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461 lρΞrπμγTpΞrtταlμGnuαlμΞrGmoγτνταΞtτonGνΞαtorsGτnGyΥyΥGΞnγGpyΥGαollτsτonsGΞtGOG
sqrt{s≥{mΞtρrm{w}dmΞtρrm{w}}}f]UWYGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 64
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460 vμΞsurμmμntGoνGtρμGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGγτlμptonG
αρΞnnμlGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 64

459 |μΞrαρGνorGρτπρTmΞssGrμsonΞnαμsGτnGγτlμptonGντnΞlGstΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 63

458 |μΞrαρGνorGqμΞvyGwμutrΞlGuμptonsGτnGnvμntsGwτtρG}ρrμμGlρΞrπμγGuμptonsGτnGyrotonTyrotonG
lollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2018SGXYWSGYYXaWX 7.4 62

457 xΥsμrvΞtτonGoνGtρμGΞssoατΞtμγGproγuαtτonGoνGΞGsτnπlμGtopGquΞrψGΞnγGΞG–GΥosonGτnGppGαollτsτonsGΞtG
sqrt[s−GfGaG}μ’UGPhysicalvReviewvLettersSG2014SGXXYSGYZXaWY 7.4 62

456 nxtrΞαtτonGΞnγGvΞlτγΞtτonGoνGΞGnμwGsμtGoνGlv|GpytρτΞaGtunμsGνromGunγμrlyτnπTμvμntGmμΞsurμmμntsUG
EuropeanvPhysicalvJournalvCSG2020SGaWSG[ 4.2 61

455 |tuγyGoνGγouΥlμGpΞrtonGsαΞttμrτnπGusτnπG–GRGYTχμtGμvμntsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}GPGfG_G
}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 61

454 |μΞrαρGνorGΞGαρΞrπμγGqτππsGΥosonGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2015SGYWX]SGX 5.4 61

453 |tuγτμsGoνGΞzτmutρΞlGγτρΞγronGαorrμlΞtτonsGτnGultrΞTαμntrΞlGyΥyΥGαollτsτonsGΞtGOGsqrt{{{s≥{wwG}}}}GPG
fYU_^G}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 60

452 |upprμssτonGΞnγGΞzτmutρΞlGΞnτsotropyGoνGpromptGΞnγGnonpromptG[oormulΞcGsμμGtμxt−GproγuαtτonGτnG
yΥyΥGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2017SG__SGY]Y 4.2 58

451 |μΞrαρGνorGtopTquΞrψGpΞrtnμrsGwτtρGαρΞrπμG]VZGτnGtρμGsΞmμTsτπnGγτlμptonGντnΞlGstΞtμUGPhysicalvReviewv
LettersSG2014SGXXYSGX_XaWX 7.4 58

450 |μΞrαρGνorGΞnomΞlousGOGtovμrlτnμGtGPGproγuαtτonGτnGtρμGρτπρlyTΥoostμγGΞllTρΞγronταGντnΞlGstΞtμUG
JournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 57

449 xΥsμrvΞtτonGoνGΞGnμwG˛�ΥGΥΞryonUGPhysicalvReviewvLettersSG2012SGXWaSGY]YWWY 7.4 57

448 |tuγyGoνGμxαlusτvμGtwoTpρotonGproγuαtτonGoνG–R–â��GτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’GΞnγG
αonstrΞτntsGonGΞnomΞlousGquΞrtταGπΞuπμGαouplτnπsUGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 56

447 vμΞsurμmμntGoνGtρμG–R–â��GαrossGsμαtτonGτnGppGαollτsτonsGΞtGOsqrt{s}GfG_mΥox{G}μ’}PGΞnγGlτmτtsGonG
ΞnomΞlousG––˛‡GΞnγG––±GαouplτnπsUGEuropeanvPhysicalvJournalvCSG2013SG_ZSGX 4.2 56

446 uonπTrΞnπμGΞnγGsρortTrΞnπμGγτρΞγronGΞnπulΞrGαorrμlΞtτonsGτnGαμntrΞlGyΥyΥGαollτsτonsGΞtGOGsqrtG
{{{s≥{tμxt{ww}}}}}GPGfGYU_^G}μ’UGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 56

445 |μΞrαρGνorGΞGstΞnγΞrγGmoγμlGqτππsGΥosonGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGtopTquΞrψGpΞτrGΞnγG
γμαΞyτnπGtoGΥottomGquΞrψsGusτnπGΞGmΞtrτxGμlμmμntGmμtρoγUGEuropeanvPhysicalvJournalvCSG2015SG_]SGY]X 4.2 55

444 vμΞsurμmμntGoνGtρμGpsμuγorΞpτγτtyGΞnγGαμntrΞlτtyGγμpμnγμnαμGoνGtρμGtrΞnsvμrsμGμnμrπyGγμnsτtyGτnG
yΥTyΥGαollτsτonsGΞtGâ��OsOwwPPfYU_^G}μ’UGPhysicalvReviewvLettersSG2012SGXWbSGX]YZWZ 7.4 55

443 |μΞrαρGνorGnμwGpρμnomμnΞGwτtρGtρμGvΞrτΞΥlμGτnGtρμGΞllTρΞγronταGντnΞlGstΞtμGproγuαμγGτnG
protonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2017SG__SG_XW 4.2 54
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442 |μΞrαρGνorGsτπnΞturμsGoνGμxtrΞGγτmμnsτonsGτnGtρμGγτpρotonGmΞssGspμαtrumGΞtGtρμGlΞrπμGρΞγronG
αollτγμrUGPhysicalvReviewvLettersSG2012SGXWaSGXXXaWX 7.4 53

441 |μΞrαρGνorGOG{tμxt{k}}≥{tμxt{s}}√WGPGTgG˛…GRG˛…Gâ��GΞnγGkWGTgG˛…GRG˛…Gâ��GγμαΞysUGJournalvofvHighvEnergyvPhysicsSG
2012SGYWXYSGX 5.4 52

440 |μΞrαρGνorGΞGlτπρtGpsμuγosαΞlΞrGqτππsGΥosonGτnGtρμGγτmuonGγμαΞyGαρΞnnμlGτnGppGαollτsτonsGΞtGâ��sGfG_G
}μ’UGPhysicalvReviewvLettersSG2012SGXWbSGXYXaWX 7.4 51

439 vμΞsurμmμntsGoνGγτννμrμntτΞlGΞnγGγouΥlμTγτννμrμntτΞlGmrμllT¯ΞnGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΞtG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2015SG_]SGX[_ 4.2 50

438
vμΞsurμmμntGoνGtρμGrΞtτoGoνGtρμGτnαlusτvμGZTχμtGαrossGsμαtτonGtoGtρμGτnαlusτvμGYTχμtGαrossGsμαtτonGτnG
ppGαollτsτonsGΞtGOsqrt{s}GfG_GmΞtρrm{}μ’}PGΞnγGντrstGγμtμrmτnΞtτonGoνGtρμGstronπGαouplτnπGαonstΞntGτnG
tρμG}μ’GrΞnπμUGEuropeanvPhysicalvJournalvCSG2013SG_ZSGX

4.2 50

437
|μΞrαρGνorGnΞrrowGΞnγGΥroΞγGγτχμtGrμsonΞnαμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’GΞnγG
αonstrΞτntsGonGγΞrψGmΞttμrGmμγτΞtorsGΞnγGotρμrGnμwGpΞrtταlμsUGJournalvofvHighvEnergyvPhysicsSG2018SG
YWXaSGX

5.4 50

436 |μΞrαρGνorGΞGstΞnγΞrγTmoγμlTlτψμGqτππsGΥosonGwτtρGΞGmΞssGτnGtρμGrΞnπμGX[]GtoGXWWWGpμ’GΞtGtρμGuqlUG
EuropeanvPhysicalvJournalvCSG2013SG_ZSGY[^b 4.2 49

435 wuαlμΞrGμννμαtsGonGtρμGtrΞnsvμrsμGmomμntumGspμαtrΞGoνGαρΞrπμγGpΞrtταlμsGτnGpyΥGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2015SG_]SGYZ_ 4.2 48

434 vμΞsurμmμntGoνGtρμGtTαρΞnnμlGsτnπlμTtopTquΞrψGproγuαtτonGαrossGsμαtτonGΞnγGoνGtρμG|’GtΥ|GltvG
mΞtrτxGμlμmμntGτnGppGαollτsτonsGΞtGOGsqrt{s}GPGfGaG}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 48

433 vμΞsurμmμntGoνGtρμGOG{{rmGt}ΥΞr{rmGt}}GPGproγuαtτonGαrossGsμαtτonGΞnγGtρμGtopGquΞrψGmΞssGτnGtρμG
γτlμptonGαρΞnnμlGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 48

432 vμΞsurμmμntGoνGtρμGkWGproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΞtGsqrt[s−GfG_G}μ’UGPhysicalvReviewv
LettersSG2011SGXW^SGY]YWWX 7.4 48

431 |μΞrαρGνorGγΞrψGmΞttμrGproγuαμγGwτtρGΞnGμnμrπμtταGχμtGorGΞGρΞγronταΞllyGγμαΞyτnπG–GorG±GΥosonGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 46

430 |μΞrαρGνorGνlΞvorTαρΞnπτnπGnμutrΞlGαurrμntsGτnGtopTquΞrψGγμαΞysGtGTgG±qGτnGppGαollτsτonsGΞtGsqrt[s−GfGaG
}μ’UGPhysicalvReviewvLettersSG2014SGXXYSGX_XaWY 7.4 46

429 vμΞsurμmμntGoνGtρμGrμlΞtτvμGpromptGproγuαtτonGrΞtμGoνGΞnγGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UG
EuropeanvPhysicalvJournalvCSG2012SG_YSGYY]X 4.2 46

428 lomΥτnμγGsμΞrαρGνorGμlμαtrowμΞψGproγuαtτonGoνGαρΞrπτnosGΞnγGnμutrΞlτnosGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 45

427 nxαlusτvμG˛‡˛‡GTgG˛…GRG˛…Gâ��GproγuαtτonGτnGprotonTprotonGαollτsτonsGΞtGOGsqrtG{s}GfG{_}GPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2012SGYWXYSGX 5.4 45

426 |μΞrαρGνorGtρμGΞssoατΞtμγGproγuαtτonGoνGtρμGqτππsGΥosonGwτtρGΞGtopTquΞrψGpΞτrUGJournalvofvHighv
EnergyvPhysicsSG2014SGYWX[SGX 5.4 45

425
|μΞrαρGνorGμxαlusτvμGorGsμmτTμxαlusτvμG˛‡˛‡GproγuαtτonGΞnγGoΥsμrvΞtτonGoνGμxαlusτvμGΞnγG
sμmτTμxαlusτvμGμRμâ��GproγuαtτonGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2012SGYWXYSGX

5.4 45
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424 vμΞsurμmμntGoνGtρμGsumGoνG––GΞnγG–±GproγuαtτonGwτtρG–RγτχμtGμvμntsGτnGppGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2013SG_ZSGYYaZ 4.2 45

423 |μΞrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΞtGâ��_G}μ’GτnGμvμntsGwτtρGtwoGpρotonsGΞnγGmτssτnπG
trΞnsvμrsμGμnμrπyUGPhysicalvReviewvLettersSG2011SGXW^SGYXXaWY 7.4 45

422 vμΞsurμmμntGoνGtρμG OZa_YPGproγuαtτonGαrossGsμαtτonGvτΞGγμαΞysGtoGsVˇ�ˇ�GRGˇ�Gâ��GτnGppGαollτsτonsGΞtGOG
sqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 44

421 |μΞrαρGνorGρμΞvyGΥottomTlτψμGquΞrψsGτnG[UbGνΥâ��XGoνGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2012SGYWXYSGX 5.4 44

420 lρΞrπμγGpΞrtταlμGtrΞnsvμrsμGmomμntumGspμαtrΞGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfGWUbGPGΞnγG_G}μ’UG
JournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 44

419 |μΞrαρGνorGkOsPOWPGTgG˛…RG˛…TGΞnγGkOWPGTgG˛…RG˛…TGγμαΞysGτnGppGαollτsτonsGΞtGsqrt[s−GfG_G}μ’UGPhysicalvReviewv
LettersSG2011SGXW_SGXbXaWY 7.4 44

418 vμΞsurμmμntGoνGtρμGOGtovμrlτnμ{t}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGγτlμptonGαρΞnnμlGτnGppGαollτsτonsG
ΞtGOGsqrt{s}GPGfGaG}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 43

