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αonstraφntsGonGanomalousGquartφαGπauπμGαouplφnπsUGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 56

492 vμasurμmμntGoνGtτμG–R–â��GαrossGsμαtφonGφnGppGαollφsφonsGatGOsqrt{s}GfG_mΛox{G}μ’}PGanγGlφmφtsGonG
anomalousG––˛‡GanγG––±GαouplφnπsUGEuropeanlPhysicallJournallCSG2013SG_ZSGX 4.2 56

491 uonπTranπμGanγGsτortTranπμGγφτaγronGanπularGαorrμlatφonsGφnGαμntralGyΛyΛGαollφsφonsGatGOGsqrtG
{{{s≥{tμxt{ww}}}}}GPGfGYU_^G}μ’UGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 56

490 |μarατGνorGaGstanγarγGmoγμlGqφππsGΛosonGproγuαμγGφnGassoαφatφonGwφtτGaGtopTquarψGpaφrGanγG
γμαayφnπGtoGΛottomGquarψsGusφnπGaGmatrφxGμlμmμntGmμtτoγUGEuropeanlPhysicallJournallCSG2015SG_]SGY]X 4.2 55

489 |μarατGνorGnμwGpτμnomμnaGwφtτGtτμGvarφaΛlμGφnGtτμGallTτaγronφαGνφnalGstatμGproγuαμγGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2017SG__SG_XW 4.2 54

488 |μarατGνorGOG{tμxt{k}}≥{tμxt{s}}√WGPGTgG˛…GRG˛…Gâ��GanγGkWGTgG˛…GRG˛…Gâ��GγμαaysUGJournalloflHighlEnergylPhysicsSG
2012SGYWXYSGX 5.4 52

487 vμasurμmμntsGoνGγφννμrμntφalGanγGγouΛlμTγφννμrμntφalGmrμllT¯anGαrossGsμαtφonsGφnGprotonTprotonG
αollφsφonsGatG[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2015SG_]SGX[_ 4.2 50

486
vμasurμmμntGoνGtτμGratφoGoνGtτμGφnαlusφvμGZTχμtGαrossGsμαtφonGtoGtτμGφnαlusφvμGYTχμtGαrossGsμαtφonGφnG
ppGαollφsφonsGatGOsqrt{s}GfG_Gmatτrm{}μ’}PGanγGνφrstGγμtμrmφnatφonGoνGtτμGstronπGαouplφnπGαonstantGφnG
tτμG}μ’GranπμUGEuropeanlPhysicallJournallCSG2013SG_ZSGX

4.2 50

485
|μarατGνorGnarrowGanγGΛroaγGγφχμtGrμsonanαμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’GanγG
αonstraφntsGonGγarψGmattμrGmμγφatorsGanγGotτμrGnμwGpartφαlμsUGJournalloflHighlEnergylPhysicsSG2018SG
YWXaSGX

5.4 50

484 |μarατGνorGaGstanγarγTmoγμlTlφψμGqφππsGΛosonGwφtτGaGmassGφnGtτμGranπμGX[]GtoGXWWWGpμ’GatGtτμGuqlUG
EuropeanlPhysicallJournallCSG2013SG_ZSGY[^b 4.2 49

483
}τμGsφlφαonGmφαrostrφpGsμnsorsGoνGtτμGj}uj|GsμmφαonγuαtorGtraαψμrUGNuclearlInstrumentslandl
MethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedl
EquipmentSG2007SG]_aSGbaTXXa

1.2 49

482 wuαlμarGμννμαtsGonGtτμGtransvμrsμGmomμntumGspμαtraGoνGατarπμγGpartφαlμsGφnGpyΛGαollφsφonsGatG
[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2015SG_]SGYZ_ 4.2 48

481 vμasurμmμntGoνGtτμGtTατannμlGsφnπlμTtopTquarψGproγuαtφonGαrossGsμαtφonGanγGoνGtτμG|’GtΛ|GltvG
matrφxGμlμmμntGφnGppGαollφsφonsGatGOGsqrt{s}GPGfGaG}μ’UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 48

480 vμasurμmμntGoνGtτμGOG{{rmGt}Λar{rmGt}}GPGproγuαtφonGαrossGsμαtφonGanγGtτμGtopGquarψGmassGφnGtτμG
γφlμptonGατannμlGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 48

479 vμasurμmμntGoνGtτμGkWGproγuαtφonGαrossGsμαtφonGφnGppGαollφsφonsGatGsqrt[s−GfG_G}μ’UGPhysicallReviewl
LettersSG2011SGXW^SGY]YWWX 7.4 48

Maxim Titov

6



478 mφχμtGazφmutτalGγμαorrμlatφonsGφnGppGαollφsφonsGatGâ��sf_G}μ’UGPhysicallReviewlLettersSG2011SGXW^SGXYYWWZ 7.4 48

477 |μarατGνorGγarψGmattμrGproγuαμγGwφtτGanGμnμrπμtφαGχμtGorGaGτaγronφαallyGγμαayφnπG–GorG±GΛosonGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 46

476 vμasurμmμntGoνGtτμGrμlatφvμGpromptGproγuαtφonGratμGoνGanγGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−UG
EuropeanlPhysicallJournallCSG2012SG_YSGYY]X 4.2 46

475 |μarατGνorGnμwGpτysφαsGwφtτGsamμTsφπnGφsolatμγGγφlμptonGμvμntsGwφtτGχμtsGanγGmφssφnπGtransvμrsμG
μnμrπyGatGtτμGuqlUGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 46

474 |μarατGνorGnμwGpτysφαsGwφtτGχμtsGanγGmφssφnπGtransvμrsμGmomμntumGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG
}μ’UGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 46

473 lomΛφnμγGsμarατGνorGμlμαtrowμaψGproγuαtφonGoνGατarπφnosGanγGnμutralφnosGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 45

472 nxαlusφvμG˛‡˛‡GTgG˛…GRG˛…Gâ��GproγuαtφonGφnGprotonTprotonGαollφsφonsGatGOGsqrtG{s}GfG{_}GPG}μ’UGJournalloflHighl
EnergylPhysicsSG2012SGYWXYSGX 5.4 45

471 |μarατGνorGtτμGassoαφatμγGproγuαtφonGoνGtτμGqφππsGΛosonGwφtτGaGtopTquarψGpaφrUGJournalloflHighl
EnergylPhysicsSG2014SGYWX[SGX 5.4 45

470
|μarατGνorGμxαlusφvμGorGsμmφTμxαlusφvμG˛‡˛‡GproγuαtφonGanγGoΛsμrvatφonGoνGμxαlusφvμGanγG
sμmφTμxαlusφvμGμRμâ��GproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG
2012SGYWXYSGX

5.4 45

469 vμasurμmμntGoνGtτμGsumGoνG––GanγG–±GproγuαtφonGwφtτG–RγφχμtGμvμntsGφnGppGαollφsφonsGatG
[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2013SG_ZSGYYaZ 4.2 45

468 |μarατGνorGsupμrsymmμtryGφnGppGαollφsφonsGatGâ��_G}μ’GφnGμvμntsGwφtτGtwoGpτotonsGanγGmφssφnπG
transvμrsμGμnμrπyUGPhysicallReviewlLettersSG2011SGXW^SGYXXaWY 7.4 45

467 vμasurμmμntGoνGtτμG OZa_YPGproγuαtφonGαrossGsμαtφonGvφaGγμαaysGtoGsVˇ�ˇ�GRGˇ�Gâ��GφnGppGαollφsφonsGatGOG
sqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 44

466 |μarατGνorGτμavyGΛottomTlφψμGquarψsGφnG[UbGνΛâ��XGoνGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighl
EnergylPhysicsSG2012SGYWXYSGX 5.4 44

465 lτarπμγGpartφαlμGtransvμrsμGmomμntumGspμαtraGφnGppGαollφsφonsGatGOGsqrtG{s}GfGWUbGPGanγG_G}μ’UG
JournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 44

464 oφrstGmμasurμmμntGoνGkosμTnφnstμφnGαorrμlatφonsGφnGprotonTprotonGαollφsφonsGatGâ��sfWUbGanγGYUZ^G}μ’G
atGtτμGuqlUGPhysicallReviewlLettersSG2010SGXW]SGWZYWWX 7.4 44

463 vμasurμmμntGoνGtτμGγφννμrμntφalGγφχμtGproγuαtφonGαrossGsμαtφonGφnGprotonâ��protonGαollφsφonsGatGsf_G
}μ’UGPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2011SG_WWSGXa_TYW^ 4.2 44

462 vμasurμmμntGoνGtτμGOGtovμrlφnμ{t}GPGproγuαtφonGαrossGsμαtφonGφnGtτμGγφlμptonGατannμlGφnGppGαollφsφonsG
atGOGsqrt{s}GPGfGaG}μ’UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 43

461 vμasurμmμntGoνGtτμGγφννμrμntφalGanγGγouΛlμTγφννμrμntφalGmrμllT¯anGαrossGsμαtφonsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}GPGfG_G}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 43
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460 |μarατGνorGlμptonφαGγμαaysGoνG–hGΛosonsGφnGppGαollφsφonsGatGOGsqrtG{s}GfG{_}GPG}μ’UGJournalloflHighl
EnergylPhysicsSG2012SGYWXYSGX 5.4 43

459 nvμntGaαtφvφtyGγμpμnγμnαμGoνGOG¯GPOn|PGproγuαtφonGφnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}μ’GpyΛGanγGOGsqrt{s}GPG
fGYU_^G}μ’GppGαollφsφonsUGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 42

458 |μarατGνorGaγγφtφonalGnμutralGv||vGqφππsGΛosonsGφnGtτμGˇ�Gˇ�GνφnalGstatμGφnGprotonTprotonGαollφsφonsGatG
OGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 42

457
vμasurμmμntGoνGtτμGφnαlusφvμGZTχμtGproγuαtφonGγφννμrμntφalGαrossGsμαtφonGφnGprotonTprotonGαollφsφonsG
atG_G}μ’´ anγGγμtμrmφnatφonGoνGtτμGstronπGαouplφnπGαonstantGφnGtτμG}μ’´ ranπμUGEuropeanlPhysicall
JournallCSG2015SG_]SGXa^

4.2 41

456 vμasurμmμntGoνGpromptGsVˇ�GpaφrGproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}GPGfG_G}μvUGJournalloflHighl
EnergylPhysicsSG2014SGYWX[SGX 5.4 41

455 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGατarπφnosGanγGnμutralφnosGusφnπGlμptonφαGνφnalGstatμsGφnGppG
αollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 41

454 vμasurμmμntGoνGtτμGφnμlastφαGprotonTprotonGαrossGsμαtφonGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighl
EnergylPhysicsSG2018SGYWXaSGX 5.4 41

453 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGατarπφnosGanγGnμutralφnosGφnGmultφlμptonGνφnalGstatμsGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 40

452 |tuγφμsGoνGχμtGmassGφnGγφχμtGanγG–V±GRGχμtGμvμntsUGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 39

451 |tuγyGoνGtτμGunγμrlyφnπGμvμntGatGνorwarγGrapφγφtyGφnGppGαollφsφonsGatGOG
sqrt{s}fWUbSYU_^Sdmatτrm{anγ}d_dmatτrm{}μ’}GPUGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 39

450 vμasurμmμntGoνGtτμG±±GproγuαtφonGαrossGsμαtφonGanγGsμarατGνorGanomalousGαouplφnπsGφnGYâ��Yâ��hGνφnalG
statμsGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 39

449 |μarατGνorGsamμTsφπnGtopTquarψGpaφrGproγuαtφonGatGOGsqrtG{s}GfG_GPG}μ’GanγGlφmφtsGonGνlavourGατanπφnπG
nμutralGαurrμntsGφnGtτμGtopGsμαtorUGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 39

448 |μarατGνorGnaturalGanγGsplφtGsupμrsymmμtryGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’GφnGνφnalG
statμsGwφtτGχμtsGanγGmφssφnπGtransvμrsμGmomμntumUGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 39

447 |μarατGνorGnμwGpτysφαsGφnGμvμntsGwφtτGsamμTsφπnGγφlμptonsGanγGχμtsGφnGppGαollφsφonsGatGOGsqrt{s}GPGfGaG
}μ’UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 38

446 |μarατGνorGmφαrosαopφαGΛlaαψGτolμsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysics
SG2013SGYWXZSGX 5.4 38

445 vμasurμmμntGoνG–˛‡GanγG±˛‡GproγuαtφonGφnGppGαollφsφonsGatGUGPhysicslLettersxlSectionlB:lNuclearxl
ElementarylParticlelandlHighyEnergylPhysicsSG2011SG_WXSG]Z]T]]] 4.2 38

444 vμasurμmμntGoνGtτμGlμptonGατarπμGasymmμtryGφnGφnαlusφvμG–GproγuαtφonGφnGppGαollφsφonsGatGOGsqrtG{s}G
fG_d{tμxt{}μ’}}GPUGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 38

443 |μarατGνorGstoppμγGpluφnosGφnGppGαollφsφonsGatGsquarμGrootGsf_G}μ’UGPhysicallReviewlLettersSG2011SG
XW^SGWXXaWX 7.4 38
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442
wμwGγμvμlopmμntsGanγGνuturμGpμrspμαtφvμsGoνGπasμousGγμtμαtorsUGNuclearlInstrumentslandlMethodsl
inlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG
2007SG]aXSGY]TZ_

1.2 38

441 vμasurμmμntGoνGtτμG[oormulacGsμμGtμxt−GαrossGsμαtφonGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−G}μ’anγG
lφmφtsGonGanomalousGπauπμGαouplφnπsUGEuropeanlPhysicallJournallCSG2016SG_^SG[WX 4.2 38

440
lonstraφntsGonGpartonGγφstrφΛutφonGνunαtφonsGanγGμxtraαtφonGoνGtτμGstronπGαouplφnπGαonstantGνromG
tτμGφnαlusφvμGχμtGαrossGsμαtφonGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanl
PhysicallJournallCSG2015SG_]SGYaa

4.2 37

439 vμasurμmμntGoνGtτμGγφννμrμntφalGαrossGsμαtφonGanγGατarπμGasymmμtryGνorGφnαlusφvμG[oormulacGsμμG
tμxt−GproγuαtφonGatG[oormulacGsμμGtμxt−G}μ’UGEuropeanlPhysicallJournallCSG2016SG_^SG[^b 4.2 37

438 vμasurμmμntGoνGassoαφatμγG–GRGατarmGproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}GPGfG_G}μ’UGJournallofl
HighlEnergylPhysicsSG2014SGYWX[SGX 5.4 37

437 sμtGproγuαtφonGratμsGφnGassoαφatφonGwφtτG–GanγG±GΛosonsGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_G{tμxt{}μ’}}GPUG
JournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 37

436 vμasurμmμntGoνGmassμsGφnGtτμG[oormulacGsμμGtμxt−GsystμmGΛyGψφnμmatφαGμnγpoφntsGφnGppGαollφsφonsGatG
[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2013SG_ZSGY[b[ 4.2 37

435 |μarατGνorGnarrowGrμsonanαμsGanγGquantumGΛlaαψGτolμsGφnGφnαlusφvμGanγGΛTtaππμγGγφχμtGmassGspμαtraG
νromGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 37

