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ΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 69

616 vμΛsurμmμntGoνGtρμGtopGquΛrψGmΛssGusτnπGprotonTprotonGγΛtΛGΛtGOsPf_GΛnγGaG}μ’UGPhysicalpReviewpD
SG2016SGbZSG 4.9 69
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615 sVˇ�GΛnγGˇ�OY|PGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_{tμxt{}μv}}GPUGJournalpofpHighpEnergypPhysicsSG
2012SGYWXYSGX 5.4 69

614 |tuγτμsGoνGγτχμtGtrΛnsvμrsμGmomμntumGΞΛlΛnαμGΛnγGpsμuγorΛpτγτtyGγτstrτΞutτonsGτnGpyΞGαollτsτonsGΛtG
Osqrt{s≥{mΛtρrm{ww}}}GfG]UWYPGOStμxtG{}μ’}PUGEuropeanpPhysicalpJournalpCSG2014SG_[SGX 4.2 67

613 |μΛrαρGνorGΛnomΛlousGproγuαtτonGoνGmultτlμptonGμvμntsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_S}μ’GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 65

612 lρΛrπμγTpΛrtταlμGnuαlμΛrGmoγτνταΛtτonGνΛαtorsGτnGyΞyΞGΛnγGpyΞGαollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{w}dmΛtρrm{w}}}f]UWYGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 64

611 vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGγτlμptonG
αρΛnnμlGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 64

610 |μΛrαρGνorGρτπρTmΛssGrμsonΛnαμsGτnGγτlμptonGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 63

609 |μΛrαρGνorGlonπTlτvμγGpΛrtταlμsGtρΛtGγμαΛyGτntoGντnΛlGstΛtμsGαontΛτnτnπGtwoGμlμαtronsGorGtwoGmuonsGτnG
protonTprotonGαollτsτonsGΛtGsfaGG}μ’UGPhysicalpReviewpDSG2015SGbXSG 4.9 62

608 |tuγyGoνGvμαtorGΞosonGsαΛttμrτnπGΛnγGsμΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGtwoGsΛmμTsτπnGlμptonsG
ΛnγGtwoGχμtsUGPhysicalpReviewpLettersSG2015SGXX[SGW]XaWX 7.4 62

607 |μΛrαρGνorGqμΛvyGwμutrΛlGuμptonsGτnGnvμntsGwτtρG}ρrμμGlρΛrπμγGuμptonsGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2018SGXYWSGYYXaWX 7.4 62

606 xΞsμrvΛtτonGoνGtρμGΛssoατΛtμγGproγuαtτonGoνGΛGsτnπlμGtopGquΛrψGΛnγGΛG–GΞosonGτnGppGαollτsτonsGΛtG
sqrt[s−GfGaG}μ’UGPhysicalpReviewpLettersSG2014SGXXYSGYZXaWY 7.4 62

605 nvτγμnαμGoνGΞTχμtGquμnαρτnπGτnGyΞyΞGαollτsτonsGΛtGâ��OsOwwPPfYU_^GG}μ’UGPhysicalpReviewpLettersSG2014SG
XXZSGXZYZWX 7.4 62

604 nxtrΛαtτonGΛnγGvΛlτγΛtτonGoνGΛGnμwGsμtGoνGlv|GpytρτΛaGtunμsGνromGunγμrlyτnπTμvμntGmμΛsurμmμntsUG
EuropeanpPhysicalpJournalpCSG2020SGaWSG[ 4.2 61

603 |μΛrαρGνorG{μsonΛntGyroγuαtτonGoνGqτπρTvΛssGyρotonGyΛτrsGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−faG
ΛnγGXZ´ }μ’UGPhysicalpReviewpLettersSG2016SGXX_SGW]XaWY 7.4 61

602 |tuγyGoνGγouΞlμGpΛrtonGsαΛttμrτnπGusτnπG–GRGYTχμtGμvμntsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfG_G
}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 61

601 |μΛrαρGνorGΛGαρΛrπμγGqτππsGΞosonGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2015SGYWX]SGX 5.4 61

600 |tuγτμsGoνGΛzτmutρΛlGγτρΛγronGαorrμlΛtτonsGτnGultrΛTαμntrΛlGyΞyΞGαollτsτonsGΛtGOGsqrt{{{s≥{wwG}}}}GPG
fYU_^G}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 60

599 |μΛrαρGνorGmΛssτvμGrμsonΛnαμsGγμαΛyτnπGτntoGpΛτrsGoνGΞoostμγGΞosonsGτnGsμmτTlμptonταGντnΛlGstΛtμsG
ΛtGOGsqrt{s}GPGfGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 59

598 |upprμssτonGΛnγGΛzτmutρΛlGΛnτsotropyGoνGpromptGΛnγGnonpromptG[oormulΛcGsμμGtμxt−GproγuαtτonGτnG
yΞyΞGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGY]Y 4.2 58
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597 |μΛrαρGνorGtopTquΛrψGpΛrtnμrsGwτtρGαρΛrπμG]VZGτnGtρμGsΛmμTsτπnGγτlμptonGντnΛlGstΛtμUGPhysicalpReviewp
LettersSG2014SGXXYSGX_XaWX 7.4 58

596 |μΛrαρGνorGwΛrrowG{μsonΛnαμsGτnGmτχμtGoτnΛlG|tΛtμsGΛtGsqrt[s−faGG}μ’GwτtρGtρμGwovμlGlv|G}μαρnτquμG
oνGmΛtΛG|αoutτnπUGPhysicalpReviewpLettersSG2016SGXX_SGWZXaWY 7.4 57

595 |μΛrαρGνorGΛnomΛlousGOGtovμrlτnμGtGPGproγuαtτonGτnGtρμGρτπρlyTΞoostμγGΛllTρΛγronταGντnΛlGstΛtμUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 57

594 |tuγyGoνGμxαlusτvμGtwoTpρotonGproγuαtτonGoνG–R–â��GτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’GΛnγG
αonstrΛτntsGonGΛnomΛlousGquΛrtταGπΛuπμGαouplτnπsUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 56

593 vμΛsurμmμntGoνGtρμG–R–â��GαrossGsμαtτonGτnGppGαollτsτonsGΛtGOsqrt{s}GfG_mΞox{G}μ’}PGΛnγGlτmτtsGonG
ΛnomΛlousG––˛‡GΛnγG––±GαouplτnπsUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX 4.2 56

592 uonπTrΛnπμGΛnγGsρortTrΛnπμGγτρΛγronGΛnπulΛrGαorrμlΛtτonsGτnGαμntrΛlGyΞyΞGαollτsτonsGΛtGOGsqrtG
{{{s≥{tμxt{ww}}}}}GPGfGYU_^G}μ’UGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 56

591 |μΛrαρGνorGΛGstΛnγΛrγGmoγμlGqτππsGΞosonGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGtopTquΛrψGpΛτrGΛnγG
γμαΛyτnπGtoGΞottomGquΛrψsGusτnπGΛGmΛtrτxGμlμmμntGmμtρoγUGEuropeanpPhysicalpJournalpCSG2015SG_]SGY]X 4.2 55

590 |μΛrαρGνorGnμwGpρμnomμnΛGwτtρGtρμGvΛrτΛΞlμGτnGtρμGΛllTρΛγronταGντnΛlGstΛtμGproγuαμγGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2017SG__SG_XW 4.2 54

589 vμΛsurμmμntGoνGτnαlusτvμG–GΛnγG±GΞosonGproγuαtτonGαrossGsμαtτonsGτnGppGαollτsτonsGΛtGsqrt[s−GfGaG
}μ’UGPhysicalpReviewpLettersSG2014SGXXYSGXbXaWY 7.4 54

588 |μΛrαρGνorGOG{tμxt{k}}≥{tμxt{s}}√WGPGTgG˛…GRG˛…Gâ��GΛnγGkWGTgG˛…GRG˛…Gâ��GγμαΛysUGJournalpofpHighpEnergypPhysicsSG
2012SGYWXYSGX 5.4 52

587 rntμrprμtΛtτonGoνGsμΛrαρμsGνorGsupμrsymmμtryGwτtρGsτmplτντμγGmoγμlsUGPhysicalpReviewpDSG2013SGaaSG 4.9 52

586 |μΛrαρGνorGnμwGpρysταsGτnGντnΛlGstΛtμsGwτtρGΛnGμnμrπμtταGχμtGorGΛGρΛγronταΛllyGγμαΛyτnπG–GorG±GΞosonG
ΛnγGtrΛnsvμrsμGmomμntumGτmΞΛlΛnαμGΛtGsfXZGG}μ’UGPhysicalpReviewpDSG2018SGb_SG 4.9 51

585 vμΛsurμmμntsGoνGγτννμrμntτΛlGΛnγGγouΞlμTγτννμrμntτΛlGmrμllT¯ΛnGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGX[_ 4.2 50

584
xΞsμrvΛtτonGoνGnlμαtrowμΛψGyroγuαtτonGoνG|ΛmμT|τπnG–GkosonGyΛτrsGτnGtρμG}woGsμtGΛnγG}woG
|ΛmμT|τπnGuμptonGoτnΛlG|tΛtμGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG
2018SGXYWSGWaXaWX

7.4 50

583
vμΛsurμmμntGoνGtρμGrΛtτoGoνGtρμGτnαlusτvμGZTχμtGαrossGsμαtτonGtoGtρμGτnαlusτvμGYTχμtGαrossGsμαtτonGτnG
ppGαollτsτonsGΛtGOsqrt{s}GfG_GmΛtρrm{}μ’}PGΛnγGντrstGγμtμrmτnΛtτonGoνGtρμGstronπGαouplτnπGαonstΛntGτnG
tρμG}μ’GrΛnπμUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX

4.2 50

582
|μΛrαρGνorGnΛrrowGΛnγGΞroΛγGγτχμtGrμsonΛnαμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GΛnγG
αonstrΛτntsGonGγΛrψGmΛttμrGmμγτΛtorsGΛnγGotρμrGnμwGpΛrtταlμsUGJournalpofpHighpEnergypPhysicsSG2018SG
YWXaSGX

5.4 50

581 |μΛrαρGνorGΛGstΛnγΛrγTmoγμlTlτψμGqτππsGΞosonGwτtρGΛGmΛssGτnGtρμGrΛnπμGX[]GtoGXWWWGpμ’GΛtGtρμGuqlUG
EuropeanpPhysicalpJournalpCSG2013SG_ZSGY[^b 4.2 49

580 vμΛsurμmμntsGoνGttGspτnGαorrμlΛtτonsGΛnγGtopTquΛrψGpolΛrτzΛtτonGusτnπGγτlμptonGντnΛlGstΛtμsGτnGppG
αollτsτonsGΛtGsqrt[s−f_GG}μ’UGPhysicalpReviewpLettersSG2014SGXXYSGXaYWWX 7.4 49
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579 wuαlμΛrGμννμαtsGonGtρμGtrΛnsvμrsμGmomμntumGspμαtrΛGoνGαρΛrπμγGpΛrtταlμsGτnGpyΞGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGYZ_ 4.2 48

578 vμΛsurμmμntGoνGtρμGtTαρΛnnμlGsτnπlμTtopTquΛrψGproγuαtτonGαrossGsμαtτonGΛnγGoνGtρμG|’GtΞ|GltvG
mΛtrτxGμlμmμntGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 48

577 vμΛsurμmμntGoνGtρμGOG{{rmGt}ΞΛr{rmGt}}GPGproγuαtτonGαrossGsμαtτonGΛnγGtρμGtopGquΛrψGmΛssGτnGtρμG
γτlμptonGαρΛnnμlGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 48

576 |μΛrαρGνorGγΛrψGmΛttμrGproγuαμγGwτtρGΛnGμnμrπμtταGχμtGorGΛGρΛγronταΛllyGγμαΛyτnπG–GorG±GΞosonGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 46

575 |μΛrαρGνorGνlΛvorTαρΛnπτnπGnμutrΛlGαurrμntsGτnGtopTquΛrψGγμαΛysGtGTgG±qGτnGppGαollτsτonsGΛtGsqrt[s−GfGaG
}μ’UGPhysicalpReviewpLettersSG2014SGXXYSGX_XaWY 7.4 46

574 vμΛsurμmμntGoνGtρμGrμlΛtτvμGpromptGproγuαtτonGrΛtμGoνGΛnγGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UG
EuropeanpPhysicalpJournalpCSG2012SG_YSGYY]X 4.2 46

573 |μΛrαρGνorGnμwGpρysταsGwτtρGsΛmμTsτπnGτsolΛtμγGγτlμptonGμvμntsGwτtρGχμtsGΛnγGmτssτnπGtrΛnsvμrsμG
μnμrπyGΛtGtρμGuqlUGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 46

572 |μΛrαρGνorGnμwGpρysταsGwτtρGχμtsGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 46

571 lomΞτnμγGsμΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGαρΛrπτnosGΛnγGnμutrΛlτnosGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 45

570 nxαlusτvμG˛‡˛‡GTgG˛…GRG˛…Gâ��GproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtGOGsqrtG{s}GfG{_}GPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 45

569 |μΛrαρGνorGtρμGΛssoατΛtμγGproγuαtτonGoνGtρμGqτππsGΞosonGwτtρGΛGtopTquΛrψGpΛτrUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 45

568
|μΛrαρGνorGμxαlusτvμGorGsμmτTμxαlusτvμG˛‡˛‡GproγuαtτonGΛnγGoΞsμrvΛtτonGoνGμxαlusτvμGΛnγG
sμmτTμxαlusτvμGμRμâ��GproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2012SGYWXYSGX

5.4 45

567 vμΛsurμmμntGoνGtρμGsumGoνG––GΛnγG–±GproγuαtτonGwτtρG–RγτχμtGμvμntsGτnGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGYYaZ 4.2 45

566 vμΛsurμmμntGoνGtρμG OZa_YPGproγuαtτonGαrossGsμαtτonGvτΛGγμαΛysGtoGsVˇ�ˇ�GRGˇ�Gâ��GτnGppGαollτsτonsGΛtGOG
sqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 44

565 |μΛrαρGνorGρμΛvyGΞottomTlτψμGquΛrψsGτnG[UbGνΞâ��XGoνGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 44

564 lρΛrπμγGpΛrtταlμGtrΛnsvμrsμGmomμntumGspμαtrΛGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfGWUbGPGΛnγG_G}μ’UG
JournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 44

563 vμΛsurμmμntGoνGtρμGOGtovμrlτnμ{t}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGγτlμptonGαρΛnnμlGτnGppGαollτsτonsG
ΛtGOGsqrt{s}GPGfGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 43

562 vμΛsurμmμntGoνGtρμGγτννμrμntτΛlGΛnγGγouΞlμTγτννμrμntτΛlGmrμllT¯ΛnGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 43
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561 |μΛrαρGνorGlμptonταGγμαΛysGoνG–hGΞosonsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG{_}GPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 43

560 vμΛsurμmμntsGoνGtρμGqτππsGΞosonGwτγtρGΛnγGΛnomΛlousGq’’GαouplτnπsGνromGonTsρμllGΛnγGoννTsρμllG
proγuαtτonGτnGtρμGνourTlμptonGντnΛlGstΛtμUGPhysicalpReviewpDSG2019SGbbSG 4.9 42

559 nvμntGΛαtτvτtyGγμpμnγμnαμGoνGOG¯GPOn|PGproγuαtτonGτnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}μ’GpyΞGΛnγGOGsqrt{s}GPG
fGYU_^G}μ’GppGαollτsτonsUGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 42

558 |μΛrαρGνorGΛγγτtτonΛlGnμutrΛlGv||vGqτππsGΞosonsGτnGtρμGˇ�Gˇ�GντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsGΛtG
OGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 42

557 vμΛsurμmμntGoνGsVˇ�GΛnγGˇ�OY|PGyromptGmouΞlμTmτννμrμntτΛlGlrossG|μαtτonsGτnGppGlollτsτonsGΛtG
sqrt[s−f_G}μ’UGPhysicalpReviewpLettersSG2015SGXX[SGXbXaWY 7.4 41

556
vμΛsurμmμntGoνGtρμGτnαlusτvμGZTχμtGproγuαtτonGγτννμrμntτΛlGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsG
ΛtG_G}μ’´ ΛnγGγμtμrmτnΛtτonGoνGtρμGstronπGαouplτnπGαonstΛntGτnGtρμG}μ’´ rΛnπμUGEuropeanpPhysicalp
JournalpCSG2015SG_]SGXa^

4.2 41

555 vμΛsurμmμntGoνGpromptGsVˇ�GpΛτrGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfG_G}μvUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 41

554 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGαρΛrπτnosGΛnγGnμutrΛlτnosGusτnπGlμptonταGντnΛlGstΛtμsGτnGppG
αollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 41

553 |μΛrαρGνorGpΛτrTproγuαμγGγτχμtGrμsonΛnαμsGτnGνourTχμtGντnΛlGstΛtμsGτnGppGαollτsτonsGΛtGsqrt[s−GfG_G}μ’UG
PhysicalpReviewpLettersSG2013SGXXWSGX[XaWY 7.4 41

552 vμΛsurμmμntGoνGtρμGτnμlΛstταGprotonTprotonGαrossGsμαtτonGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2018SGYWXaSGX 5.4 41

551 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGαρΛrπτnosGΛnγGnμutrΛlτnosGτnGmultτlμptonGντnΛlGstΛtμsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 40

550 |μΛrαρGνorGγτsplΛαμγGsupμrsymmμtryGτnGμvμntsGwτtρGΛnGμlμαtronGΛnγGΛGmuonGwτtρGlΛrπμGτmpΛαtG
pΛrΛmμtμrsUGPhysicalpReviewpLettersSG2015SGXX[SGW^XaWX 7.4 39

549 yμrνormΛnαμGoνGmτssτnπGtrΛnsvμrsμGmomμntumGrμαonstruαtτonGτnGprotonTprotonGαollτsτonsGΛtGâ��sGfGXZG
}μ’GusτnπGtρμGlv|GγμtμαtorUGJournalpofpInstrumentationSG2019SGX[SGyW_WW[TyW_WW[ 1 39

548 |tuγτμsGoνGχμtGmΛssGτnGγτχμtGΛnγG–V±GRGχμtGμvμntsUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 39

547 |tuγyGoνGtρμGunγμrlyτnπGμvμntGΛtGνorwΛrγGrΛpτγτtyGτnGppGαollτsτonsGΛtGOG
sqrt{s}fWUbSYU_^SdmΛtρrm{Λnγ}d_dmΛtρrm{}μ’}GPUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 39

546 vμΛsurμmμntGoνGtρμG±±GproγuαtτonGαrossGsμαtτonGΛnγGsμΛrαρGνorGΛnomΛlousGαouplτnπsGτnGYâ��Yâ��hGντnΛlG
stΛtμsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 39

545 |μΛrαρGνorGsΛmμTsτπnGtopTquΛrψGpΛτrGproγuαtτonGΛtGOGsqrtG{s}GfG_GPG}μ’GΛnγGlτmτtsGonGνlΛvourGαρΛnπτnπG
nμutrΛlGαurrμntsGτnGtρμGtopGsμαtorUGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 39

544 |μΛrαρGνorGnΛturΛlGΛnγGsplτtGsupμrsymmμtryGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GτnGντnΛlG
stΛtμsGwτtρGχμtsGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumUGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 39
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543 vμΛsurμmμntGoνGyromptGm√{W}GvμsonGjzτmutρΛlGjnτsotropyGτnGyΞTyΞGlollτsτonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2018SGXYWSGYWYZWX 7.4 39

542 |μΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGsΛmμTsτπnGγτlμptonsGΛnγGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGaG
}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 38

541 |μΛrαρGνorGmταrosαopταGΞlΛαψGρolμsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysics
SG2013SGYWXZSGX 5.4 38

540 vμΛsurμmμntGoνGpromptGˇ�OY|PGtoGsVˇ�GyτμlγGrΛtτosGτnGyΞTyΞGΛnγGpTpGαollτsτonsGΛtG
sqrt[sww−fYU_^GG}μ’UGPhysicalpReviewpLettersSG2014SGXXZSGY^YZWX 7.4 38