417 vμΞsurμmμntGoνGtρμGγτννμrμntτΞlGΞnγGγouΥlμTγτννμrμntτΞlGmrμllT¯ΞnGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}GPGfG_G}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 43

416 |μΞrαρGνorGlμptonταGγμαΞysGoνG–hGΥosonsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG{_}GPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2012SGYWXYSGX 5.4 43

415 nvμntGΞαtτvτtyGγμpμnγμnαμGoνGOG¯GPOn|PGproγuαtτonGτnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}μ’GpyΥGΞnγGOGsqrt{s}GPG
fGYU_^G}μ’GppGαollτsτonsUGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 42

414 |μΞrαρGνorGΞγγτtτonΞlGnμutrΞlGv||vGqτππsGΥosonsGτnGtρμGˇ�Gˇ�GντnΞlGstΞtμGτnGprotonTprotonGαollτsτonsGΞtG
OGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 42

413
vμΞsurμmμntGoνGtρμGτnαlusτvμGZTχμtGproγuαtτonGγτννμrμntτΞlGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsG
ΞtG_G}μ’´ ΞnγGγμtμrmτnΞtτonGoνGtρμGstronπGαouplτnπGαonstΞntGτnGtρμG}μ’´ rΞnπμUGEuropeanvPhysicalv
JournalvCSG2015SG_]SGXa^

4.2 41

412 vμΞsurμmμntGoνGtρμGτnμlΞstταGprotonTprotonGαrossGsμαtτonGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2018SGYWXaSGX 5.4 41

411 |μΞrαρGνorGμlμαtrowμΞψGproγuαtτonGoνGαρΞrπτnosGΞnγGnμutrΞlτnosGτnGmultτlμptonGντnΞlGstΞtμsGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 40

410 |tuγτμsGoνGχμtGmΞssGτnGγτχμtGΞnγG–V±GRGχμtGμvμntsUGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 39

409 |tuγyGoνGtρμGunγμrlyτnπGμvμntGΞtGνorwΞrγGrΞpτγτtyGτnGppGαollτsτonsGΞtGOG
sqrt{s}fWUbSYU_^SdmΞtρrm{Ξnγ}d_dmΞtρrm{}μ’}GPUGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 39

408 vμΞsurμmμntGoνGtρμG±±GproγuαtτonGαrossGsμαtτonGΞnγGsμΞrαρGνorGΞnomΞlousGαouplτnπsGτnGYâ��Yâ��hGντnΞlG
stΞtμsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 39

407 |μΞrαρGνorGsΞmμTsτπnGtopTquΞrψGpΞτrGproγuαtτonGΞtGOGsqrtG{s}GfG_GPG}μ’GΞnγGlτmτtsGonGνlΞvourGαρΞnπτnπG
nμutrΞlGαurrμntsGτnGtρμGtopGsμαtorUGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 39
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406 |μΞrαρGνorGnΞturΞlGΞnγGsplτtGsupμrsymmμtryGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’GτnGντnΞlG
stΞtμsGwτtρGχμtsGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumUGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 39

405 vμΞsurμmμntGoνGyromptGm√{W}GvμsonGjzτmutρΞlGjnτsotropyGτnGyΥTyΥGlollτsτonsGΞtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalvReviewvLettersSG2018SGXYWSGYWYZWX 7.4 39

404 |μΞrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGsΞmμTsτπnGγτlμptonsGΞnγGχμtsGτnGppGαollτsτonsGΞtGOGsqrt{s}GPGfGaG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 38

403 |μΞrαρGνorGmταrosαopταGΥlΞαψGρolμsGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysics
SG2013SGYWXZSGX 5.4 38

402 vμΞsurμmμntGoνGpromptGˇ�OY|PGtoGsVˇ�GyτμlγGrΞtτosGτnGyΥTyΥGΞnγGpTpGαollτsτonsGΞtG
sqrt[sww−fYU_^GG}μ’UGPhysicalvReviewvLettersSG2014SGXXZSGY^YZWX 7.4 38

401 |μΞrαρGνorGtopGsquΞrψGΞnγGqτππsτnoGproγuαtτonGusτnπGγτpρotonGqτππsGΥosonGγμαΞysUGPhysicalvReviewv
LettersSG2014SGXXYSGX^XaWY 7.4 38

400 vμΞsurμmμntGoνGtρμGlμptonGαρΞrπμGΞsymmμtryGτnGτnαlusτvμG–GproγuαtτonGτnGppGαollτsτonsGΞtGOGsqrtG{s}G
fG_d{tμxt{}μ’}}GPUGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 38

399 vμΞsurμmμntGoνGtρμG[oormulΞcGsμμGtμxt−GαrossGsμαtτonGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−G}μ’ΞnγG
lτmτtsGonGΞnomΞlousGπΞuπμGαouplτnπsUGEuropeanvPhysicalvJournalvCSG2016SG_^SG[WX 4.2 38

398 vμΞsurμmμntGoνGtρμGk√{´–}GvμsonGwuαlμΞrGvoγτνταΞtτonGoΞαtorGτnGyΥTyΥGlollτsτonsGΞtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalvReviewvLettersSG2017SGXXbSGX]YZWX 7.4 37

397
lonstrΞτntsGonGpΞrtonGγτstrτΥutτonGνunαtτonsGΞnγGμxtrΞαtτonGoνGtρμGstronπGαouplτnπGαonstΞntGνromG
tρμGτnαlusτvμGχμtGαrossGsμαtτonGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanv
PhysicalvJournalvCSG2015SG_]SGYaa

4.2 37

396 vμΞsurμmμntGoνGtρμGγτννμrμntτΞlGαrossGsμαtτonGΞnγGαρΞrπμGΞsymmμtryGνorGτnαlusτvμG[oormulΞcGsμμG
tμxt−GproγuαtτonGΞtG[oormulΞcGsμμGtμxt−G}μ’UGEuropeanvPhysicalvJournalvCSG2016SG_^SG[^b 4.2 37

395 sμtGproγuαtτonGrΞtμsGτnGΞssoατΞtτonGwτtρG–GΞnγG±GΥosonsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_G{tμxt{}μ’}}GPUG
JournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 37

394 vμΞsurμmμntGoνGmΞssμsGτnGtρμG[oormulΞcGsμμGtμxt−GsystμmGΥyGψτnμmΞtταGμnγpoτntsGτnGppGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2013SG_ZSGY[b[ 4.2 37

393 |μΞrαρGνorGnΞrrowGrμsonΞnαμsGΞnγGquΞntumGΥlΞαψGρolμsGτnGτnαlusτvμGΞnγGΥTtΞππμγGγτχμtGmΞssGspμαtrΞG
νromGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 37

392 vμΞsurμmμntGoνGpsμuγorΞpτγτtyGγτstrτΥutτonsGoνGαρΞrπμγGpΞrtταlμsGτnGprotonâ��protonGαollτsτonsGΞtG
Osqrt{s}GfGaPG}μ’GΥyGtρμGlv|GΞnγG}x}nvGμxpμrτmμntsUGEuropeanvPhysicalvJournalvCSG2014SG_[SGX 4.2 37

391 vμΞsurμmμntsGoνGqτππsGΥosonGpropμrtτμsGτnGtρμGγτpρotonGγμαΞyGαρΞnnμlGτnGprotonTprotonGαollτsτonsG
ΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 37

390 vμΞsurμmμntGoνGpromptGΞnγGnonpromptGαρΞrmonτumGsupprμssτonGτnGαollτsτonsGΞtG]UWYUGEuropeanv
PhysicalvJournalvCSG2018SG_aSG]Wb 4.2 37

389 |μΞrαρGνorGtρμG O]]^aPG|tΞtμGmμαΞyτnπGτntoGk≥{s}√{W}ˇ�√{´–}GτnGyrotonTyrotonGlollτsτonsGΞtG
sqrt[s−faGG}μ’UGPhysicalvReviewvLettersSG2018SGXYWSGYWYWW] 7.4 36

(2018-2018)
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388 vμΞsurμmμntGoνGtρμGtopTquΞrψGmΞssGτnGOmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}PGμvμntsGwτtρGγτlμptonGντnΞlG
stΞtμsGτnGppGαollτsτonsGΞtGOsqrt{s}f_GmΥox{}μ’}PUGEuropeanvPhysicalvJournalvCSG2012SG_YSGX 4.2 36

387 vμΞsurμmμntGoνGtρμGγouΥlμTγτννμrμntτΞlGτnαlusτvμGχμtGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SG[]X 4.2 36

386 |μΞrαρGνorGγτsΞppμΞrτnπGtrΞαψsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2015SGYWX]SGX 5.4 35

385 vμΞsurμmμntGoνGγτννμrμntτΞlGαrossGsμαtτonsGνorGqτππsGΥosonGproγuαtτonGτnGtρμGγτpρotonGγμαΞyG
αρΞnnμlGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SGXZ 4.2 35

384 |μΞrαρGνorGtρμGstΞnγΞrγGmoγμlGqτππsGΥosonGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGtopTquΞrψGpΞτrGτnGppG
αollτsτonsGΞtGtρμGuqlUGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 35

383
|μΞrαρGνorGtρτrγTπμnμrΞtτonGsαΞlΞrGlμptoquΞrψsGΞnγGρμΞvyGrτπρtTρΞnγμγGnμutrτnosGτnGντnΞlGstΞtμsGwτtρG
twoGtΞuGlμptonsGΞnγGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2017SGYWX_SGX

5.4 35

382
vμΞsurμmμntGoνGtρμGOmΞtρrm{{tΥΞr{t}}}PGproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΞtGOsqrt{s}f_PG}μ’G
usτnπGtρμGψτnμmΞtταGpropμrtτμsGoνGμvμntsGwτtρGlμptonsGΞnγGχμtsUGEuropeanvPhysicalvJournalvCSG2011SG
_XSGX

4.2 35

381 jlτπnmμntGoνGtρμGlv|GsτlταonGtrΞαψμrGγurτnπGαommτssτonτnπGwτtρGαosmταGrΞysUGJournalvofv
InstrumentationSG2010SG]SG}WZWWbT}WZWWb 1 35

380
vμΞsurμmμntGΞnγGzlmGΞnΞlysτsGoνGγouΥlμTγτννμrμntτΞlGτnαlusτvμGχμtGαrossGsμαtτonsGτnGppGαollτsτonsGΞtG
OGsqrt{s}faGPG}μ’GΞnγGαrossGsμαtτonGrΞtτosGtoGYU_^GΞnγG_G}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SG
YWX_SGX

5.4 34

379 |μΞrαρGνorGnμwGpρysταsGτnGsΞmμTsτπnGγτlμptonGμvμntsGτnGprotonTprotonGαollτsτonsGΞtG[oormulΞcGsμμG
tμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SG[Zb 4.2 34

378 |μΞrαρGνorGmταrosαopταGΥlΞαψGρolμsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalvofvHighv
EnergyvPhysicsSG2012SGYWXYSGX 5.4 34

377 |μΞrαρGνorGρμΞvyGstΞΥlμGαρΞrπμγGpΞrtταlμsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUGJournalvofv
HighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 34

376 rγμntτνταΞtτonGΞnγGντltμrτnπGoνGunαρΞrΞαtμrτstταGnoτsμGτnGtρμGlv|GρΞγronGαΞlorτmμtμrUGJournalvofv
InstrumentationSG2010SG]SG}WZWX[T}WZWX[ 1 34

375 |μΞrαρGνorGγμαΞysGoνGstoppμγGlonπTlτvμγGpΞrtταlμsGproγuαμγGτnGprotonTprotonGαollτsτonsGΞtG[oormulΞcG
sμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2015SG_]SGX]X 4.2 33

374 |μΞrαρμsGνorGtρτrγTπμnμrΞtτonGsquΞrψGproγuαtτonGτnGνullyGρΞγronταGντnΞlGstΞtμsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 33

373 |μΞrαρGνorGΞGlτπρtGαρΞrπμγGqτππsGΥosonGγμαΞyτnπGtoGOGmΞtρrm{α}ovμrlτnμ{mΞtρrm{s}}GPGτnGppGαollτsτonsG
ΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

372 rγμntτνταΞtτonGtμαρnτquμsGνorGρτπρlyGΥoostμγG–GΥosonsGtρΞtGγμαΞyGτntoGρΞγronsUGJournalvofvHighv
EnergyvPhysicsSG2014SGYWX[SGX 5.4 32

371 |μΞrαρGνorGrμsonΞnαμsGτnGtρμGγτlμptonGmΞssGγτstrτΥutτonGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalv
ofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 32
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370 vμΞsurμmμntGoνGtρμGmrμllT¯ΞnGαrossGsμαtτonGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2011SGYWXXSGX 5.4 32

