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423 |μΞrατGνorGΞnomΞlousGproγuαtψonGoνGmultψlμptonGμvμntsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_S}μ’GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 65
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422 lτΞrπμγTpΞrtψαlμGnuαlμΞrGmoγψνψαΞtψonGνΞαtorsGψnGyΥyΥGΞnγGpyΥGαollψsψonsGΞtGOG
sqrt{s≥{mΞtτrm{w}dmΞtτrm{w}}}f]UWYGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 64

421 vμΞsurμmμntGoνGtτμGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGγψlμptonG
ατΞnnμlGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 64

420 |μΞrατGνorGτψπτTmΞssGrμsonΞnαμsGψnGγψlμptonGνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 63

419 |μΞrατGνorGqμΞvyGwμutrΞlGuμptonsGψnGnvμntsGwψtτG}τrμμGlτΞrπμγGuμptonsGψnGyrotonTyrotonG
lollψsψonsGΞtGsqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2018SGXYWSGYYXaWX 7.4 62

418 xΥsμrvΞtψonGoνGtτμGΞssoαψΞtμγGproγuαtψonGoνGΞGsψnπlμGtopGquΞrkGΞnγGΞG–GΥosonGψnGppGαollψsψonsGΞtG
sqrtµs−GfGaG}μ’UGPhysicalrReviewrLettersSG2014SGXXYSGYZXaWY 7.4 62

417 nxtrΞαtψonGΞnγGvΞlψγΞtψonGoνGΞGnμwGsμtGoνGlv|GpytτψΞaGtunμsGνromGunγμrlyψnπTμvμntGmμΞsurμmμntsUG
EuropeanrPhysicalrJournalrCSG2020SGaWSG[ 4.2 61

416 |tuγyGoνGγouΥlμGpΞrtonGsαΞttμrψnπGusψnπG–GRGYTjμtGμvμntsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}GPGfG_G
}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 61

415 |μΞrατGνorGΞGατΞrπμγGqψππsGΥosonGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2015SGYWX]SGX 5.4 61

414 |tuγψμsGoνGΞzψmutτΞlGγψτΞγronGαorrμlΞtψonsGψnGultrΞTαμntrΞlGyΥyΥGαollψsψonsGΞtGOGsqrt{{{s≥{wwG}}}}GPG
fYU_^G}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 60

413 |upprμssψonGΞnγGΞzψmutτΞlGΞnψsotropyGoνGpromptGΞnγGnonpromptGµoormulΞcGsμμGtμxt−GproγuαtψonGψnG
yΥyΥGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2017SG__SGY]Y 4.2 58

412 |μΞrατGνorGtopTquΞrkGpΞrtnμrsGwψtτGατΞrπμG]VZGψnGtτμGsΞmμTsψπnGγψlμptonGνψnΞlGstΞtμUGPhysicalrReviewr
LettersSG2014SGXXYSGX_XaWX 7.4 58

411 |μΞrατGνorGΞnomΞlousGOGtovμrlψnμGtGPGproγuαtψonGψnGtτμGτψπτlyTΥoostμγGΞllTτΞγronψαGνψnΞlGstΞtμUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 57

410 xΥsμrvΞtψonGoνGΞGnμwG˛�ΥGΥΞryonUGPhysicalrReviewrLettersSG2012SGXWaSGY]YWWY 7.4 57

409 |tuγyGoνGμxαlusψvμGtwoTpτotonGproγuαtψonGoνG–R–â��GψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’GΞnγG
αonstrΞψntsGonGΞnomΞlousGquΞrtψαGπΞuπμGαouplψnπsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 56

408 vμΞsurμmμntGoνGtτμG–R–â��GαrossGsμαtψonGψnGppGαollψsψonsGΞtGOsqrt{s}GfG_mΥox{G}μ’}PGΞnγGlψmψtsGonG
ΞnomΞlousG––˛‡GΞnγG––±GαouplψnπsUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 56

407 uonπTrΞnπμGΞnγGsτortTrΞnπμGγψτΞγronGΞnπulΞrGαorrμlΞtψonsGψnGαμntrΞlGyΥyΥGαollψsψonsGΞtGOGsqrtG
{{{s≥{tμxt{ww}}}}}GPGfGYU_^G}μ’UGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 56

406 |μΞrατGνorGΞGstΞnγΞrγGmoγμlGqψππsGΥosonGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGtopTquΞrkGpΞψrGΞnγG
γμαΞyψnπGtoGΥottomGquΞrksGusψnπGΞGmΞtrψxGμlμmμntGmμtτoγUGEuropeanrPhysicalrJournalrCSG2015SG_]SGY]X 4.2 55

405 vμΞsurμmμntGoνGtτμGpsμuγorΞpψγψtyGΞnγGαμntrΞlψtyGγμpμnγμnαμGoνGtτμGtrΞnsvμrsμGμnμrπyGγμnsψtyGψnG
yΥTyΥGαollψsψonsGΞtGâ��OsOwwPPfYU_^G}μ’UGPhysicalrReviewrLettersSG2012SGXWbSGX]YZWZ 7.4 55
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404 |μΞrατGνorGnμwGpτμnomμnΞGwψtτGtτμGvΞrψΞΥlμGψnGtτμGΞllTτΞγronψαGνψnΞlGstΞtμGproγuαμγGψnG
protonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2017SG__SG_XW 4.2 54

403 |μΞrατGνorGsψπnΞturμsGoνGμxtrΞGγψmμnsψonsGψnGtτμGγψpτotonGmΞssGspμαtrumGΞtGtτμGlΞrπμGτΞγronG
αollψγμrUGPhysicalrReviewrLettersSG2012SGXWaSGXXXaWX 7.4 53

402 |μΞrατGνorGOG{tμxt{k}}≥{tμxt{s}}√WGPGTgG˛…GRG˛…Gâ��GΞnγGkWGTgG˛…GRG˛…Gâ��GγμαΞysUGJournalrofrHighrEnergyrPhysicsSG
2012SGYWXYSGX 5.4 52

401 |μΞrατGνorGΞGlψπτtGpsμuγosαΞlΞrGqψππsGΥosonGψnGtτμGγψmuonGγμαΞyGατΞnnμlGψnGppGαollψsψonsGΞtGâ��sGfG_G
}μ’UGPhysicalrReviewrLettersSG2012SGXWbSGXYXaWX 7.4 51

400 vμΞsurμmμntsGoνGγψννμrμntψΞlGΞnγGγouΥlμTγψννμrμntψΞlGmrμllT¯ΞnGαrossGsμαtψonsGψnGprotonTprotonG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGX[_ 4.2 50

399
vμΞsurμmμntGoνGtτμGrΞtψoGoνGtτμGψnαlusψvμGZTjμtGαrossGsμαtψonGtoGtτμGψnαlusψvμGYTjμtGαrossGsμαtψonGψnG
ppGαollψsψonsGΞtGOsqrt{s}GfG_GmΞtτrm{}μ’}PGΞnγGνψrstGγμtμrmψnΞtψonGoνGtτμGstronπGαouplψnπGαonstΞntGψnG
tτμG}μ’GrΞnπμUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX

4.2 50

398
|μΞrατGνorGnΞrrowGΞnγGΥroΞγGγψjμtGrμsonΞnαμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’GΞnγG
αonstrΞψntsGonGγΞrkGmΞttμrGmμγψΞtorsGΞnγGotτμrGnμwGpΞrtψαlμsUGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 50

397 |μΞrατGνorGΞGstΞnγΞrγTmoγμlTlψkμGqψππsGΥosonGwψtτGΞGmΞssGψnGtτμGrΞnπμGX[]GtoGXWWWGpμ’GΞtGtτμGuqlUG
EuropeanrPhysicalrJournalrCSG2013SG_ZSGY[^b 4.2 49

396 wuαlμΞrGμννμαtsGonGtτμGtrΞnsvμrsμGmomμntumGspμαtrΞGoνGατΞrπμγGpΞrtψαlμsGψnGpyΥGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGYZ_ 4.2 48

395 vμΞsurμmμntGoνGtτμGtTατΞnnμlGsψnπlμTtopTquΞrkGproγuαtψonGαrossGsμαtψonGΞnγGoνGtτμG|’GtΥ|GltvG
mΞtrψxGμlμmμntGψnGppGαollψsψonsGΞtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 48

394 vμΞsurμmμntGoνGtτμGOG{{rmGt}ΥΞr{rmGt}}GPGproγuαtψonGαrossGsμαtψonGΞnγGtτμGtopGquΞrkGmΞssGψnGtτμG
γψlμptonGατΞnnμlGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 48

393 vμΞsurμmμntGoνGtτμGkWGproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsGΞtGsqrtµs−GfG_G}μ’UGPhysicalrReviewr
LettersSG2011SGXW^SGY]YWWX 7.4 48

392 |μΞrατGνorGγΞrkGmΞttμrGproγuαμγGwψtτGΞnGμnμrπμtψαGjμtGorGΞGτΞγronψαΞllyGγμαΞyψnπG–GorG±GΥosonGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 46

391 |μΞrατGνorGνlΞvorTατΞnπψnπGnμutrΞlGαurrμntsGψnGtopTquΞrkGγμαΞysGtGTgG±qGψnGppGαollψsψonsGΞtGsqrtµs−GfGaG
}μ’UGPhysicalrReviewrLettersSG2014SGXXYSGX_XaWY 7.4 46

390 vμΞsurμmμntGoνGtτμGrμlΞtψvμGpromptGproγuαtψonGrΞtμGoνGΞnγGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UG
EuropeanrPhysicalrJournalrCSG2012SG_YSGYY]X 4.2 46

389 lomΥψnμγGsμΞrατGνorGμlμαtrowμΞkGproγuαtψonGoνGατΞrπψnosGΞnγGnμutrΞlψnosGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 45

388 nxαlusψvμG˛‡˛‡GTgG˛…GRG˛…Gâ��GproγuαtψonGψnGprotonTprotonGαollψsψonsGΞtGOGsqrtG{s}GfG{_}GPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 45

387 |μΞrατGνorGtτμGΞssoαψΞtμγGproγuαtψonGoνGtτμGqψππsGΥosonGwψtτGΞGtopTquΞrkGpΞψrUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 45
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386
|μΞrατGνorGμxαlusψvμGorGsμmψTμxαlusψvμG˛‡˛‡GproγuαtψonGΞnγGoΥsμrvΞtψonGoνGμxαlusψvμGΞnγG
sμmψTμxαlusψvμGμRμâ��GproγuαtψonGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2012SGYWXYSGX

5.4 45

385 vμΞsurμmμntGoνGtτμGsumGoνG––GΞnγG–±GproγuαtψonGwψtτG–RγψjμtGμvμntsGψnGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGYYaZ 4.2 45

384 |μΞrατGνorGsupμrsymmμtryGψnGppGαollψsψonsGΞtGâ��_G}μ’GψnGμvμntsGwψtτGtwoGpτotonsGΞnγGmψssψnπG
trΞnsvμrsμGμnμrπyUGPhysicalrReviewrLettersSG2011SGXW^SGYXXaWY 7.4 45

383 vμΞsurμmμntGoνGtτμG OZa_YPGproγuαtψonGαrossGsμαtψonGvψΞGγμαΞysGtoGsVˇ�ˇ�GRGˇ�Gâ��GψnGppGαollψsψonsGΞtGOG
sqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 44

382 |μΞrατGνorGτμΞvyGΥottomTlψkμGquΞrksGψnG[UbGνΥâ��XGoνGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 44

381 lτΞrπμγGpΞrtψαlμGtrΞnsvμrsμGmomμntumGspμαtrΞGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfGWUbGPGΞnγG_G}μ’UG
JournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 44

380 |μΞrατGνorGkOsPOWPGTgG˛…RG˛…TGΞnγGkOWPGTgG˛…RG˛…TGγμαΞysGψnGppGαollψsψonsGΞtGsqrtµs−GfG_G}μ’UGPhysicalrReviewr
LettersSG2011SGXW_SGXbXaWY 7.4 44

