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590 nvχγμnαμGνorG OZa_YPGχnGyΞTyΞGlollχsχonsGΛnγG|tuγχμsGoνGχtsGyromptGyroγuαtχonGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UUGPhysicalrReviewrLettersSG2022SGXYaSGWZYWWX 7.4 1

589 orΛπmμntΛtχonGoνGψμtsGαontΛχnχnπGΛGpromptGsVˇ�GmμsonGχnGyΞyΞGΛnγGppGαollχsχonsGΛtGswwf]UWY}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2022SGaY]SGXZ^a[Y 4.2 1

588
|μΛrατGνorG–˛‡GrμsonΛnαμsGχnGprotonTprotonGαollχsχonsGΛtGsfXZG}μ’GusχnπGτΛγronχαGγμαΛysGoνG
uorμntzTΞoostμγG–GΞosonsUGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-Energyr
PhysicsSG2022SGaY^SGXZ^aaa

4.2 0

587 vμΛsurμmμntGoνGtτμGrnαlusχvμGΛnγGmχννμrμntχΛlGqχππsGkosonGyroγuαtχonGlrossG|μαtχonsGχnGtτμGmμαΛyG
voγμGtoGΛGyΛχrGoνGˇ�GuμptonsGχnGppGlollχsχonsGΛtGsqrt[s−fXZGG}μ’UUGPhysicalrReviewrLettersSG2022SGXYaSGWaXaW]7.4 0

586
rnαlusχvμGΛnγGγχννμrμntχΛlGαrossGsμαtχonGmμΛsurμmμntsGoνGsχnπlμGtopGquΛrkGproγuαtχonGχnGΛssoαχΛtχonG
wχtτGΛG±GΞosonGχnGprotonTprotonGαollχsχonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

585
|μΛrατGνorGνlΛvorTατΛnπχnπGnμutrΛlGαurrμntGχntμrΛαtχonsGoνGtτμGtopGquΛrkGΛnγGtτμGqχππsGΞosonG
γμαΛyχnπGtoGΛGΞottomGquΛrkTΛntχquΛrkGpΛχrGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 1

584 |μΛrατGνorGlonπTlχvμγGpΛrtχαlμsGγμαΛyχnπGtoGlμptonsGwχtτGlΛrπμGχmpΛαtGpΛrΛmμtμrGχnGprotonTprotonG
αollχsχonsGΛtGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGX]Z 4.2 0

583 |tuγyGoνGγχψμtGμvμntsGwχtτGlΛrπμGrΛpχγχtyGsμpΛrΛtχonGχnGprotonTprotonGαollχsχonsGΛtGKKGsqrt{s}GKKGfG
YU_^G}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4

582 ~sχnπG±GkosonGnvμntsGtoG|tuγyGyΛrtonTvμγχumGrntμrΛαtχonsGχnGyΞTyΞGlollχsχonsUUGPhysicalrReviewr
LettersSG2022SGXYaSGXYYZWX 7.4 0

581 jGnμwGαΛlχΞrΛtχonGmμtτoγGνorGατΛrmGψμtGχγμntχνχαΛtχonGvΛlχγΛtμγGwχtτGprotonTprotonGαollχsχonGμvμntsG
ΛtGâ��sGfGXZG}μ’UGJournalrofrInstrumentationSG2022SGX_SGyWZWX[ 1 0

580 jGνlμxχΞlμGΛnγGlowTαostGopμnTsourαμGryvlGmμzzΛnχnμGνorGj}ljGΞoΛrγsGΞΛsμγGonGxpμnryvlUGJournalr
ofrInstrumentationSG2022SGX_SGlWZWW_ 1 1

579 |μΛrατGνorGstronπlyGχntμrΛαtχnπGmΛssχvμGpΛrtχαlμsGπμnμrΛtχnπGtrΛαklμssGψμtsGχnGprotonTprotonG
αollχsχonsGΛtGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGYXZ 4.2 0

578 xΞsμrvΛtχonGoνGksWGmμsonsGΛnγGmμΛsurμmμntGoνGtτμGksWVkRGyχμlγGrΛtχoGχnUGPhysicsrLetters,rSectionrB:r
Nuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2022SGXZ_W^Y 4.2

577 |μΛrατGνorGlowTmΛssGγχlμptonGrμsonΛnαμsGχnGqχππsGΞosonGγμαΛysGtoGνourTlμptonGνχnΛlGstΛtμsGχnG
protonTprotonGαollχsχonsGΛtGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGYbW 4.2 0

576
|μΛrατGνorGsupμrsymmμtryGχnGνχnΛlGstΛtμsGwχtτGtwoGorGtτrμμGsoνtGlμptonsGΛnγGmχssχnπGtrΛnsvμrsμG
momμntumGχnGprotonTprotonGαollχsχonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

575 |μΛrατGνorGΛGrχπτtTτΛnγμγG–GΞosonGΛnγGΛGτμΛvyGnμutrχnoGχnGprotonTprotonGαollχsχonsGΛtGKKGsqrt{s}GKKG
fGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

574 |μΛrατGνorGΛGτμΛvyGrμsonΛnαμGγμαΛyχnπGχntoGΛGtopGquΛrkGΛnγGΛG–GΞosonGχnGtτμGlμptonRψμtsGνχnΛlGstΛtμG
ΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0
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573 |μΛrατGνorGτμΛvyGrμsonΛnαμsGγμαΛyχnπGtoG±±GorG±–GΛnγGΛxχonTlχkμGpΛrtχαlμsGmμγχΛtχnπGnonrμsonΛntG
±±GorG±qGproγuαtχonGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

572 vμΛsurμmμntGΛnγGzlmGΛnΛlysχsGoνGγouΞlμTγχννμrμntχΛlGχnαlusχvμGψμtGαrossGsμαtχonsGχnGprotonTprotonG
αollχsχonsGΛtGKKGsqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

571 |μΛrατGνorGμlμαtrowμΛkGproγuαtχonGoνGατΛrπχnosGΛnγGnμutrΛlχnosGχnGprotonTprotonGαollχsχonsGΛtGKKG
sqrt{s}GKKGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

570 vμΛsurμmμntGoνGtτμGχnαlusχvμGKKGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GKKGproγuαtχonGαrossGsμαtχonGχnG
protonTprotonGαollχsχonsGΛtGKKGsqrt{s}GKKGfG]UWYG}μ’UGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4

569 vμΛsurμmμntsGoνGtτμGnlμαtrowμΛkGmχΞosonGyroγuαtχonGlrossG|μαtχonsGχnGyrotonTyrotonGlollχsχonsG
ΛtGsqrt[s−f]UWYGG}μ’G~sχnπGuμptonχαGmμαΛysUGPhysicalrReviewrLettersSG2021SGXY_SGXbXaWX 7.4 0

568 lomΞχnμγGsμΛrατμsGνorGtτμGproγuαtχonGoνGsupμrsymmμtrχαGtopGquΛrkGpΛrtnμrsGχnGprotonTprotonG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGb_W 4.2 3

567 vμΛsurμmμntGoνGγχννμrμntχΛlGtt´flGproγuαtχonGαrossGsμαtχonsGχnGtτμGνullGkχnμmΛtχαGrΛnπμGusχnπG
lμptonRψμtsGμvμntsGνromGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2021SGXW[SG 4.9 1

566 vμΛsurμmμntGoνGtτμGμlμαtrowμΛkGproγuαtχonGoνG±˛‡GΛnγGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtG
sfXZGG}μ’GΛnγGαonstrΛχntsGonGΛnomΛlousGquΛrtχαGπΛuπμGαouplχnπsUGPhysicalrReviewrDSG2021SGXW[SG 4.9 1

565 vμΛsurμmμntsGoνGproγuαtχonGαrossGsμαtχonsGΛnγGαonstrΛχntsGonGΛnomΛlousGtrχplμGπΛuπμGαouplχnπsG
ΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGYWW 4.2 5

564 mμvμlopmμntGΛnγGvΛlχγΛtχonGoνGqn{–rp´ _GtunμsGνromGlv|GunγμrlyχnπTμvμntGmμΛsurμmμntsUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZXY 4.2 1

563 vμΛsurμmμntGoνGtτμGqχππsGΞosonGproγuαtχonGrΛtμGχnGΛssoαχΛtχonGwχtτGtopGquΛrksGχnGνχnΛlGstΛtμsGwχtτG
μlμαtronsSGmuonsSGΛnγGτΛγronχαΛllyGγμαΛyχnπGtΛuGlμptonsGΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGZ_a 4.2 5

562 nlμαtronGΛnγGpτotonGrμαonstruαtχonGΛnγGχγμntχνχαΛtχonGwχtτGtτμGlv|GμxpμrχmμntGΛtGtτμGln{wGuqlUG
JournalrofrInstrumentationSG2021SGX^SGyW]WX[ 1 11

561
vμΛsurμmμntGoνGpromptGmWGΛnγGmhWGmμsonGΛzχmutτΛlGΛnχsotropyGΛnγGsμΛrατGνorGstronπGμlμαtrχαG
νχμlγsGχnGyΞyΞGαollχsχonsGΛtGswwf]UWY}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2021SGaX^SGXZ^Y]Z

4.2 2

560
vμΛsurμmμntGoνGtτμGlyTvχolΛtχnπGpτΛsμGhsGχnGtτμGksWTgsVˇ�hOXWYWPTg˛…R˛…â��tRtâ��GατΛnnμlGχnG
protonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2021SGaX^SGXZ^Xaa

4.2 1

559 vμΛsurμmμntGoνGtτμG–˛‡GyroγuαtχonGlrossG|μαtχonGχnGyrotonTyrotonGlollχsχonsGΛtGsqrt[s−fXZGG}μ’G
ΛnγGlonstrΛχntsGonGnννμαtχvμGoχμlγG}τμoryGloμννχαχμntsUGPhysicalrReviewrLettersSG2021SGXY^SGY]YWWY 7.4 0

558 vμΛsurμmμntsGoνGproγuαtχonGαrossGsμαtχonsGoνGtτμGqχππsGΞosonGχnGtτμGνourTlμptonGνχnΛlGstΛtμGχnG
protonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG[aa 4.2 5

557 xΞsμrvΛtχonGoνGΛGwμwGnxαχtμγGkμΛutyG|trΛnπμGkΛryonGmμαΛyχnπGtoG˛�≥{Ξ}√{T}ˇ�√{R}ˇ�√{T}UGPhysicalr
ReviewrLettersSG2021SGXY^SGY]YWWZ 7.4 1

556 yμrνormΛnαμGoνGtτμGlv|GmuonGtrχππμrGsystμmGχnGprotonTprotonGαollχsχonsGΛtGâ��OsPGfGXZUGJournalrofr
InstrumentationSG2021SGX^SGyW_WWX 1 2
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555 vμΛsurμmμntsGoνGqχππsGΞosonGproγuαtχonGαrossGsμαtχonsGΛnγGαouplχnπsGχnGtτμGγχpτotonGγμαΛyG
ατΛnnμlGΛtGOGsqrt{mΛtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 3

554
vμΛsurμmμntsGoνGproγuαtχonGαrossGsμαtχonsGoνGpolΛrχzμγGsΛmμTsχπnG–GΞosonGpΛχrsGχnGΛssoαχΛtχonG
wχtτGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtGsfXZG}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryr
ParticlerandrHigh-EnergyrPhysicsSG2021SGaXYSGXZ^WXa

4.2 6

553 |μΛrατGνorGγΛrkGmΛttμrGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGlμptonχαΛllyGγμαΛyχnπGΞosonGχnGprotonTprotonG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSGXZ 4.2 7

552 |μΛrατGνorGtopGsquΛrkGpΛχrGproγuαtχonGusχnπGγχlμptonGνχnΛlGstΛtμsGχnGαollχsχonGγΛtΛGαollμαtμγGΛtUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZ 4.2 5

551 }τμGlv|GyτΛsμTXGpχxμlGγμtμαtorGupπrΛγμUGJournalrofrInstrumentationSG2021SGX^SGyWYWY_TyWYWY_ 1 2

550 |tuγχμsGoνGατΛrmGΛnγGΞμΛutyGτΛγronGlonπTrΛnπμGαorrμlΛtχonsGχnGppGΛnγGpyΞGαollχsχonsGΛtGuqlG
μnμrπχμsUGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2021SGaXZSGXZ^WZ^4.2 1

549 |μΛrατGνorGlonπTlχvμγGpΛrtχαlμsGusχnπGγχsplΛαμγGψμtsGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalr
ReviewrDSG2021SGXW[SG 4.9 4

548 v~|χlcGΛGmoγμlTunspμαχνχαGsμΛrατGνorGnμwGpτysχαsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalr
JournalrCSG2021SGaXSG^Yb 4.2 4

547 |μΛrατGνorGtτμGrΛrμGγμαΛyGoνGtτμG–GΞosonGχntoGΛGpχonGΛnγGΛGpτotonGχnGprotonTprotonGαollχsχonsGΛtG
sfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2021SGaXbSGXZ^[Wb4.2 0

546 lonstrΛχntsGonGtτμGrnχtχΛlG|tΛtμGoνGyΞTyΞGlollχsχonsGvχΛGvμΛsurμmμntsGoνG±TkosonG¯χμlγsGΛnγG
jzχmutτΛlGjnχsotropyGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2021SGXY_SGXWYWWY 7.4 1

545 |μΛrατGνorGΛGτμΛvyGvμαtorGrμsonΛnαμGγμαΛyχnπGtoGΛG´ ΞosonGΛnγGΛGqχππsGΞosonGχnGprotonTprotonG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG^aa 4.2 0

544 vμΛsurμmμntGoνGtτμGΛzχmutτΛlGΛnχsotropyGoνGΛnγGmμsonsGχnGyΞyΞGαollχsχonsGΛtGswwf]UWY}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2021SGaXbSGXZ^Za] 4.2 1

543 xpμnryvlcGjGorμμGΛnγGxpμnT|ourαμGrntμllχπμntGylΛtνormGvΛnΛπμmμntGlontrollμrG|oνtwΛrμUGIEEEr
TransactionsronrNuclearrScienceSG2021SG^aSGYXW]TYXXY 1.7 4

542 |μΛrατGνorGατΛrπμγGqχππsGΞosonsGproγuαμγGχnGvμαtorGΞosonGνusχonGproαμssμsGΛnγGγμαΛyχnπGχntoG
vμαtorGΞosonGpΛχrsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2021SGaXSG_YZ 4.2 3

541 |μΛrατGνorGlμptonTνlΛvorGvχolΛtχnπGγμαΛysGoνGtτμGqχππsGΞosonGχnGtτμG˛…ˇ�GΛnγGμˇ�GνχnΛlGstΛtμsGχnG
protonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2021SGXW[SG 4.9 2

540
|μΛrατGνorGsχnπlyGΛnγGpΛχrTproγuαμγGlμptoquΛrksGαouplχnπGtoGtτχrγTπμnμrΛtχonGνμrmχonsGχnG
protonTprotonGαollχsχonsGΛtGsfXZ´ }μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2021SGaXbSGXZ^[[^

4.2 8

539 |μΛrατGνorG–hGΞosonsGγμαΛyχnπGtoGΛGtopGΛnγGΛGΞottomGquΛrkGΛtGsfXZ}μ’GχnGtτμGτΛγronχαGνχnΛlGstΛtμUG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2021SGaYWSGXZ^]Z] 4.2 2

538
oχrstGmμΛsurμmμntGoνGtτμGαrossGsμαtχonGνorGtopGquΛrkGpΛχrGproγuαtχonGwχtτGΛγγχtχonΛlGατΛrmGψμtsG
usχnπGγχlμptonχαGνχnΛlGstΛtμsGχnGppGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,r
ElementaryrParticlerandrHigh-EnergyrPhysicsSG2021SGaYWSGXZ^]^]

4.2 0
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537 lonstrΛχntsGonGΛnomΛlousGqχππsGΞosonGαouplχnπsGtoGvμαtorGΞosonsGΛnγGνμrmχonsGχnGχtsGproγuαtχonG
ΛnγGγμαΛyGusχnπGtτμGνourTlμptonGνχnΛlGstΛtμUGPhysicalrReviewrDSG2021SGXW[SG 4.9 3