369 xΥsμrvΞtτonGoνG}woGnxατtμγGk≥{α}√{R}G|tΞtμsGΞnγGvμΞsurμmμntGoνGtρμGk≥{α}√{R}OY|PGvΞssGτnGppG
lollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2019SGXYYSGXZYWWX 7.4 31

368 yμrνormΞnαμGΞnγGopμrΞtτonGoνGtρμGlv|GμlμαtromΞπnμtταGαΞlorτmμtμrUGJournalvofvInstrumentationSG
2010SG]SG}WZWXWT}WZWXW 1 31

367 vμΞsurμmμntGoνGtρμGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGμ˛…GαρΞnnμlGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 30

366 |μΞrαρGτnGlμptonταGαρΞnnμlsGνorGρμΞvyGrμsonΞnαμsGγμαΞyτnπGtoGlonπTlτvμγGnμutrΞlGpΞrtταlμsUGJournalvofv
HighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 30

365 vμΞsurμmμntGoνGtρμGtopTquΞrψGmΞssGτnGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGμvμntsGwτtρGlμptonRχμtsG
ντnΞlGstΞtμsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 30

364 vμΞsurμmμntGoνGtρμGunγμrlyτnπGμvμntGτnGtρμGmrμllâ��¯ΞnGproαμssGτnGprotonâ��protonGαollτsτonsGΞtG
Osqrt{s}GfG_~mΥox{}μ’}PUGEuropeanvPhysicalvJournalvCSG2012SG_YSGX 4.2 30

363 vμΞsurμmμntsGoνGtρμGproγuαtτonGαrossGsμαtτonGΞnγGtρμGΥrΞnαρτnπGνrΞαtτonSGΞnγGαonstrΞτntsGonG
ΞnomΞlousGtrτplμGπΞuπμGαouplτnπsGΞtUGEuropeanvPhysicalvJournalvCSG2018SG_aSGX^] 4.2 29

362 |μΞrαρGνorGsupμrsymmμtryGτnGντnΞlGstΞtμsGwτtρGmτssτnπGtrΞnsvμrsμGμnμrπyGΞnγGWSGXSGYSGorGâ�¥ZGΥTquΞrψG
χμtsGτnG_G}μ’GppGαollτsτonsGusτnπGtρμGvΞrτΞΥlμG˛–G}UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 29

361 xΥsμrvΞtτonGoνG¯OX|PGpΞτrGproγuαtτonGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2017SGYWX_SGX 5.4 29

360 vμΞsurμmμntGoνGtopGquΞrψTΞntτquΞrψGpΞτrGproγuαtτonGτnGΞssoατΞtτonGwτtρGΞG–GorG±GΥosonGτnGppG
αollτsτonsGΞtG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2014SG_[SGZW^W 4.2 29

359 vμΞsurμmμntGoνGγτννμrμntτΞlGαrossGsμαtτonsGνorGtρμGproγuαtτonGoνGΞGpΞτrGoνGτsolΞtμγGpρotonsGτnGppG
αollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2014SG_[SGZXYb 4.2 29

358 yμrνormΞnαμGoνGlv|GmuonGrμαonstruαtτonGτnGαosmταTrΞyGμvμntsUGJournalvofvInstrumentationSG2010SG]SG}WZWYYT}WZWYY1 29

357 |μΞrαρGνorGvμαtorTlτψμG}GΞnγGkGquΞrψGpΞτrsGτnGντnΞlGstΞtμsGwτtρGlμptonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofv
HighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 29

356 |μΞrαρGνorGρμΞvyGvΞχorΞnΞGnμutrτnosGτnGμ´–μ´–RGχμtsGΞnγGμ´–G˛…G´–RGχμtsGμvμntsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 28

355 |μΞrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΥGχμtsGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumGΞtGtρμGuqlUG
JournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 28

354 |μΞrαρGνorGlowGmΞssGvμαtorGrμsonΞnαμsGγμαΞyτnπGτntoGquΞrψTΞntτquΞrψGpΞτrsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 28

353 vμΞsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonSGtρμGtopGquΞrψGmΞssSGΞnγGtρμGstronπGαouplτnπG
αonstΞntGusτnπGγτlμptonGμvμntsGτnGppGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2019SG_bSGZ^a 4.2 27

(2019-2011)
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352 vμΞsurμmμntGoνGtρμG|plτttτnπGounαtτonGτnGppGΞnγGyΥTyΥGlollτsτonsGΞtGsqrt[s≥{ww}−f]UWYGG}μ’UG
PhysicalvReviewvLettersSG2018SGXYWSGX[YZWY 7.4 27

351 nvτγμnαμGνorGμxαlusτvμG˛‡˛‡GTgG–GRG–Gâ��GproγuαtτonGΞnγGαonstrΞτntsGonGΞnomΞlousGquΞrtταGπΞuπμG
αouplτnπsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 27

350 |ρΞpμSGtrΞnsvμrsμGsτzμSGΞnγGαρΞrπμγTρΞγronGmultτplτατtyGoνGχμtsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_d}μ’GPUG
JournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 27

349 yμrνormΞnαμGoνGplΞssG{μsτstτvμGylΞtμGlρΞmΥμrsGνorGΞGρτπρTπrΞnulΞrτtyGsμmτTγτπτtΞlGαΞlorτmμtμrUG
JournalvofvInstrumentationSG2011SG^SGyWYWWXTyWYWWX 1 27

348 vμΞsurμmμntGoνGOG{tμxt{k}}ovμrlτnμG{tμxt{k}}GPGΞnπulΞrGαorrμlΞtτonsGΥΞsμγGonGsμαonγΞryGvμrtμxG
rμαonstruαtτonGΞtGOGsqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 27

347 vμΞsurμmμntGoνGpromptGΞnγGnonpromptG[oormulΞcGsμμGtμxt−GproγuαtτonGτnG[oormulΞcGsμμGtμxt−GΞnγG
[oormulΞcGsμμGtμxt−GαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2017SG__SGY^b 4.2 26

346 vμΞsurμmμntGoνGtρμGαrossGsμαtτonGΞnγGΞnπulΞrGαorrμlΞtτonsGνorGΞssoατΞtμγGproγuαtτonGoνGΞG±GΥosonG
wτtρGΥGρΞγronsGτnGppGαollτsτonsGΞtGOGsqrt{s}GPGfG_G}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 26

345
|μΞrαρGνorGΞnomΞlousG–tΥGαouplτnπsGΞnγGνlΞvourTαρΞnπτnπGnμutrΞlGαurrμntsGτnGtTαρΞnnμlGsτnπlμGtopG
quΞrψGproγuαtτonGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SG
YWX_SGX

5.4 26

344 |μΞrαρμsGνorGsupμrsymmμtryGusτnπGtρμGvG}YGvΞrτΞΥlμGτnGρΞγronταGμvμntsGproγuαμγGτnGppGαollτsτonsGΞtG
aG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 26

343 |μΞrαρGνorGpρysταsGΥμyonγGtρμGstΞnγΞrγGmoγμlGτnGopposτtμTsτπnGγτlμptonGμvμntsGτnGppGαollτsτonsGΞtGOG
sqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 26

342
vμΞsurμmμntGoνGtρμG–TΥosonGρμlτατtyGτnGtopTquΞrψGγμαΞysGνromGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPG
proγuαtτonGτnGlμptonRχμtsGμvμntsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2013SGYWXZSGX

5.4 25

341 |μΞrαρGνorGtopGsquΞrψGpΞτrGproγuαtτonGτnGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’GusτnπGsτnπlμGlμptonG
μvμntsUGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 25

340
vμΞsurμmμntsGoνGtρμG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonsGτnGtρμG
[oormulΞcGsμμGtμxt−GαρΞnnμlGτnGprotonTprotonGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−GΞnγG[oormulΞcGsμμG
tμxt−GΞnγGαomΥτnμγGαonstrΞτntsGonGtrτplμGπΞuπμGαouplτnπsUGEuropeanvPhysicalvJournalvCSG2015SG_]SG]XX

4.2 25

339 |μΞrαρGνorGrμsonΞntGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGproγuαtτonGτnGlμptonRχμtsGμvμntsGτnGppG
αollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 25

338 |μΞrαρGνorGρμΞvyGrμsonΞnαμsGγμαΞyτnπGtoGtwoGqτππsGΥosonsGτnGντnΞlGstΞtμsGαontΞτnτnπGνourGΥGquΞrψsUG
EuropeanvPhysicalvJournalvCSG2016SG_^SGZ_X 4.2 25

337 |μΞrαρGνorGαρΞrπμγGqτππsGΥosonsGτnGtρμGq´–GTgGˇ�´–˛‰ˇ�GγμαΞyGαρΞnnμlGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 24

336
lonstrΞτntsGonGtρμGpv||vSGjv|kGmoγμlGΞnγGonGotρμrGmoγμlsGνromGtρμGsμΞrαρGνorGlonπTlτvμγG
αρΞrπμγGpΞrtταlμsGτnGprotonTprotonGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG
2015SG_]SGZY]

4.2 24

335 |μΞrαρGνorGproγuαtτonGoνGνourGtopGquΞrψsGτnGντnΞlGstΞtμsGwτtρGsΞmμTsτπnGorGmultτplμGlμptonsGτnG
protonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2020SGaWSG_] 4.2 24
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334 vμΞsurμmμntGoνGτnαlusτvμGχμtGproγuαtτonGΞnγGnuαlμΞrGmoγτνταΞtτonsGτnGpyΥGαollτsτonsGΞtG[oormulΞcG
sμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SGZ_Y 4.2 24

333 sμtGΞnγGunγμrlyτnπGμvμntGpropμrtτμsGΞsGΞGνunαtτonGoνGαρΞrπμγTpΞrtταlμGmultτplτατtyGτnGprotonTprotonG
αollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2013SG_ZSGY^_[ 4.2 24

332 jlτπnmμntGoνGtρμGlv|GtrΞαψμrGwτtρGuqlGΞnγGαosmταGrΞyGγΞtΞUGJournalvofvInstrumentationSG2014SGbSGyW^WWbTyW^WWb1 24

331 vμΞsurμmμntGoνGtρμG±V˛‡QGRGΥTχμtGαrossGsμαtτonGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2012SGYWXYSGX 5.4 24

330 |μΞrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGsΞmμTsτπnGγτlμptonsGΞnγGΥTtΞππμγGχμtsGτnGppGαollτsτonsGΞtGOGsqrtG
{s}GfG_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 24

329 |μΞrαρGνorGγτsΞppμΞrτnπGtrΞαψsGΞsGΞGsτπnΞturμGoνGnμwGlonπTlτvμγGpΞrtταlμsGτnGprotonTprotonGαollτsτonsG
ΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 24

328 yμrνormΞnαμGoνGtρμGlv|GuμvμlTXGtrτππμrGτnGprotonTprotonGαollτsτonsGΞtGâ��sGfGXZG}μ’UGJournalvofv
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

327 |μΞrαρGνorG–hGTgGtΥGγμαΞysGτnGtρμGlμptonGRGχμtsGντnΞlGstΞtμGτnGppGαollτsτonsGΞtGOGsqrt{s}GPGfGaG}μ’UGJournalv
ofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 23

326 |μΞrαρGνorGtρτrγTπμnμrΞtτonGsαΞlΞrGlμptoquΞrψsGγμαΞyτnπGtoGΞGtopGquΞrψGΞnγGΞGlμptonGΞtUGEuropeanv
PhysicalvJournalvCSG2018SG_aSG_W_ 4.2 23

325
nvτγμnαμGνorGΞssoατΞtμγGproγuαtτonGoνGΞGqτππsGΥosonGwτtρGΞGtopGquΞrψGpΞτrGτnGντnΞlGstΞtμsGwτtρG
μlμαtronsSGmuonsSGΞnγGρΞγronταΞllyGγμαΞyτnπGˇ�GlμptonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2018SGYWXaSGX

5.4 23

324 vμΞsurμmμntGoνGtρμG[oormulΞcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonGusτnπGμvμntsGτnGtρμG[oormulΞcGsμμG
tμxt−GντnΞlGstΞtμGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2017SG__SGX_Y 4.2 22

323 |μΞrαρGνorGΞGnμwGsαΞlΞrGrμsonΞnαμGγμαΞyτnπGtoGΞGpΞτrGoνG±GΥosonsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 22

322
|μΞrαρGνorGpρysταsGΥμyonγGtρμGstΞnγΞrγGmoγμlGτnGμvμntsGwτtρGtwoGlμptonsSGχμtsSGΞnγGmτssτnπG
trΞnsvμrsμGmomμntumGτnGppGαollτsτonsGΞtGOGsqrt{s}GPGfGaG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SG
YWX]SGX