379 vμΞsurμmμntGoνGtτμGOGtovμrlψnμ{t}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGγψlμptonGατΞnnμlGψnGppGαollψsψonsG
ΞtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 43

378 vμΞsurμmμntGoνGtτμGγψννμrμntψΞlGΞnγGγouΥlμTγψννμrμntψΞlGmrμllT¯ΞnGαrossGsμαtψonsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 43

377 |μΞrατGνorGlμptonψαGγμαΞysGoνG–hGΥosonsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG{_}GPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 43

376 nvμntGΞαtψvψtyGγμpμnγμnαμGoνGOG¯GPOn|PGproγuαtψonGψnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}μ’GpyΥGΞnγGOGsqrt{s}GPG
fGYU_^G}μ’GppGαollψsψonsUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 42

375 |μΞrατGνorGΞγγψtψonΞlGnμutrΞlGv||vGqψππsGΥosonsGψnGtτμGˇ�Gˇ�GνψnΞlGstΞtμGψnGprotonTprotonGαollψsψonsGΞtG
OGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 42

374
vμΞsurμmμntGoνGtτμGψnαlusψvμGZTjμtGproγuαtψonGγψννμrμntψΞlGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsG
ΞtG_G}μ’´ ΞnγGγμtμrmψnΞtψonGoνGtτμGstronπGαouplψnπGαonstΞntGψnGtτμG}μ’´ rΞnπμUGEuropeanrPhysicalr
JournalrCSG2015SG_]SGXa^

4.2 41

373 vμΞsurμmμntGoνGtτμGψnμlΞstψαGprotonTprotonGαrossGsμαtψonGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX 5.4 41

372 |μΞrατGνorGμlμαtrowμΞkGproγuαtψonGoνGατΞrπψnosGΞnγGnμutrΞlψnosGψnGmultψlμptonGνψnΞlGstΞtμsGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 40

371 |tuγψμsGoνGjμtGmΞssGψnGγψjμtGΞnγG–V±GRGjμtGμvμntsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

370 |tuγyGoνGtτμGunγμrlyψnπGμvμntGΞtGνorwΞrγGrΞpψγψtyGψnGppGαollψsψonsGΞtGOG
sqrt{s}fWUbSYU_^SdmΞtτrm{Ξnγ}d_dmΞtτrm{}μ’}GPUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

369 vμΞsurμmμntGoνGtτμG±±GproγuαtψonGαrossGsμαtψonGΞnγGsμΞrατGνorGΞnomΞlousGαouplψnπsGψnGYâ��Yâ��hGνψnΞlG
stΞtμsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39
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368 |μΞrατGνorGsΞmμTsψπnGtopTquΞrkGpΞψrGproγuαtψonGΞtGOGsqrtG{s}GfG_GPG}μ’GΞnγGlψmψtsGonGνlΞvourGατΞnπψnπG
nμutrΞlGαurrμntsGψnGtτμGtopGsμαtorUGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 39

367 |μΞrατGνorGnΞturΞlGΞnγGsplψtGsupμrsymmμtryGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’GψnGνψnΞlG
stΞtμsGwψtτGjμtsGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 39

366 vμΞsurμmμntGoνGyromptGm√{W}GvμsonGjzψmutτΞlGjnψsotropyGψnGyΥTyΥGlollψsψonsGΞtG
sqrtµs≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2018SGXYWSGYWYZWX 7.4 39

365 |μΞrατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGsΞmμTsψπnGγψlμptonsGΞnγGjμtsGψnGppGαollψsψonsGΞtGOGsqrt{s}GPGfGaG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 38

364 |μΞrατGνorGmψαrosαopψαGΥlΞαkGτolμsGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysics
SG2013SGYWXZSGX 5.4 38

363 vμΞsurμmμntGoνGpromptGˇ�OY|PGtoGsVˇ�GyψμlγGrΞtψosGψnGyΥTyΥGΞnγGpTpGαollψsψonsGΞtG
sqrtµsww−fYU_^GG}μ’UGPhysicalrReviewrLettersSG2014SGXXZSGY^YZWX 7.4 38

362 |μΞrατGνorGtopGsquΞrkGΞnγGqψππsψnoGproγuαtψonGusψnπGγψpτotonGqψππsGΥosonGγμαΞysUGPhysicalrReviewr
LettersSG2014SGXXYSGX^XaWY 7.4 38

361 vμΞsurμmμntGoνGtτμGlμptonGατΞrπμGΞsymmμtryGψnGψnαlusψvμG–GproγuαtψonGψnGppGαollψsψonsGΞtGOGsqrtG{s}G
fG_d{tμxt{}μ’}}GPUGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 38

360 vμΞsurμmμntGoνGtτμGµoormulΞcGsμμGtμxt−GαrossGsμαtψonGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−G}μ’ΞnγG
lψmψtsGonGΞnomΞlousGπΞuπμGαouplψnπsUGEuropeanrPhysicalrJournalrCSG2016SG_^SG[WX 4.2 38

359 vμΞsurμmμntGoνGtτμGk√{´–}GvμsonGwuαlμΞrGvoγψνψαΞtψonGoΞαtorGψnGyΥTyΥGlollψsψonsGΞtG
sqrtµs≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2017SGXXbSGX]YZWX 7.4 37

358
lonstrΞψntsGonGpΞrtonGγψstrψΥutψonGνunαtψonsGΞnγGμxtrΞαtψonGoνGtτμGstronπGαouplψnπGαonstΞntGνromG
tτμGψnαlusψvμGjμtGαrossGsμαtψonGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2015SG_]SGYaa

4.2 37

357 vμΞsurμmμntGoνGtτμGγψννμrμntψΞlGαrossGsμαtψonGΞnγGατΞrπμGΞsymmμtryGνorGψnαlusψvμGµoormulΞcGsμμG
tμxt−GproγuαtψonGΞtGµoormulΞcGsμμGtμxt−G}μ’UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^b 4.2 37

356 sμtGproγuαtψonGrΞtμsGψnGΞssoαψΞtψonGwψtτG–GΞnγG±GΥosonsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_G{tμxt{}μ’}}GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 37

355 vμΞsurμmμntGoνGmΞssμsGψnGtτμGµoormulΞcGsμμGtμxt−GsystμmGΥyGkψnμmΞtψαGμnγpoψntsGψnGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[b[ 4.2 37

354 |μΞrατGνorGnΞrrowGrμsonΞnαμsGΞnγGquΞntumGΥlΞαkGτolμsGψnGψnαlusψvμGΞnγGΥTtΞππμγGγψjμtGmΞssGspμαtrΞG
νromGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 37

353 vμΞsurμmμntGoνGpsμuγorΞpψγψtyGγψstrψΥutψonsGoνGατΞrπμγGpΞrtψαlμsGψnGprotonâ��protonGαollψsψonsGΞtG
Osqrt{s}GfGaPG}μ’GΥyGtτμGlv|GΞnγG}x}nvGμxpμrψmμntsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGX 4.2 37

352 vμΞsurμmμntsGoνGqψππsGΥosonGpropμrtψμsGψnGtτμGγψpτotonGγμαΞyGατΞnnμlGψnGprotonTprotonGαollψsψonsG
ΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 37

351 vμΞsurμmμntGoνGpromptGΞnγGnonpromptGατΞrmonψumGsupprμssψonGψnGαollψsψonsGΞtG]UWYUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG]Wb 4.2 37

(2018-2011)
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350 |μΞrατGνorGtτμG O]]^aPG|tΞtμGmμαΞyψnπGψntoGk≥{s}√{W}ˇ�√{´–}GψnGyrotonTyrotonGlollψsψonsGΞtG
sqrtµs−faGG}μ’UGPhysicalrReviewrLettersSG2018SGXYWSGYWYWW] 7.4 36

349 vμΞsurμmμntGoνGtτμGtopTquΞrkGmΞssGψnGOmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}PGμvμntsGwψtτGγψlμptonGνψnΞlG
stΞtμsGψnGppGαollψsψonsGΞtGOsqrt{s}f_GmΥox{}μ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 36

348 vμΞsurμmμntGoνGtτμGγouΥlμTγψννμrμntψΞlGψnαlusψvμGjμtGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[]X 4.2 36

347 |μΞrατGνorGγψsΞppμΞrψnπGtrΞαksGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2015SGYWX]SGX 5.4 35

346 vμΞsurμmμntGoνGγψννμrμntψΞlGαrossGsμαtψonsGνorGqψππsGΥosonGproγuαtψonGψnGtτμGγψpτotonGγμαΞyG
ατΞnnμlGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXZ 4.2 35

345 |μΞrατGνorGtτμGstΞnγΞrγGmoγμlGqψππsGΥosonGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGtopTquΞrkGpΞψrGψnGppG
αollψsψonsGΞtGtτμGuqlUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 35

344
|μΞrατGνorGtτψrγTπμnμrΞtψonGsαΞlΞrGlμptoquΞrksGΞnγGτμΞvyGrψπτtTτΞnγμγGnμutrψnosGψnGνψnΞlGstΞtμsGwψtτG
twoGtΞuGlμptonsGΞnγGtwoGjμtsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2017SGYWX_SGX

5.4 35

343
vμΞsurμmμntGoνGtτμGOmΞtτrm{{tΥΞr{t}}}PGproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsGΞtGOsqrt{s}f_PG}μ’G
usψnπGtτμGkψnμmΞtψαGpropμrtψμsGoνGμvμntsGwψtτGlμptonsGΞnγGjμtsUGEuropeanrPhysicalrJournalrCSG2011SG
_XSGX

4.2 35

342 jlψπnmμntGoνGtτμGlv|GsψlψαonGtrΞαkμrGγurψnπGαommψssψonψnπGwψtτGαosmψαGrΞysUGJournalrofr
InstrumentationSG2010SG]SG}WZWWbT}WZWWb 1 35

341
vμΞsurμmμntGΞnγGzlmGΞnΞlysψsGoνGγouΥlμTγψννμrμntψΞlGψnαlusψvμGjμtGαrossGsμαtψonsGψnGppGαollψsψonsGΞtG
OGsqrt{s}faGPG}μ’GΞnγGαrossGsμαtψonGrΞtψosGtoGYU_^GΞnγG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 34

340 |μΞrατGνorGnμwGpτysψαsGψnGsΞmμTsψπnGγψlμptonGμvμntsGψnGprotonTprotonGαollψsψonsGΞtGµoormulΞcGsμμG
tμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[Zb 4.2 34

339 |μΞrατGνorGmψαrosαopψαGΥlΞαkGτolμsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 34

338 |μΞrατGνorGτμΞvyGstΞΥlμGατΞrπμγGpΞrtψαlμsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUGJournalrofr
HighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 34

337 rγμntψνψαΞtψonGΞnγGνψltμrψnπGoνGunατΞrΞαtμrψstψαGnoψsμGψnGtτμGlv|GτΞγronGαΞlorψmμtμrUGJournalrofr
InstrumentationSG2010SG]SG}WZWX[T}WZWX[ 1 34

336 |μΞrατGνorGγμαΞysGoνGstoppμγGlonπTlψvμγGpΞrtψαlμsGproγuαμγGψnGprotonTprotonGαollψsψonsGΞtGµoormulΞcG
sμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGX]X 4.2 33

335 |μΞrατμsGνorGtτψrγTπμnμrΞtψonGsquΞrkGproγuαtψonGψnGνullyGτΞγronψαGνψnΞlGstΞtμsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 33

334 |μΞrατGνorGΞGlψπτtGατΞrπμγGqψππsGΥosonGγμαΞyψnπGtoGOGmΞtτrm{α}ovμrlψnμ{mΞtτrm{s}}GPGψnGppGαollψsψonsG
ΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

333 rγμntψνψαΞtψonGtματnψquμsGνorGτψπτlyGΥoostμγG–GΥosonsGtτΞtGγμαΞyGψntoGτΞγronsUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 32
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332 |μΞrατGνorGrμsonΞnαμsGψnGtτμGγψlμptonGmΞssGγψstrψΥutψonGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 32

331 vμΞsurμmμntGoνGtτμGmrμllT¯ΞnGαrossGsμαtψonGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2011SGYWXXSGX 5.4 32