434 vμasurμmμntGoνGpsμuγorapφγφtyGγφstrφΛutφonsGoνGατarπμγGpartφαlμsGφnGprotonâ��protonGαollφsφonsGatG
Osqrt{s}GfGaPG}μ’GΛyGtτμGlv|GanγG}x}nvGμxpμrφmμntsUGEuropeanlPhysicallJournallCSG2014SG_[SGX 4.2 37

433 vμasurμmμntGoνGtτμGpolarφzatφonGoνG–GΛosonsGwφtτGlarπμGtransvμrsμGmomμntaGφnG–GRGχμtsGμvμntsGatG
tτμGuqlUGPhysicallReviewlLettersSG2011SGXW_SGWYXaWY 7.4 37

432 vμasurμmμntsGoνGqφππsGΛosonGpropμrtφμsGφnGtτμGγφpτotonGγμαayGατannμlGφnGprotonTprotonGαollφsφonsG
atGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 37

431 vμasurμmμntGoνGpromptGanγGnonpromptGατarmonφumGsupprμssφonGφnGαollφsφonsGatG]UWYUGEuropeanl
PhysicallJournallCSG2018SG_aSG]Wb 4.2 37

430 vμasurμmμntGoνGtτμGtopTquarψGmassGφnGOmatτrm{t}ovμrlφnμ{matτrm{t}}PGμvμntsGwφtτGγφlμptonGνφnalG
statμsGφnGppGαollφsφonsGatGOsqrt{s}f_GmΛox{}μ’}PUGEuropeanlPhysicallJournallCSG2012SG_YSGX 4.2 36

429 oφrstGmμasurμmμntGoνGtτμGunγμrlyφnπGμvμntGaαtφvφtyGatGtτμGuqlGwφtτGOsqrt{s}GfGWUbPG}μ’UGEuropeanl
PhysicallJournallCSG2010SG_WSG]]]T]_Y 4.2 36

428 jGvμasurμmμntGoνGtτμGˇ�hGtoGsVˇ�GproγuαtφonGratφoGφnGbYWGpμ’GprotonTnuαlμusGφntμraαtφonsUGEuropeanl
PhysicallJournallCSG2007SG[bSG][]T]]a 4.2 36

427 vμasurμmμntGoνGtτμGγouΛlμTγφννμrμntφalGφnαlusφvμGχμtGαrossGsμαtφonGφnGprotonTprotonGαollφsφonsGatG
[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SG[]X 4.2 36

426 |μarατGνorGγφsappμarφnπGtraαψsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2015SGYWX]SGX 5.4 35

425 vμasurμmμntGoνGγφννμrμntφalGαrossGsμαtφonsGνorGqφππsGΛosonGproγuαtφonGφnGtτμGγφpτotonGγμαayG
ατannμlGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SGXZ 4.2 35
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424 |μarατGνorGtτμGstanγarγGmoγμlGqφππsGΛosonGproγuαμγGφnGassoαφatφonGwφtτGaGtopTquarψGpaφrGφnGppG
αollφsφonsGatGtτμGuqlUGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 35

423
|μarατGνorGtτφrγTπμnμratφonGsαalarGlμptoquarψsGanγGτμavyGrφπτtTτanγμγGnμutrφnosGφnGνφnalGstatμsGwφtτG
twoGtauGlμptonsGanγGtwoGχμtsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2017SGYWX_SGX

5.4 35

422
vμasurμmμntGoνGtτμGOmatτrm{{tΛar{t}}}PGproγuαtφonGαrossGsμαtφonGφnGppGαollφsφonsGatGOsqrt{s}f_PG}μ’G
usφnπGtτμGψφnμmatφαGpropμrtφμsGoνGμvμntsGwφtτGlμptonsGanγGχμtsUGEuropeanlPhysicallJournallCSG2011SG
_XSGX

4.2 35

421 |μarατGνorGquarψGαomposφtμnμssGwφtτGtτμGγφχμtGαμntralφtyGratφoGφnGppGαollφsφonsGatGâ��sf_G}μ’UGPhysicall
ReviewlLettersSG2010SGXW]SGY^YWWX 7.4 35

420 oφrstGmμasurμmμntGoνGτaγronφαGμvμntGsτapμsGφnGppGαollφsφonsGatGsf_}μ’UGPhysicslLettersxlSectionlB:l
NuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2011SG^bbSG[aT^_ 4.2 35

419
vμasurμmμntGanγGzlmGanalysφsGoνGγouΛlμTγφννμrμntφalGφnαlusφvμGχμtGαrossGsμαtφonsGφnGppGαollφsφonsGatG
OGsqrt{s}faGPG}μ’GanγGαrossGsμαtφonGratφosGtoGYU_^GanγG_G}μ’UGJournalloflHighlEnergylPhysicsSG2017SG
YWX_SGX

5.4 34

418 |μarατGνorGnμwGpτysφαsGφnGsamμTsφπnGγφlμptonGμvμntsGφnGprotonTprotonGαollφsφonsGatG[oormulacGsμμG
tμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SG[Zb 4.2 34

417 |μarατGνorGmφαrosαopφαGΛlaαψGτolμsGφnGppGαollφsφonsGatGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournalloflHighl
EnergylPhysicsSG2012SGYWXYSGX 5.4 34

416 |μarατGνorGτμavyGstaΛlμGατarπμγGpartφαlμsGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUGJournallofl
HighlEnergylPhysicsSG2011SGYWXXSGX 5.4 34

415 |μarατGνorGγμαaysGoνGstoppμγGlonπTlφvμγGpartφαlμsGproγuαμγGφnGprotonTprotonGαollφsφonsGatG[oormulacG
sμμGtμxt−UGEuropeanlPhysicallJournallCSG2015SG_]SGX]X 4.2 33

414 |μarατGνorGnμwGpτysφαsGφnGμvμntsGwφtτGsamμTsφπnGγφlμptonsGanγGΛGχμtsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 33

413 |μarατμsGνorGtτφrγTπμnμratφonGsquarψGproγuαtφonGφnGνullyGτaγronφαGνφnalGstatμsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 33

412 |μarατGνorGaGlφπτtGατarπμγGqφππsGΛosonGγμαayφnπGtoGOGmatτrm{α}ovμrlφnμ{matτrm{s}}GPGφnGppGαollφsφonsG
atGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

411 rγμntφνφαatφonGtματnφquμsGνorGτφπτlyGΛoostμγG–GΛosonsGtτatGγμαayGφntoGτaγronsUGJournalloflHighl
EnergylPhysicsSG2014SGYWX[SGX 5.4 32

410 |μarατGνorGrμsonanαμsGφnGtτμGγφlμptonGmassGγφstrφΛutφonGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournall
oflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 32

409 |μarατGνorGsupμrsymmμtryGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’GφnGμvμntsGwφtτGaGsφnπlμGlμptonSGχμtsSG
anγGmφssφnπGtransvμrsμGmomμntumUGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 32

408 vμasurμmμntGoνGtτμGmrμllT¯anGαrossGsμαtφonGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighl
EnergylPhysicsSG2011SGYWXXSGX 5.4 32

407 vμasurμmμntGoνGtτμGατarπμGratφoGoνGatmospτμrφαGmuonsGwφtτGtτμGlv|GγμtμαtorUGPhysicslLettersxl
SectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2010SG^bYSGaZTXW[ 4.2 32
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406 vμasurμmμntGoνGtτμGksWGyroγuαtφonGlrossG|μαtφonGwφtτGksWTgsVˇ�hGmμαaysGφnGppGlollφsφonsGatG
sf_GG}μ’UGPhysicallReviewlDSG2011SGa[SG 4.9 31

405 vμasurμmμntGoνGtτμGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGproγuαtφonGαrossGsμαtφonGφnGtτμGμ˛…GατannμlGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}f_GPGanγGaG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 30

404 |μarατGφnGlμptonφαGατannμlsGνorGτμavyGrμsonanαμsGγμαayφnπGtoGlonπTlφvμγGnμutralGpartφαlμsUGJournallofl
HighlEnergylPhysicsSG2013SGYWXZSGX 5.4 30

403 rnαlusφvμGΛTχμtGproγuαtφonGφnGppGαollφsφonsGatGOsqrtG{s}GfG_}μ’PUGJournalloflHighlEnergylPhysicsSG2012SG
YWXYSGX 5.4 30

402 xΛsμrvatφonGoνG±GγμαaysGtoGνourGlμptonsGwφtτGtτμGlv|GγμtμαtorGatGtτμGuqlUGJournalloflHighlEnergyl
PhysicsSG2012SGYWXYSGX 5.4 30

401 vμasurμmμntGoνGtτμGtopTquarψGmassGφnGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGμvμntsGwφtτGlμptonRχμtsG
νφnalGstatμsGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 30

400 vμasurμmμntGoνGtτμGunγμrlyφnπGμvμntGφnGtτμGmrμllâ��¯anGproαμssGφnGprotonâ��protonGαollφsφonsGatG
Osqrt{s}GfG_~mΛox{}μ’}PUGEuropeanlPhysicallJournallCSG2012SG_YSGX 4.2 30

399 vμasurμmμntsGoνGtτμGproγuαtφonGαrossGsμαtφonGanγGtτμGΛranατφnπGνraαtφonSGanγGαonstraφntsGonG
anomalousGtrφplμGπauπμGαouplφnπsGatUGEuropeanlPhysicallJournallCSG2018SG_aSGX^] 4.2 29

398 |μarατGνorGsupμrsymmμtryGφnGνφnalGstatμsGwφtτGmφssφnπGtransvμrsμGμnμrπyGanγGWSGXSGYSGorGâ�¥ZGΛTquarψG
χμtsGφnG_G}μ’GppGαollφsφonsGusφnπGtτμGvarφaΛlμG˛–G}UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 29

397 xΛsμrvatφonGoνG¯OX|PGpaφrGproγuαtφonGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighl
EnergylPhysicsSG2017SGYWX_SGX 5.4 29

396 vμasurμmμntGoνGtopGquarψTantφquarψGpaφrGproγuαtφonGφnGassoαφatφonGwφtτGaG–GorG±GΛosonGφnGppG
αollφsφonsGatG[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2014SG_[SGZW^W 4.2 29

395 vμasurμmμntGoνGγφννμrμntφalGαrossGsμαtφonsGνorGtτμGproγuαtφonGoνGaGpaφrGoνGφsolatμγGpτotonsGφnGppG
αollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2014SG_[SGZXYb 4.2 29

394 |μarατGνorGvμαtorTlφψμG}GanγGkGquarψGpaφrsGφnGνφnalGstatμsGwφtτGlμptonsGatGOGsqrt{s}fXZGPG}μ’UGJournallofl
HighlEnergylPhysicsSG2018SGYWXaSGX 5.4 29

393 |μarατGνorGτμavyGvaχoranaGnμutrφnosGφnGμ´–μ´–RGχμtsGanγGμ´–G˛…G´–RGχμtsGμvμntsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 28

392 |μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGΛGχμtsGanγGmφssφnπGtransvμrsμGmomμntumGatGtτμGuqlUG
JournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 28

391 |μarατGνorGaGτμavyGΛottomTlφψμGquarψGφnGppGαollφsφonsGatGUGPhysicslLettersxlSectionlB:lNuclearxl
ElementarylParticlelandlHighyEnergylPhysicsSG2011SG_WXSGYW[TYYZ 4.2 28

390 |μarατGνorGlowGmassGvμαtorGrμsonanαμsGγμαayφnπGφntoGquarψTantφquarψGpaφrsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 28

389 vμasurμmμntGoνGtτμGproγuαtφonGαrossGsμαtφonSGtτμGtopGquarψGmassSGanγGtτμGstronπGαouplφnπG
αonstantGusφnπGγφlμptonGμvμntsGφnGppGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGZ^a 4.2 27

(2019-2011)
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388 nvφγμnαμGνorGμxαlusφvμG˛‡˛‡GTgG–GRG–Gâ��GproγuαtφonGanγGαonstraφntsGonGanomalousGquartφαGπauπμG
αouplφnπsGφnGppGαollφsφonsGatGOGsqrt{s}f_GPGanγGaG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 27

387 |τapμSGtransvμrsμGsφzμSGanγGατarπμγTτaγronGmultφplφαφtyGoνGχμtsGφnGppGαollφsφonsGatGOGsqrt{s}f_d}μ’GPUG
JournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 27

386 vμasurμmμntGoνGOG{tμxt{k}}ovμrlφnμG{tμxt{k}}GPGanπularGαorrμlatφonsGΛasμγGonGsμαonγaryGvμrtμxG
rμαonstruαtφonGatGOGsqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 27

385 vμasurμmμntGoνGpromptGanγGnonpromptG[oormulacGsμμGtμxt−GproγuαtφonGφnG[oormulacGsμμGtμxt−GanγG
[oormulacGsμμGtμxt−GαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2017SG__SGY^b 4.2 26

384 vrl{xTyj}}n{wGpj|nx~|Gmn}nl}x{G}nlqwxuxprn|GjwmG{m]XGlxuujkx{j}rxwUGModernl
PhysicslLetterslASG2013SGYaSGXZ[WWYY 1.3 26

383 vμasurμmμntGoνGtτμGαrossGsμαtφonGanγGanπularGαorrμlatφonsGνorGassoαφatμγGproγuαtφonGoνGaG±GΛosonG
wφtτGΛGτaγronsGφnGppGαollφsφonsGatGOGsqrt{s}GPGfG_G}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 26

382
|μarατGνorGanomalousG–tΛGαouplφnπsGanγGνlavourTατanπφnπGnμutralGαurrμntsGφnGtTατannμlGsφnπlμGtopG
quarψGproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}f_GPGanγGaG}μ’UGJournalloflHighlEnergylPhysicsSG2017SG
YWX_SGX

5.4 26

381 |μarατμsGνorGsupμrsymmμtryGusφnπGtτμGvG}YGvarφaΛlμGφnGτaγronφαGμvμntsGproγuαμγGφnGppGαollφsφonsGatG
aG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 26

380 |μarατGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGφnGopposφtμTsφπnGγφlμptonGμvμntsGφnGppGαollφsφonsGatGOG
sqrtG{s}GfG_S{tμxt{}μ’}}GPUGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 26

379 jnπularGγφstrφΛutφonsGoνGlμptonsGνromGsVˇ�â��sGproγuαμγGφnGbYWGpμ’GνφxμγTtarπμtGprotonTnuαlμusG
αollφsφonsUGEuropeanlPhysicallJournallCSG2009SG^WSG]X_T]Y[ 4.2 26

378 |μarατGνorGaGτμavyGπauπμGΛosonGUGPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsSG2011SG^baSGYXTZb 4.2 26

377 |μarατGνorGaGUGPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2011SG
_WXSGX^WTX_b 4.2 26

376
vμasurμmμntGoνGtτμG–TΛosonGτμlφαφtyGφnGtopTquarψGγμαaysGνromGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPG
proγuαtφonGφnGlμptonRχμtsGμvμntsGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG
2013SGYWXZSGX

5.4 25

375 |μarατGνorGtopGsquarψGpaφrGproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’GusφnπGsφnπlμGlμptonG
μvμntsUGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 25

374
vμasurμmμntsGoνGtτμG[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−GproγuαtφonGαrossGsμαtφonsGφnGtτμG
[oormulacGsμμGtμxt−GατannμlGφnGprotonTprotonGαollφsφonsGatG[oormulacGsμμGtμxt−GanγG[oormulacGsμμG
tμxt−GanγGαomΛφnμγGαonstraφntsGonGtrφplμGπauπμGαouplφnπsUGEuropeanlPhysicallJournallCSG2015SG_]SG]XX