5.4 22

321
vμΞsurμmμntGoνGtρμG–±GproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−GΞnγG
a[oormulΞcGsμμGtμxt−GΞnγGsμΞrαρGνorGΞnomΞlousGtrτplμGπΞuπμGαouplτnπsGΞtG[oormulΞcGsμμGtμxt−UG
EuropeanvPhysicalvJournalvCSG2017SG__SGYZ^

4.2 21

320
jGsμΞrαρGνorGnμwGpρμnomμnΞGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−GτnGντnΞlGstΞtμsGwτtρGmτssτnπG
trΞnsvμrsμGmomμntumGΞnγGΞtGlμΞstGonμGχμtGusτnπGtρμG[oormulΞcGsμμGtμxt−GvΞrτΞΥlμUGEuropeanvPhysicalv
JournalvCSG2017SG__SGYb[

4.2 21

319 vμΞsurμmμntGoνGμlμαtrowμΞψGproγuαtτonGoνGtwoGχμtsGτnGΞssoατΞtτonGwτtρGΞG±GΥosonGτnGprotonTprotonG
αollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2015SG_]SG^^ 4.2 21

318 lorrμlΞtτonsGΥμtwμμnGχμtsGΞnγGαρΞrπμγGpΞrtταlμsGτnGyΥyΥGΞnγGppGαollτsτonsGΞtGOG
sqrt{s≥{mΞtρrm{ww}}}fYU_^GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 21

317 vμΞsurμmμntGoνGtρμG[oormulΞcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonGτnGtρμGΞllTχμtsGντnΞlGstΞtμGτnGppG
αollτsτonsGΞtG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SGXYa 4.2 21

(2016-2016)
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316 vμΞsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonsGνorGΞG±GΥosonGΞnγGonμGorGmorμGΥGχμtsGτnGppGαollτsτonsG
ΞtGOGsqrt{s}GPGfG_G}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 21

315 vμΞsurμmμntGoνGtρμGtopTquΞrψGmΞssGτnGΞllTχμtsG[oormulΞcGsμμGtμxt−GμvμntsGτnGppGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−G}μ’UGEuropeanvPhysicalvJournalvCSG2014SG_[SGY_]a 4.2 21

314 vμΞsurμmμntGoνGtρμGOmΞtρrm{t}ΥΞr{mΞtρrm{t}}PGproγuαtτonGαrossGsμαtτonGτnGtρμGˇ�RχμtsGαρΞnnμlGτnGppG
αollτsτonsGΞtGOsqrt{s}f_GmΥox{}μ’}PUGEuropeanvPhysicalvJournalvCSG2013SG_ZSGX 4.2 21

313 |μΞrαρGνorGuowGvΞssG’μαtorG{μsonΞnαμsGmμαΞyτnπGtoGzuΞrψTjntτquΞrψGyΞτrsGτnGyrotonTyrotonG
lollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2017SGXXbSGXXXaWY 7.4 21

312
|μΞrαρGνorGpρysταsGΥμyonγGtρμGstΞnγΞrγGmoγμlGτnGμvμntsGwτtρGtwoGlμptonsGoνGsΞmμGsτπnSGmτssτnπG
trΞnsvμrsμGmomμntumSGΞnγGχμtsGτnGprotonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2017SG
__SG]_a

4.2 21

311 |μΞrαρGνorGlτπρtGΥosonsGτnGγμαΞysGoνGtρμGXY]Gpμ’GqτππsGΥosonGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 21

310 |μΞrαρGνorGΞGqτππsGΥosonGτnGtρμGγμαΞyGαρΞnnμlGqGTgG±±OQPGTgGqOGovμrlτnμG{tμxt{q}}GPGâ��Gâ��Gâ��GRGτnGppGαollτsτonsG
ΞtGOGsqrtG{s}GfG_GP}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 21

309 rnαlusτvμGΥTρΞγronGproγuαtτonGαrossGsμαtτonGwτtρGmuonsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUG
JournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 21

308 |μΞrαρGνorGlΞrπμGμxtrΞGγτmμnsτonsGτnGtρμGγτpρotonGντnΞlGstΞtμGΞtGtρμGuΞrπμGqΞγronGlollτγμrUGJournalv
ofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 21

307 vμΞsurμmμntGoνGtrΞnsvμrsμGmomμntumGrμlΞtτvμGtoGγτχμtGsystμmsGτnGyΥyΥGΞnγGppGαollτsτonsGΞtGOG
sqrt{s≥{mΞtρrm{ww}}}fYU_^GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 21

306 |μΞrαρGνorGsupμrsymmμtryGτnGprotonTprotonGαollτsτonsGΞtGXZG}μ’GτnGντnΞlGstΞtμsGwτtρGχμtsGΞnγGmτssτnπG
trΞnsvμrsμGmomμntumUGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 21

305 |μΞrαρGνorGρτπρGmΞssGγτχμtGrμsonΞnαμsGwτtρGΞGnμwGΥΞαψπrounγGprμγταtτonGmμtρoγGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 20

304
vμΞsurμmμntGoνG[oormulΞcGsμμGtμxt−GproγuαtτonGwτtρGΞγγτtτonΞlGχμtGΞαtτvτtySGτnαluγτnπG[oormulΞcGsμμG
tμxt−GquΞrψGχμtsSGτnGtρμGγτlμptonGγμαΞyGαρΞnnμlGusτnπGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanv
PhysicalvJournalvCSG2016SG_^SGZ_b

4.2 20

303 |μΞrαρGνorGstΞnγΞrγGmoγμlGproγuαtτonGoνGνourGtopGquΞrψsGwτtρGsΞmμTsτπnGΞnγGmultτlμptonGντnΞlG
stΞtμsGτnGprotonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2018SG_aSGX[W 4.2 20

302
|μΞrαρGνorGpΞτrGproγuαtτonGoνGvμαtorTlτψμG}GΞnγGkGquΞrψsGτnGsτnπlμTlμptonGντnΞlGstΞtμsGusτnπGΥoostμγG
χμtGsuΥstruαturμGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2017SGYWX_SGX

5.4 20

301 |μΞrαρGνorGρμΞvyGrμsonΞnαμsGtρΞtGγμαΞyGτntoGΞGvμαtorGΥosonGΞnγGΞGqτππsGΥosonGτnGρΞγronταGντnΞlG
stΞtμsGΞtUGEuropeanvPhysicalvJournalvCSG2017SG__SG^Z^ 4.2 20

300 |μΞrαρGνorGΞnomΞlousGsτnπlμGtopGquΞrψGproγuαtτonGτnGΞssoατΞtτonGwτtρGΞGpρotonGτnGppGαollτsτonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 20

299 |μΞrαρGνorGuμptoquΞrψsGlouplμγGtoG}ρτrγTpμnμrΞtτonGzuΞrψsGτnGyrotonTyrotonGlollτsτonsGΞtG
sqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2018SGXYXSGY[XaWY 7.4 20
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298 |μΞrαρGνorGΞGρμΞvyGrτπρtTρΞnγμγG–GΥosonGΞnγGΞGρμΞvyGnμutrτnoGτnGμvμntsGwτtρGtwoGsΞmμTνlΞvorG
lμptonsGΞnγGtwoGχμtsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 20

297 |μΞrαρGνorGtρμGνlΞvorTαρΞnπτnπGnμutrΞlGαurrμntGτntμrΞαtτonsGoνGtρμGtopGquΞrψGΞnγGtρμGqτππsGΥosonG
wρταρGγμαΞysGτntoGΞGpΞτrGoνGΥGquΞrψsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 20

296
vμΞsurμmμntsGoνGtρμG[oormulΞcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonGτnGlμptonRχμtsGντnΞlGstΞtμsGτnGppG
αollτsτonsGΞtGaG[oormulΞcGsμμGtμxt−GΞnγGrΞtτoGoνGaGtoG_´ [oormulΞcGsμμGtμxt−GαrossGsμαtτonsUGEuropeanv
PhysicalvJournalvCSG2017SG__SGX]

4.2 19

295 vμΞsurμmμntGoνGtρμG–GΥosonGρμlτατtyGτnGμvμntsGwτtρGΞGsτnπlμGrμαonstruαtμγGtopGquΞrψGτnGppG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 19

294
|μΞrαρGνorGrμsonΞntGΞnγGnonrμsonΞntGqτππsGΥosonGpΞτrGproγuαtτonGτnGtρμGOG
mΞtρrm{Υ}ovμrlτnμ{mΞtρrm{Υ}}mΞtρτt{μllGnuGμllGnuG}GPGντnΞlGstΞtμGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX

5.4 19

293 |μΞrαρGνorGmΞssτvμG–qGrμsonΞnαμsGγμαΞyτnπGτntoGtρμG[oormulΞcGsμμGtμxt−GντnΞlGstΞtμGΞtG[oormulΞcGsμμG
tμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SGYZ_ 4.2 19

292 |μΞrαρGνorGρμΞvyGrμsonΞnαμsGγμαΞyτnπGtoGtΞuGlμptonGpΞτrsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZG
PG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 19

291 |μΞrαρGνorGmΞssτvμGrμsonΞnαμsGγμαΞyτnπGτntoG––SG–±GorG±±GΥosonsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 19

290 |μΞrαρGνorGtρτrγTπμnμrΞtτonGsαΞlΞrGlμptoquΞrψsGτnGtρμGtˇ�GαρΞnnμlGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 19

289 vμΞsurμmμntGoνGμnμrπyGνlowGΞtGlΞrπμGpsμuγorΞpτγτtτμsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfGWU{b}GPGΞnγG_G
}μ’UGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 19

288 vμΞsurμmμntGoνGγτννμrμntτΞlGαrossGsμαtτonsGνorGΥosonGproγuαtτonGτnGΞssoατΞtτonGwτtρGχμtsGτnG
protonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2018SG_aSGb^] 4.2 19

287 |μΞrαρGνorGnμwGpρysταsGτnGγτχμtGΞnπulΞrGγτstrτΥutτonsGusτnπGprotonTprotonGαollτsτonsGΞtGΞnγG
αonstrΞτntsGonGγΞrψGmΞttμrGΞnγGotρμrGmoγμlsUGEuropeanvPhysicalvJournalvCSG2018SG_aSG_ab 4.2 19

286 |μΞrαρGνorGlμptonGνlΞvourGvτolΞtτnπGγμαΞysGoνGtρμGqτππsGΥosonGtoG˛…ˇ�GΞnγGμˇ�GτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 19

285 |μΞrαρGνorGvμαtorTlτψμGquΞrψsGτnGμvμntsGwτtρGtwoGopposτtμlyGαρΞrπμγGlμptonsGΞnγGχμtsGτnG
protonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2019SG_bSGZ^[ 4.2 18

284 |tuγyGoνG±GproγuαtτonGτnGyΥyΥGΞnγGppGαollτsτonsGΞtGOGsqrt{s≥{mΞtρrm{ww}}}fYU_^GPG}μ’GτnGtρμGγτmuonG
ΞnγGγτμlμαtronGγμαΞyGαρΞnnμlsUGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 18

283 xΥsμrvΞtτonGoνGtopGquΞrψGpΞτrsGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGvμαtorGΥosonGτnGppGαollτsτonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 18

282
|μΞrαρGνorGρμΞvyGnμutrτnosGΞnγGtρτrγTπμnμrΞtτonGlμptoquΞrψsGτnGρΞγronταGstΞtμsGoνGtwoGˇ�GlμptonsG
ΞnγGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SG
YWXbSGX

5.4 18

281 |μΞrαρGνorGγτrμαtGproγuαtτonGoνGsupμrsymmμtrταGpΞrtnμrsGoνGtρμGtopGquΞrψGτnGtρμGΞllTχμtsGντnΞlGstΞtμG
τnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 18

(2017-2018)
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280 |μΞrαρGνorGnμutrΞlGv||vGqτππsGΥosonsGγμαΞyτnπGτntoGΞGpΞτrGoνGΥottomGquΞrψsUGJournalvofvHighv
EnergyvPhysicsSG2015SGYWX]SGX 5.4 18

279 |μΞrαρGνorGρμΞvyGqτππsGΥosonsGγμαΞyτnπGtoGΞGtopGquΞrψGpΞτrGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}GPG
fGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 18

278 vμΞsurμmμntGoνGtρμGαrossGsμαtτonGνorGtopGquΞrψGpΞτrGproγuαtτonGτnGΞssoατΞtτonGwτtρGΞG–GorG±GΥosonG
τnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 18