330 xΥsμrvΞtψonGoνG}woGnxαψtμγGk≥{α}√{R}G|tΞtμsGΞnγGvμΞsurμmμntGoνGtτμGk≥{α}√{R}OY|PGvΞssGψnGppG
lollψsψonsGΞtGsqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SGXYYSGXZYWWX 7.4 31

329 yμrνormΞnαμGΞnγGopμrΞtψonGoνGtτμGlv|GμlμαtromΞπnμtψαGαΞlorψmμtμrUGJournalrofrInstrumentationSG
2010SG]SG}WZWXWT}WZWXW 1 31

328 vμΞsurμmμntGoνGtτμGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGμ˛…GατΞnnμlGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 30

327 |μΞrατGψnGlμptonψαGατΞnnμlsGνorGτμΞvyGrμsonΞnαμsGγμαΞyψnπGtoGlonπTlψvμγGnμutrΞlGpΞrtψαlμsUGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 30

326 xΥsμrvΞtψonGoνG±GγμαΞysGtoGνourGlμptonsGwψtτGtτμGlv|GγμtμαtorGΞtGtτμGuqlUGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 30

325 vμΞsurμmμntGoνGtτμGtopTquΞrkGmΞssGψnGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGμvμntsGwψtτGlμptonRjμtsG
νψnΞlGstΞtμsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 30

324 vμΞsurμmμntGoνGtτμGunγμrlyψnπGμvμntGψnGtτμGmrμllâ��¯ΞnGproαμssGψnGprotonâ��protonGαollψsψonsGΞtG
Osqrt{s}GfG_~mΥox{}μ’}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 30

323 vμΞsurμmμntsGoνGtτμGproγuαtψonGαrossGsμαtψonGΞnγGtτμGΥrΞnατψnπGνrΞαtψonSGΞnγGαonstrΞψntsGonG
ΞnomΞlousGtrψplμGπΞuπμGαouplψnπsGΞtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX^] 4.2 29

322 |μΞrατGνorGsupμrsymmμtryGψnGνψnΞlGstΞtμsGwψtτGmψssψnπGtrΞnsvμrsμGμnμrπyGΞnγGWSGXSGYSGorGâ�¥ZGΥTquΞrkG
jμtsGψnG_G}μ’GppGαollψsψonsGusψnπGtτμGvΞrψΞΥlμG˛–G}UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 29

321 xΥsμrvΞtψonGoνG¯OX|PGpΞψrGproγuαtψonGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 29

320 vμΞsurμmμntGoνGtopGquΞrkTΞntψquΞrkGpΞψrGproγuαtψonGψnGΞssoαψΞtψonGwψtτGΞG–GorG±GΥosonGψnGppG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZW^W 4.2 29

319 vμΞsurμmμntGoνGγψννμrμntψΞlGαrossGsμαtψonsGνorGtτμGproγuαtψonGoνGΞGpΞψrGoνGψsolΞtμγGpτotonsGψnGppG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZXYb 4.2 29

318 yμrνormΞnαμGoνGlv|GmuonGrμαonstruαtψonGψnGαosmψαTrΞyGμvμntsUGJournalrofrInstrumentationSG2010SG]SG}WZWYYT}WZWYY1 29

317 |μΞrατGνorGvμαtorTlψkμG}GΞnγGkGquΞrkGpΞψrsGψnGνψnΞlGstΞtμsGwψtτGlμptonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 29

316 |μΞrατGνorGτμΞvyGvΞjorΞnΞGnμutrψnosGψnGμ´–μ´–RGjμtsGΞnγGμ´–G˛…G´–RGjμtsGμvμntsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 28

315 |μΞrατGνorGsupμrsymmμtryGψnGμvμntsGwψtτGΥGjμtsGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumGΞtGtτμGuqlUG
JournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 28

(2011-2011)
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314 |μΞrατGνorGlowGmΞssGvμαtorGrμsonΞnαμsGγμαΞyψnπGψntoGquΞrkTΞntψquΞrkGpΞψrsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 28

313 vμΞsurμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonSGtτμGtopGquΞrkGmΞssSGΞnγGtτμGstronπGαouplψnπG
αonstΞntGusψnπGγψlμptonGμvμntsGψnGppGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^a 4.2 27

312 vμΞsurμmμntGoνGtτμG|plψttψnπGounαtψonGψnGppGΞnγGyΥTyΥGlollψsψonsGΞtGsqrtµs≥{ww}−f]UWYGG}μ’UG
PhysicalrReviewrLettersSG2018SGXYWSGX[YZWY 7.4 27

311 nvψγμnαμGνorGμxαlusψvμG˛‡˛‡GTgG–GRG–Gâ��GproγuαtψonGΞnγGαonstrΞψntsGonGΞnomΞlousGquΞrtψαGπΞuπμG
αouplψnπsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 27

310 |τΞpμSGtrΞnsvμrsμGsψzμSGΞnγGατΞrπμγTτΞγronGmultψplψαψtyGoνGjμtsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_d}μ’GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 27

309 vμΞsurμmμntGoνGOG{tμxt{k}}ovμrlψnμG{tμxt{k}}GPGΞnπulΞrGαorrμlΞtψonsGΥΞsμγGonGsμαonγΞryGvμrtμxG
rμαonstruαtψonGΞtGOGsqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 27

308 vμΞsurμmμntGoνGpromptGΞnγGnonpromptGµoormulΞcGsμμGtμxt−GproγuαtψonGψnGµoormulΞcGsμμGtμxt−GΞnγG
µoormulΞcGsμμGtμxt−GαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2017SG__SGY^b 4.2 26

307 vμΞsurμmμntGoνGtτμGαrossGsμαtψonGΞnγGΞnπulΞrGαorrμlΞtψonsGνorGΞssoαψΞtμγGproγuαtψonGoνGΞG±GΥosonG
wψtτGΥGτΞγronsGψnGppGαollψsψonsGΞtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 26

306
|μΞrατGνorGΞnomΞlousG–tΥGαouplψnπsGΞnγGνlΞvourTατΞnπψnπGnμutrΞlGαurrμntsGψnGtTατΞnnμlGsψnπlμGtopG
quΞrkGproγuαtψonGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 26

305 |μΞrατμsGνorGsupμrsymmμtryGusψnπGtτμGvG}YGvΞrψΞΥlμGψnGτΞγronψαGμvμntsGproγuαμγGψnGppGαollψsψonsGΞtG
aG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 26

304 |μΞrατGνorGpτysψαsGΥμyonγGtτμGstΞnγΞrγGmoγμlGψnGopposψtμTsψπnGγψlμptonGμvμntsGψnGppGαollψsψonsGΞtGOG
sqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 26

303
vμΞsurμmμntGoνGtτμG–TΥosonGτμlψαψtyGψnGtopTquΞrkGγμαΞysGνromGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPG
proγuαtψonGψnGlμptonRjμtsGμvμntsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2013SGYWXZSGX

5.4 25

302 |μΞrατGνorGtopGsquΞrkGpΞψrGproγuαtψonGψnGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’GusψnπGsψnπlμGlμptonG
μvμntsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 25

301
vμΞsurμmμntsGoνGtτμGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−GproγuαtψonGαrossGsμαtψonsGψnGtτμG
µoormulΞcGsμμGtμxt−GατΞnnμlGψnGprotonTprotonGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−GΞnγGµoormulΞcGsμμG
tμxt−GΞnγGαomΥψnμγGαonstrΞψntsGonGtrψplμGπΞuπμGαouplψnπsUGEuropeanrPhysicalrJournalrCSG2015SG_]SG]XX

4.2 25

300 |μΞrατGνorGrμsonΞntGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGproγuαtψonGψnGlμptonRjμtsGμvμntsGψnGppG
αollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 25

299 |μΞrατGνorGτμΞvyGrμsonΞnαμsGγμαΞyψnπGtoGtwoGqψππsGΥosonsGψnGνψnΞlGstΞtμsGαontΞψnψnπGνourGΥGquΞrksUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGZ_X 4.2 25

298 |μΞrατGνorGατΞrπμγGqψππsGΥosonsGψnGtτμGq´–GTgGˇ�´–˛‰ˇ�GγμαΞyGατΞnnμlGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 24

297
lonstrΞψntsGonGtτμGpv||vSGjv|kGmoγμlGΞnγGonGotτμrGmoγμlsGνromGtτμGsμΞrατGνorGlonπTlψvμγG
ατΞrπμγGpΞrtψαlμsGψnGprotonTprotonGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG
2015SG_]SGZY]

4.2 24

Juan Alcaraz

12



296 |μΞrατGνorGproγuαtψonGoνGνourGtopGquΞrksGψnGνψnΞlGstΞtμsGwψtτGsΞmμTsψπnGorGmultψplμGlμptonsGψnG
protonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_] 4.2 24

295 vμΞsurμmμntGoνGψnαlusψvμGjμtGproγuαtψonGΞnγGnuαlμΞrGmoγψνψαΞtψonsGψnGpyΥGαollψsψonsGΞtGµoormulΞcG
sμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZ_Y 4.2 24

294 sμtGΞnγGunγμrlyψnπGμvμntGpropμrtψμsGΞsGΞGνunαtψonGoνGατΞrπμγTpΞrtψαlμGmultψplψαψtyGψnGprotonTprotonG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY^_[ 4.2 24

293 jlψπnmμntGoνGtτμGlv|GtrΞαkμrGwψtτGuqlGΞnγGαosmψαGrΞyGγΞtΞUGJournalrofrInstrumentationSG2014SGbSGyW^WWbTyW^WWb1 24

292 vμΞsurμmμntGoνGtτμG±V˛‡QGRGΥTjμtGαrossGsμαtψonGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 24

291 |μΞrατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGsΞmμTsψπnGγψlμptonsGΞnγGΥTtΞππμγGjμtsGψnGppGαollψsψonsGΞtGOGsqrtG
{s}GfG_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 24

290 |μΞrατGνorGγψsΞppμΞrψnπGtrΞαksGΞsGΞGsψπnΞturμGoνGnμwGlonπTlψvμγGpΞrtψαlμsGψnGprotonTprotonGαollψsψonsG
ΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 24

289 yμrνormΞnαμGoνGtτμGlv|GuμvμlTXGtrψππμrGψnGprotonTprotonGαollψsψonsGΞtGâ��sGfGXZG}μ’UGJournalrofr
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

288 |μΞrατGνorG–hGTgGtΥGγμαΞysGψnGtτμGlμptonGRGjμtsGνψnΞlGstΞtμGψnGppGαollψsψonsGΞtGOGsqrt{s}GPGfGaG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 23

287 |μΞrατGνorGtτψrγTπμnμrΞtψonGsαΞlΞrGlμptoquΞrksGγμαΞyψnπGtoGΞGtopGquΞrkGΞnγGΞGlμptonGΞtUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG_W_ 4.2 23

286
nvψγμnαμGνorGΞssoαψΞtμγGproγuαtψonGoνGΞGqψππsGΥosonGwψtτGΞGtopGquΞrkGpΞψrGψnGνψnΞlGstΞtμsGwψtτG
μlμαtronsSGmuonsSGΞnγGτΞγronψαΞllyGγμαΞyψnπGˇ�GlμptonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 23

285 vμΞsurμmμntGoνGtτμGµoormulΞcGsμμGtμxt−GproγuαtψonGαrossGsμαtψonGusψnπGμvμntsGψnGtτμGµoormulΞcGsμμG
tμxt−GνψnΞlGstΞtμGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2017SG__SGX_Y 4.2 22

284 |μΞrατGνorGΞGnμwGsαΞlΞrGrμsonΞnαμGγμαΞyψnπGtoGΞGpΞψrGoνG±GΥosonsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 22

283
|μΞrατGνorGpτysψαsGΥμyonγGtτμGstΞnγΞrγGmoγμlGψnGμvμntsGwψtτGtwoGlμptonsSGjμtsSGΞnγGmψssψnπG
trΞnsvμrsμGmomμntumGψnGppGαollψsψonsGΞtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SG
YWX]SGX

