGinGμssoπiμtionGwithGjτtsUGJournaltoftHightEnergytPhysicsSG2021
SGYWYXSGX

5.4 1

31 jGsτμrπhGψorGthτGρτπμysGoψGstoppτρGlongTlivτρGpμrtiπlτsGμtGOGsqrt{mμthrm{s}}GPGfGXZG}τ–GwithGthτG
j}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 1

30 yτrψormμnπτGoψGthτGj}uj|G{ylGρτtτπtorGμnρGuτvτlTXGmuonGνμrrτlGtriggτrGμtGâ��OsPfXZG}τ–UGJournaltoft
InstrumentationSG2021SGX^SGyW_WYb 1 1

29 vτμsurτmτntGoψGsinglτGtopTquμrkGproρuπtionGinGμssoπiμtionGwithGμG GνosonGinGthτGsinglτTlτptonG
πhμnnτlGμtGOsqrt{s}GfGaStτxtG{}τ–}PGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 1

28 vτμsurτmτntsGoψGsτnsorGrμρiμtionGρμmμgτGinGthτGj}uj|GinnτrGρτtτπtorGusingGlτμkμgτGπurrτntsUG
JournaltoftInstrumentationSG2021SGX^SGyWaWY] 1 1

27
vτμsurτmτntsGoψGthτGinπlusivτGμnρGρiψψτrτntiμlGproρuπtionGπrossGsτπtionsGoψGμGtopTquμrkâ��μntiquμrkG
pμirGinGμssoπiμtionGwithGμGZGνosonGμtGOsqrt{s}GfGXZPG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicalt
JournaltCSG2021SGaXSGX

4.2 1

26 |τμrπhGψorGwτwGyhτnomτnμGinGoinμlG|tμtτsGwithG}woGuτptonsGμnρGxnτGorGwoGνT}μggτρGsτtsGμtG
sqrtℓs√fXZGG}τ–G~singGthτGj}uj|GmτtτπtorUGPhysicaltReviewtLettersSG2021SGXY_SGX[XaWX 7.4 1

25 |τμrπhGψorGphτnomτnμGντyonρGthτG|tμnρμrρGvoρτlGinGτvτntsGwithGlμrgτGνTjτtGmultipliπityGusingGthτG
j}uj|GρτtτπtorGμtGthτGuqlUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 1

24
|τμrπhGψorGπhμrginoâ��nτutrμlinoGpμirGproρuπtionGinGψinμlGstμtτsGwithGthrττGlτptonsGμnρGmissingG
trμnsvτrsτGmomτntumGinGKKsqrt{s}GfGXZKK´ }τ–GppGπollisionsGwithGthτGj}uj|GρτtτπtorUGEuropeant
PhysicaltJournaltCSG2021SGaXSGX

4.2 1

23 lonψigurμtionGμnρGpτrψormμnπτGoψGthτGj}uj|GνTjτtGtriggτrsGinG{unGYUGEuropeantPhysicaltJournaltCSG
2021SGaXSGX 4.2 1

22 mτtτrminμtionGoψGthτGpμrtonGρistriνutionGψunπtionsGoψGthτGprotonGusingGρivτrsτGj}uj|GρμtμGψromGppG
πollisionsGμtGKKsqrt{s}GfG_KKSGaGμnρGXZ´ }τ–UGEuropeantPhysicaltJournaltCSG2022SGaYSGX 4.2 1

21 nmulμtingGthτGimpμπtGoψGμρρitionμlGprotonâ��protonGintτrμπtionsGinGthτGj}uj|GsimulμtionGνyG
prτsμmplingGsτtsGoψGinτlμstiπGvontτGlμrloGτvτntsUGComputingtandtSoftwaretfortBigtScienceSG2022SG^SGX 6 0

20 yτrψormμnπτGoψGthτGj}uj|GuτvτlTXGtopologiπμlGtriggτrGinG{un´ YUGEuropeantPhysicaltJournaltCSG2022SG
aYSGX 4.2 0

