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421 vμ−surμmμntsFoνFtρμF[oormul−cFsμμFtμxt]FproγuctτonFcrossFsμctτonsFτnF−ssocτ−tτonFwτtρFχμtsFwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFaY 4.2 54

420
}μ−rcρFνorFproγuctτonFoνFvμctorTlτψμFqu−rψFp−τrsF−nγFoνFνourFtopFqu−rψsFτnFtρμFlμptonTplusTχμtsFντn−lF
st−tμFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF
2015SFYWX]SFX

5.4 54

419
}μ−rcρFνorFtopFsqu−rψFp−τrFproγuctτonFτnFντn−lFst−tμsFwτtρFonμFτsol−tμγFlμptonSFχμtsSF−nγFmτssτnπF
tr−nsvμrsμFmomμntumFτnFNFsqrt{s}FOFfFaF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2014SFYWX[SFX

5.4 54

418
}μ−rcρFνorFsqu−rψsF−nγFπluτnosFτnFντn−lFst−tμsFwτtρFχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumF−tF
[oormul−cFsμμFtμxt]FfXZF[oormul−cFsμμFtμxt]wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF
2016SF_^SFZbY

4.2 53

417 }μ−rcρFνorFnμwFpρμnomμn−FτnFμvμntsFwτtρF−tFlμ−stFtρrμμFpρotonsFcollμctμγFτnFcollτsτonsF−tF[oormul−cF
sμμFtμxt]FfFaF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFYXW 4.2 53

416 vμ−surμmμntFoνFtρμFτnclusτvμF−nγFγτχμtFcrossTsμctτonsFoνF≥TχμtsFτnFppFcollτsτonsF−tF
Nsqrt{s}f_m≥ox{~~μ’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2011SF_XSFX 4.2 53

415 vμ−surμmμntFoνFtρμFpρotonFτγμntτντc−tτonFμνντcτμncτμsFwτtρFtρμFj~uj}FγμtμctorFusτnπFuqlF{unTXF
γ−t−UFEuropeanlPhysicallJournallCSF2016SF_^SF^^^ 4.2 53

414 }μ−rcρFνorFγτrμctFtopTsqu−rψFp−τrFproγuctτonFτnFντn−lFst−tμsFwτtρFtwoFlμptonsFτnFppFcollτsτonsF−tFNF
sqrt{s}FOFfFaF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 52

413 }μ−rcρFνorFlμptonTνl−vourTvτol−tτnπFγμc−ysFoνFtρμFqτππsF−nγF≥osonsFwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2017SF__SF_W 4.2 52

412
}μ−rcρFνorFγ−rψFm−ttμrF−tF[oormul−cFsμμFtμxt]FτnFντn−lFst−tμsFcont−τnτnπF−nFμnμrπμtτcFpρotonF−nγF
l−rπμFmτssτnπFtr−nsvμrsμFmomμntumFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF
__SFZbZ

4.2 52

411 vμ−surμmμntFoνFνlowFρ−rmonτcsFwτtρFmultτTp−rtτclμFcumul−ntsFτnFy≥Ry≥FcollτsτonsF−tF[oormul−cFsμμF
tμxt]´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2014SF_[SFZX]_ 4.2 52

410 yμrνorm−ncμFoνFtρμFj~uj}FmuonFtrτππμrFτnFppFcollτsτonsF−tF[oormul−cFsμμFtμxt]F~μ’UFEuropeanl
PhysicallJournallCSF2015SF_]SFXYW 4.2 51
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409 vμ−surμmμntFoνFtρμFproγuctτonFcrossFsμctτonFoνFχμtsFτnF−ssocτ−tτonFwτtρF−F±F≥osonFτnFppFcollτsτonsF−tF
NFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 50

408 nvτγμncμFνorFtρμFNFqtoF≥ovμrlτnμ{≥}FOFγμc−yFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF
2017SFYWX_SFX 5.4 50

407
}μ−rcρFνorFγτrμctFp−τrFproγuctτonFoνF−Fcρ−rπτnoF−nγF−Fnμutr−lτnoFγμc−yτnπFtoFtρμFXY]´ pμ’FqτππsF
≥osonFτnF[oormul−cFsμμFtμxt]´ ~μ’F[oormul−cFsμμFtμxt]FcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2015SF_]SFYWa

4.2 50

406
}μ−rcρFνorFμlμctrowμ−ψFproγuctτonFoνFcρ−rπτnosF−nγFslμptonsFγμc−yτnπFτntoFντn−lFst−tμsFwτtρFtwoF
lμptonsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFNsqrt{s}fXZOFNtμxtF{~μ’}OFppFcollτsτonsFusτnπFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX

4.2 50

405
rγμntτντc−tτonF−nγFμnμrπyFc−lτ≥r−tτonFoνFρ−γronτc−llyFγμc−yτnπFt−uFlμptonsFwτtρFtρμFj~uj}F
μxpμrτmμntFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt][oormul−cFsμμFtμxt]UFEuropeanlPhysicallJournallCSF2015
SF_]SFZWZ

4.2 49

404 vμ−surμmμntFoνFcρ−rπμγTp−rtτclμFspμctr−FτnFy≥Ry≥FcollτsτonsF−tFNFsqrt{s₆{m−tρrm{ww}}}fYU_^FOF~μ’F
wτtρFtρμFj~uj}FγμtμctorF−tFtρμFuqlUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 49

403 }μ−rcρFνorFrμson−ncμsFτnFγτpρotonFμvμntsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2016SFYWX^SFX 5.4 49

402 }μ−rcρFνorFμlμctrowμ−ψFproγuctτonFoνFsupμrsymmμtrτcFp−rtτclμsFτnFντn−lFst−tμsFwτtρFtwoForFtρrμμF
lμptonsF−tFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFbb] 4.2 49

401 vμ−surμmμntsFoνFtopTqu−rψFp−τrFγτννμrμntτ−lFcrossTsμctτonsFτnFtρμFlμptonRχμtsFcρ−nnμlFτnFcollτsτonsF
−tF[oormul−cFsμμFtμxt]FusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF]Za 4.2 48

400 }μ−rcρFνorFsupμrsymmμtryF−tF[oormul−cFsμμFtμxt]´ ~μ’FτnFντn−lFst−tμsFwτtρFχμtsF−nγFtwoFs−mμTsτπnF
lμptonsForFtρrμμFlμptonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFY]b 4.2 48

399 nlμctronTpρononFcouplτnπFμnρ−ncμγF≥yFtρμFoμ}μV}r~τxZFτntμrν−cμUFJournalloflAppliedlPhysicsSF2014SF
XX]SFXbZbW_ 2.5 48

398 vμ−surμmμntFoνFmultτTp−rtτclμF−zτmutρ−lFcorrμl−tτonsFτnFppSFp´ R´ y≥F−nγFlowTmultτplτcτtyFy≥´ R´ y≥F
collτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SF[Ya 4.2 48

397 }μ−rcρFνorFlonπTlτvμγFcρ−rπτnosF≥−sμγFonF−Fγτs−ppμ−rτnπTtr−cψFsτπn−turμFτnFppFcollτsτonsF−tFNF
sqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 48

396 vμ−surμmμntFoνFtρμFpromptFV[oormul−cFsμμFtμxt]Fp−τrFproγuctτonFcrossTsμctτonFτnFcollτsτonsF−tF
[oormul−cFsμμFtμxt]´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SF_^ 4.2 47

395 }μ−rcρFνorFρμ−vyFrμson−ncμsFγμc−yτnπFτntoFτnFtρμFντn−lFst−tμFτnFcollτsτonsF−tFwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFY[ 4.2 47

394 }μ−rcρFνorFtρμFnμutr−lFqτππsF≥osonsFoνFtρμFmτnτm−lFsupμrsymmμtrτcFst−nγ−rγFmoγμlFτnFppFcollτsτonsF
−tFNFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 47

393 }μ−rcρFνorF−FnμwFrμson−ncμFγμc−yτnπFtoF−ForF≥osonF−nγF−FqτππsF≥osonFτnFtρμF[oormul−cFsμμFtμxt]F
ντn−lFst−tμsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFY^Z 4.2 46

392 uτπρtTqu−rψF−nγFπluonFχμtFγτscrτmτn−tτonFτnF[oormul−cFsμμFtμxt]FcollτsτonsF−tF[oormul−cFsμμFtμxt]FwτtρF
tρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2014SF_[SFZWYZ 4.2 46

Boyang
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391 }μ−rcρFνorFlμptonTνl−vourTvτol−tτnπFqFTgF˛…ˇ�Fγμc−ysFoνFtρμFqτππsF≥osonFwτtρFtρμFj~uj}FγμtμctorUF
JournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 46

390
}μ−rcρFνorF−nom−lousFproγuctτonFoνFpromptFs−mμTsτπnFlμptonFp−τrsF−nγFp−τrTproγucμγFγou≥lyF
cρ−rπμγFqτππsF≥osonsFwτtρFNFsqrt{s}faFOF~μ’FppFcollτsτonsFusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2015SFYWX]SFX

5.4 45

389 }μ−rcρFνorFτnvτsτ≥lμFγμc−ysFoνF−FqτππsF≥osonFusτnπFvμctorT≥osonFνusτonFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 45

388 vμ−surμmμntFoνF±±FproγuctτonFτnFppFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’F−nγFlτmτtsFonF−nom−lousF±±±F−nγF
±±˛‡FcouplτnπsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 45

387 vuonFrμconstructτonFμνντcτμncyF−nγFmomμntumFrμsolutτonFoνFtρμFj~uj}FμxpμrτmμntFτnF
protonTprotonFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’FτnFYWXWUFEuropeanlPhysicallJournallCSF2014SF_[SFZWZ[ 4.2 45

386 }μ−rcρFνorFp−τrFproγuctτonFoνFm−ssτvμFp−rtτclμsFγμc−yτnπFτntoFtρrμμFqu−rψsFwτtρFtρμFj~uj}FγμtμctorF
τnFNFsqrt{s}f_dm−tρrm{~μ’}FOFppFcollτsτonsF−tFtρμFuqlUFJournalloflHighlEnergylPhysicsSF2012SFYWXYSFX 5.4 45

385 v−πnμtostructur−lFcouplτnπF−nγFm−πnμtoc−lorτcFμννμctFτnFwτâ��vnâ��rnUFAppliedlPhysicslLettersSF2009SF
b]SFX_Y]W^ 3.4 45

384
}μ−rcρFνorFsupμrsymmμtryFτnFμvμntsFcont−τnτnπF−Fs−mμTνl−vourFopposτtμTsτπnFγτlμptonFp−τrSFχμtsSF−nγF
l−rπμFmτssτnπFtr−nsvμrsμFmomμntumFτnF[oormul−cFsμμFtμxt]´ ~μ’FcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2015SF_]SFZXa

4.2 44

383 rγμntτντc−tτonFoνF≥oostμγSFρ−γronτc−llyFγμc−yτnπF≥osonsF−nγFcomp−rτsonsFwτtρFj~uj}Fγ−t−Ft−ψμnF−tF
[oormul−cFsμμFtμxt]´ ~μ’UFEuropeanlPhysicallJournallCSF2016SF_^SFX][ 4.2 44

382 vμ−surμmμntFoνFτsol−tμγTpρotonFp−τrFproγuctτonFτnFppFcollτsτonsF−tFNFsqrt{s}f_d~μ’FOFwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 44

381 nlμctronFμmτssτonFνromFsτnπlμTμlμctronFc−pturμFwτtρFsτmult−nμousFsτnπlμTτonτz−tτonFrμ−ctτonsFτnF
ZWTψμ’VuFqμYRTonT−rπonFcollτsτonsUFPhysicallReviewlASF2011SFaZSF 2.6 44

380 jnπul−rF−n−lysτsFoνFkFWFγFFTgFtP˛…R˛…â��Fγμc−ysFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 44

379 yμrνorm−ncμFoνFχμtFsu≥structurμFtμcρnτquμsFνorFl−rπμT{FχμtsFτnFprotonTprotonFcollτsτonsF−tFNF
sqrt{s}f_FOF~μ’FusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 43

378 j~uj}F≥TχμtFτγμntτντc−tτonFpμrνorm−ncμF−nγFμνντcτμncyFmμ−surμmμntFwτtρFNt{≥−r{t}}OFμvμntsFτnFppF
collτsτonsF−tFNsqrt{s}fXZOF~μ’UFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 43

377 sμtFrμconstructτonF−nγFpμrνorm−ncμFusτnπFp−rtτclμFνlowFwτtρFtρμFj~uj}FmμtμctorUFEuropeanlPhysicall
JournallCSF2017SF__SF[^^ 4.2 42

376
vμ−surμmμntFoνFtρμFγτννμrμntτ−lFcrossTsμctτonsFoνFpromptF−nγFnonTpromptFproγuctτonFoνF[oormul−cF
sμμFtμxt]F−nγF[oormul−cFsμμFtμxt]FτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]F−nγFa´ ~μ’FwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFYaZ

4.2 42

375 }umm−ryFoνFtρμFj~uj}Fμxpμrτmμntâ��sFsμnsτtτvτtyFtoFsupμrsymmμtryF−νtμrFuqlF{unFXFâ��FτntμrprμtμγF
τnFtρμFpρμnomμnoloπτc−lFv}}vUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 42

374 }μ−rcρFνorFρμ−vyFrμson−ncμsFτnFtρμF−nγFντn−lFst−tμsFusτnπFprotonTprotonFcollτsτonsF−tF´ FwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFYbZ 4.2 41
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373
}μ−rcρFνorFγτrμctFtopFsqu−rψFp−τrFproγuctτonFτnFμvμntsFwτtρF−F[oormul−cFsμμFtμxt]F≥osonSF[oormul−cF
sμμFtμxt]TχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnF[oormul−cFsμμFtμxt]F~μ’F[oormul−cFsμμFtμxt]F
collτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2014SF_[SFYaaZ

4.2 41

372 }τnπlμFρ−γronFrμsponsμFmμ−surμmμntF−nγFc−lorτmμtμrFχμtFμnμrπyFsc−lμFuncμrt−τntyFwτtρFtρμFj~uj}F
γμtμctorF−tFtρμFuqlUFEuropeanlPhysicallJournallCSF2013SF_ZSFX 4.2 41

371 }μ−rcρFνorFnμwFp−rtτclμsFτnFμvμntsFwτtρFonμFlμptonF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFppF
collτsτonsF−tFNFsqrt{s}FOFfFaF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 40

370
vμ−surμmμntFoνFtρμFcμntr−lτtyFγμpμnγμncμFoνFtρμFcρ−rπμγTp−rtτclμFpsμuγor−pτγτtyFγτstrτ≥utτonFτnF
protonTlμ−γFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2016SF_^SFXbb

4.2 39

369 }μ−rcρFνorFsupμrsymmμtryF−tFNsqrt{s}OFfFaF~μ’FτnFντn−lFst−tμsFwτtρFχμtsF−nγFtwoFs−mμTsτπnFlμptonsForF
tρrμμFlμptonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 39

368 }μ−rcρFνorFcρ−rπμγFqτππsF≥osonsFγμc−yτnπFτntoFtopF−nγF≥ottomFqu−rψsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 39

367 yμrνorm−ncμFoνF−lπorτtρmsFtρ−tFrμconstructFmτssτnπFtr−nsvμrsμFmomμntumFτnF[oormul−cFsμμFtμxt]fF
aF~μ’FprotonTprotonFcollτsτonsFτnFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SFY[X 4.2 38

366
x≥sμrv−tτonF−nγFmμ−surμmμntsFoνFtρμFproγuctτonFoνFpromptF−nγFnonTpromptF[oormul−cFsμμFtμxt]F
mμsonsFτnF−ssocτ−tτonFwτtρF−F[oormul−cFsμμFtμxt]F≥osonFτnF[oormul−cFsμμFtμxt]FcollτsτonsF−tF[oormul−cF
sμμFtμxt]FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFYYb

4.2 38

365 }μ−rcρFνorFlonπTlτvμγFnμutr−lFp−rtτclμsFγμc−yτnπFτntoFlμptonFχμtsFτnFprotonTprotonFcollτsτonsF−tFNF
sqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 38

364 nlμctronFrμconstructτonF−nγFτγμntτντc−tτonFτnFtρμFj~uj}FμxpμrτmμntFusτnπFtρμFYWX]F−nγFYWX^FuqlF
protonâ��protonFcollτsτonFγ−t−F−tFNsqrt{s}FfFXZOFNtμxtF{~μ’}OUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 37

363 vμ−surμmμntFoνFtρμFproγuctτonFoνF−F–F≥osonFτnF−ssocτ−tτonFwτtρF−Fcρ−rmFqu−rψFτnFppFcollτsτonsF−tFNF
sqrt{s}FOFfF_F~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 37

362 }μ−rcρFνorFsqu−rψsF−nγFπluτnosFτnFμvμntsFwτtρFτsol−tμγFlμptonsSFχμtsF−nγFmτssτnπFtr−nsvμrsμF
momμntumF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 37

361 lρ−rπμγTp−rtτclμFγτstrτ≥utτonsF−tFlowFtr−nsvμrsμFmomμntumFτnF[oormul−cFsμμFtμxt]´ ~μ’Fτntμr−ctτonsF
mμ−surμγFwτtρFtρμFj~uj}FγμtμctorF−tFtρμFuqlUFEuropeanlPhysicallJournallCSF2016SF_^SF]WY 4.2 37

360 vμ−surμmμntFoνFtρμFqτππsF≥osonFcouplτnπFpropμrtτμsFτnFtρμFqFTgF±±PFTgF[â��Fγμc−yFcρ−nnμlF−tFNF
sqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 36

359 }μ−rcρFνorFγτrμctFp−τrFproγuctτonFoνFtρμFtopFsqu−rψFτnF−llTρ−γronτcFντn−lFst−tμsFτnFprotonTprotonF
collτsτonsF−tFNFsqrt{s}FOFfFaF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 36

358 vμ−surμmμntFoνFlonπτtuγτn−lFνlowFγμcorrμl−tτonsFτnFy≥Ry≥FcollτsτonsF−tF−nγF]UWYF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFX[Y 4.2 35

357 vμ−surμmμntFoνFqu−rψonτumFproγuctτonFτnFprotonTlμ−γF−nγFprotonTprotonFcollτsτonsF−tFwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFX_X 4.2 35

356 vμ−surμmμntFoνFtρμFcρ−rπμγTp−rtτclμFmultτplτcτtyFτnsτγμFχμtsFνromF[oormul−cFsμμFtμxt][oormul−cFsμμF
tμxt]´ FcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFZYY 4.2 35
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355 vμ−surμmμntFoνFχμtFνr−πmμnt−tτonFτnFy≥Ry≥F−nγFcollτsτonsF−tF~μ’FwτtρFtρμFj~uj}FγμtμctorF−tFtρμF
uqlUFEuropeanlPhysicallJournallCSF2017SF__SFZ_b 4.2 35

354 vμ−surμmμntFoνFtρμFcrossTsμctτonFνorF–F≥osonFproγuctτonFτnF−ssocτ−tτonFwτtρF≥TχμtsFτnFppFcollτsτonsF
−tFNFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 34

353 mτstrτ≥utτonFoνF~τxYFp−rtτclμsFτnFtρμFolν−ctoryF≥ul≥FoνFmτcμF−νtμrFn−s−lFτnρ−l−tτonFusτnπFmτcro≥μ−mF
}{—{oFm−ppτnπFtμcρnτquμsUFJournalloflRadioanalyticallandlNuclearlChemistrySF2007SFY_YSF]Y_T]ZX 1.5 34

352 yμrνorm−ncμFoνFtρμFj~uj}Ftr−cψFrμconstructτonF−lπorτtρmsFτnFγμnsμFμnvτronmμntsFτnFuqlF{unFYUF
EuropeanlPhysicallJournallCSF2017SF__SF^_Z 4.2 33

351 }μ−rcρFνorFcρ−rπμγFqτππsF≥osonsFτnFtρμFqF´–FTgFt≥Fγμc−yFcρ−nnμlFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’F
usτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 33

350
}μ−rcρFνorFtopTsqu−rψFp−τrFproγuctτonFτnFντn−lFst−tμsFwτtρFonμFlμptonSFχμtsSF−nγFmτssτnπFtr−nsvμrsμF
momμntumFusτnπFZ^Fν≥â��XFoνFNFsqrt{s}fXZFOF~μ’FppFcollτsτonFγ−t−FwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2018SFYWXaSFX

5.4 33

349
}μ−rcρFνorFcρ−rπμγFqτππsF≥osonsFγμc−yτnπFvτ−Fq´–FTgFˇ�´–˛‰ˇ�FτnFtρμFˇ�RχμtsF−nγFˇ�RlμptonFντn−lFst−tμsFwτtρF
Z^Fν≥â��XFoνFppFcollτsτonFγ−t−FrμcorγμγF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FμxpμrτmμntUFJournallofl
HighlEnergylPhysicsSF2018SFYWXaSFX

5.4 33

348 vμ−surμmμntFoνFtρμFtopFqu−rψFm−ssFτnFtρμF[oormul−cFsμμFtμxt]F−nγF[oormul−cFsμμFtμxt]Fcρ−nnμlsF
usτnπF[oormul−cFsμμFtμxt]´ [oormul−cFsμμFtμxt]Fj~uj}Fγ−t−UFEuropeanlPhysicallJournallCSF2015SF_]SFZZW 4.2 32

347 }μ−rcρFνorFγ−rψFm−ttμrFproγucμγFτnF−ssocτ−tτonFwτtρF≥ottomForFtopFqu−rψsFτnF´ ~μ’FcollτsτonsFwτtρF
tρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFXa 4.2 32

346
}μ−rcρFνorFp−τrFproγuctτonFoνFqτππsF≥osonsFτnFtρμFNF≥ovμrlτnμ{≥}≥ovμrlτnμ{≥}FOFντn−lFst−tμFusτnπF
protonTprotonFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2019SFYWXbSFX

5.4 31

345 lonstr−τntsFonFmμγτ−torT≥−sμγFγ−rψFm−ttμrF−nγFsc−l−rFγ−rψFμnμrπyFmoγμlsFusτnπFNFsqrt{s}FOFfFXZF~μ’F
ppFcollτsτonFγ−t−FcollμctμγF≥yFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 31

344
mτννμrμntτ−lFtopT−ntτtopFcrossTsμctτonFmμ−surμmμntsF−sF−FνunctτonFoνFo≥sμrv−≥lμsFconstructμγFνromF
ντn−lTst−tμFp−rtτclμsFusτnπFppFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’FτnFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2015SFYWX]SFX

5.4 31

343
vμ−surμmμntFoνFtρμFproγuctτonF−nγFlμptonFcρ−rπμF−symmμtryFoνF[oormul−cFsμμFtμxt]F≥osonsFτnF
y≥Ry≥FcollτsτonsF−tF[oormul−cFsμμFtμxt]FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF
_]SFYZ

4.2 31

342
}μ−rcρFνorFcont−ctFτntμr−ctτonsF−nγFl−rπμFμxtr−FγτmμnsτonsFτnFtρμFγτlμptonFcρ−nnμlFusτnπF
protonTprotonFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ a´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2014SF_[SFZXZ[

4.2 31

341
}μ−rcρFνorFstronπFproγuctτonFoνFsupμrsymmμtrτcFp−rtτclμsFτnFντn−lFst−tμsFwτtρFmτssτnπFtr−nsvμrsμF
momμntumF−nγF−tFlμ−stFtρrμμF≥TχμtsF−tFNFsqrt{s}FfFaFOF~μ’FprotonTprotonFcollτsτonsFwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX

5.4 31

340 vμ−surμmμntsFoνF≥TχμtFt−ππτnπFμνντcτμncyFwτtρFtρμFj~uj}FγμtμctorFusτnπFNFtovμrlτnμ{t}FOFμvμntsF−tFNF
sqrt{s}fXZFOF~μ’UFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 31

339 }μ−rcρFνorFtρτrγFπμnμr−tτonFsc−l−rFlμptoqu−rψsFτnFppFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 30

338 }μ−rcρFνorF−Fsc−l−rFp−rtnμrFoνFtρμFtopFqu−rψFτnFtρμFχμtsFplusFmτssτnπFtr−nsvμrsμFmomμntumFντn−lF
st−tμF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 30

(2017-2017)

9



337 vμ−surμmμntsFoνFντγucτ−lF−nγFγτννμrμntτ−lFcrossFsμctτonsFνorFqτππsF≥osonFproγuctτonFτnFtρμF
γτpρotonFγμc−yFcρ−nnμlF−tFNFsqrt{s}faFOF~μ’FwτtρFj~uj}UFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 30

336 vμ−surμmμntFoνFtρμF[oormul−cFsμμFtμxt]FproγuctτonFcrossFsμctτonFτnFtρμFt−uFRFχμtsFcρ−nnμlFusτnπFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2013SF_ZSFYZYa 4.2 30

335 yμrνorm−ncμFoνFμlμctronF−nγFpρotonFtrτππμrsFτnFj~uj}FγurτnπFuqlF{unFYUFEuropeanlPhysicallJournall
CSF2020SFaWSFX 4.2 30

334 }μ−rcρμsFνorFρμ−vyFlonπTlτvμγFcρ−rπμγFp−rtτclμsFwτtρFtρμFj~uj}FγμtμctorFτnFprotonTprotonFcollτsτonsF
−tFNFsqrt{s}faFOF~μ’UFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 29

333
}μ−rcρFνorFtρμFγτrμctFproγuctτonFoνFcρ−rπτnosSFnμutr−lτnosF−nγFst−usFτnFντn−lFst−tμsFwτtρF−tFlμ−stFtwoF
ρ−γronτc−llyFγμc−yτnπFt−usF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX

5.4 29

332 {μconstructτonFoνFprτm−ryFvμrtτcμsF−tFtρμFj~uj}FμxpμrτmμntFτnF{unFXFprotonTprotonFcollτsτonsF−tF
tρμFuqlUFEuropeanlPhysicallJournallCSF2017SF__SFZZY 4.2 29

331
}μ−rcρFνorFp−τrFproγuctτonFoνFρμ−vyFvμctorTlτψμFqu−rψsFγμc−yτnπFtoFρτπρTpF~F–F≥osonsF−nγF≥Fqu−rψsF
τnFtρμFlμptonTplusTχμtsFντn−lFst−tμFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUF
JournalloflHighlEnergylPhysicsSF2017SFYWX_SFX

5.4 29

330
}μ−rcρFνorFp−τrF−nγFsτnπlμFproγuctτonFoνFnμwFρμ−vyFqu−rψsFtρ−tFγμc−yFtoF−F±F≥osonF−nγF−F
tρτrγTπμnμr−tτonFqu−rψFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2014SFYWX[SFX

5.4 29

329 ~woTp−rtτclμFkosμTnτnstμτnFcorrμl−tτonsFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]FWUbF−nγF_F~μ’Fmμ−surμγF
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SF[^^ 4.2 28

328 jFsμ−rcρFνorFp−τrTproγucμγFrμson−ncμsFτnFνourTχμtFντn−lFst−tμsF−tFwτtρFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2018SF_aSFY]W 4.2 28

327 {μconstructτonFoνFρ−γronτcFγμc−yFproγuctsFoνFt−uFlμptonsFwτtρFtρμFj~uj}FμxpμrτmμntUFEuropeanl
PhysicallJournallCSF2016SF_^SFYb] 4.2 28

326 }μ−rcρFνorFsτnπlμFtopTqu−rψFproγuctτonFvτ−Fνl−vourTcρ−nπτnπFnμutr−lFcurrμntsF−tFa´ ~μ’FwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF]] 4.2 28

325 vμ−surμmμntFoνFtρμF−nom−lousFprμcμssτonFνrμquμncyFoνFtρμFmuonFτnFtρμFoμrmτl−≥FvuonFπâ��YF
nxpμrτmμntUFPhysicallReviewlDSF2021SFXWZSF 4.9 28

324
}μ−rcρFνorFmτnτm−lFsupμrsymmμtrτcFst−nγ−rγFmoγμlFqτππsFkosonsF´ V´ F−nγFνorF−F[oormul−cFsμμFtμxt]F
≥osonFτnFtρμF[oormul−cFsμμFtμxt]Fντn−lFst−tμFproγucμγFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]F~μ’FwτtρF
tρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF]a]

4.2 28

323
}μ−rcρFνorFsupμrsymmμtryFτnFντn−lFst−tμsFwτtρFmτssτnπFtr−nsvμrsμFmomμntumF−nγFmultτplμF≥TχμtsFτnF
protonTprotonFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2018SFYWXaSFX

5.4 28

322
oτγucτ−lSFtot−lF−nγFγτννμrμntτ−lFcrossTsμctτonFmμ−surμmμntsFoνFTcρ−nnμlFsτnπlμFtopTqu−rψFproγuctτonF
τnFcollτsτonsF−tFa´ ~μ’FusτnπFγ−t−FcollμctμγF≥yFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF
__SF]ZX

4.2 27

321 vμ−surμmμntFoνFtρμFτnclusτvμFχμtFcrossTsμctτonFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’FusτnπF
[U]Fν≥â��XFoνFγ−t−FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 27

320
}μ−rcρFνorFp−τrFproγuctτonFoνFvμctorTlτψμFtopFqu−rψsFτnFμvμntsFwτtρFonμFlμptonSFχμtsSF−nγFmτssτnπF
tr−nsvμrsμFmomμntumFτnFNFsqrt{s}fXZFOF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2017SFYWX_SFX

5.4 27
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319 }tuγyFoνFtρμFr−rμFγμc−ysFoνF[oormul−cFsμμFtμxt]F−nγF[oormul−cFsμμFtμxt]FτntoFmuonFp−τrsFνromFγ−t−F
collμctμγFγurτnπFtρμFuqlF{unFXFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF]XZ 4.2 27

318 vμ−surμmμntFoνFtρμFpρotonFτγμntτντc−tτonFμνντcτμncτμsFwτtρFtρμFj~uj}FγμtμctorFusτnπFuqlF{unFYF
γ−t−FcollμctμγFτnFYWX]F−nγFYWX^UFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 26

317
}μ−rcρFνorFρμ−vyFrμson−ncμsFγμc−yτnπFτntoF−F–ForF±F≥osonF−nγF−FqτππsF≥osonFτnFντn−lFst−tμsFwτtρF
lμptonsF−nγF≥TχμtsFτnFZ^Fν≥â��XFoνFNFsqrt{s}fXZFOF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2018SFYWXaSFX

5.4 26

316 vμ−surμmμntFoνFˇ�FcXF−nγFˇ�FcYFproγuctτonFwτtρFNFsqrt{s}FOFfF_F~μ’FppFcollτsτonsF−tFj~uj}UFJournallofl
HighlEnergylPhysicsSF2014SFYWX[SFX 5.4 26

315
vμ−surμmμntsFoνFtρμFproγuctτonFcrossFsμctτonFoνF−F[oormul−cFsμμFtμxt]F≥osonFτnF−ssocτ−tτonFwτtρF
χμtsFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF
2017SF__SFZ^X

4.2 26

314 vμ−surμmμntFoνFγτννμrμntτ−lFproγuctτonFcrossTsμctτonsFνorF−F±F≥osonFτnF−ssocτ−tτonFwτtρF≥TχμtsFτnF_F
~μ’FprotonTprotonFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 26

313 x≥sμrv−tτonFoνFτntμr−tomτcFloulom≥τcFγμc−yF−nγFμlμctronTtr−nsνμrTmμγτ−tμγFγμc−yFτnFρτπρTμnμrπyF
μlμctronTτmp−ctFτonτz−tτonFoνFjrYUFPhysicallReviewlASF2013SFaaSF 2.6 26

