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373 zπrρormΓnμπFoρFtχπFk‘vk~FvπvπlTYFtopoloτψμΓlFtrψττπrFψnF}un´ ZVFEuropeanoPhysicaloJournaloCSF2022SF
bZSFY 4.2 0

372
~πΓrμχFρorFπxotψμFνπμΓysFoρFtχπFrψττsFγosonFψntoFγJJFovπrlψnπ{γ}FJJFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFψnFppFμollψsψonsFΓtFJJFsqrt{s}FJJFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2022SFZXZZSFY

5.4 0

371
yγsπrvΓtψonFoρFπlπμtrowπΓkFproνuμtψonFoρFtwoFjπtsFψnFΓssoμψΓtψonFwψtχFΓnFψsolΓtπνFpχotonFΓnνF
mψssψnτFtrΓnsvπrsπFmomπntumSFΓnνFsπΓrμχFρorFΓFrψττsFγosonFνπμΓyψnτFψntoFψnvψsψγlπFpΓrtψμlπsFΓtF
Y[´ JJtπxtF{‘π–}JJFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2022SFbZSFY

4.2 0

370
~πΓrμχFρorFrψττsFγosonsFνπμΓyψnτFψntoFnπwFspψnTXForFspψnTYFpΓrtψμlπsFψnFρourTlπptonFρψnΓlFstΓtπsFwψtχF
tχπFk‘vk~FνπtπμtorFwψtχFY[cFργâ��YFoρFppFμollψsψonFνΓtΓFΓtFJJFsqrt{s}FJJFgFY[F‘π–VFJournaloofoHigho
EnergyoPhysicsSF2022SFZXZZSFY

5.4 0

369 ktlpΓst[dF‘χπFxπxtFqπnπrΓtψonFoρFpΓstF~ψmulΓtψonFψnFk‘vk~VFComputingoandoSoftwareoforoBigoScienceSF
2022SF_SFY 6 0

368
wπΓsurπmπntFoρFtχπFπnπrτyFrπsponsπFoρFtχπFk‘vk~´ μΓlorψmπtπrFtoFμχΓrτπν´ pψonsFρromFJJ—≥{pmF
}rψτχtΓrrowFtΓuF≥{pmF}NrψτχtΓrrowFpψF≥{pmF}nuF_{tΓuF}OnuF_{tΓuF}JJFπvπntsFψnF}un´ ZFνΓtΓVFEuropeano
PhysicaloJournaloCSF2022SFbZSFY

4.2 0

367 ‘χπFk‘vk~FψnnπrFνπtπμtorFtrψττπrFpπrρormΓnμπFψnFppFμollψsψonsFΓtFY[´ ‘π–FνurψnτFvrmF}unFZVF
EuropeanoPhysicaloJournaloCSF2022SFbZSFY 4.2

366 nπtπrmψnΓtψonFoρFtχπFpΓrtonFνψstrψγutψonFρunμtψonsFoρFtχπFprotonFusψnτFνψvπrsπFk‘vk~FνΓtΓFρromFppF
μollψsψonsFΓtFJJsqrt{s}FgFaJJSFbFΓnνFY[´ ‘π–VFEuropeanoPhysicaloJournaloCSF2022SFbZSFY 4.2 1

365
~πΓrμχFρorF}TpΓrψtyTvψolΓtψnτFsupπrsymmπtryFψnFΓFρψnΓlFstΓtπFμontΓψnψnτFlπptonsFΓnνFmΓnyFjπtsFwψtχF
tχπFk‘vk~FπxpπrψmπntFusψnτFNsqrt{s}FgFY[χγoxF{F‘π–}OFprotonâ��protonFμollψsψonFνΓtΓVFEuropeano
PhysicaloJournaloCSF2021SFbYSFY

4.2 2

364 wπΓsurπmπntFoρFtχπFtNFovπrlψnπ{t}FOtNFovπrlψnπ{t}FOFproνuμtψonFμrossFsπμtψonFψnFppFμollψsψonsFΓtFNF
sqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 0

363
~πΓrμχFρorFνΓrkFmΓttπrFψnFπvπntsFwψtχFmψssψnτFtrΓnsvπrsπFmomπntumFΓnνFΓFrψττsFγosonFνπμΓyψnτF
ψntoFtwoFpχotonsFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2021SFZXZYSFY

5.4 2

362 ~πΓrμχFρorFtypπTsssFsππsΓwFχπΓvyFlπptonsFψnFνψlπptonFρψnΓlFstΓtπsFψnFppFμollψsψonsFΓtFNFsqrt{s}FgFY[S{tπxtF
{‘π–}}FOFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 7

361 wπΓsurπmπntFoρFlψτχtTγyTlψτχtFsμΓttπrψnτFΓnνFsπΓrμχFρorFΓxψonTlψkπFpΓrtψμlπsFwψtχFZVZFnγâ��YFoρFzγRzγF
νΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 5

360
~πΓrμχFρorFrψττsFγosonFproνuμtψonFψnFΓssoμψΓtψonFwψtχFΓFχψτχTπnπrτyFpχotonFvψΓFvπμtorTγosonF
ρusψonFwψtχFνπμΓyFψntoFγottomFquΓrkFpΓψrsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2021SFZXZYSFY

5.4 1

359
~πΓrμχFρorFnπwFpχπnomπnΓFwψtχFtopFquΓrkFpΓψrsFψnFρψnΓlFstΓtπsFwψtχFonπFlπptonSFjπtsSFΓnνFmψssψnτF
trΓnsvπrsπFmomπntumFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2021SFZXZYSFY

5.4 6

358
~πΓrμχFρorFnπwFpχπnomπnΓFψnFπvπntsFwψtχFtwoFopposψtπTμχΓrτπFlπptonsSFjπtsFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFψnFppFμollψsψonsFΓtFNFsqrt{mΓtχrm{s}}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2021SFZXZYSFY

5.4 8

357
~πΓrμχFρorFpΓψrFproνuμtψonFoρFsμΓlΓrFlπptoquΓrksFνπμΓyψnτFψntoFρψrstTForFsπμonνTτπnπrΓtψonFlπptonsF
ΓnνFtopFquΓrksFψnFprotonâ��protonFμollψsψonsFΓtFNsqrt{s}OFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2021SFbYSFY

4.2 5
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356 yptψmψsΓtψonFoρFlΓrτπTrΓνψusFjπtFrπμonstruμtψonFρorFtχπFk‘vk~FνπtπμtorFψnFY[F‘π–Fprotonâ��protonF
μollψsψonsVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 2

355
~πΓrμχFρorFχπΓvyFrπsonΓnμπsFνπμΓyψnτFψntoFΓFpΓψrFoρFZFγosonsFψnFtχπFNπllF≥RπllF≥TπllFM≥RπllFM≥TOFΓnνFNπllF
≥RπllF≥TnuF{{γΓr{nuF}}}OFρψnΓlFstΓtπsFusψnτFY[cFNmΓtχrmF{ργ}≥{TY}OFoρFprotonâ��protonFμollψsψonsFΓtF
Nsqrt{s}FgFY[SO‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY

4.2 8

354
~πΓrμχFρorFnπwFpχπnomπnΓFψnFρψnΓlFstΓtπsFwψtχFγTjπtsFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFψnFNF
sqrt{mΓtχrm{s}}FOFgFY[F‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2021SFZXZYSFY

5.4 6

353
~πΓrμχFρorFΓFχπΓvyFrψττsFγosonFνπμΓyψnτFψntoFΓFZFγosonFΓnνFΓnotχπrFχπΓvyFrψττsFγosonFψnFtχπFNπllF
πllFγγOFΓnνFNπllFπllF——OFρψnΓlFstΓtπsFψnFppFμollψsψonsFΓtFNsqrt{s}gY[OFNtπxtF{‘π–}OFwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY

4.2 7

352
~πΓrμχFρorFνouγlyFΓnνFsψnτlyFμχΓrτπνFrψττsFγosonsFνπμΓyψnτFψntoFvπμtorFγosonsFψnFmultψTlπptonFρψnΓlF
stΓtπsFwψtχFtχπFk‘vk~FνπtπμtorFusψnτFprotonTprotonFμollψsψonsFΓtFNFsqrt{mΓtχrm{s}}FOFgFY[F‘π–VF
JournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY

5.4 3

351 wπΓsurπmπntsFoρF—R—â��RFâ�¥FYFjπtFproνuμtψonFμrossTsπμtψonsFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 0

350 ~πΓrμχFρorFμχΓrτπνFrψττsFγosonsFνπμΓyψnτFψntoFΓFtopFquΓrkFΓnνFΓFγottomFquΓrkFΓtFNFsqrt{mΓtχrm{s}}F
OFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 8

349 wπΓsurπmπntsFoρFrψττsFγosonsFνπμΓyψnτFtoFγottomFquΓrksFρromFvπμtorFγosonFρusψonFproνuμtψonF
wψtχFtχπFk‘vk~FπxpπrψmπntFΓtFNsqrt{s}gY[StπxtF{‘π–}OVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 0

348
~πΓrμχFρorFpΓψrFproνuμtψonFoρFtχψrνTτπnπrΓtψonFsμΓlΓrFlπptoquΓrksFνπμΓyψnτFψntoFΓFtopFquΓrkFΓnνFΓF
ˇ�TlπptonFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2021SFZXZYSFY

5.4 6

347 ~πΓrμχFρorFsupπrsymmπtryFψnFπvπntsFwψtχFρourForFmorπFμχΓrτπνFlπptonsFψnFY[cFργâ��YFoρFNFsqrt{s}FOFgF
Y[F‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 2

346
nπtπrmψnΓtψonFoρFtχπFpΓrtonFνψstrψγutψonFρunμtψonsFoρFtχπFprotonFρromFk‘vk~FmπΓsurπmπntsFoρF
νψρρπrπntψΓlF—´–FΓnνFZFγosonFproνuμtψonFψnFΓssoμψΓtψonFwψtχFjπtsVFJournaloofoHighoEnergyoPhysicsSF2021
SFZXZYSFY

5.4 1

345 wπΓsurπmπntsFoρFνψρρπrπntψΓlFμrossTsπμtψonsFψnFρourTlπptonFπvπntsFψnFY[F‘π–FprotonTprotonF
μollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 0

344 kFsπΓrμχFρorFtχπFνπμΓysFoρFstoppπνFlonτTlψvπνFpΓrtψμlπsFΓtFNFsqrt{mΓtχrm{s}}FOFgFY[F‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 1

343 wuonFrπμonstruμtψonFΓnνFψνπntψρψμΓtψonFπρρψμψπnμyFψnFk‘vk~FusψnτFtχπFρullF}unFZFppFμollψsψonFνΓtΓFsπtF
ΓtFNsqrt{s}gY[OF‘π–VFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 13

342 wπΓsurπmπntFoρFχΓνronψμFπvπntFsχΓpπsFψnFχψτχTp‘FmultψjπtFρψnΓlFstΓtπsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχF
tχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 3

341
~πΓrμχFρorFsquΓrksFΓnνFτluψnosFψnFρψnΓlFstΓtπsFwψtχFjπtsFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFusψnτFY[cF
ργâ��YFoρFNFsqrt{s}FOFgFY[F‘π–FppFμollψsψonFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2021SFZXZYSFY

5.4 8

340 nψρρπrπntψΓlFμrossTsπμtψonFmπΓsurπmπntsFρorFtχπFπlπμtrowπΓkFproνuμtψonFoρFνψjπtsFψnFΓssoμψΓtψonF
wψtχFΓFZFγosonFψnFprotonâ��protonFμollψsψonsFΓtFk‘vk~VFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 5

339 wπΓsurπmπntsFoρF—rFΓnνFZrFproνuμtψonFψnFtχπFNrFrψτχtΓrrowFγγΓr{γ}OFνπμΓyFμχΓnnπlFψnFppF
μollψsψonsFΓtFNY[StπxtF{‘π}tπxtF{–}OFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 7
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338 ~πΓrμχFρorFνΓrkFmΓttπrFψnFΓssoμψΓtψonFwψtχFΓnFπnπrτπtψμFpχotonFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 5

337 ~πΓrμχFρorFsquΓrksFΓnνFτluψnosFψnFρψnΓlFstΓtπsFwψtχFonπFψsolΓtπνFlπptonSFjπtsSFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFΓtFNsqrt{s}gY[OF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 0

336 wπΓsurπmπntFoρFsψnτlπFtopTquΓrkFproνuμtψonFψnFΓssoμψΓtψonFwψtχFΓF—FγosonFψnFtχπFsψnτlπTlπptonF
μχΓnnπlFΓtFNsqrt{s}FgFbStπxtF{‘π–}OFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 1

