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499 |μΛrγρGνorGOG{tμxt{k}}≥{tμxt{s}}√WGPGTgG˛…GRG˛…Gâ��GΛnηGkWGTgG˛…GRG˛…Gâ��GημγΛysUGJournaloofoHighoEnergyoPhysicsSG
2012SGYWXYSGX 5.4 52

498 vμΛsurμmμntsGoνGητννμrμntτΛlGΛnηGηouαlμTητννμrμntτΛlGmrμllT ΛnGγrossGsμγtτonsGτnGprotonTprotonG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2015SG_]SGX[_ 4.2 50

497
vμΛsurμmμntGoνGtρμGrΛtτoGoνGtρμGτnγlusτvμGZTψμtGγrossGsμγtτonGtoGtρμGτnγlusτvμGYTψμtGγrossGsμγtτonGτnG
ppGγollτsτonsGΛtGOsqrt{s}GfG_GmΛtρrm{}μ’}PGΛnηGντrstGημtμrmτnΛtτonGoνGtρμGstronπGγouplτnπGγonstΛntGτnG
tρμG}μ’GrΛnπμUGEuropeanoPhysicaloJournaloCSG2013SG_ZSGX

4.2 50

496
|μΛrγρGνorGnΛrrowGΛnηGαroΛηGητψμtGrμsonΛnγμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GΛnηG
γonstrΛτntsGonGηΛrkGmΛttμrGmμητΛtorsGΛnηGotρμrGnμwGpΛrtτγlμsUGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 50
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495 |μΛrγρGνorGΛGstΛnηΛrηTmoημlTlτkμGqτππsGαosonGwτtρGΛGmΛssGτnGtρμGrΛnπμGX[]GtoGXWWWGpμ’GΛtGtρμGuqlUG
EuropeanoPhysicaloJournaloCSG2013SG_ZSGY[^b 4.2 49

494 wuγlμΛrGμννμγtsGonGtρμGtrΛnsvμrsμGmomμntumGspμγtrΛGoνGγρΛrπμηGpΛrtτγlμsGτnGpyαGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2015SG_]SGYZ_ 4.2 48

493 vμΛsurμmμntGoνGtρμGtTγρΛnnμlGsτnπlμTtopTquΛrkGproηuγtτonGγrossGsμγtτonGΛnηGoνGtρμG|’Gtα|GltvG
mΛtrτxGμlμmμntGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 48

492 vμΛsurμmμntGoνGtρμGOG{{rmGt}αΛr{rmGt}}GPGproηuγtτonGγrossGsμγtτonGΛnηGtρμGtopGquΛrkGmΛssGτnGtρμG
ητlμptonGγρΛnnμlGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 48

491 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGwτtρGΛnGμnμrπμtτγGψμtGorGΛGρΛηronτγΛllyGημγΛyτnπG–GorG±GαosonGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 46

490 vμΛsurμmμntGoνGtρμGrμlΛtτvμGpromptGproηuγtτonGrΛtμGoνGΛnηGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UG
EuropeanoPhysicaloJournaloCSG2012SG_YSGYY]X 4.2 46

489 |μΛrγρGνorGnμwGpρysτγsGwτtρGsΛmμTsτπnGτsolΛtμηGητlμptonGμvμntsGwτtρGψμtsGΛnηGmτssτnπGtrΛnsvμrsμG
μnμrπyGΛtGtρμGuqlUGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 46

488 |μΛrγρGνorGnμwGpρysτγsGwτtρGψμtsGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 46

487 lomατnμηGsμΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGγρΛrπτnosGΛnηGnμutrΛlτnosGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 45

486 nxγlusτvμG˛‡˛‡GTgG˛…GRG˛…Gâ��GproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtGOGsqrtG{s}GfG{_}GPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2012SGYWXYSGX 5.4 45

485 |μΛrγρGνorGtρμGΛssoγτΛtμηGproηuγtτonGoνGtρμGqτππsGαosonGwτtρGΛGtopTquΛrkGpΛτrUGJournaloofoHigho
EnergyoPhysicsSG2014SGYWX[SGX 5.4 45

484
|μΛrγρGνorGμxγlusτvμGorGsμmτTμxγlusτvμG˛‡˛‡GproηuγtτonGΛnηGoαsμrvΛtτonGoνGμxγlusτvμGΛnηG
sμmτTμxγlusτvμGμRμâ��GproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2012SGYWXYSGX

5.4 45

483 vμΛsurμmμntGoνGtρμGsumGoνG––GΛnηG–±GproηuγtτonGwτtρG–RητψμtGμvμntsGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2013SG_ZSGYYaZ 4.2 45

482 vμΛsurμmμntGoνGtρμG—OZa_YPGproηuγtτonGγrossGsμγtτonGvτΛGημγΛysGtoGsVˇ�ˇ�GRGˇ�Gâ��GτnGppGγollτsτonsGΛtGOG
sqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 44

481 |μΛrγρGνorGρμΛvyGαottomTlτkμGquΛrksGτnG[UbGναâ��XGoνGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2012SGYWXYSGX 5.4 44

480 lρΛrπμηGpΛrtτγlμGtrΛnsvμrsμGmomμntumGspμγtrΛGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfGWUbGPGΛnηG_G}μ’UG
JournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 44

479 oτrstGmμΛsurμmμntGoνGkosμTnτnstμτnGγorrμlΛtτonsGτnGprotonTprotonGγollτsτonsGΛtGâ��sfWUbGΛnηGYUZ^G}μ’G
ΛtGtρμGuqlUGPhysicaloReviewoLettersSG2010SGXW]SGWZYWWX 7.4 44

478 vμΛsurμmμntGoνGtρμGOGtovμrlτnμ{t}GPGproηuγtτonGγrossGsμγtτonGτnGtρμGητlμptonGγρΛnnμlGτnGppGγollτsτonsG
ΛtGOGsqrt{s}GPGfGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 43
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477 vμΛsurμmμntGoνGtρμGητννμrμntτΛlGΛnηGηouαlμTητννμrμntτΛlGmrμllT ΛnGγrossGsμγtτonsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 43

476 |μΛrγρGνorGlμptonτγGημγΛysGoνG–hGαosonsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG{_}GPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2012SGYWXYSGX 5.4 43

475 nvμntGΛγtτvτtyGημpμnημnγμGoνGOG GPOn|PGproηuγtτonGτnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}μ’GpyαGΛnηGOGsqrt{s}GPG
fGYU_^G}μ’GppGγollτsτonsUGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 42

474 |μΛrγρGνorGΛηητtτonΛlGnμutrΛlGv||vGqτππsGαosonsGτnGtρμGˇ�Gˇ�GντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtG
OGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 42

473
vμΛsurμmμntGoνGtρμGτnγlusτvμGZTψμtGproηuγtτonGητννμrμntτΛlGγrossGsμγtτonGτnGprotonTprotonGγollτsτonsG
ΛtG_G}μ’´ ΛnηGημtμrmτnΛtτonGoνGtρμGstronπGγouplτnπGγonstΛntGτnGtρμG}μ’´ rΛnπμUGEuropeanoPhysicalo
JournaloCSG2015SG_]SGXa^

4.2 41

472 vμΛsurμmμntGoνGpromptGsVˇ�GpΛτrGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfG_G}μvUGJournaloofoHigho
EnergyoPhysicsSG2014SGYWX[SGX 5.4 41

471 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGγρΛrπτnosGΛnηGnμutrΛlτnosGusτnπGlμptonτγGντnΛlGstΛtμsGτnGppG
γollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 41

470 vμΛsurμmμntGoνGtρμGτnμlΛstτγGprotonTprotonGγrossGsμγtτonGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2018SGYWXaSGX 5.4 41

469 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGγρΛrπτnosGΛnηGnμutrΛlτnosGτnGmultτlμptonGντnΛlGstΛtμsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 40

468 |tuηyGoνGmultτTmuonGαunηlμsGτnGγosmτγGrΛyGsρowμrsGημtμγtμηGwτtρGtρμGmnuyqrGημtμγtorGΛtGunyUG
AstroparticleoPhysicsSG2007SGYaSGY_ZTYa^ 2.4 40

467 |tuητμsGoνGψμtGmΛssGτnGητψμtGΛnηG–V±GRGψμtGμvμntsUGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 39

466 |tuηyGoνGtρμGunημrlyτnπGμvμntGΛtGνorwΛrηGrΛpτητtyGτnGppGγollτsτonsGΛtGOG
sqrt{s}fWUbSYU_^SdmΛtρrm{Λnη}d_dmΛtρrm{}μ’}GPUGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 39

465 vμΛsurμmμntGoνGtρμG±±GproηuγtτonGγrossGsμγtτonGΛnηGsμΛrγρGνorGΛnomΛlousGγouplτnπsGτnGYâ��Yâ��hGντnΛlG
stΛtμsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 39

464 |μΛrγρGνorGsΛmμTsτπnGtopTquΛrkGpΛτrGproηuγtτonGΛtGOGsqrtG{s}GfG_GPG}μ’GΛnηGlτmτtsGonGνlΛvourGγρΛnπτnπG
nμutrΛlGγurrμntsGτnGtρμGtopGsμγtorUGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 39

463 |μΛrγρGνorGnΛturΛlGΛnηGsplτtGsupμrsymmμtryGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GτnGντnΛlG
stΛtμsGwτtρGψμtsGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumUGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 39

462 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGsΛmμTsτπnGητlμptonsGΛnηGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGaG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 38

461 |μΛrγρGνorGmτγrosγopτγGαlΛγkGρolμsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysics
SG2013SGYWXZSGX 5.4 38

460 vμΛsurμmμntGoνGtρμGlμptonGγρΛrπμGΛsymmμtryGτnGτnγlusτvμG–GproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrtG{s}G
fG_d{tμxt{}μ’}}GPUGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 38
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459 |μΛrγρGνorGstoppμηGpluτnosGτnGppGγollτsτonsGΛtGsquΛrμGrootGsf_G}μ’UGPhysicaloReviewoLettersSG2011SG
XW^SGWXXaWX 7.4 38

458 vμΛsurμmμntGoνGtρμG[oormulΛcGsμμGtμxt−GγrossGsμγtτonGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−G}μ’ΛnηG
lτmτtsGonGΛnomΛlousGπΛuπμGγouplτnπsUGEuropeanoPhysicaloJournaloCSG2016SG_^SG[WX 4.2 38

457
lonstrΛτntsGonGpΛrtonGητstrταutτonGνunγtτonsGΛnηGμxtrΛγtτonGoνGtρμGstronπGγouplτnπGγonstΛntGνromG
tρμGτnγlusτvμGψμtGγrossGsμγtτonGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeano
PhysicaloJournaloCSG2015SG_]SGYaa

4.2 37

456 vμΛsurμmμntGoνGtρμGητννμrμntτΛlGγrossGsμγtτonGΛnηGγρΛrπμGΛsymmμtryGνorGτnγlusτvμG[oormulΛcGsμμG
tμxt−GproηuγtτonGΛtG[oormulΛcGsμμGtμxt−G}μ’UGEuropeanoPhysicaloJournaloCSG2016SG_^SG[^b 4.2 37

455 vμΛsurμmμntGoνGΛssoγτΛtμηG–GRGγρΛrmGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofo
HighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 37

454 sμtGproηuγtτonGrΛtμsGτnGΛssoγτΛtτonGwτtρG–GΛnηG±GαosonsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_G{tμxt{}μ’}}GPUG
JournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 37

453 vμΛsurμmμntGoνGmΛssμsGτnGtρμG[oormulΛcGsμμGtμxt−GsystμmGαyGkτnμmΛtτγGμnηpoτntsGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2013SG_ZSGY[b[ 4.2 37

452 |μΛrγρGνorGnΛrrowGrμsonΛnγμsGΛnηGquΛntumGαlΛγkGρolμsGτnGτnγlusτvμGΛnηGαTtΛππμηGητψμtGmΛssGspμγtrΛG
νromGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 37

451 vμΛsurμmμntGoνGpsμuηorΛpτητtyGητstrταutτonsGoνGγρΛrπμηGpΛrtτγlμsGτnGprotonâ��protonGγollτsτonsGΛtG
Osqrt{s}GfGaPG}μ’GαyGtρμGlv|GΛnηG}x}nvGμxpμrτmμntsUGEuropeanoPhysicaloJournaloCSG2014SG_[SGX 4.2 37

450 vμΛsurμmμntsGoνGqτππsGαosonGpropμrtτμsGτnGtρμGητpρotonGημγΛyGγρΛnnμlGτnGprotonTprotonGγollτsτonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 37

449 vμΛsurμmμntGoνGpromptGΛnηGnonpromptGγρΛrmonτumGsupprμssτonGτnGγollτsτonsGΛtG]UWYUGEuropeano
PhysicaloJournaloCSG2018SG_aSG]Wb 4.2 37

448 vμΛsurμmμntGoνGtρμGtopTquΛrkGmΛssGτnGOmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}PGμvμntsGwτtρGητlμptonGντnΛlG
stΛtμsGτnGppGγollτsτonsGΛtGOsqrt{s}f_Gmαox{}μ’}PUGEuropeanoPhysicaloJournaloCSG2012SG_YSGX 4.2 36

447 oτrstGmμΛsurμmμntGoνGtρμGunημrlyτnπGμvμntGΛγtτvτtyGΛtGtρμGuqlGwτtρGOsqrt{s}GfGWUbPG}μ’UGEuropeano
PhysicaloJournaloCSG2010SG_WSG]]]T]_Y 4.2 36

446 vμΛsurμmμntGoνGtρμGηouαlμTητννμrμntτΛlGτnγlusτvμGψμtGγrossGsμγtτonGτnGprotonTprotonGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SG[]X 4.2 36

445 |μΛrγρGνorGητsΛppμΛrτnπGtrΛγksGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2015SGYWX]SGX 5.4 35

444 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorGqτππsGαosonGproηuγtτonGτnGtρμGητpρotonGημγΛyG
γρΛnnμlGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SGXZ 4.2 35

443 |μΛrγρGνorGtρμGstΛnηΛrηGmoημlGqτππsGαosonGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGtopTquΛrkGpΛτrGτnGppG
γollτsτonsGΛtGtρμGuqlUGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 35

442
|μΛrγρGνorGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrksGΛnηGρμΛvyGrτπρtTρΛnημηGnμutrτnosGτnGντnΛlGstΛtμsGwτtρG
twoGtΛuGlμptonsGΛnηGtwoGψμtsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2017SGYWX_SGX

5.4 35
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441
vμΛsurμmμntGoνGtρμGOmΛtρrm{{tαΛr{t}}}PGproηuγtτonGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOsqrt{s}f_PG}μ’G
usτnπGtρμGkτnμmΛtτγGpropμrtτμsGoνGμvμntsGwτtρGlμptonsGΛnηGψμtsUGEuropeanoPhysicaloJournaloCSG2011SG
_XSGX