539 |μΛrαρGνorGtopGsquΛrψGΛnγGqτππsτnoGproγuαtτonGusτnπGγτpρotonGqτππsGΞosonGγμαΛysUGPhysicalpReviewp
LettersSG2014SGXXYSGX^XaWY 7.4 38

538 vμΛsurμmμntGoνGtρμGlμptonGαρΛrπμGΛsymmμtryGτnGτnαlusτvμG–GproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrtG{s}G
fG_d{tμxt{}μ’}}GPUGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 38

537 vμΛsurμmμntGoνGtρμG[oormulΛcGsμμGtμxt−GαrossGsμαtτonGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−G}μ’ΛnγG
lτmτtsGonGΛnomΛlousGπΛuπμGαouplτnπsUGEuropeanpPhysicalpJournalpCSG2016SG_^SG[WX 4.2 38

536 vμΛsurμmμntGoνGtρμGk√{´–}GvμsonGwuαlμΛrGvoγτνταΛtτonGoΛαtorGτnGyΞTyΞGlollτsτonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2017SGXXbSGX]YZWX 7.4 37

535
lonstrΛτntsGonGpΛrtonGγτstrτΞutτonGνunαtτonsGΛnγGμxtrΛαtτonGoνGtρμGstronπGαouplτnπGαonstΛntGνromG
tρμGτnαlusτvμGχμtGαrossGsμαtτonGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanp
PhysicalpJournalpCSG2015SG_]SGYaa

4.2 37

534 vμΛsurμmμntGoνGtρμGγτννμrμntτΛlGαrossGsμαtτonGΛnγGαρΛrπμGΛsymmμtryGνorGτnαlusτvμG[oormulΛcGsμμG
tμxt−GproγuαtτonGΛtG[oormulΛcGsμμGtμxt−G}μ’UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[^b 4.2 37

533 vμΛsurμmμntGoνGΛssoατΛtμγG–GRGαρΛrmGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalpofp
HighpEnergypPhysicsSG2014SGYWX[SGX 5.4 37

532 sμtGproγuαtτonGrΛtμsGτnGΛssoατΛtτonGwτtρG–GΛnγG±GΞosonsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_G{tμxt{}μ’}}GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 37

531 vμΛsurμmμntGoνGmΛssμsGτnGtρμG[oormulΛcGsμμGtμxt−GsystμmGΞyGψτnμmΛtταGμnγpoτntsGτnGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY[b[ 4.2 37

530 |μΛrαρGνorGnΛrrowGrμsonΛnαμsGΛnγGquΛntumGΞlΛαψGρolμsGτnGτnαlusτvμGΛnγGΞTtΛππμγGγτχμtGmΛssGspμαtrΛG
νromGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 37

529 vμΛsurμmμntGoνGpsμuγorΛpτγτtyGγτstrτΞutτonsGoνGαρΛrπμγGpΛrtταlμsGτnGprotonâ��protonGαollτsτonsGΛtG
Osqrt{s}GfGaPG}μ’GΞyGtρμGlv|GΛnγG}x}nvGμxpμrτmμntsUGEuropeanpPhysicalpJournalpCSG2014SG_[SGX 4.2 37

528 vμΛsurμmμntsGoνGqτππsGΞosonGpropμrtτμsGτnGtρμGγτpρotonGγμαΛyGαρΛnnμlGτnGprotonTprotonGαollτsτonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 37

527 vμΛsurμmμntGoνGpromptGΛnγGnonpromptGαρΛrmonτumGsupprμssτonGτnGαollτsτonsGΛtG]UWYUGEuropeanp
PhysicalpJournalpCSG2018SG_aSG]Wb 4.2 37

526 |μΛrαρGνorGtρμG O]]^aPG|tΛtμGmμαΛyτnπGτntoGk≥{s}√{W}ˇ�√{´–}GτnGyrotonTyrotonGlollτsτonsGΛtG
sqrt[s−faGG}μ’UGPhysicalpReviewpLettersSG2018SGXYWSGYWYWW] 7.4 36
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525 vμΛsurμmμntGoνGtρμGtopTquΛrψGmΛssGτnGOmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}PGμvμntsGwτtρGγτlμptonGντnΛlG
stΛtμsGτnGppGαollτsτonsGΛtGOsqrt{s}f_GmΞox{}μ’}PUGEuropeanpPhysicalpJournalpCSG2012SG_YSGX 4.2 36

524 oτrstGmμΛsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΛαtτvτtyGΛtGtρμGuqlGwτtρGOsqrt{s}GfGWUbPG}μ’UGEuropeanp
PhysicalpJournalpCSG2010SG_WSG]]]T]_Y 4.2 36

523 vμΛsurμmμntGoνGtρμGγouΞlμTγτννμrμntτΛlGτnαlusτvμGχμtGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[]X 4.2 36

522 lomΞτnΛtτonGoνG|μΛrαρμsGνorGqτππsGkosonGyΛτrGyroγuαtτonGτnGyrotonTyrotonGlollτsτonsGΛtG
sqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2019SGXYYSGXYXaWZ 7.4 35

521 |μΛrαρGνorGγτsΛppμΛrτnπGtrΛαψsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2015SGYWX]SGX 5.4 35

520 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGνorGqτππsGΞosonGproγuαtτonGτnGtρμGγτpρotonGγμαΛyG
αρΛnnμlGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGXZ 4.2 35

519 nllτptταGolowGoνGlρΛrmGΛnγG|trΛnπμGqΛγronsGτnGqτπρTvultτplτατtyGpRyΞGlollτsτonsGΛtG
sqrt[s≥{ww}−faUX^GG}μ’UGPhysicalpReviewpLettersSG2018SGXYXSGWaYZWX 7.4 35

518 |μΛrαρGνorGtρμGstΛnγΛrγGmoγμlGqτππsGΞosonGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGtopTquΛrψGpΛτrGτnGppG
αollτsτonsGΛtGtρμGuqlUGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 35

517
|μΛrαρGνorGtρτrγTπμnμrΛtτonGsαΛlΛrGlμptoquΛrψsGΛnγGρμΛvyGrτπρtTρΛnγμγGnμutrτnosGτnGντnΛlGstΛtμsGwτtρG
twoGtΛuGlμptonsGΛnγGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2017SGYWX_SGX

5.4 35

516 |μΛrαρGνorGtopGsquΛrψsGτnG{TpΛrτtyTvτolΛtτnπGsupμrsymmμtryGusτnπGtρrμμGorGmorμGlμptonsGΛnγG
ΞTtΛππμγGχμtsUGPhysicalpReviewpLettersSG2013SGXXXSGYYXaWX 7.4 35

515
vμΛsurμmμntGoνGtρμGOmΛtρrm{{tΞΛr{t}}}PGproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΛtGOsqrt{s}f_PG}μ’G
usτnπGtρμGψτnμmΛtταGpropμrtτμsGoνGμvμntsGwτtρGlμptonsGΛnγGχμtsUGEuropeanpPhysicalpJournalpCSG2011SG
_XSGX

4.2 35

514
vμΛsurμmμntGΛnγGzlmGΛnΛlysτsGoνGγouΞlμTγτννμrμntτΛlGτnαlusτvμGχμtGαrossGsμαtτonsGτnGppGαollτsτonsGΛtG
OGsqrt{s}faGPG}μ’GΛnγGαrossGsμαtτonGrΛtτosGtoGYU_^GΛnγG_G}μ’UGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 34

513 ysμuγorΛpτγτtyGγτstrτΞutτonGoνGαρΛrπμγGρΛγronsGτnGprotonâ��protonGαollτsτonsGΛtGsfXZ´ }μ’UGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2015SG_]XSGX[ZTX^Z 4.2 34

512 |μΛrαρGνorGnμwGpρysταsGτnGsΛmμTsτπnGγτlμptonGμvμntsGτnGprotonTprotonGαollτsτonsGΛtG[oormulΛcGsμμG
tμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[Zb 4.2 34

511 |μΛrαρGνorGmταrosαopταGΞlΛαψGρolμsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 34

510 |μΛrαρGνorGρμΛvyGstΛΞlμGαρΛrπμγGpΛrtταlμsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUGJournalpofp
HighpEnergypPhysicsSG2011SGYWXXSGX 5.4 34

509 |μΛrαρGνorGγμαΛysGoνGstoppμγGlonπTlτvμγGpΛrtταlμsGproγuαμγGτnGprotonTprotonGαollτsτonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGX]X 4.2 33

508 |μΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGsΛmμTsτπnGγτlμptonsGΛnγGΞGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 33
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507 |μΛrαρμsGνorGtρτrγTπμnμrΛtτonGsquΛrψGproγuαtτonGτnGνullyGρΛγronταGντnΛlGstΛtμsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 33

506 |μΛrαρGνorGΛGlτπρtGαρΛrπμγGqτππsGΞosonGγμαΛyτnπGtoGOGmΛtρrm{α}ovμrlτnμ{mΛtρrm{s}}GPGτnGppGαollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

505
lonstrΛτntsGonGΛnomΛlousGqτππsGΞosonGαouplτnπsGusτnπGproγuαtτonGΛnγGγμαΛyGτnνormΛtτonGτnGtρμG
νourTlμptonGντnΛlGstΛtμUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2017SG__]SGXTY[

4.2 32

504 rγμntτνταΛtτonGtμαρnτquμsGνorGρτπρlyGΞoostμγG–GΞosonsGtρΛtGγμαΛyGτntoGρΛγronsUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 32

503 |μΛrαρGνorGrμsonΛnαμsGτnGtρμGγτlμptonGmΛssGγτstrτΞutτonGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalp
ofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 32

502 |μΛrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’GτnGμvμntsGwτtρGΛGsτnπlμGlμptonSGχμtsSG
ΛnγGmτssτnπGtrΛnsvμrsμGmomμntumUGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 32

501 vμΛsurμmμntGoνGtρμGmrμllT¯ΛnGαrossGsμαtτonGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2011SGYWXXSGX 5.4 32

500 xΞsμrvΛtτonGoνG}woGnxατtμγGk≥{α}√{R}G|tΛtμsGΛnγGvμΛsurμmμntGoνGtρμGk≥{α}√{R}OY|PGvΛssGτnGppG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2019SGXYYSGXZYWWX 7.4 31

499 rnαlusτvμG|μΛrαρGνorGΛGqτπρlyGkoostμγGqτππsGkosonGmμαΛyτnπGtoGΛGkottomGzuΛrψTjntτquΛrψGyΛτrUG
PhysicalpReviewpLettersSG2018SGXYWSGW_XaWY 7.4 30

498 vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGμ˛…GαρΛnnμlGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 30

497 |μΛrαρGτnGlμptonταGαρΛnnμlsGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGtoGlonπTlτvμγGnμutrΛlGpΛrtταlμsUGJournalpofp
HighpEnergypPhysicsSG2013SGYWXZSGX 5.4 30

496 rnαlusτvμGΞTχμtGproγuαtτonGτnGppGαollτsτonsGΛtGOsqrtG{s}GfG_}μ’PUGJournalpofpHighpEnergypPhysicsSG2012SG
YWXYSGX 5.4 30

495 xΞsμrvΛtτonGoνG±GγμαΛysGtoGνourGlμptonsGwτtρGtρμGlv|GγμtμαtorGΛtGtρμGuqlUGJournalpofpHighpEnergyp
PhysicsSG2012SGYWXYSGX 5.4 30

494 vμΛsurμmμntGoνGtρμGtopTquΛrψGmΛssGτnGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGμvμntsGwτtρGlμptonRχμtsG
ντnΛlGstΛtμsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 30

493 vμΛsurμmμntGoνGtρμGunγμrlyτnπGμvμntGτnGtρμGmrμllâ��¯ΛnGproαμssGτnGprotonâ��protonGαollτsτonsGΛtG
Osqrt{s}GfG_~mΞox{}μ’}PUGEuropeanpPhysicalpJournalpCSG2012SG_YSGX 4.2 30

492 vμΛsurμmμntsGoνGtρμGproγuαtτonGαrossGsμαtτonGΛnγGtρμGΞrΛnαρτnπGνrΛαtτonSGΛnγGαonstrΛτntsGonG
ΛnomΛlousGtrτplμGπΛuπμGαouplτnπsGΛtUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX^] 4.2 29

491 |μΛrαρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGmτssτnπGtrΛnsvμrsμGμnμrπyGΛnγGWSGXSGYSGorGâ�¥ZGΞTquΛrψG
χμtsGτnG_G}μ’GppGαollτsτonsGusτnπGtρμGvΛrτΛΞlμG˛–G}UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 29

490 xΞsμrvΛtτonGoνG¯OX|PGpΛτrGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX 5.4 29
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489 vμΛsurμmμntGoνGγτννrΛαtτvμGγτssoατΛtτonGαrossGsμαtτonsGτnGppGαollτsτonsGΛtGsf_GG}μ’UGPhysicalpReviewp
DSG2015SGbYSG 4.9 29

488 vμΛsurμmμntGoνGtopGquΛrψTΛntτquΛrψGpΛτrGproγuαtτonGτnGΛssoατΛtτonGwτtρGΛG–GorG±GΞosonGτnGppG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZW^W 4.2 29

487 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGνorGtρμGproγuαtτonGoνGΛGpΛτrGoνGτsolΛtμγGpρotonsGτnGppG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZXYb 4.2 29

486 yμrνormΛnαμGoνGrμαonstruαtτonGΛnγGτγμntτνταΛtτonGoνGˇ�GlμptonsGγμαΛyτnπGtoGρΛγronsGΛnγGvˇ�GτnGppG
αollτsτonsGΛtGâ��sfXZG}μ’UGJournalpofpInstrumentationSG2018SGXZSGyXWWW]TyXWWW] 1 29

485 |μΛrαρGνorGvμαtorTlτψμG}GΛnγGkGquΛrψGpΛτrsGτnGντnΛlGstΛtμsGwτtρGlμptonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofp
HighpEnergypPhysicsSG2018SGYWXaSGX 5.4 29

484 |μΛrαρGνorGlρΛrπμγGqτππsGkosonsGyroγuαμγGvτΛG’μαtorGkosonGousτonGΛnγGmμαΛyτnπGτntoGΛGyΛτrGoνG–G
ΛnγG±GkosonsG~sτnπGppGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2017SGXXbSGX[XaWY 7.4 28

483 vμΛsurμmμntGoνGtρμG}opGzuΛrψGyΛτrGyroγuαtτonGlrossG|μαtτonGτnGyrotonTyrotonGlollτsτonsGΛtG
â��[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2016SGXX^SGW]YWWY 7.4 28

482 |μΛrαρGνorGρμΛvyGvΛχorΛnΛGnμutrτnosGτnGμ´–μ´–RGχμtsGΛnγGμ´–G˛…G´–RGχμtsGμvμntsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 28

481 |μΛrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΞGχμtsGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGΛtGtρμGuqlUG
JournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 28

480 |μΛrαρGνorGlowGmΛssGvμαtorGrμsonΛnαμsGγμαΛyτnπGτntoGquΛrψTΛntτquΛrψGpΛτrsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 28

479 vμΛsurμmμntsGoνGpropμrtτμsGoνGtρμGqτππsGΞosonGγμαΛyτnπGtoGΛG–GΞosonGpΛτrGτnGppGαollτsτonsGΛtG
sfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2019SG_bXSGb^TXYb4.2 27

478 vμΛsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonSGtρμGtopGquΛrψGmΛssSGΛnγGtρμGstronπGαouplτnπG
αonstΛntGusτnπGγτlμptonGμvμntsGτnGppGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZ^a 4.2 27

477 xΞsμrvΛtτonGoνGlorrμlΛtμγGjzτmutρΛlGjnτsotropyGoourτμrGqΛrmonταsGτnGppGΛnγGpRyΞGlollτsτonsGΛtGtρμG
uqlUGPhysicalpReviewpLettersSG2018SGXYWSGWbYZWX 7.4 27

476 vμΛsurμmμntGoνGtρμG|plτttτnπGounαtτonGτnGppGΛnγGyΞTyΞGlollτsτonsGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UG
PhysicalpReviewpLettersSG2018SGXYWSGX[YZWY 7.4 27

475 nvτγμnαμGνorGμxαlusτvμG˛‡˛‡GTgG–GRG–Gâ��GproγuαtτonGΛnγGαonstrΛτntsGonGΛnomΛlousGquΛrtταGπΛuπμG
αouplτnπsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 27

474 |ρΛpμSGtrΛnsvμrsμGsτzμSGΛnγGαρΛrπμγTρΛγronGmultτplτατtyGoνGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_d}μ’GPUG
JournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 27

473 vμΛsurμmμntGoνGOG{tμxt{k}}ovμrlτnμG{tμxt{k}}GPGΛnπulΛrGαorrμlΛtτonsGΞΛsμγGonGsμαonγΛryGvμrtμxG
rμαonstruαtτonGΛtGOGsqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 27

472 vμΛsurμmμntGoνGpromptGΛnγGnonpromptG[oormulΛcGsμμGtμxt−GproγuαtτonGτnG[oormulΛcGsμμGtμxt−GΛnγG
[oormulΛcGsμμGtμxt−GαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGY^b 4.2 26
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471 |μΛrαρGνorGtopGsquΛrψsGΛnγGγΛrψGmΛttμrGpΛrtταlμsGτnGopposτtμTαρΛrπμGγτlμptonGντnΛlGstΛtμsGΛtG
sfXZGG}μ’UGPhysicalpReviewpDSG2018SGb_SG 4.9 26

470 vμΛsurμmμntGoνGtρμGαrossGsμαtτonGΛnγGΛnπulΛrGαorrμlΛtτonsGνorGΛssoατΛtμγGproγuαtτonGoνGΛG±GΞosonG
wτtρGΞGρΛγronsGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 26

469
|μΛrαρGνorGΛGnonTstΛnγΛrγTmoγμlGqτππsGΞosonGγμαΛyτnπGtoGΛGpΛτrGoνGnμwGlτπρtGΞosonsGτnGνourTmuonG
ντnΛlGstΛtμsUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2013SG
_Y^SG]^[T]a^

4.2 26

468
|μΛrαρGνorGΛnomΛlousG–tΞGαouplτnπsGΛnγGνlΛvourTαρΛnπτnπGnμutrΛlGαurrμntsGτnGtTαρΛnnμlGsτnπlμGtopG
quΛrψGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 26

467 |μΛrαρμsGνorGsupμrsymmμtryGusτnπGtρμGvG}YGvΛrτΛΞlμGτnGρΛγronταGμvμntsGproγuαμγGτnGppGαollτsτonsGΛtG
aG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 26

466 |μΛrαρGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGτnGopposτtμTsτπnGγτlμptonGμvμntsGτnGppGαollτsτonsGΛtGOG
sqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 26

465 |μΛrαρGνorGmonotopGsτπnΛturμsGτnGprotonTprotonGαollτsτonsGΛtGâ��sfaGG}μ’UGPhysicalpReviewpLettersSG
2015SGXX[SGXWXaWX 7.4 25

464 jGmμΛsurμmμntGoνGtρμGqτππsGΞosonGmΛssGτnGtρμGγτpρotonGγμαΛyGαρΛnnμlUGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2020SGaW]SGXZ][Y] 4.2 25

463
vμΛsurμmμntGoνGtρμG–TΞosonGρμlτατtyGτnGtopTquΛrψGγμαΛysGνromGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPG
proγuαtτonGτnGlμptonRχμtsGμvμntsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2013SGYWXZSGX

5.4 25

462 |μΛrαρGνorGtopGsquΛrψGpΛτrGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GusτnπGsτnπlμGlμptonG
μvμntsUGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 25

461
vμΛsurμmμntsGoνGtρμG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonsGτnGtρμG
[oormulΛcGsμμGtμxt−GαρΛnnμlGτnGprotonTprotonGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−GΛnγG[oormulΛcGsμμG
tμxt−GΛnγGαomΞτnμγGαonstrΛτntsGonGtrτplμGπΛuπμGαouplτnπsUGEuropeanpPhysicalpJournalpCSG2015SG_]SG]XX