335 tπtFπnπrτyFsμΓlπFΓnνFrπsolutψonFmπΓsurπνFψnFprotonâ��protonFμollψsψonsFΓtFNsqrt{s}gY[OF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 11

334
wπΓsurπmπntsFoρFtχπFψnμlusψvπFΓnνFνψρρπrπntψΓlFproνuμtψonFμrossFsπμtψonsFoρFΓFtopTquΓrkâ��ΓntψquΓrkF
pΓψrFψnFΓssoμψΓtψonFwψtχFΓFZFγosonFΓtFNsqrt{s}FgFY[OF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicalo
JournaloCSF2021SFbYSFY

4.2 1

333 ~πΓrμχFρorFνΓrkFmΓttπrFproνuμπνFψnFΓssoμψΓtψonFwψtχFΓFsψnτlπFtopFquΓrkFψnFNsqrt{s}gY[OF‘π–FNppOF
μollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 4

332
wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFsψnτlπTFΓnνFνouγlπTνψρρπrπntψΓlFμrossTsπμtψonsFψnFtχπFΓllTχΓνronψμF
μχΓnnπlFψnFppFμollψsψonsFΓtFNFsqrt{mΓtχrm{s}}FOFgFY[F‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2021SFZXZYSFY

5.4 2

331 ~πΓrμχFρorFpχπnomπnΓFγπyonνFtχπF~tΓnνΓrνFwoνπlFψnFπvπntsFwψtχFlΓrτπFγTjπtFmultψplψμψtyFusψnτFtχπF
k‘vk~FνπtπμtorFΓtFtχπFvrmVFEuropeanoPhysicaloJournaloCSF2021SFbYSFY 4.2 1

330
~πΓrμχFρorFνΓrkFmΓttπrFproνuμπνFψnFΓssoμψΓtψonFwψtχFΓF~tΓnνΓrνFwoνπlFrψττsFγosonFνπμΓyψnτFψntoF
γTquΓrksFusψnτFtχπFρullF}unFZFνΓtΓsπtFρromFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SF
ZXZYSFY

5.4 0

329 wπΓsurπmπntFoρFtχπFproνuμtψonFμrossFsπμtψonFoρFpΓψrsFoρFψsolΓtπνFpχotonsFψnFppFμollψsψonsFΓtFY[F‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SFZXZYSFY 5.4 0

328
~πΓrμχFρorFπxotψμFνπμΓysFoρFtχπFrψττsFγosonFψntoFlonτTlψvπνFpΓrtψμlπsFψnFppFμollψsψonsFΓtFJJFsqrt{s}FJJF
gFY[F‘π–FusψnτFνψsplΓμπνFvπrtψμπsFψnFtχπFk‘vk~FψnnπrFνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SF
ZXZYSFY

5.4 0

327
~πΓrμχFρorFμχΓrτψnoâ��nπutrΓlψnoFpΓψrFproνuμtψonFψnFρψnΓlFstΓtπsFwψtχFtχrππFlπptonsFΓnνFmψssψnτF
trΓnsvπrsπFmomπntumFψnFJJsqrt{s}FgFY[JJ´ ‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2021SFbYSFY

4.2 1

326 monρψτurΓtψonFΓnνFpπrρormΓnμπFoρFtχπFk‘vk~FγTjπtFtrψττπrsFψnF}unFZVFEuropeanoPhysicaloJournaloCSF
2021SFbYSFY 4.2 1

325
wπΓsurπmπntFoρFγTquΓrkFρrΓτmπntΓtψonFpropπrtψπsFψnFjπtsFusψnτFtχπFνπμΓyFl´–FThFtWˇ�u´–FψnFppF
μollψsψonsFΓtFJJFsqrt{s}FJJFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2021SF
ZXZYSFY

5.4 0

324 rψττsFγosonFproνuμtψonFμrossTsπμtψonFmπΓsurπmπntsFΓnνFtχπψrFop‘FψntπrprπtΓtψonFψnFtχπFN]πllFOF
νπμΓyFμχΓnnπlFΓtFNsqrt{s}gOY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 12

323 ~πΓrμχFρorFpΓψrsFoρFsμΓlΓrFlπptoquΓrksFνπμΓyψnτFψntoFquΓrksFΓnνFπlπμtronsForFmuonsFψnFNFsqrt{s}FOFgFY[F
‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 8

322 ~πΓrμχFρorFsquΓrksFΓnνFτluψnosFψnFρψnΓlFstΓtπsFwψtχFsΓmπTsψτnFlπptonsFΓnνFjπtsFusψnτFY[cFργâ��YFoρFνΓtΓF
μollπμtπνFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 8

321 zπrρormΓnμπFoρFπlπμtronFΓnνFpχotonFtrψττπrsFψnFk‘vk~FνurψnτFvrmF}unFZVFEuropeanoPhysicaloJournalo
CSF2020SFbXSFY 4.2 30
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320 ~πΓrμχFρorFtopFsquΓrksFψnFπvπntsFwψtχFΓFrψττsForFZFγosonFusψnτFY[cFργN≥{TY}OFoρFppFμollψsψonFνΓtΓFΓtF
Nsqrt{s}gY[OF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 1

319 ovψνπnμπFρorFNtγΓr{t}tγΓr{t}OFproνuμtψonFψnFtχπFmultψlπptonFρψnΓlFstΓtπFψnFprotonâ��protonFμollψsψonsFΓtF
Nsqrt{s}gY[OFNtπxtF{‘π–}OFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 8

318 ~πΓrμχFρorFχπΓvyFνψγosonFrπsonΓnμπsFψnFsπmψlπptonψμFρψnΓlFstΓtπsFψnFppFμollψsψonsFΓtFNsqrt{s}gY[OF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 4

317
~πΓrμχFρorFΓFsμΓlΓrFpΓrtnπrFoρFtχπFtopFquΓrkFψnFtχπFΓllTχΓνronψμFNt{γΓr{t}}OFplusFmψssψnτFtrΓnsvπrsπF
momπntumFρψnΓlFstΓtπFΓtFNsqrt{s}gY[OF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2020SFbXSFY

4.2 17

316 klψτnmπntFoρFtχπFk‘vk~FsnnπrFnπtπμtorFψnF}unFZVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 4

315 nπtπrmψnΓtψonFoρFjπtFμΓlψγrΓtψonFΓnνFπnπrτyFrπsolutψonFψnFprotonâ��protonFμollψsψonsFΓtFNsqrt{s}FgF
b~χγoxF{‘π–}OFusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 3

314 ~πΓrμχFρorFNFtovπrlψnπ{t}FOFrπsonΓnμπsFψnFρullyFχΓνronψμFρψnΓlFstΓtπsFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F
‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 6

313 }πμonstruμtψonFΓnνFψνπntψρψμΓtψonFoρFγoostπνFνψTˇ�FsystπmsFψnFΓFsπΓrμχFρorFrψττsFγosonFpΓψrsFusψnτFY[F
‘π–FprotonTprotonFμollψsψonFνΓtΓFψnFk‘vk~VFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 3

312 zπrρormΓnμπFoρFtχπFmψssψnτFtrΓnsvπrsπFmomπntumFtrψττπrsFρorFtχπFk‘vk~FνπtπμtorFνurψnτF}unTZF
νΓtΓFtΓkψnτVFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 8

311 ~πΓrμχFρorFnπwFnonTrπsonΓntFpχπnomπnΓFψnFχψτχTmΓssFνψlπptonFρψnΓlFstΓtπsFwψtχFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 9

310 wπΓsurπmπntsFoρFtχπFrψττsFγosonFψnμlusψvπFΓnνFνψρρπrπntψΓlFρψνuμψΓlFμrossFsπμtψonsFψnFtχπF]NπllFOF
νπμΓyFμχΓnnπlFΓtFNsqrt{s}OFgFY[F‘π–VFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 9

309
~πΓrμχFρorFνψrπμtFproνuμtψonFoρFπlπμtrowπΓkψnosFψnFρψnΓlFstΓtπsFwψtχFonπFlπptonSFmψssψnτFtrΓnsvπrsπF
momπntumFΓnνFΓFrψττsFγosonFνπμΓyψnτFψntoFtwoFγTjπtsFψnFNppOFμollψsψonsFΓtFNsqrt{s}gY[OF‘π–FwψtχF
tχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY

4.2 13

308
wπΓsurπmπntsFoρFtχπFproνuμtψonFμrossTsπμtψonFρorFΓFZFγosonFψnFΓssoμψΓtψonFwψtχFγTjπtsFψnF
protonTprotonFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2020SFZXZXSFY

5.4 5

307
~πΓrμχFρorFtχπFrrFThFNFγovπrlψnπ{γ}γovπrlψnπ{γ}FOFproμπssFvψΓFvπμtorTγosonFρusψonFproνuμtψonFusψnτF
protonTprotonFμollψsψonsFΓtFNFsqrt{s}FOFgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2020SFZXZXSFY

5.4 5

306 yγsπrvΓtψonFoρFtχπFΓssoμψΓtπνFproνuμtψonFoρFΓFtopFquΓrkFΓnνFΓFZFγosonFψnFppFμollψsψonsFΓtFNFsqrt{s}FOgF
Y[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2020SFZXZXSFY 5.4 5

305 wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFspψnFμorrπlΓtψonsFψnFtχπFNπmuFOFμχΓnnπlFΓtFNsqrt{s}FgFY[OF‘π–FusψnτF
ppFμollψsψonsFψnFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2020SFbXSFY 4.2 8

304 wπΓsurπmπntFoρFtχπFμrossTsπμtψonFΓnνFμχΓrτπFΓsymmπtryFoρF—FγosonsFproνuμπνFψnFprotonâ��protonF
μollψsψonsFΓtFNsqrt{s}gb~tπxtF{‘π–}OFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 11

303 olπμtronFrπμonstruμtψonFΓnνFψνπntψρψμΓtψonFψnFtχπFk‘vk~FπxpπrψmπntFusψnτFtχπFZXY^FΓnνFZXY_FvrmF
protonâ��protonFμollψsψonFνΓtΓFΓtFNsqrt{s}FgFY[OFNtπxtF{‘π–}OVFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 37

(2019-2020)
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302
wπΓsurπmπntFoρF–rSFNFmΓtχrm{r}toFmΓtχrm{γ}ovπrlψnπ{mΓtχrm{γ}}FOFproνuμtψonFΓsFΓFρunμtψonFoρF
tχπFvπμtorTγosonFtrΓnsvπrsπFmomπntumFψnFY[F‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2019SFZXYcSFY

5.4 8

301 zπrρormΓnμπFoρFtopTquΓrkFΓnνFNvΓrvπμ{—}OTγosonFtΓττψnτFwψtχFk‘vk~FψnF}unFZFoρFtχπFvrmVFEuropeano
PhysicaloJournaloCSF2019SFacSFY 4.2 19

300 olπμtronFΓnνFpχotonFπnπrτyFμΓlψγrΓtψonFwψtχFtχπFk‘vk~FνπtπμtorFusψnτFZXY^â��ZXY_FvrmF
protonTprotonFμollψsψonFνΓtΓVFJournaloofoInstrumentationSF2019SFY]SFzX[XYaTzX[XYa 1 25

299 ~πΓrμχFρorFνouγlyFμχΓrτπνFsμΓlΓrFγosonsFνπμΓyψnτFψntoFsΓmπTsψτnFγosonFpΓψrsFwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2019SFacSF^b 4.2 20

298 snFsψtuFμΓlψγrΓtψonFoρFlΓrτπTrΓνψusFjπtFπnπrτyFΓnνFmΓssFψnFY[F‘π–Fprotonâ��protonFμollψsψonsFwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 16

297 wπΓsurπmπntFoρFtχπFpχotonFψνπntψρψμΓtψonFπρρψμψπnμψπsFwψtχFtχπFk‘vk~FνπtπμtorFusψnτFvrmF}unFZF
νΓtΓFμollπμtπνFψnFZXY^FΓnνFZXY_VFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 26

296 wπΓsurπmπntFoρFtχπFrΓtψoFoρFμrossFsπμtψonsFρorFψnμlusψvπFψsolΓtπνTpχotonFproνuμtψonFψnFppFμollψsψonsF
ΓtFNFsqrt{s}FOFgFY[FΓnνFbF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2019SFZXYcSFY 5.4 5

295 wπΓsurπmπntFoρFtχπFtopFquΓrkFmΓssFψnFtχπFNtγΓr{t}rψτχtΓrrowFOFlπptonRjπtsFμχΓnnπlFρromFNsqrt{s}gbOF
‘π–Fk‘vk~FνΓtΓFΓnνFμomγψnΓtψonFwψtχFprπvψousFrπsultsVFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 24