4.2 35

440 |μΛrγρGνorGquΛrkGγomposτtμnμssGwτtρGtρμGητψμtGγμntrΛlτtyGrΛtτoGτnGppGγollτsτonsGΛtGâ��sf_G}μ’UGPhysicalo
ReviewoLettersSG2010SGXW]SGY^YWWX 7.4 35

439 |μΛrγρGνorGonμGlΛrπμGμxtrΛGητmμnsτonGwτtρGtρμGmnuyqrGημtμγtorGΛtGunyUGEuropeanoPhysicaloJournaloCSG
2009SG^WSGX_TYZ 4.2 35

438 |μΛrγρGνorGsτnπlμGtopGproηuγtτonGvτΛGolwlGΛtGunyGΛt´ sfXabâ��YWa´ pμ’UGPhysicsoLetters,oSectionoB:o
Nuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2004SG]bWSGYXTZ[ 4.2 35

437
vμΛsurμmμntGΛnηGzlmGΛnΛlysτsGoνGηouαlμTητννμrμntτΛlGτnγlusτvμGψμtGγrossGsμγtτonsGτnGppGγollτsτonsGΛtG
OGsqrt{s}faGPG}μ’GΛnηGγrossGsμγtτonGrΛtτosGtoGYU_^GΛnηG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 34

436 |μΛrγρGνorGnμwGpρysτγsGτnGsΛmμTsτπnGητlμptonGμvμntsGτnGprotonTprotonGγollτsτonsGΛtG[oormulΛcGsμμG
tμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SG[Zb 4.2 34

435 |μΛrγρGνorGmτγrosγopτγGαlΛγkGρolμsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournaloofoHigho
EnergyoPhysicsSG2012SGYWXYSGX 5.4 34

434 |μΛrγρGνorGρμΛvyGstΛαlμGγρΛrπμηGpΛrtτγlμsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUGJournaloofo
HighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 34

433 |μΛrγρGνorGημγΛysGoνGstoppμηGlonπTlτvμηGpΛrtτγlμsGproηuγμηGτnGprotonTprotonGγollτsτonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2015SG_]SGX]X 4.2 33

432 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGsΛmμTsτπnGητlμptonsGΛnηGαGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 33

431 |μΛrγρμsGνorGtρτrηTπμnμrΛtτonGsquΛrkGproηuγtτonGτnGνullyGρΛηronτγGντnΛlGstΛtμsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 33

430 |μΛrγρGνorGΛGlτπρtGγρΛrπμηGqτππsGαosonGημγΛyτnπGtoGOGmΛtρrm{γ}ovμrlτnμ{mΛtρrm{s}}GPGτnGppGγollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

429 rημntτντγΛtτonGtμγρnτquμsGνorGρτπρlyGαoostμηG–GαosonsGtρΛtGημγΛyGτntoGρΛηronsUGJournaloofoHigho
EnergyoPhysicsSG2014SGYWX[SGX 5.4 32

428 |μΛrγρGνorGrμsonΛnγμsGτnGtρμGητlμptonGmΛssGητstrταutτonGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournalo
ofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 32

427 |μΛrγρGνorGsupμrsymmμtryGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’GτnGμvμntsGwτtρGΛGsτnπlμGlμptonSGψμtsSG
ΛnηGmτssτnπGtrΛnsvμrsμGmomμntumUGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 32

426 vμΛsurμmμntGoνGtρμGmrμllT ΛnGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2011SGYWXXSGX 5.4 32

425 vμΛsurμmμntGoνGtρμGγρΛrπμGrΛtτoGoνGΛtmospρμrτγGmuonsGwτtρGtρμGlv|GημtμγtorUGPhysicsoLetters,o
SectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2010SG^bYSGaZTXW[ 4.2 32

424 |tuηyGoνG–TαosonGpolΛrτsΛtτonsGΛnηGtrτplμGπΛuπμGαosonGγouplτnπsGτnGtρμGrμΛγtτonGμRμTTg–R–TGΛtGunyG
YUGEuropeanoPhysicaloJournaloCSG2008SG][SGZ[]TZ^[ 4.2 32

(2008-2011)

9



423 vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGγrossGsμγtτonGτnGtρμGμ˛…GγρΛnnμlGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 30

422 |μΛrγρGτnGlμptonτγGγρΛnnμlsGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGtoGlonπTlτvμηGnμutrΛlGpΛrtτγlμsUGJournaloofo
HighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 30

421 rnγlusτvμGαTψμtGproηuγtτonGτnGppGγollτsτonsGΛtGOsqrtG{s}GfG_}μ’PUGJournaloofoHighoEnergyoPhysicsSG2012SG
YWXYSGX 5.4 30

420 xαsμrvΛtτonGoνG±GημγΛysGtoGνourGlμptonsGwτtρGtρμGlv|GημtμγtorGΛtGtρμGuqlUGJournaloofoHighoEnergyo
PhysicsSG2012SGYWXYSGX 5.4 30

419 vμΛsurμmμntGoνGtρμGtopTquΛrkGmΛssGτnGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGμvμntsGwτtρGlμptonRψμtsG
ντnΛlGstΛtμsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 30

418 vμΛsurμmμntGoνGtρμGunημrlyτnπGμvμntGτnGtρμGmrμllâ�� ΛnGproγμssGτnGprotonâ��protonGγollτsτonsGΛtG
Osqrt{s}GfG_~mαox{}μ’}PUGEuropeanoPhysicaloJournaloCSG2012SG_YSGX 4.2 30

417 vμΛsurμmμntsGoνGtρμGproηuγtτonGγrossGsμγtτonGΛnηGtρμGαrΛnγρτnπGνrΛγtτonSGΛnηGγonstrΛτntsGonG
ΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX^] 4.2 29

416 |μΛrγρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGmτssτnπGtrΛnsvμrsμGμnμrπyGΛnηGWSGXSGYSGorGâ�¥ZGαTquΛrkG
ψμtsGτnG_G}μ’GppGγollτsτonsGusτnπGtρμGvΛrτΛαlμG˛–G}UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 29

415 xαsμrvΛtτonGoνG OX|PGpΛτrGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX 5.4 29

414 vμΛsurμmμntGoνGtopGquΛrkTΛntτquΛrkGpΛτrGproηuγtτonGτnGΛssoγτΛtτonGwτtρGΛG–GorG±GαosonGτnGppG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2014SG_[SGZW^W 4.2 29

413 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorGtρμGproηuγtτonGoνGΛGpΛτrGoνGτsolΛtμηGpρotonsGτnGppG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2014SG_[SGZXYb 4.2 29

412 |μΛrγρGνorGvμγtorTlτkμG}GΛnηGkGquΛrkGpΛτrsGτnGντnΛlGstΛtμsGwτtρGlμptonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 29

411 |μΛrγρGνorGρμΛvyGvΛψorΛnΛGnμutrτnosGτnGμ´–μ´–RGψμtsGΛnηGμ´–G˛…G´–RGψμtsGμvμntsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 28

410 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGαGψμtsGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGΛtGtρμGuqlUG
JournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 28

409 vμΛsurμmμntGoνGtρμGmΛssGΛnηGwτηtρGoνGtρμG–GαosonGτnGμRμTGγollτsτonsGΛtGOsqrt{s}PGfGX^Xâ��YWbGpμ’UG
EuropeanoPhysicaloJournaloCSG2008SG]]SGX 4.2 28

408 |μΛrγρGνorGlowGmΛssGvμγtorGrμsonΛnγμsGημγΛyτnπGτntoGquΛrkTΛntτquΛrkGpΛτrsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 28

407 vμΛsurμmμntGoνGtρμGproηuγtτonGγrossGsμγtτonSGtρμGtopGquΛrkGmΛssSGΛnηGtρμGstronπGγouplτnπG
γonstΛntGusτnπGητlμptonGμvμntsGτnGppGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZ^a 4.2 27

406 nvτημnγμGνorGμxγlusτvμG˛‡˛‡GTgG–GRG–Gâ��GproηuγtτonGΛnηGγonstrΛτntsGonGΛnomΛlousGquΛrtτγGπΛuπμG
γouplτnπsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 27

Michal Bluj
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405 |ρΛpμSGtrΛnsvμrsμGsτzμSGΛnηGγρΛrπμηTρΛηronGmultτplτγτtyGoνGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_d}μ’GPUG
JournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 27

404 vμΛsurμmμntGoνGOG{tμxt{k}}ovμrlτnμG{tμxt{k}}GPGΛnπulΛrGγorrμlΛtτonsGαΛsμηGonGsμγonηΛryGvμrtμxG
rμγonstruγtτonGΛtGOGsqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 27

403 vμΛsurμmμntGoνGpromptGΛnηGnonpromptG[oormulΛcGsμμGtμxt−GproηuγtτonGτnG[oormulΛcGsμμGtμxt−GΛnηG
[oormulΛcGsμμGtμxt−GγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2017SG__SGY^b 4.2 26

402 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGΛnηGΛnπulΛrGγorrμlΛtτonsGνorGΛssoγτΛtμηGproηuγtτonGoνGΛG±GαosonG
wτtρGαGρΛηronsGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 26

401
|μΛrγρGνorGΛnomΛlousG–tαGγouplτnπsGΛnηGνlΛvourTγρΛnπτnπGnμutrΛlGγurrμntsGτnGtTγρΛnnμlGsτnπlμGtopG
quΛrkGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 26

400 |μΛrγρμsGνorGsupμrsymmμtryGusτnπGtρμGvG}YGvΛrτΛαlμGτnGρΛηronτγGμvμntsGproηuγμηGτnGppGγollτsτonsGΛtG
aG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 26

399 |μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGopposτtμTsτπnGητlμptonGμvμntsGτnGppGγollτsτonsGΛtGOG
sqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 26

398
vμΛsurμmμntGoνGtρμG–TαosonGρμlτγτtyGτnGtopTquΛrkGημγΛysGνromGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPG
proηuγtτonGτnGlμptonRψμtsGμvμntsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2013SGYWXZSGX

5.4 25

397 |μΛrγρGνorGtopGsquΛrkGpΛτrGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GusτnπGsτnπlμGlμptonG
μvμntsUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 25

396
vμΛsurμmμntsGoνGtρμG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−GproηuγtτonGγrossGsμγtτonsGτnGtρμG
[oormulΛcGsμμGtμxt−GγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−GΛnηG[oormulΛcGsμμG
tμxt−GΛnηGγomατnμηGγonstrΛτntsGonGtrτplμGπΛuπμGγouplτnπsUGEuropeanoPhysicaloJournaloCSG2015SG_]SG]XX

4.2 25

395 |μΛrγρGνorGrμsonΛntGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGτnGlμptonRψμtsGμvμntsGτnGppG
γollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 25

394 jGstuηyGoνGtρμGαTquΛrkGνrΛπmμntΛtτonGνunγtτonGwτtρGtρμGmnuyqrGημtμγtorGΛtGunyGrGΛnηGΛnGΛvμrΛπμηG
ητstrταutτonGoαtΛτnμηGΛtGtρμG±GyolμUGEuropeanoPhysicaloJournaloCSG2011SG_XSGX 4.2 25

393 vμΛsurμmμntGoνGtρμG˛�αWGημγΛyGνormGνΛγtorUGPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleo
andoHigh-EnergyoPhysicsSG2004SG]a]SG^ZTa[ 4.2 25

392 |μΛrγρGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGtoGtwoGqτππsGαosonsGτnGντnΛlGstΛtμsGγontΛτnτnπGνourGαGquΛrksUG
EuropeanoPhysicaloJournaloCSG2016SG_^SGZ_X 4.2 25

391 vμΛsurμmμntGoνGtρμGwμΛkGmτxτnπGΛnπlμGusτnπGtρμGνorwΛrηTαΛγkwΛrηGΛsymmμtryGoνGmrμllT ΛnG
μvμntsGτnGγollτsτonsGΛtGaUGEuropeanoPhysicaloJournaloCSG2018SG_aSG_WX 4.2 25

390 |μΛrγρGνorGγρΛrπμηGqτππsGαosonsGτnGtρμGq´–GTgGˇ�´–˛‰ˇ�GημγΛyGγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 24

389
lonstrΛτntsGonGtρμGpv||vSGjv|kGmoημlGΛnηGonGotρμrGmoημlsGνromGtρμGsμΛrγρGνorGlonπTlτvμηG
γρΛrπμηGpΛrtτγlμsGτnGprotonTprotonGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG
2015SG_]SGZY]

4.2 24

388 |μΛrγρGνorGproηuγtτonGoνGνourGtopGquΛrksGτnGντnΛlGstΛtμsGwτtρGsΛmμTsτπnGorGmultτplμGlμptonsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG_] 4.2 24

(2020-2012)
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387 vμΛsurμmμntGoνGτnγlusτvμGψμtGproηuγtτonGΛnηGnuγlμΛrGmoητντγΛtτonsGτnGpyαGγollτsτonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SGZ_Y 4.2 24

386 sμtGΛnηGunημrlyτnπGμvμntGpropμrtτμsGΛsGΛGνunγtτonGoνGγρΛrπμηTpΛrtτγlμGmultτplτγτtyGτnGprotonTprotonG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2013SG_ZSGY^_[ 4.2 24

385 vμΛsurμmμntGoνGtρμG±V˛‡QGRGαTψμtGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2012SGYWXYSGX 5.4 24

384 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGsΛmμTsτπnGητlμptonsGΛnηGαTtΛππμηGψμtsGτnGppGγollτsτonsGΛtGOGsqrtG
{s}GfG_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 24

383 |μΛrγρGνorGtρμGstΛnηΛrηGmoημlGqτππsGαosonGτnGtρμGqGTgG±±GTgGYâ��Y˛‰GγρΛnnμlGτnGppGγollτsτonsGΛtGOGsqrtG
{tμxt{s}}GfG{_}d{tμxt{}μ’}}GPUGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 24

382 |μΛrγρGνorGητsΛppμΛrτnπGtrΛγksGΛsGΛGsτπnΛturμGoνGnμwGlonπTlτvμηGpΛrtτγlμsGτnGprotonTprotonGγollτsτonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 24

381 yμrνormΛnγμGoνGtρμGlv|GuμvμlTXGtrτππμrGτnGprotonTprotonGγollτsτonsGΛtGâ��sGfGXZG}μ’UGJournaloofo
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

380 |μΛrγρGνorG–hGTgGtαGημγΛysGτnGtρμGlμptonGRGψμtsGντnΛlGstΛtμGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalo
ofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 23

379 |μΛrγρGνorGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrksGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGlμptonGΛtUGEuropeano
PhysicaloJournaloCSG2018SG_aSG_W_ 4.2 23

378
nvτημnγμGνorGΛssoγτΛtμηGproηuγtτonGoνGΛGqτππsGαosonGwτtρGΛGtopGquΛrkGpΛτrGτnGντnΛlGstΛtμsGwτtρG
μlμγtronsSGmuonsSGΛnηGρΛηronτγΛllyGημγΛyτnπGˇ�GlμptonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 23