536 vμΛsurμmμntsGoνGΛnπulΛrGγχstΛnαμGΛnγGmomμntumGrΛtχoGγχstrχΞutχonsGχnGtτrμμTψμtGΛnγGRGtwoTψμtG
νχnΛlGstΛtμsGχnGαollχsχonsUGEuropeanrPhysicalrJournalrCSG2021SGaXSGa]Y 4.2 0

535 xΞsμrvΛtχonGoνGoorwΛrγGwμutronGvultχplχαχtyGmμpμnγμnαμGoνGmχmuonGjαoplΛnΛrχtyGχnG
~ltrΛpμrχpτμrΛlGyΞTyΞGlollχsχonsGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2021SGXY_SGXYYWWX 7.4 1

534 yrμαχsχonGlumχnosχtyGmμΛsurμmμntGχnGprotonTprotonGαollχsχonsGΛtGχnGYWX]GΛnγGYWX^GΛtGlv|UG
EuropeanrPhysicalrJournalrCSG2021SGaXSGaWW 4.2 7

533 |μΛrατGνorGtopGsquΛrkGproγuαtχonGχnGνullyGτΛγronχαGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtG
sfXZGG}μ’UGPhysicalrReviewrDSG2021SGXW[SG 4.9 4

532
nvχγμnαμGνorGμlμαtrowμΛkGproγuαtχonGoνGνourGατΛrπμγGlμptonsGΛnγGtwoGψμtsGχnGprotonTprotonG
αollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysics
SG2021SGaXYSGXZ]bbY

4.2 4

531 |μΛrατGνorGuonπTuχvμγGyΛrtχαlμsGmμαΛyχnπGχnGtτμGlv|GnnγGlΛpGvuonGmμtμαtorsGχnGyrotonTyrotonG
lollχsχonsGΛtGsqrt[s−fXZGG}μ’UUGPhysicalrReviewrLettersSG2021SGXY_SGY^XaW[ 7.4 0

530 yχlμupGmχtχπΛtχonGΛtGlv|GχnGXZG}μ’GγΛtΛUGJournalrofrInstrumentationSG2020SGX]SGyWbWXaTyWbWXa 1 14

529 yμrνormΛnαμGoνGtτμGlv|GuμvμlTXGtrχππμrGχnGprotonTprotonGαollχsχonsGΛtGâ��sGfGXZG}μ’UGJournalrofr
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

528 vμΛsurμmμntsGoνGtτμG–GΞosonGrΛpχγχtySGτμlχαχtySGγouΞlμTγχννμrμntχΛlGαrossGsμαtχonsSGΛnγGατΛrπμG
ΛsymmμtryGχnGppGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2020SGXWYSG 4.9 4

527 vμΛsurμmμntGoνGtτμGtopGquΛrkG¯ukΛwΛGαouplχnπGνromGtt´flGkχnμmΛtχαGγχstrχΞutχonsGχnGtτμGγχlμptonG
νχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2020SGXWYSG 4.9 4

526 nvχγμnαμGνorG}opGzuΛrkGyroγuαtχonGχnGwuαlμusTwuαlμusGlollχsχonsUGPhysicalrReviewrLettersSG2020SG
XY]SGYYYWWX 7.4 1

525 |μΛrατGνorGγχrμαtGtopGsquΛrkGpΛχrGproγuαtχonGχnGμvμntsGwχtτGonμGlμptonSGψμtsSGΛnγGmχssχnπGtrΛnsvμrsμG
momμntumGΛtGXZG}μ’GwχtτGtτμGlv|GμxpμrχmμntUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 12

524 |μΛrατGνorGτχπτGmΛssGγχψμtGrμsonΛnαμsGwχtτGΛGnμwGΞΛαkπrounγGprμγχαtχonGmμtτoγGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 20

523 |μΛrατGνorGΞottomTtypμSGvμαtorlχkμGquΛrkGpΛχrGproγuαtχonGχnGΛGνullyGτΛγronχαGνχnΛlGstΛtμGχnG
protonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2020SGXWYSG 4.9 3

522 rγμntχνχαΛtχonGoνGτμΛvySGμnμrπμtχαSGτΛγronχαΛllyGγμαΛyχnπGpΛrtχαlμsGusχnπGmΛατχnμTlμΛrnχnπG
tματnχquμsUGJournalrofrInstrumentationSG2020SGX]SGyW^WW]TyW^WW] 1 18

521 |μΛrατGνorGrμsonΛntGpΛχrGproγuαtχonGoνGqχππsGΞosonsGχnGtτμGΞΞ±±GατΛnnμlGχnGprotonTprotonGαollχsχonsG
ΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2020SGXWYSG 4.9 4

520 |μΛrατGνorGΛGlχπτtGατΛrπμγGqχππsGΞosonGχnGtτμGq´–TgαsGατΛnnμlGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UG
PhysicalrReviewrDSG2020SGXWYSG 4.9 6
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519 vμΛsurμmμntGoνGtopGquΛrkGpΛχrGproγuαtχonGχnGΛssoαχΛtχonGwχtτGΛG±GΞosonGχnGprotonTprotonGαollχsχonsG
ΛtGOGsqrt{mΛtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

518 {unnχnπGoνGtτμGtopGquΛrkGmΛssGνromGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:r
Nuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWZSGXZ]Y^Z 4.2 9

517 |μΛrατGνorGγχψμtGrμsonΛnαμsGusχnπGμvμntsGwχtτGtτrμμGψμtsGχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaW]SGXZ][[a 4.2 1

516 |μΛrατGνorGΛnGμxαχtμγGlμptonGtτΛtGγμαΛysGvχΛGΛGαontΛαtGχntμrΛαtχonGtoGΛGlμptonGΛnγGtwoGψμtsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 1

515 |μΛrατGνorGγχsΛppμΛrχnπGtrΛαksGχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:r
Nuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaW^SGXZ]]WY 4.2 14

514
|μΛrατGνorGnμwGnμutrΛlGqχππsGΞosonsGtτrouπτGtτμGOGmΛtτrm{q}toGmΛtτrm{±j}toG
{μll}√{R}{μll}√{T}mΛtτrm{Ξ}ovμrlχnμ{mΛtτrm{Ξ}}GPGproαμssGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX

5.4 10

513 |μΛrατGνorGγχrμαtGpΛχrGproγuαtχonGoνGsupμrsymmμtrχαGpΛrtnμrsGtoGtτμGlμptonGχnGprotonTprotonG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGXab 4.2 3

512 vultχpΛrtχαlμGαorrμlΛtχonGstuγχμsGχnGpyΞGαollχsχonsGΛtGswwfaUX^G}μ’UGPhysicalrReviewrCSG2020SGXWXSG 2.7 2

511 vχxμγGτχπτμrTorγμrGΛnχsotropχαGνlowGΛnγGnonlχnμΛrGrμsponsμGαoμννχαχμntsGoνGατΛrπμγGpΛrtχαlμsGχnG
αollχsχonsGΛtGΛnγG]UWYUGEuropeanrPhysicalrJournalrCSG2020SGaWSG]Z[ 4.2 6

510
vμΛsurμmμntGoνGtτμGαrossGsμαtχonGνorGμlμαtrowμΛkGproγuαtχonGoνGΛG±GΞosonSGΛGpτotonGΛnγGtwoGψμtsG
χnGprotonTprotonGαollχsχonsGΛtGOGsqrt{mΛtτrm{s}}GPGfGXZG}μ’GΛnγGαonstrΛχntsGonGΛnomΛlousGquΛrtχαG
αouplχnπsUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX

5.4 7

509
mμtμrmχnΛtχonGoνGtτμGstronπGαouplχnπGαonstΛntG˛–|Om±PGνromGmμΛsurμmμntsGoνGχnαlusχvμG–´–GΛnγG±G
ΞosonGproγuαtχonGαrossGsμαtχonsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{mΛtτrm{s}}GPGfG_GΛnγGaG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX

5.4 2

508
vμΛsurμmμntGoνGtτμGtopGquΛrkGνorwΛrγTΞΛαkwΛrγGproγuαtχonGΛsymmμtryGΛnγGtτμGΛnomΛlousG
ατromoμlμαtrχαGΛnγGατromomΛπnμtχαGmomμntsGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2020SGYWYWSGX

5.4 3

507 vμΛsurμmμntGoνGμlμαtrowμΛkGproγuαtχonGoνGΛGΞosonGχnGΛssoαχΛtχonGwχtτGtwoGψμtsGχnGprotonTprotonG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG[Z 4.2 6

506 |μΛrατGνorGtopGsquΛrkGpΛχrGproγuαtχonGχnGΛGνχnΛlGstΛtμGwχtτGtwoGtΛuGlμptonsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 1

505
|μΛrατGνorG|upμrsymmμtryGwχtτGΛGlomprμssμγGvΛssG|pμαtrumGχnGnvμntsGwχtτGΛG|oνtGˇ�GuμptonSGΛG
qχπτlyGnnμrπμtχαGsμtSGΛnγGuΛrπμGvχssχnπG}rΛnsvμrsμGvomμntumGχnGyrotonTyrotonGlollχsχonsGΛtG
sqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2020SGXY[SGW[XaWZ

7.4 3

504 nvχγμnαμGνorGOtμxtG{–}tμxtG{–}PGproγuαtχonGνromGγouΞlμTpΛrtonGχntμrΛαtχonsGχnGprotonâ��protonG
αollχsχonsGΛtGOsqrt{s}GfGXZGStμxtG{}μ’}GPUGEuropeanrPhysicalrJournalrCSG2020SGaWSGX 4.2 4

503 |μΛrατGνorGproγuαtχonGoνGνourGtopGquΛrksGχnGνχnΛlGstΛtμsGwχtτGsΛmμTsχπnGorGmultχplμGlμptonsGχnG
protonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_] 4.2 24

502 |μΛrατμsGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGwχtτGtτμGvΛrχΛΞlμGχnGτΛγronχαGνχnΛlGstΛtμsGwχtτGΛnγG
wχtτoutGγχsΛppμΛrχnπGtrΛαksGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ 4.2 16

Luigi Calligaris
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501 nxtrΛαtχonGΛnγGvΛlχγΛtχonGoνGΛGnμwGsμtGoνGlv|GpytτχΛaGtunμsGνromGunγμrlyχnπTμvμntGmμΛsurμmμntsUG
EuropeanrPhysicalrJournalrCSG2020SGaWSG[ 4.2 61

500 lonstrΛχntsGonGtτμGˇ�≥{αX}GvμrsusGˇ�≥{αY}GyolΛrχzΛtχonsGχnGyrotonTyrotonGlollχsχonsGΛtGsqrt[s−faGG}μ’UG
PhysicalrReviewrLettersSG2020SGXY[SGX^YWWY 7.4 6

499 |μΛrατGνorGlμptonGνlΛvourGvχolΛtχnπGγμαΛysGoνGΛGnμutrΛlGτμΛvyGqχππsGΞosonGtoG˛…ˇ�GΛnγGμˇ�GχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 6

498 jGsμΛrατGνorGtτμGstΛnγΛrγGmoγμlGqχππsGΞosonGγμαΛyχnπGtoGατΛrmGquΛrksUGJournalrofrHighrEnergyr
PhysicsSG2020SGYWYWSGX 5.4 9

497 |tuγyGoνGsVˇ�GmμsonGproγuαtχonGχnsχγμGψμtsGχnGppGαollχsχonsGΛtGsfa}μ’UGPhysicsrLetters,rSectionrB:r
Nuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaW[SGXZ][Wb 4.2 3

496 |μΛrατGνorGΛGwΛrrowG{μsonΛnαμGuχπτtμrGtτΛnGYWW´ pμ’GmμαΛyχnπGtoGΛGyΛχrGoνGvuonsGχnGyrotonTyrotonG
lollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2020SGXY[SGXZXaWY 7.4 12

495 |μΛrατGνorGΛGτμΛvyGqχππsGΞosonGγμαΛyχnπGtoGΛGpΛχrGoνG–GΞosonsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 11

494 |tuγyGoνGμxαχtμγG˛�ΞWGstΛtμsGγμαΛyχnπGtoG˛�ΞWˇ�Rˇ�â��GχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWZSGXZ]Z[] 4.2 19

493 jGmμΛsurμmμntGoνGtτμGqχππsGΞosonGmΛssGχnGtτμGγχpτotonGγμαΛyGατΛnnμlUGPhysicsrLetters,rSectionrB:r
Nuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaW]SGXZ][Y] 4.2 25

492 |μΛrατGνorGγΛrkGmΛttμrGpΛrtχαlμsGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGqχππsGΞosonGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{mΛtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 7

491 jGmultχTγχmμnsχonΛlGsμΛrατGνorGnμwGτμΛvyGrμsonΛnαμsGγμαΛyχnπGtoGΞoostμγGSGSGorGΞosonGpΛχrsGχnGtτμG
γχψμtGνχnΛlGstΛtμGΛtGXZ´ UGEuropeanrPhysicalrJournalrCSG2020SGaWSGYZ_ 4.2 10

490 yroγuαtχonGoνG˛�αRGΞΛryonsGχnGprotonTprotonGΛnγGlμΛγTlμΛγGαollχsχonsGΛtGswwf]UWY}μ’UGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWZSGXZ]ZYa 4.2 11

489 vμΛsurμmμntGoνGsχnπlμTγχννrΛαtχvμGγχψμtGproγuαtχonGχnGprotonTprotonGαollχsχonsGΛtGwχtτGtτμGlv|GΛnγG
}x}nvGμxpμrχmμntsUGEuropeanrPhysicalrJournalrCSG2020SGaWSGXX^[ 4.2 0

488 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGΛnγGατΛrπμGrΛtχosGνorGTατΛnnμlGsχnπlμGtopGquΛrkG
proγuαtχonGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ_W 4.2 4

487
vμΛsurμmμntGoνGOτΞoxG{t}{ΞΛr{τΞoxG{t}}}PGnormΛlχsμγGmultχTγχννμrμntχΛlGαrossGsμαtχonsGχnGO{tμxtG
{p}}{tμxtG{p}}GPGαollχsχonsGΛtGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGΛnγGsχmultΛnμousGγμtμrmχnΛtχonGoνGtτμGstronπG
αouplχnπGstrμnπtτSGtopGquΛrkGpolμGmΛssSGΛnγGpΛrtonGγχstrχΞutχonGνunαtχonsUGEuropeanrPhysicalr
JournalrCSG2020SGaWSGX

4.2 13

486
|μΛrατGνorGΛGατΛrπμγGqχππsGΞosonGγμαΛyχnπGχntoGtopGΛnγGΞottomGquΛrksGχnGμvμntsGwχtτGμlμαtronsGorG
muonsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{mΛtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2020SGYWYWSGX

5.4 16

485 xΞsμrvΛtχonGoνGtτμG˛�ΞWTgsVˇ�˛�hGγμαΛyGχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionr
B:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWYSGXZ]YWZ 4.2 5

484 xΞsμrvΛtχonGoνGμlμαtrowμΛkGproγuαtχonGoνG–˛‡GwχtτGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtGsfXZG}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaXXSGXZ]baa 4.2 3

(2020-2020)

7



483 {μαonstruαtχonGoνGsχπnΛlGΛmplχtuγμsGχnGtτμGlv|GμlμαtromΛπnμtχαGαΛlorχmμtμrGχnGtτμGprμsμnαμGoνG
ovμrlΛppχnπGprotonTprotonGχntμrΛαtχonsUGJournalrofrInstrumentationSG2020SGX]SGyXWWWYTyXWWWY 1 4

482 xΞsμrvΛtχonGoνGnuαlμΛrGmoγχνχαΛtχonsGχnG–´–GΞosonGproγuαtχonGχnGpyΞGαollχsχonsGΛtGswwfaUX^}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWWSGXZ]W[a 4.2 9

481
|μΛrατGνorGlχπτtGpsμuγosαΛlΛrGΞosonGpΛχrsGproγuαμγGνromGγμαΛysGoνGtτμGXY]Gpμ’GqχππsGΞosonGχnG
νχnΛlGstΛtμsGwχtτGtwoGmuonsGΛnγGtwoGnμΛrΞyGtrΛαksGχnGppGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,r
SectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWWSGXZ]Wa_

4.2 15

480
vμΛsurμmμntGoνGtτμGsχnπlμGtopGquΛrkGΛnγGΛntχquΛrkGproγuαtχonGαrossGsμαtχonsGχnGtτμGtGατΛnnμlGΛnγG
tτμχrGrΛtχoGχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryr
ParticlerandrHigh-EnergyrPhysicsSG2020SGaWWSGXZ]W[Y