294
~πΓrμχFρorFpΓψrFproνuμtψonFoρFrψττsFγosonsFψnFtχπFNFγovπrlψnπ{γ}γovπrlψnπ{γ}FOFρψnΓlFstΓtπFusψnτF
protonTprotonFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2019SFZXYcSFY

5.4 31

293 monstrΓψntsFonFmπνψΓtorTγΓsπνFνΓrkFmΓttπrFΓnνFsμΓlΓrFνΓrkFπnπrτyFmoνπlsFusψnτFNFsqrt{s}FOFgFY[F‘π–F
ppFμollψsψonFνΓtΓFμollπμtπνFγyFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2019SFZXYcSFY 5.4 31

292 kFstrΓtπτyFρorFΓFτπnπrΓlFsπΓrμχFρorFnπwFpχπnomπnΓFusψnτFνΓtΓTνπrψvπνFsψτnΓlFrπτψonsFΓnνFψtsF
ΓpplψμΓtψonFwψtχψnFtχπFk‘vk~FπxpπrψmπntVFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 14

291 wπΓsurπmπntFoρFρψνuμψΓlFΓnνFνψρρπrπntψΓlFN—≥R—≥TOFproνuμtψonFμrossTsπμtψonsFΓtFNsqrt{s}gY[OF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 16

290
wπΓsurπmπntFoρFtχπFψnμlusψvπFμrossTsπμtψonFρorFtχπFproνuμtψonFoρFjπtsFψnFΓssoμψΓtψonFwψtχFΓFZFγosonF
ψnFprotonâ��protonFμollψsψonsFΓtFbF‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2019SF
acSFY

4.2 4

289 k‘vk~FγTjπtFψνπntψρψμΓtψonFpπrρormΓnμπFΓnνFπρρψμψπnμyFmπΓsurπmπntFwψtχFNt{γΓr{t}}OFπvπntsFψnFppF
μollψsψonsFΓtFNsqrt{s}gY[OF‘π–VFEuropeanoPhysicaloJournaloCSF2019SFacSFY 4.2 43

288
wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFνψρρπrπntψΓlFΓnνFνouγlπTνψρρπrπntψΓlFμrossTsπμtψonsFψnFtχπFNπllFORjπtsF
μχΓnnπlFwψtχFppFμollψsψonsFΓtFNsqrt{s}gY[OF‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloC
SF2019SFacSFY

4.2 13

287 wπΓsurπmπntFoρF˛�ππˆ�l˛…˛…FρorFˇ�NZ~OFmπsonVFPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleo
andoHigh-EnergyoPhysicsSF2018SFabYSFYa]TYbY 4.2 0

286
~πΓrμχFρorFΓννψtψonΓlFχπΓvyFnπutrΓlFrψττsFΓnνFτΓuτπFγosonsFψnFtχπFνψtΓuFρψnΓlFstΓtπFproνuμπνFψnF[_F
ργâ��YFoρFppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2018SFZXYbSFY

5.4 81

285 wπΓsurπmπntFoρFtχπFμrossTsπμtψonFρorFproνuμψnτFΓF—FγosonFψnFΓssoμψΓtψonFwψtχFΓFsψnτlπFtopFquΓrkFψnF
ppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFk‘vk~VFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 10
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284 wπΓsurπmπntFoρFtχπFTγosonFmΓssFψnFppFμollψsψonsFΓtFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicalo
JournaloCSF2018SFabSFYYX 4.2 59

283 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFχψτχTmΓssFρψnΓlFstΓtπsFwψtχFΓFpχotonFΓnνFΓFjπtFρromFμollψsψonsFΓtFgF
Y[´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFYXZ 4.2 7

282 ~πΓrμχFρorFtχπFνψrπμtFproνuμtψonFoρFμχΓrτψnosFΓnνFnπutrΓlψnosFψnFρψnΓlFstΓtπsFwψtχFtΓuFlπptonsFψnF
μollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFY^] 4.2 23

281 wπΓsurπmπntFoρFlonτψtuνψnΓlFρlowFνπμorrπlΓtψonsFψnFzγRzγFμollψsψonsFΓtFΓnνF^VXZF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFY]Z 4.2 35

280 wπΓsurπmπntFoρFquΓrkonψumFproνuμtψonFψnFprotonTlπΓνFΓnνFprotonTprotonFμollψsψonsFΓtFwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFYaY 4.2 35

279 wπΓsurπmπntFoρFνψρρπrπntψΓlFμrossTsπμtψonsFoρFΓFsψnτlπFtopFquΓrkFproνuμπνFψnFΓssoμψΓtψonFwψtχFΓF
γosonFΓtFwψtχFk‘vk~VFEuropeanoPhysicaloJournaloCSF2018SFabSFYb_ 4.2 5

278 ~πΓrμχFρorFχπΓvyFrπsonΓnμπsFψnFtχπFΓnνFρψnΓlFstΓtπsFusψnτFprotonTprotonFμollψsψonsFΓtF´ FwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFZc[ 4.2 41

277 kFsπΓrμχFρorFpΓψrTproνuμπνFrπsonΓnμπsFψnFρourTjπtFρψnΓlFstΓtπsFΓtFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2018SFabSFZ^X 4.2 28

276
~πΓrμχFρorFχπΓvyFrπsonΓnμπsFνπμΓyψnτFψntoFΓF—ForFZFγosonFΓnνFΓFrψττsFγosonFψnFρψnΓlFstΓtπsFwψtχF
lπptonsFΓnνFγTjπtsFψnF[_Fργâ��YFoρFNFsqrt{s}gY[FOF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2018SFZXYbSFY

5.4 26

275 ~πΓrμχFρorFχπΓvyFrπsonΓnμπsFνπμΓyψnτFψntoFψnFtχπFρψnΓlFstΓtπFψnFμollψsψonsFΓtFwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFZ] 4.2 47

274 nψrπμtFtopTquΓrkFνπμΓyFwψνtχFmπΓsurπmπntFψnFtχπFlπptonRjπtsFμχΓnnπlFΓtFwψtχFtχπFk‘vk~F
πxpπrψmπntVFEuropeanoPhysicaloJournaloCSF2018SFabSFYZc 4.2 11

273 ~πΓrμχFρorF—F—W—FZFrπsonΓnμπFproνuμtψonFψnFâ��˛‰qqFρψnΓlFstΓtπsFψnFppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 22

272 wπΓsurπmπntFoρFtχπFrψττsFγosonFμouplψnτFpropπrtψπsFψnFtχπFrFThFZZPFThF]â��FνπμΓyFμχΓnnπlFΓtFNF
sqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 36

271 wπΓsurπmπntFoρFψnμlusψvπFjπtFΓnνFνψjπtFμrossTsπμtψonsFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}gY[FOF
‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 12

270 ~πΓrμχFρorFνΓrkFmΓttπrFproνuμπνFψnFΓssoμψΓtψonFwψtχFγottomForFtopFquΓrksFψnF´ ‘π–FμollψsψonsFwψtχF
tχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFYb 4.2 32

269 ~πΓrμχFρorFνouγlyFμχΓrτπνFrψττsFγosonFproνuμtψonFψnFmultψTlπptonFρψnΓlFstΓtπsFwψtχFtχπFk‘vk~F
νπtπμtorFusψnτFprotonTprotonFμollψsψonsFΓtVFEuropeanoPhysicaloJournaloCSF2018SFabSFYcc 4.2 55

268 wπΓsurπmπntFoρFpolΓrψsΓtψonFψnFνπμΓysFψnFprotonTprotonFμollψsψonsFΓtF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2018SFabSFY_[ 4.2 3

267 ~πΓrμχπsFρorFχπΓvyFZZFΓnνFZ—FrπsonΓnμπsFψnFtχπFâ��â��qqFΓnνF˛‰˛‰qqFρψnΓlFstΓtπsFψnFppFμollψsψonsFΓtFNF
sqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 17

(2018-2018)
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266 ~πΓrμχFρorFpΓψrFproνuμtψonFoρFupTtypπFvπμtorTlψkπFquΓrksFΓnνFρorFρourTtopTquΓrkFπvπntsFψnFρψnΓlF
stΓtπsFwψtχFmultψplπFγTjπtsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 23

265
wπΓsurπmπntFoρFνψρρπrπntψΓlFμrossFsπμtψonsFΓnνF—RW—â��FμrossTsπμtψonFrΓtψosFρorF—FγosonFproνuμtψonF
ψnFΓssoμψΓtψonFwψtχFjπtsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2018SFZXYbSFY

5.4 7

264 wπΓsurπmπntFoρFtχπF—TγosonFmΓssFψnFppFμollψsψonsFΓtFNsqrt{s}gaSFχγoxF{‘π–}OFwψtχFtχπFk‘vk~F
νπtπμtorF2018SFabSFY 1

263 ~πΓrμχFρorFνouγlyFμχΓrτπνFrψττsFγosonFproνuμtψonFψnFmultψTlπptonFρψnΓlFstΓtπsFwψtχFtχπFk‘vk~F
νπtπμtorFusψnτFprotonâ��protonFμollψsψonsFΓtFNsqrt{s}gY[StπxtF{‘π–}OF2018SFabSFY 1

262 ~πΓrμχFρorFχπΓvyFrπsonΓnμπsFνπμΓyψnτFψntoFΓF—ForFZFγosonFΓnνFΓFrψττsFγosonFψnFρψnΓlFstΓtπsFwψtχF
lπptonsFΓnνFγTjπtsFψnF[_Fργâ��YFoρFNFsqrt{s}gY[FOF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorF2018SFZXYbSFY 1

261 zromptFΓnνFnonTpromptFπllψptψμFρlowFψnFzγRzγFμollψsψonsFΓtF‘πvFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2018SFabSFab] 4.2 8

260 ~πΓrμχFρorFrψττsFγosonFpΓψrFproνuμtψonFψnFtχπFμχΓnnπlFusψnτFμollψsψonFνΓtΓFrπμorνπνFΓtF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFYXXa 4.2 21

259 wπΓsurπmπntFoρFμolourFρlowFusψnτFjπtTpullFoγsπrvΓγlπsFψnFπvπntsFwψtχFtχπFk‘vk~FπxpπrψmπntFΓtVF
EuropeanoPhysicaloJournaloCSF2018SFabSFb]a 4.2 5

258
~πΓrμχFρorFΓFnπwFχπΓvyFτΓuτπTγosonFrπsonΓnμπFνπμΓyψnτFψntoFΓFlπptonFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFψnF[_FργFoρFμollψsψonsFΓtF´ ‘π–FwψtχFtχπFk‘vk~FπxpπrψmπntVFEuropeanoPhysicaloJournaloCSF
2018SFabSF]XY

4.2 23

257 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFπvπntsFwψtχFsΓmπTμχΓrτπFlπptonsFΓnνFγTjπtsFψnFppFμollψsψonsFΓtFNF
sqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 21

256 wπΓsurπmπntFoρFtχπFΓzψmutχΓlFΓnψsotropyFoρFμχΓrτπνFpΓrtψμlπsFproνuμπνFψnFgF^VXZ´ ‘π–FzγRzγF
μollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSFcca 4.2 21

255 zπrρormΓnμπFoρFmψssψnτFtrΓnsvπrsπFmomπntumFrπμonstruμtψonFwψtχFtχπFk‘vk~FνπtπμtorFusψnτF
protonTprotonFμollψsψonsFΓtVFEuropeanoPhysicaloJournaloCSF2018SFabSFcX[ 4.2 66

254 ypπrΓtψonFΓnνFpπrρormΓnμπFoρFtχπFk‘vk~F‘ψlπFmΓlorψmπtπrFψnF}un´ YVFEuropeanoPhysicaloJournaloCSF
2018SFabSFcba 4.2 13

253
~πΓrμχFρorFsupπrsymmπtryFψnFρψnΓlFstΓtπsFwψtχFmψssψnτFtrΓnsvπrsπFmomπntumFΓnνFmultψplπFγTjπtsFψnF
protonTprotonFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2018SFZXYbSFY

5.4 28

252
~πΓrμχFρorFtopTsquΓrkFpΓψrFproνuμtψonFψnFρψnΓlFstΓtπsFwψtχFonπFlπptonSFjπtsSFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFusψnτF[_Fργâ��YFoρFNFsqrt{s}gY[FOF‘π–FppFμollψsψonFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2018SFZXYbSFY

5.4 33

251 ~πΓrμχFρorFlonτTlψvπνFμχΓrτψnosFγΓsπνFonFΓFνψsΓppπΓrψnτTtrΓμkFsψτnΓturπFψnFppFμollψsψonsFΓtFNF
sqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 48

250 zromptFΓnνFnonTpromptFΓnνFsupprπssψonFΓtFχψτχFtrΓnsvπrsπFmomπntumFψnFzγRzγFμollψsψonsFwψtχF
tχπFk‘vk~FπxpπrψmπntVFEuropeanoPhysicaloJournaloCSF2018SFabSFa_Z 4.2 23