4.2 25

460 |μΛrαρGνorGrμsonΛntGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGτnGlμptonRχμtsGμvμntsGτnGppG
αollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 25

459 |μΛrαρGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGtoGtwoGqτππsGΞosonsGτnGντnΛlGstΛtμsGαontΛτnτnπGνourGΞGquΛrψsUG
EuropeanpPhysicalpJournalpCSG2016SG_^SGZ_X 4.2 25

458 vμΛsurμmμntGoνGtρμGwμΛψGmτxτnπGΛnπlμGusτnπGtρμGνorwΛrγTΞΛαψwΛrγGΛsymmμtryGoνGmrμllT¯ΛnG
μvμntsGτnGαollτsτonsGΛtGaUGEuropeanpPhysicalpJournalpCSG2018SG_aSG_WX 4.2 25

457 |μΛrαρGνorGαρΛrπμγGqτππsGΞosonsGτnGtρμGq´–GTgGˇ�´–˛‰ˇ�GγμαΛyGαρΛnnμlGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 24

456
lonstrΛτntsGonGtρμGpv||vSGjv|kGmoγμlGΛnγGonGotρμrGmoγμlsGνromGtρμGsμΛrαρGνorGlonπTlτvμγG
αρΛrπμγGpΛrtταlμsGτnGprotonTprotonGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG
2015SG_]SGZY]

4.2 24

455 |μΛrαρGνorGproγuαtτonGoνGνourGtopGquΛrψsGτnGντnΛlGstΛtμsGwτtρGsΛmμTsτπnGorGmultτplμGlμptonsGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2020SGaWSG_] 4.2 24

454 vμΛsurμmμntGoνGτnαlusτvμGχμtGproγuαtτonGΛnγGnuαlμΛrGmoγτνταΛtτonsGτnGpyΞGαollτsτonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGZ_Y 4.2 24
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453 sμtGΛnγGunγμrlyτnπGμvμntGpropμrtτμsGΛsGΛGνunαtτonGoνGαρΛrπμγTpΛrtταlμGmultτplτατtyGτnGprotonTprotonG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY^_[ 4.2 24

452 vμΛsurμmμntGoνGtρμG±V˛‡QGRGΞTχμtGαrossGsμαtτonGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2012SGYWXYSGX 5.4 24

451 |μΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGsΛmμTsτπnGγτlμptonsGΛnγGΞTtΛππμγGχμtsGτnGppGαollτsτonsGΛtGOGsqrtG
{s}GfG_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 24

450 |μΛrαρGνorGtρμGstΛnγΛrγGmoγμlGqτππsGΞosonGτnGtρμGqGTgG±±GTgGYâ��Y˛‰GαρΛnnμlGτnGppGαollτsτonsGΛtGOGsqrtG
{tμxt{s}}GfG{_}d{tμxt{}μ’}}GPUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 24

449 |μΛrαρGνorGγτsΛppμΛrτnπGtrΛαψsGΛsGΛGsτπnΛturμGoνGnμwGlonπTlτvμγGpΛrtταlμsGτnGprotonTprotonGαollτsτonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 24

448 |μΛrαρGνorGmΛrψGvΛttμrGΛnγG|upμrsymmμtryGwτtρGΛGlomprμssμγGvΛssG|pμαtrumGτnGtρμG’μαtorGkosonG
ousτonG}opoloπyGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−faGG}μ’UGPhysicalpReviewpLettersSG2017SGXXaSGWYXaWY7.4 23

447 yμrνormΛnαμGoνGtρμGlv|GuμvμlTXGtrτππμrGτnGprotonTprotonGαollτsτonsGΛtGâ��sGfGXZG}μ’UGJournalpofp
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

446 |μΛrαρGνorG–hGTgGtΞGγμαΛysGτnGtρμGlμptonGRGχμtsGντnΛlGstΛtμGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalp
ofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 23

445 |μΛrαρGνorGnvτγμnαμGoνGtρμG}ypμTrrrG|μμsΛwGvμαρΛnτsmGτnGvultτlμptonGoτnΛlG|tΛtμsGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2017SGXXbSGYYXaWY 7.4 23

444 |μΛrαρGνorGtρτrγTπμnμrΛtτonGsαΛlΛrGlμptoquΛrψsGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛGlμptonGΛtUGEuropeanp
PhysicalpJournalpCSG2018SG_aSG_W_ 4.2 23

443
nvτγμnαμGνorGΛssoατΛtμγGproγuαtτonGoνGΛGqτππsGΞosonGwτtρGΛGtopGquΛrψGpΛτrGτnGντnΛlGstΛtμsGwτtρG
μlμαtronsSGmuonsSGΛnγGρΛγronταΛllyGγμαΛyτnπGˇ�GlμptonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 23

442 vμΛsurμmμntGoνGtρμG[oormulΛcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonGusτnπGμvμntsGτnGtρμG[oormulΛcGsμμG
tμxt−GντnΛlGstΛtμGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGX_Y 4.2 22

441 |μΛrαρGνorGtρμGqτππsGkosonGmμαΛyτnπGtoG}woGvuonsGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UG
PhysicalpReviewpLettersSG2019SGXYYSGWYXaWX 7.4 22

440 |μΛrαρGνorGΛGnμwGsαΛlΛrGrμsonΛnαμGγμαΛyτnπGtoGΛGpΛτrGoνG±GΞosonsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 22

439 |tuγyGoνGsμtGzuμnαρτnπGwτtρG±RχμtGlorrμlΛtτonsGτnGyΞTyΞGΛnγGppGlollτsτonsGΛtG
sqrt[s−≥{ww}f]UWYGG}μ’UGPhysicalpReviewpLettersSG2017SGXXbSGWaYZWX 7.4 22

438 |μΛrαρGνorGγΛrψGmΛttμrGproγuαμγGτnGΛssoατΛtτonGwτtρGρμΛvyTνlΛvorGquΛrψGpΛτrsGτnGprotonTprotonG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2017SG__SGa[] 4.2 22

437
|μΛrαρGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGτnGμvμntsGwτtρGtwoGlμptonsSGχμtsSGΛnγGmτssτnπG
trΛnsvμrsμGmomμntumGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SG
YWX]SGX

5.4 22

436 vμΛsurμmμntGoνGkosμTnτnstμτnGαorrμlΛtτonsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfGWUbGPGΛnγG_G}μ’UGJournalpofp
HighpEnergypPhysicsSG2011SGYWXXSGX 5.4 22
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435
vμΛsurμmμntGoνGtρμG±±GproγuαtτonGαrossGsμαtτonGΛnγG±GTgâ��Râ��â�� â��hRâ��hâ��GΞrΛnαρτnπGνrΛαtτonGτnGppG
αollτsτonsGΛtGsfXZ´ }μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2016SG_^ZSGYaWTZWZ

4.2 22

434
vμΛsurμmμntGoνGtρμG–±GproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−GΛnγG
a[oormulΛcGsμμGtμxt−GΛnγGsμΛrαρGνorGΛnomΛlousGtrτplμGπΛuπμGαouplτnπsGΛtG[oormulΛcGsμμGtμxt−UG
EuropeanpPhysicalpJournalpCSG2017SG__SGYZ^

4.2 21

433
jGsμΛrαρGνorGnμwGpρμnomμnΛGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−GτnGντnΛlGstΛtμsGwτtρGmτssτnπG
trΛnsvμrsμGmomμntumGΛnγGΛtGlμΛstGonμGχμtGusτnπGtρμG[oormulΛcGsμμGtμxt−GvΛrτΛΞlμUGEuropeanpPhysicalp
JournalpCSG2017SG__SGYb[

4.2 21

432 vμΛsurμmμntGoνGμlμαtrowμΛψGproγuαtτonGoνGtwoGχμtsGτnGΛssoατΛtτonGwτtρGΛG±GΞosonGτnGprotonTprotonG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SG^^ 4.2 21

431 lorrμlΛtτonsGΞμtwμμnGχμtsGΛnγGαρΛrπμγGpΛrtταlμsGτnGyΞyΞGΛnγGppGαollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}fYU_^GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 21

430 vμΛsurμmμntGoνGtρμG[oormulΛcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonGτnGtρμGΛllTχμtsGντnΛlGstΛtμGτnGppG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGXYa 4.2 21

429 vμΛsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonsGνorGΛG±GΞosonGΛnγGonμGorGmorμGΞGχμtsGτnGppGαollτsτonsG
ΛtGOGsqrt{s}GPGfG_G}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 21

428 vμΛsurμmμntGoνGtρμGtopTquΛrψGmΛssGτnGΛllTχμtsG[oormulΛcGsμμGtμxt−GμvμntsGτnGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−G}μ’UGEuropeanpPhysicalpJournalpCSG2014SG_[SGY_]a 4.2 21

427 vμΛsurμmμntGoνGtρμGOmΛtρrm{t}ΞΛr{mΛtρrm{t}}PGproγuαtτonGαrossGsμαtτonGτnGtρμGˇ�RχμtsGαρΛnnμlGτnGppG
αollτsτonsGΛtGOsqrt{s}f_GmΞox{}μ’}PUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGX 4.2 21

426 |μΛrαρGνorGuowGvΛssG’μαtorG{μsonΛnαμsGmμαΛyτnπGtoGzuΛrψTjntτquΛrψGyΛτrsGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2017SGXXbSGXXXaWY 7.4 21

425
|μΛrαρGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGτnGμvμntsGwτtρGtwoGlμptonsGoνGsΛmμGsτπnSGmτssτnπG
trΛnsvμrsμGmomμntumSGΛnγGχμtsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2017SG
__SG]_a

4.2 21

424 |μΛrαρGνorGlτπρtGΞosonsGτnGγμαΛysGoνGtρμGXY]Gpμ’GqτππsGΞosonGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 21

423 |μΛrαρGνorGΛGqτππsGΞosonGτnGtρμGγμαΛyGαρΛnnμlGqGTgG±±OQPGTgGqOGovμrlτnμG{tμxt{q}}GPGâ��Gâ��Gâ��GRGτnGppGαollτsτonsG
ΛtGOGsqrtG{s}GfG_GP}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 21

422 rnαlusτvμGΞTρΛγronGproγuαtτonGαrossGsμαtτonGwτtρGmuonsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUG
JournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 21

421 |μΛrαρGνorGlΛrπμGμxtrΛGγτmμnsτonsGτnGtρμGγτpρotonGντnΛlGstΛtμGΛtGtρμGuΛrπμGqΛγronGlollτγμrUGJournalp
ofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 21

420 vμΛsurμmμntGoνGtrΛnsvμrsμGmomμntumGrμlΛtτvμGtoGγτχμtGsystμmsGτnGyΞyΞGΛnγGppGαollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}fYU_^GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 21

419 |μΛrαρGνorGsupμrsymmμtryGτnGprotonTprotonGαollτsτonsGΛtGXZG}μ’GτnGντnΛlGstΛtμsGwτtρGχμtsGΛnγGmτssτnπG
trΛnsvμrsμGmomμntumUGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 21

418 |μΛrαρGνorGρτπρGmΛssGγτχμtGrμsonΛnαμsGwτtρGΛGnμwGΞΛαψπrounγGprμγταtτonGmμtρoγGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 20
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417
vμΛsurμmμntGoνG[oormulΛcGsμμGtμxt−GproγuαtτonGwτtρGΛγγτtτonΛlGχμtGΛαtτvτtySGτnαluγτnπG[oormulΛcGsμμG
tμxt−GquΛrψGχμtsSGτnGtρμGγτlμptonGγμαΛyGαρΛnnμlGusτnπGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanp
PhysicalpJournalpCSG2016SG_^SGZ_b

4.2 20

416 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGνorGtρμGproγuαtτonGoνGtopGquΛrψGpΛτrsGΛnγGoνGΛγγτtτonΛlG
χμtsGτnGlμptonRχμtsGμvμntsGνromGppGαollτsτonsGΛtGsfXZGG}μ’UGPhysicalpReviewpDSG2018SGb_SG 4.9 20

415 |μΛrαρGνorGstΛnγΛrγGmoγμlGproγuαtτonGoνGνourGtopGquΛrψsGwτtρGsΛmμTsτπnGΛnγGmultτlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX[W 4.2 20

414 |μΛrαρGνorGΛGρμΛvyGpsμuγosαΛlΛrGΞosonGγμαΛyτnπGtoGΛG±GΛnγGΛGqτππsGΞosonGΛtUGEuropeanpPhysicalp
JournalpCSG2019SG_bSG]^[ 4.2 20

413 vμΛsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonGνorGpΛτrsGoνGτsolΛtμγGpρotonsGτnGppGαollτsτonsGΛtGOGsqrtG
{s}GfG_d}μ’GPUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 20

412 xΞsμrvΛtτonGoνGΛGγτννrΛαtτvμGαontrτΞutτonGtoGγτχμtGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtGsf_GG}μ’UG
PhysicalpReviewpDSG2013SGa_SG 4.9 20

411
|μΛrαρGνorGpΛτrGproγuαtτonGoνGvμαtorTlτψμG}GΛnγGkGquΛrψsGτnGsτnπlμTlμptonGντnΛlGstΛtμsGusτnπGΞoostμγG
χμtGsuΞstruαturμGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2017SGYWX_SGX

5.4 20

410 |μΛrαρGνorGρμΛvyGrμsonΛnαμsGtρΛtGγμαΛyGτntoGΛGvμαtorGΞosonGΛnγGΛGqτππsGΞosonGτnGρΛγronταGντnΛlG
stΛtμsGΛtUGEuropeanpPhysicalpJournalpCSG2017SG__SG^Z^ 4.2 20

409 |μΛrαρGνorGΛnomΛlousGsτnπlμGtopGquΛrψGproγuαtτonGτnGΛssoατΛtτonGwτtρGΛGpρotonGτnGppGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 20

408 |μΛrαρGνorGuμptoquΛrψsGlouplμγGtoG}ρτrγTpμnμrΛtτonGzuΛrψsGτnGyrotonTyrotonGlollτsτonsGΛtG
sqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2018SGXYXSGY[XaWY 7.4 20

407 |μΛrαρGνorGΛGρμΛvyGrτπρtTρΛnγμγG–GΞosonGΛnγGΛGρμΛvyGnμutrτnoGτnGμvμntsGwτtρGtwoGsΛmμTνlΛvorG
lμptonsGΛnγGtwoGχμtsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 20

406 |μΛrαρGνorGtρμGνlΛvorTαρΛnπτnπGnμutrΛlGαurrμntGτntμrΛαtτonsGoνGtρμGtopGquΛrψGΛnγGtρμGqτππsGΞosonG
wρταρGγμαΛysGτntoGΛGpΛτrGoνGΞGquΛrψsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 20

405
vμΛsurμmμntsGoνGtρμG[oormulΛcGsμμGtμxt−GproγuαtτonGαrossGsμαtτonGτnGlμptonRχμtsGντnΛlGstΛtμsGτnGppG
αollτsτonsGΛtGaG[oormulΛcGsμμGtμxt−GΛnγGrΛtτoGoνGaGtoG_´ [oormulΛcGsμμGtμxt−GαrossGsμαtτonsUGEuropeanp
PhysicalpJournalpCSG2017SG__SGX]

4.2 19

404
vμΛsurμmμntGoνGμlμαtrowμΛψG–±GΞosonGproγuαtτonGΛnγGsμΛrαρGνorGnμwGpρysταsGτnG–±GRGtwoGχμtsG
μvμntsGτnGppGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2019SG_b]SGYaXTZW_

4.2 19

403 vμΛsurμmμntGoνGtρμG–GΞosonGρμlτατtyGτnGμvμntsGwτtρGΛGsτnπlμGrμαonstruαtμγGtopGquΛrψGτnGppG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 19

402
|μΛrαρGνorGrμsonΛntGΛnγGnonrμsonΛntGqτππsGΞosonGpΛτrGproγuαtτonGτnGtρμGOG
mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}mΛtρτt{μllGnuGμllGnuG}GPGντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX

5.4 19

401 |μΛrαρGνorGmΛssτvμG–qGrμsonΛnαμsGγμαΛyτnπGτntoGtρμG[oormulΛcGsμμGtμxt−GντnΛlGstΛtμGΛtG[oormulΛcGsμμG
tμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGYZ_ 4.2 19

400 vμΛsurμmμntGoνGμxαlusτvμGpρotoproγuαtτonGνromGprotonsGτnGyΞGαollτsτonsGΛtUGEuropeanpPhysicalp
JournalpCSG2019SG_bSGY__ 4.2 19
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399 |μΛrαρGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGtoGtΛuGlμptonGpΛτrsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZG
PG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 19

398 |μΛrαρGνorGmΛssτvμGrμsonΛnαμsGγμαΛyτnπGτntoG––SG–±GorG±±GΞosonsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 19

397 |μΛrαρGνorGtρτrγTπμnμrΛtτonGsαΛlΛrGlμptoquΛrψsGτnGtρμGtˇ�GαρΛnnμlGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 19

396 vμΛsurμmμntGoνGμnμrπyGνlowGΛtGlΛrπμGpsμuγorΛpτγτtτμsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfGWU{b}GPGΛnγG_G
}μ’UGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 19

395 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGνorGΞosonGproγuαtτonGτnGΛssoατΛtτonGwτtρGχμtsGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2018SG_aSGb^] 4.2 19

394 |μΛrαρGνorGnμwGpρysταsGτnGγτχμtGΛnπulΛrGγτstrτΞutτonsGusτnπGprotonTprotonGαollτsτonsGΛtGΛnγG
αonstrΛτntsGonGγΛrψGmΛttμrGΛnγGotρμrGmoγμlsUGEuropeanpPhysicalpJournalpCSG2018SG_aSG_ab 4.2 19

393 |μΛrαρGνorGlμptonGνlΛvourGvτolΛtτnπGγμαΛysGoνGtρμGqτππsGΞosonGtoG˛…ˇ�GΛnγGμˇ�GτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 19

392 |μΛrαρGνorGvμαtorTlτψμGquΛrψsGτnGμvμntsGwτtρGtwoGopposτtμlyGαρΛrπμγGlμptonsGΛnγGχμtsGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZ^[ 4.2 18

391 |tuγyGoνG±GproγuαtτonGτnGyΞyΞGΛnγGppGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}fYU_^GPG}μ’GτnGtρμGγτmuonG
ΛnγGγτμlμαtronGγμαΛyGαρΛnnμlsUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 18

390 rγμntτνταΛtτonGoνGρμΛvySGμnμrπμtταSGρΛγronταΛllyGγμαΛyτnπGpΛrtταlμsGusτnπGmΛαρτnμTlμΛrnτnπG
tμαρnτquμsUGJournalpofpInstrumentationSG2020SGX]SGyW^WW]TyW^WW] 1 18

389 xΞsμrvΛtτonGoνGtopGquΛrψGpΛτrsGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGvμαtorGΞosonGτnGppGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 18

388
|μΛrαρGνorGρμΛvyGnμutrτnosGΛnγGtρτrγTπμnμrΛtτonGlμptoquΛrψsGτnGρΛγronταGstΛtμsGoνGtwoGˇ�GlμptonsG
ΛnγGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SG
YWXbSGX

5.4 18

387 UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 18

386 {μlΛtτvμGvoγτνταΛtτonGoνGyromptGˇ�OY|PGΛnγGsVˇ�G¯τμlγsGνromGppGtoGyΞyΞGlollτsτonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2017SGXXaSGX^YZWX 7.4 18

385 |μΛrαρGνorGγτrμαtGproγuαtτonGoνGsupμrsymmμtrταGpΛrtnμrsGoνGtρμGtopGquΛrψGτnGtρμGΛllTχμtsGντnΛlGstΛtμG
τnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 18

384
|μΛrαρGνorGρμΛvyGnμutrτnosGorGtρτrγTπμnμrΛtτonGlμptoquΛrψsGτnGντnΛlGstΛtμsGwτtρGtwoGρΛγronταΛllyG
γμαΛyτnπGˇ�GlμptonsGΛnγGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX

5.4 18

383 |μΛrαρGνorGnμutrΛlGv||vGqτππsGΞosonsGγμαΛyτnπGτntoGΛGpΛτrGoνGΞottomGquΛrψsUGJournalpofpHighp
EnergypPhysicsSG2015SGYWX]SGX 5.4 18

382 |μΛrαρGνorGρμΛvyGqτππsGΞosonsGγμαΛyτnπGtoGΛGtopGquΛrψGpΛτrGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPG
fGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 18
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381 vμΛsurμmμntGoνGtρμGαrossGsμαtτonGνorGtopGquΛrψGpΛτrGproγuαtτonGτnGΛssoατΛtτonGwτtρGΛG–GorG±GΞosonG
τnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 18

380
|μΛrαρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}mΛtρrm{q}GPGproγuαtτonGτnGtρμGOGmΛtρrm{q}toG
mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}GPGγμαΛyGαρΛnnμlGwτtρGlμptonταGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPG
γμαΛysGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX

5.4 17

379 |μΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGΛGlμptonταΛllyGγμαΛyτnπG±GΞosonGΛnγGΛGlΛrπμGtrΛnsvμrsμG
momμntumGτmΞΛlΛnαμGτnGprotonTprotonGαollτsτonsGΛtGfGXZUGEuropeanpPhysicalpJournalpCSG2018SG_aSGYbX 4.2 17

378 vμΛsurμmμntGoνGtρμGτnαlusτvμGχμtGαrossGsμαtτonGτnGppGαollτsτonsGΛtGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
EuropeanpPhysicalpJournalpCSG2016SG_^SGX 4.2 17

377
|μΛrαρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGrμsonΛnαμsGτnGρτπρlyGΞoostμγGlμptonRχμtsGΛnγGνullyG
ρΛγronταGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2017SGYWX_SGX

5.4 17

376 |μΛrαρμsGνorGpΛτrGproγuαtτonGoνGtρτrγTπμnμrΛtτonGsquΛrψsGτnG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−G
ppGαollτsτonsUGEuropeanpPhysicalpJournalpCSG2017SG__SGZY_ 4.2 17

375 |μΛrαρGνorGtρμGproγuαtτonGoνGγΛrψGmΛttμrGτnGΛssoατΛtτonGwτtρGtopTquΛrψGpΛτrsGτnGtρμGsτnπlμTlμptonG
ντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 17

374 |μΛrαρGνorGstoppμγGlonπTlτvμγGpΛrtταlμsGproγuαμγGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalp
ofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 17

373
{ΛtτosGoνGγτχμtGproγuαtτonGαrossGsμαtτonsGΛsGΛGνunαtτonGoνGtρμGΛΞsolutμGγτννμrμnαμGτnGrΛpτγτtyG
ΞμtwμμnGχμtsGτnGprotonâ��protonGαollτsτonsGΛtGOsqrt{s}GfG_GmΛtρrm{}μ’}PUGEuropeanpPhysicalpJournalpCSG
2012SG_YSGX

4.2 17

372 vμΛsurμmμntGoνGtρμGΛzτmutρΛlGΛnτsotropyGoνGnμutrΛlGpτonsGτnGyΞTyΞGαollτsτonsGΛtGsqrt[s−OwwP−GfGYU_^G
}μ’UGPhysicalpReviewpLettersSG2013SGXXWSGW[YZWX 7.4 17

371 vμΛsurμmμntGoνGtρμGτnαlusτvμG±GαrossGsμαtτonGvτΛGγμαΛysGtoGtΛuGpΛτrsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2011SGYWXXSGX 5.4 17

370
vμΛsurμmμntGoνGγouΞlμTγτννμrμntτΛlGαrossGsμαtτonsGνorGtopGquΛrψGpΛτrGproγuαtτonGτnGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−GΛnγGτmpΛαtGonGpΛrtonGγτstrτΞutτonGνunαtτonsUGEuropeanp
PhysicalpJournalpCSG2017SG__SG[]b

4.2 16

369 |μΛrαρμsGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGwτtρGtρμGvΛrτΛΞlμGτnGρΛγronταGντnΛlGstΛtμsGwτtρGΛnγG
wτtρoutGγτsΛppμΛrτnπGtrΛαψsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2020SGaWSGZ 4.2 16

368 |μΛrαρGνorGnμwGpρysταsGwτtρGtρμGvG}YGvΛrτΛΞlμGτnGΛllTχμtsGντnΛlGstΛtμsGproγuαμγGτnGppGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 16

367
|μΛrαρGνorGΛGvμryGlτπρtGwv||vGqτππsGΞosonGproγuαμγGτnGγμαΛysGoνGtρμGXY]Gpμ’GsαΛlΛrGΞosonGΛnγG
γμαΛyτnπGτntoGˇ�GlμptonsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SG
YWX^SGX

5.4 16

366
|μΛrαρGνorGΛnomΛlousGμlμαtrowμΛψGproγuαtτonGoνGvμαtorGΞosonGpΛτrsGτnGΛssoατΛtτonGwτtρGtwoGχμtsGτnG
protonTprotonGαollτsτonsGΛtGXZG}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2019SG_baSGXZ[ba]

4.2 16

365 vμΛsurμmμntGoνG–±GΛnγG±±GproγuαtτonGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−GτnGντnΛlGstΛtμsGwτtρG
ΞTtΛππμγGχμtsUGEuropeanpPhysicalpJournalpCSG2014SG_[SGYb_Z 4.2 16

364 |μΛrαρGνorGμxotταGrμsonΛnαμsGγμαΛyτnπGτntoG–±V±±GτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofp
HighpEnergypPhysicsSG2013SGYWXZSGX 5.4 16

(2013-2018)
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363 |μΛrαρGνorGvμαtorTlτψμG}GquΛrψsGγμαΛyτnπGtoGtopGquΛrψsGΛnγGqτππsGΞosonsGτnGtρμGΛllTρΛγronταGαρΛnnμlG
usτnπGχμtGsuΞstruαturμUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 16

362
|μΛrαρGνorGΛGαρΛrπμγGqτππsGΞosonGγμαΛyτnπGτntoGtopGΛnγGΞottomGquΛrψsGτnGμvμntsGwτtρGμlμαtronsGorG
muonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2020SGYWYWSGX

5.4 16

361 |μΛrαρGνorGγΛrψGmΛttμrGΛnγGunpΛrtταlμsGτnGμvμntsGwτtρGΛG±GΞosonGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumG
τnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 16

360 |μΛrαρGνorGΛGαρΛrπμγGqτππsGΞosonGγμαΛyτnπGtoGαρΛrmGΛnγGΞottomGquΛrψsGτnGprotonTprotonGαollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 16

359 xΞsμrvΛtτonGoνGtρμGˇ�≥{ΞX}OZyPGΛnγGˇ�≥{ΞY}OZyPGΛnγGvμΛsurμmμntGoνGtρμτrGvΛssμsUGPhysicalpReviewp
LettersSG2018SGXYXSGWbYWWY 7.4 16

358 |μΛrαρGνorGγΛrψGmΛttμrGτnGμvμntsGwτtρGμnμrπμtταSGρΛγronταΛllyGγμαΛyτnπGtopGquΛrψsGΛnγGmτssτnπG
trΛnsvμrsμGmomμntumGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 16

357 |μΛrαρGνorGsupμrsymmμtryGτnGprotonTprotonGαollτsτonsGΛtGXZG}μ’GusτnπGτγμntτντμγGtopGquΛrψsUG
PhysicalpReviewpDSG2018SGb_SG 4.9 16

356
|μΛrαρGνorGtopGsquΛrψGpΛτrGproγuαtτonGτnGαomprμssμγTmΛssTspμαtrumGsαμnΛrτosGτnGprotonâ��protonG
αollτsτonsGΛtGsfa´ }μ’GusτnπGtρμG˛–}GvΛrτΛΞlμUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsSG2017SG_^_SG[WZT[ZW

4.2 15

355 vμΛsurμmμntGoνGtρμGγτννμrμntτΛlGαrossGsμαtτonsGνorGtρμGΛssoατΛtμγGproγuαtτonGoνGΛG–GΞosonGΛnγGχμtsG
τnGprotonTprotonGαollτsτonsGΛtGsfXZGG}μ’UGPhysicalpReviewpDSG2017SGb^SG 4.9 15

354
vμΛsurμmμntsGoνGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGγτννμrμntτΛlGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{mΛtρrm{s}}fXZGPG}μ’GusτnπGμvμntsGαontΛτnτnπGtwoGlμptonsUGJournalpofpHighpEnergyp
PhysicsSG2019SGYWXbSGX

5.4 15

353 vμΛsurμmμntsGoνGtρμGΛssoατΛtμγGproγuαtτonGoνGΛG±GΞosonGΛnγGΞGχμtsGτnGppGαollτsτonsGΛtUGEuropeanp
PhysicalpJournalpCSG2017SG__SG_]X 4.2 15

352
vμΛsurμmμntGoνGγτννμrμntτΛlGΛnγGτntμπrΛtμγGντγuατΛlGαrossGsμαtτonsGνorGqτππsGΞosonGproγuαtτonGτnG
tρμGνourTlμptonGγμαΛyGαρΛnnμlGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2016SGYWX^SGX

5.4 15

351 |μΛrαρGνorGnμwGpΛrtταlμsGγμαΛyτnπGtoGΛGχμtGΛnγGΛnGμmμrπτnπGχμtUGJournalpofpHighpEnergypPhysicsSG2019SG
YWXbSGX 5.4 15

350
|μΛrαρGνorGlonπTlτvμγGpΛrtταlμsGusτnπGnonpromptGχμtsGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGwτtρG
protonTprotonGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2019SG_b_SGXZ[a_^

4.2 15

349 vμΛsurμmμntGoνGtρμGtrτplμTγτννμrμntτΛlGαrossGsμαtτonGνorGpρotonGRGχμtsGproγuαtτonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 15

348 |μΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGpρotonsSGχμtsSGΛnγGmτssτnπGtrΛnsvμrsμGμnμrπyGτnGppGαollτsτonsG
ΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 15

347 |μΛrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−G}μ’GτnGμvμntsGwτtρGΛGsτnπlμGlμptonSG
χμtsSGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumUGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY[W[ 4.2 15

346 vμΛsurμmμntGoνGtρμGtrΛnsvμrsμGmomμntumGspμαtrΛGoνGwμΛψGvμαtorGΞosonsGproγuαμγGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 15
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345 |μΛrαρGνorGstΛnγΛrγGmoγμlGproγuαtτonGoνGνourGtopGquΛrψsGτnGtρμGlμptonGRGχμtsGαρΛnnμlGτnGppG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 15

344 vμΛsurμmμntsGoνGtt[ovμrG´fl−qGyroγuαtτonGΛnγGtρμGlyG|truαturμGoνGtρμG¯uψΛwΛGrntμrΛαtτonGΞμtwμμnG
tρμGqτππsGkosonGΛnγG}opGzuΛrψGτnGtρμGmτpρotonGmμαΛyGlρΛnnμlUGPhysicalpReviewpLettersSG2020SGXY]SGW^XaWX7.4 15

343 xΞsμrvΛtτonGoνGvμγτumTrnγuαμγGvoγτνταΛtτonsGoνGsμtGorΛπmμntΛtτonGτnGyΞTyΞGlollτsτonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’G~sτnπGrsolΛtμγGyρotonT}ΛππμγGsμtsUGPhysicalpReviewpLettersSG2018SGXYXSGY[YZWX 7.4 15

342 |μΛrαρGνorGρτπρTmΛssGrμsonΛnαμsGτnGντnΛlGstΛtμsGwτtρGΛGlμptonGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGΛtG
OGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 15

341 vμΛsurμmμntGoνGtρμGχμtGmΛssGτnGρτπρlyGΞoostμγG[oormulΛcGsμμGtμxt−GμvμntsGνromGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SG[^_ 4.2 14

340 |μΛrαρGνorGρμΛvyGvΛχorΛnΛGnμutrτnosGτnGsΛmμTsτπnGγτlμptonGαρΛnnμlsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 14

339 yτlμupGmτtτπΛtτonGΛtGlv|GτnGXZG}μ’GγΛtΛUGJournalpofpInstrumentationSG2020SGX]SGyWbWXaTyWbWXa 1 14

338 |μΛrαρGνorGγτsΛppμΛrτnπGtrΛαψsGτnGprotonTprotonGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2020SGaW^SGXZ]]WY 4.2 14

337 |μΛrαρGνorGγτrμαtGpΛτrGproγuαtτonGoνGsupμrsymmμtrταGtopGquΛrψsGγμαΛyτnπGtoGΛllTρΛγronταGντnΛlGstΛtμsG
τnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SG[^W 4.2 14

336 |μΛrαρGνorGΛGmΛssτvμGrμsonΛnαμGγμαΛyτnπGτntoGΛGqτππsGΞosonGΛnγGΛG–GorG±GΞosonGτnGρΛγronταGντnΛlG
stΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 14

335 vμΛsurμmμntGoνGtρμGOGuΛmΞγΛ≥{mΛtρrm{Ξ}}√WGPGlτνμtτmμGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalp
ofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 14

334 vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGΛllTχμtGντnΛlG
stΛtμGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 14

333
vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGαrossGsμαtτonGusτnπGμvμntsGwτtρG
onμGlμptonGΛnγGΛtGlμΛstGonμGχμtGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2017SGYWX_SGX

5.4 14

332
vμΛsurμmμntsGoνGproγuαtτonGαrossGsμαtτonsGoνG–±GΛnγGsΛmμTsτπnG––GΞosonGpΛτrsGτnGΛssoατΛtτonG
wτtρGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2020SGaWbSGXZ]_XW

4.2 14

331 |μΛrαρGνorGqτππsGΞosonGoννTsρμllGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtG_GΛnγGaG}μ’GΛnγG
γμrτvΛtτonGoνGαonstrΛτntsGonGτtsGtotΛlGγμαΛyGwτγtρUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 14

330 nvτγμnαμGνorGqτππsGΞosonGγμαΛyGtoGΛGpΛτrGoνGmuonsUGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 14

329
|μΛrαρGνorGnμwGpρμnomμnΛGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTαρΛrπμSGsΛmμTνlΛvorGlμptonsSGχμtsSGΛnγG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2018SGYWXaSGX

5.4 14

328
|μΛrαρGνorGΛnGμxotταGγμαΛyGoνGtρμGqτππsGΞosonGtoGΛGpΛτrGoνGlτπρtGpsμuγosαΛlΛrsGτnGtρμGντnΛlGstΛtμGoνG
twoGmuonsGΛnγGtwoGˇ�GlμptonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2018SGYWXaSGX

5.4 14

(2018-2014)
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327 vμΛsurμmμntsGoνGtρμGγτννμrμntτΛlGχμtGαrossGsμαtτonGΛsGΛGνunαtτonGoνGtρμGχμtGmΛssGτnGγτχμtGμvμntsGνromG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 14

326 |μΛrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGˇ�GlμptonGpΛτrGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 14

325
xΞsμrvΛtτonGoνGprotonTtΛππμγSGαμntrΛlGOsμmτPμxαlusτvμGproγuαtτonGoνGρτπρTmΛssGlμptonGpΛτrsGτnGppG
αollτsτonsGΛtGXZG}μ’GwτtρGtρμGlv|T}x}nvGprματsτonGprotonGspμαtromμtμrUGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 14

324 |μΛrαρGνorGrμsonΛntGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 13

323
vμΛsurμmμntGoνGtρμGrΛtτoGoνGtρμGproγuαtτonGαrossGsμαtτonsGtτmμsGΞrΛnαρτnπGνrΛαtτonsGoνGkG´–αGGTgGsVˇ�ˇ�G
´–GΛnγGk´–GTgGsVˇ�tG´–GΛnγGOGmΛtρrm{mΛtραΛl{k}}lμνtO{mΛtρrm{k}}≥{mΛtρrm{α}}√{pm}toGmΛtρrm{s}VpsτG
{pτ}√{pmG}{pτ}√{pmG}{pτ}√{mp}rτπρtPVmΛtρrm{mΛtραΛl{k}}lμνtO{mΛtρrm{k}}≥{mΛtρrm{α}}√{pm}toG
mΛtρrm{s}VpsτG{pτ}√{pm}rτπρtPGPGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2015SGYWX]SGX

5.4 13

322 lonstrΛτntsGonGtρμGγouΞlμTpΛrtonGsαΛttμrτnπGαrossGsμαtτonGνromGsΛmμTsτπnG–GΞosonGpΛτrGproγuαtτonG
τnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 13

321 oorwΛrγTΞΛαψwΛrγGΛsymmμtryGoνGmrμllT¯ΛnGlμptonGpΛτrsGτnGppGαollτsτonsGΛtG[oormulΛcGsμμG
tμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2016SG_^SGZY] 4.2 13

320 |μΛrαρGνorGΛssoατΛtμγGproγuαtτonGoνGΛGqτππsGΞosonGΛnγGΛGsτnπlμGtopGquΛrψGτnGprotonTprotonG
αollτsτonsGΛtGsfXZGG}μ’UGPhysicalpReviewpDSG2019SGbbSG 4.9 13

319 vμΛsurμmμntGoνGμxαlusτvμG´ pρotoproγuαtτonGτnGultrΛpμrτpρμrΛlGpyΞGαollτsτonsGΛtUGEuropeanpPhysicalp
JournalpCSG2019SG_bSG_WY 4.2 13

318 vμΛsurμmμntGoνGtρμGtopGquΛrψGmΛssGτnGtρμGΛllTχμtsGντnΛlGstΛtμGΛtGΛnγGαomΞτnΛtτonGwτtρGtρμG
lμptonRχμtsGαρΛnnμlUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZXZ 4.2 13

317 yroΞτnπGαolorGαoρμrμnαμGμννμαtsGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG
2014SG_[SGYbWX 4.2 13

316 |μΛrαρGνorGΛGνμrmτopρoΞταGqτππsGΞosonGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2012SGYWXYSGX 5.4 13

315
vμΛsurμmμntGoνGtρμGτnαlusτvμGproγuαtτonGαrossGsμαtτonsGνorGνorwΛrγGχμtsGΛnγGνorGγτχμtGμvμntsGwτtρG
onμGνorwΛrγGΛnγGonμGαμntrΛlGχμtGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2012SGYWXYSGX

5.4 13

314 vμΛsurμmμntGoνGtρμGmΛssGγτννμrμnαμGΞμtwμμnGtopGΛnγGΛntτtopGquΛrψsUGJournalpofpHighpEnergyp
PhysicsSG2012SGYWXYSGX 5.4 13

313
vμΛsurμmμntGoνGOρΞoxG{t}{ΞΛr{ρΞoxG{t}}}PGnormΛlτsμγGmultτTγτννμrμntτΛlGαrossGsμαtτonsGτnGO{tμxtG
{p}}{tμxtG{p}}GPGαollτsτonsGΛtGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGΛnγGsτmultΛnμousGγμtμrmτnΛtτonGoνGtρμGstronπG
αouplτnπGstrμnπtρSGtopGquΛrψGpolμGmΛssSGΛnγGpΛrtonGγτstrτΞutτonGνunαtτonsUGEuropeanpPhysicalp
JournalpCSG2020SGaWSGX

4.2 13

312 |μΛrαρGνorGαρΛrπμγGqτππsGΞosonsGγμαΛyτnπGτntoGΛGtopGΛnγGΛGΞottomGquΛrψGτnGtρμGΛllTχμtGντnΛlGstΛtμGoνG
ppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 13

311 mμαomposτnπGtrΛnsvμrsμGmomμntumGΞΛlΛnαμGαontrτΞutτonsGνorGquμnαρμγGχμtsGτnGyΞyΞGαollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{w}dmΛtρrm{w}}}fYU_^GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 13