5.4 22

282
vμΞsurμmμntGoνGtτμG–±GproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−GΞnγG
aµoormulΞcGsμμGtμxt−GΞnγGsμΞrατGνorGΞnomΞlousGtrψplμGπΞuπμGαouplψnπsGΞtGµoormulΞcGsμμGtμxt−UG
EuropeanrPhysicalrJournalrCSG2017SG__SGYZ^

4.2 21

281
jGsμΞrατGνorGnμwGpτμnomμnΞGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−GψnGνψnΞlGstΞtμsGwψtτGmψssψnπG
trΞnsvμrsμGmomμntumGΞnγGΞtGlμΞstGonμGjμtGusψnπGtτμGµoormulΞcGsμμGtμxt−GvΞrψΞΥlμUGEuropeanrPhysicalr
JournalrCSG2017SG__SGYb[

4.2 21

280 vμΞsurμmμntGoνGμlμαtrowμΞkGproγuαtψonGoνGtwoGjμtsGψnGΞssoαψΞtψonGwψtτGΞG±GΥosonGψnGprotonTprotonG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SG^^ 4.2 21

279 lorrμlΞtψonsGΥμtwμμnGjμtsGΞnγGατΞrπμγGpΞrtψαlμsGψnGyΥyΥGΞnγGppGαollψsψonsGΞtGOG
sqrt{s≥{mΞtτrm{ww}}}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21
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278 vμΞsurμmμntGoνGtτμGµoormulΞcGsμμGtμxt−GproγuαtψonGαrossGsμαtψonGψnGtτμGΞllTjμtsGνψnΞlGstΞtμGψnGppG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXYa 4.2 21

277 vμΞsurμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonsGνorGΞG±GΥosonGΞnγGonμGorGmorμGΥGjμtsGψnGppGαollψsψonsG
ΞtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 21

276 vμΞsurμmμntGoνGtτμGtopTquΞrkGmΞssGψnGΞllTjμtsGµoormulΞcGsμμGtμxt−GμvμntsGψnGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−G}μ’UGEuropeanrPhysicalrJournalrCSG2014SG_[SGY_]a 4.2 21

275 vμΞsurμmμntGoνGtτμGOmΞtτrm{t}ΥΞr{mΞtτrm{t}}PGproγuαtψonGαrossGsμαtψonGψnGtτμGˇ�RjμtsGατΞnnμlGψnGppG
αollψsψonsGΞtGOsqrt{s}f_GmΥox{}μ’}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 21

274 |μΞrατGνorGuowGvΞssG’μαtorG{μsonΞnαμsGmμαΞyψnπGtoGzuΞrkTjntψquΞrkGyΞψrsGψnGyrotonTyrotonG
lollψsψonsGΞtGsqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2017SGXXbSGXXXaWY 7.4 21

273 |μΞrατGνorGlψπτtGΥosonsGψnGγμαΞysGoνGtτμGXY]Gpμ’GqψππsGΥosonGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 21

272 |μΞrατGνorGΞGqψππsGΥosonGψnGtτμGγμαΞyGατΞnnμlGqGTgG±±OQPGTgGqOGovμrlψnμG{tμxt{q}}GPGâ��Gâ��Gâ��GRGψnGppGαollψsψonsG
ΞtGOGsqrtG{s}GfG_GP}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 21

271 rnαlusψvμGΥTτΞγronGproγuαtψonGαrossGsμαtψonGwψtτGmuonsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUG
JournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 21

270 |μΞrατGνorGlΞrπμGμxtrΞGγψmμnsψonsGψnGtτμGγψpτotonGνψnΞlGstΞtμGΞtGtτμGuΞrπμGqΞγronGlollψγμrUGJournalr
ofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 21

269 vμΞsurμmμntGoνGtrΞnsvμrsμGmomμntumGrμlΞtψvμGtoGγψjμtGsystμmsGψnGyΥyΥGΞnγGppGαollψsψonsGΞtGOG
sqrt{s≥{mΞtτrm{ww}}}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

268 |μΞrατGνorGsupμrsymmμtryGψnGprotonTprotonGαollψsψonsGΞtGXZG}μ’GψnGνψnΞlGstΞtμsGwψtτGjμtsGΞnγGmψssψnπG
trΞnsvμrsμGmomμntumUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 21

267
vμΞsurμmμntGoνGµoormulΞcGsμμGtμxt−GproγuαtψonGwψtτGΞγγψtψonΞlGjμtGΞαtψvψtySGψnαluγψnπGµoormulΞcGsμμG
tμxt−GquΞrkGjμtsSGψnGtτμGγψlμptonGγμαΞyGατΞnnμlGusψnπGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2016SG_^SGZ_b

4.2 20

266 |μΞrατGνorGstΞnγΞrγGmoγμlGproγuαtψonGoνGνourGtopGquΞrksGwψtτGsΞmμTsψπnGΞnγGmultψlμptonGνψnΞlG
stΞtμsGψnGprotonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX[W 4.2 20

265
|μΞrατGνorGpΞψrGproγuαtψonGoνGvμαtorTlψkμG}GΞnγGkGquΞrksGψnGsψnπlμTlμptonGνψnΞlGstΞtμsGusψnπGΥoostμγG
jμtGsuΥstruαturμGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 20

264 |μΞrατGνorGτμΞvyGrμsonΞnαμsGtτΞtGγμαΞyGψntoGΞGvμαtorGΥosonGΞnγGΞGqψππsGΥosonGψnGτΞγronψαGνψnΞlG
stΞtμsGΞtUGEuropeanrPhysicalrJournalrCSG2017SG__SG^Z^ 4.2 20

263 |μΞrατGνorGΞnomΞlousGsψnπlμGtopGquΞrkGproγuαtψonGψnGΞssoαψΞtψonGwψtτGΞGpτotonGψnGppGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 20

262 |μΞrατGνorGuμptoquΞrksGlouplμγGtoG}τψrγTpμnμrΞtψonGzuΞrksGψnGyrotonTyrotonGlollψsψonsGΞtG
sqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2018SGXYXSGY[XaWY 7.4 20

261 |μΞrατGνorGΞGτμΞvyGrψπτtTτΞnγμγG–GΥosonGΞnγGΞGτμΞvyGnμutrψnoGψnGμvμntsGwψtτGtwoGsΞmμTνlΞvorG
lμptonsGΞnγGtwoGjμtsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 20
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260 |μΞrατGνorGtτμGνlΞvorTατΞnπψnπGnμutrΞlGαurrμntGψntμrΞαtψonsGoνGtτμGtopGquΞrkGΞnγGtτμGqψππsGΥosonG
wτψατGγμαΞysGψntoGΞGpΞψrGoνGΥGquΞrksGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 20

259
vμΞsurμmμntsGoνGtτμGµoormulΞcGsμμGtμxt−GproγuαtψonGαrossGsμαtψonGψnGlμptonRjμtsGνψnΞlGstΞtμsGψnGppG
αollψsψonsGΞtGaGµoormulΞcGsμμGtμxt−GΞnγGrΞtψoGoνGaGtoG_´ µoormulΞcGsμμGtμxt−GαrossGsμαtψonsUGEuropeanr
PhysicalrJournalrCSG2017SG__SGX]

4.2 19

258 vμΞsurμmμntGoνGtτμG–GΥosonGτμlψαψtyGψnGμvμntsGwψtτGΞGsψnπlμGrμαonstruαtμγGtopGquΞrkGψnGppG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 19

257
|μΞrατGνorGrμsonΞntGΞnγGnonrμsonΞntGqψππsGΥosonGpΞψrGproγuαtψonGψnGtτμGOG
mΞtτrm{Υ}ovμrlψnμ{mΞtτrm{Υ}}mΞtτψt{μllGnuGμllGnuG}GPGνψnΞlGstΞtμGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX

5.4 19

256 |μΞrατGνorGmΞssψvμG–qGrμsonΞnαμsGγμαΞyψnπGψntoGtτμGµoormulΞcGsμμGtμxt−GνψnΞlGstΞtμGΞtGµoormulΞcGsμμG
tμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGYZ_ 4.2 19

255 |μΞrατGνorGτμΞvyGrμsonΞnαμsGγμαΞyψnπGtoGtΞuGlμptonGpΞψrsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZG
PG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

254 |μΞrατGνorGmΞssψvμGrμsonΞnαμsGγμαΞyψnπGψntoG––SG–±GorG±±GΥosonsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

253 |μΞrατGνorGtτψrγTπμnμrΞtψonGsαΞlΞrGlμptoquΞrksGψnGtτμGtˇ�GατΞnnμlGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 19

252 vμΞsurμmμntGoνGμnμrπyGνlowGΞtGlΞrπμGpsμuγorΞpψγψtψμsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfGWU{b}GPGΞnγG_G
}μ’UGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 19

251 vμΞsurμmμntGoνGγψννμrμntψΞlGαrossGsμαtψonsGνorGΥosonGproγuαtψonGψnGΞssoαψΞtψonGwψtτGjμtsGψnG
protonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGb^] 4.2 19

250 |μΞrατGνorGnμwGpτysψαsGψnGγψjμtGΞnπulΞrGγψstrψΥutψonsGusψnπGprotonTprotonGαollψsψonsGΞtGΞnγG
αonstrΞψntsGonGγΞrkGmΞttμrGΞnγGotτμrGmoγμlsUGEuropeanrPhysicalrJournalrCSG2018SG_aSG_ab 4.2 19

249 |μΞrατGνorGlμptonGνlΞvourGvψolΞtψnπGγμαΞysGoνGtτμGqψππsGΥosonGtoG˛…ˇ�GΞnγGμˇ�GψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 19

248 |μΞrατGνorGvμαtorTlψkμGquΞrksGψnGμvμntsGwψtτGtwoGopposψtμlyGατΞrπμγGlμptonsGΞnγGjμtsGψnG
protonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^[ 4.2 18

247 |tuγyGoνG±GproγuαtψonGψnGyΥyΥGΞnγGppGαollψsψonsGΞtGOGsqrt{s≥{mΞtτrm{ww}}}fYU_^GPG}μ’GψnGtτμGγψmuonG
ΞnγGγψμlμαtronGγμαΞyGατΞnnμlsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 18

246 xΥsμrvΞtψonGoνGtopGquΞrkGpΞψrsGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGvμαtorGΥosonGψnGppGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 18

245
|μΞrατGνorGτμΞvyGnμutrψnosGΞnγGtτψrγTπμnμrΞtψonGlμptoquΞrksGψnGτΞγronψαGstΞtμsGoνGtwoGˇ�GlμptonsG
ΞnγGtwoGjμtsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 18

244 |μΞrατGνorGγψrμαtGproγuαtψonGoνGsupμrsymmμtrψαGpΞrtnμrsGoνGtτμGtopGquΞrkGψnGtτμGΞllTjμtsGνψnΞlGstΞtμG
ψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 18

243 |μΞrατGνorGnμutrΞlGv||vGqψππsGΥosonsGγμαΞyψnπGψntoGΞGpΞψrGoνGΥottomGquΞrksUGJournalrofrHighr
EnergyrPhysicsSG2015SGYWX]SGX 5.4 18
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242 vμΞsurμmμntGoνGtτμGαrossGsμαtψonGνorGtopGquΞrkGpΞψrGproγuαtψonGψnGΞssoαψΞtψonGwψtτGΞG–GorG±GΥosonG
ψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 18

241
|μΞrατGνorGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}mΞtτrm{q}GPGproγuαtψonGψnGtτμGOGmΞtτrm{q}toG
mΞtτrm{Υ}ovμrlψnμ{mΞtτrm{Υ}}GPGγμαΞyGατΞnnμlGwψtτGlμptonψαGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPG
γμαΞysGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 17

240 |μΞrατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGΞGlμptonψαΞllyGγμαΞyψnπG±GΥosonGΞnγGΞGlΞrπμGtrΞnsvμrsμG
momμntumGψmΥΞlΞnαμGψnGprotonTprotonGαollψsψonsGΞtGfGXZUGEuropeanrPhysicalrJournalrCSG2018SG_aSGYbX 4.2 17