249 ~πΓrμχFρorFrψττsFγosonFνπμΓysFtoFγπyonνTtχπT~tΓnνΓrνTwoνπlFlψτχtFγosonsFψnFρourTlπptonFπvπntsF
wψtχFtχπFk‘vk~FνπtπμtorFΓtFNFsqrt{s}gY[FOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 22
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248 ~πΓrμχFρorFπxμlusψvπFrψττsFΓnνFZFγosonFνπμΓysFtoFi˛‡FΓnνFˇ�˛‡FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 6

247 wπΓsurπmπntsFoρFγTjπtFtΓττψnτFπρρψμψπnμyFwψtχFtχπFk‘vk~FνπtπμtorFusψnτFNFtovπrlψnπ{t}FOFπvπntsFΓtFNF
sqrt{s}gY[FOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 31

246 ~πΓrμχFρorFρlΓvourTμχΓnτψnτFnπutrΓlFμurrπntFtopTquΓrkFνπμΓysFtFThFqZFψnFprotonTprotonFμollψsψonsFΓtFNF
sqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 8

245 wπΓsurπmπntFoρFtχπFψnμlusψvπFΓnνFρψνuμψΓlFproνuμtψonFμrossTsπμtψonsFψnFtχπFlπptonRjπtsFμχΓnnπlFψnF
μollψsψonsFΓtFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSF]ba 4.2 5

244 ~πΓrμχFρorFχπΓvyFpΓrtψμlπsFνπμΓyψnτFψntoFtopTquΓrkFpΓψrsFusψnτFlπptonTplusTjπtsFπvπntsFψnF
protonTprotonFμollψsψonsFΓtF´ FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2018SFabSF^_^ 4.2 34

243
~πΓrμχFρorFnπwFpχπnomπnΓFusψnτFtχπFψnvΓrψΓntFmΓssFνψstrψγutψonFoρFsΓmπTρlΓvourFopposψtπTsψτnF
νψlπptonFpΓψrsFψnFπvπntsFwψtχFmψssψnτFtrΓnsvπrsπFmomπntumFψnF´ FμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2018SFabSF_Z^

4.2 15

242 ~πΓrμχFρorFνΓrkFmΓttπrFΓnνFotχπrFnπwFpχπnomπnΓFψnFπvπntsFwψtχFΓnFπnπrτπtψμFjπtFΓnνFlΓrτπFmψssψnτF
trΓnsvπrsπFmomπntumFusψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2018SFZXYbSFY 5.4 101

241
wπΓsurπmπntFoρFtχπF×pormulΓdFsππFtπxt−FΓnνF×pormulΓdFsππFtπxt−FproνuμtψonFμrossFsπμtψonsFψnF
multψlπptonFρψnΓlFstΓtπsFusψnτF[VZFργ×pormulΓdFsππFtπxt−FoρF×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdF
sππFtπxt−FgFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSF]X

4.2 14

240
kFmπΓsurπmπntFoρFtχπFμΓlorψmπtπrFrπsponsπFtoFsψnτlπFχΓνronsFΓnνFνπtπrmψnΓtψonFoρFtχπFjπtFπnπrτyF
sμΓlπFunμπrtΓψntyFusψnτFvrmF}unTYFTμollψsψonFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicalo
JournaloCSF2017SFaaSFZ_

4.2 22

239
wπΓsurπmπntFoρFtχπFψnμlusψvπFμrossTsπμtψonsFoρFsψnτlπFtopTquΓrkFΓnνFtopTΓntψquΓrkFtTμχΓnnπlF
proνuμtψonFψnFppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2017SFZXYaSFY

5.4 22

238
wπΓsurπmπntFoρFjπtFΓμtψvψtyFproνuμπνFψnFtopTquΓrkFπvπntsFwψtχFΓnFπlπμtronSFΓFmuonFΓnνFtwoF
TtΓττπνFjπtsFψnFtχπFρψnΓlFstΓtπFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2017SFaaSFZZX

4.2 5

237 wπΓsurπmπntFoρFtχπFγosonFpolΓrψsΓtψonFψnF×pormulΓdFsππFtπxt−FπvπntsFρromFμollψsψonsFΓtF×pormulΓdF
sππFtπxt−FgFbF‘π–FψnFtχπFlπpton´ R´ jπtsFμχΓnnπlFwψtχFk‘vk~VFEuropeanoPhysicaloJournaloCSF2017SFaaSFZ_] 4.2 19

236 olπμtronFπρρψμψπnμyFmπΓsurπmπntsFwψtχFtχπFk‘vk~FνπtπμtorFusψnτFZXYZFvrmFprotonTprotonFμollψsψonF
νΓtΓVFEuropeanoPhysicaloJournaloCSF2017SFaaSFYc^ 4.2 61

235
wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFνψρρπrπntψΓlFμrossTsπμtψonsFψnFtχπF×pormulΓdFsππFtπxt−FμχΓnnπlFψnF
μollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SF
aaSFZcZ

4.2 13

234 zπrρormΓnμπFoρFΓlτorψtχmsFtχΓtFrπμonstruμtFmψssψnτFtrΓnsvπrsπFmomπntumFψnF×pormulΓdFsππFtπxt−gF
bF‘π–FprotonTprotonFμollψsψonsFψnFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFZ]Y 4.2 38

233 wπΓsurπmπntFoρFtχπFpromptFW×pormulΓdFsππFtπxt−FpΓψrFproνuμtψonFμrossTsπμtψonFψnFμollψsψonsFΓtF
×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFa_ 4.2 47

232 ~πΓrμχFρorFtrψγosonF×pormulΓdFsππFtπxt−FproνuμtψonFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ×pormulΓdFsππF
tπxt−FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFY]Y 4.2 13

231 ‘opoloτψμΓlFμπllFμlustπrψnτFψnFtχπFk‘vk~FμΓlorψmπtπrsFΓnνFψtsFpπrρormΓnμπFψnFvrmF}unFYVFEuropeano
PhysicaloJournaloCSF2017SFaaSF]cX 4.2 177

(2017-2018)
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230
pψνuμψΓlSFtotΓlFΓnνFνψρρπrπntψΓlFμrossTsπμtψonFmπΓsurπmπntsFoρFTμχΓnnπlFsψnτlπFtopTquΓrkFproνuμtψonF
ψnFμollψsψonsFΓtFb´ ‘π–FusψnτFνΓtΓFμollπμtπνFγyFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SF
aaSF^[Y

4.2 27

229 wπΓsurπmπntsFoρFπlπμtrowπΓkF×pormulΓdFsππFtπxt−FproνuμtψonFΓnνFμonstrΓψntsFonFΓnomΓlousFτΓuτπF
μouplψnτsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSF]a] 4.2 14

228 tπtFrπμonstruμtψonFΓnνFpπrρormΓnμπFusψnτFpΓrtψμlπFρlowFwψtχFtχπFk‘vk~FnπtπμtorVFEuropeanoPhysicalo
JournaloCSF2017SFaaSF]__ 4.2 42

227 wπΓsurπmπntFoρFmultψTpΓrtψμlπFΓzψmutχΓlFμorrπlΓtψonsFψnFppSFp´ R´ zγFΓnνFlowTmultψplψμψtyFzγ´ R´ zγF
μollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSF]Zb 4.2 48

226 wπΓsurπmπntFoρFψnμlusψvπFΓnνFνψρρπrπntψΓlFμrossFsπμtψonsFψnFtχπFrFThFZZFPFThF]â��FνπμΓyFμχΓnnπlFψnFppF
μollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 25

225 wπΓsurπmπntFoρFlπptonFνψρρπrπntψΓlFνψstrψγutψonsFΓnνFtχπFtopFquΓrkFmΓssFψnFproνuμtψonFψnFμollψsψonsF
ΓtF´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFbX] 4.2 11

224 wπΓsurπmπntFoρFtχπFNFtovπrlψnπ{t}τΓmmΓFOFproνuμtψonFμrossFsπμtψonFψnFprotonTprotonFμollψsψonsFΓtFNF
sqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 7

223
wπΓsurπmπntsFoρFμχΓrτπFΓnνFmzFΓsymmπtrψπsFψnFγTχΓνronFνπμΓysFusψnτFtopTquΓrkFπvπntsFμollπμtπνF
γyFtχπFk‘vk~FνπtπμtorFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2017SF
ZXYaSFY

5.4 6

222 zπrρormΓnμπFoρFtχπFk‘vk~FtrΓμkFrπμonstruμtψonFΓlτorψtχmsFψnFνπnsπFπnvψronmπntsFψnFvrmF}unFZVF
EuropeanoPhysicaloJournaloCSF2017SFaaSF_a[ 4.2 33

221
~πΓrμχFρorFnπwFpχπnomπnΓFψnFπvπntsFμontΓψnψnτFΓFsΓmπTρlΓvourFopposψtπTsψτnFνψlπptonFpΓψrSFjπtsSF
ΓnνFlΓrτπFmψssψnτFtrΓnsvπrsπFmomπntumFψnF×pormulΓdFsππFtπxt−´ ×pormulΓdFsππFtπxt−×pormulΓdFsππF
tπxt−FμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFY]]

4.2 8

220
wπΓsurπmπntFoρFtχπFZZFproνuμtψonFμrossFsπμtψonFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–F
usψnτFtχπFZZFThFâ��â�� â��Râ��iâ��â��iRFΓnνFNFZZtoF{πll}≥{T}{πll}≥{R}nuFovπrlψnπ{nu}FOFνπμΓyFμχΓnnπlsFwψtχFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY

5.4 9

219 zroγψnτFtχπF—FtγFvπrtπxFstruμturπFψnFtTμχΓnnπlFsψnτlπTtopTquΓrkFproνuμtψonFΓnνFνπμΓyFψnFppF
μollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 11

218 wπΓsurπmπntsFoρFˇ�NZ~OFΓnνF N[baZOFThFtWˇ�ˇ�FRFˇ�Fâ��FproνuμtψonFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχF
tχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 15

217 wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFtoFZTγosonFμrossTsπμtψonFrΓtψosFΓtFNFsqrt{s}gY[FOFSFbSFaF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 7

216 ~πΓrμχFρorFlπptonTρlΓvourTvψolΓtψnτFνπμΓysFoρFtχπFrψττsFΓnνFγosonsFwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2017SFaaSFaX 4.2 52

215 zπrρormΓnμπFoρFtχπFk‘vk~FtrψττπrFsystπmFψnFZXY^VFEuropeanoPhysicaloJournaloCSF2017SFaaSF[Ya 4.2 272

214 }πμonstruμtψonFoρFprψmΓryFvπrtψμπsFΓtFtχπFk‘vk~FπxpπrψmπntFψnF}unFYFprotonTprotonFμollψsψonsFΓtF
tχπFvrmVFEuropeanoPhysicaloJournaloCSF2017SFaaSF[[Z 4.2 29

213
wπΓsurπmπntsFoρFtχπFproνuμtψonFμrossFsπμtψonFoρFΓF×pormulΓdFsππFtπxt−FγosonFψnFΓssoμψΓtψonFwψtχF
jπtsFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2017SFaaSF[_Y

4.2 26
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212 zrπμψsψonFmπΓsurπmπntFΓnνFψntπrprπtΓtψonFoρFψnμlusψvπFSFΓnνFproνuμtψonFμrossFsπμtψonsFwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSF[_a 4.2 56

211 wπΓsurπmπntFoρFjπtFρrΓτmπntΓtψonFψnFzγRzγFΓnνFμollψsψonsFΓtF‘π–FwψtχFtχπFk‘vk~FνπtπμtorFΓtFtχπF
vrmVFEuropeanoPhysicaloJournaloCSF2017SFaaSF[ac 4.2 35

210
~πΓrμχFρorFνΓrkFmΓttπrFΓtF×pormulΓdFsππFtπxt−FψnFρψnΓlFstΓtπsFμontΓψnψnτFΓnFπnπrτπtψμFpχotonFΓnνF
lΓrτπFmψssψnτFtrΓnsvπrsπFmomπntumFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SF
aaSF[c[

4.2 52

209
wπΓsurπmπntFoρFμχΓrτπνTpΓrtψμlπFνψstrψγutψonsFsπnsψtψvπFtoFtχπFunνπrlyψnτFπvπntFψnFNFsqrt{s}gY[FOF
‘π–FprotonTprotonFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorFΓtFtχπFvrmVFJournaloofoHighoEnergyoPhysicsSF
2017SFZXYaSFY

5.4 9

208 ~πΓrμχFρorFνψrπμtFtopFsquΓrkFpΓψrFproνuμtψonFψnFρψnΓlFstΓtπsFwψtχFtwoFlπptonsFψnF‘π–FμollψsψonsFwψtχF
tχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFbcb 4.2 19