4.2 25

373 |μarατGνorGrμsonantGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGproγuαtφonGφnGlμptonRχμtsGμvμntsGφnGppG
αollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 25

372 vμasurμmμntGoνGmWSGmRSGmsGRGanγGmQRGproγuαtφonGφnGνφxμγGtarπμtGbYWGpμ’Gprotonâ��nuαlμusG
αollφsφonsUGEuropeanlPhysicallJournallCSG2007SG]YSG]ZXT][Y 4.2 25

371 |μarατGνorGτμavyGrμsonanαμsGγμαayφnπGtoGtwoGqφππsGΛosonsGφnGνφnalGstatμsGαontaφnφnπGνourGΛGquarψsUG
EuropeanlPhysicallJournallCSG2016SG_^SGZ_X 4.2 25
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370 vμasurμmμntGoνGtτμGwμaψGmφxφnπGanπlμGusφnπGtτμGνorwarγTΛaαψwarγGasymmμtryGoνGmrμllT¯anG
μvμntsGφnGαollφsφonsGatGaUGEuropeanlPhysicallJournallCSG2018SG_aSG_WX 4.2 25

369 |μarατGνorGατarπμγGqφππsGΛosonsGφnGtτμGq´–GTgGˇ�´–˛‰ˇ�GγμαayGατannμlGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 24

368
lonstraφntsGonGtτμGpv||vSGjv|kGmoγμlGanγGonGotτμrGmoγμlsGνromGtτμGsμarατGνorGlonπTlφvμγG
ατarπμγGpartφαlμsGφnGprotonTprotonGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG
2015SG_]SGZY]

4.2 24

367 |μarατGνorGproγuαtφonGoνGνourGtopGquarψsGφnGνφnalGstatμsGwφtτGsamμTsφπnGorGmultφplμGlμptonsGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2020SGaWSG_] 4.2 24

366 vμasurμmμntGoνGφnαlusφvμGχμtGproγuαtφonGanγGnuαlμarGmoγφνφαatφonsGφnGpyΛGαollφsφonsGatG[oormulacG
sμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SGZ_Y 4.2 24

365 sμtGanγGunγμrlyφnπGμvμntGpropμrtφμsGasGaGνunαtφonGoνGατarπμγTpartφαlμGmultφplφαφtyGφnGprotonTprotonG
αollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2013SG_ZSGY^_[ 4.2 24

364 vμasurμmμntGoνGtτμG±V˛‡QGRGΛTχμtGαrossGsμαtφonGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighl
EnergylPhysicsSG2012SGYWXYSGX 5.4 24

363 |μarατGνorGnμwGpτysφαsGφnGμvμntsGwφtτGsamμTsφπnGγφlμptonsGanγGΛTtaππμγGχμtsGφnGppGαollφsφonsGatGOGsqrtG
{s}GfG_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 24

362 |μarατGνorGtτμGstanγarγGmoγμlGqφππsGΛosonGφnGtτμGqGTgG±±GTgGYâ��Y˛‰GατannμlGφnGppGαollφsφonsGatGOGsqrtG
{tμxt{s}}GfG{_}d{tμxt{}μ’}}GPUGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 24

361 |μarατGνorGγφsappμarφnπGtraαψsGasGaGsφπnaturμGoνGnμwGlonπTlφvμγGpartφαlμsGφnGprotonTprotonGαollφsφonsG
atGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 24

360 yμrνormanαμGoνGtτμGlv|GuμvμlTXGtrφππμrGφnGprotonTprotonGαollφsφonsGatGâ��sGfGXZG}μ’UGJournallofl
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

359 |μarατGνorG–hGTgGtΛGγμαaysGφnGtτμGlμptonGRGχμtsGνφnalGstatμGφnGppGαollφsφonsGatGOGsqrt{s}GPGfGaG}μ’UGJournall
oflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 23

358
{μaγoutGoνGpnvGγμtμαtorsGusφnπGtτμGvμγφpφxYGlvx|GpφxμlGατφpUGNuclearlInstrumentslandlMethodslinl
PhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2007SG
]_ZSGZ^XTZ_W

1.2 23

357 tQWGanγGˇ�GmμsonGproγuαtφonGφnGprotonâ��nuαlμusGφntμraαtφonsGatGOsqrt{s}f[XU^tμxt{pμ’}PUGEuropeanl
PhysicallJournallCSG2007SG]WSGZX]TZYa 4.2 23

356 |μarατGνorGtτφrγTπμnμratφonGsαalarGlμptoquarψsGγμαayφnπGtoGaGtopGquarψGanγGaGlμptonGatUGEuropeanl
PhysicallJournallCSG2018SG_aSG_W_ 4.2 23

355
nvφγμnαμGνorGassoαφatμγGproγuαtφonGoνGaGqφππsGΛosonGwφtτGaGtopGquarψGpaφrGφnGνφnalGstatμsGwφtτG
μlμαtronsSGmuonsSGanγGτaγronφαallyGγμαayφnπGˇ�GlμptonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2018SGYWXaSGX

5.4 23

354 vμasurμmμntGoνGtτμG[oormulacGsμμGtμxt−GproγuαtφonGαrossGsμαtφonGusφnπGμvμntsGφnGtτμG[oormulacGsμμG
tμxt−GνφnalGstatμGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2017SG__SGX_Y 4.2 22

353 |μarατGνorGaGnμwGsαalarGrμsonanαμGγμαayφnπGtoGaGpaφrGoνG±GΛosonsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 22
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352 |μarατGνorGγarψGmattμrGproγuαμγGφnGassoαφatφonGwφtτGτμavyTνlavorGquarψGpaφrsGφnGprotonTprotonG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2017SG__SGa[] 4.2 22

351
|μarατGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGφnGμvμntsGwφtτGtwoGlμptonsSGχμtsSGanγGmφssφnπG
transvμrsμGmomμntumGφnGppGαollφsφonsGatGOGsqrt{s}GPGfGaG}μ’UGJournalloflHighlEnergylPhysicsSG2015SG
YWX]SGX

5.4 22

350 vμasurμmμntGoνGkosμTnφnstμφnGαorrμlatφonsGφnGppGαollφsφonsGatGOGsqrtG{s}GfGWUbGPGanγG_G}μ’UGJournallofl
HighlEnergylPhysicsSG2011SGYWXXSGX 5.4 22

349
vμasurμmμntGoνGtτμG–±GproγuαtφonGαrossGsμαtφonGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−GanγG
a[oormulacGsμμGtμxt−GanγGsμarατGνorGanomalousGtrφplμGπauπμGαouplφnπsGatG[oormulacGsμμGtμxt−UG
EuropeanlPhysicallJournallCSG2017SG__SGYZ^

4.2 21

348
jGsμarατGνorGnμwGpτμnomμnaGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−GφnGνφnalGstatμsGwφtτGmφssφnπG
transvμrsμGmomμntumGanγGatGlμastGonμGχμtGusφnπGtτμG[oormulacGsμμGtμxt−GvarφaΛlμUGEuropeanlPhysicall
JournallCSG2017SG__SGYb[

4.2 21

347 vμasurμmμntGoνGμlμαtrowμaψGproγuαtφonGoνGtwoGχμtsGφnGassoαφatφonGwφtτGaG±GΛosonGφnGprotonTprotonG
αollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2015SG_]SG^^ 4.2 21

346 vμasurμmμntGoνGtτμG[oormulacGsμμGtμxt−GproγuαtφonGαrossGsμαtφonGφnGtτμGallTχμtsGνφnalGstatμGφnGppG
αollφsφonsGatG[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SGXYa 4.2 21

345 vμasurμmμntGoνGtτμGproγuαtφonGαrossGsμαtφonsGνorGaG±GΛosonGanγGonμGorGmorμGΛGχμtsGφnGppGαollφsφonsG
atGOGsqrt{s}GPGfG_G}μ’UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 21

344 vμasurμmμntGoνGtτμGtopTquarψGmassGφnGallTχμtsG[oormulacGsμμGtμxt−GμvμntsGφnGppGαollφsφonsGatG
[oormulacGsμμGtμxt−G}μ’UGEuropeanlPhysicallJournallCSG2014SG_[SGY_]a 4.2 21

343 vμasurμmμntGoνGtτμGOmatτrm{t}Λar{matτrm{t}}PGproγuαtφonGαrossGsμαtφonGφnGtτμGˇ�RχμtsGατannμlGφnGppG
αollφsφonsGatGOsqrt{s}f_GmΛox{}μ’}PUGEuropeanlPhysicallJournallCSG2013SG_ZSGX 4.2 21

342
|μarατGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGφnGμvμntsGwφtτGtwoGlμptonsGoνGsamμGsφπnSGmφssφnπG
transvμrsμGmomμntumSGanγGχμtsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2017SG
__SG]_a

4.2 21

341 |μarατGνorGlφπτtGΛosonsGφnGγμαaysGoνGtτμGXY]Gpμ’GqφππsGΛosonGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 21

340 |μarατGνorGaGqφππsGΛosonGφnGtτμGγμαayGατannμlGqGTgG±±OQPGTgGqOGovμrlφnμG{tμxt{q}}GPGâ��Gâ��Gâ��GRGφnGppGαollφsφonsG
atGOGsqrtG{s}GfG_GP}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 21

339 rnαlusφvμGΛTτaγronGproγuαtφonGαrossGsμαtφonGwφtτGmuonsGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_d{tμxt{}μ’}}GPUG
JournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 21

338 |μarατGνorGlarπμGμxtraGγφmμnsφonsGφnGtτμGγφpτotonGνφnalGstatμGatGtτμGuarπμGqaγronGlollφγμrUGJournall
oflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 21

337 }τμGlv|GΛarrμlGαalorφmμtμrGrμsponsμGtoGpartφαlμGΛμamsGνromGYGtoGZ]WGpμ’VαUGEuropeanlPhysicall
JournallCSG2009SG^WSGZ]bTZ_Z 4.2 21

336 |μarατGνorGsupμrsymmμtryGφnGprotonTprotonGαollφsφonsGatGXZG}μ’GφnGνφnalGstatμsGwφtτGχμtsGanγGmφssφnπG
transvμrsμGmomμntumUGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 21

335
vμasurμmμntGoνG[oormulacGsμμGtμxt−GproγuαtφonGwφtτGaγγφtφonalGχμtGaαtφvφtySGφnαluγφnπG[oormulacGsμμG
tμxt−GquarψGχμtsSGφnGtτμGγφlμptonGγμαayGατannμlGusφnπGppGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanl
PhysicallJournallCSG2016SG_^SGZ_b

4.2 20
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334 |μarατGνorGstanγarγGmoγμlGproγuαtφonGoνGνourGtopGquarψsGwφtτGsamμTsφπnGanγGmultφlμptonGνφnalG
statμsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2018SG_aSGX[W 4.2 20

333 |μarατGνorGaGτμavyGpsμuγosαalarGΛosonGγμαayφnπGtoGaG±GanγGaGqφππsGΛosonGatUGEuropeanlPhysicall
JournallCSG2019SG_bSG]^[ 4.2 20

332 vμasurμmμntGoνGtτμGproγuαtφonGαrossGsμαtφonGνorGpaφrsGoνGφsolatμγGpτotonsGφnGppGαollφsφonsGatGOGsqrtG
{s}GfG_d}μ’GPUGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 20

331
|μarατGνorGpaφrGproγuαtφonGoνGvμαtorTlφψμG}GanγGkGquarψsGφnGsφnπlμTlμptonGνφnalGstatμsGusφnπGΛoostμγG
χμtGsuΛstruαturμGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2017SGYWX_SGX

5.4 20

330 |μarατGνorGτμavyGrμsonanαμsGtτatGγμαayGφntoGaGvμαtorGΛosonGanγGaGqφππsGΛosonGφnGτaγronφαGνφnalG
statμsGatUGEuropeanlPhysicallJournallCSG2017SG__SG^Z^ 4.2 20

329 |μarατGνorGanomalousGsφnπlμGtopGquarψGproγuαtφonGφnGassoαφatφonGwφtτGaGpτotonGφnGppGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 20

328 |μarατGνorGaGτμavyGrφπτtTτanγμγG–GΛosonGanγGaGτμavyGnμutrφnoGφnGμvμntsGwφtτGtwoGsamμTνlavorG
lμptonsGanγGtwoGχμtsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 20

327 |μarατGνorGtτμGνlavorTατanπφnπGnμutralGαurrμntGφntμraαtφonsGoνGtτμGtopGquarψGanγGtτμGqφππsGΛosonG
wτφατGγμαaysGφntoGaGpaφrGoνGΛGquarψsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 20

326
vμasurμmμntsGoνGtτμG[oormulacGsμμGtμxt−GproγuαtφonGαrossGsμαtφonGφnGlμptonRχμtsGνφnalGstatμsGφnGppG
αollφsφonsGatGaG[oormulacGsμμGtμxt−GanγGratφoGoνGaGtoG_´ [oormulacGsμμGtμxt−GαrossGsμαtφonsUGEuropeanl
PhysicallJournallCSG2017SG__SGX]

4.2 19

325 vμasurμmμntGoνGtτμG–GΛosonGτμlφαφtyGφnGμvμntsGwφtτGaGsφnπlμGrμαonstruαtμγGtopGquarψGφnGppG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 19

324
|μarατGνorGrμsonantGanγGnonrμsonantGqφππsGΛosonGpaφrGproγuαtφonGφnGtτμGOG
matτrm{Λ}ovμrlφnμ{matτrm{Λ}}matτφt{μllGnuGμllGnuG}GPGνφnalGstatμGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX

5.4 19

323 |μarατGνorGmassφvμG–qGrμsonanαμsGγμαayφnπGφntoGtτμG[oormulacGsμμGtμxt−GνφnalGstatμGatG[oormulacGsμμG
tμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SGYZ_ 4.2 19

322 vμasurμmμntGoνGμxαlusφvμGpτotoproγuαtφonGνromGprotonsGφnGyΛGαollφsφonsGatUGEuropeanlPhysicall
JournallCSG2019SG_bSGY__ 4.2 19

321 |μarατGνorGτμavyGrμsonanαμsGγμαayφnπGtoGtauGlμptonGpaφrsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZG
PG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 19

320 |μarατGνorGmassφvμGrμsonanαμsGγμαayφnπGφntoG––SG–±GorG±±GΛosonsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 19

319 |μarατGνorGtτφrγTπμnμratφonGsαalarGlμptoquarψsGφnGtτμGtˇ�GατannμlGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 19

318 vμasurμmμntGoνGμnμrπyGνlowGatGlarπμGpsμuγorapφγφtφμsGφnGppGαollφsφonsGatGOGsqrtG{s}GfGWU{b}GPGanγG_G
}μ’UGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 19

317 yroγuαtφonGoνGtτμGατarmonφumGstatμsGˇ�αXGanγGˇ�αYGφnGprotonGnuαlμusGφntμraαtφonsGatGsf[XU^GGpμ’UG
PhysicallReviewlDSG2009SG_bSG 4.9 19
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316 vμasurμmμntGoνGγφννμrμntφalGαrossGsμαtφonsGνorGΛosonGproγuαtφonGφnGassoαφatφonGwφtτGχμtsGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2018SG_aSGb^] 4.2 19