4.2 8

479 xΞsμrvΛtχonGoνGtτμGyroγuαtχonGoνG}τrμμGvΛssχvμGpΛuπμGkosonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewr
LettersSG2020SGXY]SGX]XaWY 7.4 2

478
vμΛsurμmμntsGoνGproγuαtχonGαrossGsμαtχonsGoνG–±GΛnγGsΛmμTsχπnG––GΞosonGpΛχrsGχnGΛssoαχΛtχonG
wχtτGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryr
ParticlerandrHigh-EnergyrPhysicsSG2020SGaWbSGXZ]_XW

4.2 14

477 |trΛnπμGτΛγronGproγuαtχonGχnGppGΛnγGpyΞGαollχsχonsGΛtGswwf]UWYG}μ’UGPhysicalrReviewrCSG2020SGXWXSG 2.7 1

476
vμΛsurμmμntGoνGltvGmΛtrχxGμlμmμntsGχnGsχnπlμGtopGquΛrkGtTατΛnnμlGproγuαtχonGχnGprotonTprotonG
αollχsχonsGΛtGsfXZ´ }μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-Energyr
PhysicsSG2020SGaWaSGXZ]^Wb

4.2 3

475 kosμTnχnstμχnGαorrμlΛtχonsGoνGατΛrπμγGτΛγronsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 2

474 jGmμμpGwμurΛlGwμtworkGνorG|χmultΛnμousGnstχmΛtχonGoνGΞGsμtGnnμrπyGΛnγG{μsolutχonUGComputingr
andrSoftwarerforrBigrScienceSG2020SG[SGXW 6 3

473 –R–â��GΞosonGpΛχrGproγuαtχonGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2020SGXWYSG 4.9 4

472 |μΛrατGνorGμlμαtrowμΛkGproγuαtχonGoνGΛGvμαtorTlχkμG}GquΛrkGusχnπGνullyGτΛγronχαGνχnΛlGstΛtμsUGJournalr
ofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

471
|μΛrατGνorGΛGτμΛvyGpsμuγosαΛlΛrGqχππsGΞosonGγμαΛyχnπGχntoGΛGXY]Gpμ’GqχππsGΞosonGΛnγGΛG±GΞosonGχnG
νχnΛlGstΛtμsGwχtτGtwoGtΛuGΛnγGtwoGlχπτtGlμptonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2020SGYWYWSGX

5.4 5

470 vμΛsurμmμntGoνGpropμrtχμsGoνGOG{mΛtτrm{k}}≥{mΛtτrm{s}}√WGPTgG˛…R˛…â��GγμαΛysGΛnγGsμΛrατGνorGkWTgG˛…R˛…â��G
wχtτGtτμGlv|GμxpμrχmμntUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 10

469 vμΛsurμmμntsGoνGtt[ovμrG´fl−qGyroγuαtχonGΛnγGtτμGlyG|truαturμGoνGtτμG¯ukΛwΛGrntμrΛαtχonGΞμtwμμnG
tτμGqχππsGkosonGΛnγG}opGzuΛrkGχnGtτμGmχpτotonGmμαΛyGlτΛnnμlUGPhysicalrReviewrLettersSG2020SGXY]SGW^XaWX7.4 15

468 yμrνormΛnαμGoνGtτμGrμαonstruαtχonGΛnγGχγμntχνχαΛtχonGoνGτχπτTmomμntumGmuonsGχnGprotonTprotonG
αollχsχonsGΛtGâ��sGfGXZG}μ’UGJournalrofrInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

467
vμΛsurμmμntGoνGtτμG¯OX|PGpΛχrGproγuαtχonGαrossGsμαtχonGΛnγGsμΛrατGνorGrμsonΛnαμsGγμαΛyχnπGtoG
¯OX|P˛…R˛…â��GχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryr
ParticlerandrHigh-EnergyrPhysicsSG2020SGaWaSGXZ]]_a

4.2 10

466 |μΛrατGνorGτμΛvyGqχππsGΞosonsGγμαΛyχnπGtoGΛGtopGquΛrkGpΛχrGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}GPG
fGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 18
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465 lΛlχΞrΛtχonGoνGtτμGlv|GτΛγronGαΛlorχmμtμrsGusχnπGprotonTprotonGαollχsχonGγΛtΛGΛtGâ��sGfGXZG}μ’UG
JournalrofrInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

464 |μΛrατGνorGsupμrsymmμtryGχnGppGαollχsχonsGΛtGsfXZGG}μ’GwχtτGXZ_GGνΞâ��XGχnGνχnΛlGstΛtμsGwχtτGΛGsχnπlμG
lμptonGusχnπGtτμGsumGoνGmΛssμsGoνGlΛrπμTrΛγχusGψμtsUGPhysicalrReviewrDSG2020SGXWXSG 4.9 6

463 vμΛsurμmμntGoνGtτμGsμtGvΛssGmχstrχΞutχonGΛnγG}opGzuΛrkGvΛssGχnGqΛγronχαGmμαΛysGoνGkoostμγG}opG
zuΛrksGχnGppGlollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2020SGXY[SGYWYWWX 7.4 2

462 xΞsμrvΛtχonGoνGtτμGk≥{s}√{W}Tg OZa_YPhGmμαΛyUGPhysicalrReviewrLettersSG2020SGXY]SGX]YWWX 7.4 4

461 vμΛsurμmμntGoνGtτμGΛssoαχΛtμγGproγuαtχonGoνGΛG±GΞosonGwχtτGατΛrmGorGΞottomGquΛrkGψμtsGχnG
protonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2020SGXWYSG 4.9 6

460 |tuγyGoνGαμntrΛlGμxαlusχvμGproγuαtχonGχnGprotonTprotonGαollχsχonsGΛtGΛnγGXZ}μ’UGEuropeanrPhysicalr
JournalrCSG2020SGaWSG_Xa 4.2 2

459 |μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGμvμntsGwχtτGψμtsGΛnγGtwoGsΛmμTsχπnGorGΛtGlμΛstG
tτrμμGατΛrπμγGlμptonsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_]Y 4.2 2

458 |tuγχμsGoνGlτΛrmGzuΛrkGmχννusχonGχnsχγμGsμtsG~sχnπGyΞTyΞGΛnγGppGlollχsχonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2020SGXY]SGXWYWWX 7.4 3

457 |μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGmultχlμptonGνχnΛlGstΛtμsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

456 vμΛsurμmμntGoνGtτμGtopGquΛrkGpΛχrGproγuαtχonGαrossGsμαtχonGχnGγχlμptonGνχnΛlGstΛtμsGαontΛχnχnπGonμG
ˇ�GlμptonGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 0

455 lomΞχnμγGsμΛrατGνorGsupμrsymmμtryGwχtτGpτotonsGχnGprotonTprotonGαollχsχonsGΛtGsfXZG}μ’UGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWXSGXZ]XaZ 4.2

454 vμΛsurμmμntGoνGtτμGtthΞΞhGproγuαtχonGαrossGsμαtχonGχnGtτμGΛllTψμtGνχnΛlGstΛtμGχnGppGαollχsχonsGΛtG
sfXZ´ }μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2020SGaWZSGXZ]Ya]4.2 5

453 jzχmutτΛlGsμpΛrΛtχonGχnGnμΛrlyGΞΛαkTtoTΞΛαkGψμtGtopoloπχμsGχnGχnαlusχvμGYTGΛnγGZTψμtGμvμntsGχnG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSG__Z 4.2 0

452
|μΛrατGνorGΛGuχπτtGlτΛrπμγGqχππsGkosonGmμαΛyχnπGtoGΛG–GkosonGΛnγGΛGlyTxγγGqχππsGkosonGχnGoχnΛlG
|tΛtμsGwχtτGμ˛…˛…GorG˛…˛…˛…GχnGyrotonTyrotonGlollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SG
XYZSGXZXaWY

7.4 6

451 |tuγχμsGoνGkμΛutyG|upprμssχonGvχΛGwonpromptGm√{W}GvμsonsGχnGyΞTyΞGlollχsχonsGΛtG
sqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2019SGXYZSGWYYWWX 7.4 7

450 |μΛrατGνorGατΛrπμγGqχππsGΞosonsGχnGtτμGq´–GTgGˇ�´–˛‰ˇ�GγμαΛyGατΛnnμlGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 24

449 |μΛrατGνorGrμsonΛntGproγuαtχonGoνGsμαonγTπμnμrΛtχonGslμptonsGwχtτGsΛmμTsχπnGγχmuonGμvμntsGχnG
protonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZW] 4.2 2

448
nvχγμnαμGνorGlχπτtTΞyTlχπτtGsαΛttμrχnπGΛnγGsμΛrατμsGνorGΛxχonTlχkμGpΛrtχαlμsGχnGultrΛpμrχpτμrΛlGyΞyΞG
αollχsχonsGΛtGswwf]UWY}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-Energyr
PhysicsSG2019SG_b_SGXZ[aY^

4.2 35
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447
vμΛsurμmμntGoνGμlμαtrowμΛkG–±GΞosonGproγuαtχonGΛnγGsμΛrατGνorGnμwGpτysχαsGχnG–±GRGtwoGψμtsG
μvμntsGχnGppGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2019SG_b]SGYaXTZW_

4.2 19

446
|μΛrατGνorGqχππsGΛnγG±GΞosonGγμαΛysGtoGsVˇ�GorG¯GpΛχrsGχnGtτμGνourTmuonGνχnΛlGstΛtμGχnGprotonTprotonG
αollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysics
SG2019SG_b_SGXZ[aXX

4.2 4

445 jGsμΛrατGνorGpΛχrGproγuαtχonGoνGnμwGlχπτtGΞosonsGγμαΛyχnπGχntoGmuonsGχnGprotonTprotonGαollχsχonsGΛtG
XZGG}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_b^SGXZXTX][4.2 16

444 vμΛsurμmμntGoνGksWGmμsonGproγuαtχonGχnGppGΛnγGyΞyΞGαollχsχonsGΛtGswwf]UWYG}μ’UGPhysicsrLetters,r
SectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_b^SGX^aTXbW 4.2 5

443
|μΛrατGνorGsupμrsymmμtryGwχtτGΛGαomprμssμγGmΛssGspμαtrumGχnGtτμGvμαtorGΞosonGνusχonGtopoloπyG
wχtτGXTlμptonGΛnγGWTlμptonGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 8

442 |μΛrατGνorGmΛrkGvΛttμrGyΛrtχαlμsGyroγuαμγGχnGjssoαχΛtχonGwχtτGΛG}opGzuΛrkGyΛχrGΛtGsqrt[s−fXZGG}μ’UG
PhysicalrReviewrLettersSG2019SGXYYSGWXXaWZ 7.4 7

441 |μΛrατGνorGtτμGqχππsGkosonGmμαΛyχnπGtoG}woGvuonsGχnGyrotonTyrotonGlollχsχonsGΛtGsqrt[s−fXZGG}μ’UG
PhysicalrReviewrLettersSG2019SGXYYSGWYXaWX 7.4 22

440 |μΛrατGνorGsupμrsymmμtrχαGpΛrtnμrsGoνGμlμαtronsGΛnγGmuonsGχnGprotonâ��protonGαollχsχonsGΛtG
sfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bWSGX[WTX^^4.2 24

439 vμΛsurμmμntGΛnγGχntμrprμtΛtχonGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorGqχππsGΞosonGproγuαtχonGΛtG
sfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bYSGZ^bTZb^4.2 18

438 |μΛrατGνorGΛnGuGâ��GuGπΛuπμGΞosonGusχnπG±GTgG[˛…GμvμntsGχnGprotonTprotonGαollχsχonsGΛtGsfXZG}μ’UGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bYSGZ[]TZ^a 4.2 29

437 |μΛrατGνorGΛGlowTmΛssGˇ�â��ˇ�RGrμsonΛnαμGχnGΛssoαχΛtχonGwχtτGΛGΞottomGquΛrkGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

436
|μΛrατGνorGtτμGΛssoαχΛtμγGproγuαtχonGoνGtτμGqχππsGΞosonGΛnγGΛGvμαtorGΞosonGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’GvχΛGqχππsGΞosonGγμαΛysGtoGˇ�GlμptonsUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 3

435 |μΛrατGνorGtτμGpΛχrGproγuαtχonGoνGlχπτtGtopGsquΛrksGχnGtτμGμ´–˛…hGνχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

434 vμΛsurμmμntGoνGΛssoαχΛtμγGproγuαtχonGoνGΛGΞosonGΛnγGΛGατΛrmGquΛrkGχnGprotonTprotonGαollχsχonsGΛtUG
EuropeanrPhysicalrJournalrCSG2019SG_bSGY^b 4.2 9

433 xΞsμrvΛtχonGoνGpromptGsVˇ�GmμsonGμllχptχαGνlowGχnGτχπτTmultχplχαχtyGpyΞGαollχsχonsGΛtGswwfaUX^G}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bXSGX_YTXb[ 4.2 14

432 lomΞχnμγGmμΛsurμmμntsGoνGqχππsGΞosonGαouplχnπsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanr
PhysicalrJournalrCSG2019SG_bSG[YX 4.2 153

431 |μΛrατGνorGsupμrsymmμtryGχnGμvμntsGwχtτGΛGpτotonSGψμtsSGTψμtsSGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGχnG
protonTprotonGαollχsχonsGΛtGXZUGEuropeanrPhysicalrJournalrCSG2019SG_bSG[[[ 4.2 1

430 vμΛsurμmμntsGoνGtτμGqχππsGΞosonGwχγtτGΛnγGΛnomΛlousGq’’GαouplχnπsGνromGonTsτμllGΛnγGoννTsτμllG
proγuαtχonGχnGtτμGνourTlμptonGνχnΛlGstΛtμUGPhysicalrReviewrDSG2019SGbbSG 4.9 42
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429
vμΛsurμmμntsGoνGtτμGppGTgG–±GχnαlusχvμGΛnγGγχννμrμntχΛlGproγuαtχonGαrossGsμαtχonsGΛnγGαonstrΛχntsG
onGατΛrπμγGΛnomΛlousGtrχplμGπΛuπμGαouplχnπsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 10

428 vμΛsurμmμntsGoνGpropμrtχμsGoνGtτμGqχππsGΞosonGγμαΛyχnπGtoGΛG–GΞosonGpΛχrGχnGppGαollχsχonsGΛtG
sfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bXSGb^TXYb4.2 27

427 |μΛrατGνorGΛG–hGΞosonGγμαΛyχnπGtoGΛGˇ�GlμptonGΛnγGΛGnμutrχnoGχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UG
PhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bYSGXW_TXZX 4.2 15

426 vμΛsurμmμntGoνGtτμGproγuαtχonGαrossGsμαtχonSGtτμGtopGquΛrkGmΛssSGΛnγGtτμGstronπGαouplχnπG
αonstΛntGusχnπGγχlμptonGμvμntsGχnGppGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^a 4.2 27

425 vμΛsurμmμntGoνGtτμGμnμrπyGγμnsχtyGΛsGΛGνunαtχonGoνGpsμuγorΛpχγχtyGχnGprotonâ��protonGαollχsχonsGΛtG
Osqrt{s}GfXZStμxtG{}μ’}GPUGEuropeanrPhysicalrJournalrCSG2019SG_bSGX 4.2 7

424 UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

423
|μΛrατGνorGnonrμsonΛntGqχππsGΞosonGpΛχrGproγuαtχonGχnGtτμGOG
mΛtτrm{Ξ}ovμrlχnμ{mΛtτrm{Ξ}}mΛtτrm{Ξ}ovμrlχnμ{mΛtτrm{Ξ}}GPGνχnΛlGstΛtμGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 4

422 |μΛrατGνorGγΛrkGmΛttμrGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGqχππsGΞosonGγμαΛyχnπGtoGΛGpΛχrGoνGΞottomG
quΛrksGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYaW 4.2 12

421 |μΛrατGνorGαontΛαtGχntμrΛαtχonsGΛnγGlΛrπμGμxtrΛGγχmμnsχonsGχnGtτμGγχlμptonGmΛssGspμαtrΛGνromG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

420
|μΛrατGνorGΛGstΛnγΛrγGmoγμlTlχkμGqχππsGΞosonGχnGtτμGmΛssGrΛnπμGΞμtwμμnG_WGΛnγGXXWGpμ’GχnGtτμG
γχpτotonGνχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGsfaGΛnγGXZG}μ’UGPhysicsrLetters,rSectionrB:r
Nuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bZSGZYWTZ[_