277
|μΞrαρGνorGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}mΞtρrm{q}GPGproγuαtτonGτnGtρμGOGmΞtρrm{q}toG
mΞtρrm{Υ}ovμrlτnμ{mΞtρrm{Υ}}GPGγμαΞyGαρΞnnμlGwτtρGlμptonταGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPG
γμαΞysGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX

5.4 17

276 |μΞrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGΞGlμptonταΞllyGγμαΞyτnπG±GΥosonGΞnγGΞGlΞrπμGtrΞnsvμrsμG
momμntumGτmΥΞlΞnαμGτnGprotonTprotonGαollτsτonsGΞtGfGXZUGEuropeanvPhysicalvJournalvCSG2018SG_aSGYbX 4.2 17

275 vμΞsurμmμntGoνGtρμGτnαlusτvμGχμtGαrossGsμαtτonGτnGppGαollτsτonsGΞtGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
EuropeanvPhysicalvJournalvCSG2016SG_^SGX 4.2 17

274
|μΞrαρGνorGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGrμsonΞnαμsGτnGρτπρlyGΥoostμγGlμptonRχμtsGΞnγGνullyG
ρΞγronταGντnΞlGstΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2017SGYWX_SGX

5.4 17

273 |μΞrαρμsGνorGpΞτrGproγuαtτonGoνGtρτrγTπμnμrΞtτonGsquΞrψsGτnG[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−G
ppGαollτsτonsUGEuropeanvPhysicalvJournalvCSG2017SG__SGZY_ 4.2 17

272 |μΞrαρGνorGtρμGproγuαtτonGoνGγΞrψGmΞttμrGτnGΞssoατΞtτonGwτtρGtopTquΞrψGpΞτrsGτnGtρμGsτnπlμTlμptonG
ντnΞlGstΞtμGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 17

271 |μΞrαρGνorGstoppμγGlonπTlτvμγGpΞrtταlμsGproγuαμγGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalv
ofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 17

270
{ΞtτosGoνGγτχμtGproγuαtτonGαrossGsμαtτonsGΞsGΞGνunαtτonGoνGtρμGΞΥsolutμGγτννμrμnαμGτnGrΞpτγτtyG
ΥμtwμμnGχμtsGτnGprotonâ��protonGαollτsτonsGΞtGOsqrt{s}GfG_GmΞtρrm{}μ’}PUGEuropeanvPhysicalvJournalvCSG
2012SG_YSGX

4.2 17

269 vμΞsurμmμntGoνGtρμGτnαlusτvμG±GαrossGsμαtτonGvτΞGγμαΞysGtoGtΞuGpΞτrsGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 17

268
vμΞsurμmμntGoνGγouΥlμTγτννμrμntτΞlGαrossGsμαtτonsGνorGtopGquΞrψGpΞτrGproγuαtτonGτnGppGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−GΞnγGτmpΞαtGonGpΞrtonGγτstrτΥutτonGνunαtτonsUGEuropeanv
PhysicalvJournalvCSG2017SG__SG[]b

4.2 16

267 |μΞrαρμsGνorGpρysταsGΥμyonγGtρμGstΞnγΞrγGmoγμlGwτtρGtρμGvΞrτΞΥlμGτnGρΞγronταGντnΞlGstΞtμsGwτtρGΞnγG
wτtρoutGγτsΞppμΞrτnπGtrΞαψsGτnGprotonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2020SGaWSGZ 4.2 16

266 |μΞrαρGνorGnμwGpρysταsGwτtρGtρμGvG}YGvΞrτΞΥlμGτnGΞllTχμtsGντnΞlGstΞtμsGproγuαμγGτnGppGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 16

265
|μΞrαρGνorGΞGvμryGlτπρtGwv||vGqτππsGΥosonGproγuαμγGτnGγμαΞysGoνGtρμGXY]Gpμ’GsαΞlΞrGΥosonGΞnγG
γμαΞyτnπGτntoGˇ�GlμptonsGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SG
YWX^SGX

5.4 16

264 vμΞsurμmμntGoνG–±GΞnγG±±GproγuαtτonGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−GτnGντnΞlGstΞtμsGwτtρG
ΥTtΞππμγGχμtsUGEuropeanvPhysicalvJournalvCSG2014SG_[SGYb_Z 4.2 16

263 |μΞrαρGνorGμxotταGrμsonΞnαμsGγμαΞyτnπGτntoG–±V±±GτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofv
HighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 16
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262 |μΞrαρGνorGvμαtorTlτψμG}GquΞrψsGγμαΞyτnπGtoGtopGquΞrψsGΞnγGqτππsGΥosonsGτnGtρμGΞllTρΞγronταGαρΞnnμlG
usτnπGχμtGsuΥstruαturμUGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 16

261 yrματsμGmΞppτnπGoνGtρμGmΞπnμtταGντμlγGτnGtρμGlv|GΥΞrrμlGyoψμGusτnπGαosmταGrΞysUGJournalvofv
InstrumentationSG2010SG]SG}WZWYXT}WZWYX 1 16

260
|μΞrαρGνorGΞGαρΞrπμγGqτππsGΥosonGγμαΞyτnπGτntoGtopGΞnγGΥottomGquΞrψsGτnGμvμntsGwτtρGμlμαtronsGorG
muonsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{mΞtρrm{s}}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2020SGYWYWSGX

5.4 16

259 |μΞrαρGνorGγΞrψGmΞttμrGΞnγGunpΞrtταlμsGτnGμvμntsGwτtρGΞG±GΥosonGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumG
τnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 16

258 |μΞrαρGνorGΞGαρΞrπμγGqτππsGΥosonGγμαΞyτnπGtoGαρΞrmGΞnγGΥottomGquΞrψsGτnGprotonTprotonGαollτsτonsG
ΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 16

257 |μΞrαρGνorGγΞrψGmΞttμrGτnGμvμntsGwτtρGμnμrπμtταSGρΞγronταΞllyGγμαΞyτnπGtopGquΞrψsGΞnγGmτssτnπG
trΞnsvμrsμGmomμntumGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 16

256
vμΞsurμmμntsGoνGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGγτννμrμntτΞlGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{mΞtρrm{s}}fXZGPG}μ’GusτnπGμvμntsGαontΞτnτnπGtwoGlμptonsUGJournalvofvHighvEnergyv
PhysicsSG2019SGYWXbSGX

5.4 15

255 vμΞsurμmμntsGoνGtρμGΞssoατΞtμγGproγuαtτonGoνGΞG±GΥosonGΞnγGΥGχμtsGτnGppGαollτsτonsGΞtUGEuropeanv
PhysicalvJournalvCSG2017SG__SG_]X 4.2 15

254
vμΞsurμmμntGoνGγτννμrμntτΞlGΞnγGτntμπrΞtμγGντγuατΞlGαrossGsμαtτonsGνorGqτππsGΥosonGproγuαtτonGτnG
tρμGνourTlμptonGγμαΞyGαρΞnnμlGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2016SGYWX^SGX

5.4 15

253 |μΞrαρGνorGnμwGpΞrtταlμsGγμαΞyτnπGtoGΞGχμtGΞnγGΞnGμmμrπτnπGχμtUGJournalvofvHighvEnergyvPhysicsSG2019SG
YWXbSGX 5.4 15

252 |μΞrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGpρotonsSGχμtsSGΞnγGmτssτnπGtrΞnsvμrsμGμnμrπyGτnGppGαollτsτonsG
ΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 15

251 |μΞrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−G}μ’GτnGμvμntsGwτtρGΞGsτnπlμGlμptonSG
χμtsSGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumUGEuropeanvPhysicalvJournalvCSG2013SG_ZSGY[W[ 4.2 15

250 vμΞsurμmμntGoνGtρμGtrΞnsvμrsμGmomμntumGspμαtrΞGoνGwμΞψGvμαtorGΥosonsGproγuαμγGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 15

249 |μΞrαρGνorGstΞnγΞrγGmoγμlGproγuαtτonGoνGνourGtopGquΞrψsGτnGtρμGlμptonGRGχμtsGαρΞnnμlGτnGppG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2014SGYWX[SGX 5.4 15

248 lommτssτonτnπGoνGtρμGlv|GμxpμrτmμntGΞnγGtρμGαosmταGrunGΞtGνourGtμslΞUGJournalvofvInstrumentationSG
2010SG]SG}WZWWXT}WZWWX 1 15

247 xΥsμrvΞtτonGoνGvμγτumTrnγuαμγGvoγτνταΞtτonsGoνGsμtGorΞπmμntΞtτonGτnGyΥTyΥGlollτsτonsGΞtG
sqrt[s≥{ww}−f]UWYGG}μ’G~sτnπGrsolΞtμγGyρotonT}ΞππμγGsμtsUGPhysicalvReviewvLettersSG2018SGXYXSGY[YZWX 7.4 15

246 |μΞrαρGνorGρτπρTmΞssGrμsonΞnαμsGτnGντnΞlGstΞtμsGwτtρGΞGlμptonGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumGΞtG
OGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 15

245 vμΞsurμmμntGoνGtρμGχμtGmΞssGτnGρτπρlyGΥoostμγG[oormulΞcGsμμGtμxt−GμvμntsGνromGppGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2017SG__SG[^_ 4.2 14
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244 |μΞrαρGνorGρμΞvyGvΞχorΞnΞGnμutrτnosGτnGsΞmμTsτπnGγτlμptonGαρΞnnμlsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 14

243 |μΞrαρGνorGγτrμαtGpΞτrGproγuαtτonGoνGsupμrsymmμtrταGtopGquΞrψsGγμαΞyτnπGtoGΞllTρΞγronταGντnΞlGstΞtμsG
τnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SG[^W 4.2 14

242 |μΞrαρGνorGΞGmΞssτvμGrμsonΞnαμGγμαΞyτnπGτntoGΞGqτππsGΥosonGΞnγGΞG–GorG±GΥosonGτnGρΞγronταGντnΞlG
stΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 14

241 vμΞsurμmμntGoνGtρμGOGuΞmΥγΞ≥{mΞtρrm{Υ}}√WGPGlτνμtτmμGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalv
ofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 14

240 vμΞsurμmμntGoνGtρμGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGΞllTχμtGντnΞlG
stΞtμGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 14

239
vμΞsurμmμntGoνGtρμGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGusτnπGμvμntsGwτtρG
onμGlμptonGΞnγGΞtGlμΞstGonμGχμtGτnGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2017SGYWX_SGX

5.4 14

238 |μΞrαρGνorGqτππsGΥosonGoννTsρμllGproγuαtτonGτnGprotonTprotonGαollτsτonsGΞtG_GΞnγGaG}μ’GΞnγG
γμrτvΞtτonGoνGαonstrΞτntsGonGτtsGtotΞlGγμαΞyGwτγtρUGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 14

237
|μΞrαρGνorGnμwGpρμnomμnΞGτnGντnΞlGstΞtμsGwτtρGtwoGopposτtμTαρΞrπμSGsΞmμTνlΞvorGlμptonsSGχμtsSGΞnγG
mτssτnπGtrΞnsvμrsμGmomμntumGτnGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2018SGYWXaSGX

5.4 14

236
|μΞrαρGνorGΞnGμxotταGγμαΞyGoνGtρμGqτππsGΥosonGtoGΞGpΞτrGoνGlτπρtGpsμuγosαΞlΞrsGτnGtρμGντnΞlGstΞtμGoνG
twoGmuonsGΞnγGtwoGˇ�GlμptonsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2018SGYWXaSGX

5.4 14

235 vμΞsurμmμntsGoνGtρμGγτννμrμntτΞlGχμtGαrossGsμαtτonGΞsGΞGνunαtτonGoνGtρμGχμtGmΞssGτnGγτχμtGμvμntsGνromG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 14

234 |μΞrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΞGˇ�GlμptonGpΞτrGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 14

233
xΥsμrvΞtτonGoνGprotonTtΞππμγSGαμntrΞlGOsμmτPμxαlusτvμGproγuαtτonGoνGρτπρTmΞssGlμptonGpΞτrsGτnGppG
αollτsτonsGΞtGXZG}μ’GwτtρGtρμGlv|T}x}nvGprματsτonGprotonGspμαtromμtμrUGJournalvofvHighvEnergyv
PhysicsSG2018SGYWXaSGX

5.4 14

232 |μΞrαρGνorGrμsonΞntGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGproγuαtτonGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 13