377 vμΛsurμmμntGoνGtρμG[oormulΛcGsμμGtμxt−GproηuγtτonGγrossGsμγtτonGusτnπGμvμntsGτnGtρμG[oormulΛcGsμμG
tμxt−GντnΛlGstΛtμGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2017SG__SGX_Y 4.2 22

376 |μΛrγρGνorGΛGnμwGsγΛlΛrGrμsonΛnγμGημγΛyτnπGtoGΛGpΛτrGoνG±GαosonsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 22

375 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGρμΛvyTνlΛvorGquΛrkGpΛτrsGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG__SGa[] 4.2 22

374
|μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGμvμntsGwτtρGtwoGlμptonsSGψμtsSGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SG
YWX]SGX

5.4 22

373 vμΛsurμmμntGoνGkosμTnτnstμτnGγorrμlΛtτonsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfGWUbGPGΛnηG_G}μ’UGJournaloofo
HighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 22

372
vμΛsurμmμntGoνGtρμG–±GproηuγtτonGγrossGsμγtτonGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−GΛnηG
a[oormulΛcGsμμGtμxt−GΛnηGsμΛrγρGνorGΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGΛtG[oormulΛcGsμμGtμxt−UG
EuropeanoPhysicaloJournaloCSG2017SG__SGYZ^

4.2 21

371
jGsμΛrγρGνorGnμwGpρμnomμnΛGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−GτnGντnΛlGstΛtμsGwτtρGmτssτnπG
trΛnsvμrsμGmomμntumGΛnηGΛtGlμΛstGonμGψμtGusτnπGtρμG[oormulΛcGsμμGtμxt−GvΛrτΛαlμUGEuropeanoPhysicalo
JournaloCSG2017SG__SGYb[

4.2 21

370 vμΛsurμmμntGoνGμlμγtrowμΛkGproηuγtτonGoνGtwoGψμtsGτnGΛssoγτΛtτonGwτtρGΛG±GαosonGτnGprotonTprotonG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2015SG_]SG^^ 4.2 21

Michal Bluj
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369 lorrμlΛtτonsGαμtwμμnGψμtsGΛnηGγρΛrπμηGpΛrtτγlμsGτnGyαyαGΛnηGppGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}fYU_^GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 21

368 vμΛsurμmμntGoνGtρμG[oormulΛcGsμμGtμxt−GproηuγtτonGγrossGsμγtτonGτnGtρμGΛllTψμtsGντnΛlGstΛtμGτnGppG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SGXYa 4.2 21

367 vμΛsurμmμntGoνGtρμGproηuγtτonGγrossGsμγtτonsGνorGΛG±GαosonGΛnηGonμGorGmorμGαGψμtsGτnGppGγollτsτonsG
ΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 21

366 vμΛsurμmμntGoνGtρμGtopTquΛrkGmΛssGτnGΛllTψμtsG[oormulΛcGsμμGtμxt−GμvμntsGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−G}μ’UGEuropeanoPhysicaloJournaloCSG2014SG_[SGY_]a 4.2 21

365 vμΛsurμmμntGoνGtρμGOmΛtρrm{t}αΛr{mΛtρrm{t}}PGproηuγtτonGγrossGsμγtτonGτnGtρμGˇ�RψμtsGγρΛnnμlGτnGppG
γollτsτonsGΛtGOsqrt{s}f_Gmαox{}μ’}PUGEuropeanoPhysicaloJournaloCSG2013SG_ZSGX 4.2 21

364
|μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGμvμntsGwτtρGtwoGlμptonsGoνGsΛmμGsτπnSGmτssτnπG
trΛnsvμrsμGmomμntumSGΛnηGψμtsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG
__SG]_a

4.2 21

363 |μΛrγρGνorGlτπρtGαosonsGτnGημγΛysGoνGtρμGXY]Gpμ’GqτππsGαosonGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 21

362 |μΛrγρGνorGΛGqτππsGαosonGτnGtρμGημγΛyGγρΛnnμlGqGTgG±±OQPGTgGqOGovμrlτnμG{tμxt{q}}GPGâ��Gâ��Gâ��GRGτnGppGγollτsτonsG
ΛtGOGsqrtG{s}GfG_GP}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 21

361 rnγlusτvμGαTρΛηronGproηuγtτonGγrossGsμγtτonGwτtρGmuonsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUG
JournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 21

360 |μΛrγρGνorGlΛrπμGμxtrΛGητmμnsτonsGτnGtρμGητpρotonGντnΛlGstΛtμGΛtGtρμGuΛrπμGqΛηronGlollτημrUGJournalo
ofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 21

359 |tuηyGoνGtrτplμTπΛuπμTαosonGγouplτnπsG±±±SG±±˛‡GΛnηG±˛‡˛‡GΛtGunyUGEuropeanoPhysicaloJournaloCSG2007SG
]XSG]Y]T][Y 4.2 21

358 vμΛsurμmμntGoνGtrΛnsvμrsμGmomμntumGrμlΛtτvμGtoGητψμtGsystμmsGτnGyαyαGΛnηGppGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}fYU_^GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 21

357 |μΛrγρGνorGsupμrsymmμtryGτnGprotonTprotonGγollτsτonsGΛtGXZG}μ’GτnGντnΛlGstΛtμsGwτtρGψμtsGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 21

356 |μΛrγρGνorGρτπρGmΛssGητψμtGrμsonΛnγμsGwτtρGΛGnμwGαΛγkπrounηGprμητγtτonGmμtρoηGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 20

355
vμΛsurμmμntGoνG[oormulΛcGsμμGtμxt−GproηuγtτonGwτtρGΛηητtτonΛlGψμtGΛγtτvτtySGτnγluητnπG[oormulΛcGsμμG
tμxt−GquΛrkGψμtsSGτnGtρμGητlμptonGημγΛyGγρΛnnμlGusτnπGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeano
PhysicaloJournaloCSG2016SG_^SGZ_b

4.2 20

354 |μΛrγρGνorGstΛnηΛrηGmoημlGproηuγtτonGoνGνourGtopGquΛrksGwτtρGsΛmμTsτπnGΛnηGmultτlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX[W 4.2 20

353 |μΛrγρGνorGΛGρμΛvyGpsμuηosγΛlΛrGαosonGημγΛyτnπGtoGΛG±GΛnηGΛGqτππsGαosonGΛtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSG]^[ 4.2 20

352 vμΛsurμmμntGoνGtρμGproηuγtτonGγrossGsμγtτonGνorGpΛτrsGoνGτsolΛtμηGpρotonsGτnGppGγollτsτonsGΛtGOGsqrtG
{s}GfG_d}μ’GPUGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 20

(2012-2016)
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351
|μΛrγρGνorGpΛτrGproηuγtτonGoνGvμγtorTlτkμG}GΛnηGkGquΛrksGτnGsτnπlμTlμptonGντnΛlGstΛtμsGusτnπGαoostμηG
ψμtGsuαstruγturμGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 20

350 |μΛrγρGνorGρμΛvyGrμsonΛnγμsGtρΛtGημγΛyGτntoGΛGvμγtorGαosonGΛnηGΛGqτππsGαosonGτnGρΛηronτγGντnΛlG
stΛtμsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG__SG^Z^ 4.2 20

349 |μΛrγρGνorGΛnomΛlousGsτnπlμGtopGquΛrkGproηuγtτonGτnGΛssoγτΛtτonGwτtρGΛGpρotonGτnGppGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 20

348 |μΛrγρGνorGΛGρμΛvyGrτπρtTρΛnημηG–GαosonGΛnηGΛGρμΛvyGnμutrτnoGτnGμvμntsGwτtρGtwoGsΛmμTνlΛvorG
lμptonsGΛnηGtwoGψμtsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 20

347 |μΛrγρGνorGtρμGνlΛvorTγρΛnπτnπGnμutrΛlGγurrμntGτntμrΛγtτonsGoνGtρμGtopGquΛrkGΛnηGtρμGqτππsGαosonG
wρτγρGημγΛysGτntoGΛGpΛτrGoνGαGquΛrksGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 20

346
vμΛsurμmμntsGoνGtρμG[oormulΛcGsμμGtμxt−GproηuγtτonGγrossGsμγtτonGτnGlμptonRψμtsGντnΛlGstΛtμsGτnGppG
γollτsτonsGΛtGaG[oormulΛcGsμμGtμxt−GΛnηGrΛtτoGoνGaGtoG_´ [oormulΛcGsμμGtμxt−GγrossGsμγtτonsUGEuropeano
PhysicaloJournaloCSG2017SG__SGX]

4.2 19

345 vμΛsurμmμntGoνGtρμG–GαosonGρμlτγτtyGτnGμvμntsGwτtρGΛGsτnπlμGrμγonstruγtμηGtopGquΛrkGτnGppG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 19

344
|μΛrγρGνorGrμsonΛntGΛnηGnonrμsonΛntGqτππsGαosonGpΛτrGproηuγtτonGτnGtρμGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}mΛtρτt{μllGnuGμllGnuG}GPGντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX

5.4 19

343 |μΛrγρGνorGmΛssτvμG–qGrμsonΛnγμsGημγΛyτnπGτntoGtρμG[oormulΛcGsμμGtμxt−GντnΛlGstΛtμGΛtG[oormulΛcGsμμG
tμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SGYZ_ 4.2 19

342 vμΛsurμmμntGoνGμxγlusτvμGpρotoproηuγtτonGνromGprotonsGτnGyαGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSGY__ 4.2 19

341 |μΛrγρGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGtoGtΛuGlμptonGpΛτrsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZG
PG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 19

340 |μΛrγρGνorGmΛssτvμGrμsonΛnγμsGημγΛyτnπGτntoG––SG–±GorG±±GαosonsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 19

339 |μΛrγρGνorGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrksGτnGtρμGtˇ�GγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 19

338 vμΛsurμmμntGoνGμnμrπyGνlowGΛtGlΛrπμGpsμuηorΛpτητtτμsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfGWU{b}GPGΛnηG_G
}μ’UGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 19

337 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorGαosonGproηuγtτonGτnGΛssoγτΛtτonGwτtρGψμtsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGb^] 4.2 19

336 |μΛrγρGνorGnμwGpρysτγsGτnGητψμtGΛnπulΛrGητstrταutτonsGusτnπGprotonTprotonGγollτsτonsGΛtGΛnηG
γonstrΛτntsGonGηΛrkGmΛttμrGΛnηGotρμrGmoημlsUGEuropeanoPhysicaloJournaloCSG2018SG_aSG_ab 4.2 19

335 |μΛrγρGνorGlμptonGνlΛvourGvτolΛtτnπGημγΛysGoνGtρμGqτππsGαosonGtoG˛…ˇ�GΛnηGμˇ�GτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 19

334 |μΛrγρGνorGvμγtorTlτkμGquΛrksGτnGμvμntsGwτtρGtwoGopposτtμlyGγρΛrπμηGlμptonsGΛnηGψμtsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZ^[ 4.2 18
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333 |tuηyGoνG±GproηuγtτonGτnGyαyαGΛnηGppGγollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}fYU_^GPG}μ’GτnGtρμGητmuonG
ΛnηGητμlμγtronGημγΛyGγρΛnnμlsUGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 18

332 xαsμrvΛtτonGoνGtopGquΛrkGpΛτrsGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGvμγtorGαosonGτnGppGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 18

331
|μΛrγρGνorGρμΛvyGnμutrτnosGΛnηGtρτrηTπμnμrΛtτonGlμptoquΛrksGτnGρΛηronτγGstΛtμsGoνGtwoGˇ�GlμptonsG
ΛnηGtwoGψμtsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 18

330 UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 18

329 |μΛrγρGνorGητrμγtGproηuγtτonGoνGsupμrsymmμtrτγGpΛrtnμrsGoνGtρμGtopGquΛrkGτnGtρμGΛllTψμtsGντnΛlGstΛtμG
τnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 18

328
|μΛrγρGνorGρμΛvyGnμutrτnosGorGtρτrηTπμnμrΛtτonGlμptoquΛrksGτnGντnΛlGstΛtμsGwτtρGtwoGρΛηronτγΛllyG
ημγΛyτnπGˇ�GlμptonsGΛnηGtwoGψμtsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX

5.4 18

327 |μΛrγρGνorGnμutrΛlGv||vGqτππsGαosonsGημγΛyτnπGτntoGΛGpΛτrGoνGαottomGquΛrksUGJournaloofoHigho
EnergyoPhysicsSG2015SGYWX]SGX 5.4 18

326 vμΛsurμmμntsGoνGlyTγonsμrvτnπGtrτlτnμΛrGπΛuπμGαosonGγouplτnπsG––’GO’h˛‡S±PGτnGμRμâ��GγollτsτonsGΛtG
unyYUGEuropeanoPhysicaloJournaloCSG2010SG^^SGZ]T]^ 4.2 18

325 |μΛrγρGνorGρμΛvyGqτππsGαosonsGημγΛyτnπGtoGΛGtopGquΛrkGpΛτrGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPG
fGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 18

324 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGνorGtopGquΛrkGpΛτrGproηuγtτonGτnGΛssoγτΛtτonGwτtρGΛG–GorG±GαosonG
τnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 18

323
|μΛrγρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}mΛtρrm{q}GPGproηuγtτonGτnGtρμGOGmΛtρrm{q}toG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGημγΛyGγρΛnnμlGwτtρGlμptonτγGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPG
ημγΛysGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 17

322 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGΛGlμptonτγΛllyGημγΛyτnπG±GαosonGΛnηGΛGlΛrπμGtrΛnsvμrsμG
momμntumGτmαΛlΛnγμGτnGprotonTprotonGγollτsτonsGΛtGfGXZUGEuropeanoPhysicaloJournaloCSG2018SG_aSGYbX 4.2 17

321 vμΛsurμmμntGoνGtρμGτnγlusτvμGψμtGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
EuropeanoPhysicaloJournaloCSG2016SG_^SGX 4.2 17

320
|μΛrγρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGrμsonΛnγμsGτnGρτπρlyGαoostμηGlμptonRψμtsGΛnηGνullyG
ρΛηronτγGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 17

319 |μΛrγρμsGνorGpΛτrGproηuγtτonGoνGtρτrηTπμnμrΛtτonGsquΛrksGτnG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−G
ppGγollτsτonsUGEuropeanoPhysicaloJournaloCSG2017SG__SGZY_ 4.2 17

318 |μΛrγρGνorGtρμGproηuγtτonGoνGηΛrkGmΛttμrGτnGΛssoγτΛtτonGwτtρGtopTquΛrkGpΛτrsGτnGtρμGsτnπlμTlμptonG
ντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 17

317 |μΛrγρGνorGstoppμηGlonπTlτvμηGpΛrtτγlμsGproηuγμηGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalo
ofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 17

316
{ΛtτosGoνGητψμtGproηuγtτonGγrossGsμγtτonsGΛsGΛGνunγtτonGoνGtρμGΛαsolutμGητννμrμnγμGτnGrΛpτητtyG
αμtwμμnGψμtsGτnGprotonâ��protonGγollτsτonsGΛtGOsqrt{s}GfG_GmΛtρrm{}μ’}PUGEuropeanoPhysicaloJournaloCSG
2012SG_YSGX