207
~πΓrμχFρorFνψrπμtFtopFsquΓrkFpΓψrFproνuμtψonFψnFπvπntsFwψtχFΓFrψττsForFZFγosonSFΓnνFmψssψnτF
trΓnsvπrsπFmomπntumFψnFNFsqrt{s}gY[FOF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2017SFZXYaSFY

5.4 7

206
wπΓsurπmπntFoρFνπtπμtorTμorrπμtπνFoγsπrvΓγlπsFsπnsψtψvπFtoFtχπFΓnomΓlousFproνuμtψonFoρFπvπntsF
wψtχFjπtsFΓnνFlΓrτπFmψssψnτFtrΓnsvπrsπFmomπntumFψnFμollψsψonsFΓtF´ ‘π–FusψnτFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2017SFaaSFa_^

4.2 10

205 wπΓsurπmπntFoρFγTχΓνronFpΓψrFproνuμtψonFwψtχFtχπFk‘vk~FνπtπμtorFψnFprotonTprotonFμollψsψonsFΓtFNF
sqrt{s}gbFOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 5

204 ~πΓrμχFρorFsupπrsymmπtryFψnFπvπntsFwψtχFγTtΓττπνFjπtsFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFψnFppF
μollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 13

203 wπΓsurπmπntFoρFtχπFψnμlusψvπFjπtFμrossTsπμtψonsFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχF
tχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 12

202
~πΓrμχFρorFpΓψrFproνuμtψonFoρFvπμtorTlψkπFtopFquΓrksFψnFπvπntsFwψtχFonπFlπptonSFjπtsSFΓnνFmψssψnτF
trΓnsvπrsπFmomπntumFψnFNFsqrt{s}gY[FOF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2017SFZXYaSFY

5.4 27

201 sνπntψρψμΓtψonFΓnνFrπjπμtψonFoρFpψlπTupFjπtsFΓtFχψτχFpsπuνorΓpψνψtyFwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2017SFaaSF^bX 4.2 16

200
wπΓsurπmπntFoρFproνuμtψonFwψtχFtχπFχΓνronψμΓllyFνπμΓyψnτFγosonFrπμonstruμtπνFΓsFonπForFtwoFjπtsF
ψnFμollψsψonsFΓtFwψtχFk‘vk~SFΓnνFμonstrΓψntsFonFΓnomΓlousFτΓuτπFμouplψnτsVFEuropeanoPhysicalo
JournaloCSF2017SFaaSF^_[

4.2 15

199
~πΓrμχFρorFnπwFpχπnomπnΓFψnFΓFlπptonFplusFχψτχFjπtFmultψplψμψtyFρψnΓlFstΓtπFwψtχFtχπFk‘vk~F
πxpπrψmπntFusψnτFNFsqrt{s}gY[FOF‘π–FprotonTprotonFμollψsψonFνΓtΓVFJournaloofoHighoEnergyoPhysicsSF
2017SFZXYaSFY

5.4 7

198 ~πΓrμχπsFρorFtχπFZ˛‡FνπμΓyFmoνπFoρFtχπFrψττsFγosonFΓnνFρorFnπwFχψτχTmΓssFrπsonΓnμπsFψnFppF
μollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 20

197 ~tuνψπsFoρFZ˛‡FproνuμtψonFψnFΓssoμψΓtψonFwψtχFΓFχψτχTmΓssFνψjπtFsystπmFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF
‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 7

196 wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFνψρρπrπntψΓlFμrossTsπμtψonsFψnFtχπFlπptonRjπtsFμχΓnnπlFψnFppF
μollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 12

195 ~πΓrμχFρorFtopFquΓrkFνπμΓysFtFThFqrSFwψtχFrFThF˛‡˛‡SFψnFNFsqrt{s}gY[FOF‘π–FppFμollψsψonsFusψnτFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 12

(2017-2017)
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194 ~tuνyFoρFΓnνFproνuμtψonFψnFμollψsψonsFΓtFΓnνFsπΓrμχFρorFΓnomΓlousFquΓrtψμFτΓuτπFμouplψnτsFwψtχFtχπF
k‘vk~FπxpπrψmπntVFEuropeanoPhysicaloJournaloCSF2017SFaaSF_]_ 4.2 11

193 wπΓsurπmπntsFoρFtopFquΓrkFspψnFoγsπrvΓγlπsFψnFNFtovπrlψnπ{t}FOFπvπntsFusψnτFνψlπptonFρψnΓlFstΓtπsFψnFNF
sqrt{s}gbFOF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 12

192
~πΓrμχFρorFnπwFpχπnomπnΓFwψtχFlΓrτπFjπtFmultψplψμψtψπsFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFusψnτF
lΓrτπTrΓνψusFjπtsFΓnνFρlΓvourTtΓττψnτFΓtFk‘vk~FψnFY[F‘π–FppFμollψsψonsVFJournaloofoHighoEnergyoPhysics
SF2017SFZXYaSFY

5.4 8

191 ‘opTquΓrkFmΓssFmπΓsurπmπntFψnFtχπFΓllTχΓνronψμFNFtovπrlψnπ{t}FOFνπμΓyFμχΓnnπlFΓtFNFsqrt{s}gbFOF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 6

190 wπΓsurπmπntFoρFtχπFnrπllT±ΓnFtrψplπTνψρρπrπntψΓlFμrossFsπμtψonFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–VF
JournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 16

189 ~πΓrμχFρorFΓFsμΓlΓrFpΓrtnπrFoρFtχπFtopFquΓrkFψnFtχπFjπtsFplusFmψssψnτFtrΓnsvπrsπFmomπntumFρψnΓlF
stΓtπFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 30

188
~πΓrμχFρorFsupπrsymmπtryFψnFρψnΓlFstΓtπsFwψtχFtwoFsΓmπTsψτnForFtχrππFlπptonsFΓnνFjπtsFusψnτF[_Fργâ��YF
oρFNFsqrt{s}gY[FOF‘π–FppFμollψsψonFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SF
ZXYaSFY

5.4 22

187
~πΓrμχFρorFpΓψrFproνuμtψonFoρFχπΓvyFvπμtorTlψkπFquΓrksFνπμΓyψnτFtoFχψτχTpF‘F—FγosonsFΓnνFγFquΓrksF
ψnFtχπFlπptonTplusTjπtsFρψnΓlFstΓtπFψnFppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVF
JournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY

5.4 29

186 wπΓsurπmπntFoρFtχπFkFtFsplψttψnτFsμΓlπsFψnFZFThFâ��â��FπvπntsFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SFZXYaSFY 5.4 3

185
knΓlysψsFoρFtχπF—tγFvπrtπxFρromFtχπFmπΓsurπmπntFoρFtrψplπTνψρρπrπntψΓlFΓnτulΓrFνπμΓyFrΓtπsFoρF
sψnτlπFtopFquΓrksFproνuμπνFψnFtχπFtTμχΓnnπlFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2017SFZXYaSFY

5.4 7

184 ovψνπnμπFρorFtχπFNFrtoFγovπrlψnπ{γ}FOFνπμΓyFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2017SFZXYaSFY 5.4 50

183
~πΓrμχFρorFnπwFχψτχTmΓssFpχπnomπnΓFψnFtχπFνψlπptonFρψnΓlFstΓtπFusψnτF[_Fργâ��YFoρFprotonTprotonF
μollψsψonFνΓtΓFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2017SF
ZXYaSFY

5.4 126

182 nπtπrmψnΓtψonFoρFtχπFstronτFμouplψnτFμonstΓntFρromFtrΓnsvπrsπFπnπrτyTπnπrτyFμorrπlΓtψonsFψnF
multψjπtFπvπntsFΓtFusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2017SFaaSFbaZ 4.2 19

181 }πμonstruμtψonFoρFχΓνronψμFνπμΓyFproνuμtsFoρFtΓuFlπptonsFwψtχFtχπFk‘vk~FπxpπrψmπntVFEuropeano
PhysicaloJournaloCSF2016SFa_SFZc^ 4.2 28

180 zπrρormΓnμπFoρFpψlπTupFmψtψτΓtψonFtπμχnψquπsFρorFjπtsFψnF×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdF
sππFtπxt−´ ‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^bY 4.2 148

179 wπΓsurπmπntFoρFtχπFμχΓrτπνTpΓrtψμlπFmultψplψμψtyFψnsψνπFjπtsFρromF×pormulΓdFsππFtπxt−×pormulΓdFsππF
tπxt−´ FμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF[ZZ 4.2 35

178 wπΓsurπmπntFoρFjπtFΓμtψvψtyFψnFtopFquΓrkFπvπntsFusψnτFtχπFπ˛…FρψnΓlFstΓtπFwψtχFtwoFγTtΓττπνFjπtsFψnFppF
μollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 4

177
wπΓsurπmπntFoρFtχπFtrΓnsvπrsπFmomπntumFΓnνF×pormulΓdFsππFtπxt−FνψstrψγutψonsFoρFnrπllT±ΓnF
lπptonFpΓψrsFψnFprotonTprotonFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2016SFa_SFZcY

4.2 63

Andrey Sukharev
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176
wπΓsurπmπntFoρFρψνuμψΓlFνψρρπrπntψΓlFμrossFsπμtψonsFoρFτluonTρusψonFproνuμtψonFoρFrψττsFγosonsF
νπμΓyψnτFtoF——FPThπ˛‰˛…˛‰FwψtχFtχπFk‘vk~FνπtπμtorFΓtFNFsqrt{s}gbFOF‘π–VFJournaloofoHighoEnergyoPhysicsSF
2016SFZXY_SFY

5.4 13

175 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFπvπntsFwψtχFΓFpχotonFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFψnFppF
μollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 13

174 kFsπΓrμχFρorFtopFsquΓrksFwψtχF}TpΓrψtyTvψolΓtψnτFνπμΓysFtoFΓllTχΓνronψμFρψnΓlFstΓtπsFwψtχFtχπFk‘vk~F
νπtπμtorFψnFNFsqrt{s}gbFOF‘π–FprotonTprotonFμollψsψonsVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 10

173 sνπntψρψμΓtψonFoρFχψτχFtrΓnsvπrsπFmomπntumFtopFquΓrksFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 13

172 kFsπΓrμχFρorFΓnFπxμψtπνFmuonFνπμΓyψnτFtoFΓFmuonFΓnνFtwoFjπtsFψnppμollψsψonsFΓtF
Jsqrt{s}egebe{rm{‘π–}}JFwψtχFtχπFk‘vk~FνπtπμtorVFNewoJournaloofoPhysicsSF2016SFYbSFXa[XZY 2.9 1

171 lπΓmTψnνuμπνFΓnνFμosmψμTrΓyFγΓμkτrounνsFoγsπrvπνFψnFtχπFk‘vk~FνπtπμtorFνurψnτFtχπFvrmFZXYZF
protonTprotonFrunnψnτFpπrψoνVFJournaloofoInstrumentationSF2016SFYYSFzX^XY[TzX^XY[ 1 8

170 wπΓsurπmπntsFoρFtopTquΓrkFpΓψrFνψρρπrπntψΓlFμrossTsπμtψonsFψnFtχπFlπptonRjπtsFμχΓnnπlFψnFμollψsψonsF
ΓtF×pormulΓdFsππFtπxt−FusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^[b 4.2 48

169
wπΓsurπmπntFoρFtχπFνψρρπrπntψΓlFμrossTsπμtψonsFoρFpromptFΓnνFnonTpromptFproνuμtψonFoρF×pormulΓdF
sππFtπxt−FΓnνF×pormulΓdFsππFtπxt−FψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−FΓnνFb´ ‘π–FwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SFZb[

4.2 42

168 vumψnosψtyFνπtπrmψnΓtψonFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−FgFbF‘π–FusψnτFtχπFk‘vk~FνπtπμtorFΓtF
tχπFvrmVFEuropeanoPhysicaloJournaloCSF2016SFa_SF_^[ 4.2 188

167
~πΓrμχFρorFsquΓrksFΓnνFτluψnosFψnFπvπntsFwψtχFχΓνronψμΓllyFνπμΓyψnτFtΓuFlπptonsSFjπtsFΓnνFmψssψnτF
trΓnsvπrsπFmomπntumFψnFprotonTprotonFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FrπμorνπνFwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF_b[

4.2 7

166
kννπnνumFtoFâ��wπΓsurπmπntFoρFtχπFNtγΓr{t}OFproνuμtψonFμrossTsπμtψonFusψnτFNπmuFOFπvπntsFwψtχF
γTtΓττπνFjπtsFψnFppFμollψsψonsFΓtFNsqrt{s}OFgFaFΓnνFbFNSmΓtχrm{‘π–}OFwψtχFtχπFk‘vk~Fνπtπμtorâ��VF
EuropeanoPhysicaloJournaloCSF2016SFa_SFY