4.2 21

419 |μΛrατGνorGvμαtorTlχkμGquΛrksGχnGμvμntsGwχtτGtwoGopposχtμlyGατΛrπμγGlμptonsGΛnγGψμtsGχnG
protonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^[ 4.2 18

418
|μΛrατGνorGχnvχsχΞlμGγμαΛysGoνGΛGqχππsGΞosonGproγuαμγGtτrouπτGvμαtorGΞosonGνusχonGχnG
protonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2019SG_bZSG]YWT]]X

4.2 86

417 lomΞχnΛtχonGoνG|μΛrατμsGνorGqχππsGkosonGyΛχrGyroγuαtχonGχnGyrotonTyrotonGlollχsχonsGΛtG
sqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SGXYYSGXYXaWZ 7.4 35

416 sμtG|τΛpμsGoνGrsolΛtμγGyτotonT}ΛππμγGsμtsGχnGyΞTyΞGΛnγGppGlollχsχonsGΛtGsqrt[s≥{ww}−f]UWYGG}μ’UG
PhysicalrReviewrLettersSG2019SGXYYSGX]YWWX 7.4 8

415 |μΛrατGνorG–GkosonGmμαΛysGtoG}τrμμGlτΛrπμγGyχonsUGPhysicalrReviewrLettersSG2019SGXYYSGX]XaWY 7.4 1

414
vμΛsurμmμntGoνGpromptGˇ�OY|PGproγuαtχonGαrossGsμαtχonsGχnGprotonâ��lμΛγGΛnγGprotonâ��protonG
αollχsχonsGΛtGswwf]UWY}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-Energyr
PhysicsSG2019SG_bWSG]WbT]ZY

4.2 6

413 |μΛrατGνorGsχnπlμGproγuαtχonGoνGvμαtorTlχkμGquΛrksGγμαΛyχnπGtoGΛGtopGquΛrkGΛnγGΛGΞosonGχnG
protonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGbW 4.2 6

412 |tuγyGoνGtτμGunγμrlyχnπGμvμntGχnGtopGquΛrkGpΛχrGproγuαtχonGχnGαollχsχonsGΛtGXZUGEuropeanrPhysicalr
JournalrCSG2019SG_bSGXYZ 4.2 4
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411 |μΛrατGνorGrΛrμGγμαΛysGoνGΛnγGqχππsGΞosonsGtoGΛnγGΛGpτotonGχnGprotonTprotonGαollχsχonsGΛtGfGXZUG
EuropeanrPhysicalrJournalrCSG2019SG_bSGb[ 4.2 7

410 |μΛrατGνorGnμwGpτysχαsGχnGνχnΛlGstΛtμsGwχtτGΛGsχnπlμGpτotonGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

409 |μΛrατGνorGlonπTlχvμγGpΛrtχαlμsGγμαΛyχnπGχntoGγχsplΛαμγGψμtsGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UG
PhysicalrReviewrDSG2019SGbbSG 4.9 24

408
vμΛsurμmμntsGoνGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGγχννμrμntχΛlGαrossGsμαtχonsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{mΛtτrm{s}}fXZGPG}μ’GusχnπGμvμntsGαontΛχnχnπGtwoGlμptonsUGJournalrofrHighrEnergyr
PhysicsSG2019SGYWXbSGX

5.4 15

407
|μΛrατGνorGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}mΛtτrm{q}GPGproγuαtχonGχnGtτμGOGmΛtτrm{q}toG
mΛtτrm{Ξ}ovμrlχnμ{mΛtτrm{Ξ}}GPGγμαΛyGατΛnnμlGwχtτGlμptonχαGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPG
γμαΛysGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 17

406 |μΛrατGνorGwΛrrowGq˛‡G{μsonΛnαμsGχnGyrotonTyrotonGlollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewr
LettersSG2019SGXYYSGWaXaW[ 7.4 1

405 |μΛrατGνorGsupμrsymmμtryGχnGμvμntsGwχtτGΛGpτotonSGΛGlμptonSGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GfGXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

404
vμΛsurμmμntGoνGχnαlusχvμGΛnγGγχννμrμntχΛlGqχππsGΞosonGproγuαtχonGαrossGsμαtχonsGχnGtτμGγχpτotonG
γμαΛyGατΛnnμlGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 8

403 |μΛrατGνorGrμsonΛntGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGproγuαtχonGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 13

402 xΞsμrvΛtχonGoνG|χnπlμG}opGzuΛrkGyroγuαtχonGχnGjssoαχΛtχonGwχtτGΛG±GkosonGχnGyrotonTyrotonG
lollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SGXYYSGXZYWWZ 7.4 6

401 xΞsμrvΛtχonGoνG}woGnxαχtμγGk≥{α}√{R}G|tΛtμsGΛnγGvμΛsurμmμntGoνGtτμGk≥{α}√{R}OY|PGvΛssGχnGppG
lollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SGXYYSGXZYWWX 7.4 31

400 |μΛrατGνorGproγuαtχonGoνGqχππsGΞosonGpΛχrsGχnGtτμGνourGΞGquΛrkGνχnΛlGstΛtμGusχnπGlΛrπμTΛrμΛGψμtsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

399 |μΛrατGνorGτμΛvyGrμsonΛnαμsGγμαΛyχnπGχntoGtwoGqχππsGΞosonsGorGχntoGΛGqχππsGΞosonGΛnγGΛG–GorG±G
ΞosonGχnGprotonTprotonGαollχsχonsGΛtGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

398 |μΛrατGνorGτμΛvyGvΛψorΛnΛGnμutrχnosGχnGsΛmμTsχπnGγχlμptonGατΛnnμlsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 14

397 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorGχnαlusχvμGχsolΛtμγTpτotonGΛnγGpτotonRψμtG
proγuαtχonGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYW 4.2 4

396
|μΛrατGνorGτμΛvyGnμutrχnosGΛnγGtτχrγTπμnμrΛtχonGlμptoquΛrksGχnGτΛγronχαGstΛtμsGoνGtwoGˇ�GlμptonsG
ΛnγGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 18

395 |μΛrατGνorGΛG–hGΞosonGγμαΛyχnπGtoGΛGvμαtorTlχkμGquΛrkGΛnγGΛGtopGorGΞottomGquΛrkGχnGtτμGΛllTψμtsGνχnΛlG
stΛtμUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

394 |μΛrατGνorGtopGquΛrkGpΛrtnμrsGwχtτGατΛrπμG]VZGχnGtτμGsΛmμTsχπnGγχlμptonGΛnγGsχnπlμTlμptonGνχnΛlG
stΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9
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393
rnαlusχvμGsμΛrατGνorGsupμrsymmμtryGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’GusχnπGrΛzorGvΛrχΛΞlμsGΛnγG
ΞoostμγGoΞψμαtGχγμntχνχαΛtχonGχnGzμroGΛnγGonμGlμptonGνχnΛlGstΛtμsUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 2

392 |μΛrατGνorGγΛrkGmΛttμrGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGsχnπlμGtopGquΛrkGorGΛGtopGquΛrkGpΛχrGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

391 |μΛrατGνorGμxαχtμγGlμptonsGχnGâ��â�� ˛‡GνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{mΛtτrm{s}}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

390 |μΛrατGνorGnμwGpΛrtχαlμsGγμαΛyχnπGtoGΛGψμtGΛnγGΛnGμmμrπχnπGψμtUGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX 5.4 15

389 lμntrΛlχtyGΛnγGpsμuγorΛpχγχtyGγμpμnγμnαμGoνGtτμGtrΛnsvμrsμGμnμrπyGγμnsχtyGχnGpyΞGαollχsχonsGΛtG
swwf]UWYG}μ’UGPhysicalrReviewrCSG2019SGXWWSG 2.7 2

388 |μΛrατGνorGtτμGproγuαtχonGoνG–´––´––hGμvμntsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SGXWWSG 4.9 3

387 |μΛrατGνorGΛssoαχΛtμγGproγuαtχonGoνGΛGqχππsGΞosonGΛnγGΛGsχnπlμGtopGquΛrkGχnGprotonTprotonG
αollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SGbbSG 4.9 13

386 |μΛrατGνorGΛGτμΛvyGrμsonΛnαμGγμαΛyχnπGtoGΛGtopGquΛrkGΛnγGΛGvμαtorTlχkμGtopGquΛrkGχnGtτμGlμptonGRG
ψμtsGνχnΛlGstΛtμGχnGppGαollχsχonsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPUGEuropeanrPhysicalrJournalrCSG2019SG_bSGX 4.2 6

385 |μΛrατGνorGpΛχrGproγuαtχonGoνGsμαonγTπμnμrΛtχonGlμptoquΛrksGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SG
bbSG 4.9 20

384 |μΛrατGνorGpΛχrGproγuαtχonGoνGνχrstTπμnμrΛtχonGsαΛlΛrGlμptoquΛrksGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG
2019SGbbSG 4.9 15

383 vμΛsurμmμntGoνGμxαlusχvμG´ pτotoproγuαtχonGχnGultrΛpμrχpτμrΛlGpyΞGαollχsχonsGΛtUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG_WY 4.2 13

382
|μΛrατGνorGγΛrkGmΛttμrGχnGμvμntsGwχtτGΛGlμptoquΛrkGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGχnG
protonTprotonGαollχsχonsGΛtGXZG}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2019SG_b]SG_^Tbb

4.2 2

381 |μΛrατGνorGΛGτμΛvyGpsμuγosαΛlΛrGΞosonGγμαΛyχnπGtoGΛG±GΛnγGΛGqχππsGΞosonGΛtUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG]^[ 4.2 20

380
|μΛrατGνorGΛnGμxotχαGγμαΛyGoνGtτμGqχππsGΞosonGtoGΛGpΛχrGoνGlχπτtGpsμuγosαΛlΛrsGχnGtτμGνχnΛlGstΛtμGwχtτG
twoGmuonsGΛnγGtwoGΞGquΛrksGχnGppGαollχsχonsGΛtGXZG}μ’UGPhysicsrLetters,rSectionrB:rNuclear,r
ElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_b]SGZbaT[YZ

4.2 17

379 |μΛrατGνorGsupμrsymmμtryGχnGνχnΛlGstΛtμsGwχtτGpτotonsGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGχnG
protonTprotonGαollχsχonsGΛtGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 5

378 vμΛsurμmμntGoνGtτμGtopGquΛrkGmΛssGχnGtτμGΛllTψμtsGνχnΛlGstΛtμGΛtGΛnγGαomΞχnΛtχonGwχtτGtτμG
lμptonRψμtsGατΛnnμlUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZXZ 4.2 13

377
|μΛrατGνorGlonπTlχvμγGpΛrtχαlμsGusχnπGnonpromptGψμtsGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGwχtτG
protonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2019SG_b_SGXZ[a_^

4.2 15

376 lomΞχnΛtχonGoνGlv|GsμΛrατμsGνorGτμΛvyGrμsonΛnαμsGγμαΛyχnπGtoGpΛχrsGoνGΞosonsGorGlμptonsUGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_baSGXZ[b]Y 4.2 10
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375
|μΛrατGνorGΛnomΛlousGμlμαtrowμΛkGproγuαtχonGoνGvμαtorGΞosonGpΛχrsGχnGΛssoαχΛtχonGwχtτGtwoGψμtsGχnG
protonTprotonGαollχsχonsGΛtGXZG}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandr
High-EnergyrPhysicsSG2019SG_baSGXZ[ba]

4.2 16

374 |μΛrατGνorGv||vGqχππsGΞosonsGγμαΛyχnπGtoG˛…R˛…â��GχnGprotonTprotonGαollχsχonsGΛtGsfXZ}μ’UGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_baSGXZ[bbY 4.2 11

373 jnGμmΞμγγχnπGtματnχquμGtoGγμtμrmχnμGˇ�ˇ�GΞΛαkπrounγsGχnGprotonTprotonGαollχsχonGγΛtΛUGJournalrofr
InstrumentationSG2019SGX[SGyW^WZYTyW^WZY 1 5

372 yμrνormΛnαμGoνGmχssχnπGtrΛnsvμrsμGmomμntumGrμαonstruαtχonGχnGprotonTprotonGαollχsχonsGΛtGâ��sGfGXZG
}μ’GusχnπGtτμGlv|GγμtμαtorUGJournalrofrInstrumentationSG2019SGX[SGyW_WW[TyW_WW[ 1 39

371 vμΛsurμmμntGoνGtτμGtopGquΛrkG¯ukΛwΛGαouplχnπGνromGtt´flGkχnμmΛtχαGγχstrχΞutχonsGχnGtτμGlμptonRψμtsG
νχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SGXWWSG 4.9 5

370 lτΛrπμγTpΛrtχαlμGΛnπulΛrGαorrμlΛtχonsGχnG μ μGαollχsχonsGΛtGswwf]U[[G}μ’UGPhysicalrReviewrCSG2019SG
XWWSG 2.7 14

369 |μΛrατGνorGγΛrkGpτotonsGχnGγμαΛysGoνGqχππsGΞosonsGproγuαμγGχnGΛssoαχΛtχonGwχtτG±GΞosonsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

368 |μΛrατGνorGsupμrsymmμtryGusχnπGqχππsGΞosonGtoGγχpτotonGγμαΛysGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

367 vμΛsurμmμntsGoνGγχννμrμntχΛlG±GΞosonGproγuαtχonGαrossGsμαtχonsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 11

366 |μΛrατGνorGΛnomΛlousGtrχplμGπΛuπμGαouplχnπsGχnG––GΛnγG–±GproγuαtχonGχnGlμptonGRGψμtGμvμntsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

365 |tuγyGoνGtτμGOG{mΛtτrm{k}}√{R}toGmΛtτrm{s}VuppsχGovμrlχnμ{uΛmΞγΛ}mΛtτrm{p}GPGγμαΛyGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 1

364 |μΛrατGνorGlowTmΛssGrμsonΛnαμsGγμαΛyχnπGχntoGΞottomGquΛrkTΛntχquΛrkGpΛχrsGχnGprotonTprotonG
αollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SGbbSG 4.9 12

363 |μΛrατGνorGpΛχrTproγuαμγGtτrμμTψμtGrμsonΛnαμsGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalr
ReviewrDSG2019SGbbSG 4.9 2

362
|μΛrατGνorGrμsonΛnαμsGγμαΛyχnπGtoGΛGpΛχrGoνGqχππsGΞosonsGχnGtτμGΞOGovμrlχnμ{mΛtτrm{Ξ}}GPqOG
ovμrlχnμ{mΛtτrm{q}}GPâ��â�� ˛‰GνχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2019SGYWXbSGX

5.4 5

361 vμΛsurμmμntsGoνGtrχplμTγχννμrμntχΛlGαrossGsμαtχonsGνorGχnαlusχvμGχsolΛtμγTpτotonRψμtGμvμntsGχnG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGb^b 4.2 1

360 ysμuγorΛpχγχtyGγχstrχΞutχonsGoνGατΛrπμγGτΛγronsGχnGxμnonTxμnonGαollχsχonsGΛtGswwf]U[[´ }μ’UGPhysicsr
Letters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019SG_bbSGXZ]W[b 4.2 5

359 |μΛrατGνorGvμαtorlχkμGlμptonsGχnGmultχlμptonGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UG
PhysicalrReviewrDSG2019SGXWWSG 4.9 14

358 |μΛrατGνorGpΛχrGproγuαtχonGoνGvμαtorlχkμGquΛrksGχnGtτμGνullyGτΛγronχαGνχnΛlGstΛtμUGPhysicalrReviewrDSG
2019SGXWWSG 4.9 18
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357 vμΛsurμmμntGoνGtτμGtopGquΛrkGpolΛrχzΛtχonGΛnγGtt´flGspχnGαorrμlΛtχonsGusχnπGγχlμptonGνχnΛlGstΛtμsGχnG
protonTprotonGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SGXWWSG 4.9 13

356 lonstrΛχntsGonGΛnomΛlousGq’’GαouplχnπsGνromGtτμGproγuαtχonGoνGqχππsGΞosonsGγμαΛyχnπGtoGˇ�GlμptonG
pΛχrsUGPhysicalrReviewrDSG2019SGXWWSG 4.9 11