315 |μarατGνorGnμwGpτysφαsGφnGγφχμtGanπularGγφstrφΛutφonsGusφnπGprotonTprotonGαollφsφonsGatGanγG
αonstraφntsGonGγarψGmattμrGanγGotτμrGmoγμlsUGEuropeanlPhysicallJournallCSG2018SG_aSG_ab 4.2 19

314 |μarατGνorGlμptonGνlavourGvφolatφnπGγμαaysGoνGtτμGqφππsGΛosonGtoG˛…ˇ�GanγGμˇ�GφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 19

313 |μarατGνorGvμαtorTlφψμGquarψsGφnGμvμntsGwφtτGtwoGopposφtμlyGατarπμγGlμptonsGanγGχμtsGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGZ^[ 4.2 18

312 |tuγyGoνG±GproγuαtφonGφnGyΛyΛGanγGppGαollφsφonsGatGOGsqrt{s≥{matτrm{ww}}}fYU_^GPG}μ’GφnGtτμGγφmuonG
anγGγφμlμαtronGγμαayGατannμlsUGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 18

311 xΛsμrvatφonGoνGtopGquarψGpaφrsGproγuαμγGφnGassoαφatφonGwφtτGaGvμαtorGΛosonGφnGppGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 18

310
|μarατGνorGτμavyGnμutrφnosGanγGtτφrγTπμnμratφonGlμptoquarψsGφnGτaγronφαGstatμsGoνGtwoGˇ�GlμptonsG
anγGtwoGχμtsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SG
YWXbSGX

5.4 18

309 UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 18

308 |μarατGνorGγφrμαtGproγuαtφonGoνGsupμrsymmμtrφαGpartnμrsGoνGtτμGtopGquarψGφnGtτμGallTχμtsGνφnalGstatμG
φnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 18

307
|μarατGνorGτμavyGnμutrφnosGorGtτφrγTπμnμratφonGlμptoquarψsGφnGνφnalGstatμsGwφtτGtwoGτaγronφαallyG
γμαayφnπGˇ�GlμptonsGanγGtwoGχμtsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighl
EnergylPhysicsSG2017SGYWX_SGX

5.4 18

306 |μarατGνorGnμutralGv||vGqφππsGΛosonsGγμαayφnπGφntoGaGpaφrGoνGΛottomGquarψsUGJournalloflHighl
EnergylPhysicsSG2015SGYWX]SGX 5.4 18

305 vμasurμmμntGoνGtτμGUGPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysics
SG2006SG^ZaSG[W_T[X[ 4.2 18

304 vμasurμmμntGoνGtτμGαrossGsμαtφonGνorGtopGquarψGpaφrGproγuαtφonGφnGassoαφatφonGwφtτGaG–GorG±GΛosonG
φnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 18

303
|μarατGνorGOGmatτrm{t}ovμrlφnμ{matτrm{t}}matτrm{q}GPGproγuαtφonGφnGtτμGOGmatτrm{q}toG
matτrm{Λ}ovμrlφnμ{matτrm{Λ}}GPGγμαayGατannμlGwφtτGlμptonφαGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPG
γμαaysGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX

5.4 17

302 |μarατGνorGnμwGpτysφαsGφnGμvμntsGwφtτGaGlμptonφαallyGγμαayφnπG±GΛosonGanγGaGlarπμGtransvμrsμG
momμntumGφmΛalanαμGφnGprotonTprotonGαollφsφonsGatGfGXZUGEuropeanlPhysicallJournallCSG2018SG_aSGYbX 4.2 17

301 vμasurμmμntGoνGtτμGφnαlusφvμGχμtGαrossGsμαtφonGφnGppGαollφsφonsGatGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
EuropeanlPhysicallJournallCSG2016SG_^SGX 4.2 17

300
|μarατGνorGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGrμsonanαμsGφnGτφπτlyGΛoostμγGlμptonRχμtsGanγGνullyG
τaγronφαGνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2017SGYWX_SGX

5.4 17

299 |μarατμsGνorGpaφrGproγuαtφonGoνGtτφrγTπμnμratφonGsquarψsGφnG[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−G
ppGαollφsφonsUGEuropeanlPhysicallJournallCSG2017SG__SGZY_ 4.2 17
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298 |μarατGνorGtτμGproγuαtφonGoνGγarψGmattμrGφnGassoαφatφonGwφtτGtopTquarψGpaφrsGφnGtτμGsφnπlμTlμptonG
νφnalGstatμGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 17

297 |μarατGνorGstoppμγGlonπTlφvμγGpartφαlμsGproγuαμγGφnGppGαollφsφonsGatGOGsqrtG{s}GfG{tμxt{_}μ’}}GPUGJournall
oflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 17

296
{atφosGoνGγφχμtGproγuαtφonGαrossGsμαtφonsGasGaGνunαtφonGoνGtτμGaΛsolutμGγφννμrμnαμGφnGrapφγφtyG
ΛμtwμμnGχμtsGφnGprotonâ��protonGαollφsφonsGatGOsqrt{s}GfG_Gmatτrm{}μ’}PUGEuropeanlPhysicallJournallCSG
2012SG_YSGX

4.2 17

295 vμasurμmμntGoνGtτμGφnαlusφvμG±GαrossGsμαtφonGvφaGγμαaysGtoGtauGpaφrsGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG
}μ’UGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 17

294 |μarατGνorGpaφrGproγuαtφonGoνGνφrstTπμnμratφonGsαalarGlμptoquarψsGφnGppGαollφsφonsGatGâ��sGfG_G}μ’UG
PhysicallReviewlLettersSG2011SGXW^SGYWXaWY 7.4 17

293
vμasurμmμntGoνGγouΛlμTγφννμrμntφalGαrossGsμαtφonsGνorGtopGquarψGpaφrGproγuαtφonGφnGppGαollφsφonsGatG
[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−GanγGφmpaαtGonGpartonGγφstrφΛutφonGνunαtφonsUGEuropeanl
PhysicallJournallCSG2017SG__SG[]b

4.2 16

292 |μarατμsGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGwφtτGtτμGvarφaΛlμGφnGτaγronφαGνφnalGstatμsGwφtτGanγG
wφtτoutGγφsappμarφnπGtraαψsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2020SGaWSGZ 4.2 16

291 |μarατGνorGnμwGpτysφαsGwφtτGtτμGvG}YGvarφaΛlμGφnGallTχμtsGνφnalGstatμsGproγuαμγGφnGppGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 16

290
|μarατGνorGaGvμryGlφπτtGwv||vGqφππsGΛosonGproγuαμγGφnGγμαaysGoνGtτμGXY]Gpμ’GsαalarGΛosonGanγG
γμαayφnπGφntoGˇ�GlμptonsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SG
YWX^SGX

5.4 16

289 vμasurμmμntGoνG–±GanγG±±GproγuαtφonGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−GφnGνφnalGstatμsGwφtτG
ΛTtaππμγGχμtsUGEuropeanlPhysicallJournallCSG2014SG_[SGYb_Z 4.2 16

288 |μarατGνorGμxotφαGrμsonanαμsGγμαayφnπGφntoG–±V±±GφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournallofl
HighlEnergylPhysicsSG2013SGYWXZSGX 5.4 16

287 |μarατGνorGvμαtorTlφψμG}GquarψsGγμαayφnπGtoGtopGquarψsGanγGqφππsGΛosonsGφnGtτμGallTτaγronφαGατannμlG
usφnπGχμtGsuΛstruαturμUGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 16

286 yolarφzatφonGoνG˛�GanγGUGPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergyl
PhysicsSG2006SG^ZaSG[X]T[YX 4.2 16

285
|μarατGνorGaGατarπμγGqφππsGΛosonGγμαayφnπGφntoGtopGanγGΛottomGquarψsGφnGμvμntsGwφtτGμlμαtronsGorG
muonsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{matτrm{s}}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG
2020SGYWYWSGX

5.4 16

284 |μarατGνorGγarψGmattμrGanγGunpartφαlμsGφnGμvμntsGwφtτGaG±GΛosonGanγGmφssφnπGtransvμrsμGmomμntumG
φnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 16

283 |μarατGνorGaGατarπμγGqφππsGΛosonGγμαayφnπGtoGατarmGanγGΛottomGquarψsGφnGprotonTprotonGαollφsφonsG
atGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 16

282 |μarατGνorGγarψGmattμrGφnGμvμntsGwφtτGμnμrπμtφαSGτaγronφαallyGγμαayφnπGtopGquarψsGanγGmφssφnπG
transvμrsμGmomμntumGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 16

281
vμasurμmμntsGoνGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGγφννμrμntφalGαrossGsμαtφonsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{matτrm{s}}fXZGPG}μ’GusφnπGμvμntsGαontaφnφnπGtwoGlμptonsUGJournalloflHighlEnergyl
PhysicsSG2019SGYWXbSGX

5.4 15
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280 vμasurμmμntsGoνGtτμGassoαφatμγGproγuαtφonGoνGaG±GΛosonGanγGΛGχμtsGφnGppGαollφsφonsGatUGEuropeanl
PhysicallJournallCSG2017SG__SG_]X 4.2 15

279
vμasurμmμntGoνGγφννμrμntφalGanγGφntμπratμγGνφγuαφalGαrossGsμαtφonsGνorGqφππsGΛosonGproγuαtφonGφnG
tτμGνourTlμptonGγμαayGατannμlGφnGppGαollφsφonsGatGOGsqrt{s}f_GPGanγGaG}μ’UGJournalloflHighlEnergyl
PhysicsSG2016SGYWX^SGX

5.4 15

278 |μarατGνorGnμwGpartφαlμsGγμαayφnπGtoGaGχμtGanγGanGμmμrπφnπGχμtUGJournalloflHighlEnergylPhysicsSG2019SG
YWXbSGX 5.4 15

277 vμasurμmμntGoνGtτμGtrφplμTγφννμrμntφalGαrossGsμαtφonGνorGpτotonGRGχμtsGproγuαtφonGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}GPGfG_G}μ’UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 15

276 |μarατGνorGnμwGpτysφαsGφnGμvμntsGwφtτGpτotonsSGχμtsSGanγGmφssφnπGtransvμrsμGμnμrπyGφnGppGαollφsφonsG
atGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 15

275 |μarατGνorGsupμrsymmμtryGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−G}μ’GφnGμvμntsGwφtτGaGsφnπlμGlμptonSG
χμtsSGanγGmφssφnπGtransvμrsμGmomμntumUGEuropeanlPhysicallJournallCSG2013SG_ZSGY[W[ 4.2 15

274 vμasurμmμntGoνGtτμGtransvμrsμGmomμntumGspμαtraGoνGwμaψGvμαtorGΛosonsGproγuαμγGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 15

273 |μarατGνorGstanγarγGmoγμlGproγuαtφonGoνGνourGtopGquarψsGφnGtτμGlμptonGRGχμtsGατannμlGφnGppG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 15

272
{μsolutφonGstuγφμsGonG]pμ’GμlμαtronGtraαψsGoΛsμrvμγGwφtτGtrφplμTpnvGanγG
vμγφyφxYV}φmμyφxTrμaγoutUGNuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:l
AcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2007SG]aXSGY_[TY_a

1.2 15

271 |μarατGνorGτφπτTmassGrμsonanαμsGφnGνφnalGstatμsGwφtτGaGlμptonGanγGmφssφnπGtransvμrsμGmomμntumGatG
OGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 15

270 vμasurμmμntGoνGtτμGχμtGmassGφnGτφπτlyGΛoostμγG[oormulacGsμμGtμxt−GμvμntsGνromGppGαollφsφonsGatG
[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2017SG__SG[^_ 4.2 14

269 |μarατGνorGτμavyGvaχoranaGnμutrφnosGφnGsamμTsφπnGγφlμptonGατannμlsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 14

268 |μarατGνorGγφrμαtGpaφrGproγuαtφonGoνGsupμrsymmμtrφαGtopGquarψsGγμαayφnπGtoGallTτaγronφαGνφnalGstatμsG
φnGppGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SG[^W 4.2 14

267 |μarατGνorGaGmassφvμGrμsonanαμGγμαayφnπGφntoGaGqφππsGΛosonGanγGaG–GorG±GΛosonGφnGτaγronφαGνφnalG
statμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 14

266 vμasurμmμntGoνGtτμGOGuamΛγa≥{matτrm{Λ}}√WGPGlφνμtφmμGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournall
oflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 14

265 vμasurμmμntGoνGtτμGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGproγuαtφonGαrossGsμαtφonGφnGtτμGallTχμtGνφnalG
statμGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 14

264
vμasurμmμntGoνGtτμGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGproγuαtφonGαrossGsμαtφonGusφnπGμvμntsGwφtτG
onμGlμptonGanγGatGlμastGonμGχμtGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2017SGYWX_SGX

5.4 14

263 |μarατGνorGqφππsGΛosonGoννTsτμllGproγuαtφonGφnGprotonTprotonGαollφsφonsGatG_GanγGaG}μ’GanγG
γμrφvatφonGoνGαonstraφntsGonGφtsGtotalGγμαayGwφγtτUGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 14
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262
|μarατGνorGnμwGpτμnomμnaGφnGνφnalGstatμsGwφtτGtwoGopposφtμTατarπμSGsamμTνlavorGlμptonsSGχμtsSGanγG
mφssφnπGtransvμrsμGmomμntumGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2018SGYWXaSGX

5.4 14

261
|μarατGνorGanGμxotφαGγμαayGoνGtτμGqφππsGΛosonGtoGaGpaφrGoνGlφπτtGpsμuγosαalarsGφnGtτμGνφnalGstatμGoνG
twoGmuonsGanγGtwoGˇ�GlμptonsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighl
EnergylPhysicsSG2018SGYWXaSGX

5.4 14

260 vμasurμmμntsGoνGtτμGγφννμrμntφalGχμtGαrossGsμαtφonGasGaGνunαtφonGoνGtτμGχμtGmassGφnGγφχμtGμvμntsGνromG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 14

259 |μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGaGˇ�GlμptonGpaφrGanγGmφssφnπGtransvμrsμGmomμntumGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 14

258
xΛsμrvatφonGoνGprotonTtaππμγSGαμntralGOsμmφPμxαlusφvμGproγuαtφonGoνGτφπτTmassGlμptonGpaφrsGφnGppG
αollφsφonsGatGXZG}μ’GwφtτGtτμGlv|T}x}nvGprμαφsφonGprotonGspμαtromμtμrUGJournalloflHighlEnergyl
PhysicsSG2018SGYWXaSGX

5.4 14

257 |μarατGνorGrμsonantGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGproγuαtφonGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 13

256 lonstraφntsGonGtτμGγouΛlμTpartonGsαattμrφnπGαrossGsμαtφonGνromGsamμTsφπnG–GΛosonGpaφrGproγuαtφonG
φnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 13

255 oorwarγTΛaαψwarγGasymmμtryGoνGmrμllT¯anGlμptonGpaφrsGφnGppGαollφsφonsGatG[oormulacGsμμG
tμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2016SG_^SGZY] 4.2 13

254 vμasurμmμntGoνGμxαlusφvμG´ pτotoproγuαtφonGφnGultrapμrφpτμralGpyΛGαollφsφonsGatUGEuropeanlPhysicall
JournallCSG2019SG_bSG_WY 4.2 13

253 vμasurμmμntGoνGtτμGtopGquarψGmassGφnGtτμGallTχμtsGνφnalGstatμGatGanγGαomΛφnatφonGwφtτGtτμG
lμptonRχμtsGατannμlUGEuropeanlPhysicallJournallCSG2019SG_bSGZXZ 4.2 13