4.2 17
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315 vμΛsurμmμntGoνGtρμGτnγlusτvμG±GγrossGsμγtτonGvτΛGημγΛysGtoGtΛuGpΛτrsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 17

314 nvτημnγμGνorGΛnGμxγμssGoνGsoνtGpρotonsGτnGρΛηronτγGημγΛysGoνG±WUGEuropeanoPhysicaloJournaloCSG2006SG
[_SGY_ZTYb[ 4.2 17

313
vμΛsurμmμntGoνGηouαlμTητννμrμntτΛlGγrossGsμγtτonsGνorGtopGquΛrkGpΛτrGproηuγtτonGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−GΛnηGτmpΛγtGonGpΛrtonGητstrταutτonGνunγtτonsUGEuropeano
PhysicaloJournaloCSG2017SG__SG[]b

4.2 16

312 |μΛrγρμsGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGwτtρGtρμGvΛrτΛαlμGτnGρΛηronτγGντnΛlGstΛtμsGwτtρGΛnηG
wτtρoutGητsΛppμΛrτnπGtrΛγksGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGZ 4.2 16

311 |μΛrγρGνorGnμwGpρysτγsGwτtρGtρμGvG}YGvΛrτΛαlμGτnGΛllTψμtsGντnΛlGstΛtμsGproηuγμηGτnGppGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 16

310
|μΛrγρGνorGΛGvμryGlτπρtGwv||vGqτππsGαosonGproηuγμηGτnGημγΛysGoνGtρμGXY]Gpμ’GsγΛlΛrGαosonGΛnηG
ημγΛyτnπGτntoGˇ�GlμptonsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SG
YWX^SGX

5.4 16

309 vμΛsurμmμntGoνG–±GΛnηG±±GproηuγtτonGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−GτnGντnΛlGstΛtμsGwτtρG
αTtΛππμηGψμtsUGEuropeanoPhysicaloJournaloCSG2014SG_[SGYb_Z 4.2 16

308 |μΛrγρGνorGμxotτγGrμsonΛnγμsGημγΛyτnπGτntoG–±V±±GτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 16

307 |μΛrγρGνorGvμγtorTlτkμG}GquΛrksGημγΛyτnπGtoGtopGquΛrksGΛnηGqτππsGαosonsGτnGtρμGΛllTρΛηronτγGγρΛnnμlG
usτnπGψμtGsuαstruγturμUGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 16

306
|μΛrγρGνorGΛGγρΛrπμηGqτππsGαosonGημγΛyτnπGτntoGtopGΛnηGαottomGquΛrksGτnGμvμntsGwτtρGμlμγtronsGorG
muonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX

5.4 16

305 |μΛrγρGνorGηΛrkGmΛttμrGΛnηGunpΛrtτγlμsGτnGμvμntsGwτtρGΛG±GαosonGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumG
τnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 16

304 |μΛrγρGνorGΛGγρΛrπμηGqτππsGαosonGημγΛyτnπGtoGγρΛrmGΛnηGαottomGquΛrksGτnGprotonTprotonGγollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 16

303 |μΛrγρGνorGηΛrkGmΛttμrGτnGμvμntsGwτtρGμnμrπμtτγSGρΛηronτγΛllyGημγΛyτnπGtopGquΛrksGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 16

302
vμΛsurμmμntsGoνGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGητννμrμntτΛlGγrossGsμγtτonsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{mΛtρrm{s}}fXZGPG}μ’GusτnπGμvμntsGγontΛτnτnπGtwoGlμptonsUGJournaloofoHighoEnergyo
PhysicsSG2019SGYWXbSGX

5.4 15

301 vμΛsurμmμntsGoνGtρμGΛssoγτΛtμηGproηuγtτonGoνGΛG±GαosonGΛnηGαGψμtsGτnGppGγollτsτonsGΛtUGEuropeano
PhysicaloJournaloCSG2017SG__SG_]X 4.2 15

300
vμΛsurμmμntGoνGητννμrμntτΛlGΛnηGτntμπrΛtμηGντηuγτΛlGγrossGsμγtτonsGνorGqτππsGαosonGproηuγtτonGτnG
tρμGνourTlμptonGημγΛyGγρΛnnμlGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2016SGYWX^SGX

5.4 15

299 |μΛrγρGνorGnμwGpΛrtτγlμsGημγΛyτnπGtoGΛGψμtGΛnηGΛnGμmμrπτnπGψμtUGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX 5.4 15

298 vμΛsurμmμntGoνGtρμGtrτplμTητννμrμntτΛlGγrossGsμγtτonGνorGpρotonGRGψμtsGproηuγtτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 15
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297 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGpρotonsSGψμtsSGΛnηGmτssτnπGtrΛnsvμrsμGμnμrπyGτnGppGγollτsτonsG
ΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 15

296 |μΛrγρGνorGsupμrsymmμtryGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−G}μ’GτnGμvμntsGwτtρGΛGsτnπlμGlμptonSG
ψμtsSGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumUGEuropeanoPhysicaloJournaloCSG2013SG_ZSGY[W[ 4.2 15

295 vμΛsurμmμntGoνGtρμGtrΛnsvμrsμGmomμntumGspμγtrΛGoνGwμΛkGvμγtorGαosonsGproηuγμηGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 15

294 |μΛrγρGνorGstΛnηΛrηGmoημlGproηuγtτonGoνGνourGtopGquΛrksGτnGtρμGlμptonGRGψμtsGγρΛnnμlGτnGppG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 15

293 |tuηyGoνGαTquΛrkGmΛssGμννμγtsGτnGmultτψμtGtopoloπτμsGwτtρGtρμGmnuyqrGημtμγtorGΛtGunyUGEuropeano
PhysicaloJournaloCSG2008SG]]SG]Y]T]Za 4.2 15

292 |μΛrγρGνorGρτπρTmΛssGrμsonΛnγμsGτnGντnΛlGstΛtμsGwτtρGΛGlμptonGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGΛtG
OGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 15

291 vμΛsurμmμntGoνGtρμGψμtGmΛssGτnGρτπρlyGαoostμηG[oormulΛcGsμμGtμxt−GμvμntsGνromGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2017SG__SG[^_ 4.2 14

290 |μΛrγρGνorGρμΛvyGvΛψorΛnΛGnμutrτnosGτnGsΛmμTsτπnGητlμptonGγρΛnnμlsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 14

289 |μΛrγρGνorGητrμγtGpΛτrGproηuγtτonGoνGsupμrsymmμtrτγGtopGquΛrksGημγΛyτnπGtoGΛllTρΛηronτγGντnΛlGstΛtμsG
τnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SG[^W 4.2 14

288 |μΛrγρGνorGΛGmΛssτvμGrμsonΛnγμGημγΛyτnπGτntoGΛGqτππsGαosonGΛnηGΛG–GorG±GαosonGτnGρΛηronτγGντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 14

287 vμΛsurμmμntGoνGtρμGOGuΛmαηΛ≥{mΛtρrm{α}}√WGPGlτνμtτmμGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalo
ofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 14

286 vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGγrossGsμγtτonGτnGtρμGΛllTψμtGντnΛlG
stΛtμGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 14

285
vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGγrossGsμγtτonGusτnπGμvμntsGwτtρG
onμGlμptonGΛnηGΛtGlμΛstGonμGψμtGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 14

284 |μΛrγρGνorGqτππsGαosonGoννTsρμllGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtG_GΛnηGaG}μ’GΛnηG
ημrτvΛtτonGoνGγonstrΛτntsGonGτtsGtotΛlGημγΛyGwτηtρUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 14

283 nvτημnγμGνorGqτππsGαosonGημγΛyGtoGΛGpΛτrGoνGmuonsUGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 14

282
|μΛrγρGνorGnμwGpρμnomμnΛGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTγρΛrπμSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnηG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 14

281
|μΛrγρGνorGΛnGμxotτγGημγΛyGoνGtρμGqτππsGαosonGtoGΛGpΛτrGoνGlτπρtGpsμuηosγΛlΛrsGτnGtρμGντnΛlGstΛtμGoνG
twoGmuonsGΛnηGtwoGˇ�GlμptonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2018SGYWXaSGX

5.4 14

280 vμΛsurμmμntsGoνGtρμGητννμrμntτΛlGψμtGγrossGsμγtτonGΛsGΛGνunγtτonGoνGtρμGψμtGmΛssGτnGητψμtGμvμntsGνromG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 14
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279 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGˇ�GlμptonGpΛτrGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 14

278
xαsμrvΛtτonGoνGprotonTtΛππμηSGγμntrΛlGOsμmτPμxγlusτvμGproηuγtτonGoνGρτπρTmΛssGlμptonGpΛτrsGτnGppG
γollτsτonsGΛtGXZG}μ’GwτtρGtρμGlv|T}x}nvGprμγτsτonGprotonGspμγtromμtμrUGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 14

277 |μΛrγρGνorGrμsonΛntGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 13

276
vμΛsurμmμntGoνGtρμGrΛtτoGoνGtρμGproηuγtτonGγrossGsμγtτonsGtτmμsGαrΛnγρτnπGνrΛγtτonsGoνGkG´–γGGTgGsVˇ�ˇ�G
´–GΛnηGk´–GTgGsVˇ�tG´–GΛnηGOGmΛtρrm{mΛtργΛl{k}}lμνtO{mΛtρrm{k}}≥{mΛtρrm{γ}}√{pm}toGmΛtρrm{s}VpsτG
{pτ}√{pmG}{pτ}√{pmG}{pτ}√{mp}rτπρtPVmΛtρrm{mΛtργΛl{k}}lμνtO{mΛtρrm{k}}≥{mΛtρrm{γ}}√{pm}toG
mΛtρrm{s}VpsτG{pτ}√{pm}rτπρtPGPGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2015SGYWX]SGX

5.4 13

275 lonstrΛτntsGonGtρμGηouαlμTpΛrtonGsγΛttμrτnπGγrossGsμγtτonGνromGsΛmμTsτπnG–GαosonGpΛτrGproηuγtτonG
τnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 13

274 oorwΛrηTαΛγkwΛrηGΛsymmμtryGoνGmrμllT ΛnGlμptonGpΛτrsGτnGppGγollτsτonsGΛtG[oormulΛcGsμμG
tμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SGZY] 4.2 13

273 vμΛsurμmμntGoνGμxγlusτvμG´ pρotoproηuγtτonGτnGultrΛpμrτpρμrΛlGpyαGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSG_WY 4.2 13

272 vμΛsurμmμntGoνGtρμGtopGquΛrkGmΛssGτnGtρμGΛllTψμtsGντnΛlGstΛtμGΛtGΛnηGγomατnΛtτonGwτtρGtρμG
lμptonRψμtsGγρΛnnμlUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZXZ 4.2 13

271 yroατnπGγolorGγoρμrμnγμGμννμγtsGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG
2014SG_[SGYbWX 4.2 13

270 |μΛrγρGνorGΛGνμrmτopρoατγGqτππsGαosonGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2012SGYWXYSGX 5.4 13

269
vμΛsurμmμntGoνGtρμGτnγlusτvμGproηuγtτonGγrossGsμγtτonsGνorGνorwΛrηGψμtsGΛnηGνorGητψμtGμvμntsGwτtρG
onμGνorwΛrηGΛnηGonμGγμntrΛlGψμtGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2012SGYWXYSGX

5.4 13

268 vμΛsurμmμntGoνGtρμGmΛssGητννμrμnγμGαμtwμμnGtopGΛnηGΛntτtopGquΛrksUGJournaloofoHighoEnergyo
PhysicsSG2012SGYWXYSGX 5.4 13

267 jGmμΛsurμmμntGoνGtρμGαrΛnγρτnπGνrΛγtτonsGoνGtρμGαTquΛrkGτntoGγρΛrπμηGΛnηGnμutrΛlGαTρΛηronsUG
PhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2003SG]_^SGYbT[Y 4.2 13

266
vμΛsurμmμntGoνGOραoxG{t}{αΛr{ραoxG{t}}}PGnormΛlτsμηGmultτTητννμrμntτΛlGγrossGsμγtτonsGτnGO{tμxtG
{p}}{tμxtG{p}}GPGγollτsτonsGΛtGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGΛnηGsτmultΛnμousGημtμrmτnΛtτonGoνGtρμGstronπG
γouplτnπGstrμnπtρSGtopGquΛrkGpolμGmΛssSGΛnηGpΛrtonGητstrταutτonGνunγtτonsUGEuropeanoPhysicalo
JournaloCSG2020SGaWSGX

4.2 13

265 |μΛrγρGνorGγρΛrπμηGqτππsGαosonsGημγΛyτnπGτntoGΛGtopGΛnηGΛGαottomGquΛrkGτnGtρμGΛllTψμtGντnΛlGstΛtμGoνG
ppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 13

264 mμγomposτnπGtrΛnsvμrsμGmomμntumGαΛlΛnγμGγontrταutτonsGνorGquμnγρμηGψμtsGτnGyαyαGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{w}dmΛtρrm{w}}}fYU_^GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 13

263 |μΛrγρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}mΛtρrm{q}GPGproηuγtτonGτnGtρμGΛllTψμtGντnΛlGstΛtμGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 13

262 vμΛsurμmμntGoνGtρμGtopGquΛrkGmΛssGwτtρGlμptonRψμtsGντnΛlGstΛtμsGusτnπGγollτsτonsGΛtUGEuropeano
PhysicaloJournaloCSG2018SG_aSGabX 4.2 13
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261 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGqτππsGαosonGημγΛyτnπGtoGΛGpΛτrGoνGαottomG
quΛrksGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGYaW 4.2 12

260 |μΛrγρGνorGητrμγtGtopGsquΛrkGpΛτrGproηuγtτonGτnGμvμntsGwτtρGonμGlμptonSGψμtsSGΛnηGmτssτnπGtrΛnsvμrsμG
momμntumGΛtGXZG}μ’GwτtρGtρμGlv|GμxpμrτmμntUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 12

259 vμΛsurμmμntGoνGnormΛlτzμηGητννμrμntτΛlGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGγrossGsμγtτonsGτnGtρμG
ητlμptonGγρΛnnμlGνromGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 12

258 |μΛrγρGνorGρμΛvyGquΛrksGημγΛyτnπGτntoGΛGtopGquΛrkGΛnηGΛG–GorG±GαosonGusτnπGlμptonGRGψμtsGμvμntsGτnG
ppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 12

257 |μΛrγρGνorGtopGquΛrkGημγΛysGvτΛGqτππsTαosonTmμητΛtμηGνlΛvorTγρΛnπτnπGnμutrΛlGγurrμntsGτnGppG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 12

256 |μΛrγρGνorGquΛrkGγomposτtμnμssGτnGητψμtGΛnπulΛrGητstrταutτonsGνromGppGγollτsτonsGΛtGOGsqrtG{s}GfG_{G}GPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 12