312 ~μstFoνFlyFτnv−rτ−ncμFτnFvμctorT≥osonFνusτonFproγuctτonFoνFtρμFqτππsF≥osonFusτnπFtρμFmμtρoγFτnFtρμF
γτt−uFγμc−yFcρ−nnμlFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF^]a 4.2 26

311 nlμctronF−nγFpρotonFμnμrπyFc−lτ≥r−tτonFwτtρFtρμFj~uj}FγμtμctorFusτnπFYWX]â��YWX^FuqlF
protonTprotonFcollτsτonFγ−t−UFJournalloflInstrumentationSF2019SFX[SFyWZWX_TyWZWX_ 1 25

310 vultτTcρ−nnμlFsμ−rcρFνorFsqu−rψsF−nγFπluτnosFτnF[oormul−cFsμμFtμxt]FcollτsτonsFwτtρFtρμFj~uj}F
γμtμctorF−tFtρμFuqlUFEuropeanlPhysicallJournallCSF2013SF_ZSFYZ^Y 4.2 25

309 vμ−surμmμntFoνFτnclusτvμF−nγFγτννμrμntτ−lFcrossFsμctτonsFτnFtρμFqFTgF±±FPFTgF[â��Fγμc−yFcρ−nnμlFτnFppF
collτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 25

308 }μ−rcρFνorF[oormul−cFsμμFtμxt]Fγμc−ysFτnF[oormul−cFsμμFtμxt]FcollτsτonsF−tF[oormul−cFsμμFtμxt]´ f´ a´ ~μ’F
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFX^] 4.2 25

307 }μ−rcρFνorF≥ottomFsqu−rψFp−τrFproγuctτonFτnFprotonTprotonFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’F
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF][_ 4.2 25

306 vμ−surμmμntFoνFtρμFτnclusτvμFτsol−tμγFpromptFpρotonFcrossFsμctτonFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 25

305 vμ−surμmμntFoνFtρμFtopFqu−rψFm−ssFτnFtρμFNt≥−r{t}rτπρt−rrowFOFlμptonRχμtsFcρ−nnμlFνromFNsqrt{s}faOF
~μ’Fj~uj}Fγ−t−F−nγFcom≥τn−tτonFwτtρFprμvτousFrμsultsUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 24

304 vμ−surμmμntFoνFtρμFγou≥lμTγτννμrμntτ−lFρτπρTm−ssFmrμllT −nFcrossFsμctτonFτnFppFcollτsτonsF−tFNF
sqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 24

303 vμ−surμmμntFoνFtρμFtopFqu−rψFp−τrFproγuctτonFcρ−rπμF−symmμtryFτnFprotonTprotonFcollτsτonsF−tFNF
sqrt{s}FOFfF_F~μ’FusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 24

302
vμ−surμmμntFoνFtρμFproγuctτonFcrossFsμctτonFoνFpromptFsVˇ�FmμsonsFτnF−ssocτ−tτonFwτtρF−F–F´–F
≥osonFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfF_F~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF
2014SFYWX[SFX

5.4 24

(2014-2016)
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301 vμ−surμmμntFoνFtρμFγτννμrμntτ−lFcrossTsμctτonFoνFkFRFmμsonFproγuctτonFτnFppFcollτsτonsF−tFNF
sqrt{s}f_FOF~μ’F−tFj~uj}UFJournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 24

300 }μ−rcρFνorFsτnπlμFproγuctτonFoνFvμctorTlτψμFqu−rψsFγμc−yτnπFτntoFτnFcollτsτonsF−tF[oormul−cFsμμF
tμxt]´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF[[Y 4.2 24

299 }μ−rcρFνorFtρμFγτrμctFproγuctτonFoνFcρ−rπτnosF−nγFnμutr−lτnosFτnFντn−lFst−tμsFwτtρFt−uFlμptonsFτnF
collτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFX][ 4.2 23

298 }μ−rcρFνorFp−τrFproγuctτonFoνFupTtypμFvμctorTlτψμFqu−rψsF−nγFνorFνourTtopTqu−rψFμvμntsFτnFντn−lF
st−tμsFwτtρFmultτplμF≥TχμtsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 23

297
}μ−rcρFνorF−FnμwFρμ−vyFπ−uπμT≥osonFrμson−ncμFγμc−yτnπFτntoF−FlμptonF−nγFmτssτnπFtr−nsvμrsμF
momμntumFτnFZ^Fν≥FoνFcollτsτonsF−tF´ ~μ’FwτtρFtρμFj~uj}FμxpμrτmμntUFEuropeanlPhysicallJournallCSF
2018SF_aSF[WX

4.2 23

296
}μ−rcρFνorFqτππsF≥osonFp−τrFproγuctτonFτnFtρμFNFupπ−mm−Fupπ−mm−F≥ovμrlτnμ{≥}FOFντn−lFst−tμFwτtρF
XZF~μ’FppFcollτsτonFγ−t−FcollμctμγF≥yFtρμFj~uj}FμxpμrτmμntUFJournalloflHighlEnergylPhysicsSF2018SF
YWXaSFX

5.4 23

295 yromptF−nγFnonTpromptF−nγFsupprμssτonF−tFρτπρFtr−nsvμrsμFmomμntumFτnFy≥Ry≥FcollτsτonsFwτtρF
tρμFj~uj}FμxpμrτmμntUFEuropeanlPhysicallJournallCSF2018SF_aSF_^Y 4.2 23

294
nvτγμncμFνorF−ssocτ−tμγFproγuctτonFoνF−FqτππsF≥osonFwτtρF−FtopFqu−rψFp−τrFτnFντn−lFst−tμsFwτtρF
μlμctronsSFmuonsSF−nγFρ−γronτc−llyFγμc−yτnπFˇ�FlμptonsF−tFNFsqrt{s}fXZFOF~μ’UFJournalloflHighlEnergyl
PhysicsSF2018SFYWXaSFX

5.4 23

293
jFmμ−surμmμntFoνFtρμFc−lorτmμtμrFrμsponsμFtoFsτnπlμFρ−γronsF−nγFγμtμrmτn−tτonFoνFtρμFχμtFμnμrπyF
sc−lμFuncμrt−τntyFusτnπFuqlF{unTXFTcollτsτonFγ−t−FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2017SF__SFY^

4.2 22

292
vμ−surμmμntFoνFtρμFτnclusτvμFcrossTsμctτonsFoνFsτnπlμFtopTqu−rψF−nγFtopT−ntτqu−rψFtTcρ−nnμlF
proγuctτonFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2017SFYWX_SFX

5.4 22

291 }μ−rcρFνorFρμ−vyFlonπTlτvμγFmultτTcρ−rπμγFp−rtτclμsFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’FusτnπFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFZ^Y 4.2 22

290 }μ−rcρFνorF–F–V–F±Frμson−ncμFproγuctτonFτnFâ��˛‰qqFντn−lFst−tμsFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 22

289 jFsμ−rcρFνorFpromptFlμptonTχμtsFτnFppFcollτsτonsF−tFNFsqrt{m−tρrm{s}}faFOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 22

288
}μ−rcρFνorFsupμrsymmμtryFτnFντn−lFst−tμsFwτtρFtwoFs−mμTsτπnForFtρrμμFlμptonsF−nγFχμtsFusτnπFZ^Fν≥â��XF
oνFNFsqrt{s}fXZFOF~μ’FppFcollτsτonFγ−t−FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SF
YWX_SFX

5.4 22

287 jFsμ−rcρFνorFρτπρTm−ssFrμson−ncμsFγμc−yτnπFtoFˇ�Rˇ�â��FτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 22

286 }μ−rcρFνorFρμ−vyFlμptonFrμson−ncμsFγμc−yτnπFtoF−F±F≥osonF−nγF−FlμptonFτnFppFcollτsτonsF−tFNFsqrt{s}faF
OF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 22

285 }μ−rcρFνorFqτππsF≥osonFγμc−ysFtoF≥μyonγTtρμT}t−nγ−rγTvoγμlFlτπρtF≥osonsFτnFνourTlμptonFμvμntsF
wτtρFtρμFj~uj}FγμtμctorF−tFNFsqrt{s}fXZFOF~μ’UFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 22

284
}μ−rcρFνorFρμ−vyFv−χor−n−ForFmτr−cFnμutrτnosF−nγFrτπρtTρ−nγμγF–Fπ−uπμF≥osonsFτnFντn−lFst−tμsFwτtρF
twoFcρ−rπμγFlμptonsF−nγFtwoFχμtsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2019SFYWXbSFX

5.4 21

Boyang
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283 }μ−rcρFνorFτnvτsτ≥lμFp−rtτclμsFproγucμγFτnF−ssocτ−tτonFwτtρFsτnπlμTtopTqu−rψsFτnFprotonTprotonF
collτsτonsF−tF[oormul−cFsμμFtμxt]FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SF_b 4.2 21

282
vμ−surμmμntsFoνFντγucτ−lFcrossTsμctτonsFνorF[oormul−cFsμμFtμxt]FproγuctτonFwτtρFonμForFtwoF
−γγτtτon−lFTχμtsFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]faF~μ’´ usτnπFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2016SF_^SFXX

4.2 21

281
vμ−surμmμntFoνFγτstrτ≥utτonsFsμnsτtτvμFtoFtρμFunγμrlyτnπFμvμntFτnFτnclusτvμF±T≥osonFproγuctτonFτnF
[oormul−cFsμμFtμxt]FcollτsτonsF−tF[oormul−cFsμμFtμxt]F~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2014SF_[SFZXb]

4.2 21

280 }tuγyFoνFρ−rγFγou≥lμTp−rtonFsc−ttμrτnπFτnFνourTχμtFμvμntsFτnFppFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’FwτtρF
tρμFj~uj}FμxpμrτmμntUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 21

279
}μ−rcρFνorFρμ−vyFnμutr−lFlμptonsFτnFγμc−ysFoνF–F≥osonsFproγucμγFτnFXZF~μ’FppFcollτsτonsFusτnπF
promptF−nγFγτspl−cμγFsτπn−turμsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SF
YWXbSFX

5.4 21

278 }μ−rcρFνorFqτππsF≥osonFp−τrFproγuctτonFτnFtρμFcρ−nnμlFusτnπFcollτsτonFγ−t−FrμcorγμγF−tF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFXWW_ 4.2 21

277 }μ−rcρFνorFnμwFpρμnomμn−FτnFμvμntsFwτtρFs−mμTcρ−rπμFlμptonsF−nγF≥TχμtsFτnFppFcollτsτonsF−tFNF
sqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 21

276 vμ−surμmμntFoνFtρμF−zτmutρ−lF−nτsotropyFoνFcρ−rπμγFp−rtτclμsFproγucμγFτnFfF]UWY´ ~μ’Fy≥Ry≥F
collτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFbb_ 4.2 21

275 }μ−rcρFνorFγou≥lyFcρ−rπμγFsc−l−rF≥osonsFγμc−yτnπFτntoFs−mμTsτπnF≥osonFp−τrsFwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSF]a 4.2 20

274 vμ−surμmμntFoνFtρμF−nπul−rFcoμνντcτμntsFτnF±T≥osonFμvμntsFusτnπFμlμctronF−nγFmuonFp−τrsFνromF
γ−t−Ft−ψμnF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 20

273 }μ−rcρμsFνorFρμ−vyFγτ≥osonFrμson−ncμsFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 20

272
vμ−surμmμntFoνFN–₀{pmF}±OFproγuctτonFcrossFsμctτonsF−nγFπ−uπμF≥osonFpol−rτs−tτonFτnFppF
collτsτonsF−tFNsqrt{s}FfFXZ~tμxtF{~μ’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF
_bSFX

4.2 20

271 }μ−rcρμsFνorFtρμF±˛‡Fγμc−yFmoγμFoνFtρμFqτππsF≥osonF−nγFνorFnμwFρτπρTm−ssFrμson−ncμsFτnFppF
collτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 20

270 }μ−rcρFνorFnμwFrμson−ncμsFτnFm−ssFγτstrτ≥utτonsFoνFχμtFp−τrsFusτnπFXZbFν≥â��XFoνFppFcollτsτonsF−tFNF
sqrt{m−tρrm{s}}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 20

269 }μ−rcρFνorFπluτnosFτnFμvμntsFwτtρF−nFτsol−tμγFlμptonSFχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumF−tF
[oormul−cFsμμFtμxt]FfFXZF~μF’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF]^] 4.2 20

268 vμ−surμmμntFoνFtρμF≥osonFpol−rτs−tτonFτnF[oormul−cFsμμFtμxt]FμvμntsFνromFcollτsτonsF−tF[oormul−cF
sμμFtμxt]FfFaF~μ’FτnFtρμFlμpton´ R´ χμtsFcρ−nnμlFwτtρFj~uj}UFEuropeanlPhysicallJournallCSF2017SF__SFY^[ 4.2 19

267 yμrνorm−ncμFoνFtopTqu−rψF−nγFNv−rvμc{–}OT≥osonFt−ππτnπFwτtρFj~uj}FτnF{unFYFoνFtρμFuqlUFEuropeanl
PhysicallJournallCSF2019SF_bSFX 4.2 19

266 }μ−rcρFνorFγτrμctFtopFsqu−rψFp−τrFproγuctτonFτnFντn−lFst−tμsFwτtρFtwoFlμptonsFτnF~μ’FcollτsτonsFwτtρF
tρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SFaba 4.2 19

(2017-2015)
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265 mμtμrmτn−tτonFoνFtρμFstronπFcouplτnπFconst−ntFνromFtr−nsvμrsμFμnμrπyTμnμrπyFcorrμl−tτonsFτnF
multτχμtFμvμntsF−tFusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SFa_Y 4.2 19

264 lρ−rπμγTp−rtτclμFγτstrτ≥utτonsFτnFτntμr−ctτonsF−tF[oormul−cFsμμFtμxt]Fmμ−surμγFwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF[WZ 4.2 19

263 vμ−surμmμntFoνFtρrμμTχμtFproγuctτonFcrossTsμctτonsFτnF[oormul−cFsμμFtμxt]FcollτsτonsF−tF_´ [oormul−cF
sμμFtμxt]FcμntrμToνTm−ssFμnμrπyFusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFYYa 4.2 18

262 }μ−rcρFνorFlonπTlτvμγFnμutr−lFp−rtτclμsFτnFppFcollτsτonsF−tFN{sqrt{s}}FfFXZ~{tμxtF{F~μ’}}OFtρ−tFγμc−yFτntoF
γτspl−cμγFρ−γronτcFχμtsFτnFtρμFj~uj}Fc−lorτmμtμrUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 18

261 }μ−rcρμsFνorFtρτrγTπμnμr−tτonFsc−l−rFlμptoqu−rψsFτnFNFsqrt{s}FOFfFXZF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 18

260 vμ−surμmμntFoνFtρμFunγμrlyτnπFμvμntFτnFχμtFμvμntsFνromF_FNtμxtF{~μ’}OFprotonâ��protonFcollτsτonsF
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2014SF_[SFX 4.2 18

259
vμ−surμmμntFoνFtρμFcμntr−lτtyF−nγFpsμuγor−pτγτtyFγμpμnγμncμFoνFtρμFτntμπr−tμγFμllτptτcFνlowFτnF
lμ−γTlμ−γFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’´ wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF
2014SF_[SFYbaY

4.2 18

258 vμ−surμmμntFoνFtρμFlowTm−ssFmrμllT −nFγτννμrμntτ−lFcrossFsμctτonF−tFNFsqrt{s}FOFfF_F~μ’FusτnπFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 18

257 vμ−surμmμntFoνFχμtFsρ−pμsFτnFtopTqu−rψFp−τrFμvμntsF−tF[oormul−cFsμμFtμxt]FusτnπFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2013SF_ZSFY^_^ 4.2 18

256 vμ−surμmμntFoνFtρμFνorw−rγT≥−cψw−rγF−symmμtryFoνFμlμctronF−nγFmuonFp−τrTproγuctτonFτnFppF
collτsτonsF−tFNFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 18