4.2 13

165 wπΓsurπmπntFoρFtχπFΓnτulΓrFμoπρρψμψπntsFψnFZTγosonFπvπntsFusψnτFπlπμtronFΓnνFmuonFpΓψrsFρromF
νΓtΓFtΓkπnFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 20

164 ~πΓrμχπsFρorFχπΓvyFνψγosonFrπsonΓnμπsFψnFppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 20

163 nΓrkFmΓttπrFψntπrprπtΓtψonsFoρFk‘vk~FsπΓrμχπsFρorFtχπFπlπμtrowπΓkFproνuμtψonFoρFsupπrsymmπtrψμF
pΓrtψμlπsFψnFNFsqrt{s}gbFOF‘π–FprotonTprotonFμollψsψonsVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 16

162
~πΓrμχFρorFtχπF~tΓnνΓrνFwoνπlFrψττsFγosonFνπμΓyψnτFψntoFNFγovπrlψnπ{γ}FOFproνuμπνFψnFΓssoμψΓtψonF
wψtχFtopFquΓrksFνπμΓyψnτFχΓνronψμΓllyFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVF
JournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY

5.4 16

161 wπΓsurπmπntFoρFtχπFmzTvψolΓtψnτFpχΓsπFiFsFΓnνFtχπFlFXFsFmπsonFνπμΓyFwψνtχFνψρρπrπnμπFwψtχFlFXFsF
FThFtWˇ�iFνπμΓysFψnFk‘vk~VFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 10

160
~πΓrμχFρorFsquΓrksFΓnνFτluψnosFψnFρψnΓlFstΓtπsFwψtχFjπtsFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFΓtF
×pormulΓdFsππFtπxt−FgY[F×pormulΓdFsππFtπxt−wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2016SFa_SF[cZ

4.2 53

159 wπΓsurπmπntFoρFtχπFνouγlπTνψρρπrπntψΓlFχψτχTmΓssFnrπllT±ΓnFμrossFsπμtψonFψnFppFμollψsψonsFΓtFNF
sqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 24

(2016-2016)
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158 kFsπΓrμχFρorFpromptFlπptonTjπtsFψnFppFμollψsψonsFΓtFNFsqrt{mΓtχrm{s}}gbFOF‘π–FwψtχFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 22

157 ~πΓrμχFρorFnπwFpχπnomπnΓFwψtχFpχotonRjπtFπvπntsFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 12

156
wπΓsurπmπntFoρFtχπFμπntrΓlψtyFνπpπnνπnμπFoρFtχπFμχΓrτπνTpΓrtψμlπFpsπuνorΓpψνψtyFνψstrψγutψonFψnF
protonTlπΓνFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicalo
JournaloCSF2016SFa_SFYcc

4.2 39

155 wπΓsurπmπntFoρFtχπFproνuμtψonFμrossTsπμtψonFoρFΓFsψnτlπFtopFquΓrkFψnFΓssoμψΓtψonFwψtχFΓF—FγosonFΓtF
bF‘π–FwψtχFtχπFk‘vk~FπxpπrψmπntVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 12

154 ~πΓrμχFρorFtχπFproνuμtψonFoρFsψnτlπFvπμtorTlψkπFΓnνFπxμψtπνFquΓrksFψnFtχπF—tFρψnΓlFstΓtπFψnFppF
μollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 14

153 ~πΓrμχFρorFstronτFτrΓvψtyFψnFmultψjπtFρψnΓlFstΓtπsFproνuμπνFψnFppFμollψsψonsFΓtFNFsqrt{s}gY[FOF‘π–FusψnτF
tχπFk‘vk~FνπtπμtorFΓtFtχπFvrmVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 12

152 sνπntψρψμΓtψonFoρFγoostπνSFχΓνronψμΓllyFνπμΓyψnτFγosonsFΓnνFμompΓrψsonsFwψtχFk‘vk~FνΓtΓFtΓkπnFΓtF
×pormulΓdFsππFtπxt−´ ‘π–VFEuropeanoPhysicaloJournaloCSF2016SFa_SFY^] 4.2 44

151 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFπvπntsFwψtχFΓtFlπΓstFtχrππFpχotonsFμollπμtπνFψnFμollψsψonsFΓtF×pormulΓdF
sππFtπxt−FgFbF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SFZYX 4.2 53

150 zroγψnτFlπptonFρlΓvourFvψolΓtψonFvψΓFnπutrψnolπssF×pormulΓdFsππFtπxt−FνπμΓysFwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SFZ[Z 4.2 12

149 kFnπwFmπtχoνFtoFνψstψnτuψsχFχΓνronψμΓllyFνπμΓyψnτFγoostπνFγosonsFρromFγosonsFusψnτFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SFZ[b 4.2 6

148 ~πΓrμχFρorFsupπrsymmπtryFΓtF×pormulΓdFsππFtπxt−´ ‘π–FψnFρψnΓlFstΓtπsFwψtχFjπtsFΓnνFtwoFsΓmπTsψτnF
lπptonsForFtχrππFlπptonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SFZ^c 4.2 48

147 ~πΓrμχFρorFψnvψsψγlπFνπμΓysFoρFΓFrψττsFγosonFusψnτFvπμtorTγosonFρusψonFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF
‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 45

146
~πΓrμχFρorFΓnomΓlousFμouplψnτsFψnFtχπF—FtγFvπrtπxFρromFtχπFmπΓsurπmπntFoρFνouγlπFνψρρπrπntψΓlF
ΓnτulΓrFνπμΓyFrΓtπsFoρFsψnτlπFtopFquΓrksFproνuμπνFψnFtχπFtTμχΓnnπlFwψtχFtχπFk‘vk~FνπtπμtorVF
JournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFYT]_

5.4 12

145 ~πΓrμχπsFρorFsμΓlΓrFlπptoquΓrksFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−FgFb´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2016SFa_SF^ 4.2 68

144
wπΓsurπmπntsFoρFtχπFrψττsFγosonFproνuμtψonFΓnνFνπμΓyFrΓtπsFΓnνFμouplψnτFstrπnτtχsFusψnτF
μollψsψonFνΓtΓFΓtF×pormulΓdFsππFtπxt−FΓnνFb´ ‘π–FψnFtχπFk‘vk~FπxpπrψmπntVFEuropeanoPhysicaloJournaloC
SF2016SFa_SF_

4.2 185

143
wπΓsurπmπntsFoρFρψνuμψΓlFμrossTsπμtψonsFρorF×pormulΓdFsππFtπxt−FproνuμtψonFwψtχFonπForFtwoF
ΓννψtψonΓlFTjπtsFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−gbF‘π–´ usψnτFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2016SFa_SFYY

4.2 21

142 ~tuνyFoρFtχπF×pormulΓdFsππFtπxt−FΓnνF×pormulΓdFsππFtπxt−FνπμΓysFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2016SFa_SF] 4.2 13

141
~πΓrμχFρorFΓnFΓννψtψonΓlSFχπΓvyFrψττsFγosonFψnFtχπF×pormulΓdFsππFtπxt−FνπμΓyFμχΓnnπlFΓtF×pormulΓdF
sππFtπxt−FψnF×pormulΓdFsππFtπxt−FμollψsψonFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2016SFa_SF]^

4.2 152
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140 ~πΓrμχFρorFsψnτlπFtopTquΓrkFproνuμtψonFvψΓFρlΓvourTμχΓnτψnτFnπutrΓlFμurrπntsFΓtFb´ ‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^^ 4.2 28

139 wπΓsurπmπntFoρFtχπFμχΓrτπFΓsymmπtryFψnFtopTquΓrkFpΓψrFproνuμtψonFψnFtχπFlπptonTplusTjπtsFρψnΓlF
stΓtπFψnFppFμollψsψonFνΓtΓFΓtFNsqrt{s}gbSmΓtχrmF‘π–{}OFwψtχFtχπFk‘vk~FνπtπμtorF2016SFa_SFY 1

138 ~tuνyFoρFχΓrνFνouγlπTpΓrtonFsμΓttπrψnτFψnFρourTjπtFπvπntsFψnFppFμollψsψonsFΓtFNFsqrt{s}gaFOF‘π–FwψtχF
tχπFk‘vk~FπxpπrψmπntVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 21

137
~πΓrμχFρorFtχπF~tΓnνΓrνFwoνπlFrψττsFγosonFproνuμπνFγyFvπμtorTγosonFρusψonFΓnνFνπμΓyψnτFtoF
γottomFquΓrksFψnFNFsqrt{s}gbFOF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyo
PhysicsSF2016SFZXY_SFY

5.4 8

136
wπΓsurπmπntFoρFπvπntTsχΓpπFoγsπrvΓγlπsFψnF×pormulΓdFsππFtπxt−FπvπntsFψnFμollψsψonsFΓtF×pormulΓdF
sππFtπxt−´ ×pormulΓdFsππFtπxt−FwψtχFtχπFk‘vk~FνπtπμtorFΓtFtχπFvrmVFEuropeanoPhysicaloJournaloCSF2016SF
a_SF[a^

4.2 5

135 mχΓrτπνTpΓrtψμlπFνψstrψγutψonsFψnFψntπrΓμtψonsFΓtF×pormulΓdFsππFtπxt−FmπΓsurπνFwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF]X[ 4.2 19

134 mχΓrτπνTpΓrtψμlπFνψstrψγutψonsFΓtFlowFtrΓnsvπrsπFmomπntumFψnF×pormulΓdFsππFtπxt−´ ‘π–FψntπrΓμtψonsF
mπΓsurπνFwψtχFtχπFk‘vk~FνπtπμtorFΓtFtχπFvrmVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^XZ 4.2 37

133 ~πΓrμχFρorFγottomFsquΓrkFpΓψrFproνuμtψonFψnFprotonTprotonFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^]a 4.2 25

132
~πΓrμχFρorFmψnψmΓlFsupπrsymmπtrψμFstΓnνΓrνFmoνπlFrψττsFlosonsF´ W´ FΓnνFρorFΓF×pormulΓdFsππFtπxt−F
γosonFψnFtχπF×pormulΓdFsππFtπxt−FρψnΓlFstΓtπFproνuμπνFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−F‘π–FwψtχF
tχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^b^

4.2 28

131 wπΓsurπmπntFoρFtχπFpχotonFψνπntψρψμΓtψonFπρρψμψπnμψπsFwψtχFtχπFk‘vk~FνπtπμtorFusψnτFvrmF}unTYF
νΓtΓVFEuropeanoPhysicaloJournaloCSF2016SFa_SF___ 4.2 53

130 wπΓsurπmπntFoρFtχπF×pormulΓdFsππFtπxt−FνψjπtFμrossFsπμtψonFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF_aX 4.2 7

129 ‘χπFpπrρormΓnμπFoρFtχπFjπtFtrψττπrFρorFtχπFk‘vk~FνπtπμtorFνurψnτFZXYYFνΓtΓFtΓkψnτVFEuropeano
PhysicaloJournaloCSF2016SFa_SF^Z_ 4.2 16

128 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFνψρρπrπntTρlΓvourFχψτχTmΓssFνψlπptonFρψnΓlFstΓtπsFψnFμollψsψonsFΓtF
×pormulΓdFsππFtπxt−´ ‘πvFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^]Y 4.2 7

127
~πΓrμχFρorFtχπFrψττsFγosonFproνuμπνFψnFΓssoμψΓtψonFwψtχFΓFγosonFΓnνFνπμΓyψnτFtoFρourFTquΓrksFvψΓF
twoFspψnTzπroFpΓrtψμlπsFψnFμollψsψonsFΓtFY[F‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2016SFa_SF_X^

4.2 16

126 wuonFrπμonstruμtψonFpπrρormΓnμπFoρFtχπFk‘vk~FνπtπμtorFψnFprotonTprotonFμollψsψonFνΓtΓFΓtF
×pormulΓdFsππFtπxt−gY[´ ‘π–VFEuropeanoPhysicaloJournaloCSF2016SFa_SFZcZ 4.2 263

125 ‘πstFoρFmzFψnvΓrψΓnμπFψnFvπμtorTγosonFρusψonFproνuμtψonFoρFtχπFrψττsFγosonFusψnτFtχπFmπtχoνFψnFtχπF
νψtΓuFνπμΓyFμχΓnnπlFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF_^b 4.2 26

124 ~πΓrμχFρorFτluψnosFψnFπvπntsFwψtχFΓnFψsolΓtπνFlπptonSFjπtsFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFΓtF
×pormulΓdFsππFtπxt−FgFY[F‘πF–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^_^ 4.2 20