252 yroΛφnπGαolorGαoτμrμnαμGμννμαtsGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG
2014SG_[SGYbWX 4.2 13

251 |μarατGνorGaGνμrmφopτoΛφαGqφππsGΛosonGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2012SGYWXYSGX 5.4 13

250
vμasurμmμntGoνGtτμGφnαlusφvμGproγuαtφonGαrossGsμαtφonsGνorGνorwarγGχμtsGanγGνorGγφχμtGμvμntsGwφtτG
onμGνorwarγGanγGonμGαμntralGχμtGφnGppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighlEnergylPhysicsSG
2012SGYWXYSGX

5.4 13

249 vμasurμmμntGoνGtτμGmassGγφννμrμnαμGΛμtwμμnGtopGanγGantφtopGquarψsUGJournalloflHighlEnergyl
PhysicsSG2012SGYWXYSGX 5.4 13

248 vμasurμmμntGoνGtτμGratφoGoνGtτμGZTχμtGtoGYTχμtGαrossGsμαtφonsGφnGppGαollφsφonsGatGsf_G}μ’UGPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2011SG_WYSGZZ^TZ][ 4.2 13

247 |μarατGνorGpaφrGproγuαtφonGoνGsμαonγTπμnμratφonGsαalarGlμptoquarψsGφnGppGαollφsφonsGatGâ��sGfG_G}μ’UG
PhysicallReviewlLettersSG2011SGXW^SGYWXaWZ 7.4 13

246 rmprovμγGmμasurμmμntGoνGtτμGΛΛ´flGproγuαtφonGαrossGsμαtφonGφnGbYWGpμ’GνφxμγTtarπμtGprotonTnuαlμusG
αollφsφonsUGPhysicallReviewlDSG2006SG_ZSG 4.9 13

245
vμasurμmμntGoνGOτΛoxG{t}{Λar{τΛoxG{t}}}PGnormalφsμγGmultφTγφννμrμntφalGαrossGsμαtφonsGφnGO{tμxtG
{p}}{tμxtG{p}}GPGαollφsφonsGatGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGanγGsφmultanμousGγμtμrmφnatφonGoνGtτμGstronπG
αouplφnπGstrμnπtτSGtopGquarψGpolμGmassSGanγGpartonGγφstrφΛutφonGνunαtφonsUGEuropeanlPhysicall
JournallCSG2020SGaWSGX

4.2 13
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244 mμαomposφnπGtransvμrsμGmomμntumGΛalanαμGαontrφΛutφonsGνorGquμnατμγGχμtsGφnGyΛyΛGαollφsφonsGatGOG
sqrt{s≥{matτrm{w}dmatτrm{w}}}fYU_^GPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 13

243 |μarατGνorGOGmatτrm{t}ovμrlφnμ{matτrm{t}}matτrm{q}GPGproγuαtφonGφnGtτμGallTχμtGνφnalGstatμGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 13

242 vμasurμmμntGoνGtτμGtopGquarψGmassGwφtτGlμptonRχμtsGνφnalGstatμsGusφnπGαollφsφonsGatUGEuropeanl
PhysicallJournallCSG2018SG_aSGabX 4.2 13

241 |μarατGνorGγarψGmattμrGproγuαμγGφnGassoαφatφonGwφtτGaGqφππsGΛosonGγμαayφnπGtoGaGpaφrGoνGΛottomG
quarψsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGYaW 4.2 12

240 |μarατGνorGγφrμαtGtopGsquarψGpaφrGproγuαtφonGφnGμvμntsGwφtτGonμGlμptonSGχμtsSGanγGmφssφnπGtransvμrsμG
momμntumGatGXZG}μ’GwφtτGtτμGlv|GμxpμrφmμntUGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 12

239 vμasurμmμntGoνGnormalφzμγGγφννμrμntφalGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGαrossGsμαtφonsGφnGtτμG
γφlμptonGατannμlGνromGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 12

238 |μarατGνorGτμavyGquarψsGγμαayφnπGφntoGaGtopGquarψGanγGaG–GorG±GΛosonGusφnπGlμptonGRGχμtsGμvμntsGφnG
ppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2013SGYWXZSGX 5.4 12

237 |μarατGνorGtopGquarψGγμαaysGvφaGqφππsTΛosonTmμγφatμγGνlavorTατanπφnπGnμutralGαurrμntsGφnGppG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 12

236 |μarατGνorGquarψGαomposφtμnμssGφnGγφχμtGanπularGγφstrφΛutφonsGνromGppGαollφsφonsGatGOGsqrtG{s}GfG_{G}GPG
}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 12

235 |μarατGνorGtτφrγTπμnμratφonGlμptoquarψsGanγGsαalarGΛottomGquarψsGφnGppGαollφsφonsGatGOGsqrt{s}f_d}μ’G
PUGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 12

234 |μarατGνorGlφπτtGrμsonanαμsGγμαayφnπGφntoGpaφrsGoνGmuonsGasGaGsφπnalGoνGnμwGpτysφαsUGJournalloflHighl
EnergylPhysicsSG2011SGYWXXSGX 5.4 12

233 jGπasμousGmuonGγμtμαtorGatGtτμGqn{jTkGμxpμrφmμntUGIEEElTransactionslonlNuclearlScienceSG2001SG
[aSGXW]bTXW^[ 1.7 12

232
|μarατμsGνorGpaφrGproγuαtφonGoνGατarπφnosGanγGtopGsquarψsGφnGνφnalGstatμsGwφtτGtwoGopposφtμlyG
ατarπμγGlμptonsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2018SGYWXaSGX

5.4 12

231 |tuγφμsGoνGanγGmμsonsGφnαluγφnπGtτμGoΛsμrvatφonGoνGtτμGγμαayGφnGprotonTprotonGαollφsφonsGatUG
EuropeanlPhysicallJournallCSG2018SG_aSGbZb 4.2 12

230 nlμαtrowμaψGproγuαtφonGoνGtwoGχμtsGφnGassoαφatφonGwφtτGaG±GΛosonGφnGprotonâ��protonGαollφsφonsGatG
Osqrt{s}fGPGXZOStμxtG{}μ’}PUGEuropeanlPhysicallJournallCSG2018SG_aSGX 4.2 12

229 |μarατGνorGsφnπlμGproγuαtφonGoνGvμαtorTlφψμGquarψsGγμαayφnπGtoGaGΛGquarψGanγGaGqφππsGΛosonUGJournall
oflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 12

228 |μarατGνorGnμwGpτysφαsGφnGtτμGmonopτotonGνφnalGstatμGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 11

227 |μarατGνorGaGτμavyGqφππsGΛosonGγμαayφnπGtoGaGpaφrGoνG–GΛosonsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 11
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226 vμasurμmμntGoνGassoαφatμγG±GRGατarmGproγuαtφonGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicall
JournallCSG2018SG_aSGYa_ 4.2 11

225 yτμnomμnoloπφαalGv||vGφntμrprμtatφonGoνGlv|GsμarατμsGφnGppGαollφsφonsGatGOGsqrt{s}f_GPGanγGaG}μ’UG
JournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 11

224 vμasurμmμntGoνGχμtGmultφplφαφtyGγφstrφΛutφonsGφnG[oormulacGsμμGtμxt−GproγuαtφonGφnGppGαollφsφonsGatG
[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2014SG_[SGZWX[ 4.2 11

223 vμasurμmμntsGoνGγφννμrμntφalGproγuαtφonGαrossGsμαtφonsGνorGaG±GΛosonGφnGassoαφatφonGwφtτGχμtsGφnGppG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 11

222 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGατarπφnosGanγGnμutralφnosGφnG–qGμvμntsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 11

221 |μarατGνorGnμwGpτysφαsGwφtτGγφχμtGanπularGγφstrφΛutφonsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 11

220 |μarατGνorGsupμrsymmμtryGφnGtτμGvμαtorTΛosonGνusφonGtopoloπyGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 11

219 vμasurμmμntGoνGtτμGunγμrlyφnπGμvμntGaαtφvφtyGφnGppGαollφsφonsGatGOGsqrtG{s}GfGWUbGPGanγG_G}μ’GwφtτGtτμG
novμlGχμtTarμaVmμγφanGapproaατUGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 11

218 oorwarγGμnμrπyGνlowSGαμntralGατarπμγTpartφαlμGmultφplφαφtφμsSGanγGpsμuγorapφγφtyGπapsGφnG–GanγG±G
ΛosonGμvμntsGνromGppGαollφsφonsGatGOsqrt{s}fG_PG}μ’UGEuropeanlPhysicallJournallCSG2012SG_YSGX 4.2 11

217 |μarατGνorGtτμGstanγarγGmoγμlGqφππsGΛosonGφnGtτμGqGTgG±±GTgGâ��Râ��â�� ˇ�Rˇ�â��GγμαayGατannμlGφnGppGαollφsφonsGatG
OGsqrtG{s}GfG{_}d{tμxt{}μ’}}GPUGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 11

216 |μarατGνorGνφrstGπμnμratφonGsαalarGlμptoquarψsGφnGtτμGUGPhysicslLettersxlSectionlB:lNuclearxlElementaryl
ParticlelandlHighyEnergylPhysicsSG2011SG_WZSGY[^TY^^ 4.2 11

215 yμrνormanαμsGoνGanoγμTrμsφstφvμGvφαromμπasGνorGquTuqlUGJournalloflInstrumentationSG2012SG_SGlWZW[WTlWZW[W1 11

214 }τμGvuonGmμtμαtorGatGtτμGqn{jTkGμxpμrφmμntUGNuclearlInstrumentslandlMethodslinlPhysicsl
ResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2001SG[^XSGXW[TXW 1̂.2 11

213 |ummaryGanγGoutlooψGoνGtτμGφntμrnatφonalGworψsτopGonGaπφnπGpτμnomμnaGφnGπasμousGγμtμαtorsG
Omn|¯SGqamΛurπSGxαtoΛμrGYWWXPUGIEEElTransactionslonlNuclearlScienceSG2002SG[bSGX^WbTX^YX 1.7 11

212 vμasurμmμntsGoνGγφννμrμntφalG±GΛosonGproγuαtφonGαrossGsμαtφonsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 11

211 yμrνormanαμGoνGtτμGrμαonstruαtφonGanγGφγμntφνφαatφonGoνGτφπτTmomμntumGmuonsGφnGprotonTprotonG
αollφsφonsGatGâ��sGfGXZG}μ’UGJournalloflInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

210
{μsφstφvμGvφαromμπasGνorGsamplφnπGαalorφmμtrySGaGstuγyGoνGατarπμTupGμννμαtsUGNuclearlInstrumentsl
andlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedl
EquipmentSG2016SGaY[SG]XWT]XX

1.2 11

209 lτarπμγTpartφαlμGnuαlμarGmoγφνφαatφonGνaαtorsGφnG μ μGαollφsφonsGatGOGsqrt{s≥{matτrm{ww}}}GfG]U[[GPG
}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 11
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208 |μarατGνorG±˛‡GrμsonanαμsGusφnπGlμptonφαGanγGτaγronφαGνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 11

207 |μarατGνorGtτμGγμαayGoνGaGqφππsGΛosonGφnGtτμGâ��â�� ˛‡GατannμlGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 11

206
|μarατGνorGΛμyonγGtτμGstanγarγGmoγμlGqφππsGΛosonsGγμαayφnπGφntoGaGOG
matτrm{Λ}ovμrlφnμ{matτrm{Λ}}GPGpaφrGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2018SGYWXaSGX

5.4 11

205
vμasurμmμntsGoνGtτμGppGTgG–±GφnαlusφvμGanγGγφννμrμntφalGproγuαtφonGαrossGsμαtφonsGanγGαonstraφntsG
onGατarπμγGanomalousGtrφplμGπauπμGαouplφnπsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG
2019SGYWXbSGX

5.4 10

204
|μarατGνorGnμwGnμutralGqφππsGΛosonsGtτrouπτGtτμGOGmatτrm{q}toGmatτrm{±j}toG
{μll}√{R}{μll}√{T}matτrm{Λ}ovμrlφnμ{matτrm{Λ}}GPGproαμssGφnGppGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UG
JournalloflHighlEnergylPhysicsSG2020SGYWYWSGX

5.4 10

203 jGmultφTγφmμnsφonalGsμarατGνorGnμwGτμavyGrμsonanαμsGγμαayφnπGtoGΛoostμγGSGSGorGΛosonGpaφrsGφnGtτμG
γφχμtGνφnalGstatμGatGXZ´ UGEuropeanlPhysicallJournallCSG2020SGaWSGYZ_ 4.2 10

202 vμasurμmμntGoνGtτμGtransvμrsμGmomμntumGspμαtrumGoνGtτμGqφππsGΛosonGproγuαμγGφnGppGαollφsφonsG
atGOGsqrt{s}faGPG}μ’GusφnπGqGTgG––GγμαaysUGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 10

201 |μarατGνorGμxαφtμγGlμptonsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2016SGYWX^SGX 5.4 10

200
vμasurμmμntGoνGtτμGτaγronφαGaαtφvφtyGφnGμvμntsGwφtτGaG±GanγGtwoGχμtsGanγGμxtraαtφonGoνGtτμGαrossG
sμαtφonGνorGtτμGμlμαtrowμaψGproγuαtφonGoνGaG±GwφtτGtwoGχμtsGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UG
JournalloflHighlEnergylPhysicsSG2013SGYWXZSGX

5.4 10

199 |μarατGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGφnGμvμntsGwφtτGlμptonsSGχμtsSGanγGlarπμGtransvμrsμG
momμntumGφmΛalanαμGφnGppGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2013SG_ZSGY[bZ4.2 10

198 vμasurμmμntsGoνGχμtGατarπμGwφtτGγφχμtGμvμntsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighl
EnergylPhysicsSG2017SGYWX_SGX 5.4 10

197 |μarατGνorGassoαφatμγGproγuαtφonGoνGaG±GΛosonGwφtτGaGsφnπlμGtopGquarψGanγGνorGt±GνlavourTατanπφnπG
φntμraαtφonsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 10

196
|μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGatGlμastGonμGpτotonSGmφssφnπGtransvμrsμGmomμntumSGanγG
larπμGtransvμrsμGμvμntGaαtφvφtyGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighl
EnergylPhysicsSG2017SGYWX_SGX

5.4 10

195 |μarατGνorGnμwGpτysφαsGwφtτGlonπTlφvμγGpartφαlμsGγμαayφnπGtoGpτotonsGanγGmφssφnπGμnμrπyGφnGppG
αollφsφonsGatGOGsqrt{s}f_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 10

194 |μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGaGlμptonSGaGpτotonSGanγGlarπμGmφssφnπGtransvμrsμGμnμrπyGφnG
ppGαollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2011SGYWXXSGX 5.4 10

193 {aγφatφonGτarγnμssGqualφνφαatφonGoνGyΛ–x[sαφntφllatφonGαrystalsGνorGtτμGlv|GnlμαtromaπnμtφαG
lalorφmμtμrUGJournalloflInstrumentationSG2010SG]SGyWZWXWTyWZWXW 1 10

192
jπφnπGpτμnomμnaGφnGπasμousGγμtμαtorsGâ��GpμrspμαtφvμsGνromGtτμGYWWXGworψsτopUGNuclearl
InstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandl
AssociatedlEquipmentSG2002SG[b[SGX_bTXbZ