255 }μ−rcρFνorFνl−vourTcρ−nπτnπFnμutr−lFcurrμntFtopFqu−rψFγμc−ysFtFTgFqqFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFXT^] 5.4 18

254 }μ−rcρFνorFmμt−st−≥lμFρμ−vyFcρ−rπμγFp−rtτclμsFwτtρFl−rπμFτonτs−tτonFμnμrπyFlossFτnFcollτsτonsF−tF
[oormul−cFsμμFtμxt]´ ~μ’FusτnπFtρμFj~uj}FμxpμrτmμntUFEuropeanlPhysicallJournallCSF2015SF_]SF[W_ 4.2 18

253
vμ−surμmμntFoνFtρμFcρ−rπμF−symmμtryFτnFtopTqu−rψFp−τrFproγuctτonFτnFtρμFlμptonTplusTχμtsFντn−lF
st−tμFτnFcollτsτonFγ−t−F−tF[oormul−cFsμμFtμxt]FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF
2016SF_^SFa_

4.2 18

252 }μ−rcρμsFνorFρμ−vyF±±F−nγF±–Frμson−ncμsFτnFtρμFâ��â��qqF−nγF˛‰˛‰qqFντn−lFst−tμsFτnFppFcollτsτonsF−tFNF
sqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 17

251 vμ−surμmμntFoνFγτχμtFcrossTsμctτonsFτnFppFcollτsτonsF−tF_F~μ’FcμntrμToνTm−ssFμnμrπyFusτnπFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 17

250
vμ−surμmμntsFoνFχμtFvμtoμsF−nγF−zτmutρ−lFγμcorrμl−tτonsFτnFγτχμtFμvμntsFproγucμγFτnF[oormul−cFsμμF
tμxt]FcollτsτonsF−tF[oormul−cFsμμFtμxt]FusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2014SF
_[SFZXX_

4.2 17

249
}μ−rcρFνorF−Fsc−l−rFp−rtnμrFoνFtρμFtopFqu−rψFτnFtρμF−llTρ−γronτcFNt{≥−r{t}}OFplusFmτssτnπFtr−nsvμrsμF
momμntumFντn−lFst−tμF−tFNsqrt{s}fXZOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF
2020SFaWSFX

4.2 17

248
}μ−rcρFνorFsupμrsymmμtryFτnF−Fντn−lFst−tμFcont−τnτnπFtwoFpρotonsF−nγFmτssτnπFtr−nsvμrsμF
momμntumFτnF[oormul−cFsμμFtμxt]´ f´ XZ´ ~μ’F[oormul−cFsμμFtμxt]FcollτsτonsF−tFtρμFuqlFusτnπFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF]X_

4.2 17

Boyang
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247 rnFsτtuFc−lτ≥r−tτonFoνFl−rπμTr−γτusFχμtFμnμrπyF−nγFm−ssFτnFXZF~μ’Fprotonâ��protonFcollτsτonsFwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 16

246 m−rψFm−ttμrFτntμrprμt−tτonsFoνFj~uj}Fsμ−rcρμsFνorFtρμFμlμctrowμ−ψFproγuctτonFoνFsupμrsymmμtrτcF
p−rtτclμsFτnFNFsqrt{s}faFOF~μ’FprotonTprotonFcollτsτonsUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 16

245
}μ−rcρFνorFtρμF}t−nγ−rγFvoγμlFqτππsF≥osonFγμc−yτnπFτntoFNF≥ovμrlτnμ{≥}FOFproγucμγFτnF−ssocτ−tτonF
wτtρFtopFqu−rψsFγμc−yτnπFρ−γronτc−llyFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUF
JournalloflHighlEnergylPhysicsSF2016SFYWX^SFX

5.4 16

244 rγμntτντc−tτonF−nγFrμχμctτonFoνFpτlμTupFχμtsF−tFρτπρFpsμuγor−pτγτtyFwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2017SF__SF]aW 4.2 16

243 vμ−surμmμntFoνFtρμFmrμllT −nFtrτplμTγτννμrμntτ−lFcrossFsμctτonFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’UF
JournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 16

242 }μ−rcρFνorFnμwFpρμnomμn−FτnFμvμntsFwτtρFtρrμμForFmorμFcρ−rπμγFlμptonsFτnFppFcollτsτonsF−tFNF
sqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 16

241 vμ−surμmμntFoνFtρμFNFtovμrlτnμ{t}–FOF−nγFNFtovμrlτnμ{t}±FOFproγuctτonFcrossFsμctτonsFτnFppFcollτsτonsF
−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 16

240 vμ−surμmμntFoνFtρμFcρ−rπμF−symmμtryFτnFγτlμptonτcFγμc−ysFoνFtopFqu−rψFp−τrsFτnFppFcollτsτonsF−tFNF
sqrt{s}f_FOF~μ’FusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 16

239
jFmμ−surμmμntFoνFtρμFr−tτoFoνFtρμFproγuctτonFcrossFsμctτonsFνorF[oormul−cFsμμFtμxt]F−nγF[oormul−cF
sμμFtμxt]F≥osonsFτnF−ssocτ−tτonFwτtρFχμtsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2014
SF_[SFZX^a

4.2 16

238 vμ−surμmμntFoνFtρμFproγuctτonFcrossTsμctτonFoνFˇ�NY}OFTgFsVˇ�NTg˛…FRF˛…Fâ��Oˇ�FRFˇ�Fâ��FτnFppFcollτsτonsF−tFNF
sqrt{s}FOFfF_F~μ’F−tFj~uj}UFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 16

237 ~ρμFpμrνorm−ncμFoνFtρμFχμtFtrτππμrFνorFtρμFj~uj}FγμtμctorFγurτnπFYWXXFγ−t−Ft−ψτnπUFEuropeanl
PhysicallJournallCSF2016SF_^SF]Y^ 4.2 16

236
}μ−rcρFνorFtρμFqτππsF≥osonFproγucμγFτnF−ssocτ−tτonFwτtρF−F≥osonF−nγFγμc−yτnπFtoFνourFTqu−rψsFvτ−F
twoFspτnTzμroFp−rtτclμsFτnFcollτsτonsF−tFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF
2016SF_^SF^W]

4.2 16

235
}μ−rcρFνorFνl−vourTcρ−nπτnπFnμutr−lFcurrμntFtopTqu−rψFγμc−ysFtoF[oormul−cFsμμFtμxt]FτnF[oormul−cF
sμμFtμxt]FcollτsτonFγ−t−FcollμctμγFwτtρFtρμFj~uj}FγμtμctorF−tF[oormul−cFsμμFtμxt]´ ~μ’UFEuropeanl
PhysicallJournallCSF2016SF_^SFXY

4.2 16

234 vμ−surμmμntFoνFντγucτ−lF−nγFγτννμrμntτ−lFN–₀R–₀TOFproγuctτonFcrossTsμctτonsF−tFNsqrt{s}fXZOF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 16

233
vμ−surμmμntFoνFνlowFρ−rmonτcsFcorrμl−tτonsFwτtρFmμ−nFtr−nsvμrsμFmomμntumFτnFlμ−γâ��lμ−γF−nγF
protonâ��lμ−γFcollτsτonsF−tFNsqrt{s₆{m−tρrm{ww}}}FfF]UWY~ρ≥oxF{~μ’}OFwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2019SF_bSFX

4.2 16

232
}μ−rcρFνorFp−τrFproγuctτonFoνFρμ−vyFvμctorTlτψμFqu−rψsFγμc−yτnπFτntoFρτπρTp~F–F≥osonsF−nγFtopF
qu−rψsFτnFtρμFlμptonTplusTχμtsFντn−lFst−tμFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX

5.4 16

231 mμtμrmτn−tτonFoνFspτnF−nγFp−rτtyFoνFtρμFqτππsF≥osonFτnFtρμF[oormul−cFsμμFtμxt]Fγμc−yFcρ−nnμlFwτtρF
tρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2015SF_]SFYZX 4.2 15

230 vμ−surμmμntFoνFtρμFtopFqu−rψFcρ−rπμFτnFppFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}FγμtμctorUF
JournalloflHighlEnergylPhysicsSF2013SFYWXZSFX 5.4 15

(2013-2019)
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229 vμ−surμmμntsFoνFˇ�NY}OF−nγF—NZa_YOFTgFsVˇ�ˇ�FRFˇ�Fâ��FproγuctτonFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 15

228
vμ−surμmμntFoνFproγuctτonFwτtρFtρμFρ−γronτc−llyFγμc−yτnπF≥osonFrμconstructμγF−sFonμForFtwoFχμtsF
τnFcollτsτonsF−tFwτtρFj~uj}SF−nγFconstr−τntsFonF−nom−lousFπ−uπμFcouplτnπsUFEuropeanlPhysicall
JournallCSF2017SF__SF]^Z

4.2 15

227 mμtμrmτn−tτonFoνFtρμFtopTqu−rψFpolμFm−ssFusτnπFNFtovμrlτnμ{t}FOFRFXTχμtFμvμntsFcollμctμγFwτtρFtρμF
j~uj}FμxpμrτmμntFτnF_F~μ’FppFcollτsτonsUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 15

226
}μ−rcρFνor–qproγuctτonFwτtρF−FlτπρtFqτππsF≥osonFγμc−yτnπFtoFpromptFμlμctronTχμtsFτnF
protonâ��protonFcollτsτonsF−tFJsqrtF{s}f_JF~μ’FwτtρFtρμFj~uj}FγμtμctorUFNewlJournalloflPhysicsSF2013SF
X]SFW[ZWWb

2.9 15

225
}μ−rcρFνorFγ−rψFm−ttμrFτnFμvμntsFwτtρF−Fρ−γronτc−llyFγμc−yτnπFvμctorF≥osonF−nγFmτssτnπFtr−nsvμrsμF
momμntumFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2018SFYWXaSFX

5.4 15

224
}μ−rcρFνorFnμwFpρμnomμn−FusτnπFtρμFτnv−rτ−ntFm−ssFγτstrτ≥utτonFoνFs−mμTνl−vourFopposτtμTsτπnF
γτlμptonFp−τrsFτnFμvμntsFwτtρFmτssτnπFtr−nsvμrsμFmomμntumFτnF´ FcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2018SF_aSF^Y]

4.2 15

223
vμ−surμmμntFoνFtρμF[oormul−cFsμμFtμxt]F−nγF[oormul−cFsμμFtμxt]FproγuctτonFcrossFsμctτonsFτnF
multτlμptonFντn−lFst−tμsFusτnπFZUYFν≥[oormul−cFsμμFtμxt]FoνF[oormul−cFsμμFtμxt]FcollτsτonsF−tF[oormul−cF
sμμFtμxt]FfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SF[W

4.2 14

222 vμ−surμmμntsFoνFμlμctrowμ−ψF[oormul−cFsμμFtμxt]FproγuctτonF−nγFconstr−τntsFonF−nom−lousFπ−uπμF
couplτnπsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SF[_[ 4.2 14

221 }μ−rcρFνorFsτnπlμFproγuctτonFoνFvμctorTlτψμFqu−rψsFγμc−yτnπFτntoF–≥FτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 14

220
vμ−surμmμntFoνFtρμFNFtovμrlτnμ{t}FOFproγuctτonFcrossTsμctτonF−sF−FνunctτonFoνFχμtFmultτplτcτtyF−nγFχμtF
tr−nsvμrsμFmomμntumFτnF_F~μ’FprotonTprotonFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2015SFYWX]SFX

5.4 14

219 }μ−rcρFνorFtρμFproγuctτonFoνFsτnπlμFvμctorTlτψμF−nγFμxcτtμγFqu−rψsFτnFtρμF–tFντn−lFst−tμFτnFppF
collτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 14

218
vμ−surμmμntFoνFtρμFμlμctrowμ−ψFproγuctτonFoνFγτχμtsFτnF−ssocτ−tτonFwτtρF−F±T≥osonF−nγF
γτstrτ≥utτonsFsμnsτtτvμFtoFvμctorF≥osonFνusτonFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}FOFfFaF~μ’FusτnπF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX

5.4 14

217
}μ−rcρFνorFcρ−rπμγFqτππsF≥osonsFtρrouπρFtρμFvτol−tτonFoνFlμptonFunτvμrs−lτtyFτnFNFtovμrlτnμ{t}FOF
μvμntsFusτnπFppFcollτsτonFγ−t−F−tFNFsqrt{s}f_FOF~μ’FwτtρFtρμFj~uj}FμxpμrτmμntUFJournalloflHighl
EnergylPhysicsSF2013SFYWXZSFX

5.4 14

216 }tuγyFoνFN–V±OqFproγuctτonF−nγFqτππsF≥osonFcouplτnπsFusτnπFqTgF–F–FPFγμc−ysFwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 14

215 jFstr−tμπyFνorF−Fπμnμr−lFsμ−rcρFνorFnμwFpρμnomμn−FusτnπFγ−t−TγμrτvμγFsτπn−lFrμπτonsF−nγFτtsF
−pplτc−tτonFwτtρτnFtρμFj~uj}FμxpμrτmμntUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 14

214
}μ−rcρFνorFtρμFqτππsF≥osonFproγucμγFτnF−ssocτ−tτonFwτtρF−FvμctorF≥osonF−nγFγμc−yτnπFτntoFtwoF
spτnTzμroFp−rtτclμsFτnFtρμFqFTgF−−FTgF[≥Fcρ−nnμlFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX

5.4 14

213
vμ−surμmμntsFoνFtopTqu−rψFp−τrFγτννμrμntτ−lFcrossTsμctτonsFτnFtρμF[oormul−cFsμμFtμxt]Fcρ−nnμlFτnF
collτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’FusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF
__SFYbY

4.2 13

212 }μ−rcρFνorFtrτ≥osonF[oormul−cFsμμFtμxt]FproγuctτonFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ [oormul−cFsμμF
tμxt]FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SFX[X 4.2 13
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211 }μ−rcρFνorFtopTqu−rψFγμc−ysFtFTgFqqFwτtρFZ^Fν≥â��XFoνFppFcollτsτonFγ−t−F−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 13

210
vμ−surμmμntFoνFντγucτ−lFγτννμrμntτ−lFcrossFsμctτonsFoνFπluonTνusτonFproγuctτonFoνFqτππsF≥osonsF
γμc−yτnπFtoF––FPTgμ˛‰˛…˛‰FwτtρFtρμFj~uj}FγμtμctorF−tFNFsqrt{s}faFOF~μ’UFJournalloflHighlEnergylPhysicsSF
2016SFYWX^SFX

5.4 13

209 }μ−rcρFνorFnμwFpρμnomμn−FτnFμvμntsFwτtρF−FpρotonF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFppF
collτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 13

208 rγμntτντc−tτonFoνFρτπρFtr−nsvμrsμFmomμntumFtopFqu−rψsFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 13

207
jγγμnγumFtoFâ��vμ−surμmμntFoνFtρμFNt≥−r{t}OFproγuctτonFcrossTsμctτonFusτnπFNμmuFOFμvμntsFwτtρF
≥Tt−ππμγFχμtsFτnFppFcollτsτonsF−tFNsqrt{s}OFfF_F−nγFaFNSm−tρrm{~μ’}OFwτtρFtρμFj~uj}Fγμtμctorâ��UF
EuropeanlPhysicallJournallCSF2016SF_^SFX

4.2 13

206 }tuγyFoνFtρμF[oormul−cFsμμFtμxt]F−nγF[oormul−cFsμμFtμxt]Fγμc−ysFwτtρFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2016SF_^SF[ 4.2 13

205 }μ−rcρFνorFsupμrsymmμtryFτnFμvμntsFwτtρF≥Tt−ππμγFχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFppF
collτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 13

204
}μ−rcρFνorF{Tp−rτtyTvτol−tτnπFsupμrsymmμtryFτnFμvμntsFwτtρFνourForFmorμFlμptonsFτnFNF
sqrt{s}f_dm−tρrm{~μ’}FOFppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2012SF
YWXYSFX

5.4 13

203 oluctu−tτonsFoνF−nτsotropτcFνlowFτnFy≥Ry≥FcollτsτonsF−tFNFsqrt{{m−tρrm{s}}₆{m−tρrm{ww}}}FOFfF]UWYF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 13