239 vμΞsurμmμntGoνGtτμGψnαlusψvμGjμtGαrossGsμαtψonGψnGppGαollψsψonsGΞtGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX 4.2 17

238
|μΞrατGνorGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGrμsonΞnαμsGψnGτψπτlyGΥoostμγGlμptonRjμtsGΞnγGνullyG
τΞγronψαGνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 17

237 |μΞrατμsGνorGpΞψrGproγuαtψonGoνGtτψrγTπμnμrΞtψonGsquΞrksGψnGµoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−G
ppGαollψsψonsUGEuropeanrPhysicalrJournalrCSG2017SG__SGZY_ 4.2 17

236 |μΞrατGνorGtτμGproγuαtψonGoνGγΞrkGmΞttμrGψnGΞssoαψΞtψonGwψtτGtopTquΞrkGpΞψrsGψnGtτμGsψnπlμTlμptonG
νψnΞlGstΞtμGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 17

235
{ΞtψosGoνGγψjμtGproγuαtψonGαrossGsμαtψonsGΞsGΞGνunαtψonGoνGtτμGΞΥsolutμGγψννμrμnαμGψnGrΞpψγψtyG
ΥμtwμμnGjμtsGψnGprotonâ��protonGαollψsψonsGΞtGOsqrt{s}GfG_GmΞtτrm{}μ’}PUGEuropeanrPhysicalrJournalrCSG
2012SG_YSGX

4.2 17

234 vμΞsurμmμntGoνGtτμGψnαlusψvμG±GαrossGsμαtψonGvψΞGγμαΞysGtoGtΞuGpΞψrsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 17

233
vμΞsurμmμntGoνGγouΥlμTγψννμrμntψΞlGαrossGsμαtψonsGνorGtopGquΞrkGpΞψrGproγuαtψonGψnGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−GΞnγGψmpΞαtGonGpΞrtonGγψstrψΥutψonGνunαtψonsUGEuropeanr
PhysicalrJournalrCSG2017SG__SG[]b

4.2 16

232 |μΞrατμsGνorGpτysψαsGΥμyonγGtτμGstΞnγΞrγGmoγμlGwψtτGtτμGvΞrψΞΥlμGψnGτΞγronψαGνψnΞlGstΞtμsGwψtτGΞnγG
wψtτoutGγψsΞppμΞrψnπGtrΞαksGψnGprotonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ 4.2 16

231 |μΞrατGνorGnμwGpτysψαsGwψtτGtτμGvG}YGvΞrψΞΥlμGψnGΞllTjμtsGνψnΞlGstΞtμsGproγuαμγGψnGppGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 16

230
|μΞrατGνorGΞGvμryGlψπτtGwv||vGqψππsGΥosonGproγuαμγGψnGγμαΞysGoνGtτμGXY]Gpμ’GsαΞlΞrGΥosonGΞnγG
γμαΞyψnπGψntoGˇ�GlμptonsGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 16

229 vμΞsurμmμntGoνG–±GΞnγG±±GproγuαtψonGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−GψnGνψnΞlGstΞtμsGwψtτG
ΥTtΞππμγGjμtsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGYb_Z 4.2 16

228 |μΞrατGνorGμxotψαGrμsonΞnαμsGγμαΞyψnπGψntoG–±V±±GψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 16

227 |μΞrατGνorGvμαtorTlψkμG}GquΞrksGγμαΞyψnπGtoGtopGquΞrksGΞnγGqψππsGΥosonsGψnGtτμGΞllTτΞγronψαGατΞnnμlG
usψnπGjμtGsuΥstruαturμUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 16

226 yrμαψsμGmΞppψnπGoνGtτμGmΞπnμtψαGνψμlγGψnGtτμGlv|GΥΞrrμlGyokμGusψnπGαosmψαGrΞysUGJournalrofr
InstrumentationSG2010SG]SG}WZWYXT}WZWYX 1 16

225 |μΞrατGνorGγΞrkGmΞttμrGΞnγGunpΞrtψαlμsGψnGμvμntsGwψtτGΞG±GΥosonGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumG
ψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 16
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224 |μΞrατGνorGΞGατΞrπμγGqψππsGΥosonGγμαΞyψnπGtoGατΞrmGΞnγGΥottomGquΞrksGψnGprotonTprotonGαollψsψonsG
ΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

223 |μΞrατGνorGγΞrkGmΞttμrGψnGμvμntsGwψtτGμnμrπμtψαSGτΞγronψαΞllyGγμαΞyψnπGtopGquΞrksGΞnγGmψssψnπG
trΞnsvμrsμGmomμntumGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

222
vμΞsurμmμntsGoνGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGγψννμrμntψΞlGαrossGsμαtψonsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{mΞtτrm{s}}fXZGPG}μ’GusψnπGμvμntsGαontΞψnψnπGtwoGlμptonsUGJournalrofrHighrEnergyr
PhysicsSG2019SGYWXbSGX

5.4 15

221 vμΞsurμmμntsGoνGtτμGΞssoαψΞtμγGproγuαtψonGoνGΞG±GΥosonGΞnγGΥGjμtsGψnGppGαollψsψonsGΞtUGEuropeanr
PhysicalrJournalrCSG2017SG__SG_]X 4.2 15

220
vμΞsurμmμntGoνGγψννμrμntψΞlGΞnγGψntμπrΞtμγGνψγuαψΞlGαrossGsμαtψonsGνorGqψππsGΥosonGproγuαtψonGψnG
tτμGνourTlμptonGγμαΞyGατΞnnμlGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX

5.4 15

219 |μΞrατGνorGnμwGpΞrtψαlμsGγμαΞyψnπGtoGΞGjμtGΞnγGΞnGμmμrπψnπGjμtUGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX 5.4 15

218 |μΞrατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGpτotonsSGjμtsSGΞnγGmψssψnπGtrΞnsvμrsμGμnμrπyGψnGppGαollψsψonsG
ΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 15

217 |μΞrατGνorGsupμrsymmμtryGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−G}μ’GψnGμvμntsGwψtτGΞGsψnπlμGlμptonSG
jμtsSGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[W[ 4.2 15

216 vμΞsurμmμntGoνGtτμGtrΞnsvμrsμGmomμntumGspμαtrΞGoνGwμΞkGvμαtorGΥosonsGproγuαμγGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 15

215 |μΞrατGνorGstΞnγΞrγGmoγμlGproγuαtψonGoνGνourGtopGquΞrksGψnGtτμGlμptonGRGjμtsGατΞnnμlGψnGppG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 15

214 lommψssψonψnπGoνGtτμGlv|GμxpμrψmμntGΞnγGtτμGαosmψαGrunGΞtGνourGtμslΞUGJournalrofrInstrumentationSG
2010SG]SG}WZWWXT}WZWWX 1 15

213 xΥsμrvΞtψonGoνGvμγψumTrnγuαμγGvoγψνψαΞtψonsGoνGsμtGorΞπmμntΞtψonGψnGyΥTyΥGlollψsψonsGΞtG
sqrtµs≥{ww}−f]UWYGG}μ’G~sψnπGrsolΞtμγGyτotonT}ΞππμγGsμtsUGPhysicalrReviewrLettersSG2018SGXYXSGY[YZWX 7.4 15

212 |μΞrατGνorGτψπτTmΞssGrμsonΞnαμsGψnGνψnΞlGstΞtμsGwψtτGΞGlμptonGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumGΞtG
OGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 15

211 vμΞsurμmμntGoνGtτμGjμtGmΞssGψnGτψπτlyGΥoostμγGµoormulΞcGsμμGtμxt−GμvμntsGνromGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2017SG__SG[^_ 4.2 14

210 |μΞrατGνorGτμΞvyGvΞjorΞnΞGnμutrψnosGψnGsΞmμTsψπnGγψlμptonGατΞnnμlsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 14

209 |μΞrατGνorGγψrμαtGpΞψrGproγuαtψonGoνGsupμrsymmμtrψαGtopGquΞrksGγμαΞyψnπGtoGΞllTτΞγronψαGνψnΞlGstΞtμsG
ψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^W 4.2 14

208 |μΞrατGνorGΞGmΞssψvμGrμsonΞnαμGγμαΞyψnπGψntoGΞGqψππsGΥosonGΞnγGΞG–GorG±GΥosonGψnGτΞγronψαGνψnΞlG
stΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

207 vμΞsurμmμntGoνGtτμGOGuΞmΥγΞ≥{mΞtτrm{Υ}}√WGPGlψνμtψmμGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14
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206 vμΞsurμmμntGoνGtτμGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGΞllTjμtGνψnΞlG
stΞtμGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14

205
vμΞsurμmμntGoνGtτμGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGproγuαtψonGαrossGsμαtψonGusψnπGμvμntsGwψtτG
onμGlμptonGΞnγGΞtGlμΞstGonμGjμtGψnGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 14

204 |μΞrατGνorGqψππsGΥosonGoννTsτμllGproγuαtψonGψnGprotonTprotonGαollψsψonsGΞtG_GΞnγGaG}μ’GΞnγG
γμrψvΞtψonGoνGαonstrΞψntsGonGψtsGtotΞlGγμαΞyGwψγtτUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

203
|μΞrατGνorGnμwGpτμnomμnΞGψnGνψnΞlGstΞtμsGwψtτGtwoGopposψtμTατΞrπμSGsΞmμTνlΞvorGlμptonsSGjμtsSGΞnγG
mψssψnπGtrΞnsvμrsμGmomμntumGψnGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 14

202
|μΞrατGνorGΞnGμxotψαGγμαΞyGoνGtτμGqψππsGΥosonGtoGΞGpΞψrGoνGlψπτtGpsμuγosαΞlΞrsGψnGtτμGνψnΞlGstΞtμGoνG
twoGmuonsGΞnγGtwoGˇ�GlμptonsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX

5.4 14

201 vμΞsurμmμntsGoνGtτμGγψννμrμntψΞlGjμtGαrossGsμαtψonGΞsGΞGνunαtψonGoνGtτμGjμtGmΞssGψnGγψjμtGμvμntsGνromG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

200 |μΞrατGνorGsupμrsymmμtryGψnGμvμntsGwψtτGΞGˇ�GlμptonGpΞψrGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

199
xΥsμrvΞtψonGoνGprotonTtΞππμγSGαμntrΞlGOsμmψPμxαlusψvμGproγuαtψonGoνGτψπτTmΞssGlμptonGpΞψrsGψnGppG
αollψsψonsGΞtGXZG}μ’GwψtτGtτμGlv|T}x}nvGprμαψsψonGprotonGspμαtromμtμrUGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 14

198 |μΞrατGνorGrμsonΞntGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGproγuαtψonGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 13

197
vμΞsurμmμntGoνGtτμGrΞtψoGoνGtτμGproγuαtψonGαrossGsμαtψonsGtψmμsGΥrΞnατψnπGνrΞαtψonsGoνGkG´–αGGTgGsVˇ�ˇ�G
´–GΞnγGk´–GTgGsVˇ�tG´–GΞnγGOGmΞtτrm{mΞtταΞl{k}}lμνtO{mΞtτrm{k}}≥{mΞtτrm{α}}√{pm}toGmΞtτrm{s}VpsψG
{pψ}√{pmG}{pψ}√{pmG}{pψ}√{mp}rψπτtPVmΞtτrm{mΞtταΞl{k}}lμνtO{mΞtτrm{k}}≥{mΞtτrm{α}}√{pm}toG
mΞtτrm{s}VpsψG{pψ}√{pm}rψπτtPGPGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2015SGYWX]SGX

5.4 13

196 lonstrΞψntsGonGtτμGγouΥlμTpΞrtonGsαΞttμrψnπGαrossGsμαtψonGνromGsΞmμTsψπnG–GΥosonGpΞψrGproγuαtψonG
ψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

195 oorwΞrγTΥΞαkwΞrγGΞsymmμtryGoνGmrμllT¯ΞnGlμptonGpΞψrsGψnGppGαollψsψonsGΞtGµoormulΞcGsμμG
tμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZY] 4.2 13