1.2 10

191 |μarατGνorGtτμGassoαφatμγGproγuαtφonGoνGaGqφππsGΛosonGwφtτGaGsφnπlμGtopGquarψGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 10
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190 |μarατGνorGrμsonantGpaφrGproγuαtφonGoνGqφππsGΛosonsGγμαayφnπGtoGΛottomGquarψTantφquarψGpaφrsGφnG
protonTprotonGαollφsφonsGatGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 10

189
vμasurμmμntsGoνGγφννμrμntφalGαrossGsμαtφonsGoνGtopGquarψGpaφrGproγuαtφonGasGaGνunαtφonGoνGψφnμmatφαG
μvμntGvarφaΛlμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018
SGYWXaSGX

5.4 10

188 |μarατGνorGnμwGpτysφαsGφnGνφnalGstatμsGwφtτGaGsφnπlμGpτotonGanγGmφssφnπGtransvμrsμGmomμntumGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 9

187 jGsμarατGνorGtτμGstanγarγGmoγμlGqφππsGΛosonGγμαayφnπGtoGατarmGquarψsUGJournalloflHighlEnergyl
PhysicsSG2020SGYWYWSGX 5.4 9

186 |μarατGνorGγarψGmattμrGφnGprotonTprotonGαollφsφonsGatGaG}μ’GwφtτGmφssφnπGtransvμrsμGmomμntumGanγG
vμαtorGΛosonGtaππμγGχμtsUGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 9

185 jzφmutτalGγμαorrμlatφonGoνGχμtsGwφγμlyGsμparatμγGφnGrapφγφtyGφnGppGαollφsφonsGatGOGsqrt{s}f_GPG}μ’UG
JournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 9

184 vμasurμmμntGoνGΛGτaγronGlφνμtφmμsGφnGppGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2018SG_aSG[]_ 4.2 9

183 |μarατGνorGtopGquarψGpartnμrsGwφtτGατarπμG]VZGφnGtτμGsamμTsφπnGγφlμptonGanγGsφnπlμTlμptonGνφnalG
statμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 9

182
|μarατGνorGassoαφatμγGproγuαtφonGoνGγarψGmattμrGwφtτGaGqφππsGΛosonGγμαayφnπGtoGOG
matτrm{Λ}ovμrlφnμ{matτrm{Λ}}GPGorG˛‡˛‡GatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SG
YWX_SGX

5.4 9

181 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGaGvμαtorTlφψμGquarψGγμαayφnπGtoGaGtopGquarψGanγGaGqφππsGΛosonG
usφnπGΛoostμγGtopoloπφμsGφnGνullyGτaγronφαGνφnalGstatμsUGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 9

180
vμasurμmμntGoνGμlμαtrowμaψTφnγuαμγGproγuαtφonGoνG–˛‡GwφtτGtwoGχμtsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG
}μ’GanγGαonstraφntsGonGanomalousGquartφαGπauπμGαouplφnπsUGJournalloflHighlEnergylPhysicsSG2017SG
YWX_SGX

5.4 9

179 yuΛlφsτμrâ��sGwotμcG|μarατGνorGmφχμtG{μsonanαμsGφnG_G}μ’GppGlollφsφonsGatGlv|G[yτysUG{μvUGuμttUGXW]SG
YXXaWXGOYWXWP−UGPhysicallReviewlLettersSG2011SGXW^SG 7.4 9

178 |μarατGνorGanomalousGtrφplμGπauπμGαouplφnπsGφnG––GanγG–±GproγuαtφonGφnGlμptonGRGχμtGμvμntsGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 9

177
|μarατGνorGlμptonGνlavourGvφolatφnπGγμαaysGoνGτμavyGrμsonanαμsGanγGquantumGΛlaαψGτolμsGtoGanG
[oormulacGsμμGtμxt−GpaφrGφnGprotonTprotonGαollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournall
CSG2016SG_^SGZX_

4.2 9

176 |μarατGνorGΛlaαψGτolμsGanγGspτalμronsGφnGτφπτTmultφplφαφtyGνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 9

175 vμasurμmμntGoνGατarπμγGpartφαlμGspμαtraGφnGmφnφmumTΛφasGμvμntsGνromGprotonTprotonGαollφsφonsGatUG
EuropeanlPhysicallJournallCSG2018SG_aSG^b_ 4.2 9

174
|μarατGνorGaGsφnπlyGproγuαμγGtτφrγTπμnμratφonGsαalarGlμptoquarψGγμαayφnπGtoGaGˇ�GlμptonGanγGaG
ΛottomGquarψGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SG
YWXaSGX

5.4 9

173
|μarατGνorGsupμrsymmμtryGwφtτGaGαomprμssμγGmassGspμαtrumGφnGtτμGvμαtorGΛosonGνusφonGtopoloπyG
wφtτGXTlμptonGanγGWTlμptonGνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournallofl
HighlEnergylPhysicsSG2019SGYWXbSGX

5.4 8
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172 |μarατGνorGαontaαtGφntμraαtφonsGanγGlarπμGμxtraGγφmμnsφonsGφnGtτμGγφlμptonGmassGspμαtraGνromG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 8

171
vμasurμmμntGoνGφnαlusφvμGanγGγφννμrμntφalGqφππsGΛosonGproγuαtφonGαrossGsμαtφonsGφnGtτμGγφpτotonG
γμαayGατannμlGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SG
YWXbSGX

5.4 8

170 vμasurμmμntGoνGtopGquarψGpaφrGproγuαtφonGφnGassoαφatφonGwφtτGaG±GΛosonGφnGprotonTprotonGαollφsφonsG
atGOGsqrt{matτrm{s}}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 8

169 lomparφnπGtransvμrsμGmomμntumGΛalanαμGoνGΛGχμtGpaφrsGφnGppGanγGyΛyΛGαollφsφonsGatGOG
sqrt{s≥{matτrm{ww}}}f]UWYGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 8

168 |μarατGνorGsGατannμlGsφnπlμGtopGquarψGproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}f_GPGanγGaG}μ’UGJournallofl
HighlEnergylPhysicsSG2016SGYWX^SGX 5.4 8

167 |μarατGνorGγarψGmattμrGproγuαμγGφnGassoαφatφonGwφtτGaGsφnπlμGtopGquarψGorGaGtopGquarψGpaφrGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 8

166 |μarατGνorGsφnπlμGproγuαtφonGoνGvμαtorTlφψμGquarψsGγμαayφnπGtoGaG±GΛosonGanγGaGtopGorGaGΛottomG
quarψGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 8

165 vμasurμmμntGoνGtτμGtopGquarψGmassGusφnπGsφnπlμGtopGquarψGμvμntsGφnGprotonTprotonGαollφsφonsGatG
[oormulacGsμμGtμxt−´ }μ’UGEuropeanlPhysicallJournallCSG2017SG__SGZ][ 4.2 8

164 vμasurμmμntGoνGtτμGtrφplμTγφννμrμntφalGγφχμtGαrossGsμαtφonGφnGprotonTprotonGαollφsφonsGatGanγG
αonstraφntsGonGpartonGγφstrφΛutφonGνunαtφonsUGEuropeanlPhysicallJournallCSG2017SG__SG_[^ 4.2 8

163 mμsφπnGanγGopμratφonGoνGνrontTμnγGμlμαtronφαsGνorGtτμGqn{jTkGmuonGγμtμαtorUGIEEElTransactionslonl
NuclearlScienceSG1999SG[^SGXY^TXZY 1.7 8

162 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGaGvμαtorTlφψμG}GquarψGusφnπGνullyGτaγronφαGνφnalGstatμsUGJournall
oflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 8

161 |μarατGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGφnGmultφlμptonGνφnalGstatμsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 8

160 vμasurμmμntGoνGtτμGunγμrlyφnπGμvμntGaαtφvφtyGφnGφnαlusφvμG±GΛosonGproγuαtφonGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 8

159 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGατarπφnosGφnGνφnalGstatμsGwφtτGtwoGˇ�GlμptonsGφnGppGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 7

158 vμasurμmμntGoνGtτμGproγuαtφonGαrossGsμαtφonGoνGaG–´ ΛosonGφnGassoαφatφonGwφtτGtwoGΛGχμtsGφnGppG
αollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2017SG__SGbY 4.2 7

157 vμasurμmμntGoνGtτμGμnμrπyGγμnsφtyGasGaGνunαtφonGoνGpsμuγorapφγφtyGφnGprotonâ��protonGαollφsφonsGatG
Osqrt{s}GfXZStμxtG{}μ’}GPUGEuropeanlPhysicallJournallCSG2019SG_bSGX 4.2 7

156 |μarατGνorGrarμGγμαaysGoνGanγGqφππsGΛosonsGtoGanγGaGpτotonGφnGprotonTprotonGαollφsφonsGatGfGXZUG
EuropeanlPhysicallJournallCSG2019SG_bSGb[ 4.2 7

155 |μarατGνorGproγuαtφonGoνGqφππsGΛosonGpaφrsGφnGtτμGνourGΛGquarψGνφnalGstatμGusφnπGlarπμTarμaGχμtsGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 7
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154 |μarατGνorGτμavyGrμsonanαμsGγμαayφnπGφntoGtwoGqφππsGΛosonsGorGφntoGaGqφππsGΛosonGanγGaG–GorG±G
ΛosonGφnGprotonTprotonGαollφsφonsGatGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 7

153 |μarατGνorGγarψGmattμrGpartφαlμsGproγuαμγGφnGassoαφatφonGwφtτGaGqφππsGΛosonGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{matτrm{s}}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 7

152 |μarατGνorGsupμrsymmμtryGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’GφnGtτμGsφnπlμTlμptonGνφnalGstatμGusφnπG
tτμGsumGoνGmassμsGoνGlarπμTraγφusGχμtsUGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 7

151 vμasurμmμntGoνGtopGquarψGpolarφsatφonGφnGtTατannμlGsφnπlμGtopGquarψGproγuαtφonUGJournalloflHighl
EnergylPhysicsSG2016SGYWX^SGX 5.4 7

150 sμtGpropμrtφμsGφnGyΛyΛGanγGppGαollφsφonsGatGOGsqrt{s≥{matτrm{w}dmatτrm{w}}}f]UWYGPG}μ’UGJournallofl
HighlEnergylPhysicsSG2018SGYWXaSGX 5.4 7

149 vμasurμmμntGoνGtτμGsμmφlμptonφαGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGRG˛‡GproγuαtφonGαrossGsμαtφonGφnG
ppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 7

148 |μarατμsGνorG–hGΛosonsGγμαayφnπGtoGaGtopGquarψGanγGaGΛottomGquarψGφnGprotonTprotonGαollφsφonsGatG
XZG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 7

147 |μarατGνorGaGlφπτtGpsμuγosαalarGqφππsGΛosonGproγuαμγGφnGassoαφatφonGwφtτGΛottomGquarψsGφnGppG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 7

146 vμasurμmμntGoνGtτμG±˛‡GproγuαtφonGαrossGsμαtφonGφnGppGαollφsφonsGatGaG}μ’GanγGsμarατGνorGanomalousG
trφplμGπauπμGΛosonGαouplφnπsUGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 7

145 vμasurμmμntGoνGtτμGhGproγuαtφonGαrossGsμαtφonGφnGbYWGpμ’GνφxμγTtarπμtGprotonâ��nuαlμusGαollφsφonsUG
PhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2006SG^ZaSGXZTYX 4.2 7

144 }τμGv~xwGsystμmGφnGtτμGqn{jTkGμxpμrφmμntUGNuclearlInstrumentslandlMethodslinlPhysicslResearchxl
SectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2000SG[[^SGZ]]TZ^] 1.2 7

143 |μarατGνorGγarψGpτotonsGφnGγμαaysGoνGqφππsGΛosonsGproγuαμγGφnGassoαφatφonGwφtτG±GΛosonsGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 7

142
|μarατGνorGnμwGpτysφαsGφnGνφnalGstatμsGwφtτGtwoGopposφtμTsφπnSGsamμTνlavorGlμptonsSGχμtsSGanγGmφssφnπG
transvμrsμGmomμntumGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SG
YWX^SGX

5.4 7

141 |μarατGνorGγarψGmattμrGproγuαμγGφnGassoαφatφonGwφtτGaGlμptonφαallyGγμαayφnπGΛosonGφnGprotonTprotonG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2021SGaXSGXZ 4.2 7

140 |μarατGνorGrμsonanαμsGφnGtτμGmassGspμαtrumGoνGmuonGpaφrsGproγuαμγGφnGassoαφatφonGwφtτGΛGquarψGχμtsG
φnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPGanγGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 7

139
|μarατGνorGτμavyGrμsonanαμsGγμαayφnπGφntoGaGvμαtorGΛosonGanγGaGqφππsGΛosonGφnGνφnalGstatμsGwφtτG
ατarπμγGlμptonsSGnμutrφnosGanγGΛGquarψsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SG
YWXaSGX

5.4 7

138 |μarατGνorGaGτμavyGrμsonanαμGγμαayφnπGφntoGaG±GΛosonGanγGaG±GorG–GΛosonGφnGYâ��YqGνφnalGstatμsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 7

137 |μarατGνorGγarψGmattμrGproγuαμγGφnGassoαφatφonGwφtτGaGqφππsGΛosonGγμαayφnπGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��GatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 7

(2018-2019)

25



136 |μarατGνorGaGτμavyGrμsonanαμGγμαayφnπGtoGaGpaφrGoνGvμαtorGΛosonsGφnGtτμGlμptonGplusGmμrπμγGχμtGνφnalG
statμGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 7

135 yrμαφsφonGlumφnosφtyGmμasurμmμntGφnGprotonTprotonGαollφsφonsGatGφnGYWX]GanγGYWX^GatGlv|UG
EuropeanlPhysicallJournallCSG2021SGaXSGaWW 4.2 7

134 |μarατGνorGsφnπlμGproγuαtφonGoνGvμαtorTlφψμGquarψsGγμαayφnπGtoGaGtopGquarψGanγGaGΛosonGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGbW 4.2 6

133 vμasurμmμntGoνGtτμGunγμrlyφnπGμvμntGaαtφvφtyGusφnπGατarπμγTpartφαlμGχμtsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fYU_^GPG}μ’UGJournalloflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 6

132 vφxμγGτφπτμrTorγμrGanφsotropφαGνlowGanγGnonlφnμarGrμsponsμGαoμννφαφμntsGoνGατarπμγGpartφαlμsGφnG
αollφsφonsGatGanγG]UWYUGEuropeanlPhysicallJournallCSG2020SGaWSG]Z[ 4.2 6

131 vμasurμmμntGoνGμlμαtrowμaψGproγuαtφonGoνGaGΛosonGφnGassoαφatφonGwφtτGtwoGχμtsGφnGprotonTprotonG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2020SGaWSG[Z 4.2 6

130 |μarατGνorGlμptonGνlavourGvφolatφnπGγμαaysGoνGaGnμutralGτμavyGqφππsGΛosonGtoG˛…ˇ�GanγGμˇ�GφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 6

129 vμasurμmμntGoνGγφχμtGazφmutτalGγμαorrμlatφonGφnGpp´ αollφsφonsGatG[oormulacGsμμGtμxt−UGEuropeanl
PhysicallJournallCSG2016SG_^SG]Z^ 4.2 6