255 |μΛrγρGνorGtρτrηTπμnμrΛtτonGlμptoquΛrksGΛnηGsγΛlΛrGαottomGquΛrksGτnGppGγollτsτonsGΛtGOGsqrt{s}f_d}μ’G
PUGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 12

254 |μΛrγρGνorGlτπρtGrμsonΛnγμsGημγΛyτnπGτntoGpΛτrsGoνGmuonsGΛsGΛGsτπnΛlGoνGnμwGpρysτγsUGJournaloofoHigho
EnergyoPhysicsSG2011SGYWXXSGX 5.4 12

253 rnvμstτπΛtτonGoνGlolourG{μγonnμγtτonGτnG––GμvμntsGwτtρGtρμGmnuyqrGημtμγtorGΛtGunyTYUGEuropeano
PhysicaloJournaloCSG2007SG]XSGY[b 4.2 12

252
|μΛrγρμsGνorGpΛτrGproηuγtτonGoνGγρΛrπτnosGΛnηGtopGsquΛrksGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμlyG
γρΛrπμηGlμptonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 12

251 |tuητμsGoνGΛnηGmμsonsGτnγluητnπGtρμGoαsμrvΛtτonGoνGtρμGημγΛyGτnGprotonTprotonGγollτsτonsGΛtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSGbZb 4.2 12

250 nlμγtrowμΛkGproηuγtτonGoνGtwoGψμtsGτnGΛssoγτΛtτonGwτtρGΛG±GαosonGτnGprotonâ��protonGγollτsτonsGΛtG
Osqrt{s}fGPGXZOStμxtG{}μ’}PUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX 4.2 12

249 |μΛrγρGνorGsτnπlμGproηuγtτonGoνGvμγtorTlτkμGquΛrksGημγΛyτnπGtoGΛGαGquΛrkGΛnηGΛGqτππsGαosonUGJournalo
ofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 12

248 |μΛrγρGνorGnμwGpρysτγsGτnGtρμGmonopρotonGντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

247 |μΛrγρGνorGΛGρμΛvyGqτππsGαosonGημγΛyτnπGtoGΛGpΛτrGoνG–GαosonsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 11

246 vμΛsurμmμntGoνGΛssoγτΛtμηG±GRGγρΛrmGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2018SG_aSGYa_ 4.2 11

245 yρμnomμnoloπτγΛlGv||vGτntμrprμtΛtτonGoνGlv|GsμΛrγρμsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 11

244 vμΛsurμmμntGoνGψμtGmultτplτγτtyGητstrταutτonsGτnG[oormulΛcGsμμGtμxt−GproηuγtτonGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2014SG_[SGZWX[ 4.2 11

(2014-2019)

19



243 vμΛsurμmμntsGoνGητννμrμntτΛlGproηuγtτonGγrossGsμγtτonsGνorGΛG±GαosonGτnGΛssoγτΛtτonGwτtρGψμtsGτnGppG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

242 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGγρΛrπτnosGΛnηGnμutrΛlτnosGτnG–qGμvμntsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

241 |μΛrγρGνorGnμwGpρysτγsGwτtρGητψμtGΛnπulΛrGητstrταutτonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 11

240 |μΛrγρGνorGsupμrsymmμtryGτnGtρμGvμγtorTαosonGνusτonGtopoloπyGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 11

239 vμΛsurμmμntGoνGtρμGunημrlyτnπGμvμntGΛγtτvτtyGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfGWUbGPGΛnηG_G}μ’GwτtρGtρμG
novμlGψμtTΛrμΛVmμητΛnGΛpproΛγρUGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 11

238 oorwΛrηGμnμrπyGνlowSGγμntrΛlGγρΛrπμηTpΛrtτγlμGmultτplτγτtτμsSGΛnηGpsμuηorΛpτητtyGπΛpsGτnG–GΛnηG±G
αosonGμvμntsGνromGppGγollτsτonsGΛtGOsqrt{s}fG_PG}μ’UGEuropeanoPhysicaloJournaloCSG2012SG_YSGX 4.2 11

237 |μΛrγρGνorGtρμGstΛnηΛrηGmoημlGqτππsGαosonGτnGtρμGqGTgG±±GTgGâ��Râ��â�� ˇ�Rˇ�â��GημγΛyGγρΛnnμlGτnGppGγollτsτonsGΛtG
OGsqrtG{s}GfG{_}d{tμxt{}μ’}}GPUGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 11

236 vμΛsurμmμntsGoνGητννμrμntτΛlG±GαosonGproηuγtτonGγrossGsμγtτonsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 11

235 yμrνormΛnγμGoνGtρμGrμγonstruγtτonGΛnηGτημntτντγΛtτonGoνGρτπρTmomμntumGmuonsGτnGprotonTprotonG
γollτsτonsGΛtGâ��sGfGXZG}μ’UGJournaloofoInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

234 lρΛrπμηTpΛrtτγlμGnuγlμΛrGmoητντγΛtτonGνΛγtorsGτnG—μ—μGγollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GfG]U[[GPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 11

233 |μΛrγρGνorG±˛‡GrμsonΛnγμsGusτnπGlμptonτγGΛnηGρΛηronτγGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 11

232 |μΛrγρGνorGtρμGημγΛyGoνGΛGqτππsGαosonGτnGtρμGâ��â�� ˛‡GγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 11

231
|μΛrγρGνorGαμyonηGtρμGstΛnηΛrηGmoημlGqτππsGαosonsGημγΛyτnπGτntoGΛGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGpΛτrGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 11

230
vμΛsurμmμntsGoνGtρμGppGTgG–±GτnγlusτvμGΛnηGητννμrμntτΛlGproηuγtτonGγrossGsμγtτonsGΛnηGγonstrΛτntsG
onGγρΛrπμηGΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 10

229
|μΛrγρGνorGnμwGnμutrΛlGqτππsGαosonsGtρrouπρGtρμGOGmΛtρrm{q}toGmΛtρrm{±j}toG
{μll}√{R}{μll}√{T}mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGproγμssGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX

5.4 10

228 jGmultτTητmμnsτonΛlGsμΛrγρGνorGnμwGρμΛvyGrμsonΛnγμsGημγΛyτnπGtoGαoostμηGSGSGorGαosonGpΛτrsGτnGtρμG
ητψμtGντnΛlGstΛtμGΛtGXZ´ UGEuropeanoPhysicaloJournaloCSG2020SGaWSGYZ_ 4.2 10

227 vμΛsurμmμntGoνGtρμGtrΛnsvμrsμGmomμntumGspμγtrumGoνGtρμGqτππsGαosonGproηuγμηGτnGppGγollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’GusτnπGqGTgG––GημγΛysUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 10

226 |μΛrγρGνorGμxγτtμηGlμptonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2016SGYWX^SGX 5.4 10

Michal Bluj
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225
vμΛsurμmμntGoνGtρμGρΛηronτγGΛγtτvτtyGτnGμvμntsGwτtρGΛG±GΛnηGtwoGψμtsGΛnηGμxtrΛγtτonGoνGtρμGγrossG
sμγtτonGνorGtρμGμlμγtrowμΛkGproηuγtτonGoνGΛG±GwτtρGtwoGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX

5.4 10

224 |μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGμvμntsGwτtρGlμptonsSGψμtsSGΛnηGlΛrπμGtrΛnsvμrsμG
momμntumGτmαΛlΛnγμGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2013SG_ZSGY[bZ4.2 10

223 vμΛsurμmμntsGoνGψμtGγρΛrπμGwτtρGητψμtGμvμntsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX 5.4 10

222 |μΛrγρGνorGΛssoγτΛtμηGproηuγtτonGoνGΛG±GαosonGwτtρGΛGsτnπlμGtopGquΛrkGΛnηGνorGt±GνlΛvourTγρΛnπτnπG
τntμrΛγtτonsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 10

221
|μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛtGlμΛstGonμGpρotonSGmτssτnπGtrΛnsvμrsμGmomμntumSGΛnηG
lΛrπμGtrΛnsvμrsμGμvμntGΛγtτvτtyGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX

5.4 10

220 |μΛrγρGνorGnμwGpρysτγsGwτtρGlonπTlτvμηGpΛrtτγlμsGημγΛyτnπGtoGpρotonsGΛnηGmτssτnπGμnμrπyGτnGppG
γollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 10

219 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGlμptonSGΛGpρotonSGΛnηGlΛrπμGmτssτnπGtrΛnsvμrsμGμnμrπyGτnG
ppGγollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2011SGYWXXSGX 5.4 10

218 jGstuηyGoνGO{mΛtρrm{α}}αΛr{mΛtρrm{α}}PGproηuγtτonGτnGμRμâ��GγollτsτonsGΛtGOsqrt{s}fXZWPGâ��YW_Gpμ’UG
EuropeanoPhysicaloJournaloCSG2009SG^WSGXTX] 4.2 10

217 |tuηyGoνGtρμGημpμnημnγμGoνGητrμγtGsoνtGpρotonGproηuγtτonGonGtρμGψμtGγρΛrΛγtμrτstτγsGτnGρΛηronτγG±GWG
ημγΛysUGEuropeanoPhysicaloJournaloCSG2010SG^_SGZ[ZTZ^^ 4.2 10

216 |μΛrγρGνorG˛•αGτnGtwoTpρotonGγollτsτonsGΛtGunyGrrGwτtρGtρμGmnuyqrGημtμγtorUGPhysicsoLetters,oSectionoB:o
Nuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2006SG^Z[SGZ[WTZ[^ 4.2 10

215 vμΛsurμmμntGoνGpropμrtτμsGoνGOG{mΛtρrm{k}}≥{mΛtρrm{s}}√WGPTgG˛…R˛…â��GημγΛysGΛnηGsμΛrγρGνorGkWTgG˛…R˛…â��G
wτtρGtρμGlv|GμxpμrτmμntUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 10

214 |μΛrγρGνorGtρμGΛssoγτΛtμηGproηuγtτonGoνGΛGqτππsGαosonGwτtρGΛGsτnπlμGtopGquΛrkGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 10

213 |μΛrγρGνorGrμsonΛntGpΛτrGproηuγtτonGoνGqτππsGαosonsGημγΛyτnπGtoGαottomGquΛrkTΛntτquΛrkGpΛτrsGτnG
protonTprotonGγollτsτonsGΛtGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 10

212
vμΛsurμmμntsGoνGητννμrμntτΛlGγrossGsμγtτonsGoνGtopGquΛrkGpΛτrGproηuγtτonGΛsGΛGνunγtτonGoνGkτnμmΛtτγG
μvμntGvΛrτΛαlμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018
SGYWXaSGX

5.4 10

211 |μΛrγρGνorGnμwGpρysτγsGτnGντnΛlGstΛtμsGwτtρGΛGsτnπlμGpρotonGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9

210 jGsμΛrγρGνorGtρμGstΛnηΛrηGmoημlGqτππsGαosonGημγΛyτnπGtoGγρΛrmGquΛrksUGJournaloofoHighoEnergyo
PhysicsSG2020SGYWYWSGX 5.4 9

209 |μΛrγρGνorGηΛrkGmΛttμrGτnGprotonTprotonGγollτsτonsGΛtGaG}μ’GwτtρGmτssτnπGtrΛnsvμrsμGmomμntumGΛnηG
vμγtorGαosonGtΛππμηGψμtsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 9

208 jzτmutρΛlGημγorrμlΛtτonGoνGψμtsGwτημlyGsμpΛrΛtμηGτnGrΛpτητtyGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 9

(2016-2013)
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207 vμΛsurμmμntGoνGαGρΛηronGlτνμtτmμsGτnGppGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSG[]_ 4.2 9

206 |μΛrγρGνorGtopGquΛrkGpΛrtnμrsGwτtρGγρΛrπμG]VZGτnGtρμGsΛmμTsτπnGητlμptonGΛnηGsτnπlμTlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9

205
|μΛrγρGνorGΛssoγτΛtμηGproηuγtτonGoνGηΛrkGmΛttμrGwτtρGΛGqτππsGαosonGημγΛyτnπGtoGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGorG˛‡˛‡GΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 9

204 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGΛGvμγtorTlτkμGquΛrkGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGqτππsGαosonG
usτnπGαoostμηGtopoloπτμsGτnGνullyGρΛηronτγGντnΛlGstΛtμsUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 9

203
vμΛsurμmμntGoνGμlμγtrowμΛkTτnηuγμηGproηuγtτonGoνG–˛‡GwτtρGtwoGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG
}μ’GΛnηGγonstrΛτntsGonGΛnomΛlousGquΛrtτγGπΛuπμGγouplτnπsUGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 9

202 yuαlτsρμrâ��sGwotμcG|μΛrγρGνorGmτψμtG{μsonΛnγμsGτnG_G}μ’GppGlollτsτonsGΛtGlv|G[yρysUG{μvUGuμttUGXW]SG
YXXaWXGOYWXWP−UGPhysicaloReviewoLettersSG2011SGXW^SG 7.4 9

201 |ynγρronτzΛtτonGmμtρoηsGνorGtρμGyjlG{ylGtrτππμrGsystμmGτnGtρμGlv|GμxpμrτmμntUGMeasuremento
ScienceoandoTechnologySG2007SGXaSGY[[^TY[]] 2 9

200 |μΛrγρGνorGΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGτnG––GΛnηG–±GproηuγtτonGτnGlμptonGRGψμtGμvμntsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9

199 |μΛrγρGνorGΛGlτπρtGpsμuηosγΛlΛrGqτππsGαosonGτnGtρμGαoostμηG˛…˛…ˇ� ˇ�GντnΛlGstΛtμGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 9

198
|μΛrγρGνorGlμptonGνlΛvourGvτolΛtτnπGημγΛysGoνGρμΛvyGrμsonΛnγμsGΛnηGquΛntumGαlΛγkGρolμsGtoGΛnG
[oormulΛcGsμμGtμxt−GpΛτrGτnGprotonTprotonGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournalo
CSG2016SG_^SGZX_

4.2 9

197 |μΛrγρGνorGαlΛγkGρolμsGΛnηGspρΛlμronsGτnGρτπρTmultτplτγτtyGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 9

196 vμΛsurμmμntGoνGγρΛrπμηGpΛrtτγlμGspμγtrΛGτnGmτnτmumTατΛsGμvμntsGνromGprotonTprotonGγollτsτonsGΛtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSG^b_ 4.2 9

195
|μΛrγρGνorGΛGsτnπlyGproηuγμηGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrkGημγΛyτnπGtoGΛGˇ�GlμptonGΛnηGΛG
αottomGquΛrkGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 9

194
|μΛrγρGνorGsupμrsymmμtryGwτtρGΛGγomprμssμηGmΛssGspμγtrumGτnGtρμGvμγtorGαosonGνusτonGtopoloπyG
wτtρGXTlμptonGΛnηGWTlμptonGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 8