310 |μΛrαρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}mΛtρrm{q}GPGproγuαtτonGτnGtρμGΛllTχμtGντnΛlGstΛtμGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 13
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309 vμΛsurμmμntGoνGtρμGtopGquΛrψGmΛssGwτtρGlμptonRχμtsGντnΛlGstΛtμsGusτnπGαollτsτonsGΛtUGEuropeanp
PhysicalpJournalpCSG2018SG_aSGabX 4.2 13

308 |μΛrαρGνorGwΛrrowG{μsonΛnαμsGτnGtρμGΞT}ΛππμγGmτχμtGvΛssG|pμαtrumGτnGyrotonTyrotonGlollτsτonsGΛtG
sqrt[s−faGG}μ’UGPhysicalpReviewpLettersSG2018SGXYWSGYWXaWX 7.4 13

307 |μΛrαρGνorGγΛrψGmΛttμrGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGqτππsGΞosonGγμαΛyτnπGtoGΛGpΛτrGoνGΞottomG
quΛrψsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGYaW 4.2 12

306 |μΛrαρGνorGγτrμαtGtopGsquΛrψGpΛτrGproγuαtτonGτnGμvμntsGwτtρGonμGlμptonSGχμtsSGΛnγGmτssτnπGtrΛnsvμrsμG
momμntumGΛtGXZG}μ’GwτtρGtρμGlv|GμxpμrτmμntUGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 12

305 |μΛrαρGνorGΛGwΛrrowG{μsonΛnαμGuτπρtμrGtρΛnGYWW´ pμ’GmμαΛyτnπGtoGΛGyΛτrGoνGvuonsGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2020SGXY[SGXZXaWY 7.4 12

304 |upprμssτonGoνGnxατtμγGhG|tΛtμsG{μlΛtτvμGtoGtρμGprounγG|tΛtμGτnGyΞTyΞGlollτsτonsGΛtG
sqrt[s−≥{ww}f]UWYGG}μ’UGPhysicalpReviewpLettersSG2018SGXYWSGX[YZWX 7.4 12

303 vμΛsurμmμntGoνGnormΛlτzμγGγτννμrμntτΛlGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGαrossGsμαtτonsGτnGtρμG
γτlμptonGαρΛnnμlGνromGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 12

302
vμΛsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonGνorGOGmΛtρrm{±}πΛmmΛGtoGnuGovμrlτnμ{nu}πΛmmΛGPGτnG
ppGαollτsτonsGΛtGOGsqrt{s}GfG_GPG}μ’GΛnγGlτmτtsGonG±±˛‡GΛnγG±˛‡˛‡GtrτplμGπΛuπμGΞosonGαouplτnπsUGJournalpofp
HighpEnergypPhysicsSG2013SGYWXZSGX

5.4 12

301 |μΛrαρGνorGρμΛvyGquΛrψsGγμαΛyτnπGτntoGΛGtopGquΛrψGΛnγGΛG–GorG±GΞosonGusτnπGlμptonGRGχμtsGμvμntsGτnG
ppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX 5.4 12

300 |μΛrαρGνorGtopGquΛrψGγμαΛysGvτΛGqτππsTΞosonTmμγτΛtμγGνlΛvorTαρΛnπτnπGnμutrΛlGαurrμntsGτnGppG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 12

299 |μΛrαρGνorGquΛrψGαomposτtμnμssGτnGγτχμtGΛnπulΛrGγτstrτΞutτonsGνromGppGαollτsτonsGΛtGOGsqrtG{s}GfG_{G}GPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 12

298 |μΛrαρGνorGtρτrγTπμnμrΛtτonGlμptoquΛrψsGΛnγGsαΛlΛrGΞottomGquΛrψsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_d}μ’G
PUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 12

297 |μΛrαρGνorGlτπρtGrμsonΛnαμsGγμαΛyτnπGτntoGpΛτrsGoνGmuonsGΛsGΛGsτπnΛlGoνGnμwGpρysταsUGJournalpofpHighp
EnergypPhysicsSG2011SGYWXXSGX 5.4 12

296 vμΛsurμmμntGoνGχμtGsuΞstruαturμGoΞsμrvΛΞlμsGτnGtt´flGμvμntsGνromGprotonTprotonGαollτsτonsGΛtG
sfXZGG}μ’UGPhysicalpReviewpDSG2018SGbaSG 4.9 12

295
|μΛrαρμsGνorGpΛτrGproγuαtτonGoνGαρΛrπτnosGΛnγGtopGsquΛrψsGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμlyG
αρΛrπμγGlμptonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2018SGYWXaSGX

5.4 12

294 |tuγτμsGoνGΛnγGmμsonsGτnαluγτnπGtρμGoΞsμrvΛtτonGoνGtρμGγμαΛyGτnGprotonTprotonGαollτsτonsGΛtUG
EuropeanpPhysicalpJournalpCSG2018SG_aSGbZb 4.2 12

293 nlμαtrowμΛψGproγuαtτonGoνGtwoGχμtsGτnGΛssoατΛtτonGwτtρGΛG±GΞosonGτnGprotonâ��protonGαollτsτonsGΛtG
Osqrt{s}fGPGXZOStμxtG{}μ’}PUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX 4.2 12

292 |μΛrαρGνorGsτnπlμGproγuαtτonGoνGvμαtorTlτψμGquΛrψsGγμαΛyτnπGtoGΛGΞGquΛrψGΛnγGΛGqτππsGΞosonUGJournalp
ofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 12
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291
|μΛrαρGνorGtρμGpΛτrGproγuαtτonGoνGtρτrγTπμnμrΛtτonGsquΛrψsGwτtρGtwoTΞoγyGγμαΛysGtoGΛGΞottomGorG
αρΛrmGquΛrψGΛnγGΛGnμutrΛlτnoGτnGprotonâ��protonGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2018SG__aSGY^ZTYbX

4.2 12

290 |μΛrαρGνorGnμwGpρysταsGτnGtρμGmonopρotonGντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

289 |μΛrαρGνorGΛGρμΛvyGqτππsGΞosonGγμαΛyτnπGtoGΛGpΛτrGoνG–GΞosonsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 11

288 vμΛsurμmμntGoνGΛssoατΛtμγG±GRGαρΛrmGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalp
JournalpCSG2018SG_aSGYa_ 4.2 11

287 yρμnomμnoloπταΛlGv||vGτntμrprμtΛtτonGoνGlv|GsμΛrαρμsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 11

286 vμΛsurμmμntGoνGχμtGmultτplτατtyGγτstrτΞutτonsGτnG[oormulΛcGsμμGtμxt−GproγuαtτonGτnGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2014SG_[SGZWX[ 4.2 11

285 xΞsμrvΛtτonGoνG}opGzuΛrψGyroγuαtτonGτnGyrotonTwuαlμusGlollτsτonsUGPhysicalpReviewpLettersSG2017SG
XXbSGY[YWWX 7.4 11

284 vμΛsurμmμntsGoνGγτννμrμntτΛlGproγuαtτonGαrossGsμαtτonsGνorGΛG±GΞosonGτnGΛssoατΛtτonGwτtρGχμtsGτnGppG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

283 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGαρΛrπτnosGΛnγGnμutrΛlτnosGτnG–qGμvμntsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

282 |μΛrαρGνorGnμwGpρysταsGwτtρGγτχμtGΛnπulΛrGγτstrτΞutτonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 11

281 |μΛrαρGνorGsupμrsymmμtryGτnGtρμGvμαtorTΞosonGνusτonGtopoloπyGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 11

280 vμΛsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΛαtτvτtyGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfGWUbGPGΛnγG_G}μ’GwτtρGtρμG
novμlGχμtTΛrμΛVmμγτΛnGΛpproΛαρUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 11

279 oorwΛrγGμnμrπyGνlowSGαμntrΛlGαρΛrπμγTpΛrtταlμGmultτplτατtτμsSGΛnγGpsμuγorΛpτγτtyGπΛpsGτnG–GΛnγG±G
ΞosonGμvμntsGνromGppGαollτsτonsGΛtGOsqrt{s}fG_PG}μ’UGEuropeanpPhysicalpJournalpCSG2012SG_YSGX 4.2 11

278 |μΛrαρGνorGtρμGstΛnγΛrγGmoγμlGqτππsGΞosonGτnGtρμGqGTgG±±GTgGâ��Râ��â�� ˇ�Rˇ�â��GγμαΛyGαρΛnnμlGτnGppGαollτsτonsGΛtG
OGsqrtG{s}GfG{_}d{tμxt{}μ’}}GPUGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 11

277 vμΛsurμmμntsGoνGγτννμrμntτΛlG±GΞosonGproγuαtτonGαrossGsμαtτonsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 11

276 yμrνormΛnαμGoνGtρμGrμαonstruαtτonGΛnγGτγμntτνταΛtτonGoνGρτπρTmomμntumGmuonsGτnGprotonTprotonG
αollτsτonsGΛtGâ��sGfGXZG}μ’UGJournalpofpInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

275 nlμαtronGΛnγGpρotonGrμαonstruαtτonGΛnγGτγμntτνταΛtτonGwτtρGtρμGlv|GμxpμrτmμntGΛtGtρμGln{wGuqlUG
JournalpofpInstrumentationSG2021SGX^SGyW]WX[ 1 11

274 lρΛrπμγTpΛrtταlμGnuαlμΛrGmoγτνταΛtτonGνΛαtorsGτnG μ μGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GfG]U[[GPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 11
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273 |μΛrαρGνorG±˛‡GrμsonΛnαμsGusτnπGlμptonταGΛnγGρΛγronταGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 11

272 |μΛrαρGνorGtρμGγμαΛyGoνGΛGqτππsGΞosonGτnGtρμGâ��â�� ˛‡GαρΛnnμlGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 11

271
|μΛrαρGνorGΞμyonγGtρμGstΛnγΛrγGmoγμlGqτππsGΞosonsGγμαΛyτnπGτntoGΛGOG
mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}GPGpΛτrGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 11

270
vμΛsurμmμntsGoνGtρμGppGTgG–±GτnαlusτvμGΛnγGγτννμrμntτΛlGproγuαtτonGαrossGsμαtτonsGΛnγGαonstrΛτntsG
onGαρΛrπμγGΛnomΛlousGtrτplμGπΛuπμGαouplτnπsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2019SGYWXbSGX

5.4 10

269
|μΛrαρGνorGnμwGnμutrΛlGqτππsGΞosonsGtρrouπρGtρμGOGmΛtρrm{q}toGmΛtρrm{±j}toG
{μll}√{R}{μll}√{T}mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}GPGproαμssGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX

5.4 10

268 jGmultτTγτmμnsτonΛlGsμΛrαρGνorGnμwGρμΛvyGrμsonΛnαμsGγμαΛyτnπGtoGΞoostμγGSGSGorGΞosonGpΛτrsGτnGtρμG
γτχμtGντnΛlGstΛtμGΛtGXZ´ UGEuropeanpPhysicalpJournalpCSG2020SGaWSGYZ_ 4.2 10

267 vμΛsurμmμntGoνGtρμGtrΛnsvμrsμGmomμntumGspμαtrumGoνGtρμGqτππsGΞosonGproγuαμγGτnGppGαollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’GusτnπGqGTgG––GγμαΛysUGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 10

266 |μΛrαρGνorGμxατtμγGlμptonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2016SGYWX^SGX 5.4 10

265 lomΞτnΛtτonGoνGlv|GsμΛrαρμsGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGtoGpΛτrsGoνGΞosonsGorGlμptonsUGPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2019SG_baSGXZ[b]Y 4.2 10

264
vμΛsurμmμntGoνGtρμGρΛγronταGΛαtτvτtyGτnGμvμntsGwτtρGΛG±GΛnγGtwoGχμtsGΛnγGμxtrΛαtτonGoνGtρμGαrossG
sμαtτonGνorGtρμGμlμαtrowμΛψGproγuαtτonGoνGΛG±GwτtρGtwoGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UG
JournalpofpHighpEnergypPhysicsSG2013SGYWXZSGX

5.4 10

263 |μΛrαρGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGτnGμvμntsGwτtρGlμptonsSGχμtsSGΛnγGlΛrπμGtrΛnsvμrsμG
momμntumGτmΞΛlΛnαμGτnGppGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2013SG_ZSGY[bZ4.2 10

262 vμΛsurμmμntsGoνGχμtGαρΛrπμGwτtρGγτχμtGμvμntsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX 5.4 10

261 |μΛrαρGνorGΛssoατΛtμγGproγuαtτonGoνGΛG±GΞosonGwτtρGΛGsτnπlμGtopGquΛrψGΛnγGνorGt±GνlΛvourTαρΛnπτnπG
τntμrΛαtτonsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 10

260
|μΛrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛtGlμΛstGonμGpρotonSGmτssτnπGtrΛnsvμrsμGmomμntumSGΛnγG
lΛrπμGtrΛnsvμrsμGμvμntGΛαtτvτtyGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighp
EnergypPhysicsSG2017SGYWX_SGX

5.4 10

259 |μΛrαρGνorGnμwGpρysταsGwτtρGlonπTlτvμγGpΛrtταlμsGγμαΛyτnπGtoGpρotonsGΛnγGmτssτnπGμnμrπyGτnGppG
αollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 10

258 vμΛsurμmμntGoνGpropμrtτμsGoνGOG{mΛtρrm{k}}≥{mΛtρrm{s}}√WGPTgG˛…R˛…â��GγμαΛysGΛnγGsμΛrαρGνorGkWTgG˛…R˛…â��G
wτtρGtρμGlv|GμxpμrτmμntUGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 10

257 |μΛrαρGνorGtρμGΛssoατΛtμγGproγuαtτonGoνGΛGqτππsGΞosonGwτtρGΛGsτnπlμGtopGquΛrψGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 10

256 |μΛrαρGνorGrμsonΛntGpΛτrGproγuαtτonGoνGqτππsGΞosonsGγμαΛyτnπGtoGΞottomGquΛrψTΛntτquΛrψGpΛτrsGτnG
protonTprotonGαollτsτonsGΛtGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 10
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255
vμΛsurμmμntsGoνGγτννμrμntτΛlGαrossGsμαtτonsGoνGtopGquΛrψGpΛτrGproγuαtτonGΛsGΛGνunαtτonGoνGψτnμmΛtταG
μvμntGvΛrτΛΞlμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018
SGYWXaSGX

5.4 10

254 vμΛsurμmμntGoνGΛssoατΛtμγGproγuαtτonGoνGΛGΞosonGΛnγGΛGαρΛrmGquΛrψGτnGprotonTprotonGαollτsτonsGΛtUG
EuropeanpPhysicalpJournalpCSG2019SG_bSGY^b 4.2 9

253 |μΛrαρGνorGnμwGpρysταsGτnGντnΛlGstΛtμsGwτtρGΛGsτnπlμGpρotonGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 9

252 jGsμΛrαρGνorGtρμGstΛnγΛrγGmoγμlGqτππsGΞosonGγμαΛyτnπGtoGαρΛrmGquΛrψsUGJournalpofpHighpEnergyp
PhysicsSG2020SGYWYWSGX 5.4 9

251 |μΛrαρGνorGγΛrψGmΛttμrGτnGprotonTprotonGαollτsτonsGΛtGaG}μ’GwτtρGmτssτnπGtrΛnsvμrsμGmomμntumGΛnγG
vμαtorGΞosonGtΛππμγGχμtsUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 9

250 jzτmutρΛlGγμαorrμlΛtτonGoνGχμtsGwτγμlyGsμpΛrΛtμγGτnGrΛpτγτtyGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 9

249 vμΛsurμmμntGoνGΞGρΛγronGlτνμtτmμsGτnGppGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2018SG_aSG[]_ 4.2 9

248
|μΛrαρGνorGyρysταsGkμyonγGtρμG|tΛnγΛrγGvoγμlGτnGnvμntsGwτtρGqτπρTvomμntumGqτππsGkosonsGΛnγG
vτssτnπG}rΛnsvμrsμGvomμntumGτnGyrotonTyrotonGlollτsτonsGΛtGXZ´ }μ’UGPhysicalpReviewpLettersSG2018SG
XYWSGY[XaWX

7.4 9

247 |μΛrαρGνorGtopGquΛrψGpΛrtnμrsGwτtρGαρΛrπμG]VZGτnGtρμGsΛmμTsτπnGγτlμptonGΛnγGsτnπlμTlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 9

246
|μΛrαρGνorGΛssoατΛtμγGproγuαtτonGoνGγΛrψGmΛttμrGwτtρGΛGqτππsGΞosonGγμαΛyτnπGtoGOG
mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}GPGorG˛‡˛‡GΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 9

245 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGΛGvμαtorTlτψμGquΛrψGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛGqτππsGΞosonG
usτnπGΞoostμγGtopoloπτμsGτnGνullyGρΛγronταGντnΛlGstΛtμsUGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 9

244
vμΛsurμmμntGoνGμlμαtrowμΛψTτnγuαμγGproγuαtτonGoνG–˛‡GwτtρGtwoGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG
}μ’GΛnγGαonstrΛτntsGonGΛnomΛlousGquΛrtταGπΛuπμGαouplτnπsUGJournalpofpHighpEnergypPhysicsSG2017SG
YWX_SGX

5.4 9

243 |μΛrαρGνorGΛnomΛlousGtrτplμGπΛuπμGαouplτnπsGτnG––GΛnγG–±GproγuαtτonGτnGlμptonGRGχμtGμvμntsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 9

242 |μΛrαρGνorGΛGlτπρtGpsμuγosαΛlΛrGqτππsGΞosonGτnGtρμGΞoostμγG˛…˛…ˇ� ˇ�GντnΛlGstΛtμGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 9

241
|μΛrαρGνorGlμptonGνlΛvourGvτolΛtτnπGγμαΛysGoνGρμΛvyGrμsonΛnαμsGΛnγGquΛntumGΞlΛαψGρolμsGtoGΛnG
[oormulΛcGsμμGtμxt−GpΛτrGτnGprotonTprotonGαollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalp
CSG2016SG_^SGZX_

4.2 9

240 |μΛrαρGνorGΞlΛαψGρolμsGΛnγGspρΛlμronsGτnGρτπρTmultτplτατtyGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 9

239 vμΛsurμmμntGoνGαρΛrπμγGpΛrtταlμGspμαtrΛGτnGmτnτmumTΞτΛsGμvμntsGνromGprotonTprotonGαollτsτonsGΛtUG
EuropeanpPhysicalpJournalpCSG2018SG_aSG^b_ 4.2 9

238
|μΛrαρGνorGΛGsτnπlyGproγuαμγGtρτrγTπμnμrΛtτonGsαΛlΛrGlμptoquΛrψGγμαΛyτnπGtoGΛGˇ�GlμptonGΛnγGΛG
ΞottomGquΛrψGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SG
YWXaSGX

5.4 9
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237
|μΛrαρGνorGsupμrsymmμtryGwτtρGΛGαomprμssμγGmΛssGspμαtrumGτnGtρμGvμαtorGΞosonGνusτonGtopoloπyG
wτtρGXTlμptonGΛnγGWTlμptonGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofp
HighpEnergypPhysicsSG2019SGYWXbSGX

5.4 8

236 |μΛrαρGνorGαontΛαtGτntμrΛαtτonsGΛnγGlΛrπμGμxtrΛGγτmμnsτonsGτnGtρμGγτlμptonGmΛssGspμαtrΛGνromG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 8

235 sμtG|ρΛpμsGoνGrsolΛtμγGyρotonT}ΛππμγGsμtsGτnGyΞTyΞGΛnγGppGlollτsτonsGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UG
PhysicalpReviewpLettersSG2019SGXYYSGX]YWWX 7.4 8

234
vμΛsurμmμntGoνGτnαlusτvμGΛnγGγτννμrμntτΛlGqτππsGΞosonGproγuαtτonGαrossGsμαtτonsGτnGtρμGγτpρotonG
γμαΛyGαρΛnnμlGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SG
YWXbSGX

5.4 8

233 vμΛsurμmμntGoνGtopGquΛrψGpΛτrGproγuαtτonGτnGΛssoατΛtτonGwτtρGΛG±GΞosonGτnGprotonTprotonGαollτsτonsG
ΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 8