355 |μΛrατGνorGlowGmΛssGvμαtorGrμsonΛnαμsGγμαΛyχnπGχntoGquΛrkTΛntχquΛrkGpΛχrsGχnGprotonTprotonG
αollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2019SGXWWSG 4.9 10

354 vμΛsurμmμntGoνGtτμGγχννμrμntχΛlGmrμllT¯ΛnGαrossGsμαtχonGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{mΛtτrm{s}}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 6

353 |μΛrατGνorGtτμGproγuαtχonGoνGνourGtopGquΛrksGχnGtτμGsχnπlμTlμptonGΛnγGopposχtμTsχπnGγχlμptonGνχnΛlG
stΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

352 vμΛsurμmμntGoνGtτμGΛvμrΛπμGvμryGνorwΛrγGμnμrπyGΛsGΛGνunαtχonGoνGtτμGtrΛαkGmultχplχαχtyGΛtGαμntrΛlG
psμuγorΛpχγχtχμsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGabZ 4.2 6

351 |μΛrατGνorGsupμrsymmμtryGχnGprotonTprotonGαollχsχonsGΛtGXZG}μ’GχnGνχnΛlGstΛtμsGwχtτGψμtsGΛnγGmχssχnπG
trΛnsvμrsμGmomμntumUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 21

350 |μΛrατGνorGyτysχαsGΞμyonγGtτμG|tΛnγΛrγGvoγμlGχnGnvμntsGwχtτGxvμrlΛppχnπGyτotonsGΛnγGsμtsUG
PhysicalrReviewrLettersSG2019SGXYZSGY[XaWX 7.4

349 |μΛrατGνorGnμwGpτysχαsGχnGtopGquΛrkGproγuαtχonGχnGγχlμptonGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsG
ΛtUGEuropeanrPhysicalrJournalrCSG2019SG_bSGaa^ 4.2 6

348 |μΛrατGνorGlonπTlχvμγGpΛrtχαlμsGusχnπGγμlΛyμγGpτotonsGχnGprotonTprotonGαollχsχonsGΛtGsfXZGG}μ’UG
PhysicalrReviewrDSG2019SGXWWSG 4.9 7

347 |μΛrατGνorGuowTvΛssGzuΛrkTjntχquΛrkG{μsonΛnαμsGyroγuαμγGχnGjssoαχΛtχonGwχtτGΛGyτotonGΛtG
sqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2019SGXYZSGYZXaWZ 7.4 7

346
vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorG±GΞosonGpΛχrGproγuαtχonGχnGΛssoαχΛtχonGwχtτGψμtsGΛtG
sfaGΛnγGXZG}μ’UGPhysicsrLetters,rSectionrB:rNuclear,rElementaryrParticlerandrHigh-EnergyrPhysicsSG2019
SG_abSGXbT[[

4.2 3

345 |tuγyGoνGγχψμtGμvμntsGwχtτGΛGlΛrπμGrΛpχγχtyGπΛpGΞμtwμμnGtτμGtwoGlμΛγχnπGψμtsGχnGppGαollχsχonsGΛtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGY[Y 4.2 4

344 ysμuγorΛpχγχtyGγχstrχΞutχonsGoνGατΛrπμγGτΛγronsGχnGprotonTlμΛγGαollχsχonsGΛtGOG
sqrt{s≥{mΛtτrm{ww}}}f]UWYGPGΛnγGaUX^G}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 4

343
|μΛrατGνorGrμsonΛntGΛnγGnonrμsonΛntGqχππsGΞosonGpΛχrGproγuαtχonGχnGtτμGOG
mΛtτrm{Ξ}ovμrlχnμ{mΛtτrm{Ξ}}mΛtτχt{μllGnuGμllGnuG}GPGνχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX

5.4 19

342 |μΛrατGνorGnμwGpτysχαsGχnGμvμntsGwχtτGΛGlμptonχαΛllyGγμαΛyχnπG±GΞosonGΛnγGΛGlΛrπμGtrΛnsvμrsμG
momμntumGχmΞΛlΛnαμGχnGprotonTprotonGαollχsχonsGΛtGfGXZUGEuropeanrPhysicalrJournalrCSG2018SG_aSGYbX 4.2 17

341 vμΛsurμmμntsGoνGtτμGproγuαtχonGαrossGsμαtχonGΛnγGtτμGΞrΛnατχnπGνrΛαtχonSGΛnγGαonstrΛχntsGonG
ΛnomΛlousGtrχplμGπΛuπμGαouplχnπsGΛtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX^] 4.2 29

340 vμΛsurμmμntGoνGΛssoαχΛtμγG±GRGατΛrmGproγuαtχonGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalr
JournalrCSG2018SG_aSGYa_ 4.2 11
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339
vμΛsurμmμntGoνGtτμGχnαlusχvμGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGαrossGsμαtχonGχnGppGαollχsχonsGΛtGOG
sqrt{s}f]UWYGPG}μ’GusχnπGνχnΛlGstΛtμsGwχtτGΛtGlμΛstGonμGατΛrπμγGlμptonUGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 3

338 |μΛrατGνorGnΛturΛlGsupμrsymmμtryGχnGμvμntsGwχtτGtopGquΛrkGpΛχrsGΛnγGpτotonsGχnGppGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4

337
|μΛrατGνorGnμwGpτμnomμnΛGχnGνχnΛlGstΛtμsGwχtτGtwoGopposχtμTατΛrπμSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnγG
mχssχnπGtrΛnsvμrsμGmomμntumGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 2

336
|μΛrατGνorGsupμrsymmμtryGχnGμvμntsGwχtτGΛtGlμΛstGtτrμμGμlμαtronsGorGmuonsSGψμtsSGΛnγGmχssχnπG
trΛnsvμrsμGmomμntumGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 4

335 lomΞχnμγGsμΛrατGνorGμlμαtrowμΛkGproγuαtχonGoνGατΛrπχnosGΛnγGnμutrΛlχnosGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 45

334 |μΛrατGνorGμlμαtrowμΛkGproγuαtχonGoνGατΛrπχnosGΛnγGnμutrΛlχnosGχnGmultχlμptonGνχnΛlGstΛtμsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 40

333 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGχnGtτμGkχnμmΛtχαGΛnπulΛrGvΛrχΛΞlμGhQGνorGχnαlusχvμG±G
ΞosonGproγuαtχonGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 2

332 lompΛrχnπGtrΛnsvμrsμGmomμntumGΞΛlΛnαμGoνGΞGψμtGpΛχrsGχnGppGΛnγGyΞyΞGαollχsχonsGΛtGOG
sqrt{s≥{mΛtτrm{ww}}}f]UWYGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

331 vμΛsurμmμntGoνGnormΛlχzμγGγχννμrμntχΛlGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGαrossGsμαtχonsGχnGtτμG
γχlμptonGατΛnnμlGνromGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

330 lonstrΛχntsGonGtτμGγouΞlμTpΛrtonGsαΛttμrχnπGαrossGsμαtχonGνromGsΛmμTsχπnG–GΞosonGpΛχrGproγuαtχonG
χnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

329 |μΛrατGνorG±±GrμsonΛnαμsGχnGtτμGYâ��Y˛‰GνχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGXZG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

328 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorGtτμGproγuαtχonGoνGtopGquΛrkGpΛχrsGΛnγGoνGΛγγχtχonΛlG
ψμtsGχnGlμptonRψμtsGμvμntsGνromGppGαollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2018SGb_SG 4.9 20

327 sμtGpropμrtχμsGχnGyΞyΞGΛnγGppGαollχsχonsGΛtGOGsqrt{s≥{mΛtτrm{w}dmΛtτrm{w}}}f]UWYGPG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

326 |μΛrατGνorGΛGnμwGsαΛlΛrGrμsonΛnαμGγμαΛyχnπGtoGΛGpΛχrGoνG±GΞosonsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 22

325 |μΛrατGνorGstΛnγΛrγGmoγμlGproγuαtχonGoνGνourGtopGquΛrksGwχtτGsΛmμTsχπnGΛnγGmultχlμptonGνχnΛlG
stΛtμsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX[W 4.2 20

324 nllχptχαGolowGoνGlτΛrmGΛnγG|trΛnπμGqΛγronsGχnGqχπτTvultχplχαχtyGpRyΞGlollχsχonsGΛtG
sqrt[s≥{ww}−faUX^GG}μ’UGPhysicalrReviewrLettersSG2018SGXYXSGWaYZWX 7.4 35

323 vμΛsurμmμntGoνGΞGτΛγronGlχνμtχmμsGχnGppGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2018SG_aSG[]_ 4.2 9

322 lonstrΛχnχnπGpluonGmχstrχΞutχonsGχnGwuαlμχG~sχnπGmχψμtsGχnGyrotonTyrotonGΛnγGyrotonTuμΛγGlollχsχonsG
ΛtGsqrt[s≥{ww}−f]UWYGG}μ’UGPhysicalrReviewrLettersSG2018SGXYXSGW^YWWY 7.4 8
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321 xΞsμrvΛtχonGoνGtt[ovμrG´fl−qGyroγuαtχonUGPhysicalrReviewrLettersSG2018SGXYWSGYZXaWX 7.4 96

320
vμΛsurμmμntsGoνGtτμGOmΛtτrmG{p}mΛtτrmG{p}rχπτtΛrrowGmΛtτrm{±}mΛtτrm{±}PGproγuαtχonGαrossG
sμαtχonGΛnγGtτμGOmΛtτrm{±}rχπτtΛrrowG[μllGPGΞrΛnατχnπGνrΛαtχonSGΛnγGαonstrΛχntsGonGΛnomΛlousGtrχplμG
πΛuπμGαouplχnπsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPG2018SG_aSGX

3

319 |μΛrατGνorGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}mΛtτrm{q}GPGproγuαtχonGχnGtτμGΛllTψμtGνχnΛlGstΛtμGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

318 |μΛrατGνorGrμsonΛnαμsGχnGtτμGmΛssGspμαtrumGoνGmuonGpΛχrsGproγuαμγGχnGΛssoαχΛtχonGwχtτGΞGquΛrkGψμtsG
χnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPGΛnγGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

317 vμΛsurμmμntGoνGtτμGπroomμγGψμtGmΛssGχnGyΞyΞGΛnγGppGαollχsχonsGΛtGOGsqrt{s≥{mΛtτrm{ww}}}f]UWYGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

316 |μΛrατGνorGpΛχrTproγuαμγGrμsonΛnαμsGγμαΛyχnπGtoGquΛrkGpΛχrsGχnGprotonTprotonGαollχsχonsGΛtG
sfXZGG}μ’UGPhysicalrReviewrDSG2018SGbaSG 4.9 8

315
|μΛrατGνorGτμΛvyGrμsonΛnαμsGγμαΛyχnπGχntoGΛGvμαtorGΞosonGΛnγGΛGqχππsGΞosonGχnGνχnΛlGstΛtμsGwχtτG
ατΛrπμγGlμptonsSGnμutrχnosGΛnγGΞGquΛrksGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 7

314
|μΛrατGνorGnμwGpτμnomμnΛGχnGνχnΛlGstΛtμsGwχtτGtwoGopposχtμTατΛrπμSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnγG
mχssχnπGtrΛnsvμrsμGmomμntumGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 14

313 |μΛrατGνorGnΛturΛlGΛnγGsplχtGsupμrsymmμtryGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’GχnGνχnΛlG
stΛtμsGwχtτGψμtsGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 39

312 |μΛrατGνorGγμαΛysGoνGstoppμγGμxotχαGlonπTlχvμγGpΛrtχαlμsGproγuαμγGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

311
|μΛrατGνorGΛnGμxotχαGγμαΛyGoνGtτμGqχππsGΞosonGtoGΛGpΛχrGoνGlχπτtGpsμuγosαΛlΛrsGχnGtτμGνχnΛlGstΛtμGoνG
twoGmuonsGΛnγGtwoGˇ�GlμptonsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX

5.4 14

310 |μΛrατGνorGΛGατΛrπμγGqχππsGΞosonGγμαΛyχnπGtoGατΛrmGΛnγGΞottomGquΛrksGχnGprotonTprotonGαollχsχonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

309 |μΛrατGνorGtopGsquΛrksGγμαΛyχnπGvχΛGνourTΞoγyGorGατΛrπχnoTmμγχΛtμγGmoγμsGχnGsχnπlμTlμptonGνχnΛlG
stΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

308 lτΛrπμγTpΛrtχαlμGnuαlμΛrGmoγχνχαΛtχonGνΛαtorsGχnG μ μGαollχsχonsGΛtGOGsqrt{s≥{mΛtτrm{ww}}}GfG]U[[GPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

307 yrμαχsχonGmμΛsurμmμntGoνGtτμGstruαturμGoνGtτμGlv|GχnnμrGtrΛαkχnπGsystμmGusχnπGnuαlμΛrG
χntμrΛαtχonsUGJournalrofrInstrumentationSG2018SGXZSGyXWWZ[TyXWWZ[ 1 7

306 jnπulΛrGΛnΛlysχsGoνGtτμGγμαΛyGkRTgtR˛…R˛…â��GχnGprotonTprotonGαollχsχonsGΛtGsfaGG}μ’UGPhysicalrReviewrDSG
2018SGbaSG 4.9 8

305 vμΛsurμmμntsGoνGtτμGγχννμrμntχΛlGψμtGαrossGsμαtχonGΛsGΛGνunαtχonGoνGtτμGψμtGmΛssGχnGγχψμtGμvμntsGνromG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

304 vμΛsurμmμntsGoνGqχππsGΞosonGpropμrtχμsGχnGtτμGγχpτotonGγμαΛyGατΛnnμlGχnGprotonTprotonGαollχsχonsG
ΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 37
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303 nvμntGsτΛpμGvΛrχΛΞlμsGmμΛsurμγGusχnπGmultχψμtGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

302 |μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGτχπτTmΛssGγχpτotonGμvμntsGνromGprotonTprotonG
αollχsχonsGΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2018SGbaSG 4.9 14

301 |μΛrατGνorGuμptoquΛrksGlouplμγGtoG}τχrγTpμnμrΛtχonGzuΛrksGχnGyrotonTyrotonGlollχsχonsGΛtG
sqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2018SGXYXSGY[XaWY 7.4 20

300 |μΛrατGνorGlonπTlχvμγGpΛrtχαlμsGwχtτGγχsplΛαμγGvμrtχαμsGχnGmultχψμtGμvμntsGχnGprotonTprotonGαollχsχonsG
ΛtGsfXZGG}μ’UGPhysicalrReviewrDSG2018SGbaSG 4.9 12

299 vμΛsurμmμntGoνGψμtGsuΞstruαturμGoΞsμrvΛΞlμsGχnGtt´flGμvμntsGνromGprotonTprotonGαollχsχonsGΛtG
sfXZGG}μ’UGPhysicalrReviewrDSG2018SGbaSG 4.9 12

298
|μΛrατμsGνorGpΛχrGproγuαtχonGoνGατΛrπχnosGΛnγGtopGsquΛrksGχnGνχnΛlGstΛtμsGwχtτGtwoGopposχtμlyG
ατΛrπμγGlμptonsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 12

297
|μΛrατGνorGnΛrrowGΛnγGΞroΛγGγχψμtGrμsonΛnαμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’GΛnγG
αonstrΛχntsGonGγΛrkGmΛttμrGmμγχΛtorsGΛnγGotτμrGnμwGpΛrtχαlμsUGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 50

296 |μΛrατGνorG±˛‡GrμsonΛnαμsGusχnπGlμptonχαGΛnγGτΛγronχαGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

295 vμΛsurμmμntGoνGtτμGproγuαtχonGαrossGsμαtχonGνorGsχnπlμGtopGquΛrksGχnGΛssoαχΛtχonGwχtτG–GΞosonsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

294 |μΛrατGνorGΞlΛαkGτolμsGΛnγGspτΛlμronsGχnGτχπτTmultχplχαχtyGνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 9

293 |μΛrατGνorGsupμrsymmμtryGχnGμvμntsGwχtτGΛGˇ�GlμptonGpΛχrGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

292 |μΛrατGνorGtτμGγμαΛyGoνGΛGqχππsGΞosonGχnGtτμGâ��â�� ˛‡GατΛnnμlGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

291 yμrνormΛnαμGoνGrμαonstruαtχonGΛnγGχγμntχνχαΛtχonGoνGˇ�GlμptonsGγμαΛyχnπGtoGτΛγronsGΛnγGvˇ�GχnGppG
αollχsχonsGΛtGâ��sfXZG}μ’UGJournalrofrInstrumentationSG2018SGXZSGyXWWW]TyXWWW] 1 29