193 |μΛrγρGνorGγontΛγtGτntμrΛγtτonsGΛnηGlΛrπμGμxtrΛGητmμnsτonsGτnGtρμGητlμptonGmΛssGspμγtrΛGνromG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 8

192
vμΛsurμmμntGoνGτnγlusτvμGΛnηGητννμrμntτΛlGqτππsGαosonGproηuγtτonGγrossGsμγtτonsGτnGtρμGητpρotonG
ημγΛyGγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 8

191 vμΛsurμmμntGoνGtopGquΛrkGpΛτrGproηuγtτonGτnGΛssoγτΛtτonGwτtρGΛG±GαosonGτnGprotonTprotonGγollτsτonsG
ΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

190 lompΛrτnπGtrΛnsvμrsμGmomμntumGαΛlΛnγμGoνGαGψμtGpΛτrsGτnGppGΛnηGyαyαGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}f]UWYGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 8
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189 |μΛrγρGνorGsGγρΛnnμlGsτnπlμGtopGquΛrkGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 8

188 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGsτnπlμGtopGquΛrkGorGΛGtopGquΛrkGpΛτrGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 8

187 |μΛrγρGνorGsτnπlμGproηuγtτonGoνGvμγtorTlτkμGquΛrksGημγΛyτnπGtoGΛG±GαosonGΛnηGΛGtopGorGΛGαottomG
quΛrkGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 8

186 vμΛsurμmμntGoνGtρμGtopGquΛrkGmΛssGusτnπGsτnπlμGtopGquΛrkGμvμntsGτnGprotonTprotonGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−´ }μ’UGEuropeanoPhysicaloJournaloCSG2017SG__SGZ][ 4.2 8

185 vμΛsurμmμntGoνGtρμGtrτplμTητννμrμntτΛlGητψμtGγrossGsμγtτonGτnGprotonTprotonGγollτsτonsGΛtGΛnηG
γonstrΛτntsGonGpΛrtonGητstrταutτonGνunγtτonsUGEuropeanoPhysicaloJournaloCSG2017SG__SG_[^ 4.2 8

184 xαsμrvΛtτonGoνGtρμGmuonGτnnμrGαrμmsstrΛρlunπGΛtGunyXUGEuropeanoPhysicaloJournaloCSG2008SG]_SG[bbT]X[ 4.2 8

183 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGΛGvμγtorTlτkμG}GquΛrkGusτnπGνullyGρΛηronτγGντnΛlGstΛtμsUGJournalo
ofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

182 |μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGmultτlμptonGντnΛlGstΛtμsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

181 vμΛsurμmμntGoνGtρμGunημrlyτnπGμvμntGΛγtτvτtyGτnGτnγlusτvμG±GαosonGproηuγtτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 8

180 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGγρΛrπτnosGτnGντnΛlGstΛtμsGwτtρGtwoGˇ�GlμptonsGτnGppGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

179 vμΛsurμmμntGoνGtρμGproηuγtτonGγrossGsμγtτonGoνGΛG–´ αosonGτnGΛssoγτΛtτonGwτtρGtwoGαGψμtsGτnGppG
γollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2017SG__SGbY 4.2 7

178 vμΛsurμmμntGoνGtρμGμnμrπyGημnsτtyGΛsGΛGνunγtτonGoνGpsμuηorΛpτητtyGτnGprotonâ��protonGγollτsτonsGΛtG
Osqrt{s}GfXZStμxtG{}μ’}GPUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 7

177 |μΛrγρGνorGrΛrμGημγΛysGoνGΛnηGqτππsGαosonsGtoGΛnηGΛGpρotonGτnGprotonTprotonGγollτsτonsGΛtGfGXZUG
EuropeanoPhysicaloJournaloCSG2019SG_bSGb[ 4.2 7

176 |μΛrγρGνorGproηuγtτonGoνGqτππsGαosonGpΛτrsGτnGtρμGνourGαGquΛrkGντnΛlGstΛtμGusτnπGlΛrπμTΛrμΛGψμtsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

175 |μΛrγρGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGτntoGtwoGqτππsGαosonsGorGτntoGΛGqτππsGαosonGΛnηGΛG–GorG±G
αosonGτnGprotonTprotonGγollτsτonsGΛtGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

174
vμΛsurμmμntGoνGtρμGγrossGsμγtτonGνorGμlμγtrowμΛkGproηuγtτonGoνGΛG±GαosonSGΛGpρotonGΛnηGtwoGψμtsG
τnGprotonTprotonGγollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’GΛnηGγonstrΛτntsGonGΛnomΛlousGquΛrtτγG
γouplτnπsUGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX

5.4 7

173 |μΛrγρGνorGηΛrkGmΛttμrGpΛrtτγlμsGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGqτππsGαosonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 7

172 |μΛrγρGνorGsupμrsymmμtryGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GτnGtρμGsτnπlμTlμptonGντnΛlGstΛtμGusτnπG
tρμGsumGoνGmΛssμsGoνGlΛrπμTrΛητusGψμtsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 7
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171 vμΛsurμmμntGoνGtopGquΛrkGpolΛrτsΛtτonGτnGtTγρΛnnμlGsτnπlμGtopGquΛrkGproηuγtτonUGJournaloofoHigho
EnergyoPhysicsSG2016SGYWX^SGX 5.4 7

170 sμtGpropμrtτμsGτnGyαyαGΛnηGppGγollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{w}dmΛtρrm{w}}}f]UWYGPG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

169 vμΛsurμmμntGoνGtρμGsμmτlμptonτγGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGRG˛‡GproηuγtτonGγrossGsμγtτonGτnG
ppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

168 |μΛrγρμsGνorG–hGαosonsGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGαottomGquΛrkGτnGprotonTprotonGγollτsτonsGΛtG
XZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

167 |μΛrγρGνorGΛGlτπρtGpsμuηosγΛlΛrGqτππsGαosonGproηuγμηGτnGΛssoγτΛtτonGwτtρGαottomGquΛrksGτnGppG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 7

166 vμΛsurμmμntGoνGtρμG±˛‡GproηuγtτonGγrossGsμγtτonGτnGppGγollτsτonsGΛtGaG}μ’GΛnηGsμΛrγρGνorGΛnomΛlousG
trτplμGπΛuπμGαosonGγouplτnπsUGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 7

165 |μΛrγρGνorGηΛrkGpρotonsGτnGημγΛysGoνGqτππsGαosonsGproηuγμηGτnGΛssoγτΛtτonGwτtρG±GαosonsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 7

164
|μΛrγρGνorGnμwGpρysτγsGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTsτπnSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SG
YWX^SGX

5.4 7

163 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGlμptonτγΛllyGημγΛyτnπGαosonGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGXZ 4.2 7

162 |μΛrγρGνorGrμsonΛnγμsGτnGtρμGmΛssGspμγtrumGoνGmuonGpΛτrsGproηuγμηGτnGΛssoγτΛtτonGwτtρGαGquΛrkGψμtsG
τnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPGΛnηGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

161
|μΛrγρGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGτntoGΛGvμγtorGαosonGΛnηGΛGqτππsGαosonGτnGντnΛlGstΛtμsGwτtρG
γρΛrπμηGlμptonsSGnμutrτnosGΛnηGαGquΛrksGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 7

160 |μΛrγρGνorGΛGρμΛvyGrμsonΛnγμGημγΛyτnπGτntoGΛG±GαosonGΛnηGΛG±GorG–GαosonGτnGYâ��YqGντnΛlGstΛtμsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

159 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGqτππsGαosonGημγΛyτnπGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

158 |μΛrγρGνorGΛGρμΛvyGrμsonΛnγμGημγΛyτnπGtoGΛGpΛτrGoνGvμγtorGαosonsGτnGtρμGlμptonGplusGmμrπμηGψμtGντnΛlG
stΛtμGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 7

157 yrμγτsτonGlumτnosτtyGmμΛsurμmμntGτnGprotonTprotonGγollτsτonsGΛtGτnGYWX]GΛnηGYWX^GΛtGlv|UG
EuropeanoPhysicaloJournaloCSG2021SGaXSGaWW 4.2 7

156 |μΛrγρGνorGsτnπlμGproηuγtτonGoνGvμγtorTlτkμGquΛrksGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGαosonGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGbW 4.2 6

155 vμΛsurμmμntGoνGtρμGunημrlyτnπGμvμntGΛγtτvτtyGusτnπGγρΛrπμηTpΛrtτγlμGψμtsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fYU_^GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 6

154 vτxμηGρτπρμrTorημrGΛnτsotropτγGνlowGΛnηGnonlτnμΛrGrμsponsμGγoμνντγτμntsGoνGγρΛrπμηGpΛrtτγlμsGτnG
γollτsτonsGΛtGΛnηG]UWYUGEuropeanoPhysicaloJournaloCSG2020SGaWSG]Z[ 4.2 6
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153 vμΛsurμmμntGoνGμlμγtrowμΛkGproηuγtτonGoνGΛGαosonGτnGΛssoγτΛtτonGwτtρGtwoGψμtsGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG[Z 4.2 6

152 |μΛrγρGνorGlμptonGνlΛvourGvτolΛtτnπGημγΛysGoνGΛGnμutrΛlGρμΛvyGqτππsGαosonGtoG˛…ˇ�GΛnηGμˇ�GτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 6

151 vμΛsurμmμntGoνGητψμtGΛzτmutρΛlGημγorrμlΛtτonGτnGpp´ γollτsτonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeano
PhysicaloJournaloCSG2016SG_^SG]Z^ 4.2 6

150 |μΛrγρGνorGΛGρμΛvyGrμsonΛnγμGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGvμγtorTlτkμGtopGquΛrkGτnGtρμGlμptonGRG
ψμtsGντnΛlGstΛtμGτnGppGγollτsτonsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPUGEuropeanoPhysicaloJournaloCSG2019SG_bSGX 4.2 6

149 |μΛrγρGνorGtρμGstΛnηΛrηGmoημlGqτππsGαosonGproηuγμηGτnGΛssoγτΛtτonGwτtρG–GΛnηG±GαosonsGτnGppG
γollτsτonsGΛtGOGsqrt{s}f_GP}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 6

148
oτrstGmμΛsurμmμntsGoνGtρμGpμrνormΛnγμGoνGtρμGkΛrrμlG{ylGsystμmGτnGlv|UGNuclearoInstrumentsoando
MethodsoinoPhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoandoAssociatedo
EquipmentSG2009SG^WbSGXX[TXYX

1.2 6

147 |tuηyGoνGlμΛητnπGρΛηronsGτnGπluonGΛnηGquΛrkGνrΛπmμntΛtτonUGPhysicsoLetters,oSectionoB:oNuclear,o
ElementaryoParticleoandoHigh-EnergyoPhysicsSG2006SG^[ZSGX[_TX]_ 4.2 6

146 |μΛrγρGνorGtρμGΛssoγτΛtμηGproηuγtτonGoνGtρμGqτππsGαosonGwτtρGΛGtopTquΛrkGpΛτrG2014SGYWX[SGX 6

145
|μΛrγρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμlyGγρΛrπμηGsΛmμTνlΛvorGlμptonsGΛnηG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2021SGYWYXSGX

5.4 6

144 |μΛrγρGνorGητrμγtGpΛτrGproηuγtτonGoνGsγΛlΛrGtopGquΛrksGτnGtρμGsτnπlμTGΛnηGητlμptonGγρΛnnμlsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 6

143 vμΛsurμmμntGoνGtρμGητννμrμntτΛlGmrμllT ΛnGγrossGsμγtτonGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 6

142 vμΛsurμmμntGoνGtρμGΛvμrΛπμGvμryGνorwΛrηGμnμrπyGΛsGΛGνunγtτonGoνGtρμGtrΛγkGmultτplτγτtyGΛtGγμntrΛlG
psμuηorΛpτητtτμsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGabZ 4.2 6

141 |μΛrγρGνorGnμwGpρysτγsGτnGtopGquΛrkGproηuγtτonGτnGητlμptonGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsG
ΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGaa^ 4.2 6

140 |μΛrγρGνorGημγΛysGoνGstoppμηGμxotτγGlonπTlτvμηGpΛrtτγlμsGproηuγμηGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 6

139 |μΛrγρGνorGtopGsquΛrksGημγΛyτnπGvτΛGνourTαoηyGorGγρΛrπτnoTmμητΛtμηGmoημsGτnGsτnπlμTlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 6

138 |μΛrγρGνorGΛGρμΛvyGrμsonΛnγμGημγΛyτnπGτntoGΛG±GαosonGΛnηGΛGvμγtorGαosonGτnGtρμGOGnuG
ovμrlτnμ{nu}mΛtρrm{q}ovμrlτnμ{mΛtρrm{q}}GPGντnΛlGstΛtμUGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 6

137 vμΛsurμmμntGoνGtρμGmΛssGoνGtρμGtopGquΛrkGτnGημγΛysGwτtρGΛGsVˇ�GmμsonGτnGppGγollτsτonsGΛtGaG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 5

136 |μΛrγρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGpρotonsGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 5
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135 vμΛsurμmμntGoνGtρμGτnγlusτvμGμnμrπyGspμγtrumGτnGtρμGvμryGνorwΛrηGητrμγtτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 5

134 lompΛrτsonGoνGtρμG±V˛‡GQGRGψμtsGtoG˛‡GRGψμtsGγrossGsμγtτonsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournalo
ofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4 5

133 |μΛrγρGνorGpμntΛquΛrksGτnGtρμGρΛηronτγGημγΛysGoνGtρμG±GαosonGwτtρGtρμGmnuyqrGημtμγtorGΛtGunyUG
PhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2007SG^]ZSGX]XTX^W 4.2 5

132 vμΛsurμmμntGoνGτnγlusτvμGνXOXYa]PGΛnηGνXOX[YWPGproηuγtτonGτnG±GημγΛysGwτtρGtρμGmnuyqrGημtμγtorUG
PhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2003SG]^bSGXYbTXZb 4.2 5

131 vμΛsurμmμntGoνGμnμrπyGνlowGΛtGlΛrπμGpsμuηorΛpτητtτμsGτnGppGγollτsτonsGΛtGOGsqrtG{s}GfGWU{b}GPGΛnηG_G
}μ’G2011SGYWXXSGX 5

130
|μΛrγρGνorGΛGρμΛvyGpsμuηosγΛlΛrGqτππsGαosonGημγΛyτnπGτntoGΛGXY]Gpμ’GqτππsGαosonGΛnηGΛG±GαosonGτnG
ντnΛlGstΛtμsGwτtρGtwoGtΛuGΛnηGtwoGlτπρtGlμptonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX

5.4 5

129 vμΛsurμmμntsGoνGproηuγtτonGγrossGsμγtτonsGΛnηGγonstrΛτntsGonGΛnomΛlousGtrτplμGπΛuπμGγouplτnπsG
ΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGYWW 4.2 5