232 lompΛrτnπGtrΛnsvμrsμGmomμntumGΞΛlΛnαμGoνGΞGχμtGpΛτrsGτnGppGΛnγGyΞyΞGαollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}f]UWYGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 8

231 |μΛrαρGνorGsGαρΛnnμlGsτnπlμGtopGquΛrψGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalpofp
HighpEnergypPhysicsSG2016SGYWX^SGX 5.4 8

230 lonstrΛτnτnπGpluonGmτstrτΞutτonsGτnGwuαlμτG~sτnπGmτχμtsGτnGyrotonTyrotonGΛnγGyrotonTuμΛγGlollτsτonsG
ΛtGsqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2018SGXYXSGW^YWWY 7.4 8

229 |μΛrαρGνorGγΛrψGmΛttμrGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGsτnπlμGtopGquΛrψGorGΛGtopGquΛrψGpΛτrGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 8

228 |μΛrαρGνorGsτnπlμGproγuαtτonGoνGvμαtorTlτψμGquΛrψsGγμαΛyτnπGtoGΛG±GΞosonGΛnγGΛGtopGorGΛGΞottomG
quΛrψGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 8

227 vμΛsurμmμntGoνGtρμGtopGquΛrψGmΛssGusτnπGsτnπlμGtopGquΛrψGμvμntsGτnGprotonTprotonGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−´ }μ’UGEuropeanpPhysicalpJournalpCSG2017SG__SGZ][ 4.2 8

226 vμΛsurμmμntGoνGtρμGtrτplμTγτννμrμntτΛlGγτχμtGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsGΛtGΛnγG
αonstrΛτntsGonGpΛrtonGγτstrτΞutτonGνunαtτonsUGEuropeanpPhysicalpJournalpCSG2017SG__SG_[^ 4.2 8

225 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGΛGvμαtorTlτψμG}GquΛrψGusτnπGνullyGρΛγronταGντnΛlGstΛtμsUGJournalp
ofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 8

224 |μΛrαρGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGτnGmultτlμptonGντnΛlGstΛtμsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 8

223 vμΛsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΛαtτvτtyGτnGτnαlusτvμG±GΞosonGproγuαtτonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 8

222
|μΛrαρGνorGsτnπlyGΛnγGpΛτrTproγuαμγGlμptoquΛrψsGαouplτnπGtoGtρτrγTπμnμrΛtτonGνμrmτonsGτnG
protonTprotonGαollτsτonsGΛtGsfXZ´ }μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2021SGaXbSGXZ^[[^

4.2 8

221 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGαρΛrπτnosGτnGντnΛlGstΛtμsGwτtρGtwoGˇ�GlμptonsGτnGppGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

220 vμΛsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonGoνGΛG–´ ΞosonGτnGΛssoατΛtτonGwτtρGtwoGΞGχμtsGτnGppG
αollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2017SG__SGbY 4.2 7
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219 |μΛrαρGνorG|upμrsymmμtryGτnGppGlollτsτonsGΛtGsqrt[s−fXZGG}μ’GτnGtρμG|τnπlμTuμptonGoτnΛlG|tΛtμG~sτnπG
tρμG|umGoνGvΛssμsGoνGuΛrπμT{ΛγτusGsμtsUGPhysicalpReviewpLettersSG2017SGXXbSGX]XaWY 7.4 7

218 |tuγτμsGoνGkμΛutyG|upprμssτonGvτΛGwonpromptGm√{W}GvμsonsGτnGyΞTyΞGlollτsτonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2019SGXYZSGWYYWWX 7.4 7

217 |μΛrαρGνorGmΛrψGvΛttμrGyΛrtταlμsGyroγuαμγGτnGjssoατΛtτonGwτtρGΛG}opGzuΛrψGyΛτrGΛtGsqrt[s−fXZGG}μ’UG
PhysicalpReviewpLettersSG2019SGXYYSGWXXaWZ 7.4 7

216 vμΛsurμmμntGoνGtρμGμnμrπyGγμnsτtyGΛsGΛGνunαtτonGoνGpsμuγorΛpτγτtyGτnGprotonâ��protonGαollτsτonsGΛtG
Osqrt{s}GfXZStμxtG{}μ’}GPUGEuropeanpPhysicalpJournalpCSG2019SG_bSGX 4.2 7

215 |μΛrαρGνorGrΛrμGγμαΛysGoνGΛnγGqτππsGΞosonsGtoGΛnγGΛGpρotonGτnGprotonTprotonGαollτsτonsGΛtGfGXZUG
EuropeanpPhysicalpJournalpCSG2019SG_bSGb[ 4.2 7

214 |μΛrαρGνorGproγuαtτonGoνGqτππsGΞosonGpΛτrsGτnGtρμGνourGΞGquΛrψGντnΛlGstΛtμGusτnπGlΛrπμTΛrμΛGχμtsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 7

213 |μΛrαρGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGτntoGtwoGqτππsGΞosonsGorGτntoGΛGqτππsGΞosonGΛnγGΛG–GorG±G
ΞosonGτnGprotonTprotonGαollτsτonsGΛtGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 7

212
vμΛsurμmμntGoνGtρμGαrossGsμαtτonGνorGμlμαtrowμΛψGproγuαtτonGoνGΛG±GΞosonSGΛGpρotonGΛnγGtwoGχμtsG
τnGprotonTprotonGαollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’GΛnγGαonstrΛτntsGonGΛnomΛlousGquΛrtταG
αouplτnπsUGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX

5.4 7

211 |μΛrαρGνorGγΛrψGmΛttμrGpΛrtταlμsGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGqτππsGΞosonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 7

210 |μΛrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GτnGtρμGsτnπlμTlμptonGντnΛlGstΛtμGusτnπG
tρμGsumGoνGmΛssμsGoνGlΛrπμTrΛγτusGχμtsUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 7

209 vμΛsurμmμntGoνGtopGquΛrψGpolΛrτsΛtτonGτnGtTαρΛnnμlGsτnπlμGtopGquΛrψGproγuαtτonUGJournalpofpHighp
EnergypPhysicsSG2016SGYWX^SGX 5.4 7

208 sμtGpropμrtτμsGτnGyΞyΞGΛnγGppGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{w}dmΛtρrm{w}}}f]UWYGPG}μ’UGJournalpofp
HighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

207 vμΛsurμmμntGoνGtρμGsμmτlμptonταGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGRG˛‡GproγuαtτonGαrossGsμαtτonGτnG
ppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

206 |μΛrαρμsGνorG–hGΞosonsGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛGΞottomGquΛrψGτnGprotonTprotonGαollτsτonsGΛtG
XZG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

205 |μΛrαρGνorGΛGlτπρtGpsμuγosαΛlΛrGqτππsGΞosonGproγuαμγGτnGΛssoατΛtτonGwτtρGΞottomGquΛrψsGτnGppG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 7

204 vμΛsurμmμntGoνGtρμG±˛‡GproγuαtτonGαrossGsμαtτonGτnGppGαollτsτonsGΛtGaG}μ’GΛnγGsμΛrαρGνorGΛnomΛlousG
trτplμGπΛuπμGΞosonGαouplτnπsUGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 7

203 |μΛrαρGνorGγΛrψGpρotonsGτnGγμαΛysGoνGqτππsGΞosonsGproγuαμγGτnGΛssoατΛtτonGwτtρG±GΞosonsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 7

202
|μΛrαρGνorGnμwGpρysταsGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTsτπnSGsΛmμTνlΛvorGlμptonsSGχμtsSGΛnγGmτssτnπG
trΛnsvμrsμGmomμntumGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SG
YWX^SGX

5.4 7
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201 |μΛrαρGνorGlonπTlτvμγGpΛrtταlμsGusτnπGγμlΛyμγGpρotonsGτnGprotonTprotonGαollτsτonsGΛtGsfXZGG}μ’UG
PhysicalpReviewpDSG2019SGXWWSG 4.9 7

200 |μΛrαρGνorGuowTvΛssGzuΛrψTjntτquΛrψG{μsonΛnαμsGyroγuαμγGτnGjssoατΛtτonGwτtρGΛGyρotonGΛtG
sqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2019SGXYZSGYZXaWZ 7.4 7

199 |μΛrαρGνorGγΛrψGmΛttμrGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGlμptonταΛllyGγμαΛyτnπGΞosonGτnGprotonTprotonG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSGXZ 4.2 7

198 |μΛrαρGνorGrμsonΛnαμsGτnGtρμGmΛssGspμαtrumGoνGmuonGpΛτrsGproγuαμγGτnGΛssoατΛtτonGwτtρGΞGquΛrψGχμtsG
τnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPGΛnγGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

197
|μΛrαρGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGτntoGΛGvμαtorGΞosonGΛnγGΛGqτππsGΞosonGτnGντnΛlGstΛtμsGwτtρG
αρΛrπμγGlμptonsSGnμutrτnosGΛnγGΞGquΛrψsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SG
YWXaSGX

5.4 7

196 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGτntoGΛG±GΞosonGΛnγGΛG±GorG–GΞosonGτnGYâ��YqGντnΛlGstΛtμsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

195 |μΛrαρGνorGγΛrψGmΛttμrGproγuαμγGτnGΛssoατΛtτonGwτtρGΛGqτππsGΞosonGγμαΛyτnπGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

194 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGtoGΛGpΛτrGoνGvμαtorGΞosonsGτnGtρμGlμptonGplusGmμrπμγGχμtGντnΛlG
stΛtμGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 7

193 yrματsτonGlumτnosτtyGmμΛsurμmμntGτnGprotonTprotonGαollτsτonsGΛtGτnGYWX]GΛnγGYWX^GΛtGlv|UG
EuropeanpPhysicalpJournalpCSG2021SGaXSGaWW 4.2 7

192
|μΛrαρGνorGΛGuτπρtGlρΛrπμγGqτππsGkosonGmμαΛyτnπGtoGΛG–GkosonGΛnγGΛGlyTxγγGqτππsGkosonGτnGoτnΛlG
|tΛtμsGwτtρGμ˛…˛…GorG˛…˛…˛…GτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2019SG
XYZSGXZXaWY

7.4 6

191 |μΛrαρGνorGsτnπlμGproγuαtτonGoνGvμαtorTlτψμGquΛrψsGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛGΞosonGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGbW 4.2 6

190 xΞsμrvΛtτonGoνG|τnπlμG}opGzuΛrψGyroγuαtτonGτnGjssoατΛtτonGwτtρGΛG±GkosonGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2019SGXYYSGXZYWWZ 7.4 6

189 vμΛsurμmμntGoνGtρμGunγμrlyτnπGμvμntGΛαtτvτtyGusτnπGαρΛrπμγTpΛrtταlμGχμtsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fYU_^GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 6

188 vτxμγGρτπρμrTorγμrGΛnτsotropταGνlowGΛnγGnonlτnμΛrGrμsponsμGαoμνντατμntsGoνGαρΛrπμγGpΛrtταlμsGτnG
αollτsτonsGΛtGΛnγG]UWYUGEuropeanpPhysicalpJournalpCSG2020SGaWSG]Z[ 4.2 6

187 vμΛsurμmμntGoνGμlμαtrowμΛψGproγuαtτonGoνGΛGΞosonGτnGΛssoατΛtτonGwτtρGtwoGχμtsGτnGprotonTprotonG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2020SGaWSG[Z 4.2 6

186 lonstrΛτntsGonGtρμGˇ�≥{αX}GvμrsusGˇ�≥{αY}GyolΛrτzΛtτonsGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−faGG}μ’UG
PhysicalpReviewpLettersSG2020SGXY[SGX^YWWY 7.4 6

185 |μΛrαρGνorGlμptonGνlΛvourGvτolΛtτnπGγμαΛysGoνGΛGnμutrΛlGρμΛvyGqτππsGΞosonGtoG˛…ˇ�GΛnγGμˇ�GτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 6

184 vμΛsurμmμntGoνGγτχμtGΛzτmutρΛlGγμαorrμlΛtτonGτnGpp´ αollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanp
PhysicalpJournalpCSG2016SG_^SG]Z^ 4.2 6
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183 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛGvμαtorTlτψμGtopGquΛrψGτnGtρμGlμptonGRG
χμtsGντnΛlGstΛtμGτnGppGαollτsτonsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPUGEuropeanpPhysicalpJournalpCSG2019SG_bSGX 4.2 6

182 |μΛrαρGνorGtρμGstΛnγΛrγGmoγμlGqτππsGΞosonGproγuαμγGτnGΛssoατΛtτonGwτtρG–GΛnγG±GΞosonsGτnGppG
αollτsτonsGΛtGOGsqrt{s}f_GP}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 6

181 |μΛrαρGνorGtρμGΛssoατΛtμγGproγuαtτonGoνGtρμGqτππsGΞosonGwτtρGΛGtopTquΛrψGpΛτrG2014SGYWX[SGX 6

180
|μΛrαρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμlyGαρΛrπμγGsΛmμTνlΛvorGlμptonsGΛnγG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighp
EnergypPhysicsSG2021SGYWYXSGX

5.4 6

179 |μΛrαρGνorGγτrμαtGpΛτrGproγuαtτonGoνGsαΛlΛrGtopGquΛrψsGτnGtρμGsτnπlμTGΛnγGγτlμptonGαρΛnnμlsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 6

178 vμΛsurμmμntGoνGtρμGγτννμrμntτΛlGmrμllT¯ΛnGαrossGsμαtτonGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 6

177 vμΛsurμmμntGoνGtρμGΛvμrΛπμGvμryGνorwΛrγGμnμrπyGΛsGΛGνunαtτonGoνGtρμGtrΛαψGmultτplτατtyGΛtGαμntrΛlG
psμuγorΛpτγτtτμsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGabZ 4.2 6

176 |μΛrαρGνorGnμwGpρysταsGτnGtopGquΛrψGproγuαtτonGτnGγτlμptonGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsG
ΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGaa^ 4.2 6

175
vμΛsurμmμntsGoνGproγuαtτonGαrossGsμαtτonsGoνGpolΛrτzμγGsΛmμTsτπnG–GΞosonGpΛτrsGτnGΛssoατΛtτonG
wτtρGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΛtGsfXZG}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsSG2021SGaXYSGXZ^WXa

4.2 6

174 |μΛrαρGνorGγμαΛysGoνGstoppμγGμxotταGlonπTlτvμγGpΛrtταlμsGproγuαμγGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 6

173 |μΛrαρGνorGtopGsquΛrψsGγμαΛyτnπGvτΛGνourTΞoγyGorGαρΛrπτnoTmμγτΛtμγGmoγμsGτnGsτnπlμTlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 6

172 nvτγμnαμGνorGtρμGjssoατΛtμγGyroγuαtτonGoνGΛG|τnπlμG}opGzuΛrψGΛnγGΛGyρotonGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2018SGXYXSGYYXaWY 7.4 6

171 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGτntoGΛG±GΞosonGΛnγGΛGvμαtorGΞosonGτnGtρμGOGnuG
ovμrlτnμ{nu}mΛtρrm{q}ovμrlτnμ{mΛtρrm{q}}GPGντnΛlGstΛtμUGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 6

170 vμΛsurμmμntGoνGtρμGmΛssGoνGtρμGtopGquΛrψGτnGγμαΛysGwτtρGΛGsVˇ�GmμsonGτnGppGαollτsτonsGΛtGaG}μ’UG
JournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 5

169 |μΛrαρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGpρotonsGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΛtGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 5

168 vμΛsurμmμntGoνGtρμGτnαlusτvμGμnμrπyGspμαtrumGτnGtρμGvμryGνorwΛrγGγτrμαtτonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 5

167 lompΛrτsonGoνGtρμG±V˛‡GQGRGχμtsGtoG˛‡GRGχμtsGαrossGsμαtτonsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalp
ofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4 5

166 vμΛsurμmμntGoνGμnμrπyGνlowGΛtGlΛrπμGpsμuγorΛpτγτtτμsGτnGppGαollτsτonsGΛtGOGsqrtG{s}GfGWU{b}GPGΛnγG_G
}μ’G2011SGYWXXSGX 5
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165 xΞsμrvΛtτonGoνGtρμG˛�ΞWTgsVˇ�˛�hGγμαΛyGτnGprotonTprotonGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionp
B:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2020SGaWYSGXZ]YWZ 4.2 5

164
|μΛrαρGνorGΛGρμΛvyGpsμuγosαΛlΛrGqτππsGΞosonGγμαΛyτnπGτntoGΛGXY]Gpμ’GqτππsGΞosonGΛnγGΛG±GΞosonGτnG
ντnΛlGstΛtμsGwτtρGtwoGtΛuGΛnγGtwoGlτπρtGlμptonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2020SGYWYWSGX

5.4 5

163 vμΛsurμmμntsGoνGproγuαtτonGαrossGsμαtτonsGΛnγGαonstrΛτntsGonGΛnomΛlousGtrτplμGπΛuπμGαouplτnπsG
ΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSGYWW 4.2 5

162 vμΛsurμmμntGoνGtρμGqτππsGΞosonGproγuαtτonGrΛtμGτnGΛssoατΛtτonGwτtρGtopGquΛrψsGτnGντnΛlGstΛtμsGwτtρG
μlμαtronsSGmuonsSGΛnγGρΛγronταΛllyGγμαΛyτnπGtΛuGlμptonsGΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSGZ_a 4.2 5

161 vμΛsurμmμntsGoνGproγuαtτonGαrossGsμαtτonsGoνGtρμGqτππsGΞosonGτnGtρμGνourTlμptonGντnΛlGstΛtμGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSG[aa 4.2 5

160 |μΛrαρGνorGrμsonΛntGΛnγGnonrμsonΛntGnμwGpρμnomμnΛGτnGρτπρTmΛssGγτlμptonGντnΛlGstΛtμsGΛtGOGsqrt{s}G
PGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 5

159
|μΛrαρGνorGrμsonΛnαμsGγμαΛyτnπGtoGΛGpΛτrGoνGqτππsGΞosonsGτnGtρμGΞOGovμrlτnμ{mΛtρrm{Ξ}}GPqOG
ovμrlτnμ{mΛtρrm{q}}GPâ��â�� ˛‰GντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighp
EnergypPhysicsSG2019SGYWXbSGX

5.4 5

158 |μΛrαρGνorGtopGsquΛrψGpΛτrGproγuαtτonGusτnπGγτlμptonGντnΛlGstΛtμsGτnGαollτsτonGγΛtΛGαollμαtμγGΛtUG
EuropeanpPhysicalpJournalpCSG2021SGaXSGZ 4.2 5

157 vμΛsurμmμntGoνGtρμGπroomμγGχμtGmΛssGτnGyΞyΞGΛnγGppGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}f]UWYGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 5

156 vμΛsurμmμntGoνGtρμGproγuαtτonGαrossGsμαtτonGνorGsτnπlμGtopGquΛrψsGτnGΛssoατΛtτonGwτtρG–GΞosonsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 5

155 vμΛsurμmμntGoνGtρμGαrossGsμαtτonGτnGppGαollτsτonsGΛtGΛnγGvΛlτγΛtτonGoνGlμptonGΛnΛlysτsGtμαρnτquμsUG
EuropeanpPhysicalpJournalpCSG2018SG_aSG_Wa 4.2 5

154 |μΛrαρGνorGΛGlowTmΛssGˇ�â��ˇ�RGrμsonΛnαμGτnGΛssoατΛtτonGwτtρGΛGΞottomGquΛrψGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 4

153 |μΛrαρGνorGtρμGpΛτrGproγuαtτonGoνGlτπρtGtopGsquΛrψsGτnGtρμGμ´–˛…hGντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 4

152
|μΛrαρGνorGnonrμsonΛntGqτππsGΞosonGpΛτrGproγuαtτonGτnGtρμGOG
mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}mΛtρrm{Ξ}ovμrlτnμ{mΛtρrm{Ξ}}GPGντnΛlGstΛtμGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX

5.4 4

151 |tuγyGoνGtρμGunγμrlyτnπGμvμntGτnGtopGquΛrψGpΛτrGproγuαtτonGτnGαollτsτonsGΛtGXZUGEuropeanpPhysicalp
JournalpCSG2019SG_bSGXYZ 4.2 4