290 nvχγμnαμGνorGtτμGjssoαχΛtμγGyroγuαtχonGoνGΛG|χnπlμG}opGzuΛrkGΛnγGΛGyτotonGχnGyrotonTyrotonG
lollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG2018SGXYXSGYYXaWY 7.4 6

289 |μΛrατGνorGtτχrγTπμnμrΛtχonGsαΛlΛrGlμptoquΛrksGγμαΛyχnπGtoGΛGtopGquΛrkGΛnγGΛGlμptonGΛtUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG_W_ 4.2 23

288 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorGΞosonGproγuαtχonGχnGΛssoαχΛtχonGwχtτGψμtsGχnG
protonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2018SG_aSGb^] 4.2 19

287 |tuγχμsGoνGΛnγGmμsonsGχnαluγχnπGtτμGoΞsμrvΛtχonGoνGtτμGγμαΛyGχnGprotonTprotonGαollχsχonsGΛtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGbZb 4.2 12

286 xΞsμrvΛtχonGoνGtτμG±Tgˇ�â��√{R}â��√{T}GmμαΛyGχnGppGlollχsχonsGΛtGsqrt[s−fXZGG}μ’UGPhysicalrReviewrLettersSG
2018SGXYXSGX[XaWX 7.4 1
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285 |μΛrατGνorGΛGτμΛvyGrμsonΛnαμGγμαΛyχnπGχntoGΛG±GΞosonGΛnγGΛG±GorG–GΞosonGχnGYâ��YqGνχnΛlGstΛtμsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

284 vμΛsurμmμntGoνGατΛrπμγGpΛrtχαlμGspμαtrΛGχnGmχnχmumTΞχΛsGμvμntsGνromGprotonTprotonGαollχsχonsGΛtUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG^b_ 4.2 9

283 |μΛrατGνorGlμptonTνlΛvorGvχolΛtχnπGγμαΛysGoνGτμΛvyGrμsonΛnαμsGΛnγGquΛntumGΞlΛαkGτolμsGtoGμ˛…GνχnΛlG
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224 |μΛrατGνorGμlμαtrowμΛkGproγuαtχonGoνGΛGvμαtorTlχkμGquΛrkGγμαΛyχnπGtoGΛGtopGquΛrkGΛnγGΛGqχππsGΞosonG
usχnπGΞoostμγGtopoloπχμsGχnGνullyGτΛγronχαGνχnΛlGstΛtμsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 9

223 vμΛsurμmμntGoνGtτμGtrΛnsvμrsμGmomμntumGspμαtrΛGoνGwμΛkGvμαtorGΞosonsGproγuαμγGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 15

222 |upprμssχonGΛnγGΛzχmutτΛlGΛnχsotropyGoνGpromptGΛnγGnonpromptG[oormulΛcGsμμGtμxt−GproγuαtχonGχnG
yΞyΞGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2017SG__SGY]Y 4.2 58

221 |μΛrατμsGνorGpΛχrGproγuαtχonGoνGtτχrγTπμnμrΛtχonGsquΛrksGχnG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−G
ppGαollχsχonsUGEuropeanrPhysicalrJournalrCSG2017SG__SGZY_ 4.2 17

220 vμΛsurμmμntGoνGtτμGtopGquΛrkGmΛssGusχnπGsχnπlμGtopGquΛrkGμvμntsGχnGprotonTprotonGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−´ }μ’UGEuropeanrPhysicalrJournalrCSG2017SG__SGZ][ 4.2 8

219 |μΛrατμsGνorGχnvχsχΞlμGγμαΛysGoνGtτμGqχππsGΞosonGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfG_SGaSGΛnγGXZG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 74

218 |μΛrατGνorGmΛssχvμGrμsonΛnαμsGγμαΛyχnπGχntoG––SG–±GorG±±GΞosonsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

217 |μΛrατGνorGγΛrkGmΛttμrGproγuαμγGχnGΛssoαχΛtχonGwχtτGτμΛvyTνlΛvorGquΛrkGpΛχrsGχnGprotonTprotonG
αollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2017SG__SGa[] 4.2 22

216
vμΛsurμmμntGoνGμlμαtrowμΛkTχnγuαμγGproγuαtχonGoνG–˛‡GwχtτGtwoGψμtsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG
}μ’GΛnγGαonstrΛχntsGonGΛnomΛlousGquΛrtχαGπΛuπμGαouplχnπsUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 9

215 |μΛrατμsGνorG–hGΞosonsGγμαΛyχnπGtoGΛGtopGquΛrkGΛnγGΛGΞottomGquΛrkGχnGprotonTprotonGαollχsχonsGΛtG
XZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

214 vμΛsurμmμntGoνGtτμGχnαlusχvμGμnμrπyGspμαtrumGχnGtτμGvμryGνorwΛrγGγχrμαtχonGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 5
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213 |μΛrατGνorGγχrμαtGproγuαtχonGoνGsupμrsymmμtrχαGpΛrtnμrsGoνGtτμGtopGquΛrkGχnGtτμGΛllTψμtsGνχnΛlGstΛtμG
χnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 18

212 |μΛrατGνorGμlμαtrowμΛkGproγuαtχonGoνGατΛrπχnosGΛnγGnμutrΛlχnosGχnG–qGμvμntsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

211
|μΛrατGνorGpΛχrGproγuαtχonGoνGvμαtorTlχkμG}GΛnγGkGquΛrksGχnGsχnπlμTlμptonGνχnΛlGstΛtμsGusχnπGΞoostμγG
ψμtGsuΞstruαturμGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 20

210 |μΛrατGνorGtopGsquΛrkGpΛχrGproγuαtχonGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’GusχnπGsχnπlμGlμptonG
μvμntsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 25

209 |μΛrατGνorGtopGquΛrkGγμαΛysGvχΛGqχππsTΞosonTmμγχΛtμγGνlΛvorTατΛnπχnπGnμutrΛlGαurrμntsGχnGppG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 12

208
vμΛsurμmμntGoνGtτμGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGproγuαtχonGαrossGsμαtχonGusχnπGμvμntsGwχtτG
onμGlμptonGΛnγGΛtGlμΛstGonμGψμtGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 14

207 |μΛrατGνorGΛGτμΛvyGrμsonΛnαμGγμαΛyχnπGtoGΛGtopGquΛrkGΛnγGΛGvμαtorTlχkμGtopGquΛrkGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

206
|μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGμvμntsGwχtτGtwoGlμptonsGoνGsΛmμGsχπnSGmχssχnπG
trΛnsvμrsμGmomμntumSGΛnγGψμtsGχnGprotonTprotonGαollχsχonsGΛtUGEuropeanrPhysicalrJournalrCSG2017SG
__SG]_a

4.2 21

205 |μΛrατGνorGtopGquΛrkGpΛrtnμrsGwχtτGατΛrπμG]VZGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 3

204 |μΛrατGνorGlχπτtGΞosonsGχnGγμαΛysGoνGtτμGXY]Gpμ’GqχππsGΞosonGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 21

203 vμΛsurμmμntsGoνGψμtGατΛrπμGwχtτGγχψμtGμvμntsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 10

202 |μΛrατGνorGΛssoαχΛtμγGproγuαtχonGoνGΛG±GΞosonGwχtτGΛGsχnπlμGtopGquΛrkGΛnγGνorGt±GνlΛvourTατΛnπχnπG
χntμrΛαtχonsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 10

201 |μΛrατGνorGnμwGpτysχαsGwχtτGγχψμtGΛnπulΛrGγχstrχΞutχonsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

200 |μΛrατGνorGγΛrkGmΛttμrGproγuαμγGwχtτGΛnGμnμrπμtχαGψμtGorGΛGτΛγronχαΛllyGγμαΛyχnπG–GorG±GΞosonGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 46

199
|μΛrατGνorGtτχrγTπμnμrΛtχonGsαΛlΛrGlμptoquΛrksGΛnγGτμΛvyGrχπτtTτΛnγμγGnμutrχnosGχnGνχnΛlGstΛtμsGwχtτG
twoGtΛuGlμptonsGΛnγGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2017SGYWX_SGX

5.4 35

198 |μΛrατGνorGnμwGpτμnomμnΛGwχtτGmultχplμGατΛrπμγGlμptonsGχnGprotonâ��protonGαollχsχonsGΛtGOsqrt{s}fG
XZPGOStμxtG{}μ’}PUGEuropeanrPhysicalrJournalrCSG2017SG__SGX 4.2 2

197 |μΛrατGνorGτμΛvyGrμsonΛnαμsGtτΛtGγμαΛyGχntoGΛGvμαtorGΞosonGΛnγGΛGqχππsGΞosonGχnGτΛγronχαGνχnΛlG
stΛtμsGΛtUGEuropeanrPhysicalrJournalrCSG2017SG__SG^Z^ 4.2 20

196 |μΛrατGνorGτχπτTmΛssG±˛‡GrμsonΛnαμsGχnGμRμâ��˛‡GΛnγG˛…GRG˛…Gâ��˛‡GνχnΛlGstΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}faGPGΛnγGXZG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4
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195
|μΛrατGνorGτμΛvyGnμutrχnosGorGtτχrγTπμnμrΛtχonGlμptoquΛrksGχnGνχnΛlGstΛtμsGwχtτGtwoGτΛγronχαΛllyG
γμαΛyχnπGˇ�GlμptonsGΛnγGtwoGψμtsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 18

194 |μΛrατGνorGlyGvχolΛtχonGχnGOGtovμrlχnμ{t}GPGproγuαtχonGΛnγGγμαΛyGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

193 vμΛsurμmμntGoνGtτμGtrχplμTγχννμrμntχΛlGγχψμtGαrossGsμαtχonGχnGprotonTprotonGαollχsχonsGΛtGΛnγG
αonstrΛχntsGonGpΛrtonGγχstrχΞutχonGνunαtχonsUGEuropeanrPhysicalrJournalrCSG2017SG__SG_[^ 4.2 8

192 |μΛrατGνorGΛGlχπτtGpsμuγosαΛlΛrGqχππsGΞosonGproγuαμγGχnGΛssoαχΛtχonGwχtτGΞottomGquΛrksGχnGppG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

191
|μΛrατGνorGsupμrsymmμtryGχnGμvμntsGwχtτGΛtGlμΛstGonμGpτotonSGmχssχnπGtrΛnsvμrsμGmomμntumSGΛnγG
lΛrπμGtrΛnsvμrsμGμvμntGΛαtχvχtyGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 10

190 jGnovμlGoypjTΞΛsμγGtrΛαkGrμαonstruαtχonGΛpproΛατGνorGtτμGlμvμlTXGtrχππμrGoνGtτμGlv|GμxpμrχmμntGΛtG
ln{wG2017SG 1

189 vμΛsurμmμntsGoνGpropμrtχμsGoνGtτμGqχππsGΞosonGγμαΛyχnπGχntoGtτμGνourTlμptonGνχnΛlGstΛtμGχnGppG
αollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 77

188 jnGoypjGΞΛsμγGtrΛαkGνχnγμrGνorGtτμGuXGtrχππμrGoνGtτμGlv|GμxpμrχmμntGΛtGtτμGqχπτGuumχnosχtyGuqlUG
JournalrofrInstrumentationSG2017SGXYSGyXYWXbTyXYWXb 1 20

187 |μΛrατGνorGγΛrkGmΛttμrGΛnγGunpΛrtχαlμsGχnGμvμntsGwχtτGΛG±GΞosonGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumG
χnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 16

186 oorwΛrγTΞΛαkwΛrγGΛsymmμtryGoνGmrμllT¯ΛnGlμptonGpΛχrsGχnGppGαollχsχonsGΛtG[oormulΛcGsμμG
tμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZY] 4.2 13

185 |μΛrατGνorGnμwGpτysχαsGχnGsΛmμTsχπnGγχlμptonGμvμntsGχnGprotonTprotonGαollχsχonsGΛtG[oormulΛcGsμμG
tμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[Zb 4.2 34

184 jnGoypjTΞΛsμγGtrΛαkGνχnγμrGνorGtτμGuXGtrχππμrGoνGtτμGlv|GμxpμrχmμntGΛtGtτμGτχπτGlumχnosχtyGuqlG
2016SG 4

183 vμΛsurμmμntGoνGγχψμtGΛzχmutτΛlGγμαorrμlΛtχonGχnGpp´ αollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2016SG_^SG]Z^ 4.2 6

182 |μΛrατGνorGγΛrkGmΛttμrGpΛrtχαlμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’GusχnπGtτμGrΛzorG
vΛrχΛΞlμsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 2

181 |μΛrατGνorGsGατΛnnμlGsχnπlμGtopGquΛrkGproγuαtχonGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 8

180 vμΛsurμmμntGoνGχnαlusχvμGψμtGproγuαtχonGΛnγGnuαlμΛrGmoγχνχαΛtχonsGχnGpyΞGαollχsχonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZ_Y 4.2 24

179
vμΛsurμmμntGoνGγχννμrμntχΛlGΛnγGχntμπrΛtμγGνχγuαχΛlGαrossGsμαtχonsGνorGqχππsGΞosonGproγuαtχonGχnG
tτμGνourTlμptonGγμαΛyGατΛnnμlGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX

5.4 15

178 vμΛsurμmμntGoνGtτμGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGproγuαtχonGαrossGsμαtχonGχnGtτμGμ˛…GατΛnnμlGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 30
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177 |μΛrατGνorGnμwGpτysχαsGwχtτGtτμGvG}YGvΛrχΛΞlμGχnGΛllTψμtsGνχnΛlGstΛtμsGproγuαμγGχnGppGαollχsχonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 16

176 |μΛrατGνorGγΛrkGmΛttμrGχnGprotonTprotonGαollχsχonsGΛtGaG}μ’GwχtτGmχssχnπGtrΛnsvμrsμGmomμntumGΛnγG
vμαtorGΞosonGtΛππμγGψμtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

175 nvχγμnαμGνorGμxαlusχvμG˛‡˛‡GTgG–GRG–Gâ��GproγuαtχonGΛnγGαonstrΛχntsGonGΛnomΛlousGquΛrtχαGπΛuπμG
αouplχnπsGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 27

174 |μΛrατGνorGsupμrsymmμtryGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’GχnGtτμGsχnπlμTlμptonGνχnΛlGstΛtμGusχnπG
tτμGsumGoνGmΛssμsGoνGlΛrπμTrΛγχusGψμtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 7

173 |μΛrατGνorGγχrμαtGpΛχrGproγuαtχonGoνGsupμrsymmμtrχαGtopGquΛrksGγμαΛyχnπGtoGΛllTτΛγronχαGνχnΛlGstΛtμsG
χnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^W 4.2 14

172 jzχmutτΛlGγμαorrμlΛtχonGoνGψμtsGwχγμlyGsμpΛrΛtμγGχnGrΛpχγχtyGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

171 yτμnomμnoloπχαΛlGv||vGχntμrprμtΛtχonGoνGlv|GsμΛrατμsGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 11

170 vμΛsurμmμntGoνGtτμGmΛssGoνGtτμGtopGquΛrkGχnGγμαΛysGwχtτGΛGsVˇ�GmμsonGχnGppGαollχsχonsGΛtGaG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 5

169 vμΛsurμmμntGoνGtτμGχnαlusχvμGψμtGαrossGsμαtχonGχnGppGαollχsχonsGΛtGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX 4.2 17

168
vμΛsurμmμntGoνG[oormulΛcGsμμGtμxt−GproγuαtχonGwχtτGΛγγχtχonΛlGψμtGΛαtχvχtySGχnαluγχnπG[oormulΛcGsμμG
tμxt−GquΛrkGψμtsSGχnGtτμGγχlμptonGγμαΛyGατΛnnμlGusχnπGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2016SG_^SGZ_b

4.2 20

167 vμΛsurμmμntGoνGtτμGγχννμrμntχΛlGαrossGsμαtχonGΛnγGατΛrπμGΛsymmμtryGνorGχnαlusχvμG[oormulΛcGsμμG
tμxt−GproγuαtχonGΛtG[oormulΛcGsμμGtμxt−G}μ’UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^b 4.2 37

166 xΞsμrvΛtχonGoνGtopGquΛrkGpΛχrsGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGvμαtorGΞosonGχnGppGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 18