128 vμΛsurμmμntGoνGtρμGqτππsGαosonGproηuγtτonGrΛtμGτnGΛssoγτΛtτonGwτtρGtopGquΛrksGτnGντnΛlGstΛtμsGwτtρG
μlμγtronsSGmuonsSGΛnηGρΛηronτγΛllyGημγΛyτnπGtΛuGlμptonsGΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGZ_a 4.2 5

127 vμΛsurμmμntsGoνGproηuγtτonGγrossGsμγtτonsGoνGtρμGqτππsGαosonGτnGtρμGνourTlμptonGντnΛlGstΛtμGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSG[aa 4.2 5

126
|μΛrγρGνorGrμsonΛnγμsGημγΛyτnπGtoGΛGpΛτrGoνGqτππsGαosonsGτnGtρμGαOGovμrlτnμ{mΛtρrm{α}}GPqOG
ovμrlτnμ{mΛtρrm{q}}GPâ��â�� ˛‰GντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2019SGYWXbSGX

5.4 5

125 |μΛrγρGνorGtopGsquΛrkGpΛτrGproηuγtτonGusτnπGητlμptonGντnΛlGstΛtμsGτnGγollτsτonGηΛtΛGγollμγtμηGΛtUG
EuropeanoPhysicaloJournaloCSG2021SGaXSGZ 4.2 5

124 vμΛsurμmμntGoνGtρμGπroomμηGψμtGmΛssGτnGyαyαGΛnηGppGγollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}f]UWYGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 5

123 vμΛsurμmμntGoνGtρμGproηuγtτonGγrossGsμγtτonGνorGsτnπlμGtopGquΛrksGτnGΛssoγτΛtτonGwτtρG–GαosonsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 5

122 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGτnGppGγollτsτonsGΛtGΛnηGvΛlτηΛtτonGoνGlμptonGΛnΛlysτsGtμγρnτquμsUG
EuropeanoPhysicaloJournaloCSG2018SG_aSG_Wa 4.2 5

121 |μΛrγρGνorGΛGlowTmΛssGˇ�â��ˇ�RGrμsonΛnγμGτnGΛssoγτΛtτonGwτtρGΛGαottomGquΛrkGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

120 |μΛrγρGνorGtρμGpΛτrGproηuγtτonGoνGlτπρtGtopGsquΛrksGτnGtρμGμ´–˛…hGντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

119
|μΛrγρGνorGnonrμsonΛntGqτππsGαosonGpΛτrGproηuγtτonGτnGtρμGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGντnΛlGstΛtμGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 4

118 |tuηyGoνGtρμGunημrlyτnπGμvμntGτnGtopGquΛrkGpΛτrGproηuγtτonGτnGγollτsτonsGΛtGXZUGEuropeanoPhysicalo
JournaloCSG2019SG_bSGXYZ 4.2 4
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117 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorGτnγlusτvμGτsolΛtμηTpρotonGΛnηGpρotonRψμtG
proηuγtτonGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGYW 4.2 4

116 mτstrταutτonsGoνGtopoloπτγΛlGoαsμrvΛαlμsGτnGτnγlusτvμGtρrμμTGΛnηGνourTψμtGμvμntsGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2015SG_]SGZWY 4.2 4

115 nvτημnγμGνorGOtμxtG{–}tμxtG{–}PGproηuγtτonGνromGηouαlμTpΛrtonGτntμrΛγtτonsGτnGprotonâ��protonG
γollτsτonsGΛtGOsqrt{s}GfGXZGStμxtG{}μ’}GPUGEuropeanoPhysicaloJournaloCSG2020SGaWSGX 4.2 4

114 |tuηyGoνGητψμtGμvμntsGwτtρGΛGlΛrπμGrΛpτητtyGπΛpGαμtwμμnGtρμGtwoGlμΛητnπGψμtsGτnGppGγollτsτonsGΛtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSGY[Y 4.2 4

113 ysμuηorΛpτητtyGητstrταutτonsGoνGγρΛrπμηGρΛηronsGτnGprotonTlμΛηGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}f]UWYGPGΛnηGaUX^G}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 4

112
|μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛtGlμΛstGtρrμμGμlμγtronsGorGmuonsSGψμtsSGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 4

111 |μΛrγρGνorGΛG–hGαosonGημγΛyτnπGtoGΛGvμγtorTlτkμGquΛrkGΛnηGΛGtopGorGαottomGquΛrkGτnGtρμGΛllTψμtsGντnΛlG
stΛtμUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

110 |μΛrγρGνorGΛGρμΛvyGrμsonΛnγμGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGvμγtorTlτkμGtopGquΛrkGΛtGOGsqrt{s}fXZGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 4

109 rmplμmμntΛtτonGoνGtρμGηΛtΛGΛγquτsτtτonGsystμmGνorGtρμGxvμrlΛpGvuonG}rΛγkGoτnημrGτnGtρμGlv|G
μxpμrτmμntUGJournaloofoInstrumentationSG2017SGXYSGlWXW]WTlWXW]W 1 4

108 |μΛrγρGνorGρτπρTmΛssG±˛‡GrμsonΛnγμsGτnGμRμâ��˛‡GΛnηG˛…GRG˛…Gâ��˛‡GντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}faGPGΛnηGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 4

107 |μΛrγρGνorGlyGvτolΛtτonGτnGOGtovμrlτnμ{t}GPGproηuγtτonGΛnηGημγΛyGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 4

106 loρμrμntGsoνtGpΛrtτγlμGproηuγtτonGτnG±GημγΛysGτntoGtρrμμGψμtsUGPhysicsoLetters,oSectionoB:oNuclear,o
ElementaryoParticleoandoHigh-EnergyoPhysicsSG2005SG^W]SGZ_T[a 4.2 4

105 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGΛnηGγρΛrπμGrΛtτosGνorGTγρΛnnμlGsτnπlμGtopGquΛrkG
proηuγtτonGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGZ_W 4.2 4

104 vμΛsurμmμntGoνGquΛrkTGΛnηGπluonTlτkμGψμtGνrΛγtτonsGusτnπGψμtGγρΛrπμGτnGyαyαGΛnηGppGγollτsτonsGΛtG
]UWYG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 4

103
|μΛrγρGνorGnonrμsonΛntGqτππsGαosonGpΛτrGproηuγtτonGτnGντnΛlGstΛtμsGwτtρGtwoGαottomGquΛrksGΛnηG
twoGpρotonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SG
YWYXSGX

5.4 4

102 |μΛrγρGνorGnμwGpρysτγsGτnGtopGquΛrkGproηuγtτonGwτtρGΛηητtτonΛlGlμptonsGτnGprotonTprotonGγollτsτonsG
ΛtGOGsqrt{s}GPGfGXZG}μ’GusτnπGμννμγtτvμGντμlηGtρμoryUGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 4

101 vμΛsurμmμntGoνGμlμγtrowμΛkGproηuγtτonGoνGΛG–GαosonGΛnηGtwoGνorwΛrηGψμtsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 4

100 jzτmutρΛlGγorrμlΛtτonsGνorGτnγlusτvμGYTψμtSGZTψμtSGΛnηG[TψμtGμvμntsGτnGppGγollτsτonsGΛtGOsqrt{s}fGXZ~ραoxG
{}μ’}PUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX 4.2 4
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99 v~|τlcGΛGmoημlTunspμγτντγGsμΛrγρGνorGnμwGpρysτγsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2021SGaXSG^Yb 4.2 4

98
|μΛrγρGνorGtρμGΛssoγτΛtμηGproηuγtτonGoνGtρμGqτππsGαosonGΛnηGΛGvμγtorGαosonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’GvτΛGqτππsGαosonGημγΛysGtoGˇ�GlμptonsUGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 3

97 |μΛrγρGνorGητrμγtGpΛτrGproηuγtτonGoνGsupμrsymmμtrτγGpΛrtnμrsGtoGtρμGlμptonGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGXab 4.2 3

96
vμΛsurμmμntGoνGtρμGtopGquΛrkGνorwΛrηTαΛγkwΛrηGproηuγtτonGΛsymmμtryGΛnηGtρμGΛnomΛlousG
γρromoμlμγtrτγGΛnηGγρromomΛπnμtτγGmomμntsGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2020SGYWYWSGX

5.4 3

95
vμΛsurμmμntGoνGtρμGτnγlusτvμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOG
sqrt{s}f]UWYGPG}μ’GusτnπGντnΛlGstΛtμsGwτtρGΛtGlμΛstGonμGγρΛrπμηGlμptonUGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 3

94 |μΛrγρGνorG±±GrμsonΛnγμsGτnGtρμGYâ��Y˛‰GντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGXZG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 3

93 |μΛrγρGνorGpΛτrGproηuγtτonGoνGμxγτtμηGtopGquΛrksGτnGtρμGlμptonGRGψμtsGντnΛlGstΛtμUGJournaloofoHigho
EnergyoPhysicsSG2014SGYWX[SGX 5.4 3

92 |μΛrγρGνorGtopGquΛrkGpΛrtnμrsGwτtρGγρΛrπμG]VZGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 3

91 |tuηyGoνGρΛηronτγGμvμntTsρΛpμGvΛrτΛαlμsGτnGmultτψμtGντnΛlGstΛtμsGτnGppGγollτsτonsGΛtGOGsqrt{s}GfG_GPG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2014SGYWX[SGX 5.4 3

90 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGνorGproηuγtτonGoνGOGαovμrlτnμGαG—GPGημγΛyτnπGtoGmuonsGτnGppG
γollτsτonsGΛtGOGsqrtG{s}GfG_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 3

89 |μΛrγρGνorGsτnπlμGtopGquΛrkGproηuγtτonGvτΛGγontΛγtGτntμrΛγtτonsGΛtGunyYUGEuropeanoPhysicaloJournaloCSG
2011SG_XSGX 4.2 3

88 |μΛrγρGνorGΛGνourtρGπμnμrΛtτonGαâ��TquΛrkGΛtGunyTrrGΛtGOsqrt{s}fSPXb^â��YWbGpμ’UGEuropeanoPhysicalo
JournaloCSG2007SG]WSG]W_T]Xa 4.2 3

87 rmplμmμntΛtτonGoνGtρμGηΛtΛGΛγquτsτtτonGsystμmGνorGtρμG{μsτstτvμGylΛtμGlρΛmαμrGpΛttμrnGγompΛrΛtorG
muonGtrτππμrGτnGtρμGlv|GμxpμrτmμntUGMeasurementoScienceoandoTechnologySG2007SGXaSGY[]^TY[^[ 2 3

86 rnγlusτvμGα´ ημγΛysGtoGwronπGsτπnGγρΛrmμηGmμsonsUGPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsSG2003SG]^XSGY^T[W 4.2 3

85
vμΛsurμmμntsGoνGtρμGOmΛtρrmG{p}mΛtρrmG{p}rτπρtΛrrowGmΛtρrm{±}mΛtρrm{±}PGproηuγtτonGγrossG
sμγtτonGΛnηGtρμGOmΛtρrm{±}rτπρtΛrrowG[μllGPGαrΛnγρτnπGνrΛγtτonSGΛnηGγonstrΛτntsGonGΛnomΛlousGtrτplμG
πΛuπμGγouplτnπsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPG2018SG_aSGX

3

84 lomατnμηGsμΛrγρμsGνorGtρμGproηuγtτonGoνGsupμrsymmμtrτγGtopGquΛrkGpΛrtnμrsGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSGb_W 4.2 3

83 vμΛsurμmμntGoνGtρμGOGtovμrlτnμ{t}GPGproηuγtτonGγrossGsμγtτonGτnGtρμGητlμptonGγρΛnnμlGτnGppGγollτsτonsG
ΛtGOGsqrt{s}GPGfGaG}μ’G2014SGYWX[SGX 3

82 mμpμnημnγμGoνGτnγlusτvμGψμtGproηuγtτonGonGtρμGΛntτTk}GητstΛnγμGpΛrΛmμtμrGτnGppGγollτsτonsGΛtGOG
sqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 3
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81 yolτsρGlontrταutτonGtoGtρμG–orlηwτημGuqlGlomputτnπUGLectureoNotesoinoComputeroScienceSG2012SGYa]TZWW0.9 3

80 rnvμstτπΛtτonGτntoGtρμGμvμntTΛγtτvτtyGημpμnημnγμGoνGhOn|PGrμlΛtτvμGproηuγtτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 3
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78 vμΛsurμmμntGoνGtρμGτnγlusτvμGΛnηGητννμrμntτΛlGqτππsGαosonGproηuγtτonGγrossGsμγtτonsGτnGtρμG
lμptonτγG––GημγΛyGmoημGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 3

77 vμΛsurμmμntsGoνGqτππsGαosonGproηuγtτonGγrossGsμγtτonsGΛnηGγouplτnπsGτnGtρμGητpρotonGημγΛyG
γρΛnnμlGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 3

76 nvμntGsρΛpμGvΛrτΛαlμsGmμΛsurμηGusτnπGmultτψμtGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 3

75 |μΛrγρGνorGlμptonTνlΛvorGvτolΛtτnπGημγΛysGoνGρμΛvyGrμsonΛnγμsGΛnηGquΛntumGαlΛγkGρolμsGtoGμ˛…GντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 3

74 |μΛrγρGνorGγρΛrπμηGqτππsGαosonsGproηuγμηGτnGvμγtorGαosonGνusτonGproγμssμsGΛnηGημγΛyτnπGτntoG
vμγtorGαosonGpΛτrsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSG_YZ 4.2 3

73 |μΛrγρGνorGrμsonΛntGproηuγtτonGoνGsμγonηTπμnμrΛtτonGslμptonsGwτtρGsΛmμTsτπnGητmuonGμvμntsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZW] 4.2 2

72 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGpρotonSGΛGlμptonSGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GfGXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

71 |μΛrγρGνorGημγΛysGoνGtρμGXY]Gpμ’GqτππsGαosonGτntoGΛG±GαosonGΛnηGΛGˇ�GorGhGmμsonUGJournaloofoHigho
EnergyoPhysicsSG2020SGYWYWSGX 5.4 2

70
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5.4 2

69
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mτssτnπGtrΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 2

68 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGτnGtρμGkτnμmΛtτγGΛnπulΛrGvΛrτΛαlμGhQGνorGτnγlusτvμG±G
αosonGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 2

67 |μΛrγρGνorGηΛrkGmΛttμrGpΛrtτγlμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’GusτnπGtρμGrΛzorG
vΛrτΛαlμsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 2

66 |μΛrγρGνorG–hGTgGtαGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2016SGYWX^SGX 5.4 2

65 |μΛrγρGνorGtρμGproηuγtτonGoνGΛnGμxγτtμηGαottomGquΛrkGημγΛyτnπGtoGt–GτnGprotonTprotonGγollτsτonsGΛtG
OGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 2

64
rnγlusτvμGsμΛrγρGνorGsupμrsymmμtryGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GusτnπGrΛzorGvΛrτΛαlμsGΛnηG
αoostμηGoαψμγtGτημntτντγΛtτonGτnGzμroGΛnηGonμGlμptonGντnΛlGstΛtμsUGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 2
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63 |μΛrγρGνorGμxγτtμηGlμptonsGτnGâ��â�� ˛‡GντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{mΛtρrm{s}}fXZGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