202
}μ−rcρFνorFγτrμctFproγuctτonFoνFμlμctrowμ−ψτnosFτnFντn−lFst−tμsFwτtρFonμFlμptonSFmτssτnπFtr−nsvμrsμF
momμntumF−nγF−FqτππsF≥osonFγμc−yτnπFτntoFtwoF≥TχμtsFτnFNppOFcollτsτonsF−tFNsqrt{s}fXZOF~μ’FwτtρF
tρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX

4.2 13

201 vuonFrμconstructτonF−nγFτγμntτντc−tτonFμνντcτμncyFτnFj~uj}FusτnπFtρμFνullF{unFYFppFcollτsτonFγ−t−FsμtF
−tFNsqrt{s}fXZOF~μ’UFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 13

200
vμ−surμmμntsFoνFtopTqu−rψFp−τrFγτννμrμntτ−lF−nγFγou≥lμTγτννμrμntτ−lFcrossTsμctτonsFτnFtρμFNμllFORχμtsF
cρ−nnμlFwτtρFppFcollτsτonsF−tFNsqrt{s}fXZOF~μ’FusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallC
SF2019SF_bSFX

4.2 13

199 xpμr−tτonF−nγFpμrνorm−ncμFoνFtρμFj~uj}F~τlμFl−lorτmμtμrFτnF{un´ XUFEuropeanlPhysicallJournallCSF
2018SF_aSFba_ 4.2 13

198 vμ−surμmμntsFoνF–F−nγF±F≥osonFproγuctτonFτnFppFcollτsτonsF−tFNsqrt{s}f]UWYOF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 12

197
vμ−surμmμntFoνFtρμF–F–FRF–F±FcrossFsμctτonF−nγFlτmτtsFonF−nom−lousFtrτplμFπ−uπμFcouplτnπsFusτnπF
ντn−lFst−tμsFwτtρFonμFlμptonSFmτssτnπFtr−nsvμrsμFmomμntumSF−nγFtwoFχμtsFwτtρFtρμFj~uj}FγμtμctorF
−tFNFsqrt{s}f_FOF~μ’UFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX

5.4 12

196 qτππsF≥osonFproγuctτonFcrossTsμctτonFmμ−surμmμntsF−nγFtρμτrFno~Fτntμrprμt−tτonFτnFtρμFN[μllFOF
γμc−yFcρ−nnμlF−tFNsqrt{s}fOXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 12

195 }μ−rcρFνorFnμwFpρμnomμn−FwτtρFpρotonRχμtFμvμntsFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 12

194 vμ−surμmμntFoνFtρμFproγuctτonFcrossTsμctτonFoνF−FsτnπlμFtopFqu−rψFτnF−ssocτ−tτonFwτtρF−F–F≥osonF−tF
aF~μ’FwτtρFtρμFj~uj}FμxpμrτmμntUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 12

(2016-2019)
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193 }μ−rcρFνorFstronπFπr−vτtyFτnFmultτχμtFντn−lFst−tμsFproγucμγFτnFppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FusτnπF
tρμFj~uj}FγμtμctorF−tFtρμFuqlUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 12

192 yro≥τnπFlμptonFνl−vourFvτol−tτonFvτ−FnμutrτnolμssF[oormul−cFsμμFtμxt]Fγμc−ysFwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFYZY 4.2 12

191
}μ−rcρFνorF−nom−lousFcouplτnπsFτnFtρμF–Ft≥FvμrtμxFνromFtρμFmμ−surμmμntFoνFγou≥lμFγτννμrμntτ−lF
−nπul−rFγμc−yFr−tμsFoνFsτnπlμFtopFqu−rψsFproγucμγFτnFtρμFtTcρ−nnμlFwτtρFtρμFj~uj}FγμtμctorUF
JournalloflHighlEnergylPhysicsSF2016SFYWX^SFXT[^

5.4 12

190 vμ−surμmμntFoνFτnclusτvμFχμtF−nγFγτχμtFcrossTsμctτonsFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}fXZFOF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 12

189 }μ−rcρFνorFqτππsF≥osonFp−τrFproγuctτonFτnFtρμF––NPO––NPOFγμc−yFcρ−nnμlFusτnπFj~uj}Fγ−t−F
rμcorγμγF−tFNFsqrt{m−tρrm{s}}FOFfFXZF~μ’UFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 12

188
~ρμFγτννμrμntτ−lFproγuctτonFcrossFsμctτonFoνFtρμF[oormul−cFsμμFtμxt]NXWYWOFmμsonFτnF[oormul−cFsμμF
tμxt]FfF_´ ~μ’F[oormul−cFsμμFtμxt]FcollτsτonsFmμ−surμγFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2014SF_[SFYab]

4.2 12

187 vμ−surμmμntFoνFtρμFτnclusτvμFχμtFcrossTsμctτonsFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 12

186 vμ−surμmμntsFoνFtopTqu−rψFp−τrFγτννμrμntτ−lFcrossTsμctτonsFτnFtρμFlμptonRχμtsFcρ−nnμlFτnFppF
collτsτonsF−tFNFsqrt{s}fXZFOF~μ’FusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 12

185 }μ−rcρFνorFtopFqu−rψFγμc−ysFtFTgFqqSFwτtρFqFTgF˛‡˛‡SFτnFNFsqrt{s}fXZFOF~μ’FppFcollτsτonsFusτnπFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 12

184 vμ−surμmμntsFoνFtopFqu−rψFspτnFo≥sμrv−≥lμsFτnFNFtovμrlτnμ{t}FOFμvμntsFusτnπFγτlμptonFντn−lFst−tμsFτnFNF
sqrt{s}faFOF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 12

183 vμ−surμmμntFoνFtρμFtopTqu−rψFm−ssFτnFNFtovμrlτnμ{t}FOFRFXTχμtFμvμntsFcollμctμγFwτtρFtρμFj~uj}F
γμtμctorFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFaF~μ’UFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 12

182 vμ−surμmμntFoνFtρμFcrossTsμctτonF−nγFcρ−rπμF−symmμtryFoνF–F≥osonsFproγucμγFτnFprotonâ��protonF
collτsτonsF−tFNsqrt{s}fa~tμxtF{~μ’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 11

181 mτrμctFtopTqu−rψFγμc−yFwτγtρFmμ−surμmμntFτnFtρμFlμptonRχμtsFcρ−nnμlF−tFwτtρFtρμFj~uj}F
μxpμrτmμntUFEuropeanlPhysicallJournallCSF2018SF_aSFXYb 4.2 11

180 rγμntτντc−tτonFoνF≥oostμγFqτππsF≥osonsFγμc−yτnπFτntoF≥Tqu−rψFp−τrsFwτtρFtρμFj~uj}FγμtμctorF−tF
XZ´ JJtμxtF{~μ’}JJUFEuropeanlPhysicallJournallCSF2019SF_bSF 4.2 11

179 vμ−surμmμntFoνFlμptonFγτννμrμntτ−lFγτstrτ≥utτonsF−nγFtρμFtopFqu−rψFm−ssFτnFproγuctτonFτnFcollτsτonsF
−tF´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SFaW[ 4.2 11

178 yro≥τnπFtρμF–Ft≥FvμrtμxFstructurμFτnFtTcρ−nnμlFsτnπlμTtopTqu−rψFproγuctτonF−nγFγμc−yFτnFppF
collτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 11

177 }tuγyFoνF−nγFproγuctτonFτnFcollτsτonsF−tF−nγFsμ−rcρFνorF−nom−lousFqu−rtτcFπ−uπμFcouplτnπsFwτtρFtρμF
j~uj}FμxpμrτmμntUFEuropeanlPhysicallJournallCSF2017SF__SF^[^ 4.2 11

176 sμtFμnμrπyFsc−lμF−nγFrμsolutτonFmμ−surμγFτnFprotonâ��protonFcollτsτonsF−tFNsqrt{s}fXZOF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 11
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175 vμ−surμmμntFoνFtρμFcrossTsμctτonFνorFproγucτnπF−F–F≥osonFτnF−ssocτ−tτonFwτtρF−FsτnπlμFtopFqu−rψFτnF
ppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFj~uj}UFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 10

174 rntμr−tomτcFrμl−x−tτonFprocμssμsFτnγucμγFτnFnμonFγτmμrsF≥yFμlμctronTτmp−ctFτonτz−tτonUFPhysicall
ReviewlASF2018SFb_SF 2.6 10

173 jFsμ−rcρFνorFtopFsqu−rψsFwτtρF{Tp−rτtyTvτol−tτnπFγμc−ysFtoF−llTρ−γronτcFντn−lFst−tμsFwτtρFtρμFj~uj}F
γμtμctorFτnFNFsqrt{s}faFOF~μ’FprotonTprotonFcollτsτonsUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 10

172 vμ−surμmμntFoνFtρμFlyTvτol−tτnπFpρ−sμFhFsF−nγFtρμFkFWFsFmμsonFγμc−yFwτγtρFγτννμrμncμFwτtρFkFWFsF
FTgFsVˇ�hFγμc−ysFτnFj~uj}UFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 10

171 }μ−rcρFνorFγτ≥osonFrμson−ncμsFτnFρ−γronτcFντn−lFst−tμsFτnFXZbFν≥â��XFoνFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 10

170
vμ−surμmμntFoνFγμtμctorTcorrμctμγFo≥sμrv−≥lμsFsμnsτtτvμFtoFtρμF−nom−lousFproγuctτonFoνFμvμntsF
wτtρFχμtsF−nγFl−rπμFmτssτnπFtr−nsvμrsμFmomμntumFτnFcollτsτonsF−tF´ ~μ’FusτnπFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2017SF__SF_^]

4.2 10

169
vμ−surμmμntFoνFtρμF±±FproγuctτonFcrossFsμctτonFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}faFOF~μ’F
usτnπFtρμF±±FTgFâ��â�� â��Râ��hâ��â��hRF−nγFNF±±toF{μll}₀{T}{μll}₀{R}nuFovμrlτnμ{nu}FOFγμc−yFcρ−nnμlsFwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX

5.4 9

168
vμ−surμmμntFoνFcρ−rπμγTp−rtτclμFγτstrτ≥utτonsFsμnsτtτvμFtoFtρμFunγμrlyτnπFμvμntFτnFNFsqrt{s}fXZFOF
~μ’FprotonTprotonFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorF−tFtρμFuqlUFJournalloflHighlEnergylPhysicsSF
2017SFYWX_SFX

5.4 9

167
}μ−rcρFνorFsupμrsymmμtryFτnFμvμntsFwτtρFl−rπμFmτssτnπFtr−nsvμrsμFmomμntumSFχμtsSF−nγF−tFlμ−stF
onμFt−uFlμptonFτnFYWFν≥â��XFoνFNFsqrt{s}FOFfFaF~μ’FprotonTprotonFcollτsτonFγ−t−FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX

5.4 9

166 v−πnμtτcFpropμrtτμsF−nγFl−rπμFcryoπμnτcFlowTντμlγFm−πnμtoc−lorτcFμννμctFoνFqoloYFn−nop−rtτclμsF
wτtρoutFcorμVsρμllFstructurμUFJournalloflNanoparticlelResearchSF2010SFXYSFXX^_TXX_Y 2.3 9

165 }μ−rcρFνorFnμwFnonTrμson−ntFpρμnomμn−FτnFρτπρTm−ssFγτlμptonFντn−lFst−tμsFwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 9

164 vμ−surμmμntsFoνFtρμFqτππsF≥osonFτnclusτvμF−nγFγτννμrμntτ−lFντγucτ−lFcrossFsμctτonsFτnFtρμF[NμllFOF
γμc−yFcρ−nnμlF−tFNsqrt{s}OFfFXZF~μ’UFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 9

163 }μ−rcρFνorFsupμrsymmμtryFτnFντn−lFst−tμsFwτtρFcρ−rmFχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFXZF
~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 9

162
vμ−surμmμntFoνFχμtTsu≥structurμFo≥sμrv−≥lμsFτnFtopFqu−rψSF–F≥osonF−nγFlτπρtFχμtFproγuctτonFτnF
protonTprotonFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2019SFYWXbSFX

5.4 8

161
vμ−surμmμntFoνF’qSFNFm−tρrm{q}toFm−tρrm{≥}ovμrlτnμ{m−tρrm{≥}}FOFproγuctτonF−sF−FνunctτonFoνF
tρμFvμctorT≥osonFtr−nsvμrsμFmomμntumFτnFXZF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2019SFYWXbSFX

5.4 8

160 }μ−rcρFνorFp−τrsFoνFsc−l−rFlμptoqu−rψsFγμc−yτnπFτntoFqu−rψsF−nγFμlμctronsForFmuonsFτnFNFsqrt{s}FOFfFXZF
~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 8

159 }μ−rcρFνorFsqu−rψsF−nγFπluτnosFτnFντn−lFst−tμsFwτtρFs−mμTsτπnFlμptonsF−nγFχμtsFusτnπFXZbFν≥â��XFoνFγ−t−F
collμctμγFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 8

158 kμ−mTτnγucμγF−nγFcosmτcTr−yF≥−cψπrounγsFo≥sμrvμγFτnFtρμFj~uj}FγμtμctorFγurτnπFtρμFuqlFYWXYF
protonTprotonFrunnτnπFpμrτoγUFJournalloflInstrumentationSF2016SFXXSFyW]WXZTyW]WXZ 1 8
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157
}μ−rcρFνorFsc−l−rFrμson−ncμsFγμc−yτnπFτntoF˛…R˛…â��FτnFμvμntsFwτtρF−nγFwτtρoutF≥Tt−ππμγFχμtsFproγucμγF
τnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2019SFYWXbSFX

5.4 8

156 vμ−surμmμntFoνFsplτttτnπFsc−lμsFτnFTgFμvμntsF−tF[oormul−cFsμμFtμxt]FwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2013SF_ZSFY[ZY 4.2 8

155
}μ−rcρFνorFnμwFpρμnomμn−FτnFμvμntsFcont−τnτnπF−Fs−mμTνl−vourFopposτtμTsτπnFγτlμptonFp−τrSFχμtsSF
−nγFl−rπμFmτssτnπFtr−nsvμrsμFmomμntumFτnF[oormul−cFsμμFtμxt]´ [oormul−cFsμμFtμxt][oormul−cFsμμF
tμxt]FcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2017SF__SFX[[

4.2 8

154
}μ−rcρFνorFnμwFpρμnomμn−FwτtρFl−rπμFχμtFmultτplτcτtτμsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFusτnπF
l−rπμTr−γτusFχμtsF−nγFνl−vourTt−ππτnπF−tFj~uj}FτnFXZF~μ’FppFcollτsτonsUFJournalloflHighlEnergylPhysics
SF2017SFYWX_SFX

5.4 8

153 vμ−surμmμntFoνFtρμFtopTqu−rψFm−ssFτnFtρμFνullyFρ−γronτcFγμc−yFcρ−nnμlFνromFj~uj}Fγ−t−F−tF
[oormul−cFsμμFtμxt]UFEuropeanlPhysicallJournallCSF2015SF_]SFX]a 4.2 8

152 mτssocτ−tτonFmμcρ−nτsmsFoνFtρμFjrFtrτmμrFτnγucμγF≥yF−FtρτrγF−tomFτnFρτπρTμnμrπyFμlμctronTτmp−ctF
τonτz−tτonUFPhysicallReviewlASF2014SFabSF 2.6 8

151 jnπul−rTF−nγFst−tμTsμlμctτvμFγτννμrμntτ−lFcrossFsμctτonsFνorFsτnπlμTμlμctronFc−pturμFτnFpTqμFcollτsτonsF
−tFτntμrmμγτ−tμFμnμrπτμsUFPhysicallReviewlASF2012SFa^SF 2.6 8

150 nvτγμncμFνorFNt≥−r{t}t≥−r{t}OFproγuctτonFτnFtρμFmultτlμptonFντn−lFst−tμFτnFprotonâ��protonFcollτsτonsF−tF
Nsqrt{s}fXZOFNtμxtF{~μ’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 8