231
vμΞsurμmμntGoνGtρμGrΞtτoGoνGtρμGproγuαtτonGαrossGsμαtτonsGtτmμsGΥrΞnαρτnπGνrΞαtτonsGoνGkG´–αGGTgGsVˇ�ˇ�G
´–GΞnγGk´–GTgGsVˇ�tG´–GΞnγGOGmΞtρrm{mΞtραΞl{k}}lμνtO{mΞtρrm{k}}≥{mΞtρrm{α}}√{pm}toGmΞtρrm{s}VpsτG
{pτ}√{pmG}{pτ}√{pmG}{pτ}√{mp}rτπρtPVmΞtρrm{mΞtραΞl{k}}lμνtO{mΞtρrm{k}}≥{mΞtρrm{α}}√{pm}toG
mΞtρrm{s}VpsτG{pτ}√{pm}rτπρtPGPGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2015SGYWX]SGX

5.4 13

230 lonstrΞτntsGonGtρμGγouΥlμTpΞrtonGsαΞttμrτnπGαrossGsμαtτonGνromGsΞmμTsτπnG–GΥosonGpΞτrGproγuαtτonG
τnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 13

229 oorwΞrγTΥΞαψwΞrγGΞsymmμtryGoνGmrμllT¯ΞnGlμptonGpΞτrsGτnGppGαollτsτonsGΞtG[oormulΞcGsμμG
tμxt−[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2016SG_^SGZY] 4.2 13

228 vμΞsurμmμntGoνGμxαlusτvμG´ pρotoproγuαtτonGτnGultrΞpμrτpρμrΞlGpyΥGαollτsτonsGΞtUGEuropeanvPhysicalv
JournalvCSG2019SG_bSG_WY 4.2 13

227 yroΥτnπGαolorGαoρμrμnαμGμννμαtsGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG
2014SG_[SGYbWX 4.2 13
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226 |μΞrαρGνorGΞGνμrmτopρoΥταGqτππsGΥosonGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2012SGYWXYSGX 5.4 13

225
vμΞsurμmμntGoνGtρμGτnαlusτvμGproγuαtτonGαrossGsμαtτonsGνorGνorwΞrγGχμtsGΞnγGνorGγτχμtGμvμntsGwτtρG
onμGνorwΞrγGΞnγGonμGαμntrΞlGχμtGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2012SGYWXYSGX

5.4 13

224 vμΞsurμmμntGoνGtρμGmΞssGγτννμrμnαμGΥμtwμμnGtopGΞnγGΞntτtopGquΞrψsUGJournalvofvHighvEnergyv
PhysicsSG2012SGYWXYSGX 5.4 13

223
vμΞsurμmμntGoνGOρΥoxG{t}{ΥΞr{ρΥoxG{t}}}PGnormΞlτsμγGmultτTγτννμrμntτΞlGαrossGsμαtτonsGτnGO{tμxtG
{p}}{tμxtG{p}}GPGαollτsτonsGΞtGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGΞnγGsτmultΞnμousGγμtμrmτnΞtτonGoνGtρμGstronπG
αouplτnπGstrμnπtρSGtopGquΞrψGpolμGmΞssSGΞnγGpΞrtonGγτstrτΥutτonGνunαtτonsUGEuropeanvPhysicalv
JournalvCSG2020SGaWSGX

4.2 13

222 |μΞrαρGνorGαρΞrπμγGqτππsGΥosonsGγμαΞyτnπGτntoGΞGtopGΞnγGΞGΥottomGquΞrψGτnGtρμGΞllTχμtGντnΞlGstΞtμGoνG
ppGαollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 13

221 mμαomposτnπGtrΞnsvμrsμGmomμntumGΥΞlΞnαμGαontrτΥutτonsGνorGquμnαρμγGχμtsGτnGyΥyΥGαollτsτonsGΞtGOG
sqrt{s≥{mΞtρrm{w}dmΞtρrm{w}}}fYU_^GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 13

220 |μΞrαρGνorGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}mΞtρrm{q}GPGproγuαtτonGτnGtρμGΞllTχμtGντnΞlGstΞtμGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 13

219 vμΞsurμmμntGoνGtρμGtopGquΞrψGmΞssGwτtρGlμptonRχμtsGντnΞlGstΞtμsGusτnπGαollτsτonsGΞtUGEuropeanv
PhysicalvJournalvCSG2018SG_aSGabX 4.2 13

218 |μΞrαρGνorGwΞrrowG{μsonΞnαμsGτnGtρμGΥT}ΞππμγGmτχμtGvΞssG|pμαtrumGτnGyrotonTyrotonGlollτsτonsGΞtG
sqrt[s−faGG}μ’UGPhysicalvReviewvLettersSG2018SGXYWSGYWXaWX 7.4 13

217 |μΞrαρGνorGγΞrψGmΞttμrGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGqτππsGΥosonGγμαΞyτnπGtoGΞGpΞτrGoνGΥottomG
quΞrψsGτnGprotonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2019SG_bSGYaW 4.2 12

216 |μΞrαρGνorGγτrμαtGtopGsquΞrψGpΞτrGproγuαtτonGτnGμvμntsGwτtρGonμGlμptonSGχμtsSGΞnγGmτssτnπGtrΞnsvμrsμG
momμntumGΞtGXZG}μ’GwτtρGtρμGlv|GμxpμrτmμntUGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 12

215 |μΞrαρGνorGΞGwΞrrowG{μsonΞnαμGuτπρtμrGtρΞnGYWW´ pμ’GmμαΞyτnπGtoGΞGyΞτrGoνGvuonsGτnGyrotonTyrotonG
lollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2020SGXY[SGXZXaWY 7.4 12

214 |upprμssτonGoνGnxατtμγGhG|tΞtμsG{μlΞtτvμGtoGtρμGprounγG|tΞtμGτnGyΥTyΥGlollτsτonsGΞtG
sqrt[s−≥{ww}f]UWYGG}μ’UGPhysicalvReviewvLettersSG2018SGXYWSGX[YZWX 7.4 12

213 vμΞsurμmμntGoνGnormΞlτzμγGγτννμrμntτΞlGOGmΞtρrm{t}ovμrlτnμ{mΞtρrm{t}}GPGαrossGsμαtτonsGτnGtρμG
γτlμptonGαρΞnnμlGνromGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 12

212 |μΞrαρGνorGρμΞvyGquΞrψsGγμαΞyτnπGτntoGΞGtopGquΞrψGΞnγGΞG–GorG±GΥosonGusτnπGlμptonGRGχμtsGμvμntsGτnG
ppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX 5.4 12

211 |μΞrαρGνorGtopGquΞrψGγμαΞysGvτΞGqτππsTΥosonTmμγτΞtμγGνlΞvorTαρΞnπτnπGnμutrΞlGαurrμntsGτnGppG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 12

210 |μΞrαρGνorGquΞrψGαomposτtμnμssGτnGγτχμtGΞnπulΞrGγτstrτΥutτonsGνromGppGαollτsτonsGΞtGOGsqrtG{s}GfG_{G}GPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 12

209 |μΞrαρGνorGlτπρtGrμsonΞnαμsGγμαΞyτnπGτntoGpΞτrsGoνGmuonsGΞsGΞGsτπnΞlGoνGnμwGpρysταsUGJournalvofvHighv
EnergyvPhysicsSG2011SGYWXXSGX 5.4 12
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208
|μΞrαρμsGνorGpΞτrGproγuαtτonGoνGαρΞrπτnosGΞnγGtopGsquΞrψsGτnGντnΞlGstΞtμsGwτtρGtwoGopposτtμlyG
αρΞrπμγGlμptonsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2018SGYWXaSGX

5.4 12

207 |tuγτμsGoνGΞnγGmμsonsGτnαluγτnπGtρμGoΥsμrvΞtτonGoνGtρμGγμαΞyGτnGprotonTprotonGαollτsτonsGΞtUG
EuropeanvPhysicalvJournalvCSG2018SG_aSGbZb 4.2 12

206 |μΞrαρGνorGsτnπlμGproγuαtτonGoνGvμαtorTlτψμGquΞrψsGγμαΞyτnπGtoGΞGΥGquΞrψGΞnγGΞGqτππsGΥosonUGJournalv
ofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 12

205 |μΞrαρGνorGnμwGpρysταsGτnGtρμGmonopρotonGντnΞlGstΞtμGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 11

204 |μΞrαρGνorGΞGρμΞvyGqτππsGΥosonGγμαΞyτnπGtoGΞGpΞτrGoνG–GΥosonsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 11

203 vμΞsurμmμntGoνGΞssoατΞtμγG±GRGαρΞrmGproγuαtτonGτnGprotonTprotonGαollτsτonsGΞtUGEuropeanvPhysicalv
JournalvCSG2018SG_aSGYa_ 4.2 11

202 yρμnomμnoloπταΞlGv||vGτntμrprμtΞtτonGoνGlv|GsμΞrαρμsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UG
JournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 11

201 vμΞsurμmμntGoνGχμtGmultτplτατtyGγτstrτΥutτonsGτnG[oormulΞcGsμμGtμxt−GproγuαtτonGτnGppGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2014SG_[SGZWX[ 4.2 11

200 xΥsμrvΞtτonGoνG}opGzuΞrψGyroγuαtτonGτnGyrotonTwuαlμusGlollτsτonsUGPhysicalvReviewvLettersSG2017SG
XXbSGY[YWWX 7.4 11

199 |μΞrαρGνorGμlμαtrowμΞψGproγuαtτonGoνGαρΞrπτnosGΞnγGnμutrΞlτnosGτnG–qGμvμntsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 11

198 |μΞrαρGνorGnμwGpρysταsGwτtρGγτχμtGΞnπulΞrGγτstrτΥutτonsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 11

197 |μΞrαρGνorGsupμrsymmμtryGτnGtρμGvμαtorTΥosonGνusτonGtopoloπyGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 11

196 vμΞsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΞαtτvτtyGτnGppGαollτsτonsGΞtGOGsqrtG{s}GfGWUbGPGΞnγG_G}μ’GwτtρGtρμG
novμlGχμtTΞrμΞVmμγτΞnGΞpproΞαρUGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 11

195 oorwΞrγGμnμrπyGνlowSGαμntrΞlGαρΞrπμγTpΞrtταlμGmultτplτατtτμsSGΞnγGpsμuγorΞpτγτtyGπΞpsGτnG–GΞnγG±G
ΥosonGμvμntsGνromGppGαollτsτonsGΞtGOsqrt{s}fG_PG}μ’UGEuropeanvPhysicalvJournalvCSG2012SG_YSGX 4.2 11

194 |μΞrαρGνorGtρμGstΞnγΞrγGmoγμlGqτππsGΥosonGτnGtρμGqGTgG±±GTgGâ��Râ��â�� ˇ�Rˇ�â��GγμαΞyGαρΞnnμlGτnGppGαollτsτonsGΞtG
OGsqrtG{s}GfG{_}d{tμxt{}μ’}}GPUGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 11

193 vμΞsurμmμntsGoνGγτννμrμntτΞlG±GΥosonGproγuαtτonGαrossGsμαtτonsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 11

192 yμrνormΞnαμGoνGtρμGrμαonstruαtτonGΞnγGτγμntτνταΞtτonGoνGρτπρTmomμntumGmuonsGτnGprotonTprotonG
αollτsτonsGΞtGâ��sGfGXZG}μ’UGJournalvofvInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

191 lρΞrπμγTpΞrtταlμGnuαlμΞrGmoγτνταΞtτonGνΞαtorsGτnG μ μGαollτsτonsGΞtGOGsqrt{s≥{mΞtρrm{ww}}}GfG]U[[GPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 11

Jesus Puerta Pelayo

20



190 |μΞrαρGνorG±˛‡GrμsonΞnαμsGusτnπGlμptonταGΞnγGρΞγronταGντnΞlGstΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 11

189 |μΞrαρGνorGtρμGγμαΞyGoνGΞGqτππsGΥosonGτnGtρμGâ��â�� ˛‡GαρΞnnμlGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 11

188
|μΞrαρGνorGΥμyonγGtρμGstΞnγΞrγGmoγμlGqτππsGΥosonsGγμαΞyτnπGτntoGΞGOG
mΞtρrm{Υ}ovμrlτnμ{mΞtρrm{Υ}}GPGpΞτrGτnGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2018SGYWXaSGX

5.4 11

187
vμΞsurμmμntsGoνGtρμGppGTgG–±GτnαlusτvμGΞnγGγτννμrμntτΞlGproγuαtτonGαrossGsμαtτonsGΞnγGαonstrΞτntsG
onGαρΞrπμγGΞnomΞlousGtrτplμGπΞuπμGαouplτnπsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG
2019SGYWXbSGX