165 |μΛrατGνorG–hGTgGtΞGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2016SGYWX^SGX 5.4 2

164 lorrμlΛtχonsGΞμtwμμnGψμtsGΛnγGατΛrπμγGpΛrtχαlμsGχnGyΞyΞGΛnγGppGαollχsχonsGΛtGOG
sqrt{s≥{mΛtτrm{ww}}}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

163 |μΛrατGνorGtτμGproγuαtχonGoνGΛnGμxαχtμγGΞottomGquΛrkGγμαΛyχnπGtoGt–GχnGprotonTprotonGαollχsχonsGΛtG
OGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 2

162 |μΛrατGνorGμxαχtμγGlμptonsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX 5.4 10

161 vμΛsurμmμntGoνGtτμG[oormulΛcGsμμGtμxt−GproγuαtχonGαrossGsμαtχonGχnGtτμGΛllTψμtsGνχnΛlGstΛtμGχnGppG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXYa 4.2 21

160 nvμntGπμnμrΛtorGtunμsGoΞtΛχnμγGνromGunγμrlyχnπGμvμntGΛnγGmultχpΛrtonGsαΛttμrχnπGmμΛsurμmμntsUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX]] 4.2 250
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159 |μΛrατGνorGmΛssχvμG–qGrμsonΛnαμsGγμαΛyχnπGχntoGtτμG[oormulΛcGsμμGtμxt−GνχnΛlGstΛtμGΛtG[oormulΛcGsμμG
tμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGYZ_ 4.2 19

158 |μΛrατGνorGΛGmΛssχvμGrμsonΛnαμGγμαΛyχnπGχntoGΛGqχππsGΞosonGΛnγGΛG–GorG±GΞosonGχnGτΛγronχαGνχnΛlG
stΛtμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

157 vμΛsurμmμntGoνGtopGquΛrkGpolΛrχsΛtχonGχnGtTατΛnnμlGsχnπlμGtopGquΛrkGproγuαtχonUGJournalrofrHighr
EnergyrPhysicsSG2016SGYWX^SGX 5.4 7

156 |μΛrατGνorGτμΛvyGvΛψorΛnΛGnμutrχnosGχnGμ´–μ´–RGψμtsGΛnγGμ´–G˛…G´–RGψμtsGμvμntsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 28

155
|μΛrατGνorGΛGvμryGlχπτtGwv||vGqχππsGΞosonGproγuαμγGχnGγμαΛysGoνGtτμGXY]Gpμ’GsαΛlΛrGΞosonGΛnγG
γμαΛyχnπGχntoGˇ�GlμptonsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 16

154 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorGqχππsGΞosonGproγuαtχonGχnGtτμGγχpτotonGγμαΛyG
ατΛnnμlGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXZ 4.2 35

153
|μΛrατGνorGnμwGpτysχαsGχnGνχnΛlGstΛtμsGwχtτGtwoGopposχtμTsχπnSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnγGmχssχnπG
trΛnsvμrsμGmomμntumGχnGppGαollχsχonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 7

152 mμαomposχnπGtrΛnsvμrsμGmomμntumGΞΛlΛnαμGαontrχΞutχonsGνorGquμnατμγGψμtsGχnGyΞyΞGαollχsχonsGΛtGOG
sqrt{s≥{mΛtτrm{w}dmΛtτrm{w}}}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 13

151 vμΛsurμmμntGoνGtτμGγouΞlμTγχννμrμntχΛlGχnαlusχvμGψμtGαrossGsμαtχonGχnGprotonTprotonGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[]X 4.2 36

150 }rΛppχnπGχnGprotonGχrrΛγχΛtμγGpRTnTnRsχlχαonGsμnsorsGΛtGνluμnαμsGΛntχαχpΛtμγGΛtGtτμGquTuqlGoutμrG
trΛαkμrUGJournalrofrInstrumentationSG2016SGXXSGyW[WYZTyW[WYZ 1 8

149 vμΛsurμmμntGoνGtτμG[oormulΛcGsμμGtμxt−GαrossGsμαtχonGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−G}μ’ΛnγG
lχmχtsGonGΛnomΛlousGπΛuπμGαouplχnπsUGEuropeanrPhysicalrJournalrCSG2016SG_^SG[WX 4.2 38

148 |μΛrατGνorGτμΛvyGrμsonΛnαμsGγμαΛyχnπGtoGtwoGqχππsGΞosonsGχnGνχnΛlGstΛtμsGαontΛχnχnπGνourGΞGquΛrksUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGZ_X 4.2 25

147 |μΛrατGνorGqχππsGΞosonGoννTsτμllGproγuαtχonGχnGprotonTprotonGαollχsχonsGΛtG_GΛnγGaG}μ’GΛnγG
γμrχvΛtχonGoνGαonstrΛχntsGonGχtsGtotΛlGγμαΛyGwχγtτUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

146
|μΛrατGνorGlμptonGνlΛvourGvχolΛtχnπGγμαΛysGoνGτμΛvyGrμsonΛnαμsGΛnγGquΛntumGΞlΛαkGτolμsGtoGΛnG
[oormulΛcGsμμGtμxt−GpΛχrGχnGprotonTprotonGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalr
CSG2016SG_^SGZX_

4.2 9

145 vμΛsurμmμntGoνGμlμαtrowμΛkGproγuαtχonGoνGΛG–GΞosonGΛnγGtwoGνorwΛrγGψμtsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 4

144 vμΛsurμmμntGoνGtrΛnsvμrsμGmomμntumGrμlΛtχvμGtoGγχψμtGsystμmsGχnGyΞyΞGΛnγGppGαollχsχonsGΛtGOG
sqrt{s≥{mΛtτrm{ww}}}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

143 |μΛrατGνorGΛnomΛlousGsχnπlμGtopGquΛrkGproγuαtχonGχnGΛssoαχΛtχonGwχtτGΛGpτotonGχnGppGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 20

142 |μΛrατGνorGγχrμαtGpΛχrGproγuαtχonGoνGsαΛlΛrGtopGquΛrksGχnGtτμGsχnπlμTGΛnγGγχlμptonGατΛnnμlsGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 6
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141 |μΛrατGνorGtτμGΛssoαχΛtμγGproγuαtχonGoνGΛGqχππsGΞosonGwχtτGΛGsχnπlμGtopGquΛrkGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 10

140 |μΛrατGνorGΛGstΛnγΛrγGmoγμlGqχππsGΞosonGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGtopTquΛrkGpΛχrGΛnγG
γμαΛyχnπGtoGΞottomGquΛrksGusχnπGΛGmΛtrχxGμlμmμntGmμtτoγUGEuropeanrPhysicalrJournalrCSG2015SG_]SGY]X 4.2 55

139 vμΛsurμmμntGoνGμlμαtrowμΛkGproγuαtχonGoνGtwoGψμtsGχnGΛssoαχΛtχonGwχtτGΛG±GΞosonGχnGprotonTprotonG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SG^^ 4.2 21

138 vμΛsurμmμntsGoνGγχννμrμntχΛlGΛnγGγouΞlμTγχννμrμntχΛlGmrμllT¯ΛnGαrossGsμαtχonsGχnGprotonTprotonG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGX[_ 4.2 50

137 |μΛrατGνorGγμαΛysGoνGstoppμγGlonπTlχvμγGpΛrtχαlμsGproγuαμγGχnGprotonTprotonGαollχsχonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGX]X 4.2 33

136 vμΛsurμmμntGoνGtτμG–GΞosonGτμlχαχtyGχnGμvμntsGwχtτGΛGsχnπlμGrμαonstruαtμγGtopGquΛrkGχnGppG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 19

135
vμΛsurμmμntGoνGtτμGrΛtχoGoνGtτμGproγuαtχonGαrossGsμαtχonsGtχmμsGΞrΛnατχnπGνrΛαtχonsGoνGkG´–αGGTgGsVˇ�ˇ�G
´–GΛnγGk´–GTgGsVˇ�tG´–GΛnγGOGmΛtτrm{mΛtταΛl{k}}lμνtO{mΛtτrm{k}}≥{mΛtτrm{α}}√{pm}toGmΛtτrm{s}VpsχG
{pχ}√{pmG}{pχ}√{pmG}{pχ}√{mp}rχπτtPVmΛtτrm{mΛtταΛl{k}}lμνtO{mΛtτrm{k}}≥{mΛtτrm{α}}√{pm}toG
mΛtτrm{s}VpsχG{pχ}√{pm}rχπτtPGPGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2015SGYWX]SGX

5.4 13

134 |μΛrατGνorGγχsΛppμΛrχnπGtrΛαksGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyr
PhysicsSG2015SGYWX]SGX 5.4 35

133 |tuγyGoνG±GproγuαtχonGχnGyΞyΞGΛnγGppGαollχsχonsGΛtGOGsqrt{s≥{mΛtτrm{ww}}}fYU_^GPG}μ’GχnGtτμGγχmuonG
ΛnγGγχμlμαtronGγμαΛyGατΛnnμlsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 18

132 |μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGγχlμptonGmΛssGspμαtrΛGχnGprotonTprotonGαollχsχonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 69

131 vμΛsurμmμntGoνGtτμGunγμrlyχnπGμvμntGΛαtχvχtyGusχnπGατΛrπμγTpΛrtχαlμGψμtsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}fYU_^GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 6

130 |μΛrατGνorGγΛrkGmΛttμrSGμxtrΛGγχmμnsχonsSGΛnγGunpΛrtχαlμsGχnGmonoψμtGμvμntsGχnGprotonTprotonG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGYZ] 4.2 250

129
lonstrΛχntsGonGpΛrtonGγχstrχΞutχonGνunαtχonsGΛnγGμxtrΛαtχonGoνGtτμGstronπGαouplχnπGαonstΛntGνromG
tτμGχnαlusχvμGψμtGαrossGsμαtχonGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2015SG_]SGYaa

4.2 37

128 wuαlμΛrGμννμαtsGonGtτμGtrΛnsvμrsμGmomμntumGspμαtrΛGoνGατΛrπμγGpΛrtχαlμsGχnGpyΞGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGYZ_ 4.2 48

127 mχstrχΞutχonsGoνGtopoloπχαΛlGoΞsμrvΛΞlμsGχnGχnαlusχvμGtτrμμTGΛnγGνourTψμtGμvμntsGχnGppGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2015SG_]SGZWY 4.2 4

126
lonstrΛχntsGonGtτμGpv||vSGjv|kGmoγμlGΛnγGonGotτμrGmoγμlsGνromGtτμGsμΛrατGνorGlonπTlχvμγG
ατΛrπμγGpΛrtχαlμsGχnGprotonTprotonGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG
2015SG_]SGZY]

4.2 24

125
|μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGμvμntsGwχtτGtwoGlμptonsSGψμtsSGΛnγGmχssχnπG
trΛnsvμrsμGmomμntumGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SG
YWX]SGX

5.4 22

124 |μΛrατGνorGtτχrγTπμnμrΛtχonGsαΛlΛrGlμptoquΛrksGχnGtτμGtˇ�GατΛnnμlGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 19
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123 |μΛrατμsGνorGsupμrsymmμtryGusχnπGtτμGvG}YGvΛrχΛΞlμGχnGτΛγronχαGμvμntsGproγuαμγGχnGppGαollχsχonsGΛtG
aG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 26

122 |μΛrατμsGνorGtτχrγTπμnμrΛtχonGsquΛrkGproγuαtχonGχnGνullyGτΛγronχαGνχnΛlGstΛtμsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 33

121 |μΛrατGνorGtτμGproγuαtχonGoνGγΛrkGmΛttμrGχnGΛssoαχΛtχonGwχtτGtopTquΛrkGpΛχrsGχnGtτμGsχnπlμTlμptonG
νχnΛlGstΛtμGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 17

120 |μΛrατGνorGΛGατΛrπμγGqχππsGΞosonGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2015SGYWX]SGX 5.4 61

119 |μΛrατGνorGsupμrsymmμtryGχnGtτμGvμαtorTΞosonGνusχonGtopoloπyGχnGprotonTprotonGαollχsχonsGΛtGOG
sqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 11

118 |μΛrατGνorGΛGlχπτtGατΛrπμγGqχππsGΞosonGγμαΛyχnπGtoGOGmΛtτrm{α}ovμrlχnμ{mΛtτrm{s}}GPGχnGppGαollχsχonsG
ΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

117 |μΛrατGνorGvμαtorTlχkμG}GquΛrksGγμαΛyχnπGtoGtopGquΛrksGΛnγGqχππsGΞosonsGχnGtτμGΛllTτΛγronχαGατΛnnμlG
usχnπGψμtGsuΞstruαturμUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 16

116 |μΛrατGνorGnμutrΛlGαolorToαtμtGwμΛkTtrχplμtGsαΛlΛrGpΛrtχαlμsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}faGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4

115 |μΛrατGνorGΛGqχππsGΞosonGχnGtτμGmΛssGrΛnπμGνromGX[]GtoGXWWWGpμ’GγμαΛyχnπGtoGΛGpΛχrGoνG–GorG±G
ΞosonsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 73

114
yrμαχsμGγμtμrmχnΛtχonGoνGtτμGmΛssGoνGtτμGqχππsGΞosonGΛnγGtμstsGoνGαompΛtχΞχlχtyGoνGχtsGαouplχnπsG
wχtτGtτμGstΛnγΛrγGmoγμlGprμγχαtχonsGusχnπGprotonGαollχsχonsGΛtG_GΛnγGa[oormulΛcGsμμGtμxt−UGEuropeanr
PhysicalrJournalrCSG2015SG_]SGYXY

4.2 399

113 vμΛsurμmμntGoνGtτμG±˛‡GproγuαtχonGαrossGsμαtχonGχnGppGαollχsχonsGΛtGaG}μ’GΛnγGsμΛrατGνorGΛnomΛlousG
trχplμGπΛuπμGΞosonGαouplχnπsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 7

112
vμΛsurμmμntGoνGtτμGχnαlusχvμGZTψμtGproγuαtχonGγχννμrμntχΛlGαrossGsμαtχonGχnGprotonTprotonGαollχsχonsG
ΛtG_G}μ’´ ΛnγGγμtμrmχnΛtχonGoνGtτμGstronπGαouplχnπGαonstΛntGχnGtτμG}μ’´ rΛnπμUGEuropeanrPhysicalr
JournalrCSG2015SG_]SGXa^

4.2 41

111 vμΛsurμmμntGoνGtτμGγχννμrμntχΛlGαrossGsμαtχonGνorGtopGquΛrkGpΛχrGproγuαtχonGχnGppGαollχsχonsGΛtG
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vμΛsurμmμntsGoνGtτμG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−GproγuαtχonGαrossGsμαtχonsGχnGtτμG
[oormulΛcGsμμGtμxt−GατΛnnμlGχnGprotonTprotonGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−GΛnγG[oormulΛcGsμμG
tμxt−GΛnγGαomΞχnμγGαonstrΛχntsGonGtrχplμGπΛuπμGαouplχnπsUGEuropeanrPhysicalrJournalrCSG2015SG_]SG]XX

4.2 25

109 lompΛrχsonGoνGtτμG±V˛‡GQGRGψμtsGtoG˛‡GRGψμtsGαrossGsμαtχonsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 5

108 |μΛrατGνorGnμutrΛlGv||vGqχππsGΞosonsGγμαΛyχnπGχntoGΛGpΛχrGoνGΞottomGquΛrksUGJournalrofrHighr
EnergyrPhysicsSG2015SGYWX]SGX 5.4 18

107 vμΛsurμmμntGoνGtτμGOGtovμrlχnμ{t}GPGproγuαtχonGαrossGsμαtχonGχnGtτμGγχlμptonGατΛnnμlGχnGppGαollχsχonsG
ΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 43
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fYU_^G}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 60
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105 vμΛsurμmμntGoνGΛssoαχΛtμγG–GRGατΛrmGproγuαtχonGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalrofr
HighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 37

104 |μΛrατGνorGnμwGpτysχαsGχnGμvμntsGwχtτGsΛmμTsχπnGγχlμptonsGΛnγGψμtsGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGaG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 38

103 |tuγχμsGoνGγχψμtGtrΛnsvμrsμGmomμntumGΞΛlΛnαμGΛnγGpsμuγorΛpχγχtyGγχstrχΞutχonsGχnGpyΞGαollχsχonsGΛtG
Osqrt{s≥{mΛtτrm{ww}}}GfG]UWYPGOStμxtG{}μ’}PUGEuropeanrPhysicalrJournalrCSG2014SG_[SGX 4.2 67