149
}μ−rcρFνorFlτπρtFlonπTlτvμγFnμutr−lFp−rtτclμsFproγucμγFτnFppFcollτsτonsF−tFNsqrt{s}FfFXZ~m−tρrmF{~μ’}OF
−nγFγμc−yτnπFτntoFcollτm−tμγFlμptonsForFlτπρtFρ−γronsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2020SFaWSFX

4.2 8

148 yμrνorm−ncμFoνFtρμFmτssτnπFtr−nsvμrsμFmomμntumFtrτππμrsFνorFtρμFj~uj}FγμtμctorFγurτnπF{unTYF
γ−t−Ft−ψτnπUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 8

147 vμ−surμmμntsFoνFtopTqu−rψFp−τrFspτnFcorrμl−tτonsFτnFtρμFNμmuFOFcρ−nnμlF−tFNsqrt{s}FfFXZOF~μ’FusτnπF
ppFcollτsτonsFτnFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 8

146
}μ−rcρFνorFnμwFpρμnomμn−FτnFμvμntsFwτtρFtwoFopposτtμTcρ−rπμFlμptonsSFχμtsF−nγFmτssτnπFtr−nsvμrsμF
momμntumFτnFppFcollτsτonsF−tFNFsqrt{m−tρrm{s}}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2021SFYWYXSFX

5.4 8

145
}μ−rcρFνorFρμ−vyFrμson−ncμsFγμc−yτnπFτntoF−Fp−τrFoνF±F≥osonsFτnFtρμFNμllF₀RμllF₀TμllFM₀RμllFM₀TOF−nγFNμllF
₀RμllF₀TnuF{{≥−r{nuF}}}OFντn−lFst−tμsFusτnπFXZbFNm−tρrmF{ν≥}₀{TX}OFoνFprotonâ��protonFcollτsτonsF−tF
Nsqrt{s}FfFXZSO~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX

4.2 8

144 }μ−rcρFνorFcρ−rπμγFqτππsF≥osonsFγμc−yτnπFτntoF−FtopFqu−rψF−nγF−F≥ottomFqu−rψF−tFNFsqrt{m−tρrm{s}}F
OFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 8

143
}μ−rcρFνorFsqu−rψsF−nγFπluτnosFτnFντn−lFst−tμsFwτtρFχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFusτnπFXZbF
ν≥â��XFoνFNFsqrt{s}FOFfFXZF~μ’FppFcollτsτonFγ−t−FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF
2021SFYWYXSFX

5.4 8

142 yromptF−nγFnonTpromptFμllτptτcFνlowFτnFy≥Ry≥FcollτsτonsF−tF~μvFwτtρFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2018SF_aSF_a[ 4.2 8

141 }μ−rcρFνorFνl−vourTcρ−nπτnπFnμutr−lFcurrμntFtopTqu−rψFγμc−ysFtFTgFq±FτnFprotonTprotonFcollτsτonsF−tFNF
sqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX 5.4 8

140 vμ−surμmμntsFoνFτnclusτvμF−nγFγτννμrμntτ−lFντγucτ−lFcrossTsμctτonsFoνFNt≥−r{t}π−mm−FOFproγuctτonFτnF
lμptonτcFντn−lFst−tμsF−tFNsqrt{s}fXZ~tμxtF{~μ’}OFτnFj~uj}UFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 7
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139
}μ−rcρFνorFnμwFpρμnomμn−FτnFντn−lFst−tμsFwτtρFl−rπμFχμtFmultτplτcτtτμsF−nγFmτssτnπFtr−nsvμrsμF
momμntumFusτnπFNFsqrt{s}FOFfFXZF~μ’FprotonTprotonFcollτsτonsFrμcorγμγF≥yFj~uj}FτnF{unFYFoνFtρμF
uqlUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX

5.4 7

138 ~r−nsvμrsμFmomμntumF−nγFprocμssFγμpμnγμntF−zτmutρ−lF−nτsotropτμsFτnFNsqrt{s₆{m−tρrmF
{ww}}}faUX^OF~μ’FpRy≥FcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 7

137 }μ−rcρFνorFnμwFpρμnomμn−FτnFρτπρTm−ssFντn−lFst−tμsFwτtρF−FpρotonF−nγF−FχμtFνromFcollτsτonsF−tFfF
XZ´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSFXWY 4.2 7

136
}μ−rcρFνorFsqu−rψsF−nγFπluτnosFτnFμvμntsFwτtρFρ−γronτc−llyFγμc−yτnπFt−uFlμptonsSFχμtsF−nγFmτssτnπF
tr−nsvμrsμFmomμntumFτnFprotonTprotonFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’FrμcorγμγFwτtρFtρμF
j~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF^aZ

4.2 7

135
vμ−surμmμntFoνFγτννμrμntτ−lFcrossFsμctτonsF−nγF–RV–â��FcrossTsμctτonFr−tτosFνorF–F≥osonFproγuctτonF
τnF−ssocτ−tτonFwτtρFχμtsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF
2018SFYWXaSFX

5.4 7

134 }μ−rcρFνorFl−rπμFmτssτnπFtr−nsvμrsμFmomμntumFτnF−ssocτ−tτonFwτtρFonμFtopTqu−rψFτnFprotonTprotonF
collτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 7

133 vμ−surμmμntFoνFtρμFNFtovμrlτnμ{t}π−mm−FOFproγuctτonFcrossFsμctτonFτnFprotonTprotonFcollτsτonsF−tFNF
sqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 7

132 vμ−surμmμntsFoνFtopTqu−rψFp−τrFtoF±T≥osonFcrossTsμctτonFr−tτosF−tFNFsqrt{s}fXZFOFSFaSF_F~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 7

131
}μ−rcρFνorFγτrμctFtopFsqu−rψFp−τrFproγuctτonFτnFμvμntsFwτtρF−FqτππsForF±F≥osonSF−nγFmτssτnπF
tr−nsvμrsμFmomμntumFτnFNFsqrt{s}fXZFOF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2017SFYWX_SFX

5.4 7

130
}μ−rcρFνorFnμwFpρμnomμn−FτnF−FlμptonFplusFρτπρFχμtFmultτplτcτtyFντn−lFst−tμFwτtρFtρμFj~uj}F
μxpμrτmμntFusτnπFNFsqrt{s}fXZFOF~μ’FprotonTprotonFcollτsτonFγ−t−UFJournalloflHighlEnergylPhysicsSF
2017SFYWX_SFX

5.4 7

129 }tuγτμsFoνF±˛‡FproγuctτonFτnF−ssocτ−tτonFwτtρF−FρτπρTm−ssFγτχμtFsystμmFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 7

128
jn−lysτsFoνFtρμF–t≥FvμrtμxFνromFtρμFmμ−surμmμntFoνFtrτplμTγτννμrμntτ−lF−nπul−rFγμc−yFr−tμsFoνF
sτnπlμFtopFqu−rψsFproγucμγFτnFtρμFtTcρ−nnμlF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2017SFYWX_SFX

5.4 7

127 qτπρFpowμrFγμnsτtyFpulsμγFpl−sm−FγμposτtτonFoνFtτt−nτumFc−r≥onτtrτγμUFJournalloflVacuumlSciencel
andlTechnologylA:lVacuum,lSurfaceslandlFilmsSF1996SFX[SFXX]TXX_ 2.9 7

126 vμ−surμmμntFoνFtρμFtr−nsvμrsμFmomμntumFγτstrτ≥utτonFoνFmrμllâ�� −nFlμptonFp−τrsFτnFprotonâ��protonF
collτsτonsF−tFNsqrt{s}fXZSO~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 7

125 }μ−rcρFνorFtypμTrrrFsμμs−wFρμ−vyFlμptonsFτnFγτlμptonFντn−lFst−tμsFτnFppFcollτsτonsF−tFNFsqrt{s}FfFXZS{tμxtF
{~μ’}}FOFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 7

124
}μ−rcρFνorF−Fρμ−vyFqτππsF≥osonFγμc−yτnπFτntoF−F±F≥osonF−nγF−notρμrFρμ−vyFqτππsF≥osonFτnFtρμFNμllF
μllF≥≥OF−nγFNμllFμllF––OFντn−lFst−tμsFτnFppFcollτsτonsF−tFNsqrt{s}fXZOFNtμxtF{~μ’}OFwτtρFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX

4.2 7

123 vμ−surμmμntFoνFtρμF[oormul−cFsμμFtμxt]FγτχμtFcrossFsμctτonFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]´ ~μ’F
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF^_W 4.2 7

122 }μ−rcρFνorFnμwFpρμnomμn−FτnFγτννμrμntTνl−vourFρτπρTm−ssFγτlμptonFντn−lFst−tμsFτnFcollτsτonsF−tF
[oormul−cFsμμFtμxt]´ ~μvFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SF][X 4.2 7

(2016-2020)
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121 }μ−rcρFνorFγτrμctFtopFsqu−rψFp−τrFproγuctτonFτnFντn−lFst−tμsFwτtρFtwoFt−uFlμptonsFτnFcollτsτonsF−tF
[oormul−cFsμμFtμxt]´ ~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFaX 4.2 7

120 vμ−surμmμntFoνFN–₀pmFOF≥osonFproγuctτonFτnFy≥Ry≥FcollτsτonsF−tFNsqrt{s₆{m−tρrm{ww}}}FfF
]UWY~tμxtF{~μ}tμxtF{’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 7

119 }μ−rcρFνorF≥ottomTsqu−rψFp−τrFproγuctτonFwτtρFtρμFj~uj}FγμtμctorFτnFντn−lFst−tμsFcont−τnτnπFqτππsF
≥osonsSF≥TχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 7

118 vμ−surμmμntsFoνF–qF−nγF±qFproγuctτonFτnFtρμFNqFrτπρt−rrowF≥≥−r{≥}OFγμc−yFcρ−nnμlFτnFppF
collτsτonsF−tFNXZStμxtF{~μ}tμxtF{’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 7

117 ~τmτnπF−n−lysτsFoνFY}FX[X_T^Y[Fo≥sμrvμγFwτtρFwrln{F−nγFrnsτπρtTq—v~UFMonthlylNoticesloflthel
RoyallAstronomicallSocietySF2019SF 4.3 6

116 jFnμwFmμtρoγFtoFγτstτnπuτsρFρ−γronτc−llyFγμc−yτnπF≥oostμγF≥osonsFνromF≥osonsFusτnπFtρμFj~uj}F
γμtμctorUFEuropeanlPhysicallJournallCSF2016SF_^SFYZa 4.2 6

115 }μ−rcρFνorFmτcroscopτcF≥l−cψFρolμsF−nγFstrτnπF≥−llsFτnFντn−lFst−tμsFwτtρFlμptonsF−nγFχμtsFwτtρFtρμF
j~uj}FγμtμctorF−tFNFsqrt{s}FOFfFaF~μ’UFJournalloflHighlEnergylPhysicsSF2014SFYWX[SFX 5.4 6

114
vμ−surμmμntsFoνFcρ−rπμF−nγFlyF−symmμtrτμsFτnF≥Tρ−γronFγμc−ysFusτnπFtopTqu−rψFμvμntsFcollμctμγF
≥yFtρμFj~uj}FγμtμctorFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’UFJournalloflHighlEnergylPhysicsSF2017SF
YWX_SFX

5.4 6

113 ~opTqu−rψFm−ssFmμ−surμmμntFτnFtρμF−llTρ−γronτcFNFtovμrlτnμ{t}FOFγμc−yFcρ−nnμlF−tFNFsqrt{s}faFOF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 6

112 }μ−rcρFνorFNFtovμrlτnμ{t}FOFrμson−ncμsFτnFνullyFρ−γronτcFντn−lFst−tμsFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF
~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 6

111
}μ−rcρFνorFnμwFpρμnomμn−FwτtρFtopFqu−rψFp−τrsFτnFντn−lFst−tμsFwτtρFonμFlμptonSFχμtsSF−nγFmτssτnπF
tr−nsvμrsμFmomμntumFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2021SFYWYXSFX

5.4 6

110
}μ−rcρFνorFnμwFpρμnomμn−FτnFντn−lFst−tμsFwτtρF≥TχμtsF−nγFmτssτnπFtr−nsvμrsμFmomμntumFτnFNF
sqrt{m−tρrm{s}}FOFfFXZF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF
2021SFYWYXSFX

5.4 6

109
}μ−rcρFνorFp−τrFproγuctτonFoνFtρτrγTπμnμr−tτonFsc−l−rFlμptoqu−rψsFγμc−yτnπFτntoF−FtopFqu−rψF−nγF−F
ˇ�TlμptonFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2021SFYWYXSFX

5.4 6

108
vμ−surμmμntFoνFtρμFNF±π−mm−FtoFnuFovμrlτnμ{nu}π−mm−FOFproγuctτonFcrossFsμctτonFτnFppFcollτsτonsF
−tFNFsqrt{s}fXZFOF~μ’FwτtρFtρμFj~uj}FγμtμctorF−nγFlτmτtsFonF−nom−lousFtrτplμFπ−uπμT≥osonF
couplτnπsUFJournalloflHighlEnergylPhysicsSF2018SFYWXaSFX

5.4 6

107 }μ−rcρFνorFμxclusτvμFqτππsF−nγF±F≥osonFγμc−ysFtoFh˛‡F−nγFˇ�˛‡FwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2018SFYWXaSFX 5.4 6

106
vμ−surμmμntFoνFχμtF−ctτvτtyFproγucμγFτnFtopTqu−rψFμvμntsFwτtρF−nFμlμctronSF−FmuonF−nγFtwoF
Tt−ππμγFχμtsFτnFtρμFντn−lFst−tμFτnFcollτsτonsF−tF[oormul−cFsμμFtμxt]F~μ’FwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2017SF__SFYYW

4.2 5

105 vμ−surμmμntFoνFtρμFr−tτoFoνFcrossFsμctτonsFνorFτnclusτvμFτsol−tμγTpρotonFproγuctτonFτnFppFcollτsτonsF
−tFNFsqrt{s}FOFfFXZF−nγFaF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 5

104 vμ−surμmμntFoνFγτννμrμntτ−lFcrossTsμctτonsFoνF−FsτnπlμFtopFqu−rψFproγucμγFτnF−ssocτ−tτonFwτtρF−F
≥osonF−tFwτtρFj~uj}UFEuropeanlPhysicallJournallCSF2018SF_aSFXa^ 4.2 5

Boyang
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103 vμ−surμmμntFoνF≥Tρ−γronFp−τrFproγuctτonFwτtρFtρμFj~uj}FγμtμctorFτnFprotonTprotonFcollτsτonsF−tFNF
sqrt{s}faFOF~μ’UFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 5

102 vμ−surμmμntFoνFνourTχμtFγτννμrμntτ−lFcrossFsμctτonsFτnFNFsqrt{s}faFOF~μ’FprotonTprotonFcollτsτonsF
usτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFXT_^ 5.4 5

101 vultτst−πμFtr−nsνorm−tτonF−nγFcρ−rπμFμννμctFγurτnπFtρμFνr−πmμnt−tτonFpρ−sμFtr−nsτtτonFτnF−tomτcF
clustμrsUFPhysicallReviewlASF2013SFa_SF 2.6 5

100
vμ−surμmμntsFoνFtρμFproγuctτonFcrossTsμctτonFνorF−F±F≥osonFτnF−ssocτ−tτonFwτtρF≥TχμtsFτnF
protonTprotonFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2020SFYWYWSFX

5.4 5

99
}μ−rcρFνorFtρμFqqFTgFNF≥ovμrlτnμ{≥}≥ovμrlτnμ{≥}FOFprocμssFvτ−FvμctorT≥osonFνusτonFproγuctτonFusτnπF
protonTprotonFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergyl
PhysicsSF2020SFYWYWSFX

5.4 5

98 x≥sμrv−tτonFoνFtρμF−ssocτ−tμγFproγuctτonFoνF−FtopFqu−rψF−nγF−F±F≥osonFτnFppFcollτsτonsF−tFNFsqrt{s}FOfF
XZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 5