194 vμΞsurμmμntGoνGμxαlusψvμG´ pτotoproγuαtψonGψnGultrΞpμrψpτμrΞlGpyΥGαollψsψonsGΞtUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG_WY 4.2 13

193 yroΥψnπGαolorGαoτμrμnαμGμννμαtsGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG
2014SG_[SGYbWX 4.2 13

192 |μΞrατGνorGΞGνμrmψopτoΥψαGqψππsGΥosonGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 13

191
vμΞsurμmμntGoνGtτμGψnαlusψvμGproγuαtψonGαrossGsμαtψonsGνorGνorwΞrγGjμtsGΞnγGνorGγψjμtGμvμntsGwψtτG
onμGνorwΞrγGΞnγGonμGαμntrΞlGjμtGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2012SGYWXYSGX

5.4 13

190 vμΞsurμmμntGoνGtτμGmΞssGγψννμrμnαμGΥμtwμμnGtopGΞnγGΞntψtopGquΞrksUGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 13

189
vμΞsurμmμntGoνGOτΥoxG{t}{ΥΞr{τΥoxG{t}}}PGnormΞlψsμγGmultψTγψννμrμntψΞlGαrossGsμαtψonsGψnGO{tμxtG
{p}}{tμxtG{p}}GPGαollψsψonsGΞtGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGΞnγGsψmultΞnμousGγμtμrmψnΞtψonGoνGtτμGstronπG
αouplψnπGstrμnπtτSGtopGquΞrkGpolμGmΞssSGΞnγGpΞrtonGγψstrψΥutψonGνunαtψonsUGEuropeanrPhysicalr
JournalrCSG2020SGaWSGX

4.2 13
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188 mμαomposψnπGtrΞnsvμrsμGmomμntumGΥΞlΞnαμGαontrψΥutψonsGνorGquμnατμγGjμtsGψnGyΥyΥGαollψsψonsGΞtGOG
sqrt{s≥{mΞtτrm{w}dmΞtτrm{w}}}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 13

187 |μΞrατGνorGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}mΞtτrm{q}GPGproγuαtψonGψnGtτμGΞllTjμtGνψnΞlGstΞtμGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

186 vμΞsurμmμntGoνGtτμGtopGquΞrkGmΞssGwψtτGlμptonRjμtsGνψnΞlGstΞtμsGusψnπGαollψsψonsGΞtUGEuropeanr
PhysicalrJournalrCSG2018SG_aSGabX 4.2 13

185 |μΞrατGνorGwΞrrowG{μsonΞnαμsGψnGtτμGΥT}ΞππμγGmψjμtGvΞssG|pμαtrumGψnGyrotonTyrotonGlollψsψonsGΞtG
sqrtµs−faGG}μ’UGPhysicalrReviewrLettersSG2018SGXYWSGYWXaWX 7.4 13

184 |μΞrατGνorGγΞrkGmΞttμrGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGqψππsGΥosonGγμαΞyψnπGtoGΞGpΞψrGoνGΥottomG
quΞrksGψnGprotonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYaW 4.2 12

183 |μΞrατGνorGγψrμαtGtopGsquΞrkGpΞψrGproγuαtψonGψnGμvμntsGwψtτGonμGlμptonSGjμtsSGΞnγGmψssψnπGtrΞnsvμrsμG
momμntumGΞtGXZG}μ’GwψtτGtτμGlv|GμxpμrψmμntUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 12

182 |upprμssψonGoνGnxαψtμγGhG|tΞtμsG{μlΞtψvμGtoGtτμGprounγG|tΞtμGψnGyΥTyΥGlollψsψonsGΞtG
sqrtµs−≥{ww}f]UWYGG}μ’UGPhysicalrReviewrLettersSG2018SGXYWSGX[YZWX 7.4 12

181 vμΞsurμmμntGoνGnormΞlψzμγGγψννμrμntψΞlGOGmΞtτrm{t}ovμrlψnμ{mΞtτrm{t}}GPGαrossGsμαtψonsGψnGtτμG
γψlμptonGατΞnnμlGνromGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

180 |μΞrατGνorGτμΞvyGquΞrksGγμαΞyψnπGψntoGΞGtopGquΞrkGΞnγGΞG–GorG±GΥosonGusψnπGlμptonGRGjμtsGμvμntsGψnG
ppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 12

179 |μΞrατGνorGtopGquΞrkGγμαΞysGvψΞGqψππsTΥosonTmμγψΞtμγGνlΞvorTατΞnπψnπGnμutrΞlGαurrμntsGψnGppG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 12

178 |μΞrατGνorGquΞrkGαomposψtμnμssGψnGγψjμtGΞnπulΞrGγψstrψΥutψonsGνromGppGαollψsψonsGΞtGOGsqrtG{s}GfG_{G}GPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 12

177 |μΞrατGνorGlψπτtGrμsonΞnαμsGγμαΞyψnπGψntoGpΞψrsGoνGmuonsGΞsGΞGsψπnΞlGoνGnμwGpτysψαsUGJournalrofrHighr
EnergyrPhysicsSG2011SGYWXXSGX 5.4 12

176
|μΞrατμsGνorGpΞψrGproγuαtψonGoνGατΞrπψnosGΞnγGtopGsquΞrksGψnGνψnΞlGstΞtμsGwψtτGtwoGopposψtμlyG
ατΞrπμγGlμptonsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 12

175 |tuγψμsGoνGΞnγGmμsonsGψnαluγψnπGtτμGoΥsμrvΞtψonGoνGtτμGγμαΞyGψnGprotonTprotonGαollψsψonsGΞtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGbZb 4.2 12

174 |μΞrατGνorGsψnπlμGproγuαtψonGoνGvμαtorTlψkμGquΞrksGγμαΞyψnπGtoGΞGΥGquΞrkGΞnγGΞGqψππsGΥosonUGJournalr
ofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

173 |μΞrατGνorGnμwGpτysψαsGψnGtτμGmonopτotonGνψnΞlGstΞtμGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

172 vμΞsurμmμntGoνGΞssoαψΞtμγG±GRGατΞrmGproγuαtψonGψnGprotonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalr
JournalrCSG2018SG_aSGYa_ 4.2 11

171 yτμnomμnoloπψαΞlGv||vGψntμrprμtΞtψonGoνGlv|GsμΞrατμsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 11

(2016-2016)
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170 vμΞsurμmμntGoνGjμtGmultψplψαψtyGγψstrψΥutψonsGψnGµoormulΞcGsμμGtμxt−GproγuαtψonGψnGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZWX[ 4.2 11

169 xΥsμrvΞtψonGoνG}opGzuΞrkGyroγuαtψonGψnGyrotonTwuαlμusGlollψsψonsUGPhysicalrReviewrLettersSG2017SG
XXbSGY[YWWX 7.4 11

168 |μΞrατGνorGμlμαtrowμΞkGproγuαtψonGoνGατΞrπψnosGΞnγGnμutrΞlψnosGψnG–qGμvμntsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

167 |μΞrατGνorGnμwGpτysψαsGwψtτGγψjμtGΞnπulΞrGγψstrψΥutψonsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

166 |μΞrατGνorGsupμrsymmμtryGψnGtτμGvμαtorTΥosonGνusψonGtopoloπyGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 11

165 vμΞsurμmμntGoνGtτμGunγμrlyψnπGμvμntGΞαtψvψtyGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfGWUbGPGΞnγG_G}μ’GwψtτGtτμG
novμlGjμtTΞrμΞVmμγψΞnGΞpproΞατUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 11

164 oorwΞrγGμnμrπyGνlowSGαμntrΞlGατΞrπμγTpΞrtψαlμGmultψplψαψtψμsSGΞnγGpsμuγorΞpψγψtyGπΞpsGψnG–GΞnγG±G
ΥosonGμvμntsGνromGppGαollψsψonsGΞtGOsqrt{s}fG_PG}μ’UGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 11

163 |μΞrατGνorGtτμGstΞnγΞrγGmoγμlGqψππsGΥosonGψnGtτμGqGTgG±±GTgGâ��Râ��â�� ˇ�Rˇ�â��GγμαΞyGατΞnnμlGψnGppGαollψsψonsGΞtG
OGsqrtG{s}GfG{_}d{tμxt{}μ’}}GPUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 11

162 vμΞsurμmμntsGoνGγψννμrμntψΞlG±GΥosonGproγuαtψonGαrossGsμαtψonsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 11

161 yμrνormΞnαμGoνGtτμGrμαonstruαtψonGΞnγGψγμntψνψαΞtψonGoνGτψπτTmomμntumGmuonsGψnGprotonTprotonG
αollψsψonsGΞtGâ��sGfGXZG}μ’UGJournalrofrInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

160 lτΞrπμγTpΞrtψαlμGnuαlμΞrGmoγψνψαΞtψonGνΞαtorsGψnG μ μGαollψsψonsGΞtGOGsqrt{s≥{mΞtτrm{ww}}}GfG]U[[GPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

159 |μΞrατGνorG±˛‡GrμsonΞnαμsGusψnπGlμptonψαGΞnγGτΞγronψαGνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

158 |μΞrατGνorGtτμGγμαΞyGoνGΞGqψππsGΥosonGψnGtτμGâ��â�� ˛‡GατΞnnμlGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

157
|μΞrατGνorGΥμyonγGtτμGstΞnγΞrγGmoγμlGqψππsGΥosonsGγμαΞyψnπGψntoGΞGOG
mΞtτrm{Υ}ovμrlψnμ{mΞtτrm{Υ}}GPGpΞψrGψnGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 11

156
vμΞsurμmμntsGoνGtτμGppGTgG–±GψnαlusψvμGΞnγGγψννμrμntψΞlGproγuαtψonGαrossGsμαtψonsGΞnγGαonstrΞψntsG
onGατΞrπμγGΞnomΞlousGtrψplμGπΞuπμGαouplψnπsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 10

155 jGmultψTγψmμnsψonΞlGsμΞrατGνorGnμwGτμΞvyGrμsonΞnαμsGγμαΞyψnπGtoGΥoostμγGSGSGorGΥosonGpΞψrsGψnGtτμG
γψjμtGνψnΞlGstΞtμGΞtGXZ´ UGEuropeanrPhysicalrJournalrCSG2020SGaWSGYZ_ 4.2 10

154 vμΞsurμmμntGoνGtτμGtrΞnsvμrsμGmomμntumGspμαtrumGoνGtτμGqψππsGΥosonGproγuαμγGψnGppGαollψsψonsG
ΞtGOGsqrt{s}faGPG}μ’GusψnπGqGTgG––GγμαΞysUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 10

153 |μΞrατGνorGμxαψtμγGlμptonsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX 5.4 10

Juan Alcaraz
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152
vμΞsurμmμntGoνGtτμGτΞγronψαGΞαtψvψtyGψnGμvμntsGwψtτGΞG±GΞnγGtwoGjμtsGΞnγGμxtrΞαtψonGoνGtτμGαrossG
sμαtψonGνorGtτμGμlμαtrowμΞkGproγuαtψonGoνGΞG±GwψtτGtwoGjμtsGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX

5.4 10

151 |μΞrατGνorGpτysψαsGΥμyonγGtτμGstΞnγΞrγGmoγμlGψnGμvμntsGwψtτGlμptonsSGjμtsSGΞnγGlΞrπμGtrΞnsvμrsμG
momμntumGψmΥΞlΞnαμGψnGppGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[bZ4.2 10

150 vμΞsurμmμntsGoνGjμtGατΞrπμGwψtτGγψjμtGμvμntsGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 10

149 |μΞrατGνorGΞssoαψΞtμγGproγuαtψonGoνGΞG±GΥosonGwψtτGΞGsψnπlμGtopGquΞrkGΞnγGνorGt±GνlΞvourTατΞnπψnπG
ψntμrΞαtψonsGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 10

148
|μΞrατGνorGsupμrsymmμtryGψnGμvμntsGwψtτGΞtGlμΞstGonμGpτotonSGmψssψnπGtrΞnsvμrsμGmomμntumSGΞnγG
lΞrπμGtrΞnsvμrsμGμvμntGΞαtψvψtyGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 10