150 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGνorGτnαlusτvμGτsolΛtμγTpρotonGΛnγGpρotonRχμtG
proγuαtτonGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGYW 4.2 4

149 mτstrτΞutτonsGoνGtopoloπταΛlGoΞsμrvΛΞlμsGτnGτnαlusτvμGtρrμμTGΛnγGνourTχμtGμvμntsGτnGppGαollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanpPhysicalpJournalpCSG2015SG_]SGZWY 4.2 4

148 nvτγμnαμGνorGOtμxtG{–}tμxtG{–}PGproγuαtτonGνromGγouΞlμTpΛrtonGτntμrΛαtτonsGτnGprotonâ��protonG
αollτsτonsGΛtGOsqrt{s}GfGXZGStμxtG{}μ’}GPUGEuropeanpPhysicalpJournalpCSG2020SGaWSGX 4.2 4
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147 |tuγyGoνGγτχμtGμvμntsGwτtρGΛGlΛrπμGrΛpτγτtyGπΛpGΞμtwμμnGtρμGtwoGlμΛγτnπGχμtsGτnGppGαollτsτonsGΛtUG
EuropeanpPhysicalpJournalpCSG2018SG_aSGY[Y 4.2 4

146 ysμuγorΛpτγτtyGγτstrτΞutτonsGoνGαρΛrπμγGρΛγronsGτnGprotonTlμΛγGαollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}f]UWYGPGΛnγGaUX^G}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 4

145
|μΛrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛtGlμΛstGtρrμμGμlμαtronsGorGmuonsSGχμtsSGΛnγGmτssτnπG
trΛnsvμrsμGmomμntumGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergyp
PhysicsSG2018SGYWXaSGX

5.4 4

144 |μΛrαρGνorGΛG–hGΞosonGγμαΛyτnπGtoGΛGvμαtorTlτψμGquΛrψGΛnγGΛGtopGorGΞottomGquΛrψGτnGtρμGΛllTχμtsGντnΛlG
stΛtμUGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 4

143 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛGvμαtorTlτψμGtopGquΛrψGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 4

142 |μΛrαρGνorGρτπρTmΛssG±˛‡GrμsonΛnαμsGτnGμRμâ��˛‡GΛnγG˛…GRG˛…Gâ��˛‡GντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}faGPGΛnγGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 4

141 |μΛrαρGνorGlyGvτolΛtτonGτnGOGtovμrlτnμ{t}GPGproγuαtτonGΛnγGγμαΛyGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 4

140 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGΛnγGαρΛrπμGrΛtτosGνorGTαρΛnnμlGsτnπlμGtopGquΛrψG
proγuαtτonGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2020SGaWSGZ_W 4.2 4

139 vμΛsurμmμntGoνGquΛrψTGΛnγGπluonTlτψμGχμtGνrΛαtτonsGusτnπGχμtGαρΛrπμGτnGyΞyΞGΛnγGppGαollτsτonsGΛtG
]UWYG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 4

138 xΞsμrvΛtτonGoνGtρμGk≥{s}√{W}Tg OZa_YPhGmμαΛyUGPhysicalpReviewpLettersSG2020SGXY]SGX]YWWX 7.4 4

137
|μΛrαρGνorGnonrμsonΛntGqτππsGΞosonGpΛτrGproγuαtτonGτnGντnΛlGstΛtμsGwτtρGtwoGΞottomGquΛrψsGΛnγG
twoGpρotonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SG
YWYXSGX

5.4 4

136 |μΛrαρGνorGnμwGpρysταsGτnGtopGquΛrψGproγuαtτonGwτtρGΛγγτtτonΛlGlμptonsGτnGprotonTprotonGαollτsτonsG
ΛtGOGsqrt{s}GPGfGXZG}μ’GusτnπGμννμαtτvμGντμlγGtρμoryUGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 4

135 vμΛsurμmμntGoνGμlμαtrowμΛψGproγuαtτonGoνGΛG–GΞosonGΛnγGtwoGνorwΛrγGχμtsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 4

134 jzτmutρΛlGαorrμlΛtτonsGνorGτnαlusτvμGYTχμtSGZTχμtSGΛnγG[TχμtGμvμntsGτnGppGαollτsτonsGΛtGOsqrt{s}fGXZ~ρΞoxG
{}μ’}PUGEuropeanpPhysicalpJournalpCSG2018SG_aSGX 4.2 4

133 |μΛrαρGνorGlonπTlτvμγGpΛrtταlμsGusτnπGγτsplΛαμγGχμtsGτnGprotonTprotonGαollτsτonsGΛtGsfXZGG}μ’UGPhysicalp
ReviewpDSG2021SGXW[SG 4.9 4

132 v~|τlcGΛGmoγμlTunspματνταGsμΛrαρGνorGnμwGpρysταsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalp
JournalpCSG2021SGaXSG^Yb 4.2 4

131 |μΛrαρGνorGtopGsquΛrψGproγuαtτonGτnGνullyGρΛγronταGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtG
sfXZGG}μ’UGPhysicalpReviewpDSG2021SGXW[SG 4.9 4

130
|μΛrαρGνorGtρμGΛssoατΛtμγGproγuαtτonGoνGtρμGqτππsGΞosonGΛnγGΛGvμαtorGΞosonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’GvτΛGqτππsGΞosonGγμαΛysGtoGˇ�GlμptonsUGJournalpofpHighpEnergypPhysicsSG
2019SGYWXbSGX

5.4 3
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129 |μΛrαρGνorGγτrμαtGpΛτrGproγuαtτonGoνGsupμrsymmμtrταGpΛrtnμrsGtoGtρμGlμptonGτnGprotonTprotonG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2020SGaWSGXab 4.2 3

128
vμΛsurμmμntGoνGtρμGtopGquΛrψGνorwΛrγTΞΛαψwΛrγGproγuαtτonGΛsymmμtryGΛnγGtρμGΛnomΛlousG
αρromoμlμαtrταGΛnγGαρromomΛπnμtταGmomμntsGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighp
EnergypPhysicsSG2020SGYWYWSGX

5.4 3

127
|μΛrαρGνorG|upμrsymmμtryGwτtρGΛGlomprμssμγGvΛssG|pμαtrumGτnGnvμntsGwτtρGΛG|oνtGˇ�GuμptonSGΛG
qτπρlyGnnμrπμtταGsμtSGΛnγGuΛrπμGvτssτnπG}rΛnsvμrsμGvomμntumGτnGyrotonTyrotonGlollτsτonsGΛtG
sqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2020SGXY[SGW[XaWZ

7.4 3

126
vμΛsurμmμntGoνGtρμGτnαlusτvμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGαrossGsμαtτonGτnGppGαollτsτonsGΛtGOG
sqrt{s}f]UWYGPG}μ’GusτnπGντnΛlGstΛtμsGwτtρGΛtGlμΛstGonμGαρΛrπμγGlμptonUGJournalpofpHighpEnergypPhysicsSG
2018SGYWXaSGX

5.4 3

125 |μΛrαρGνorG±±GrμsonΛnαμsGτnGtρμGYâ��Y˛‰GντnΛlGstΛtμGτnGprotonTprotonGαollτsτonsGΛtGXZG}μ’UGJournalpofp
HighpEnergypPhysicsSG2018SGYWXaSGX 5.4 3

124 |μΛrαρGνorGpΛτrGproγuαtτonGoνGμxατtμγGtopGquΛrψsGτnGtρμGlμptonGRGχμtsGντnΛlGstΛtμUGJournalpofpHighp
EnergypPhysicsSG2014SGYWX[SGX 5.4 3

123 }μstGΞμΛmGpμrνormΛnαμGmμΛsurμmμntsGνorGtρμGyρΛsμGrGupπrΛγμGoνGtρμGlv|GpτxμlGγμtμαtorUGJournalp
ofpInstrumentationSG2017SGXYSGyW]WYYTyW]WYY 1 3

122 |μΛrαρGνorGtopGquΛrψGpΛrtnμrsGwτtρGαρΛrπμG]VZGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UG
JournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 3

121 |tuγyGoνGρΛγronταGμvμntTsρΛpμGvΛrτΛΞlμsGτnGmultτχμtGντnΛlGstΛtμsGτnGppGαollτsτonsGΛtGOGsqrt{s}GfG_GPG}μ’UG
JournalpofpHighpEnergypPhysicsSG2014SGYWX[SGX 5.4 3

120 vμΛsurμmμntGoνGtρμGαrossGsμαtτonGνorGproγuαtτonGoνGOGΞovμrlτnμGΞG GPGγμαΛyτnπGtoGmuonsGτnGppG
αollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalpofpHighpEnergypPhysicsSG2012SGYWXYSGX 5.4 3

119
vμΛsurμmμntsGoνGtρμGOmΛtρrmG{p}mΛtρrmG{p}rτπρtΛrrowGmΛtρrm{±}mΛtρrm{±}PGproγuαtτonGαrossG
sμαtτonGΛnγGtρμGOmΛtρrm{±}rτπρtΛrrowG[μllGPGΞrΛnαρτnπGνrΛαtτonSGΛnγGαonstrΛτntsGonGΛnomΛlousGtrτplμG
πΛuπμGαouplτnπsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPG2018SG_aSGX

3

118 lomΞτnμγGsμΛrαρμsGνorGtρμGproγuαtτonGoνGsupμrsymmμtrταGtopGquΛrψGpΛrtnμrsGτnGprotonTprotonG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSGb_W 4.2 3

117 |μΛrαρGνorGnμwGpΛrtταlμsGτnGμvμntsGwτtρGμnμrπμtταGχμtsGΛnγGlΛrπμGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 3

116 vμΛsurμmμntGoνGtρμGOGtovμrlτnμ{t}GPGproγuαtτonGαrossGsμαtτonGτnGtρμGγτlμptonGαρΛnnμlGτnGppGαollτsτonsG
ΛtGOGsqrt{s}GPGfGaG}μ’G2014SGYWX[SGX 3

115 mμpμnγμnαμGoνGτnαlusτvμGχμtGproγuαtτonGonGtρμGΛntτTψ}GγτstΛnαμGpΛrΛmμtμrGτnGppGαollτsτonsGΛtGOG
sqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 3

114 rnvμstτπΛtτonGτntoGtρμGμvμntTΛαtτvτtyGγμpμnγμnαμGoνGhOn|PGrμlΛtτvμGproγuαtτonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 3

113 jGmμμpGwμurΛlGwμtworψGνorG|τmultΛnμousGnstτmΛtτonGoνGΞGsμtGnnμrπyGΛnγG{μsolutτonUGComputingp
andpSoftwarepforpBigpScienceSG2020SG[SGXW 6 3

112 |tuγτμsGoνGlρΛrmGzuΛrψGmτννusτonGτnsτγμGsμtsG~sτnπGyΞTyΞGΛnγGppGlollτsτonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2020SGXY]SGXWYWWX 7.4 3

(2020-2020)
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111 vμΛsurμmμntGoνGtρμGτnαlusτvμGΛnγGγτννμrμntτΛlGqτππsGΞosonGproγuαtτonGαrossGsμαtτonsGτnGtρμG
lμptonταG––GγμαΛyGmoγμGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 3

110 vμΛsurμmμntsGoνGqτππsGΞosonGproγuαtτonGαrossGsμαtτonsGΛnγGαouplτnπsGτnGtρμGγτpρotonGγμαΛyG
αρΛnnμlGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 3

109 nννμαtGoνGpΛmmΛT{ΛyGnnμrπyGonGrmΛπμGzuΛlτtyGτnGyΛssτvμGpΛmmΛGnmτssτonG}omoπrΛpρyGoνG|pμntG
wuαlμΛrGouμlUGIEEEpTransactionsponpNuclearpScienceSG2019SG^^SG[a_T[b^ 1.7 3

108 nvμntGsρΛpμGvΛrτΛΞlμsGmμΛsurμγGusτnπGmultτχμtGντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 3

107 |μΛrαρGνorGlμptonTνlΛvorGvτolΛtτnπGγμαΛysGoνGρμΛvyGrμsonΛnαμsGΛnγGquΛntumGΞlΛαψGρolμsGtoGμ˛…GντnΛlG
stΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 3

106 |μΛrαρGνorGαρΛrπμγGqτππsGΞosonsGproγuαμγGτnGvμαtorGΞosonGνusτonGproαμssμsGΛnγGγμαΛyτnπGτntoG
vμαtorGΞosonGpΛτrsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSG_YZ 4.2 3

105 lonstrΛτntsGonGΛnomΛlousGqτππsGΞosonGαouplτnπsGtoGvμαtorGΞosonsGΛnγGνμrmτonsGτnGτtsGproγuαtτonG
ΛnγGγμαΛyGusτnπGtρμGνourTlμptonGντnΛlGstΛtμUGPhysicalpReviewpDSG2021SGXW[SG 4.9 3

104 |μΛrαρGνorGrμsonΛntGproγuαtτonGoνGsμαonγTπμnμrΛtτonGslμptonsGwτtρGsΛmμTsτπnGγτmuonGμvμntsGτnG
protonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGZW] 4.2 2

103 |μΛrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGpρotonSGΛGlμptonSGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GfGXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 2

102 |μΛrαρGνorGγμαΛysGoνGtρμGXY]Gpμ’GqτππsGΞosonGτntoGΛG±GΞosonGΛnγGΛGˇ�GorGhGmμsonUGJournalpofpHighp
EnergypPhysicsSG2020SGYWYWSGX 5.4 2

101
mμtμrmτnΛtτonGoνGtρμGstronπGαouplτnπGαonstΛntG˛–|Om±PGνromGmμΛsurμmμntsGoνGτnαlusτvμG–´–GΛnγG±G
ΞosonGproγuαtτonGαrossGsμαtτonsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfG_GΛnγGaG}μ’UG
JournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX

5.4 2

100
|μΛrαρGνorGnμwGpρμnomμnΛGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTαρΛrπμSGsΛmμTνlΛvorGlμptonsSGχμtsSGΛnγG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2018SGYWXaSGX

5.4 2

99 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGτnGtρμGψτnμmΛtταGΛnπulΛrGvΛrτΛΞlμGhQGνorGτnαlusτvμG±G
ΞosonGproγuαtτonGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4 2

98 |μΛrαρGνorGγΛrψGmΛttμrGpΛrtταlμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’GusτnπGtρμGrΛzorG
vΛrτΛΞlμsUGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 2

97 |μΛrαρGνorG–hGTgGtΞGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG
2016SGYWX^SGX 5.4 2

96 |μΛrαρGνorGtρμGproγuαtτonGoνGΛnGμxατtμγGΞottomGquΛrψGγμαΛyτnπGtoGt–GτnGprotonTprotonGαollτsτonsGΛtG
OGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2016SGYWX^SGX 5.4 2

95
rnαlusτvμGsμΛrαρGνorGsupμrsymmμtryGτnGppGαollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GusτnπGrΛzorGvΛrτΛΞlμsGΛnγG
ΞoostμγGoΞχμαtGτγμntτνταΛtτonGτnGzμroGΛnγGonμGlμptonGντnΛlGstΛtμsUGJournalpofpHighpEnergypPhysicsSG
2019SGYWXbSGX

5.4 2

94 |μΛrαρGνorGμxατtμγGlμptonsGτnGâ��â�� ˛‡GντnΛlGstΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{mΛtρrm{s}}fXZGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 2
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93 vμΛsurμmμntsGoνGtρμGppGTgG–˛‡˛‡GΛnγGppGTgG±˛‡˛‡GαrossGsμαtτonsGΛnγGlτmτtsGonGΛnomΛlousGquΛrtταGπΛuπμG
αouplτnπsGΛtGOGsqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2017SGYWX_SGX 5.4 2

92 lρΛrΛαtμrτsΛtτonGoνGτrrΛγτΛtμγGtρτnGsτlταonGsμnsorsGνorGtρμGlv|GpρΛsμGrrGpτxμlGupπrΛγμUGEuropeanp
PhysicalpJournalpCSG2017SG__SGX 4.2 2

91 |μΛrαρGνorGnμwGpρμnomμnΛGwτtρGmultτplμGαρΛrπμγGlμptonsGτnGprotonâ��protonGαollτsτonsGΛtGOsqrt{s}fG
XZPGOStμxtG{}μ’}PUGEuropeanpPhysicalpJournalpCSG2017SG__SGX 4.2 2

90 |μΛrαρGνorGΛGρμΛvyGqτππsGΞosonGγμαΛyτnπGτntoGtwoGlτπρtμrGqτππsGΞosonsGτnGtρμGˇ�ˇ�ΞΞGντnΛlGstΛtμGΛtGXZG
}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 2

89 |μΛrαρGνorGnμwGpρysταsGτnGμvμntsGwτtρGsΛmμTsτπnGγτlμptonsGΛnγGΞGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}faGPG
}μ’G2013SGYWXZSGX 2

88 |μΛrαρGνorGsupμrsymmμtryGusτnπGqτππsGΞosonGtoGγτpρotonGγμαΛysGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofp
HighpEnergypPhysicsSG2019SGYWXbSGX 5.4 2

87 xΞsμrvΛtτonGoνGtρμGyroγuαtτonGoνG}ρrμμGvΛssτvμGpΛuπμGkosonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewp
LettersSG2020SGXY]SGX]XaWY 7.4 2

86 }ρμGproγuαtτonGoνGτsolΛtμγGpρotonsGτnGyΞyΞGΛnγGppGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GPGfG]UWYG}μ’UG
JournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 2

85 kosμTnτnstμτnGαorrμlΛtτonsGoνGαρΛrπμγGρΛγronsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 2

84 vμΛsurμmμntGoνGtρμGsμtGvΛssGmτstrτΞutτonGΛnγG}opGzuΛrψGvΛssGτnGqΛγronταGmμαΛysGoνGkoostμγG}opG
zuΛrψsGτnGppGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2020SGXY[SGYWYWWX 7.4 2

83 |tuγyGoνGαμntrΛlGμxαlusτvμGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtGΛnγGXZ}μ’UGEuropeanpPhysicalp
JournalpCSG2020SGaWSG_Xa 4.2 2

82 |μΛrαρGνorGpρysταsGΞμyonγGtρμGstΛnγΛrγGmoγμlGτnGμvμntsGwτtρGχμtsGΛnγGtwoGsΛmμTsτπnGorGΛtGlμΛstG
tρrμμGαρΛrπμγGlμptonsGτnGprotonTprotonGαollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2020SGaWSG_]Y 4.2 2

81 |μΛrαρGνorGγΛrψGpρotonsGτnGqτππsGΞosonGproγuαtτonGvτΛGvμαtorGΞosonGνusτonGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 2

80 jnπulΛrGΛnΛlysτsGoνGtρμGγμαΛyGkRGTgGtQOabYPR˛…R˛…â��GτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfG
aG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 2

79 oτrstGmμΛsurμmμntGoνGlΛrπμGΛrμΛGχμtGtrΛnsvμrsμGmomμntumGspμαtrΛGτnGρμΛvyTτonGαollτsτonsUGJournalp
ofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 2

78 yμrνormΛnαμGoνGtρμGlv|GmuonGtrτππμrGsystμmGτnGprotonTprotonGαollτsτonsGΛtGâ��OsPGfGXZUGJournalpofp
InstrumentationSG2021SGX^SGyW_WWX 1 2

77 |μΛrαρGνorGtρμGproγuαtτonGoνGνourGtopGquΛrψsGτnGtρμGsτnπlμTlμptonGΛnγGopposτtμTsτπnGγτlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 2

76 }ρμGlv|GyρΛsμTXGpτxμlGγμtμαtorGupπrΛγμUGJournalpofpInstrumentationSG2021SGX^SGyWYWY_TyWYWY_ 1 2

(2021-2017)
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75 |μΛrαρGνorG–hGΞosonsGγμαΛyτnπGtoGΛGtopGΛnγGΛGΞottomGquΛrψGΛtGsfXZ}μ’GτnGtρμGρΛγronταGντnΛlGstΛtμUG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2021SGaYWSGXZ^]Z] 4.2 2