97 qowFμruptτonsFoνF−Fsm−llFντl−mμntFνμμγFm−tμrτ−lsFtoF−Fnμ−r≥yFl−rπμrTsc−lμγFντl−mμntUFMonthlyl
NoticesloflthelRoyallAstronomicallSociety:lLettersSF2020SF[baSFuXW[TuXWa 4.3 5

96 vμ−surμmμntFoνFlτπρtT≥yTlτπρtFsc−ttμrτnπF−nγFsμ−rcρFνorF−xτonTlτψμFp−rtτclμsFwτtρFYUYFn≥â��XFoνFy≥Ry≥F
γ−t−FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 5

95
}μ−rcρFνorFp−τrFproγuctτonFoνFsc−l−rFlμptoqu−rψsFγμc−yτnπFτntoFντrstTForFsμconγTπμnμr−tτonFlμptonsF
−nγFtopFqu−rψsFτnFprotonâ��protonFcollτsτonsF−tFNsqrt{s}OFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2021SFaXSFX

4.2 5

94 vμ−surμmμntFoνFtρμFqτππsF≥osonFproγuctτonFr−tμFτnF−ssocτ−tτonFwτtρFtopFqu−rψsFτnFντn−lFst−tμsFwτtρF
μlμctronsSFmuonsSF−nγFρ−γronτc−llyFγμc−yτnπFt−uFlμptonsF−tUFEuropeanlPhysicallJournallCSF2021SFaXSFZ_a 4.2 5

93
vμ−surμmμntFoνFμvμntTsρ−pμFo≥sμrv−≥lμsFτnF[oormul−cFsμμFtμxt]FμvμntsFτnFcollτsτonsF−tF[oormul−cF
sμμFtμxt]´ [oormul−cFsμμFtμxt]FwτtρFtρμFj~uj}FγμtμctorF−tFtρμFuqlUFEuropeanlPhysicallJournallCSF2016SF
_^SFZ_]

4.2 5

92 vμ−surμmμntFoνFtρμFrμl−tτvμFwτγtρFγτννμrμncμFoνFtρμFNF{k}₀Wρ≥ox{T}F{ovμrlτnμ{k}}₀WFOFsystμmFwτtρF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 5

91 mτννμrμntτ−lFcrossTsμctτonFmμ−surμmμntsFνorFtρμFμlμctrowμ−ψFproγuctτonFoνFγτχμtsFτnF−ssocτ−tτonF
wτtρF−F±F≥osonFτnFprotonâ��protonFcollτsτonsF−tFj~uj}UFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 5

90 }μ−rcρFνorFγ−rψFm−ttμrFτnF−ssocτ−tτonFwτtρF−nFμnμrπμtτcFpρotonFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 5

89 vμ−surμmμntFoνFcolourFνlowFusτnπFχμtTpullFo≥sμrv−≥lμsFτnFμvμntsFwτtρFtρμFj~uj}FμxpμrτmμntF−tUF
EuropeanlPhysicallJournallCSF2018SF_aSFa[_ 4.2 5

88 vμ−surμmμntFoνFtρμFτnclusτvμF−nγFντγucτ−lFproγuctτonFcrossTsμctτonsFτnFtρμFlμptonRχμtsFcρ−nnμlFτnF
collτsτonsF−tFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2018SF_aSF[a_ 4.2 5

87 vμ−surμmμntFoνFχμtF−ctτvτtyFτnFtopFqu−rψFμvμntsFusτnπFtρμFμ˛…Fντn−lFst−tμFwτtρFtwoF≥Tt−ππμγFχμtsFτnFppF
collτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2016SFYWX^SFX 5.4 4

86 lryst−lFstructurμSFmorpρoloπySFγμptρFproντlμFoνFμlμmμntsF−nγFmτγTτnνr−rμγFoptτc−lFconst−ntsFoνF
â��mτlγâ��Flμ−γFtμllurτγμFντlmUFAppliedlPhysicslA:lMaterialslSciencelandlProcessingSF2003SF_^SFb^]Tb^a 2.6 4

(2003-2017)
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85 }μ−rcρFνorFρμ−vyFγτ≥osonFrμson−ncμsFτnFsμmτlμptonτcFντn−lFst−tμsFτnFppFcollτsτonsF−tFNsqrt{s}fXZOF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 4

84 jF’−rτ−≥lμFronτzμγFmτsψF–τnγFτnFtρμFkl−cψFqolμFl−nγτγ−tμFn—xFXa[^â��WZXUFAstrophysicallJournalSF
2021SFbW^SFXX 4.7 4

83 jlτπnmμntFoνFtρμFj~uj}FrnnμrFmμtμctorFτnF{unFYUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 4

82 vμ−surμmμntFoνFsVˇ�FproγuctτonFτnF−ssocτ−tτonFwτtρF−F–´–F≥osonFwτtρFppFγ−t−F−tFaF~μ’UFJournallofl
HighlEnergylPhysicsSF2020SFYWYWSFX 5.4 4

81 yρysτc−lForτπτnFoνFtρμFnonTpρysτc−lFspτnFμvolutτonFoνFvj—rFsXaYWFRFW_WUFMonthlylNoticesloflthelRoyall
AstronomicallSocietySF2021SF]W[SFYX^aTYXaW 4.3 4

80
vμ−surμmμntFoνFtρμFτnclusτvμFcrossTsμctτonFνorFtρμFproγuctτonFoνFχμtsFτnF−ssocτ−tτonFwτtρF−F±F≥osonF
τnFprotonâ��protonFcollτsτonsF−tFaF~μ’FusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF
_bSFX

4.2 4

79 }wτtcρμsF≥μtwμμnF−ccrμtτonFstructurμsFγurτnπFνl−rμsFτnF[‘FXbWXRWZUFMonthlylNoticesloflthelRoyall
AstronomicallSocietySF2020SF[bZSF]^aWT]^bY 4.3 4

78
vμ−surμmμntsFoνFγτννμrμntτ−lFcrossFsμctτonsFoνFtopFqu−rψFp−τrFproγuctτonFτnF−ssocτ−tτonFwτtρFχμtsFτnF
ppFcollτsτonsF−tFNFsqrt{s}fXZFOF~μ’FusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2018SF
YWXaSFX

5.4 4

77 }μ−rcρFνorFγ−rψFm−ttμrFproγucμγFτnF−ssocτ−tτonFwτtρF−FsτnπlμFtopFqu−rψFτnFNsqrt{s}fXZOF~μ’FNppOF
collτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 4

76
}μ−rcρFνorFγτχμtFrμson−ncμsFτnFμvμntsFwτtρF−nFτsol−tμγFcρ−rπμγFlμptonFusτnπFNFsqrt{s}FOFfFXZF~μ’F
protonTprotonFcollτsτonFγ−t−FcollμctμγF≥yFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SF
YWYWSFX

5.4 3

75 vμ−surμmμntFoνFlonπTr−nπμFtwoTp−rtτclμF−zτmutρ−lFcorrμl−tτonsFτnF±T≥osonFt−ππμγFppFcollτsτonsF−tF
Nsqrt{s}faOF−nγFXZF~μ’UFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 3

74 vμ−surμmμntFoνFpol−rτs−tτonFτnFγμc−ysFτnFprotonTprotonFcollτsτonsF−tF~μ’FwτtρFtρμFj~uj}FγμtμctorUF
EuropeanlPhysicallJournallCSF2018SF_aSFX^Z 4.2 3

73 }μ−rcρFνorFμxcτtμγFμlμctronsFsτnπlyFproγucμγFτnFprotonâ��protonFcollτsτonsF−tFJJsqrt{s}F~f~XZ~tμxtF
{~μ}tμxtF{’}JJFwτtρFtρμFj~uj}FμxpμrτmμntF−tFtρμFuqlUFEuropeanlPhysicallJournallCSF2019SF_bSF 4.2 3

72 yτcturτnπFμlμctronFc−pturμFtoFtρμFcontτnuumFτnFtρμFtr−nsνμrFτonτz−tτonFoνFτntμrmμγτ−tμTμnμrπyFqμYRF
collτsτonsFwτtρF−rπonUFPhysicallReviewlASF2013SFa_SF 2.6 3

71 vμ−surμmμntFoνFtρμFψFtFsplτttτnπFsc−lμsFτnF±FTgFâ��â��FμvμntsFτnFppFcollτsτonsF−tFNFsqrt{s}faFOF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2017SFYWX_SFX 5.4 3

70 }tructurμF−nγFτnνr−rμγFoptτc−lFpropμrtτμsFoνFμv−por−tμγFμr≥τumFνluorτγμFντlmsUFPhysicalStatuslSolidil
uAvlApplicationslandlMaterialslScienceSF2007SFYW[SF]^bT]_] 1.6 3

69
mτstrτ≥utτonF−nγFloc−tτonFoνFsμlμnτumF−nγFotρμrFμlμmμntsFτnFγτννμrμntFmτtocρonγrτ−lFcomp−rtmμntsF
oνFρum−nFlτvμrF≥yFnμutronF−ctτv−tτonF−n−lysτsUFJournalloflRadioanalyticallandlNuclearlChemistrySF
2006SFY^bSF]Y_T]Z[

1.5 3

68 y±~FtρτnFντlmsFγμrτvμγFνromF−FmoγτντμγFsolTπμlFtμcρnτquμF≥−sμγFonF−cμtτcF−cτγVw−tμrFsystμmFusτnπF−F
nμwFzτrconτumFsourcμUFJournalloflMaterialslSciencelLettersSF2000SFXbSFX_^_TX_^b 3

Boyang
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67 xscτll−torFstrμnπtρsFνorFYFtr−nsτtτonsFoνFtρμFlτtρτumFτsoμlμctronτcFsμquμncμUFEuropeanlPhysicall
JournallDSF1999SF]SFX_ZTX__ 1.3 3

66 }tuγyFoνFtρμFspτnF−nγFp−rτtyFoνFtρμFqτππsF≥osonFτnFγτ≥osonFγμc−ysFwτtρFtρμFj~uj}FγμtμctorF2015SF
_]SFX 3

65 j~uj}F{unFXFsμ−rcρμsFνorFγτrμctFp−τrFproγuctτonFoνFtρτrγTπμnμr−tτonFsqu−rψsF−tFtρμFu−rπμFq−γronF
lollτγμrF2015SF_]SFX 3

64 vμ−surμmμntFoνFJJt₆}₀WJJF−nγFJJu−m≥γ−F₀WJJFproγuctτonFτnFJJtF≥−r{t}JJFγτlμptonτcFμvμntsFτnFppF
collτsτonsF−tFJJsqrt{s}FfJJF_F~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 3

63 mμtμrmτn−tτonFoνFχμtFc−lτ≥r−tτonF−nγFμnμrπyFrμsolutτonFτnFprotonâ��protonFcollτsτonsF−tFNsqrt{s}FfF
a~ρ≥oxF{~μ’}OFusτnπFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 3

62 vμ−surμmμntFoνFtρμFτnclusτvμFχμtFcrossTsμctτonFτnFprotonTprotonFcollτsτonsF−tFNFsqrt{s}f_FOF~μ’FusτnπF
[U]Fν≥â��XFoνFγ−t−FwτtρFtρμFj~uj}FγμtμctorF2015SFYWX]SFX 3

61 {μconstructτonF−nγFτγμntτντc−tτonFoνF≥oostμγFγτTˇ�FsystμmsFτnF−Fsμ−rcρFνorFqτππsF≥osonFp−τrsFusτnπFXZF
~μ’FprotonTprotonFcollτsτonFγ−t−FτnFj~uj}UFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 3

60
}μ−rcρFνorFγou≥lyF−nγFsτnπlyFcρ−rπμγFqτππsF≥osonsFγμc−yτnπFτntoFvμctorF≥osonsFτnFmultτTlμptonFντn−lF
st−tμsFwτtρFtρμFj~uj}FγμtμctorFusτnπFprotonTprotonFcollτsτonsF−tFNFsqrt{m−tρrm{s}}FOFfFXZF~μ’UF
JournalloflHighlEnergylPhysicsSF2021SFYWYXSFX

5.4 3

59 vμ−surμmμntFoνFρ−γronτcFμvμntFsρ−pμsFτnFρτπρTp~FmultτχμtFντn−lFst−tμsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 3

58 vμ−surμmμntFoνFγτstrτ≥utτonsFsμnsτtτvμFtoFtρμFunγμrlyτnπFμvμntFτnFτnclusτvμF±F≥osonFproγuctτonFτnF
ppFcollτsτonsF−tFNsqrt{s}OFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 2

57 vμ−surμmμntFoνFtρμF±NTgFâ��Râ��â��O˛‡FproγuctτonFcrossTsμctτonFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 2

56 }μ−rcρFνorFlowTsc−lμFπr−vτtyFsτπn−turμsFτnFmultτTχμtFντn−lFst−tμsFwτtρFtρμFj~uj}FγμtμctorF−tFNF
sqrt{s}faFOF~μ’UFJournalloflHighlEnergylPhysicsSF2015SFYWX]SFX 5.4 2

55 wμwFτnsτπρtFτntoFpowμrTl−wF≥μρ−vτorFoνFνr−πmμntFsτzμFγτstrτ≥utτonsFτnFtρμFlâ��â��Fmultτνr−πmμnt−tτonF
rμπτmμUFJournalloflChemicallPhysicsSF2014SFX[XSFW][ZW_ 3.9 2

54 rnνluμncμFoνFtρμFxxyπμnFy−rtτ−lFyrμssurμFonFtρμFlomposτtτonF−nγFxptτc−lFyropμrtτμsFoνF
nlμctronT≥μ−mFnv−por−tμγF~τxxFoτlmsUFPhysicalStatuslSolidilASF2002SFXbZSF^bT__ 2

53 xnTπrounγF−nγFonTor≥τtFtτmμFc−lτ≥r−tτonsFoνFpnljvUFMonthlylNoticesloflthelRoyallAstronomicall
SocietySF2022SF]XXSFb^[Tb_X 4.3 2

52 vμ−surμmμntFoνFtρμFNtovμrlτnμ{t}OFproγuctτonFcrossTsμctτonFusτnπFNμmuFOFμvμntsFwτtρFN≥OTt−ππμγFχμtsF
τnFNppOFcollτsτonsF−tFNsqrt{s}f_OF−nγFaF~μ’FwτtρFtρμFj~uj}FγμtμctorF2014SF_[SFX 2

51 }μ−rcρFνorFnμwFpρμnomμn−FτnFντn−lFst−tμsFwτtρF−nFμnμrπμtτcFχμtF−nγFl−rπμFmτssτnπFtr−nsvμrsμF
momμntumFτnFppFcollτsτonsF−tFNsqrt{s}fa~O~μ’FwτtρFtρμFj~uj}FγμtμctorF2015SF_]SFX 2

50
}μ−rcρFνorF{Tp−rτtyTvτol−tτnπFsupμrsymmμtryFτnF−Fντn−lFst−tμFcont−τnτnπFlμptonsF−nγFm−nyFχμtsFwτtρF
tρμFj~uj}FμxpμrτmμntFusτnπFNsqrt{s}FfFXZρ≥oxF{F~μ’}OFprotonâ��protonFcollτsτonFγ−t−UFEuropeanl
PhysicallJournallCSF2021SFaXSFX

4.2 2

(2021-1999)
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49
}μ−rcρFνorFγ−rψFm−ttμrFτnFμvμntsFwτtρFmτssτnπFtr−nsvμrsμFmomμntumF−nγF−FqτππsF≥osonFγμc−yτnπF
τntoFtwoFpρotonsFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2021SFYWYXSFX

5.4 2

48 vμ−surμmμntFoνFtρμFτnclusτvμFτsol−tμγTpρotonFcrossFsμctτonFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’F
usτnπFZ^Fν≥â��XFoνFj~uj}Fγ−t−UFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 2