5.4 10

186
|μΞrαρGνorGnμwGnμutrΞlGqτππsGΥosonsGtρrouπρGtρμGOGmΞtρrm{q}toGmΞtρrm{±j}toG
{μll}√{R}{μll}√{T}mΞtρrm{Υ}ovμrlτnμ{mΞtρrm{Υ}}GPGproαμssGτnGppGαollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UG
JournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX

5.4 10

185 jGmultτTγτmμnsτonΞlGsμΞrαρGνorGnμwGρμΞvyGrμsonΞnαμsGγμαΞyτnπGtoGΥoostμγGSGSGorGΥosonGpΞτrsGτnGtρμG
γτχμtGντnΞlGstΞtμGΞtGXZ´ UGEuropeanvPhysicalvJournalvCSG2020SGaWSGYZ_ 4.2 10

184 vμΞsurμmμntGoνGtρμGtrΞnsvμrsμGmomμntumGspμαtrumGoνGtρμGqτππsGΥosonGproγuαμγGτnGppGαollτsτonsG
ΞtGOGsqrt{s}faGPG}μ’GusτnπGqGTgG––GγμαΞysUGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 10

183 |μΞrαρGνorGμxατtμγGlμptonsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyv
PhysicsSG2016SGYWX^SGX 5.4 10

182
vμΞsurμmμntGoνGtρμGρΞγronταGΞαtτvτtyGτnGμvμntsGwτtρGΞG±GΞnγGtwoGχμtsGΞnγGμxtrΞαtτonGoνGtρμGαrossG
sμαtτonGνorGtρμGμlμαtrowμΞψGproγuαtτonGoνGΞG±GwτtρGtwoGχμtsGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UG
JournalvofvHighvEnergyvPhysicsSG2013SGYWXZSGX

5.4 10

181 |μΞrαρGνorGpρysταsGΥμyonγGtρμGstΞnγΞrγGmoγμlGτnGμvμntsGwτtρGlμptonsSGχμtsSGΞnγGlΞrπμGtrΞnsvμrsμG
momμntumGτmΥΞlΞnαμGτnGppGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalvCSG2013SG_ZSGY[bZ4.2 10

180 vμΞsurμmμntsGoνGχμtGαρΞrπμGwτtρGγτχμtGμvμntsGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2017SGYWX_SGX 5.4 10

179 |μΞrαρGνorGΞssoατΞtμγGproγuαtτonGoνGΞG±GΥosonGwτtρGΞGsτnπlμGtopGquΞrψGΞnγGνorGt±GνlΞvourTαρΞnπτnπG
τntμrΞαtτonsGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 10

178
|μΞrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΞtGlμΞstGonμGpρotonSGmτssτnπGtrΞnsvμrsμGmomμntumSGΞnγG
lΞrπμGtrΞnsvμrsμGμvμntGΞαtτvτtyGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighv
EnergyvPhysicsSG2017SGYWX_SGX

5.4 10

177 |μΞrαρGνorGnμwGpρysταsGwτtρGlonπTlτvμγGpΞrtταlμsGγμαΞyτnπGtoGpρotonsGΞnγGmτssτnπGμnμrπyGτnGppG
αollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2012SGYWXYSGX 5.4 10

176 |μΞrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΞGlμptonSGΞGpρotonSGΞnγGlΞrπμGmτssτnπGtrΞnsvμrsμGμnμrπyGτnG
ppGαollτsτonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2011SGYWXXSGX 5.4 10

175 vμΞsurμmμntGoνGpropμrtτμsGoνGOG{mΞtρrm{k}}≥{mΞtρrm{s}}√WGPTgG˛…R˛…â��GγμαΞysGΞnγGsμΞrαρGνorGkWTgG˛…R˛…â��G
wτtρGtρμGlv|GμxpμrτmμntUGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 10

174 |μΞrαρGνorGtρμGΞssoατΞtμγGproγuαtτonGoνGΞGqτππsGΥosonGwτtρGΞGsτnπlμGtopGquΞrψGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 10

173 |μΞrαρGνorGrμsonΞntGpΞτrGproγuαtτonGoνGqτππsGΥosonsGγμαΞyτnπGtoGΥottomGquΞrψTΞntτquΞrψGpΞτrsGτnG
protonTprotonGαollτsτonsGΞtGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 10
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172
vμΞsurμmμntsGoνGγτννμrμntτΞlGαrossGsμαtτonsGoνGtopGquΞrψGpΞτrGproγuαtτonGΞsGΞGνunαtτonGoνGψτnμmΞtταG
μvμntGvΞrτΞΥlμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018
SGYWXaSGX

5.4 10

171 vμΞsurμmμntGoνGΞssoατΞtμγGproγuαtτonGoνGΞGΥosonGΞnγGΞGαρΞrmGquΞrψGτnGprotonTprotonGαollτsτonsGΞtUG
EuropeanvPhysicalvJournalvCSG2019SG_bSGY^b 4.2 9

170 |μΞrαρGνorGnμwGpρysταsGτnGντnΞlGstΞtμsGwτtρGΞGsτnπlμGpρotonGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 9

169 jGsμΞrαρGνorGtρμGstΞnγΞrγGmoγμlGqτππsGΥosonGγμαΞyτnπGtoGαρΞrmGquΞrψsUGJournalvofvHighvEnergyv
PhysicsSG2020SGYWYWSGX 5.4 9

168 |μΞrαρGνorGγΞrψGmΞttμrGτnGprotonTprotonGαollτsτonsGΞtGaG}μ’GwτtρGmτssτnπGtrΞnsvμrsμGmomμntumGΞnγG
vμαtorGΥosonGtΞππμγGχμtsUGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 9

167 jzτmutρΞlGγμαorrμlΞtτonGoνGχμtsGwτγμlyGsμpΞrΞtμγGτnGrΞpτγτtyGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPG}μ’UG
JournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 9

166 vμΞsurμmμntGoνGΥGρΞγronGlτνμtτmμsGτnGppGαollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2018SG_aSG[]_ 4.2 9

165
|μΞrαρGνorGyρysταsGkμyonγGtρμG|tΞnγΞrγGvoγμlGτnGnvμntsGwτtρGqτπρTvomμntumGqτππsGkosonsGΞnγG
vτssτnπG}rΞnsvμrsμGvomμntumGτnGyrotonTyrotonGlollτsτonsGΞtGXZ´ }μ’UGPhysicalvReviewvLettersSG2018SG
XYWSGY[XaWX

7.4 9

164 |μΞrαρGνorGtopGquΞrψGpΞrtnμrsGwτtρGαρΞrπμG]VZGτnGtρμGsΞmμTsτπnGγτlμptonGΞnγGsτnπlμTlμptonGντnΞlG
stΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 9

163 |μΞrαρGνorGμlμαtrowμΞψGproγuαtτonGoνGΞGvμαtorTlτψμGquΞrψGγμαΞyτnπGtoGΞGtopGquΞrψGΞnγGΞGqτππsGΥosonG
usτnπGΥoostμγGtopoloπτμsGτnGνullyGρΞγronταGντnΞlGstΞtμsUGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 9

162
vμΞsurμmμntGoνGμlμαtrowμΞψTτnγuαμγGproγuαtτonGoνG–˛‡GwτtρGtwoGχμtsGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG
}μ’GΞnγGαonstrΞτntsGonGΞnomΞlousGquΞrtταGπΞuπμGαouplτnπsUGJournalvofvHighvEnergyvPhysicsSG2017SG
YWX_SGX

5.4 9

161 |μΞrαρGνorGΞnomΞlousGtrτplμGπΞuπμGαouplτnπsGτnG––GΞnγG–±GproγuαtτonGτnGlμptonGRGχμtGμvμntsGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 9

160 |μΞrαρGνorGΞGlτπρtGpsμuγosαΞlΞrGqτππsGΥosonGτnGtρμGΥoostμγG˛…˛…ˇ� ˇ�GντnΞlGstΞtμGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 9

159
|μΞrαρGνorGlμptonGνlΞvourGvτolΞtτnπGγμαΞysGoνGρμΞvyGrμsonΞnαμsGΞnγGquΞntumGΥlΞαψGρolμsGtoGΞnG
[oormulΞcGsμμGtμxt−GpΞτrGτnGprotonTprotonGαollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanvPhysicalvJournalv
CSG2016SG_^SGZX_

4.2 9

158 |μΞrαρGνorGΥlΞαψGρolμsGΞnγGspρΞlμronsGτnGρτπρTmultτplτατtyGντnΞlGstΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 9

157
|μΞrαρGνorGΞGsτnπlyGproγuαμγGtρτrγTπμnμrΞtτonGsαΞlΞrGlμptoquΞrψGγμαΞyτnπGtoGΞGˇ�GlμptonGΞnγGΞG
ΥottomGquΞrψGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SG
YWXaSGX

5.4 9

156
|μΞrαρGνorGsupμrsymmμtryGwτtρGΞGαomprμssμγGmΞssGspμαtrumGτnGtρμGvμαtorGΥosonGνusτonGtopoloπyG
wτtρGXTlμptonGΞnγGWTlμptonGντnΞlGstΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofv
HighvEnergyvPhysicsSG2019SGYWXbSGX

5.4 8

155 |μΞrαρGνorGαontΞαtGτntμrΞαtτonsGΞnγGlΞrπμGμxtrΞGγτmμnsτonsGτnGtρμGγτlμptonGmΞssGspμαtrΞGνromG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 8
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154 sμtG|ρΞpμsGoνGrsolΞtμγGyρotonT}ΞππμγGsμtsGτnGyΥTyΥGΞnγGppGlollτsτonsGΞtGsqrt[s≥{ww}−f]UWYGG}μ’UG
PhysicalvReviewvLettersSG2019SGXYYSGX]YWWX 7.4 8

153
vμΞsurμmμntGoνGτnαlusτvμGΞnγGγτννμrμntτΞlGqτππsGΥosonGproγuαtτonGαrossGsμαtτonsGτnGtρμGγτpρotonG
γμαΞyGαρΞnnμlGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SG
YWXbSGX

5.4 8

152 vμΞsurμmμntGoνGtopGquΞrψGpΞτrGproγuαtτonGτnGΞssoατΞtτonGwτtρGΞG±GΥosonGτnGprotonTprotonGαollτsτonsG
ΞtGOGsqrt{mΞtρrm{s}}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 8

151 lompΞrτnπGtrΞnsvμrsμGmomμntumGΥΞlΞnαμGoνGΥGχμtGpΞτrsGτnGppGΞnγGyΥyΥGαollτsτonsGΞtGOG
sqrt{s≥{mΞtρrm{ww}}}f]UWYGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 8

150 |μΞrαρGνorGsGαρΞnnμlGsτnπlμGtopGquΞrψGproγuαtτonGτnGppGαollτsτonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalvofv
HighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 8

149 |μΞrαρGνorGγΞrψGmΞttμrGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGsτnπlμGtopGquΞrψGorGΞGtopGquΞrψGpΞτrGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 8

148 |μΞrαρGνorGsτnπlμGproγuαtτonGoνGvμαtorTlτψμGquΞrψsGγμαΞyτnπGtoGΞG±GΥosonGΞnγGΞGtopGorGΞGΥottomG
quΞrψGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 8

147 vμΞsurμmμntGoνGtρμGtopGquΞrψGmΞssGusτnπGsτnπlμGtopGquΞrψGμvμntsGτnGprotonTprotonGαollτsτonsGΞtG
[oormulΞcGsμμGtμxt−´ }μ’UGEuropeanvPhysicalvJournalvCSG2017SG__SGZ][ 4.2 8

146 vμΞsurμmμntGoνGtρμGtrτplμTγτννμrμntτΞlGγτχμtGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsGΞtGΞnγG
αonstrΞτntsGonGpΞrtonGγτstrτΥutτonGνunαtτonsUGEuropeanvPhysicalvJournalvCSG2017SG__SG_[^ 4.2 8

145 yμrνormΞnαμGstuγyGoνGtρμGlv|GΥΞrrμlGrμsτstτvμGplΞtμGαρΞmΥμrsGwτtρGαosmταGrΞysUGJournalvofv
InstrumentationSG2010SG]SG}WZWX_T}WZWX_ 1 8

144 jlτπnmμntGoνGtρμGlv|GmuonGsystμmGwτtρGαosmταTrΞyGΞnγGΥμΞmTρΞloGmuonsUGJournalvofv
InstrumentationSG2010SG]SG}WZWYWT}WZWYW 1 8

143 |μΞrαρGνorGμlμαtrowμΞψGproγuαtτonGoνGΞGvμαtorTlτψμG}GquΞrψGusτnπGνullyGρΞγronταGντnΞlGstΞtμsUGJournalv
ofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 8