19
|τμrπhGψorGτxotiπGρτπμysGoψGthτGqiggsGνosonGintoGνKKGovτrlinτ{ν}GKKGμnρGmissingGtrμnsvτrsτG
momτntumGinGppGπollisionsGμtGKKGsqrt{s}GKKGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHight
EnergytPhysicsSG2022SGYWYYSGX

5.4 0

18
xνsτrvμtionGoψGτlτπtrowτμkGproρuπtionGoψGtwoGjτtsGinGμssoπiμtionGwithGμnGisolμtτρGphotonGμnρG
missingGtrμnsvτrsτGmomτntumSGμnρGsτμrπhGψorGμGqiggsGνosonGρτπμyingGintoGinvisiνlτGpμrtiπlτsGμtG
XZ´ KKtτxtG{}τ–}KKGwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2022SGaYSGX

4.2 0
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17 vτμsurτmτntGoψGthτGtOGovτrlinτ{t}GPtOGovτrlinτ{t}GPGproρuπtionGπrossGsτπtionGinGppGπollisionsGμtGOG
sqrt{s}GPGfGXZG}τ–GwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 0

16 vτμsurτmτntsGoψG R â��RGâ�¥GXGjτtGproρuπtionGπrossTsτπtionsGinGppGπollisionsGμtGOGsqrt{s}GPGfGXZG}τ–G
withGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 0

15 vτμsurτmτntsGoψGqiggsGνosonsGρτπμyingGtoGνottomGquμrksGψromGvτπtorGνosonGψusionGproρuπtionG
withGthτGj}uj|GτxpτrimτntGμtGOsqrt{s}fXZStτxtG{}τ–}PUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 0

14 vτμsurτmτntsGoψGρiψψτrτntiμlGπrossTsτπtionsGinGψourTlτptonGτvτntsGinGXZG}τ–GprotonTprotonG
πollisionsGwithGthτGj}uj|GρτtτπtorUGJournaltoftHightEnergytPhysicsSG2021SGYWYXSGX 5.4 0

13 |τμrπhGψorGsquμrksGμnρGgluinosGinGψinμlGstμtτsGwithGonτGisolμtτρGlτptonSGjτtsSGμnρGmissingGtrμnsvτrsτG
momτntumGμtGOsqrt{s}fXZPG}τ–GwithGthτGj}uj|GρτtτπtorUGEuropeantPhysicaltJournaltCSG2021SGaXSGX 4.2 0

12 }hτGj}uj|GoμstG}rμπtτrGsystτmUGJournaltoftInstrumentationSG2021SGX^SGyW_WW^ 1 0

11
|τμrπhGψorGqiggsGνosonsGρτπμyingGintoGnτwGspinTWGorGspinTXGpμrtiπlτsGinGψourTlτptonGψinμlGstμtτsGwithG
thτGj}uj|GρτtτπtorGwithGXZbGψνâ��XGoψGppGπollisionGρμtμGμtGKKGsqrt{s}GKKGfGXZG}τ–UGJournaltoftHight
EnergytPhysicsSG2022SGYWYYSGX

5.4 0

10 jtloμstZcG}hτGwτxtGpτnτrμtionGoψGoμstG|imulμtionGinGj}uj|UGComputingtandtSoftwaretfortBigtScienceSG
2022SG^SGX 6 0

9
vτμsurτmτntGoψGthτGτnτrgyGrτsponsτGoψGthτGj}uj|´ πμlorimτtτrGtoGπhμrgτρ´ pionsGψromGKK ≥{pmG
}rightμrrowGtμuG≥{pmG}OrightμrrowGpiG≥{pmG}nuG_{tμuG}PnuG_{tμuG}KKGτvτntsGinG{un´ YGρμtμUGEuropeant
PhysicaltJournaltCSG2022SGaYSGX

4.2 0

8
|τμrπhGψorGμssoπiμtτρGproρuπtionGoψGμGZGνosonGwithGμnGinvisiνlyGρτπμyingGqiggsGνosonGorGρμrkG
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