123 wπΓsurπmπntFoρFtχπFψnμlusψvπFψsolΓtπνFpromptFpχotonFμrossFsπμtψonFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF
‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 25
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122 ~πΓrμχFρorFΓFχψτχTmΓssFrψττsFγosonFνπμΓyψnτFtoFΓF—FγosonFpΓψrFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 59

121
~πΓrμχFρorFρlΓvourTμχΓnτψnτFnπutrΓlFμurrπntFtopTquΓrkFνπμΓysFtoF×pormulΓdFsππFtπxt−FψnF×pormulΓdF
sππFtπxt−FμollψsψonFνΓtΓFμollπμtπνFwψtχFtχπFk‘vk~FνπtπμtorFΓtF×pormulΓdFsππFtπxt−´ ‘π–VFEuropeano
PhysicaloJournaloCSF2016SFa_SFYZ

4.2 16

120
wπΓsurπmπntFoρFtχπFμχΓrτπFΓsymmπtryFψnFtopTquΓrkFpΓψrFproνuμtψonFψnFtχπFlπptonTplusTjπtsFρψnΓlF
stΓtπFψnFμollψsψonFνΓtΓFΓtF×pormulΓdFsππFtπxt−FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2016SFa_SFba

4.2 18

119 ~πΓrμχFρorFνψrπμtFtopFsquΓrkFpΓψrFproνuμtψonFψnFρψnΓlFstΓtπsFwψtχFtwoFtΓuFlπptonsFψnFμollψsψonsFΓtF
×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SFbY 4.2 7

118 ~πΓrμχFρorFμχΓrτπνFrψττsFγosonsFψnFtχπFrF´–FThFtγFνπμΓyFμχΓnnπlFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–F
usψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 33

117 ~tuνyFoρFtχπFrΓrπFνπμΓysFoρF×pormulΓdFsππFtπxt−FΓnνF×pormulΓdFsππFtπxt−FψntoFmuonFpΓψrsFρromFνΓtΓF
μollπμtπνFνurψnτFtχπFvrmF}unFYFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^Y[ 4.2 27

116
~πΓrμχFρorFsupπrsymmπtryFψnFΓFρψnΓlFstΓtπFμontΓψnψnτFtwoFpχotonsFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFψnF×pormulΓdFsππFtπxt−´ g´ Y[´ ‘π–F×pormulΓdFsππFtπxt−FμollψsψonsFΓtFtχπFvrmFusψnτFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF^Ya

4.2 17

115 ~πΓrμχFρorFrπsonΓnμπsFψnFνψpχotonFπvπntsFΓtFNFsqrt{s}gY[FOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 49

114 ~πΓrμχFρorFsψnτlπFproνuμtψonFoρFvπμtorTlψkπFquΓrksFνπμΓyψnτFψntoFψnFμollψsψonsFΓtF×pormulΓdFsππF
tπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2016SFa_SF]]Z 4.2 24

113 wπΓsurπmπntFoρFtχπFrπlΓtψvπFwψνtχFνψρρπrπnμπFoρFtχπFNF{l}≥Xχγox{T}F{ovπrlψnπ{l}}≥XFOFsystπmFwψtχF
tχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2016SFZXY_SFY 5.4 5

112 tπtFπnπrτyFmπΓsurπmπntFΓnνFψtsFsystπmΓtψμFunμπrtΓψntyFψnFprotonTprotonFμollψsψonsFΓtF×pormulΓdFsππF
tπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFYa 4.2 194

111 ~πΓrμχFρorFψnvψsψγlπFpΓrtψμlπsFproνuμπνFψnFΓssoμψΓtψonFwψtχFsψnτlπTtopTquΓrksFψnFprotonTprotonF
μollψsψonsFΓtF×pormulΓdFsππFtπxt−FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFac 4.2 21

110 ~πΓrμχFρorFrπsonΓntFνψγosonFproνuμtψonFψnFtχπF×pormulΓdFsππFtπxt−FρψnΓlFstΓtπFψnF×pormulΓdFsππFtπxt−F
μollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SF_c 4.2 62

109 wπΓsurπmπntsFoρFtχπF×pormulΓdFsππFtπxt−FproνuμtψonFμrossFsπμtψonsFψnFΓssoμψΓtψonFwψtχFjπtsFwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFbZ 4.2 54

108 ~πΓrμχFρorFνΓrkFmΓttπrFψnFπvπntsFwψtχFχπΓvyFquΓrksFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFψnF×pormulΓdF
sππFtπxt−FμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFcZ 4.2 60

107
wπΓsurπmπntFoρFtχπFNFtovπrlψnπ{t}FOFproνuμtψonFμrossTsπμtψonFΓsFΓFρunμtψonFoρFjπtFmultψplψμψtyFΓnνFjπtF
trΓnsvπrsπFmomπntumFψnFaF‘π–FprotonTprotonFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2015SFZXY^SFY

5.4 14

106
wπΓsurπmπntFoρFtχπF—F—FRF—FZFμrossFsπμtψonFΓnνFlψmψtsFonFΓnomΓlousFtrψplπFτΓuτπFμouplψnτsFusψnτF
ρψnΓlFstΓtπsFwψtχFonπFlπptonSFmψssψnτFtrΓnsvπrsπFmomπntumSFΓnνFtwoFjπtsFwψtχFtχπFk‘vk~FνπtπμtorF
ΓtFNFsqrt{s}gaFOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY

5.4 12

105 ~πΓrμχπsFρorFχπΓvyFlonτTlψvπνFμχΓrτπνFpΓrtψμlπsFwψtχFtχπFk‘vk~FνπtπμtorFψnFprotonTprotonFμollψsψonsF
ΓtFNFsqrt{s}gbFOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 29
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104 ~πΓrμχFρorFtχπFNFγovπrlψnπ{γ}FOFνπμΓyFoρFtχπF~tΓnνΓrνFwoνπlFrψττsFγosonFψnFΓssoμψΓtπνFN—WZOrF
proνuμtψonFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 64

103 wπΓsurπmπntFoρFtχπFψnμlusψvπFjπtFμrossTsπμtψonFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}gaFOF‘π–FusψnτF
]V^Fργâ��YFoρFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 27

102
~πΓrμχFρorFΓnomΓlousFproνuμtψonFoρFpromptFsΓmπTsψτnFlπptonFpΓψrsFΓnνFpΓψrTproνuμπνFνouγlyF
μχΓrτπνFrψττsFγosonsFwψtχFNFsqrt{s}gbFOF‘π–FppFμollψsψonsFusψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2015SFZXY^SFY

5.4 45

101
~πΓrμχFρorFμχΓrτπνFrψττsFγosonsFνπμΓyψnτFvψΓFrF´–FThFˇ�F´–F˛‰FψnFρullyFχΓνronψμFρψnΓlFstΓtπsFusψnτFppF
μollψsψonFνΓtΓFΓtFNFsqrt{s}FOFgFbF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SF
ZXY^SFY

5.4 56

100
~πΓrμχFρorFproνuμtψonFoρF×pormulΓdFsππFtπxt−FrπsonΓnμπsFνπμΓyψnτFtoFΓFlπptonSFnπutrψnoFΓnνFjπtsFψnF
×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicalo
JournaloCSF2015SFa^SFZXc

4.2 73

99 zπrρormΓnμπFoρFtχπFk‘vk~FmuonFtrψττπrFψnFppFμollψsψonsFΓtF×pormulΓdFsππFtπxt−F‘π–VFEuropeano
PhysicaloJournaloCSF2015SFa^SFYZX 4.2 51

98 ~πΓrμχFρorFrψττsFγosonFpΓψrFproνuμtψonFψnFtχπF×pormulΓdFsππFtπxt−FρψnΓlFstΓtπFρromFμollψsψonsFΓtF
×pormulΓdFsππFtπxt−F‘π–wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SF]YZ 4.2 66

97 nπtπrmψnΓtψonFoρFspψnFΓnνFpΓrψtyFoρFtχπFrψττsFγosonFψnFtχπF×pormulΓdFsππFtπxt−FνπμΓyFμχΓnnπlFwψtχF
tχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFZ[Y 4.2 15

96
~πΓrμχFρorFnπwFpχπnomπnΓFψnFρψnΓlFstΓtπsFwψtχFΓnFπnπrτπtψμFjπtFΓnνFlΓrτπFmψssψnτFtrΓnsvπrsπF
momπntumFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicalo
JournaloCSF2015SFa^SFZcc

4.2 202

95 ~πΓrμχFρorFΓFnπwFrπsonΓnμπFνπμΓyψnτFtoFΓForFγosonFΓnνFΓFrψττsFγosonFψnFtχπF×pormulΓdFsππFtπxt−F
ρψnΓlFstΓtπsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFZ_[ 4.2 46

94 wπΓsurπmπntFoρFtχrππTjπtFproνuμtψonFμrossTsπμtψonsFψnF×pormulΓdFsππFtπxt−FμollψsψonsFΓtFa´ ×pormulΓdF
sππFtπxt−FμπntrπToρTmΓssFπnπrτyFusψnτFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFZZb 4.2 18

93 monstrΓψntsFonFtχπFoρρTsχπllFrψττsFγosonFsψτnΓlFstrπnτtχFψnFtχπFχψτχTmΓssFΓnνFρψnΓlFstΓtπsFwψtχFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SF[[^ 4.2 56

92
sνπntψρψμΓtψonFΓnνFπnπrτyFμΓlψγrΓtψonFoρFχΓνronψμΓllyFνπμΓyψnτFtΓuFlπptonsFwψtχFtχπFk‘vk~F
πxpπrψmπntFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−×pormulΓdFsππFtπxt−VFEuropeanoPhysicaloJournaloCSF2015
SFa^SF[X[

4.2 49

91 ~tuνyFoρFtχπFspψnFΓnνFpΓrψtyFoρFtχπFrψττsFγosonFψnFνψγosonFνπμΓysFwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2015SFa^SF]a_ 4.2 104

90
yγsπrvΓtψonFΓnνFmπΓsurπmπntsFoρFtχπFproνuμtψonFoρFpromptFΓnνFnonTpromptF×pormulΓdFsππFtπxt−F
mπsonsFψnFΓssoμψΓtψonFwψtχFΓF×pormulΓdFsππFtπxt−FγosonFψnF×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdF
sππFtπxt−FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFZZc

4.2 38

89
~πΓrμχFρorFtχπF~tΓnνΓrνFwoνπlFrψττsFγosonFproνuμπνFψnFΓssoμψΓtψonFwψtχFtopFquΓrksFΓnνFνπμΓyψnτF
ψntoF×pormulΓdFsππFtπxt−FψnF×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdFsππFtπxt−FwψtχFtχπFk‘vk~F
νπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SF[]c

4.2 94

88
~πΓrμχFρorFsupπrsymmπtryFψnFπvπntsFμontΓψnψnτFΓFsΓmπTρlΓvourFopposψtπTsψτnFνψlπptonFpΓψrSFjπtsSFΓnνF
lΓrτπFmψssψnτFtrΓnsvπrsπFmomπntumFψnF×pormulΓdFsππFtπxt−´ ‘π–FμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVF
EuropeanoPhysicaloJournaloCSF2015SFa^SF[Yb

4.2 44

87 ~πΓrμχFρorFχπΓvyFlonτTlψvπνFmultψTμχΓrτπνFpΓrtψμlπsFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–FusψnτFtχπF
k‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SF[_Z 4.2 22
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86 ‘woTpΓrtψμlπFlosπToψnstπψnFμorrπlΓtψonsFψnFμollψsψonsFΓtF×pormulΓdFsππFtπxt−FXVcFΓnνFaF‘π–FmπΓsurπνF
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SF]__ 4.2 28

85 wπΓsurπmπntFoρFtχπFtopFquΓrkFmΓssFψnFtχπF×pormulΓdFsππFtπxt−FΓnνF×pormulΓdFsππFtπxt−FμχΓnnπlsF
usψnτF×pormulΓdFsππFtπxt−´ ×pormulΓdFsππFtπxt−Fk‘vk~FνΓtΓVFEuropeanoPhysicaloJournaloCSF2015SFa^SF[[X 4.2 32

84 k‘vk~F}unFYFsπΓrμχπsFρorFνψrπμtFpΓψrFproνuμtψonFoρFtχψrνTτπnπrΓtψonFsquΓrksFΓtFtχπFvΓrτπFrΓνronF
mollψνπrVFEuropeanoPhysicaloJournaloCSF2015SFa^SF^YX 4.2 109

83 ~πΓrμχFρorFlowTsμΓlπFτrΓvψtyFsψτnΓturπsFψnFmultψTjπtFρψnΓlFstΓtπsFwψtχFtχπFk‘vk~FνπtπμtorFΓtFNF
sqrt{s}gbFOF‘π–VFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 2