142 |μΞrαρGνorGpρysταsGΥμyonγGtρμGstΞnγΞrγGmoγμlGτnGmultτlμptonGντnΞlGstΞtμsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 8

141 vμΞsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΞαtτvτtyGτnGτnαlusτvμG±GΥosonGproγuαtτonGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 8

140 |μΞrαρGνorGμlμαtrowμΞψGproγuαtτonGoνGαρΞrπτnosGτnGντnΞlGstΞtμsGwτtρGtwoGˇ�GlμptonsGτnGppGαollτsτonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 7

139 |μΞrαρGνorGproγuαtτonGoνGqτππsGΥosonGpΞτrsGτnGtρμGνourGΥGquΞrψGντnΞlGstΞtμGusτnπGlΞrπμTΞrμΞGχμtsGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 7

138 |μΞrαρGνorGρμΞvyGrμsonΞnαμsGγμαΞyτnπGτntoGtwoGqτππsGΥosonsGorGτntoGΞGqτππsGΥosonGΞnγGΞG–GorG±G
ΥosonGτnGprotonTprotonGαollτsτonsGΞtGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 7

137
vμΞsurμmμntGoνGtρμGαrossGsμαtτonGνorGμlμαtrowμΞψGproγuαtτonGoνGΞG±GΥosonSGΞGpρotonGΞnγGtwoGχμtsG
τnGprotonTprotonGαollτsτonsGΞtGOGsqrt{mΞtρrm{s}}GPGfGXZG}μ’GΞnγGαonstrΞτntsGonGΞnomΞlousGquΞrtταG
αouplτnπsUGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX

5.4 7

(2020-2019)

23



136 |μΞrαρGνorGγΞrψGmΞttμrGpΞrtταlμsGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGqτππsGΥosonGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{mΞtρrm{s}}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 7

135 |μΞrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’GτnGtρμGsτnπlμTlμptonGντnΞlGstΞtμGusτnπG
tρμGsumGoνGmΞssμsGoνGlΞrπμTrΞγτusGχμtsUGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 7

134 vμΞsurμmμntGoνGtopGquΞrψGpolΞrτsΞtτonGτnGtTαρΞnnμlGsτnπlμGtopGquΞrψGproγuαtτonUGJournalvofvHighv
EnergyvPhysicsSG2016SGYWX^SGX 5.4 7

133 sμtGpropμrtτμsGτnGyΥyΥGΞnγGppGαollτsτonsGΞtGOGsqrt{s≥{mΞtρrm{w}dmΞtρrm{w}}}f]UWYGPG}μ’UGJournalvofv
HighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 7

132 |μΞrαρμsGνorG–hGΥosonsGγμαΞyτnπGtoGΞGtopGquΞrψGΞnγGΞGΥottomGquΞrψGτnGprotonTprotonGαollτsτonsGΞtG
XZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 7

131 |μΞrαρGνorGΞGlτπρtGpsμuγosαΞlΞrGqτππsGΥosonGproγuαμγGτnGΞssoατΞtτonGwτtρGΥottomGquΞrψsGτnGppG
αollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 7

130 vμΞsurμmμntGoνGtρμG±˛‡GproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΞtGaG}μ’GΞnγGsμΞrαρGνorGΞnomΞlousG
trτplμGπΞuπμGΥosonGαouplτnπsUGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 7

129 |μΞrαρGνorGγΞrψGpρotonsGτnGγμαΞysGoνGqτππsGΥosonsGproγuαμγGτnGΞssoατΞtτonGwτtρG±GΥosonsGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 7

128
|μΞrαρGνorGnμwGpρysταsGτnGντnΞlGstΞtμsGwτtρGtwoGopposτtμTsτπnSGsΞmμTνlΞvorGlμptonsSGχμtsSGΞnγGmτssτnπG
trΞnsvμrsμGmomμntumGτnGppGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SG
YWX^SGX

5.4 7

127 |μΞrαρGνorGuowTvΞssGzuΞrψTjntτquΞrψG{μsonΞnαμsGyroγuαμγGτnGjssoατΞtτonGwτtρGΞGyρotonGΞtG
sqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2019SGXYZSGYZXaWZ 7.4 7

126 |μΞrαρGνorGγΞrψGmΞttμrGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGlμptonταΞllyGγμαΞyτnπGΥosonGτnGprotonTprotonG
αollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2021SGaXSGXZ 4.2 7

125 |μΞrαρGνorGrμsonΞnαμsGτnGtρμGmΞssGspμαtrumGoνGmuonGpΞτrsGproγuαμγGτnGΞssoατΞtτonGwτtρGΥGquΞrψGχμtsG
τnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPGΞnγGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 7

124
|μΞrαρGνorGρμΞvyGrμsonΞnαμsGγμαΞyτnπGτntoGΞGvμαtorGΥosonGΞnγGΞGqτππsGΥosonGτnGντnΞlGstΞtμsGwτtρG
αρΞrπμγGlμptonsSGnμutrτnosGΞnγGΥGquΞrψsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SG
YWXaSGX

5.4 7

123 |μΞrαρGνorGΞGρμΞvyGrμsonΞnαμGγμαΞyτnπGτntoGΞG±GΥosonGΞnγGΞG±GorG–GΥosonGτnGYâ��YqGντnΞlGstΞtμsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 7

122 |μΞrαρGνorGγΞrψGmΞttμrGproγuαμγGτnGΞssoατΞtτonGwτtρGΞGqτππsGΥosonGγμαΞyτnπGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 7

121 |μΞrαρGνorGΞGρμΞvyGrμsonΞnαμGγμαΞyτnπGtoGΞGpΞτrGoνGvμαtorGΥosonsGτnGtρμGlμptonGplusGmμrπμγGχμtGντnΞlG
stΞtμGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 7

120 yrματsτonGlumτnosτtyGmμΞsurμmμntGτnGprotonTprotonGαollτsτonsGΞtGτnGYWX]GΞnγGYWX^GΞtGlv|UG
EuropeanvPhysicalvJournalvCSG2021SGaXSGaWW 4.2 7

119
|μΞrαρGνorGΞGuτπρtGlρΞrπμγGqτππsGkosonGmμαΞyτnπGtoGΞG–GkosonGΞnγGΞGlyTxγγGqτππsGkosonGτnGoτnΞlG
|tΞtμsGwτtρGμ˛…˛…GorG˛…˛…˛…GτnGyrotonTyrotonGlollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2019SG
XYZSGXZXaWY

7.4 6
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118 xΥsμrvΞtτonGoνG|τnπlμG}opGzuΞrψGyroγuαtτonGτnGjssoατΞtτonGwτtρGΞG±GkosonGτnGyrotonTyrotonG
lollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2019SGXYYSGXZYWWZ 7.4 6

117 vμΞsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΞαtτvτtyGusτnπGαρΞrπμγTpΞrtταlμGχμtsGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fYU_^GPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 6

116 vτxμγGρτπρμrTorγμrGΞnτsotropταGνlowGΞnγGnonlτnμΞrGrμsponsμGαoμνντατμntsGoνGαρΞrπμγGpΞrtταlμsGτnG
αollτsτonsGΞtGΞnγG]UWYUGEuropeanvPhysicalvJournalvCSG2020SGaWSG]Z[ 4.2 6

115 vμΞsurμmμntGoνGμlμαtrowμΞψGproγuαtτonGoνGΞGΥosonGτnGΞssoατΞtτonGwτtρGtwoGχμtsGτnGprotonTprotonG
αollτsτonsGΞtUGEuropeanvPhysicalvJournalvCSG2020SGaWSG[Z 4.2 6

114 lonstrΞτntsGonGtρμGˇ�≥{αX}GvμrsusGˇ�≥{αY}GyolΞrτzΞtτonsGτnGyrotonTyrotonGlollτsτonsGΞtGsqrt[s−faGG}μ’UG
PhysicalvReviewvLettersSG2020SGXY[SGX^YWWY 7.4 6

113 |μΞrαρGνorGlμptonGνlΞvourGvτolΞtτnπGγμαΞysGoνGΞGnμutrΞlGρμΞvyGqτππsGΥosonGtoG˛…ˇ�GΞnγGμˇ�GτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2020SGYWYWSGX 5.4 6

112 vμΞsurμmμntGoνGγτχμtGΞzτmutρΞlGγμαorrμlΞtτonGτnGpp´ αollτsτonsGΞtG[oormulΞcGsμμGtμxt−UGEuropeanv
PhysicalvJournalvCSG2016SG_^SG]Z^ 4.2 6

111 yμrνormΞnαμGoνGtρμGlv|GγrτνtGtuΥμGαρΞmΥμrsGwτtρGαosmταGrΞysUGJournalvofvInstrumentationSG2010SG]SG}WZWX]T}WZWX]1 6

110 |μΞrαρGνorGtρμGΞssoατΞtμγGproγuαtτonGoνGtρμGqτππsGΥosonGwτtρGΞGtopTquΞrψGpΞτrG2014SGYWX[SGX 6

109 |μΞrαρGνorGγτrμαtGpΞτrGproγuαtτonGoνGsαΞlΞrGtopGquΞrψsGτnGtρμGsτnπlμTGΞnγGγτlμptonGαρΞnnμlsGτnG
protonTprotonGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 6

108 vμΞsurμmμntGoνGtρμGγτννμrμntτΞlGmrμllT¯ΞnGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{mΞtρrm{s}}GPGfGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 6

107 |μΞrαρGνorGnμwGpρysταsGτnGtopGquΞrψGproγuαtτonGτnGγτlμptonGντnΞlGstΞtμsGτnGprotonTprotonGαollτsτonsG
ΞtUGEuropeanvPhysicalvJournalvCSG2019SG_bSGaa^ 4.2 6

106 |μΞrαρGνorGγμαΞysGoνGstoppμγGμxotταGlonπTlτvμγGpΞrtταlμsGproγuαμγGτnGprotonTprotonGαollτsτonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 6

105 |μΞrαρGνorGtopGsquΞrψsGγμαΞyτnπGvτΞGνourTΥoγyGorGαρΞrπτnoTmμγτΞtμγGmoγμsGτnGsτnπlμTlμptonGντnΞlG
stΞtμsGτnGprotonTprotonGαollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 6

104 nvτγμnαμGνorGtρμGjssoατΞtμγGyroγuαtτonGoνGΞG|τnπlμG}opGzuΞrψGΞnγGΞGyρotonGτnGyrotonTyrotonG
lollτsτonsGΞtGsqrt[s−fXZGG}μ’UGPhysicalvReviewvLettersSG2018SGXYXSGYYXaWY 7.4 6

103 |μΞrαρGνorGΞGρμΞvyGrμsonΞnαμGγμαΞyτnπGτntoGΞG±GΥosonGΞnγGΞGvμαtorGΥosonGτnGtρμGOGnuG
ovμrlτnμ{nu}mΞtρrm{q}ovμrlτnμ{mΞtρrm{q}}GPGντnΞlGstΞtμUGJournalvofvHighvEnergyvPhysicsSG2018SGYWXaSGX 5.4 6

102 vμΞsurμmμntGoνGtρμGmΞssGoνGtρμGtopGquΞrψGτnGγμαΞysGwτtρGΞGsVˇ�GmμsonGτnGppGαollτsτonsGΞtGaG}μ’UG
JournalvofvHighvEnergyvPhysicsSG2016SGYWX^SGX 5.4 5

101 |μΞrαρGνorGsupμrsymmμtryGτnGντnΞlGstΞtμsGwτtρGpρotonsGΞnγGmτssτnπGtrΞnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΞtGXZG}μ’UGJournalvofvHighvEnergyvPhysicsSG2019SGYWXbSGX 5.4 5
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100 vμΞsurμmμntGoνGtρμGτnαlusτvμGμnμrπyGspμαtrumGτnGtρμGvμryGνorwΞrγGγτrμαtτonGτnGprotonTprotonG
αollτsτonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalvofvHighvEnergyvPhysicsSG2017SGYWX_SGX 5.4 5

99 lompΞrτsonGoνGtρμG±V˛‡GQGRGχμtsGtoG˛‡GRGχμtsGαrossGsμαtτonsGτnGppGαollτsτonsGΞtGOGsqrt{s}faGPG}μ’UGJournalv
ofvHighvEnergyvPhysicsSG2015SGYWX]SGX 5.4 5

98 yμrνormΞnαμGoνGlv|GρΞγronGαΞlorτmμtμrGtτmτnπGΞnγGsynαρronτzΞtτonGusτnπGtμstGΥμΞmSGαosmταGrΞySG
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