147 |μΞrατGνorGnμwGpτysψαsGwψtτGlonπTlψvμγGpΞrtψαlμsGγμαΞyψnπGtoGpτotonsGΞnγGmψssψnπGμnμrπyGψnGppG
αollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 10

146 |μΞrατGνorGsupμrsymmμtryGψnGμvμntsGwψtτGΞGlμptonSGΞGpτotonSGΞnγGlΞrπμGmψssψnπGtrΞnsvμrsμGμnμrπyGψnG
ppGαollψsψonsGΞtGOGsqrtG{s}GfG_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2011SGYWXXSGX 5.4 10

145 |μΞrατGνorGtτμGΞssoαψΞtμγGproγuαtψonGoνGΞGqψππsGΥosonGwψtτGΞGsψnπlμGtopGquΞrkGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 10

144 |μΞrατGνorGrμsonΞntGpΞψrGproγuαtψonGoνGqψππsGΥosonsGγμαΞyψnπGtoGΥottomGquΞrkTΞntψquΞrkGpΞψrsGψnG
protonTprotonGαollψsψonsGΞtGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 10

143
vμΞsurμmμntsGoνGγψννμrμntψΞlGαrossGsμαtψonsGoνGtopGquΞrkGpΞψrGproγuαtψonGΞsGΞGνunαtψonGoνGkψnμmΞtψαG
μvμntGvΞrψΞΥlμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018
SGYWXaSGX

5.4 10

142 vμΞsurμmμntGoνGΞssoαψΞtμγGproγuαtψonGoνGΞGΥosonGΞnγGΞGατΞrmGquΞrkGψnGprotonTprotonGαollψsψonsGΞtUG
EuropeanrPhysicalrJournalrCSG2019SG_bSGY^b 4.2 9

141 |μΞrατGνorGnμwGpτysψαsGψnGνψnΞlGstΞtμsGwψtτGΞGsψnπlμGpτotonGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

140 |μΞrατGνorGγΞrkGmΞttμrGψnGprotonTprotonGαollψsψonsGΞtGaG}μ’GwψtτGmψssψnπGtrΞnsvμrsμGmomμntumGΞnγG
vμαtorGΥosonGtΞππμγGjμtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

139 jzψmutτΞlGγμαorrμlΞtψonGoνGjμtsGwψγμlyGsμpΞrΞtμγGψnGrΞpψγψtyGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

138 vμΞsurμmμntGoνGΥGτΞγronGlψνμtψmμsGψnGppGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2018SG_aSG[]_ 4.2 9

137
|μΞrατGνorGyτysψαsGkμyonγGtτμG|tΞnγΞrγGvoγμlGψnGnvμntsGwψtτGqψπτTvomμntumGqψππsGkosonsGΞnγG
vψssψnπG}rΞnsvμrsμGvomμntumGψnGyrotonTyrotonGlollψsψonsGΞtGXZ´ }μ’UGPhysicalrReviewrLettersSG2018SG
XYWSGY[XaWX

7.4 9

136 |μΞrατGνorGtopGquΞrkGpΞrtnμrsGwψtτGατΞrπμG]VZGψnGtτμGsΞmμTsψπnGγψlμptonGΞnγGsψnπlμTlμptonGνψnΞlG
stΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

135 |μΞrατGνorGμlμαtrowμΞkGproγuαtψonGoνGΞGvμαtorTlψkμGquΞrkGγμαΞyψnπGtoGΞGtopGquΞrkGΞnγGΞGqψππsGΥosonG
usψnπGΥoostμγGtopoloπψμsGψnGνullyGτΞγronψαGνψnΞlGstΞtμsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 9

(2017-2013)
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134
vμΞsurμmμntGoνGμlμαtrowμΞkTψnγuαμγGproγuαtψonGoνG–˛‡GwψtτGtwoGjμtsGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG
}μ’GΞnγGαonstrΞψntsGonGΞnomΞlousGquΞrtψαGπΞuπμGαouplψnπsUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 9

133
|μΞrατGνorGlμptonGνlΞvourGvψolΞtψnπGγμαΞysGoνGτμΞvyGrμsonΞnαμsGΞnγGquΞntumGΥlΞαkGτolμsGtoGΞnG
µoormulΞcGsμμGtμxt−GpΞψrGψnGprotonTprotonGαollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalr
CSG2016SG_^SGZX_

4.2 9

132 |μΞrατGνorGΥlΞαkGτolμsGΞnγGspτΞlμronsGψnGτψπτTmultψplψαψtyGνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 9

131 vμΞsurμmμntGoνGατΞrπμγGpΞrtψαlμGspμαtrΞGψnGmψnψmumTΥψΞsGμvμntsGνromGprotonTprotonGαollψsψonsGΞtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG^b_ 4.2 9

130
|μΞrατGνorGΞGsψnπlyGproγuαμγGtτψrγTπμnμrΞtψonGsαΞlΞrGlμptoquΞrkGγμαΞyψnπGtoGΞGˇ�GlμptonGΞnγGΞG
ΥottomGquΞrkGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 9

129
|μΞrατGνorGsupμrsymmμtryGwψtτGΞGαomprμssμγGmΞssGspμαtrumGψnGtτμGvμαtorGΥosonGνusψonGtopoloπyG
wψtτGXTlμptonGΞnγGWTlμptonGνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 8

128 |μΞrατGνorGαontΞαtGψntμrΞαtψonsGΞnγGlΞrπμGμxtrΞGγψmμnsψonsGψnGtτμGγψlμptonGmΞssGspμαtrΞGνromG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

127 sμtG|τΞpμsGoνGrsolΞtμγGyτotonT}ΞππμγGsμtsGψnGyΥTyΥGΞnγGppGlollψsψonsGΞtGsqrtµs≥{ww}−f]UWYGG}μ’UG
PhysicalrReviewrLettersSG2019SGXYYSGX]YWWX 7.4 8

126
vμΞsurμmμntGoνGψnαlusψvμGΞnγGγψννμrμntψΞlGqψππsGΥosonGproγuαtψonGαrossGsμαtψonsGψnGtτμGγψpτotonG
γμαΞyGατΞnnμlGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 8

125 vμΞsurμmμntGoνGtopGquΞrkGpΞψrGproγuαtψonGψnGΞssoαψΞtψonGwψtτGΞG±GΥosonGψnGprotonTprotonGαollψsψonsG
ΞtGOGsqrt{mΞtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

124 lompΞrψnπGtrΞnsvμrsμGmomμntumGΥΞlΞnαμGoνGΥGjμtGpΞψrsGψnGppGΞnγGyΥyΥGαollψsψonsGΞtGOG
sqrt{s≥{mΞtτrm{ww}}}f]UWYGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

123 |μΞrατGνorGsGατΞnnμlGsψnπlμGtopGquΞrkGproγuαtψonGψnGppGαollψsψonsGΞtGOGsqrt{s}f_GPGΞnγGaG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 8

122 |μΞrατGνorGγΞrkGmΞttμrGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGsψnπlμGtopGquΞrkGorGΞGtopGquΞrkGpΞψrGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

121 |μΞrατGνorGsψnπlμGproγuαtψonGoνGvμαtorTlψkμGquΞrksGγμαΞyψnπGtoGΞG±GΥosonGΞnγGΞGtopGorGΞGΥottomG
quΞrkGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 8

120 vμΞsurμmμntGoνGtτμGtopGquΞrkGmΞssGusψnπGsψnπlμGtopGquΞrkGμvμntsGψnGprotonTprotonGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−´ }μ’UGEuropeanrPhysicalrJournalrCSG2017SG__SGZ][ 4.2 8

119 vμΞsurμmμntGoνGtτμGtrψplμTγψννμrμntψΞlGγψjμtGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsGΞtGΞnγG
αonstrΞψntsGonGpΞrtonGγψstrψΥutψonGνunαtψonsUGEuropeanrPhysicalrJournalrCSG2017SG__SG_[^ 4.2 8

118 yμrνormΞnαμGstuγyGoνGtτμGlv|GΥΞrrμlGrμsψstψvμGplΞtμGατΞmΥμrsGwψtτGαosmψαGrΞysUGJournalrofr
InstrumentationSG2010SG]SG}WZWX_T}WZWX_ 1 8

117 jlψπnmμntGoνGtτμGlv|GmuonGsystμmGwψtτGαosmψαTrΞyGΞnγGΥμΞmTτΞloGmuonsUGJournalrofr
InstrumentationSG2010SG]SG}WZWYWT}WZWYW 1 8
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116 vμΞsurμmμntGoνGtτμGunγμrlyψnπGμvμntGΞαtψvψtyGψnGψnαlusψvμG±GΥosonGproγuαtψonGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

115 |μΞrατGνorGμlμαtrowμΞkGproγuαtψonGoνGατΞrπψnosGψnGνψnΞlGstΞtμsGwψtτGtwoGˇ�GlμptonsGψnGppGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

114 vμΞsurμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonGoνGΞG–´ ΥosonGψnGΞssoαψΞtψonGwψtτGtwoGΥGjμtsGψnGppG
αollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2017SG__SGbY 4.2 7

113 |μΞrατGνorGproγuαtψonGoνGqψππsGΥosonGpΞψrsGψnGtτμGνourGΥGquΞrkGνψnΞlGstΞtμGusψnπGlΞrπμTΞrμΞGjμtsGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

112 |μΞrατGνorGτμΞvyGrμsonΞnαμsGγμαΞyψnπGψntoGtwoGqψππsGΥosonsGorGψntoGΞGqψππsGΥosonGΞnγGΞG–GorG±G
ΥosonGψnGprotonTprotonGαollψsψonsGΞtGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

111 |μΞrατGνorGγΞrkGmΞttμrGpΞrtψαlμsGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGqψππsGΥosonGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{mΞtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 7

110 |μΞrατGνorGsupμrsymmμtryGψnGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’GψnGtτμGsψnπlμTlμptonGνψnΞlGstΞtμGusψnπG
tτμGsumGoνGmΞssμsGoνGlΞrπμTrΞγψusGjμtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 7

109 vμΞsurμmμntGoνGtopGquΞrkGpolΞrψsΞtψonGψnGtTατΞnnμlGsψnπlμGtopGquΞrkGproγuαtψonUGJournalrofrHighr
EnergyrPhysicsSG2016SGYWX^SGX 5.4 7

108 sμtGpropμrtψμsGψnGyΥyΥGΞnγGppGαollψsψonsGΞtGOGsqrt{s≥{mΞtτrm{w}dmΞtτrm{w}}}f]UWYGPG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

107 |μΞrατμsGνorG–hGΥosonsGγμαΞyψnπGtoGΞGtopGquΞrkGΞnγGΞGΥottomGquΞrkGψnGprotonTprotonGαollψsψonsGΞtG
XZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

106 |μΞrατGνorGΞGlψπτtGpsμuγosαΞlΞrGqψππsGΥosonGproγuαμγGψnGΞssoαψΞtψonGwψtτGΥottomGquΞrksGψnGppG
αollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

105 vμΞsurμmμntGoνGtτμG±˛‡GproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsGΞtGaG}μ’GΞnγGsμΞrατGνorGΞnomΞlousG
trψplμGπΞuπμGΥosonGαouplψnπsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 7

104 |μΞrατGνorGγΞrkGpτotonsGψnGγμαΞysGoνGqψππsGΥosonsGproγuαμγGψnGΞssoαψΞtψonGwψtτG±GΥosonsGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

103
|μΞrατGνorGnμwGpτysψαsGψnGνψnΞlGstΞtμsGwψtτGtwoGopposψtμTsψπnSGsΞmμTνlΞvorGlμptonsSGjμtsSGΞnγGmψssψnπG
trΞnsvμrsμGmomμntumGψnGppGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 7

102 |μΞrατGνorGγΞrkGmΞttμrGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGlμptonψαΞllyGγμαΞyψnπGΥosonGψnGprotonTprotonG
αollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGXZ 4.2 7

101 |μΞrατGνorGrμsonΞnαμsGψnGtτμGmΞssGspμαtrumGoνGmuonGpΞψrsGproγuαμγGψnGΞssoαψΞtψonGwψtτGΥGquΞrkGjμtsG
ψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPGΞnγGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