82 kFsπΓrμχFρorFχψτχTmΓssFrπsonΓnμπsFνπμΓyψnτFtoFˇ�Rˇ�â��FψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπF
k‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 22

81 ~ummΓryFoρFtχπFk‘vk~Fπxpπrψmπntâ��sFsπnsψtψvψtyFtoFsupπrsymmπtryFΓρtπrFvrmF}unFYFâ��FψntπrprπtπνF
ψnFtχπFpχπnomπnoloτψμΓlFw~~wVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 42

80 ~πΓrμχFρorFlπptonTρlΓvourTvψolΓtψnτFrFThF˛…ˇ�FνπμΓysFoρFtχπFrψττsFγosonFwψtχFtχπFk‘vk~FνπtπμtorVF
JournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 46

79 wπΓsurπmπntFoρFρourTjπtFνψρρπrπntψΓlFμrossFsπμtψonsFψnFNFsqrt{s}gbFOF‘π–FprotonTprotonFμollψsψonsF
usψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFYTa_ 5.4 5

78 kFsπΓrμχFρorFNFtovπrlψnπ{t}FOFrπsonΓnμπsFusψnτFlπptonTplusTjπtsFπvπntsFψnFprotonTprotonFμollψsψonsFΓtFNF
sqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 57

77 wπΓsurπmπntFoρFtχπFρorwΓrνTγΓμkwΓrνFΓsymmπtryFoρFπlπμtronFΓnνFmuonFpΓψrTproνuμtψonFψnFppF
μollψsψonsFΓtFNFsqrt{s}gaFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 18

76 wπΓsurπmπntFoρFμχΓrτπνTpΓrtψμlπFspπμtrΓFψnFzγRzγFμollψsψonsFΓtFNFsqrt{s_{mΓtχrm{xx}}}gZVa_FOF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorFΓtFtχπFvrmVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 49

75 knΓlysψsFoρFπvπntsFwψtχFγTjπtsFΓnνFΓFpΓψrFoρFlπptonsFoρFtχπFsΓmπFμχΓrτπFψnFppFμollψsψonsFΓtFNFsqrt{s}gbF
OF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 26

74 monstrΓψntsFonFnπwFpχπnomπnΓFvψΓFrψττsFγosonFμouplψnτsFΓnνFψnvψsψγlπFνπμΓysFwψtχFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 91

73 ~πΓrμχFρorFχψτχTmΓssFνψγosonFrπsonΓnμπsFwψtχFγosonTtΓττπνFjπtsFψnFprotonTprotonFμollψsψonsFΓtFNF
sqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFYT[c 5.4 66

72
nψρρπrπntψΓlFtopTΓntψtopFμrossTsπμtψonFmπΓsurπmπntsFΓsFΓFρunμtψonFoρFoγsπrvΓγlπsFμonstruμtπνFρromF
ρψnΓlTstΓtπFpΓrtψμlπsFusψnτFppFμollψsψonsFΓtFNFsqrt{s}gaFOF‘π–FψnFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2015SFZXY^SFY

5.4 31

71 ~πΓrμχFρorFχπΓvyFwΓjorΓnΓFnπutrψnosFwψtχFtχπFk‘vk~FνπtπμtorFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–VF
JournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 65

70
~πΓrμχFρorFproνuμtψonFoρFvπμtorTlψkπFquΓrkFpΓψrsFΓnνFoρFρourFtopFquΓrksFψnFtχπFlπptonTplusTjπtsFρψnΓlF
stΓtπFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2015SFZXY^SFY

5.4 54

69 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFπvπntsFwψtχFtχrππForFmorπFμχΓrτπνFlπptonsFψnFppFμollψsψonsFΓtFNF
sqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 16
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68 ~ummΓryFoρFtχπFsπΓrμχπsFρorFsquΓrksFΓnνFτluψnosFusψnτFNFsqrt{s}gbFOF‘π–FppFμollψsψonsFwψtχFtχπF
k‘vk~FπxpπrψmπntFΓtFtχπFvrmVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 55

67 nπtπrmψnΓtψonFoρFtχπFtopTquΓrkFpolπFmΓssFusψnτFNFtovπrlψnπ{t}FOFRFYTjπtFπvπntsFμollπμtπνFwψtχFtχπF
k‘vk~FπxpπrψmπntFψnFaF‘π–FppFμollψsψonsVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 15

66 wπΓsurπmπntFoρFtχπFNFtovπrlψnπ{t}—FOFΓnνFNFtovπrlψnπ{t}ZFOFproνuμtψonFμrossFsπμtψonsFψnFppFμollψsψonsF
ΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 16

65 ~πΓrμχFρorFρlΓvourTμχΓnτψnτFnπutrΓlFμurrπntFtopFquΓrkFνπμΓysFtFThFrqFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF
‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFYT_^ 5.4 18

64 ~πΓrμχFρorFχπΓvyFlπptonFrπsonΓnμπsFνπμΓyψnτFtoFΓFZFγosonFΓnνFΓFlπptonFψnFppFμollψsψonsFΓtFNFsqrt{s}gbF
OF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 22

63 ~πΓrμχFρorFsquΓrksFΓnνFτluψnosFψnFπvπntsFwψtχFψsolΓtπνFlπptonsSFjπtsFΓnνFmψssψnτFtrΓnsvπrsπF
momπntumFΓtFNFsqrt{s}gbFOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 37

62 ovψνπnμπFρorFtχπFrψττsTγosonF±ukΓwΓFμouplψnτFtoFtΓuFlπptonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofo
HighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 74

61 wπΓsurπmπntFoρFtχπFμχΓrτπFΓsymmπtryFψnFνψlπptonψμFνπμΓysFoρFtopFquΓrkFpΓψrsFψnFppFμollψsψonsFΓtFNF
sqrt{s}gaFOF‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 16

60 ~πΓrμχFρorF×pormulΓdFsππFtπxt−FνπμΓysFψnF×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ g´ b´ ‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SFa^SFY_^ 4.2 25

59 wπΓsurπmπntFoρFtχπFtopTquΓrkFmΓssFψnFtχπFρullyFχΓνronψμFνπμΓyFμχΓnnπlFρromFk‘vk~FνΓtΓFΓtF
×pormulΓdFsππFtπxt−VFEuropeanoPhysicaloJournaloCSF2015SFa^SFY^b 4.2 8

58
~πΓrμχFρorFνψrπμtFpΓψrFproνuμtψonFoρFΓFμχΓrτψnoFΓnνFΓFnπutrΓlψnoFνπμΓyψnτFtoFtχπFYZ^´ qπ–FrψττsF
γosonFψnF×pormulΓdFsππFtπxt−´ ‘π–F×pormulΓdFsππFtπxt−FμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFEuropeano
PhysicaloJournaloCSF2015SFa^SFZXb

4.2 50

57 ~tuνyFoρFN—WZOrFproνuμtψonFΓnνFrψττsFγosonFμouplψnτsFusψnτFrThF—F—FPFνπμΓysFwψtχFtχπFk‘vk~F
νπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2015SFZXY^SFY 5.4 14

56 ~πΓrμχFρorFmπtΓstΓγlπFχπΓvyFμχΓrτπνFpΓrtψμlπsFwψtχFlΓrτπFψonψsΓtψonFπnπrτyFlossFψnFμollψsψonsFΓtF
×pormulΓdFsππFtπxt−´ ‘π–FusψnτFtχπFk‘vk~FπxpπrψmπntVFEuropeanoPhysicaloJournaloCSF2015SFa^SF]Xa 4.2 18

55
wπΓsurπmπntFoρFtχπFproνuμtψonFΓnνFlπptonFμχΓrτπFΓsymmπtryFoρF×pormulΓdFsππFtπxt−FγosonsFψnF
zγRzγFμollψsψonsFΓtF×pormulΓdFsππFtπxt−FwψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2015SF
a^SFZ[

4.2 31

54 ~πΓrμχFρorFproνuμtψonFoρFN——W—ZOFrπsonΓnμπsFνπμΓyψnτFtoFΓFlπptonSFnπutrψnoFΓnνFjπtsFψnFNppOF
μollψsψonsFΓtFNsqrt{s}gbOF‘π–FwψtχFtχπFk‘vk~FνπtπμtorF2015SFa^SFY 1

53 ~πΓrμχFρorFnπwFpχπnomπnΓFψnFρψnΓlFstΓtπsFwψtχFΓnFπnπrτπtψμFjπtFΓnνFlΓrτπFmψssψnτFtrΓnsvπrsπF
momπntumFψnFppFμollψsψonsFΓtFNsqrt{s}gb~O‘π–FwψtχFtχπFk‘vk~FνπtπμtorF2015SFa^SFY 2

52 wπΓsurπmπntFoρFtχπFψnμlusψvπFjπtFμrossTsπμtψonFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}gaFOF‘π–FusψnτF
]V^Fργâ��YFoρFνΓtΓFwψtχFtχπFk‘vk~FνπtπμtorF2015SFZXY^SFY 3

51 wπΓsurπmπntFoρFtχπFtopFquΓrkFpΓψrFproνuμtψonFμχΓrτπFΓsymmπtryFψnFprotonTprotonFμollψsψonsFΓtFNF
sqrt{s}FOFgFaF‘π–FusψnτFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2014SFZXY]SFY 5.4 24
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50
~πΓrμχFρorFtχπFνψrπμtFproνuμtψonFoρFμχΓrτψnosSFnπutrΓlψnosFΓnνFstΓusFψnFρψnΓlFstΓtπsFwψtχFΓtFlπΓstFtwoF
χΓνronψμΓllyFνπμΓyψnτFtΓusFΓnνFmψssψnτFtrΓnsvπrsπFmomπntumFψnFppFμollψsψonsFΓtFNFsqrt{s}gbFOF‘π–F
wψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2014SFZXY]SFY

5.4 29

49 olπμtronFrπμonstruμtψonFΓnνFψνπntψρψμΓtψonFπρρψμψπnμyFmπΓsurπmπntsFwψtχFtχπFk‘vk~FνπtπμtorFusψnτF
tχπFZXYYFvrmFprotonTprotonFμollψsψonFνΓtΓVFEuropeanoPhysicaloJournaloCSF2014SFa]SFZc]Y 4.2 160

48 wπΓsurπmπntFoρFtχπFunνπrlyψnτFπvπntFψnFjπtFπvπntsFρromFaFNtπxtF{‘π–}OFprotonâ��protonFμollψsψonsF
wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2014SFa]SFY 4.2 18

47
wπΓsurπmπntFoρFtχπFμπntrΓlψtyFΓnνFpsπuνorΓpψνψtyFνπpπnνπnμπFoρFtχπFψntπτrΓtπνFπllψptψμFρlowFψnF
lπΓνTlπΓνFμollψsψonsFΓtF×pormulΓdFsππFtπxt−´ ‘π–´ wψtχFtχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF
2014SFa]SFZcbZ

4.2 18

46 vψτχtTquΓrkFΓnνFτluonFjπtFνψsμrψmψnΓtψonFψnF×pormulΓdFsππFtπxt−FμollψsψonsFΓtF×pormulΓdFsππFtπxt−FwψtχF
tχπFk‘vk~FνπtπμtorVFEuropeanoPhysicaloJournaloCSF2014SFa]SF[XZ[ 4.2 46

45
wπΓsurπmπntFoρFtχπFπlπμtrowπΓkFproνuμtψonFoρFνψjπtsFψnFΓssoμψΓtψonFwψtχFΓFZTγosonFΓnνF
νψstrψγutψonsFsπnsψtψvπFtoFvπμtorFγosonFρusψonFψnFprotonTprotonFμollψsψonsFΓtFNFsqrt{s}FOFgFbF‘π–FusψnτF
tχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF2014SFZXY]SFY

5.4 14

44
~πΓrμχFρorFνψrπμtFproνuμtψonFoρFμχΓrτψnosFΓnνFnπutrΓlψnosFψnFπvπntsFwψtχFtχrππFlπptonsFΓnνFmψssψnτF
trΓnsvπrsπFmomπntumFψnFNFsqrt{s}FOFgFbF‘π–FppFμollψsψonsFwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHigho
EnergyoPhysicsSF2014SFZXY]SFY

5.4 76

43
wπΓsurπmπntFoρFtχπFproνuμtψonFμrossFsπμtψonFoρFpromptFtWˇ�FmπsonsFψnFΓssoμψΓtψonFwψtχFΓF—F´–F
γosonFψnFppFμollψsψonsFΓtFNFsqrt{s}FOFgFaF‘π–FwψtχFtχπFk‘vk~FνπtπμtorVFJournaloofoHighoEnergyoPhysicsSF
2014SFZXY]SFY

5.4 24
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