62 vμΛsurμmμntsGoνGtρμGppGTgG–˛‡˛‡GΛnηGppGTgG±˛‡˛‡GγrossGsμγtτonsGΛnηGlτmτtsGonGΛnomΛlousGquΛrtτγGπΛuπμG
γouplτnπsGΛtGOGsqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 2

61 |μΛrγρGνorGnμwGpρμnomμnΛGwτtρGmultτplμGγρΛrπμηGlμptonsGτnGprotonâ��protonGγollτsτonsGΛtGOsqrt{s}fG
XZPGOStμxtG{}μ’}PUGEuropeanoPhysicaloJournaloCSG2017SG__SGX 4.2 2

60 xv}oGντrmwΛrμGovμrvτμwG2015SG 2

59 qτππsGkosonGτnGtρμG|tΛnηΛrηGvoημlGΛnηGxtρμrGqτπρlτπρtsGoνG|vGvμΛsurμmμntsGwτtρGtρμGuqlUGActao
PhysicaoPolonicaoBSG2013SG[[SGYWa_ 1.9 2

58
{μsτstτvμGplΛtμGγρΛmαμrGγommτssτonτnπGΛnηGpμrνormΛnγμGτnGlv|UGNuclearoInstrumentsoandoMethodso
inoPhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoandoAssociatedoEquipmentSG
2009SG^WYSG^b^T^bb

1.2 2

57
{μsτstτvμGylΛtμGlρΛmαμrsGpμrνormΛnγμGwτtρGlosmτγG{ΛysGτnGtρμGlv|GμxpμrτmμntUGNuclearo
InstrumentsoandoMethodsoinoPhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoando
AssociatedoEquipmentSG2010SG^X_SGXaWTXaY

1.2 2

56 ±˛‡QGproηuγtτonGτnGμRμTGτntμrΛγtτonsGΛtGOsqrt{s}GfGXaZTYWbStμxt{pμ’}PUGEuropeanoPhysicaloJournaloCSG
2007SG]XSG]WZT]YZ 4.2 2

55 vΛssμsSGlτνμtτmμsGΛnηGproηuγtτonGrΛtμsGoνGUGPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleo
andoHigh-EnergyoPhysicsSG2006SG^ZbSGX_bTXbX 4.2 2

54 oromGtρμGyρysτγΛlGvoημlGtoGtρμGnlμγtronτγG|ystμmGTTTGxv}oG}rτππμrGνorGlv|UGActaoPhysicaoPolonicaoB,o
ProceedingsoSupplementSG2016SGbSGXaX 1.8 2

53 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGsΛmμTsτπnGητlμptonsGΛnηGαGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG
}μ’G2013SGYWXZSGX 2

52 |μΛrγρGνorGsupμrsymmμtryGusτnπGqτππsGαosonGtoGητpρotonGημγΛysGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

51 }ρμGproηuγtτonGoνGτsolΛtμηGpρotonsGτnGyαyαGΛnηGppGγollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GPGfG]UWYG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

50 kosμTnτnstμτnGγorrμlΛtτonsGoνGγρΛrπμηGρΛηronsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

49 |tuηyGoνGγμntrΛlGμxγlusτvμGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtGΛnηGXZ}μ’UGEuropeanoPhysicalo
JournaloCSG2020SGaWSG_Xa 4.2 2

48 |μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGμvμntsGwτtρGψμtsGΛnηGtwoGsΛmμTsτπnGorGΛtGlμΛstG
tρrμμGγρΛrπμηGlμptonsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG_]Y 4.2 2

47 |μΛrγρGνorGηΛrkGpρotonsGτnGqτππsGαosonGproηuγtτonGvτΛGvμγtorGαosonGνusτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 2

46 jnπulΛrGΛnΛlysτsGoνGtρμGημγΛyGkRGTgGtQOabYPR˛…R˛…â��GτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfG
aG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 2

Michal Bluj

30



45 oτrstGmμΛsurμmμntGoνGlΛrπμGΛrμΛGψμtGtrΛnsvμrsμGmomμntumGspμγtrΛGτnGρμΛvyTτonGγollτsτonsUGJournalo
ofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 2

44 |μΛrγρGνorGtρμGproηuγtτonGoνGνourGtopGquΛrksGτnGtρμGsτnπlμTlμptonGΛnηGopposτtμTsτπnGητlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 2

43 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGpρotonSGψμtsSGTψμtsSGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGXZUGEuropeanoPhysicaloJournaloCSG2019SG_bSG[[[ 4.2 1

42
|μΛrγρGνorGsupμrsymmμtryGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’GτnGμvμntsGwτtρG
ρτπρTmomμntumG±GαosonsGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumUGJournaloofoHighoEnergyoPhysicsSG2020SG
YWYWSGX

5.4 1

41 |μΛrγρGνorGΛnGμxγτtμηGlμptonGtρΛtGημγΛysGvτΛGΛGγontΛγtGτntμrΛγtτonGtoGΛGlμptonGΛnηGtwoGψμtsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

40 |μΛrγρGνorGtopGsquΛrkGpΛτrGproηuγtτonGτnGΛGντnΛlGstΛtμGwτtρGtwoGtΛuGlμptonsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

39 oypjGτmplμmμntΛtτonGoνGovμrlΛpGv}oGtrτππμrcGprμlτmτnΛryGstuηyG2014SG 1

38 rnγlusτvμGsτnπlμTpΛrtτγlμGproηuγtτonGτnGtwoTpρotonGγollτsτonsGΛtGunyGrrGwτtρGtρμGmnuyqrGημtμγtorUG
PhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2009SG^_aSG[[[T[[b 4.2 1

37 mτTψμtGproηuγtτonGτnG˛‡G˛‡GγollτsτonsGΛtGunyYUGEuropeanoPhysicaloJournaloCSG2008SG]aSG]ZXT][X 4.2 1

36 |tuηyGoνGtρμGOG{mΛtρrm{k}}√{R}toGmΛtρrm{s}VuppsτGovμrlτnμ{uΛmαηΛ}mΛtρrm{p}GPGημγΛyGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 1

35 rnγlusτvμGsμΛrγρGνorGρτπρlyGαoostμηGqτππsGαosonsGημγΛyτnπGtoGαottomGquΛrkTΛntτquΛrkGpΛτrsGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

34 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGwτtρGΛηητtτonΛlG
ψμtsGΛnηGαGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 1

33 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorG±GαosonsGproηuγμηGτnGΛssoγτΛtτonGwτtρGγρΛrmGψμtsGτnG
ppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 1

32 mμvμlopmμntGΛnηGvΛlτηΛtτonGoνGqn{–rp´ _GtunμsGνromGlv|GunημrlyτnπTμvμntGmμΛsurμmμntsUG
EuropeanoPhysicaloJournaloCSG2021SGaXSGZXY 4.2 1

31 vμΛsurμmμntsGoνGtrτplμTητννμrμntτΛlGγrossGsμγtτonsGνorGτnγlusτvμGτsolΛtμηTpρotonRψμtGμvμntsGτnG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGb^b 4.2 1

30 |μΛrγρGνorGtρμGlμptonGνlΛvorGvτolΛtτnπGημγΛyGˇ�GTgGZ˛…GτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfG
XZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 1

29
|μΛrγρGνorGνlΛvorTγρΛnπτnπGnμutrΛlGγurrμntGτntμrΛγtτonsGoνGtρμGtopGquΛrkGΛnηGtρμGqτππsGαosonG
ημγΛyτnπGtoGΛGαottomGquΛrkTΛntτquΛrkGpΛτrGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2022SGYWYYSGX

5.4 1

28 jzτmutρΛlGsμpΛrΛtτonGτnGnμΛrlyGαΛγkTtoTαΛγkGψμtGtopoloπτμsGτnGτnγlusτvμGYTGΛnηGZTψμtGμvμntsGτnG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSG__Z 4.2 0
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27 uμvμlTXG{ylGtrτππμrGτnGtρμGlv|Gμxpμrτmμntâ��soνtwΛrμGνorGμmulΛtτonGΛnηGγommτssτonτnπUGJournaloofo
Physics:oConferenceoSeriesSG2008SGXXbSGWZYWXY 0.3 0

26 vμΛsurμmμntGoνGsτnπlμTητννrΛγtτvμGητψμtGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtGwτtρGtρμGlv|GΛnηG
}x}nvGμxpμrτmμntsUGEuropeanoPhysicaloJournaloCSG2020SGaWSGXX^[ 4.2 0

25 vμΛsurμmμntGoνGαGψμtGsρΛpμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfG]UWYG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2021SGYWYXSGX 5.4 0

24 |tuηyGoνGmrμllT ΛnGητmuonGproηuγtτonGτnGprotonTlμΛηGγollτsτonsGΛtGOGsqrt{s≥{mΛtρrm{ww}}}GPGfGaUX^G
}μ’UGJournaloofoHighoEnergyoPhysicsSG2021SGYWYXSGX 5.4 0

23 vμΛsurμmμntGoνGtρμGtopGquΛrkGpΛτrGproηuγtτonGγrossGsμγtτonGτnGητlμptonGντnΛlGstΛtμsGγontΛτnτnπGonμG
ˇ�GlμptonGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 0

22 |μΛrγρGνorGΛGρμΛvyGvμγtorGrμsonΛnγμGημγΛyτnπGtoGΛG´ αosonGΛnηGΛGqτππsGαosonGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2021SGaXSG^aa 4.2 0

21 vμΛsurμmμntsGoνGΛnπulΛrGητstΛnγμGΛnηGmomμntumGrΛtτoGητstrταutτonsGτnGtρrμμTψμtGΛnηGRGtwoTψμtG
ντnΛlGstΛtμsGτnGγollτsτonsUGEuropeanoPhysicaloJournaloCSG2021SGaXSGa]Y 4.2 0

20
rnγlusτvμGΛnηGητννμrμntτΛlGγrossGsμγtτonGmμΛsurμmμntsGoνGsτnπlμGtopGquΛrkGproηuγtτonGτnGΛssoγτΛtτonG
wτtρGΛG±GαosonGτnGprotonTprotonGγollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2022SGYWYYSGX

5.4 0

19 |μΛrγρGνorGlonπTlτvμηGpΛrtτγlμsGημγΛyτnπGtoGlμptonsGwτtρGlΛrπμGτmpΛγtGpΛrΛmμtμrGτnGprotonTprotonG
γollτsτonsGΛtGUUGEuropeanoPhysicaloJournaloCSG2022SGaYSGX]Z 4.2 0

18 |μΛrγρGνorGlowTmΛssGητlμptonGrμsonΛnγμsGτnGqτππsGαosonGημγΛysGtoGνourTlμptonGντnΛlGstΛtμsGτnG
protonTprotonGγollτsτonsGΛtGUUGEuropeanoPhysicaloJournaloCSG2022SGaYSGYbW 4.2 0

17
|μΛrγρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGtwoGorGtρrμμGsoνtGlμptonsGΛnηGmτssτnπGtrΛnsvμrsμG
momμntumGτnGprotonTprotonGγollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2022SGYWYYSGX

5.4 0

16 |μΛrγρGνorGΛGrτπρtTρΛnημηG–GαosonGΛnηGΛGρμΛvyGnμutrτnoGτnGprotonTprotonGγollτsτonsGΛtGKKGsqrt{s}GKKG
fGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2022SGYWYYSGX 5.4 0

15 |μΛrγρGνorGΛGρμΛvyGrμsonΛnγμGημγΛyτnπGτntoGΛGtopGquΛrkGΛnηGΛG–GαosonGτnGtρμGlμptonRψμtsGντnΛlGstΛtμG
ΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2022SGYWYYSGX 5.4 0

14 |μΛrγρGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGtoG±±GorG±–GΛnηGΛxτonTlτkμGpΛrtτγlμsGmμητΛtτnπGnonrμsonΛntG
±±GorG±qGproηuγtτonGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2022SGYWYYSGX 5.4 0

13 vμΛsurμmμntGΛnηGzlmGΛnΛlysτsGoνGηouαlμTητννμrμntτΛlGτnγlusτvμGψμtGγrossGsμγtτonsGτnGprotonTprotonG
γollτsτonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2022SGYWYYSGX 5.4 0

12 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGγρΛrπτnosGΛnηGnμutrΛlτnosGτnGprotonTprotonGγollτsτonsGΛtGKKG
sqrt{s}GKKGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2022SGYWYYSGX 5.4 0

11 |μΛrγρGνorGnΛturΛlGsupμrsymmμtryGτnGμvμntsGwτtρGtopGquΛrkGpΛτrsGΛnηGpρotonsGτnGppGγollτsτonsGΛtGOG
sqrt{s}faGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4

10 vμΛsurμmμntGoνGtρμGμlμγtronGstruγturμGνunγtτonoYμΛtGunyGμnμrπτμsUGPhysicsoLetters,oSectionoB:o
Nuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsSG2014SG_Z_SGZbT[_ 4.2
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9 |μΛrγρGνorGnμutrΛlGγolorToγtμtGwμΛkTtrτplμtGsγΛlΛrGpΛrtτγlμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}faGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2015SGYWX]SGX 5.4

8 lorrμlΛtτonsGαμtwμμnGpolΛrτsΛtτonGstΛtμsGoνG–GpΛrtτγlμsGτnGtρμGrμΛγtτonGμGâ��GμGRTg–Gâ��G–GRGΛtGunyYG
μnμrπτμsGXabâ��YWbGpμ’UGEuropeanoPhysicaloJournaloCSG2009SG^ZSG^XXT^YZ 4.2

7 vμΛsurμmμntGoνGtρμGtΛuGlμptonGpolΛrτsΛtτonGΛtGunyYUGPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsSG2008SG^]bSG^]T_Z 4.2

6 qτππsGαosonGsμΛrγρμsGτnGlyTγonsμrvτnπGΛnηGlyTvτolΛtτnπGv||vGsγμnΛrτosGwτtρGtρμGmnuyqrGημtμγtorUG
EuropeanoPhysicaloJournaloCSG2008SG][SGX 4.2

5 lΛlταrΛtτonGoνGtρμGlv|GρΛηronGγΛlorτmμtμrsGusτnπGprotonTprotonGγollτsτonGηΛtΛGΛtGâ��sGfGXZG}μ’UG
JournaloofoInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

4
vμΛsurμmμntsGoνGtρμGητννμrμntτΛlGγrossGsμγtτonsGoνGtρμGproηuγtτonGoνG±GRGψμtsGΛnηG˛‡GRGψμtsGΛnηGoνG±G
αosonGμmτssτonGγollτnμΛrGwτtρGΛGψμtGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2021SGYWYXSGX

5.4

3
vμΛsurμmμntGoνGtρμG±GαosonGητννμrμntτΛlGproηuγtτonGγrossGsμγtτonGusτnπGτtsGτnvτsταlμGημγΛyGmoημGO±G
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