128 |μarατGνorGaGτμavyGrμsonanαμGγμαayφnπGtoGaGtopGquarψGanγGaGvμαtorTlφψμGtopGquarψGφnGtτμGlμptonGRG
χμtsGνφnalGstatμGφnGppGαollφsφonsGatGOsqrt{s}GfGXZStμxtG{}μ’}GPUGEuropeanlPhysicallJournallCSG2019SG_bSGX 4.2 6

127 |μarατGνorGtτμGstanγarγGmoγμlGqφππsGΛosonGproγuαμγGφnGassoαφatφonGwφtτG–GanγG±GΛosonsGφnGppG
αollφsφonsGatGOGsqrt{s}f_GP}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 6

126 |μarατGνorGtτμGassoαφatμγGproγuαtφonGoνGtτμGqφππsGΛosonGwφtτGaGtopTquarψGpaφrG2014SGYWX[SGX 6

125 |μarατGνorGγφrμαtGpaφrGproγuαtφonGoνGsαalarGtopGquarψsGφnGtτμGsφnπlμTGanγGγφlμptonGατannμlsGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 6

124 vμasurμmμntGoνGtτμGγφννμrμntφalGmrμllT¯anGαrossGsμαtφonGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{matτrm{s}}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 6

123 vμasurμmμntGoνGtτμGavμraπμGvμryGνorwarγGμnμrπyGasGaGνunαtφonGoνGtτμGtraαψGmultφplφαφtyGatGαμntralG
psμuγorapφγφtφμsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGabZ 4.2 6

122 |μarατGνorGnμwGpτysφαsGφnGtopGquarψGproγuαtφonGφnGγφlμptonGνφnalGstatμsGφnGprotonTprotonGαollφsφonsG
atUGEuropeanlPhysicallJournallCSG2019SG_bSGaa^ 4.2 6

121 |μarατGνorGγμαaysGoνGstoppμγGμxotφαGlonπTlφvμγGpartφαlμsGproγuαμγGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 6

120 |μarατGνorGtopGsquarψsGγμαayφnπGvφaGνourTΛoγyGorGατarπφnoTmμγφatμγGmoγμsGφnGsφnπlμTlμptonGνφnalG
statμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 6

119 |μarατGνorGaGτμavyGrμsonanαμGγμαayφnπGφntoGaG±GΛosonGanγGaGvμαtorGΛosonGφnGtτμGOGnuG
ovμrlφnμ{nu}matτrm{q}ovμrlφnμ{matτrm{q}}GPGνφnalGstatμUGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 6

Maxim Titov
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118 vμasurμmμntGoνGtτμGmassGoνGtτμGtopGquarψGφnGγμαaysGwφtτGaGsVˇ�GmμsonGφnGppGαollφsφonsGatGaG}μ’UG
JournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 5

117 |μarατGνorGsupμrsymmμtryGφnGνφnalGstatμsGwφtτGpτotonsGanγGmφssφnπGtransvμrsμGmomμntumGφnG
protonTprotonGαollφsφonsGatGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 5

116 vμasurμmμntGoνGtτμGφnαlusφvμGμnμrπyGspμαtrumGφnGtτμGvμryGνorwarγGγφrμαtφonGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 5

115 lomparφsonGoνGtτμG±V˛‡GQGRGχμtsGtoG˛‡GRGχμtsGαrossGsμαtφonsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournall
oflHighlEnergylPhysicsSG2015SGYWX]SGX 5.4 5

114
}rφplμTpnvGopμratμγGφnGγφννμrμntGπasμsGwφtτGτφπτlyGpφxμlatμγGrμaγoutGusφnπGvμγφyφxYGατφpUGNuclearl
InstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandl
AssociatedlEquipmentSG2007SG]_YSGX]_TX]b

1.2 5

113 vμasurμmμntGoνGμnμrπyGνlowGatGlarπμGpsμuγorapφγφtφμsGφnGppGαollφsφonsGatGOGsqrtG{s}GfGWU{b}GPGanγG_G
}μ’G2011SGYWXXSGX 5

112
|μarατGνorGaGτμavyGpsμuγosαalarGqφππsGΛosonGγμαayφnπGφntoGaGXY]Gpμ’GqφππsGΛosonGanγGaG±GΛosonGφnG
νφnalGstatμsGwφtτGtwoGtauGanγGtwoGlφπτtGlμptonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG
2020SGYWYWSGX

5.4 5

111 vμasurμmμntsGoνGproγuαtφonGαrossGsμαtφonsGanγGαonstraφntsGonGanomalousGtrφplμGπauπμGαouplφnπsG
atUGEuropeanlPhysicallJournallCSG2021SGaXSGYWW 4.2 5

110 vμasurμmμntGoνGtτμGqφππsGΛosonGproγuαtφonGratμGφnGassoαφatφonGwφtτGtopGquarψsGφnGνφnalGstatμsGwφtτG
μlμαtronsSGmuonsSGanγGτaγronφαallyGγμαayφnπGtauGlμptonsGatUGEuropeanlPhysicallJournallCSG2021SGaXSGZ_a 4.2 5

109 vμasurμmμntsGoνGproγuαtφonGαrossGsμαtφonsGoνGtτμGqφππsGΛosonGφnGtτμGνourTlμptonGνφnalGstatμGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2021SGaXSG[aa 4.2 5

108
|μarατGνorGrμsonanαμsGγμαayφnπGtoGaGpaφrGoνGqφππsGΛosonsGφnGtτμGΛOGovμrlφnμ{matτrm{Λ}}GPqOG
ovμrlφnμ{matτrm{q}}GPâ��â�� ˛‰GνφnalGstatμGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighl
EnergylPhysicsSG2019SGYWXbSGX

5.4 5

107 |μarατGνorGtopGsquarψGpaφrGproγuαtφonGusφnπGγφlμptonGνφnalGstatμsGφnGαollφsφonGγataGαollμαtμγGatUG
EuropeanlPhysicallJournallCSG2021SGaXSGZ 4.2 5

106 vμasurμmμntGoνGtτμGπroomμγGχμtGmassGφnGyΛyΛGanγGppGαollφsφonsGatGOGsqrt{s≥{matτrm{ww}}}f]UWYGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 5

105 vμasurμmμntGoνGtτμGproγuαtφonGαrossGsμαtφonGνorGsφnπlμGtopGquarψsGφnGassoαφatφonGwφtτG–GΛosonsGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 5

104 vμasurμmμntGoνGtτμGαrossGsμαtφonGφnGppGαollφsφonsGatGanγGvalφγatφonGoνGlμptonGanalysφsGtματnφquμsUG
EuropeanlPhysicallJournallCSG2018SG_aSG_Wa 4.2 5

103 |μarατGνorGaGlowTmassGˇ�â��ˇ�RGrμsonanαμGφnGassoαφatφonGwφtτGaGΛottomGquarψGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 4

102 |μarατGνorGtτμGpaφrGproγuαtφonGoνGlφπτtGtopGsquarψsGφnGtτμGμ´–˛…hGνφnalGstatμGφnGprotonTprotonGαollφsφonsG
atGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 4

101
|μarατGνorGnonrμsonantGqφππsGΛosonGpaφrGproγuαtφonGφnGtτμGOG
matτrm{Λ}ovμrlφnμ{matτrm{Λ}}matτrm{Λ}ovμrlφnμ{matτrm{Λ}}GPGνφnalGstatμGatGOGsqrt{s}GPGfGXZG}μ’UG
JournalloflHighlEnergylPhysicsSG2019SGYWXbSGX

5.4 4

(2019-2016)
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100 |tuγyGoνGtτμGunγμrlyφnπGμvμntGφnGtopGquarψGpaφrGproγuαtφonGφnGαollφsφonsGatGXZUGEuropeanlPhysicall
JournallCSG2019SG_bSGXYZ 4.2 4

99 vμasurμmμntGoνGγφννμrμntφalGαrossGsμαtφonsGνorGφnαlusφvμGφsolatμγTpτotonGanγGpτotonRχμtG
proγuαtφonGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGYW 4.2 4

98 mφstrφΛutφonsGoνGtopoloπφαalGoΛsμrvaΛlμsGφnGφnαlusφvμGtτrμμTGanγGνourTχμtGμvμntsGφnGppGαollφsφonsGatG
[oormulacGsμμGtμxt−[oormulacGsμμGtμxt−UGEuropeanlPhysicallJournallCSG2015SG_]SGZWY 4.2 4

97 nvφγμnαμGνorGOtμxtG{–}tμxtG{–}PGproγuαtφonGνromGγouΛlμTpartonGφntμraαtφonsGφnGprotonâ��protonG
αollφsφonsGatGOsqrt{s}GfGXZGStμxtG{}μ’}GPUGEuropeanlPhysicallJournallCSG2020SGaWSGX 4.2 4

96 |tuγyGoνGγφχμtGμvμntsGwφtτGaGlarπμGrapφγφtyGπapGΛμtwμμnGtτμGtwoGlμaγφnπGχμtsGφnGppGαollφsφonsGatUG
EuropeanlPhysicallJournallCSG2018SG_aSGY[Y 4.2 4

95 ysμuγorapφγφtyGγφstrφΛutφonsGoνGατarπμγGτaγronsGφnGprotonTlμaγGαollφsφonsGatGOG
sqrt{s≥{matτrm{ww}}}f]UWYGPGanγGaUX^G}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 4

94
|μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGatGlμastGtτrμμGμlμαtronsGorGmuonsSGχμtsSGanγGmφssφnπG
transvμrsμGmomμntumGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergyl
PhysicsSG2018SGYWXaSGX

5.4 4

93 |μarατGνorGaG–hGΛosonGγμαayφnπGtoGaGvμαtorTlφψμGquarψGanγGaGtopGorGΛottomGquarψGφnGtτμGallTχμtsGνφnalG
statμUGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 4

92 |μarατGνorGaGτμavyGrμsonanαμGγμαayφnπGtoGaGtopGquarψGanγGaGvμαtorTlφψμGtopGquarψGatGOGsqrt{s}fXZGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 4

91 |μarατGνorGτφπτTmassG±˛‡GrμsonanαμsGφnGμRμâ��˛‡GanγG˛…GRG˛…Gâ��˛‡GνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}faGPGanγGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 4

90 |μarατGνorGlyGvφolatφonGφnGOGtovμrlφnμ{t}GPGproγuαtφonGanγGγμαayGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 4

89 UGIEEElTransactionslonlNuclearlScienceSG2012SG]bSGX_XXTX_X^ 1.7 4

88 jπφnπGstuγφμsGoνGvφαromμπasGprototypμsGνorGtτμGquTuqlUGJournalloflInstrumentationSG2012SG_SGlWXW[XTlWXW[X1 4

87 vμasurμmμntGoνGγφννμrμntφalGαrossGsμαtφonsGanγGατarπμGratφosGνorGTατannμlGsφnπlμGtopGquarψG
proγuαtφonGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2020SGaWSGZ_W 4.2 4

86 pasμousGmμtμαtorsG2012SGYZbTY^[ 4

85 vμasurμmμntGoνGμlμαtrowμaψGproγuαtφonGoνGaG–GΛosonGanγGtwoGνorwarγGχμtsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 4

84 jzφmutτalGαorrμlatφonsGνorGφnαlusφvμGYTχμtSGZTχμtSGanγG[TχμtGμvμntsGφnGppGαollφsφonsGatGOsqrt{s}fGXZ~τΛoxG
{}μ’}PUGEuropeanlPhysicallJournallCSG2018SG_aSGX 4.2 4

83 v~|φlcGaGmoγμlTunspμαφνφαGsμarατGνorGnμwGpτysφαsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicall
JournallCSG2021SGaXSG^Yb 4.2 4
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82
|μarατGνorGtτμGassoαφatμγGproγuαtφonGoνGtτμGqφππsGΛosonGanγGaGvμαtorGΛosonGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’GvφaGqφππsGΛosonGγμαaysGtoGˇ�GlμptonsUGJournalloflHighlEnergylPhysicsSG
2019SGYWXbSGX

5.4 3

81 |μarατGνorGγφrμαtGpaφrGproγuαtφonGoνGsupμrsymmμtrφαGpartnμrsGtoGtτμGlμptonGφnGprotonTprotonG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2020SGaWSGXab 4.2 3

80
vμasurμmμntGoνGtτμGφnαlusφvμGOGmatτrm{t}ovμrlφnμ{matτrm{t}}GPGαrossGsμαtφonGφnGppGαollφsφonsGatGOG
sqrt{s}f]UWYGPG}μ’GusφnπGνφnalGstatμsGwφtτGatGlμastGonμGατarπμγGlμptonUGJournalloflHighlEnergylPhysicsSG
2018SGYWXaSGX

5.4 3

79 |μarατGνorG±±GrμsonanαμsGφnGtτμGYâ��Y˛‰GνφnalGstatμGφnGprotonTprotonGαollφsφonsGatGXZG}μ’UGJournallofl
HighlEnergylPhysicsSG2018SGYWXaSGX 5.4 3

78 |μarατGνorGpaφrGproγuαtφonGoνGμxαφtμγGtopGquarψsGφnGtτμGlμptonGRGχμtsGνφnalGstatμUGJournalloflHighl
EnergylPhysicsSG2014SGYWX[SGX 5.4 3

77 |μarατGνorGtopGquarψGpartnμrsGwφtτGατarπμG]VZGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UG
JournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 3

76 |tuγyGoνGτaγronφαGμvμntTsτapμGvarφaΛlμsGφnGmultφχμtGνφnalGstatμsGφnGppGαollφsφonsGatGOGsqrt{s}GfG_GPG}μ’UG
JournalloflHighlEnergylPhysicsSG2014SGYWX[SGX 5.4 3

75 vμasurμmμntGoνGtτμGαrossGsμαtφonGνorGproγuαtφonGoνGOGΛovμrlφnμGΛG GPGγμαayφnπGtoGmuonsGφnGppG
αollφsφonsGatGOGsqrtG{s}GfG_GPG}μ’UGJournalloflHighlEnergylPhysicsSG2012SGYWXYSGX 5.4 3

74 vφαromμπasGstuγyGνorGtτμGsuqlGμnvφronmμntUGJournalloflInstrumentationSG2010SG]SGyWYWWZTyWYWWZ 1 3

73
kottomGproγuαtφonGαrossGsμαtφonGνromGγouΛlμGmuonφαGγμαaysGoνGΛTνlavourμγGτaγronsGφnGbYWGpμ’G
protonTnuαlμusGαollφsφonsUGPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergyl
PhysicsSG2007SG^]WSGXWZTXXW

4.2 3

72 uumφnosφtyGγμtμrmφnatφonGatGqn{jTkUGNuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionl
A:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2007SG]aYSG[WXT[XY 1.2 3

71 |μarατGνorGtτμGνlavorTατanπφnπGnμutralGαurrμntGγμαayGmWTg˛…R˛…â��GwφtτGtτμGqn{jTkGγμtμαtorUGPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsSG2004SG]b^SGX_ZTXaZ 4.2 3

70
vμasurμmμntsGoνGtτμGOmatτrmG{p}matτrmG{p}rφπτtarrowGmatτrm{±}matτrm{±}PGproγuαtφonGαrossG
sμαtφonGanγGtτμGOmatτrm{±}rφπτtarrowG[μllGPGΛranατφnπGνraαtφonSGanγGαonstraφntsGonGanomalousGtrφplμG
πauπμGαouplφnπsGatGOsqrt{s}GfGXZStμxtG{}μ’}GPG2018SG_aSGX