100
|μΞrατGνorGτμΞvyGrμsonΞnαμsGγμαΞyψnπGψntoGΞGvμαtorGΥosonGΞnγGΞGqψππsGΥosonGψnGνψnΞlGstΞtμsGwψtτG
ατΞrπμγGlμptonsSGnμutrψnosGΞnγGΥGquΞrksGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 7

99 |μΞrατGνorGΞGτμΞvyGrμsonΞnαμGγμαΞyψnπGψntoGΞG±GΥosonGΞnγGΞG±GorG–GΥosonGψnGYâ��YqGνψnΞlGstΞtμsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7
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98 |μΞrατGνorGγΞrkGmΞttμrGproγuαμγGψnGΞssoαψΞtψonGwψtτGΞGqψππsGΥosonGγμαΞyψnπGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

97 |μΞrατGνorGΞGτμΞvyGrμsonΞnαμGγμαΞyψnπGtoGΞGpΞψrGoνGvμαtorGΥosonsGψnGtτμGlμptonGplusGmμrπμγGjμtGνψnΞlG
stΞtμGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

96 yrμαψsψonGlumψnosψtyGmμΞsurμmμntGψnGprotonTprotonGαollψsψonsGΞtGψnGYWX]GΞnγGYWX^GΞtGlv|UG
EuropeanrPhysicalrJournalrCSG2021SGaXSGaWW 4.2 7

95
|μΞrατGνorGΞGuψπτtGlτΞrπμγGqψππsGkosonGmμαΞyψnπGtoGΞG–GkosonGΞnγGΞGlyTxγγGqψππsGkosonGψnGoψnΞlG
|tΞtμsGwψtτGμ˛…˛…GorG˛…˛…˛…GψnGyrotonTyrotonGlollψsψonsGΞtGsqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SG
XYZSGXZXaWY

7.4 6

94 xΥsμrvΞtψonGoνG|ψnπlμG}opGzuΞrkGyroγuαtψonGψnGjssoαψΞtψonGwψtτGΞG±GkosonGψnGyrotonTyrotonG
lollψsψonsGΞtGsqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SGXYYSGXZYWWZ 7.4 6

93 vμΞsurμmμntGoνGtτμGunγμrlyψnπGμvμntGΞαtψvψtyGusψnπGατΞrπμγTpΞrtψαlμGjμtsGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 6

92 vψxμγGτψπτμrTorγμrGΞnψsotropψαGνlowGΞnγGnonlψnμΞrGrμsponsμGαoμννψαψμntsGoνGατΞrπμγGpΞrtψαlμsGψnG
αollψsψonsGΞtGΞnγG]UWYUGEuropeanrPhysicalrJournalrCSG2020SGaWSG]Z[ 4.2 6

91 vμΞsurμmμntGoνGγψjμtGΞzψmutτΞlGγμαorrμlΞtψonGψnGpp´ αollψsψonsGΞtGµoormulΞcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2016SG_^SG]Z^ 4.2 6

90 yμrνormΞnαμGoνGtτμGlv|GγrψνtGtuΥμGατΞmΥμrsGwψtτGαosmψαGrΞysUGJournalrofrInstrumentationSG2010SG]SG}WZWX]T}WZWX]1 6

89 |μΞrατGνorGtτμGΞssoαψΞtμγGproγuαtψonGoνGtτμGqψππsGΥosonGwψtτGΞGtopTquΞrkGpΞψrG2014SGYWX[SGX 6

88 |μΞrατGνorGγψrμαtGpΞψrGproγuαtψonGoνGsαΞlΞrGtopGquΞrksGψnGtτμGsψnπlμTGΞnγGγψlμptonGατΞnnμlsGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 6

87 vμΞsurμmμntGoνGtτμGγψννμrμntψΞlGmrμllT¯ΞnGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{mΞtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 6

86 |μΞrατGνorGnμwGpτysψαsGψnGtopGquΞrkGproγuαtψonGψnGγψlμptonGνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsG
ΞtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGaa^ 4.2 6

85 |μΞrατGνorGγμαΞysGoνGstoppμγGμxotψαGlonπTlψvμγGpΞrtψαlμsGproγuαμγGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

84 |μΞrατGνorGtopGsquΞrksGγμαΞyψnπGvψΞGνourTΥoγyGorGατΞrπψnoTmμγψΞtμγGmoγμsGψnGsψnπlμTlμptonGνψnΞlG
stΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

83 nvψγμnαμGνorGtτμGjssoαψΞtμγGyroγuαtψonGoνGΞG|ψnπlμG}opGzuΞrkGΞnγGΞGyτotonGψnGyrotonTyrotonG
lollψsψonsGΞtGsqrtµs−fXZGG}μ’UGPhysicalrReviewrLettersSG2018SGXYXSGYYXaWY 7.4 6

82 |μΞrατGνorGΞGτμΞvyGrμsonΞnαμGγμαΞyψnπGψntoGΞG±GΥosonGΞnγGΞGvμαtorGΥosonGψnGtτμGOGnuG
ovμrlψnμ{nu}mΞtτrm{q}ovμrlψnμ{mΞtτrm{q}}GPGνψnΞlGstΞtμUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

81 vμΞsurμmμntGoνGtτμGmΞssGoνGtτμGtopGquΞrkGψnGγμαΞysGwψtτGΞGsVˇ�GmμsonGψnGppGαollψsψonsGΞtGaG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 5
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80 |μΞrατGνorGsupμrsymmμtryGψnGνψnΞlGstΞtμsGwψtτGpτotonsGΞnγGmψssψnπGtrΞnsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsGΞtGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 5

79 vμΞsurμmμntGoνGtτμGψnαlusψvμGμnμrπyGspμαtrumGψnGtτμGvμryGνorwΞrγGγψrμαtψonGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 5

78 lompΞrψsonGoνGtτμG±V˛‡GQGRGjμtsGtoG˛‡GRGjμtsGαrossGsμαtψonsGψnGppGαollψsψonsGΞtGOGsqrt{s}faGPG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 5

77 yμrνormΞnαμGoνGlv|GτΞγronGαΞlorψmμtμrGtψmψnπGΞnγGsynατronψzΞtψonGusψnπGtμstGΥμΞmSGαosmψαGrΞySG
ΞnγGuqlGΥμΞmGγΞtΞUGJournalrofrInstrumentationSG2010SG]SG}WZWXZT}WZWXZ 1 5

76 vμΞsurμmμntGoνGμnμrπyGνlowGΞtGlΞrπμGpsμuγorΞpψγψtψμsGψnGppGαollψsψonsGΞtGOGsqrtG{s}GfGWU{b}GPGΞnγG_G
}μ’G2011SGYWXXSGX 5

75 vμΞsurμmμntsGoνGproγuαtψonGαrossGsμαtψonsGΞnγGαonstrΞψntsGonGΞnomΞlousGtrψplμGπΞuπμGαouplψnπsG
ΞtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGYWW 4.2 5

74 vμΞsurμmμntGoνGtτμGqψππsGΥosonGproγuαtψonGrΞtμGψnGΞssoαψΞtψonGwψtτGtopGquΞrksGψnGνψnΞlGstΞtμsGwψtτG
μlμαtronsSGmuonsSGΞnγGτΞγronψαΞllyGγμαΞyψnπGtΞuGlμptonsGΞtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGZ_a 4.2 5

73 vμΞsurμmμntsGoνGproγuαtψonGαrossGsμαtψonsGoνGtτμGqψππsGΥosonGψnGtτμGνourTlμptonGνψnΞlGstΞtμGψnG
protonTprotonGαollψsψonsGΞtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG[aa 4.2 5

72
|μΞrατGνorGrμsonΞnαμsGγμαΞyψnπGtoGΞGpΞψrGoνGqψππsGΥosonsGψnGtτμGΥOGovμrlψnμ{mΞtτrm{Υ}}GPqOG
ovμrlψnμ{mΞtτrm{q}}GPâ��â�� ˛‰GνψnΞlGstΞtμGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2019SGYWXbSGX

5.4 5

71 |μΞrατGνorGtopGsquΞrkGpΞψrGproγuαtψonGusψnπGγψlμptonGνψnΞlGstΞtμsGψnGαollψsψonGγΞtΞGαollμαtμγGΞtUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZ 4.2 5

70 vμΞsurμmμntGoνGtτμGπroomμγGjμtGmΞssGψnGyΥyΥGΞnγGppGαollψsψonsGΞtGOGsqrt{s≥{mΞtτrm{ww}}}f]UWYGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

69 vμΞsurμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonGνorGsψnπlμGtopGquΞrksGψnGΞssoαψΞtψonGwψtτG–GΥosonsGψnG
protonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

68 vμΞsurμmμntGoνGtτμGαrossGsμαtψonGψnGppGαollψsψonsGΞtGΞnγGvΞlψγΞtψonGoνGlμptonGΞnΞlysψsGtματnψquμsUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG_Wa 4.2 5

67 |μΞrατGνorGΞGlowTmΞssGˇ�â��ˇ�RGrμsonΞnαμGψnGΞssoαψΞtψonGwψtτGΞGΥottomGquΞrkGψnGprotonTprotonG
αollψsψonsGΞtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

66 |μΞrατGνorGtτμGpΞψrGproγuαtψonGoνGlψπτtGtopGsquΞrksGψnGtτμGμ´–˛…hGνψnΞlGstΞtμGψnGprotonTprotonGαollψsψonsG
ΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

65
|μΞrατGνorGnonrμsonΞntGqψππsGΥosonGpΞψrGproγuαtψonGψnGtτμGOG
mΞtτrm{Υ}ovμrlψnμ{mΞtτrm{Υ}}mΞtτrm{Υ}ovμrlψnμ{mΞtτrm{Υ}}GPGνψnΞlGstΞtμGΞtGOGsqrt{s}GPGfGXZG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 4

64 |tuγyGoνGtτμGunγμrlyψnπGμvμntGψnGtopGquΞrkGpΞψrGproγuαtψonGψnGαollψsψonsGΞtGXZUGEuropeanrPhysicalr
JournalrCSG2019SG_bSGXYZ 4.2 4

63 mψstrψΥutψonsGoνGtopoloπψαΞlGoΥsμrvΞΥlμsGψnGψnαlusψvμGtτrμμTGΞnγGνourTjμtGμvμntsGψnGppGαollψsψonsGΞtG
µoormulΞcGsμμGtμxt−µoormulΞcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGZWY 4.2 4
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62 |tuγyGoνGγψjμtGμvμntsGwψtτGΞGlΞrπμGrΞpψγψtyGπΞpGΥμtwμμnGtτμGtwoGlμΞγψnπGjμtsGψnGppGαollψsψonsGΞtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGY[Y 4.2 4

61 ysμuγorΞpψγψtyGγψstrψΥutψonsGoνGατΞrπμγGτΞγronsGψnGprotonTlμΞγGαollψsψonsGΞtGOG
sqrt{s≥{mΞtτrm{ww}}}f]UWYGPGΞnγGaUX^G}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 4

60
|μΞrατGνorGsupμrsymmμtryGψnGμvμntsGwψtτGΞtGlμΞstGtτrμμGμlμαtronsGorGmuonsSGjμtsSGΞnγGmψssψnπG
trΞnsvμrsμGmomμntumGψnGprotonTprotonGαollψsψonsGΞtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 4

59 |μΞrατGνorGΞG–hGΥosonGγμαΞyψnπGtoGΞGvμαtorTlψkμGquΞrkGΞnγGΞGtopGorGΥottomGquΞrkGψnGtτμGΞllTjμtsGνψnΞlG
stΞtμUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

58 |μΞrατGνorGτψπτTmΞssG±˛‡GrμsonΞnαμsGψnGμRμâ��˛‡GΞnγG˛…GRG˛…Gâ��˛‡GνψnΞlGstΞtμsGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}faGPGΞnγGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

57 |μΞrατGνorGlyGvψolΞtψonGψnGOGtovμrlψnμ{t}GPGproγuαtψonGΞnγGγμαΞyGψnGprotonTprotonGαollψsψonsGΞtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4
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