47 —Tr−yFrμprocμssτnπFτnF−ccrμtτnπFpuls−rFp—FZWXTYFo≥sμrvμγFwτtρFrnsτπρtTq—v~UFMonthlylNoticesloflthel
RoyallAstronomicallSocietySF2021SF]WXSFY]YYTY]ZW 4.3 2

46
vμ−surμmμntsFoνFτnclusτvμF−nγFγτννμrμntτ−lFcrossTsμctτonsFoνFcom≥τnμγFNFtovμrlτnμ{t}π−mm−FOF−nγF
t–˛‡FproγuctτonFτnFtρμFμ˛…Fcρ−nnμlF−tFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysics
SF2020SFYWYWSFX

5.4 2

45 vμ−surμmμntFoνFτsol−tμγTpρotonFplusFtwoTχμtFproγuctτonFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρF
tρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 2

44 rnsτπρtTq—v~Fo≥sμrv−tτonsFoνF}wτνtFsWY[ZU^R^XY[cFtρμFμvolutτonFoνF{v}FpulsμFνr−ctτonsF−tF
supμrTnγγτnπtonFlumτnosτtyUFMonthlylNoticesloflthelRoyallAstronomicallSocietySF2020SF[b_SF][baT]]W^ 4.3 2

43 xptτmτs−tτonFoνFl−rπμTr−γτusFχμtFrμconstructτonFνorFtρμFj~uj}FγμtμctorFτnFXZF~μ’Fprotonâ��protonF
collτsτonsUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 2

42 }μ−rcρFνorFsupμrsymmμtryFτnFμvμntsFwτtρFνourForFmorμFcρ−rπμγFlμptonsFτnFXZbFν≥â��XFoνFNFsqrt{s}FOFfF
XZF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 2

41 vμ−surμmμntFoνF±±FproγuctτonFτnFtρμFâ��â�� ˛‰ ˛‰Fντn−lFst−tμFwτtρFtρμFj~uj}FγμtμctorFτnFppFcollτsτonsF−tFNF
sqrt{s}FOFfFXZF~μ’UFJournalloflHighlEnergylPhysicsSF2019SFYWXbSFX 5.4 2

40 vμ−surμmμntFoνFN–₀{pmF}OT≥osonF−nγF±T≥osonFproγuctτonFcrossTsμctτonsFτnFppFcollτsτonsF−tF
Nsqrt{s}fYU_^OF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2019SF_bSFX 4.2 2

39
vμ−surμmμntsFoνFtopTqu−rψFp−τrFsτnπlμTF−nγFγou≥lμTγτννμrμntτ−lFcrossTsμctτonsFτnFtρμF−llTρ−γronτcF
cρ−nnμlFτnFppFcollτsτonsF−tFNFsqrt{m−tρrm{s}}FOFfFXZF~μ’FusτnπFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2021SFYWYXSFX

5.4 2

38 jFsμ−rcρFνorF−nFμxcτtμγFmuonFγμc−yτnπFtoF−FmuonF−nγFtwoFχμtsFτnppcollτsτonsF−tF
Jsqrt{s}dfdad{rm{~μ’}}JFwτtρFtρμFj~uj}FγμtμctorUFNewlJournalloflPhysicsSF2016SFXaSFW_ZWYX 2.9 1

37 y{xsnl~runFo{jpvnw~j~rxwFxoFZ^S[WjrFrwm‘lnmF{njl~rxw}UFInternationallJournalloflModernl
PhysicslESF2010SFXbSFXW_^TXWaZ 0.7 1

36 }μ−rcρFνorFproγuctτonFoνFN––V–±OFrμson−ncμsFγμc−yτnπFtoF−FlμptonSFnμutrτnoF−nγFχμtsFτnFNppOF
collτsτonsF−tFNsqrt{s}faOF~μ’FwτtρFtρμFj~uj}FγμtμctorF2015SF_]SFX 1

35 vμ−surμmμntFoνFtρμFcρ−rπμF−symmμtryFτnFtopTqu−rψFp−τrFproγuctτonFτnFtρμFlμptonTplusTχμtsFντn−lF
st−tμFτnFppFcollτsτonFγ−t−F−tFNsqrt{s}faSm−tρrmF~μ’{}OFwτtρFtρμFj~uj}FγμtμctorF2016SF_^SFX 1

34 vμ−surμmμntFoνFtρμF–T≥osonFm−ssFτnFppFcollτsτonsF−tFNsqrt{s}f_SFρ≥oxF{~μ’}OFwτtρFtρμFj~uj}F
γμtμctorF2018SF_aSFX 1

33 }μ−rcρFνorFγou≥lyFcρ−rπμγFqτππsF≥osonFproγuctτonFτnFmultτTlμptonFντn−lFst−tμsFwτtρFtρμFj~uj}F
γμtμctorFusτnπFprotonâ��protonFcollτsτonsF−tFNsqrt{s}fXZStμxtF{~μ’}OF2018SF_aSFX 1

32 }μ−rcρFνorFtopFsqu−rψsFτnFμvμntsFwτtρF−FqτππsForF±F≥osonFusτnπFXZbFν≥N₀{TX}OFoνFppFcollτsτonFγ−t−F−tF
Nsqrt{s}fXZOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2020SFaWSFX 4.2 1
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31 }μ−rcρFνorFρμ−vyFrμson−ncμsFγμc−yτnπFτntoF−F–ForF±F≥osonF−nγF−FqτππsF≥osonFτnFντn−lFst−tμsFwτtρF
lμptonsF−nγF≥TχμtsFτnFZ^Fν≥â��XFoνFNFsqrt{s}fXZFOF~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorF2018SFYWXaSFX 1

30 vμ−surμmμntFoνFγτννμrμntτ−lFcrossFsμctτonsFνorFsτnπlμFγτννr−ctτvμFγτssocτ−tτonFτnFNFsqrt{s}FOFfFaF~μ’FppF
collτsτonsFusτnπFtρμFj~uj}FjuojFspμctromμtμrUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX 5.4 1

29
}μ−rcρFνorFγτrμctFproγuctτonFoνFμlμctrowμ−ψτnosFτnFντn−lFst−tμsFwτtρFmτssτnπFtr−nsvμrsμFmomμntumF
−nγF−FqτππsF≥osonFγμc−yτnπFτntoFpρotonsFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}F
γμtμctorUFJournalloflHighlEnergylPhysicsSF2020SFYWYWSFX

5.4 1

28
}μ−rcρFνorFqτππsF≥osonFproγuctτonFτnF−ssocτ−tτonFwτtρF−FρτπρTμnμrπyFpρotonFvτ−FvμctorT≥osonF
νusτonFwτtρFγμc−yFτntoF≥ottomFqu−rψFp−τrsF−tFNFsqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournallofl
HighlEnergylPhysicsSF2021SFYWYXSFX

5.4 1

27
mμtμrmτn−tτonFoνFtρμFp−rtonFγτstrτ≥utτonFνunctτonsFoνFtρμFprotonFνromFj~uj}Fmμ−surμmμntsFoνF
γτννμrμntτ−lF–´–F−nγF±F≥osonFproγuctτonFτnF−ssocτ−tτonFwτtρFχμtsUFJournalloflHighlEnergylPhysicsSF2021
SFYWYXSFX

5.4 1

26 jFsμ−rcρFνorFtρμFγμc−ysFoνFstoppμγFlonπTlτvμγFp−rtτclμsF−tFNFsqrt{m−tρrm{s}}FOFfFXZF~μ’FwτtρFtρμF
j~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 1

25 vμ−surμmμntFoνFsτnπlμFtopTqu−rψFproγuctτonFτnF−ssocτ−tτonFwτtρF−F–F≥osonFτnFtρμFsτnπlμTlμptonF
cρ−nnμlF−tFNsqrt{s}FfFaStμxtF{~μ’}OFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 1

24
vμ−surμmμntsFoνFtρμFτnclusτvμF−nγFγτννμrμntτ−lFproγuctτonFcrossFsμctτonsFoνF−FtopTqu−rψâ��−ntτqu−rψF
p−τrFτnF−ssocτ−tτonFwτtρF−F±F≥osonF−tFNsqrt{s}FfFXZOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicall
JournallCSF2021SFaXSFX

4.2 1

23 }μ−rcρFνorFpρμnomμn−F≥μyonγFtρμF}t−nγ−rγFvoγμlFτnFμvμntsFwτtρFl−rπμF≥TχμtFmultτplτcτtyFusτnπFtρμF
j~uj}FγμtμctorF−tFtρμFuqlUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 1

22 ~ρμFYWXaFν−τlμγFout≥urstFoνFqFX_[ZFâ��FZYYcFrnsτπρtTq—v~SFwu}~j{SF−nγFwrln{FvτμwsUFMonthlylNoticesl
oflthelRoyallAstronomicallSocietySF2022SF]XYSF[][XT[]]] 4.3 1

21
}μ−rcρFνorFcρ−rπτnoâ��nμutr−lτnoFp−τrFproγuctτonFτnFντn−lFst−tμsFwτtρFtρrμμFlμptonsF−nγFmτssτnπF
tr−nsvμrsμFmomμntumFτnFJJsqrt{s}FfFXZJJ´ ~μ’FppFcollτsτonsFwτtρFtρμFj~uj}FγμtμctorUFEuropeanl
PhysicallJournallCSF2021SFaXSFX

4.2 1

20 lonντπur−tτonF−nγFpμrνorm−ncμFoνFtρμFj~uj}F≥TχμtFtrτππμrsFτnF{unFYUFEuropeanlPhysicallJournallCSF
2021SFaXSFX 4.2 1

19 mμtμrmτn−tτonFoνFtρμFp−rtonFγτstrτ≥utτonFνunctτonsFoνFtρμFprotonFusτnπFγτvμrsμFj~uj}Fγ−t−FνromFppF
collτsτonsF−tFJJsqrt{s}FfF_JJSFaF−nγFXZ´ ~μ’UFEuropeanlPhysicallJournallCSF2022SFaYSFX 4.2 1

18 yμrνorm−ncμFoνFtρμFj~uj}FuμvμlTXFtopoloπτc−lFtrτππμrFτnF{un´ YUFEuropeanlPhysicallJournallCSF2022SF
aYSFX 4.2 0

17
}μ−rcρFνorFμxotτcFγμc−ysFoνFtρμFqτππsF≥osonFτntoF≥JJFovμrlτnμ{≥}FJJF−nγFmτssτnπFtr−nsvμrsμF
momμntumFτnFppFcollτsτonsF−tFJJFsqrt{s}FJJFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighl
EnergylPhysicsSF2022SFYWYYSFX

5.4 0

16
x≥sμrv−tτonFoνFμlμctrowμ−ψFproγuctτonFoνFtwoFχμtsFτnF−ssocτ−tτonFwτtρF−nFτsol−tμγFpρotonF−nγF
mτssτnπFtr−nsvμrsμFmomμntumSF−nγFsμ−rcρFνorF−FqτππsF≥osonFγμc−yτnπFτntoFτnvτsτ≥lμFp−rtτclμsF−tF
XZ´ JJtμxtF{~μ’}JJFwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2022SFaYSFX

4.2 0

15 vμ−surμmμntFoνFtρμFtNFovμrlτnμ{t}FOtNFovμrlτnμ{t}FOFproγuctτonFcrossFsμctτonFτnFppFcollτsτonsF−tFNF
sqrt{s}FOFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 0

14 vμ−surμmμntsFoνF–R–â��RFâ�¥FXFχμtFproγuctτonFcrossTsμctτonsFτnFppFcollτsτonsF−tFNFsqrt{s}FOFfFXZF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 0
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13 vμ−surμmμntsFoνFqτππsF≥osonsFγμc−yτnπFtoF≥ottomFqu−rψsFνromFvμctorF≥osonFνusτonFproγuctτonF
wτtρFtρμFj~uj}FμxpμrτmμntF−tFNsqrt{s}fXZStμxtF{~μ’}OUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 0

12 vμ−surμmμntsFoνFγτννμrμntτ−lFcrossTsμctτonsFτnFνourTlμptonFμvμntsFτnFXZF~μ’FprotonTprotonF
collτsτonsFwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 0

11 }μ−rcρFνorFsqu−rψsF−nγFπluτnosFτnFντn−lFst−tμsFwτtρFonμFτsol−tμγFlμptonSFχμtsSF−nγFmτssτnπFtr−nsvμrsμF
momμntumF−tFNsqrt{s}fXZOF~μ’FwτtρFtρμFj~uj}FγμtμctorUFEuropeanlPhysicallJournallCSF2021SFaXSFX 4.2 0

10
}μ−rcρFνorFqτππsF≥osonsFγμc−yτnπFτntoFnμwFspτnTWForFspτnTXFp−rtτclμsFτnFνourTlμptonFντn−lFst−tμsFwτtρF
tρμFj~uj}FγμtμctorFwτtρFXZbFν≥â��XFoνFppFcollτsτonFγ−t−F−tFJJFsqrt{s}FJJFfFXZF~μ’UFJournalloflHighl
EnergylPhysicsSF2022SFYWYYSFX

5.4 0

9 jtlo−stZcF~ρμFwμxtFpμnμr−tτonFoνFo−stF}τmul−tτonFτnFj~uj}UFComputinglandlSoftwarelforlBiglScienceSF
2022SF^SFX 6 0

8
vμ−surμmμntFoνFtρμFμnμrπyFrμsponsμFoνFtρμFj~uj}´ c−lorτmμtμrFtoFcρ−rπμγ´ pτonsFνromFJJ–₀{pmF
}rτπρt−rrowFt−uF₀{pmF}Nrτπρt−rrowFpτF₀{pmF}nuF₆{t−uF}OnuF₆{t−uF}JJFμvμntsFτnF{un´ YFγ−t−UFEuropeanl
PhysicallJournallCSF2022SFaYSFX

4.2 0

7
}μ−rcρFνorFγ−rψFm−ttμrFproγucμγFτnF−ssocτ−tτonFwτtρF−F}t−nγ−rγFvoγμlFqτππsF≥osonFγμc−yτnπFτntoF
≥Tqu−rψsFusτnπFtρμFνullF{unFYFγ−t−sμtFνromFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SF
YWYXSFX

5.4 0

6 vμ−surμmμntFoνFtρμFproγuctτonFcrossFsμctτonFoνFp−τrsFoνFτsol−tμγFpρotonsFτnFppFcollτsτonsF−tFXZF~μ’F
wτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SFYWYXSFX 5.4 0

5
}μ−rcρFνorFμxotτcFγμc−ysFoνFtρμFqτππsF≥osonFτntoFlonπTlτvμγFp−rtτclμsFτnFppFcollτsτonsF−tFJJFsqrt{s}FJJF
fFXZF~μ’FusτnπFγτspl−cμγFvμrtτcμsFτnFtρμFj~uj}FτnnμrFγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SF
YWYXSFX

5.4 0

4
vμ−surμmμntFoνF≥Tqu−rψFνr−πmμnt−tτonFpropμrtτμsFτnFχμtsFusτnπFtρμFγμc−yFk´–FTgFsVˇ�t´–FτnFppF
collτsτonsF−tFJJFsqrt{s}FJJFfFXZF~μ’FwτtρFtρμFj~uj}FγμtμctorUFJournalloflHighlEnergylPhysicsSF2021SF
YWYXSFX

5.4 0

3 y{xsnl~runFo{jpvnw~j~rxwFxoFZ^S[WjrFrwm‘lnmF{njl~rxw}UFInternationallJournalloflModernl
PhysicslESF2010SFXbSFXaX]TXaYY 0.7

2 jFmμt−lFpl−sm−FsourcμFτonFτmpl−nt−tτonF−nγFγμposτtτonFsystμmUFReviewloflScientificlInstrumentsSF
1999SF_WSFXaX^TXaYW 1.7

1 ~ρμFj~uj}FτnnμrFγμtμctorFtrτππμrFpμrνorm−ncμFτnFppFcollτsτonsF−tFXZ´ ~μ’FγurτnπFuqlF{unFYUF
EuropeanlPhysicallJournallCSF2022SFaYSFX 4.2
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