3

69 lomΛφnμγGsμarατμsGνorGtτμGproγuαtφonGoνGsupμrsymmμtrφαGtopGquarψGpartnμrsGφnGprotonTprotonG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2021SGaXSGb_W 4.2 3

68 vμasurμmμntGoνGtτμGOGtovμrlφnμ{t}GPGproγuαtφonGαrossGsμαtφonGφnGtτμGγφlμptonGατannμlGφnGppGαollφsφonsG
atGOGsqrt{s}GPGfGaG}μ’G2014SGYWX[SGX 3

67 jGmμμpGwμuralGwμtworψGνorG|φmultanμousGnstφmatφonGoνGΛGsμtGnnμrπyGanγG{μsolutφonUGComputingl
andlSoftwarelforlBiglScienceSG2020SG[SGXW 6 3

66 vμasurμmμntsGoνGqφππsGΛosonGproγuαtφonGαrossGsμαtφonsGanγGαouplφnπsGφnGtτμGγφpτotonGγμαayG
ατannμlGatGOGsqrt{matτrm{s}}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2021SGYWYXSGX 5.4 3

65 nvμntGsτapμGvarφaΛlμsGmμasurμγGusφnπGmultφχμtGνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOG
sqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 3
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64 |μarατGνorGlμptonTνlavorGvφolatφnπGγμαaysGoνGτμavyGrμsonanαμsGanγGquantumGΛlaαψGτolμsGtoGμ˛…GνφnalG
statμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 3

63 |μarατGνorGατarπμγGqφππsGΛosonsGproγuαμγGφnGvμαtorGΛosonGνusφonGproαμssμsGanγGγμαayφnπGφntoG
vμαtorGΛosonGpaφrsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2021SGaXSG_YZ 4.2 3

62 |μarατGνorGrμsonantGproγuαtφonGoνGsμαonγTπμnμratφonGslμptonsGwφtτGsamμTsφπnGγφmuonGμvμntsGφnG
protonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGZW] 4.2 2

61 |μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGaGpτotonSGaGlμptonSGanγGmφssφnπGtransvμrsμGmomμntumGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}GfGXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 2

60 }owarγsGvypmTΛasμγGO|PmqljuUGJournalloflPhysics:lConferencelSeriesSG2020SGX[baSGWXYW[W 0.3 2

59
|μarατGνorGnμwGpτμnomμnaGφnGνφnalGstatμsGwφtτGtwoGopposφtμTατarπμSGsamμTνlavorGlμptonsSGχμtsSGanγG
mφssφnπGtransvμrsμGmomμntumGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2018SGYWXaSGX

5.4 2

58 vμasurμmμntGoνGγφννμrμntφalGαrossGsμαtφonsGφnGtτμGψφnμmatφαGanπularGvarφaΛlμGhQGνorGφnαlusφvμG±G
ΛosonGproγuαtφonGφnGppGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4 2

57 |μarατGνorGγarψGmattμrGpartφαlμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’GusφnπGtτμGrazorG
varφaΛlμsUGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 2

56 |μarατGνorG–hGTgGtΛGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG
2016SGYWX^SGX 5.4 2

55 |μarατGνorGtτμGproγuαtφonGoνGanGμxαφtμγGΛottomGquarψGγμαayφnπGtoGt–GφnGprotonTprotonGαollφsφonsGatG
OGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2016SGYWX^SGX 5.4 2

54
rnαlusφvμGsμarατGνorGsupμrsymmμtryGφnGppGαollφsφonsGatGOGsqrt{s}fXZGPG}μ’GusφnπGrazorGvarφaΛlμsGanγG
ΛoostμγGoΛχμαtGφγμntφνφαatφonGφnGzμroGanγGonμGlμptonGνφnalGstatμsUGJournalloflHighlEnergylPhysicsSG
2019SGYWXbSGX

5.4 2

53 |μarατGνorGμxαφtμγGlμptonsGφnGâ��â�� ˛‡GνφnalGstatμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{matτrm{s}}fXZGPG
}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 2

52 vμasurμmμntsGoνGtτμGppGTgG–˛‡˛‡GanγGppGTgG±˛‡˛‡GαrossGsμαtφonsGanγGlφmφtsGonGanomalousGquartφαGπauπμG
αouplφnπsGatGOGsqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2017SGYWX_SGX 5.4 2

51 |tuγyGoνGlowGmultφplφαφtyGμlμαtronGsourαμGunn}nlqGwφtτGγφamonγGγμtμαtorUGJournallofl
InstrumentationSG2017SGXYSGyWYWXXTyWYWXX 1 2

50 |μarατGνorGnμwGpτμnomμnaGwφtτGmultφplμGατarπμγGlμptonsGφnGprotonâ��protonGαollφsφonsGatGOsqrt{s}fG
XZPGOStμxtG{}μ’}PUGEuropeanlPhysicallJournallCSG2017SG__SGX 4.2 2

49 ’WGproγuαtφonGφnGpRjGαollφsφonsGatGOsqrt{s}f[XU^PGpμ’UGEuropeanlPhysicallJournallCSG2009SG^XSGYW_TYYX 4.2 2

48 jπφnπGstuγφμsGνorGtτμGmuonGγμtμαtorGoνGqn{jTkUGNuclearlInstrumentslandlMethodslinlPhysicsl
ResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2003SG]X]SGYWYTYXb1.2 2

47 unn}nlqGνaαφlφtyGasGaGνlμxφΛlμGsourαμGoνGlowGμnμrπyGμlμαtronsUGNuclearlPhysicslandlAtomiclEnergySG
2015SGX^SGZZ_TZ[Y 0.3 2
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46 ~ψraφnμGTG—¡n{wcGtτμG–ayGtoGloopμratφonUGNaukalTalInnovaciiSG2019SGX]SGbZTXW] 0.2 2

45 |μarατGνorGnμwGpτysφαsGφnGμvμntsGwφtτGsamμTsφπnGγφlμptonsGanγGΛGχμtsGφnGppGαollφsφonsGatGOGsqrt{s}faGPG
}μ’G2013SGYWXZSGX 2

44 |μarατGνorGsupμrsymmμtryGusφnπGqφππsGΛosonGtoGγφpτotonGγμαaysGatGOGsqrt{s}GPGfGXZG}μ’UGJournallofl
HighlEnergylPhysicsSG2019SGYWXbSGX 5.4 2

43 wμxtGνrontφμrsGφnGpartφαlμGpτysφαsGγμtμαtorscGrw|}{YWYWGsummaryGanγGaGlooψGφntoGtτμGνuturμUGJournall
oflInstrumentationSG2020SGX]SGlXWWYZTlXWWYZ 1 2

42 kosμTnφnstμφnGαorrμlatφonsGoνGατarπμγGτaγronsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UG
JournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 2

41 |tuγyGoνGαμntralGμxαlusφvμGproγuαtφonGφnGprotonTprotonGαollφsφonsGatGanγGXZ}μ’UGEuropeanlPhysicall
JournallCSG2020SGaWSG_Xa 4.2 2

40 |μarατGνorGpτysφαsGΛμyonγGtτμGstanγarγGmoγμlGφnGμvμntsGwφtτGχμtsGanγGtwoGsamμTsφπnGorGatGlμastG
tτrμμGατarπμγGlμptonsGφnGprotonTprotonGαollφsφonsGatUGEuropeanlPhysicallJournallCSG2020SGaWSG_]Y 4.2 2

39 |μarατGνorGtτμGproγuαtφonGoνGνourGtopGquarψsGφnGtτμGsφnπlμTlμptonGanγGopposφtμTsφπnGγφlμptonGνφnalG
statμsGφnGprotonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 2

38 mμvμlopmμntGoνG{μsφstφvμGvφαromμπasGνorG|amplφnπGlalorφmμtryUGEPJlWebloflConferencesSG2018SG
X_[SGWXWX_ 0.3 2

37 |μarατGνorGsupμrsymmμtryGφnGμvμntsGwφtτGaGpτotonSGχμtsSGTχμtsSGanγGmφssφnπGtransvμrsμGmomμntumGφnG
protonTprotonGαollφsφonsGatGXZUGEuropeanlPhysicallJournallCSG2019SG_bSG[[[ 4.2 1

36 |μarατGνorGtopGsquarψGpaφrGproγuαtφonGφnGaGνφnalGstatμGwφtτGtwoGtauGlμptonsGφnGprotonTprotonG
αollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 1

35 yμrνormanαμsGanγGaπμφnπGstuγyGoνGrμsφstφvμTanoγμsGvφαromμπasGγμtμαtorsGνorGquTuqlGμnvφronmμntG
2011SG 1

34 |tuγyGoνGaGmφαromμπasGατamΛμrGφnGaGnμutronGΛμamUGJournalloflInstrumentationSG2010SG]SGyWYWW]TyWYWW] 1 1

33
uaΛoratoryGaπφnπGstuγφμsGνorGtτμGqn{jTkGmuonGατamΛμrsUGNuclearlInstrumentslandlMethodslinl
PhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2002SG
[b[SGYZ^TY[W

1.2 1

32 |tuγyGoνGtτμGOG{matτrm{k}}√{R}toGmatτrm{s}VuppsφGovμrlφnμ{uamΛγa}matτrm{p}GPGγμαayGφnG
protonTprotonGαollφsφonsGatGOGsqrt{s}GPGfGaG}μ’UGJournalloflHighlEnergylPhysicsSG2019SGYWXbSGX 5.4 1

31
wovμlG{μsφstφvμTylatμG–nuuGsamplφnπGμlμmμntGνorGO|PmqljuUGNuclearlInstrumentslandlMethodslinl
PhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentSG2020SG
b]aSGX^Ya^X

1.2 1

30 mμvμlopmμntGanγGvalφγatφonGoνGqn{–rp´ _GtunμsGνromGlv|GunγμrlyφnπTμvμntGmμasurμmμntsUG
EuropeanlPhysicallJournallCSG2021SGaXSGZXY 4.2 1

29 vμasurμmμntsGoνGtrφplμTγφννμrμntφalGαrossGsμαtφonsGνorGφnαlusφvμGφsolatμγTpτotonRχμtGμvμntsGφnG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSGb^b 4.2 1
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28
|μarατGνorGνlavorTατanπφnπGnμutralGαurrμntGφntμraαtφonsGoνGtτμGtopGquarψGanγGtτμGqφππsGΛosonG
γμαayφnπGtoGaGΛottomGquarψTantφquarψGpaφrGatGKKGsqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG
2022SGYWYYSGX

5.4 1

27 jzφmutτalGsμparatφonGφnGnμarlyGΛaαψTtoTΛaαψGχμtGtopoloπφμsGφnGφnαlusφvμGYTGanγGZTχμtGμvμntsGφnG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2019SG_bSG__Z 4.2 0

26 vμasurμmμntGoνGsφnπlμTγφννraαtφvμGγφχμtGproγuαtφonGφnGprotonTprotonGαollφsφonsGatGwφtτGtτμGlv|GanγG
}x}nvGμxpμrφmμntsUGEuropeanlPhysicallJournallCSG2020SGaWSGXX^[ 4.2 0

25 ~ψraφnμGTG—¡n{wcGtτμG–ayGtoGloopμratφonUGSciencelandlInnovationSG2019SGX]SGbbTXXX 0.2 0

24 vμasurμmμntGoνGtτμGtopGquarψGpaφrGproγuαtφonGαrossGsμαtφonGφnGγφlμptonGνφnalGstatμsGαontaφnφnπGonμG
ˇ�GlμptonGφnGppGαollφsφonsGatGOGsqrt{s}GPGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2020SGYWYWSGX 5.4 0

23 |μarατGνorGaGτμavyGvμαtorGrμsonanαμGγμαayφnπGtoGaG´ ΛosonGanγGaGqφππsGΛosonGφnGprotonTprotonG
αollφsφonsGatUGEuropeanlPhysicallJournallCSG2021SGaXSG^aa 4.2 0

22 vμasurμmμntsGoνGanπularGγφstanαμGanγGmomμntumGratφoGγφstrφΛutφonsGφnGtτrμμTχμtGanγGRGtwoTχμtG
νφnalGstatμsGφnGαollφsφonsUGEuropeanlPhysicallJournallCSG2021SGaXSGa]Y 4.2 0

21
rnαlusφvμGanγGγφννμrμntφalGαrossGsμαtφonGmμasurμmμntsGoνGsφnπlμGtopGquarψGproγuαtφonGφnGassoαφatφonG
wφtτGaG±GΛosonGφnGprotonTprotonGαollφsφonsGatGKKGsqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG
2022SGYWYYSGX

5.4 0

20 |μarατGνorGlonπTlφvμγGpartφαlμsGγμαayφnπGtoGlμptonsGwφtτGlarπμGφmpaαtGparamμtμrGφnGprotonTprotonG
αollφsφonsGatGUUGEuropeanlPhysicallJournallCSG2022SGaYSGX]Z 4.2 0

19 |μarατGνorGlowTmassGγφlμptonGrμsonanαμsGφnGqφππsGΛosonGγμαaysGtoGνourTlμptonGνφnalGstatμsGφnG
protonTprotonGαollφsφonsGatGUUGEuropeanlPhysicallJournallCSG2022SGaYSGYbW 4.2 0

18
|μarατGνorGsupμrsymmμtryGφnGνφnalGstatμsGwφtτGtwoGorGtτrμμGsoνtGlμptonsGanγGmφssφnπGtransvμrsμG
momμntumGφnGprotonTprotonGαollφsφonsGatGKKGsqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG
2022SGYWYYSGX

5.4 0

17 |μarατGνorGaGrφπτtTτanγμγG–GΛosonGanγGaGτμavyGnμutrφnoGφnGprotonTprotonGαollφsφonsGatGKKGsqrt{s}GKKG
fGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2022SGYWYYSGX 5.4 0

16 |μarατGνorGaGτμavyGrμsonanαμGγμαayφnπGφntoGaGtopGquarψGanγGaG–GΛosonGφnGtτμGlμptonRχμtsGνφnalGstatμG
atGKKGsqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2022SGYWYYSGX 5.4 0

15 |μarατGνorGτμavyGrμsonanαμsGγμαayφnπGtoG±±GorG±–GanγGaxφonTlφψμGpartφαlμsGmμγφatφnπGnonrμsonantG
±±GorG±qGproγuαtφonGatGKKGsqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2022SGYWYYSGX 5.4 0

14 vμasurμmμntGanγGzlmGanalysφsGoνGγouΛlμTγφννμrμntφalGφnαlusφvμGχμtGαrossGsμαtφonsGφnGprotonTprotonG
αollφsφonsGatGKKGsqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2022SGYWYYSGX 5.4 0

13 |μarατGνorGμlμαtrowμaψGproγuαtφonGoνGατarπφnosGanγGnμutralφnosGφnGprotonTprotonGαollφsφonsGatGKKG
sqrt{s}GKKGfGXZG}μ’UGJournalloflHighlEnergylPhysicsSG2022SGYWYYSGX 5.4 0

12 |μarατGνorGnaturalGsupμrsymmμtryGφnGμvμntsGwφtτGtopGquarψGpaφrsGanγGpτotonsGφnGppGαollφsφonsGatGOG
sqrt{s}faGPG}μ’UGJournalloflHighlEnergylPhysicsSG2018SGYWXaSGX 5.4
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