102 vμΛsurμmμntGoνG–±GΛnγG±±GproγuαtχonGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−GχnGνχnΛlGstΛtμsGwχtτG
ΞTtΛππμγGψμtsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGYb_Z 4.2 16

101 |μΛrατGνorGχnvχsχΞlμGγμαΛysGoνGqχππsGΞosonsGχnGtτμGvμαtorGΞosonGνusχonGΛnγGΛssoαχΛtμγG±qG
proγuαtχonGmoγμsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGYbaW 4.2 131

100 vμΛsurμmμntGoνGψμtGmultχplχαχtyGγχstrχΞutχonsGχnG[oormulΛcGsμμGtμxt−GproγuαtχonGχnGppGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZWX[ 4.2 11

99 |tuγyGoνGγouΞlμGpΛrtonGsαΛttμrχnπGusχnπG–GRGYTψμtGμvμntsGχnGprotonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfG_G
}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 61

98 nvμntGΛαtχvχtyGγμpμnγμnαμGoνGOG¯GPOn|PGproγuαtχonGχnGOGsqrt{{{s≥{wwG}}}}GPGfG]UWYG}μ’GpyΞGΛnγGOGsqrt{s}GPG
fGYU_^G}μ’GppGαollχsχonsUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 42

97 UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 18

96 nvχγμnαμGνorGtτμGXY]Gpμ’GqχππsGΞosonGγμαΛyχnπGtoGΛGpΛχrGoνGˇ�GlμptonsUGJournalrofrHighrEnergyrPhysics
SG2014SGYWX[SGX 5.4 101

95 |μΛrατGνorG–hGTgGtΞGγμαΛysGχnGtτμGlμptonGRGψμtsGνχnΛlGstΛtμGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 23

94 vμΛsurμmμntGoνGtτμGtrχplμTγχννμrμntχΛlGαrossGsμαtχonGνorGpτotonGRGψμtsGproγuαtχonGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 15

93 |μΛrατGνorGnμwGpτysχαsGχnGtτμGmultχψμtGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumGνχnΛlGstΛtμGχnG
protonTprotonGαollχsχonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 81

92 vμΛsurμmμntGoνGtτμGtTατΛnnμlGsχnπlμTtopTquΛrkGproγuαtχonGαrossGsμαtχonGΛnγGoνGtτμG|’GtΞ|GltvG
mΛtrχxGμlμmμntGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 48

91 vμΛsurμmμntGoνGtτμGproγuαtχonGαrossGsμαtχonsGνorGΛG±GΞosonGΛnγGonμGorGmorμGΞGψμtsGχnGppGαollχsχonsG
ΛtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 21

90 |μΛrατGνorGpΛχrGproγuαtχonGoνGμxαχtμγGtopGquΛrksGχnGtτμGlμptonGRGψμtsGνχnΛlGstΛtμUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 3

89 |μΛrατGνorGmΛssχvμGrμsonΛnαμsGχnGγχψμtGsystμmsGαontΛχnχnπGψμtsGtΛππμγGΛsG–GorG±GΞosonGγμαΛysGχnGppG
αollχsχonsGΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 74

88 |μΛrατGνorGmΛssχvμGrμsonΛnαμsGγμαΛyχnπGχntoGpΛχrsGoνGΞoostμγGΞosonsGχnGsμmχTlμptonχαGνχnΛlGstΛtμsG
ΛtGOGsqrt{s}GPGfGaG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 59
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87 vμΛsurμmμntGoνGtτμGtopTquΛrkGmΛssGχnGΛllTψμtsG[oormulΛcGsμμGtμxt−GμvμntsGχnGppGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−G}μ’UGEuropeanrPhysicalrJournalrCSG2014SG_[SGY_]a 4.2 21

86 |tuγyGoνGtτμGproγuαtχonGoνGατΛrπμγGpχonsSGkΛonsSGΛnγGprotonsGχnGpyΞGαollχsχonsGΛtG[oormulΛcGsμμG
tμxt−]UWY[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGYa[_ 4.2 71

85 yroΞχnπGαolorGαoτμrμnαμGμννμαtsGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG
2014SG_[SGYbWX 4.2 13

84 |μΛrατGνorGτμΛvyGnμutrχnosGΛnγG[oormulΛcGsμμGtμxt−GΞosonsGwχtτGrχπτtTτΛnγμγGαouplχnπsGχnG
protonTprotonGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZX[b 4.2 149

83 vμΛsurμmμntGoνGtopGquΛrkTΛntχquΛrkGpΛχrGproγuαtχonGχnGΛssoαχΛtχonGwχtτGΛG–GorG±GΞosonGχnGppG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZW^W 4.2 29

82 vμΛsurμmμntGoνGγχννμrμntχΛlGαrossGsμαtχonsGνorGtτμGproγuαtχonGoνGΛGpΛχrGoνGχsolΛtμγGpτotonsGχnGppG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZXYb 4.2 29

81 |μΛrατGνorGnμutrΛlGv||vGqχππsGΞosonsGγμαΛyχnπGtoGΛGpΛχrGoνGtΛuGlμptonsGχnGppGαollχsχonsUGJournalrofr
HighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 70

80 vμΛsurμmμntGoνGpsμuγorΛpχγχtyGγχstrχΞutχonsGoνGατΛrπμγGpΛrtχαlμsGχnGprotonâ��protonGαollχsχonsGΛtG
Osqrt{s}GfGaPG}μ’GΞyGtτμGlv|GΛnγG}x}nvGμxpμrχmμntsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGX 4.2 37

79 |μΛrατμsGνorGμlμαtrowμΛkGproγuαtχonGoνGατΛrπχnosSGnμutrΛlχnosSGΛnγGslμptonsGγμαΛyχnπGtoGlμptonsG
ΛnγG–SG±SGΛnγGqχππsGΞosonsGχnGppGαollχsχonsGΛtGa´ }μ’UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZWZ^ 4.2 183

78 vμΛsurμmμntGoνGpromptGsVˇ�GpΛχrGproγuαtχonGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfG_G}μvUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 41

77 xΞsμrvΛtχonGoνGtτμGγχpτotonGγμαΛyGoνGtτμGqχππsGΞosonGΛnγGmμΛsurμmμntGoνGχtsGpropμrtχμsUG
EuropeanrPhysicalrJournalrCSG2014SG_[SGZW_^ 4.2 239

76 |μΛrατGνorGtτμGΛssoαχΛtμγGproγuαtχonGoνGtτμGqχππsGΞosonGwχtτGΛGtopTquΛrkGpΛχrUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 45

75 |tuγyGoνGτΛγronχαGμvμntTsτΛpμGvΛrχΛΞlμsGχnGmultχψμtGνχnΛlGstΛtμsGχnGppGαollχsχonsGΛtGOGsqrt{s}GfG_GPG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 3

74 |μΛrατGνorGstΛnγΛrγGmoγμlGproγuαtχonGoνGνourGtopGquΛrksGχnGtτμGlμptonGRGψμtsGατΛnnμlGχnGppG
αollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 15

73 rγμntχνχαΛtχonGtματnχquμsGνorGτχπτlyGΞoostμγG–GΞosonsGtτΛtGγμαΛyGχntoGτΛγronsUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 32

72 vμΛsurμmμntGoνGqχππsGΞosonGproγuαtχonGΛnγGpropμrtχμsGχnGtτμG––GγμαΛyGατΛnnμlGwχtτGlμptonχαG
νχnΛlGstΛtμsUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 144

71 vμΛsurμmμntGoνGtτμGOGtovμrlχnμ{t}GPGproγuαtχonGαrossGsμαtχonGχnGtτμGγχlμptonGατΛnnμlGχnGppGαollχsχonsG
ΛtGOGsqrt{s}GPGfGaG}μ’G2014SGYWX[SGX 3

70 |μΛrατGνorGtτμGΛssoαχΛtμγGproγuαtχonGoνGtτμGqχππsGΞosonGwχtτGΛGtopTquΛrkGpΛχrG2014SGYWX[SGX 6
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69 |μΛrατGνorGmχαrosαopχαGΞlΛαkGτolμsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG}μ’UGJournalrofrHighrEnergyrPhysics
SG2013SGYWXZSGX 5.4 38

68 vμΛsurμmμntGoνGtτμGOGuΛmΞγΛ≥{mΛtτrm{Ξ}}√WGPGlχνμtχmμGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalr
ofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14

67 |μΛrατμsGνorGlonπTlχvμγGατΛrπμγGpΛrtχαlμsGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGf_GΛnγGaG}μ’UGJournalrofrHighr
EnergyrPhysicsSG2013SGYWXZSGX 5.4 96

66 |tuγyGoνGμxαlusχvμGtwoTpτotonGproγuαtχonGoνG–R–â��GχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’GΛnγG
αonstrΛχntsGonGΛnomΛlousGquΛrtχαGπΛuπμGαouplχnπsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 56

65 xΞsμrvΛtχonGoνGΛGnμwGΞosonGwχtτGmΛssGnμΛrGXY]Gpμ’GχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPGΛnγGaG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 261

64 |μΛrατGνorGtτμGstΛnγΛrγGmoγμlGqχππsGΞosonGproγuαμγGχnGΛssoαχΛtχonGwχtτGΛGtopTquΛrkGpΛχrGχnGppG
αollχsχonsGΛtGtτμGuqlUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 35

63 |tuγχμsGoνGψμtGmΛssGχnGγχψμtGΛnγG–V±GRGψμtGμvμntsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

62 vμΛsurμmμntGoνGtτμGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPGproγuαtχonGαrossGsμαtχonGχnGtτμGΛllTψμtGνχnΛlG
stΛtμGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14

61 vμΛsurμmμntGoνGtτμG OZa_YPGproγuαtχonGαrossGsμαtχonGvχΛGγμαΛysGtoGsVˇ�ˇ�GRGˇ�Gâ��GχnGppGαollχsχonsGΛtGOG
sqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 44

60 |tuγyGoνGtτμGunγμrlyχnπGμvμntGΛtGνorwΛrγGrΛpχγχtyGχnGppGαollχsχonsGΛtGOG
sqrt{s}fWUbSYU_^SdmΛtτrm{Λnγ}d_dmΛtτrm{}μ’}GPUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

59 |μΛrατGνorGnμwGpτysχαsGχnGμvμntsGwχtτGpτotonsSGψμtsSGΛnγGmχssχnπGtrΛnsvμrsμGμnμrπyGχnGppGαollχsχonsG
ΛtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 15

58 |μΛrατGνorGnμwGpτysχαsGχnGμvμntsGwχtτGsΛmμTsχπnGγχlμptonsGΛnγGΞGψμtsGχnGppGαollχsχonsGΛtGOGsqrt{s}faGPG
}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 33

57 |μΛrατGχnGlμptonχαGατΛnnμlsGνorGτμΛvyGrμsonΛnαμsGγμαΛyχnπGtoGlonπTlχvμγGnμutrΛlGpΛrtχαlμsUGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 30

56 |μΛrατGνorGμxotχαGrμsonΛnαμsGγμαΛyχnπGχntoG–±V±±GχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 16

55 |μΛrατGνorGsupμrsymmμtryGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−G}μ’GχnGμvμntsGwχtτGΛGsχnπlμGlμptonSG
ψμtsSGΛnγGmχssχnπGtrΛnsvμrsμGmomμntumUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[W[ 4.2 15

54 |μΛrατGνorGΛGstΛnγΛrγTmoγμlTlχkμGqχππsGΞosonGwχtτGΛGmΛssGχnGtτμGrΛnπμGX[]GtoGXWWWGpμ’GΛtGtτμGuqlUG
EuropeanrPhysicalrJournalrCSG2013SG_ZSGY[^b 4.2 49

53
vμΛsurμmμntGoνGtτμG–TΞosonGτμlχαχtyGχnGtopTquΛrkGγμαΛysGνromGOGmΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}GPG
proγuαtχonGχnGlμptonRψμtsGμvμntsGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG
2013SGYWXZSGX

5.4 25

52
|μΛrατGνorGsupμrsymmμtryGχnGτΛγronχαGνχnΛlGstΛtμsGwχtτGmχssχnπGtrΛnsvμrsμGμnμrπyGusχnπGtτμG
vΛrχΛΞlμsGΛnγGΞTquΛrkGmultχplχαχtyGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG
2013SG_ZSGY]^a

4.2 82
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51
vμΛsurμmμntGoνGtτμGτΛγronχαGΛαtχvχtyGχnGμvμntsGwχtτGΛG±GΛnγGtwoGψμtsGΛnγGμxtrΛαtχonGoνGtτμGαrossG
sμαtχonGνorGtτμGμlμαtrowμΛkGproγuαtχonGoνGΛG±GwχtτGtwoGψμtsGχnGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UG
JournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX

5.4 10

50 vμΛsurμmμntGoνGmΛssμsGχnGtτμG[oormulΛcGsμμGtμxt−GsystμmGΞyGkχnμmΛtχαGμnγpoχntsGχnGppGαollχsχonsGΛtG
[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[b[ 4.2 37

49 |μΛrατGνorGpτysχαsGΞμyonγGtτμGstΛnγΛrγGmoγμlGχnGμvμntsGwχtτGlμptonsSGψμtsSGΛnγGlΛrπμGtrΛnsvμrsμG
momμntumGχmΞΛlΛnαμGχnGppGαollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[bZ4.2 10

48 vμΛsurμmμntGoνGtτμGOmΛtτrm{t}ΞΛr{mΛtτrm{t}}PGproγuαtχonGαrossGsμαtχonGχnGtτμGˇ�RψμtsGατΛnnμlGχnGppG
αollχsχonsGΛtGOsqrt{s}f_GmΞox{}μ’}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 21

47 sμtGΛnγGunγμrlyχnπGμvμntGpropμrtχμsGΛsGΛGνunαtχonGoνGατΛrπμγTpΛrtχαlμGmultχplχαχtyGχnGprotonTprotonG
αollχsχonsGΛtG[oormulΛcGsμμGtμxt−UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY^_[ 4.2 24

46 |μΛrατGνorGtopTsquΛrkGpΛχrGproγuαtχonGχnGtτμGsχnπlμTlμptonGνχnΛlGstΛtμGχnGppGαollχsχonsGΛtGOsqrt{s}faG
mΛtτrm{}μ’}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 162

45 vμΛsurμmμntGoνGtτμGγχννμrμntχΛlGΛnγGγouΞlμTγχννμrμntχΛlGmrμllT¯ΛnGαrossGsμαtχonsGχnGprotonTprotonG
αollχsχonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 43

44 vμΛsurμmμntGoνGtτμGαrossGsμαtχonGΛnγGΛnπulΛrGαorrμlΛtχonsGνorGΛssoαχΛtμγGproγuαtχonGoνGΛG±GΞosonG
wχtτGΞGτΛγronsGχnGppGαollχsχonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 26

43
vμΛsurμmμntGoνGtτμGrΛtχoGoνGtτμGχnαlusχvμGZTψμtGαrossGsμαtχonGtoGtτμGχnαlusχvμGYTψμtGαrossGsμαtχonGχnG
ppGαollχsχonsGΛtGOsqrt{s}GfG_GmΛtτrm{}μ’}PGΛnγGνχrstGγμtμrmχnΛtχonGoνGtτμGstronπGαouplχnπGαonstΛntGχnG
tτμG}μ’GrΛnπμUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX

4.2 50

42 vμΛsurμmμntGoνGtτμG–R–â��GαrossGsμαtχonGχnGppGαollχsχonsGΛtGOsqrt{s}GfG_mΞox{G}μ’}PGΛnγGlχmχtsGonG
ΛnomΛlousG––˛‡GΛnγG––±GαouplχnπsUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 56

41 |μΛrατGνorGnΛrrowGrμsonΛnαμsGΛnγGquΛntumGΞlΛαkGτolμsGχnGχnαlusχvμGΛnγGΞTtΛππμγGγχψμtGmΛssGspμαtrΛG
νromGppGαollχsχonsGΛtGOGsqrt{s}f_GPG}μ’UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 37

40 vμΛsurμmμntGoνGtτμG±±GproγuαtχonGαrossGsμαtχonGΛnγGsμΛrατGνorGΛnomΛlousGαouplχnπsGχnGYâ��Yâ��hGνχnΛlG
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