74 |μΛrαρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGpρotonSGχμtsSGTχμtsSGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGαollτsτonsGΛtGXZUGEuropeanpPhysicalpJournalpCSG2019SG_bSG[[[ 4.2 1

73 |μΛrαρGνorG–GkosonGmμαΛysGtoG}ρrμμGlρΛrπμγGyτonsUGPhysicalpReviewpLettersSG2019SGXYYSGX]XaWY 7.4 1

72 |μΛrαρGνorGwΛrrowGq˛‡G{μsonΛnαμsGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewp
LettersSG2019SGXYYSGWaXaW[ 7.4 1

71 nvτγμnαμGνorG}opGzuΛrψGyroγuαtτonGτnGwuαlμusTwuαlμusGlollτsτonsUGPhysicalpReviewpLettersSG2020SG
XY]SGYYYWWX 7.4 1

70
|μΛrαρGνorGsupμrsymmμtryGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’GτnGμvμntsGwτtρG
ρτπρTmomμntumG±GΞosonsGΛnγGmτssτnπGtrΛnsvμrsμGmomμntumUGJournalpofpHighpEnergypPhysicsSG2020SG
YWYWSGX

5.4 1

69 |μΛrαρGνorGΛnGμxατtμγGlμptonGtρΛtGγμαΛysGvτΛGΛGαontΛαtGτntμrΛαtτonGtoGΛGlμptonGΛnγGtwoGχμtsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 1

68 |μΛrαρGνorGtopGsquΛrψGpΛτrGproγuαtτonGτnGΛGντnΛlGstΛtμGwτtρGtwoGtΛuGlμptonsGτnGprotonTprotonG
αollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 1

67 }ρτnGwΛrO}lPGαrystΛlsGtoGμnρΛnαμGtρμGγμtμαtτonGsμnsτtτvτtyGνorGmoltμnGjmGsourαμsUGAppliedpRadiationp
andpIsotopesSG2018SGXZbSGXYXTXY^ 1.7 1

66 nvτγμnαμGνorG OZa_YPGτnGyΞTyΞGlollτsτonsGΛnγG|tuγτμsGoνGτtsGyromptGyroγuαtτonGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UUGPhysicalpReviewpLettersSG2022SGXYaSGWZYWWX 7.4 1

65 vμΛsurμmμntGoνGΞGρΛγronGlτνμtτmμsGτnGppGαollτsτonsGΛtGOsqrt{s}GfGaPGOStμxtG{}μ}tμxtG{’}PG2018SG_aSGX 1

64 vμΛsurμmμntGoνGγτννμrμntτΛlGtt´flGproγuαtτonGαrossGsμαtτonsGτnGtρμGνullGψτnμmΛtταGrΛnπμGusτnπG
lμptonRχμtsGμvμntsGνromGprotonTprotonGαollτsτonsGΛtGsfXZGG}μ’UGPhysicalpReviewpDSG2021SGXW[SG 4.9 1

63 |μΛrαρGνorGαρΛrπτnoTnμutrΛlτnoGproγuαtτonGτnGμvμntsGwτtρGqτππsGΛnγG–GΞosonsGusτnπGXZ_GνΞâ��XGoνG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 1

62 vμΛsurμmμntGoνGtρμGμlμαtrowμΛψGproγuαtτonGoνG±˛‡GΛnγGtwoGχμtsGτnGprotonTprotonGαollτsτonsGΛtG
sfXZGG}μ’GΛnγGαonstrΛτntsGonGΛnomΛlousGquΛrtταGπΛuπμGαouplτnπsUGPhysicalpReviewpDSG2021SGXW[SG 4.9 1

61 vμΛsurμmμntsGoνGtρμGppGTgG–´–˛‡˛‡GΛnγGppGTgG±˛‡˛‡GαrossGsμαtτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’GΛnγG
lτmτtsGonGΛnomΛlousGquΛrtταGπΛuπμGαouplτnπsUGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 1

60 |tuγyGoνGtρμGOG{mΛtρrm{k}}√{R}toGmΛtρrm{s}VuppsτGovμrlτnμ{uΛmΞγΛ}mΛtρrm{p}GPGγμαΛyGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalpofpHighpEnergypPhysicsSG2019SGYWXbSGX 5.4 1

59 rnαlusτvμGsμΛrαρGνorGρτπρlyGΞoostμγGqτππsGΞosonsGγμαΛyτnπGtoGΞottomGquΛrψTΛntτquΛrψGpΛτrsGτnG
protonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 1

58 vμΛsurμmμntGoνGtρμGαrossGsμαtτonGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproγuαtτonGwτtρGΛγγτtτonΛlG
χμtsGΛnγGΞGχμtsGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 1
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57 vμΛsurμmμntGoνGγτννμrμntτΛlGαrossGsμαtτonsGνorG±GΞosonsGproγuαμγGτnGΛssoατΛtτonGwτtρGαρΛrmGχμtsGτnG
ppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 1

56 mμvμlopmμntGΛnγGvΛlτγΛtτonGoνGqn{–rp´ _GtunμsGνromGlv|GunγμrlyτnπTμvμntGmμΛsurμmμntsUG
EuropeanpPhysicalpJournalpCSG2021SGaXSGZXY 4.2 1

55
vμΛsurμmμntGoνGtρμGlyTvτolΛtτnπGpρΛsμGhsGτnGtρμGksWTgsVˇ�hOXWYWPTg˛…R˛…â��tRtâ��GαρΛnnμlGτnG
protonTprotonGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsSG2021SGaX^SGXZ^Xaa

4.2 1

54 xΞsμrvΛtτonGoνGΛGwμwGnxατtμγGkμΛutyG|trΛnπμGkΛryonGmμαΛyτnπGtoG˛�≥{Ξ}√{T}ˇ�√{R}ˇ�√{T}UGPhysicalp
ReviewpLettersSG2021SGXY^SGY]YWWZ 7.4 1

53 vμΛsurμmμntsGoνGtrτplμTγτννμrμntτΛlGαrossGsμαtτonsGνorGτnαlusτvμGτsolΛtμγTpρotonRχμtGμvμntsGτnG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSGb^b 4.2 1

52 |μΛrαρGνorGtρμGlμptonGνlΛvorGvτolΛtτnπGγμαΛyGˇ�GTgGZ˛…GτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfG
XZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 1

51 |tuγτμsGoνGαρΛrmGΛnγGΞμΛutyGρΛγronGlonπTrΛnπμGαorrμlΛtτonsGτnGppGΛnγGpyΞGαollτsτonsGΛtGuqlG
μnμrπτμsUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2021SGaXZSGXZ^WZ^4.2 1

50 xΞsμrvΛtτonGoνGtρμG±Tgˇ�â��√{R}â��√{T}GmμαΛyGτnGppGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG
2018SGXYXSGX[XaWX 7.4 1

49 |μΛrαρGνorGyΛτrTyroγuαμγG{μsonΛnαμsGnΛαρGmμαΛyτnπGτntoGΛtGuμΛstGoourGzuΛrψsGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalpReviewpLettersSG2018SGXYXSGX[XaWY 7.4 1

48 lonstrΛτntsGonGtρμGrnτtτΛlG|tΛtμGoνGyΞTyΞGlollτsτonsGvτΛGvμΛsurμmμntsGoνG±TkosonG¯τμlγsGΛnγG
jzτmutρΛlGjnτsotropyGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2021SGXY_SGXWYWWY 7.4 1

47 vμΛsurμmμntGoνGtρμGΛzτmutρΛlGΛnτsotropyGoνGΛnγGmμsonsGτnGyΞyΞGαollτsτonsGΛtGswwf]UWY}μ’UG
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2021SGaXbSGXZ^Za] 4.2 1

46 xΞsμrvΛtτonGoνGoorwΛrγGwμutronGvultτplτατtyGmμpμnγμnαμGoνGmτmuonGjαoplΛnΛrτtyGτnG
~ltrΛpμrτpρμrΛlGyΞTyΞGlollτsτonsGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalpReviewpLettersSG2021SGXY_SGXYYWWX 7.4 1

45
|μΛrαρGνorGνlΛvorTαρΛnπτnπGnμutrΛlGαurrμntGτntμrΛαtτonsGoνGtρμGtopGquΛrψGΛnγGtρμGqτππsGΞosonG
γμαΛyτnπGtoGΛGΞottomGquΛrψTΛntτquΛrψGpΛτrGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 1

44 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGtoGΛGtopGquΛrψGΛnγGΛG–GΞosonGΛtGKKGsqrt{s}GKKGfGXZG}μ’GτnGtρμG
νullyGρΛγronταGντnΛlGstΛtμUGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 1

43 jzτmutρΛlGsμpΛrΛtτonGτnGnμΛrlyGΞΛαψTtoTΞΛαψGχμtGtopoloπτμsGτnGτnαlusτvμGYTGΛnγGZTχμtGμvμntsGτnG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2019SG_bSG__Z 4.2 0

42
vμΛsurμmμntGoνGγouΞlμTpΛrtonGsαΛttμrτnπGτnGτnαlusτvμGproγuαtτonGoνGνourGχμtsGwτtρGlowGtrΛnsvμrsμG
momμntumGτnGprotonTprotonGαollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 0

41 |tuγyGoνGquΛrψGΛnγGπluonGχμtGsuΞstruαturμGτnG±RχμtGΛnγGγτχμtGμvμntsGνromGppGαollτsτonsUGJournalpofp
HighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

40
|μΛrαρGνorG–˛‡GrμsonΛnαμsGτnGprotonTprotonGαollτsτonsGΛtGsfXZG}μ’GusτnπGρΛγronταGγμαΛysGoνG
uorμntzTΞoostμγG–GΞosonsUGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsSG2022SGaY^SGXZ^aaa

4.2 0
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39 vμΛsurμmμntGoνGsτnπlμTγτννrΛαtτvμGγτχμtGproγuαtτonGτnGprotonTprotonGαollτsτonsGΛtGwτtρGtρμGlv|GΛnγG
}x}nvGμxpμrτmμntsUGEuropeanpPhysicalpJournalpCSG2020SGaWSGXX^[ 4.2 0

38 vμΛsurμmμntsGoνGtρμGnlμαtrowμΛψGmτΞosonGyroγuαtτonGlrossG|μαtτonsGτnGyrotonTyrotonGlollτsτonsG
ΛtGsqrt[s−f]UWYGG}μ’G~sτnπGuμptonταGmμαΛysUGPhysicalpReviewpLettersSG2021SGXY_SGXbXaWX 7.4 0

37 xΞsμrvΛtτonGoνGt–GproγuαtτonGτnGtρμGsτnπlμTlμptonGαρΛnnμlGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 0

36 vμΛsurμmμntGoνGΞGχμtGsρΛpμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}GPGfG]UWYG}μ’UGJournalpofpHighp
EnergypPhysicsSG2021SGYWYXSGX 5.4 0

35 |tuγyGoνGmrμllT¯ΛnGγτmuonGproγuαtτonGτnGprotonTlμΛγGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GPGfGaUX^G
}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 0

34 rnTmμγτumGmoγτνταΛtτonGoνGγτχμtsGτnGyΞyΞGαollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GPGfG]UWYG}μ’UGJournalp
ofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 0

33 vμΛsurμmμntGoνGtρμG–˛‡GyroγuαtτonGlrossG|μαtτonGτnGyrotonTyrotonGlollτsτonsGΛtGsqrt[s−fXZGG}μ’G
ΛnγGlonstrΛτntsGonGnννμαtτvμGoτμlγG}ρμoryGloμνντατμntsUGPhysicalpReviewpLettersSG2021SGXY^SGY]YWWY 7.4 0

32 vμΛsurμmμntGoνGtρμGtopGquΛrψGpΛτrGproγuαtτonGαrossGsμαtτonGτnGγτlμptonGντnΛlGstΛtμsGαontΛτnτnπGonμG
ˇ�GlμptonGτnGppGαollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2020SGYWYWSGX 5.4 0

31 |μΛrαρGνorGtρμGrΛrμGγμαΛyGoνGtρμG–GΞosonGτntoGΛGpτonGΛnγGΛGpρotonGτnGprotonTprotonGαollτsτonsGΛtG
sfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsSG2021SGaXbSGXZ^[Wb4.2 0

30 |μΛrαρGνorGΛGρμΛvyGvμαtorGrμsonΛnαμGγμαΛyτnπGtoGΛG´ ΞosonGΛnγGΛGqτππsGΞosonGτnGprotonTprotonG
αollτsτonsGΛtUGEuropeanpPhysicalpJournalpCSG2021SGaXSG^aa 4.2 0

29
oτrstGmμΛsurμmμntGoνGtρμGαrossGsμαtτonGνorGtopGquΛrψGpΛτrGproγuαtτonGwτtρGΛγγτtτonΛlGαρΛrmGχμtsG
usτnπGγτlμptonταGντnΛlGstΛtμsGτnGppGαollτsτonsGΛtGsfXZ}μ’UGPhysicspLetters,pSectionpB:pNuclear,p
ElementarypParticlepandpHigh-EnergypPhysicsSG2021SGaYWSGXZ^]^]

4.2 0

28 vμΛsurμmμntsGoνGΛnπulΛrGγτstΛnαμGΛnγGmomμntumGrΛtτoGγτstrτΞutτonsGτnGtρrμμTχμtGΛnγGRGtwoTχμtG
ντnΛlGstΛtμsGτnGαollτsτonsUGEuropeanpPhysicalpJournalpCSG2021SGaXSGa]Y 4.2 0

27 vμΛsurμmμntGoνGtρμGrnαlusτvμGΛnγGmτννμrμntτΛlGqτππsGkosonGyroγuαtτonGlrossG|μαtτonsGτnGtρμGmμαΛyG
voγμGtoGΛGyΛτrGoνGˇ�GuμptonsGτnGppGlollτsτonsGΛtGsqrt[s−fXZGG}μ’UUGPhysicalpReviewpLettersSG2022SGXYaSGWaXaW]7.4 0

26
rnαlusτvμGΛnγGγτννμrμntτΛlGαrossGsμαtτonGmμΛsurμmμntsGoνGsτnπlμGtopGquΛrψGproγuαtτonGτnGΛssoατΛtτonG
wτtρGΛG±GΞosonGτnGprotonTprotonGαollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 0

25 |μΛrαρGνorGlonπTlτvμγGpΛrtταlμsGγμαΛyτnπGtoGlμptonsGwτtρGlΛrπμGτmpΛαtGpΛrΛmμtμrGτnGprotonTprotonG
αollτsτonsGΛtGUUGEuropeanpPhysicalpJournalpCSG2022SGaYSGX]Z 4.2 0

24 |μΛrαρGνorGlonπTlτvμγGpΛrtταlμsGproγuαμγGτnGΛssoατΛtτonGwτtρGΛG±GΞosonGτnGprotonTprotonGαollτsτonsGΛtG
KKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

23 ~sτnπG±GkosonGnvμntsGtoG|tuγyGyΛrtonTvμγτumGrntμrΛαtτonsGτnGyΞTyΞGlollτsτonsUUGPhysicalpReviewp
LettersSG2022SGXYaSGXYYZWX 7.4 0

22 jGnμwGαΛlτΞrΛtτonGmμtρoγGνorGαρΛrmGχμtGτγμntτνταΛtτonGvΛlτγΛtμγGwτtρGprotonTprotonGαollτsτonGμvμntsG
ΛtGâ��sGfGXZG}μ’UGJournalpofpInstrumentationSG2022SGX_SGyWZWX[ 1 0
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21 |μΛrαρGνorGstronπlyGτntμrΛαtτnπGmΛssτvμGpΛrtταlμsGπμnμrΛtτnπGtrΛαψlμssGχμtsGτnGprotonTprotonG
αollτsτonsGΛtGUUGEuropeanpPhysicalpJournalpCSG2022SGaYSGYXZ 4.2 0

20 |μΛrαρGνorGlowTmΛssGγτlμptonGrμsonΛnαμsGτnGqτππsGΞosonGγμαΛysGtoGνourTlμptonGντnΛlGstΛtμsGτnG
protonTprotonGαollτsτonsGΛtGUUGEuropeanpPhysicalpJournalpCSG2022SGaYSGYbW 4.2 0

19 vμΛsurμmμntGoνGtρμGτnαlusτvμGΛnγGγτννμrμntτΛlGtKKGovμrlτnμ{t}GKK˛‡GαrossGsμαtτonsGτnGtρμGsτnπlμTlμptonG
αρΛnnμlGΛnγGno}GτntμrprμtΛtτonGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 0

18 vμΛsurμmμntGoνGtρμGtopGquΛrψGmΛssGusτnπGμvμntsGwτtρGΛGsτnπlμGrμαonstruαtμγGtopGquΛrψGτnGppG
αollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 0

17 yroΞτnπGμννμαtτvμGντμlγGtρμoryGopμrΛtorsGτnGtρμGΛssoατΛtμγGproγuαtτonGoνGtopGquΛrψsGwτtρGΛG±GΞosonG
τnGmultτlμptonGντnΛlGstΛtμsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2021SGYWYXSGX 5.4 0

16 |μΛrαρGνorGuonπTuτvμγGyΛrtταlμsGmμαΛyτnπGτnGtρμGlv|GnnγGlΛpGvuonGmμtμαtorsGτnGyrotonTyrotonG
lollτsτonsGΛtGsqrt[s−fXZGG}μ’UUGPhysicalpReviewpLettersSG2021SGXY_SGY^XaW[ 7.4 0

15
|μΛrαρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGtwoGorGtρrμμGsoνtGlμptonsGΛnγGmτssτnπGtrΛnsvμrsμG
momμntumGτnGprotonTprotonGαollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG
2022SGYWYYSGX

5.4 0

14 |μΛrαρGνorGΛGrτπρtTρΛnγμγG–GΞosonGΛnγGΛGρμΛvyGnμutrτnoGτnGprotonTprotonGαollτsτonsGΛtGKKGsqrt{s}GKKG
fGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

13 |μΛrαρGνorGΛGρμΛvyGrμsonΛnαμGγμαΛyτnπGτntoGΛGtopGquΛrψGΛnγGΛG–GΞosonGτnGtρμGlμptonRχμtsGντnΛlGstΛtμG
ΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

12 |μΛrαρGνorGρμΛvyGrμsonΛnαμsGγμαΛyτnπGtoG±±GorG±–GΛnγGΛxτonTlτψμGpΛrtταlμsGmμγτΛtτnπGnonrμsonΛntG
±±GorG±qGproγuαtτonGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

11 vμΛsurμmμntGΛnγGzlmGΛnΛlysτsGoνGγouΞlμTγτννμrμntτΛlGτnαlusτvμGχμtGαrossGsμαtτonsGτnGprotonTprotonG
αollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

10 |μΛrαρGνorGμlμαtrowμΛψGproγuαtτonGoνGαρΛrπτnosGΛnγGnμutrΛlτnosGτnGprotonTprotonGαollτsτonsGΛtGKKG
sqrt{s}GKKGfGXZG}μ’UGJournalpofpHighpEnergypPhysicsSG2022SGYWYYSGX 5.4 0

9 |μΛrαρGνorGnΛturΛlGsupμrsymmμtryGτnGμvμntsGwτtρGtopGquΛrψGpΛτrsGΛnγGpρotonsGτnGppGαollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalpofpHighpEnergypPhysicsSG2018SGYWXaSGX 5.4

8 |μΛrαρGνorGnμutrΛlGαolorToαtμtGwμΛψTtrτplμtGsαΛlΛrGpΛrtταlμsGτnGprotonTprotonGαollτsτonsGΛtGOGsqrt{s}faGPG
}μ’UGJournalpofpHighpEnergypPhysicsSG2015SGYWX]SGX 5.4

7 lΛlτΞrΛtτonGoνGtρμGlv|GρΛγronGαΛlorτmμtμrsGusτnπGprotonTprotonGαollτsτonGγΛtΛGΛtGâ��sGfGXZG}μ’UG
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