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PhysicsSG2020SGYWYWSGX 5.4 9

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

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

504 jGmultτTητmμnsτonΛlGsμΛrγρGνorGnμwGρμΛvyGrμsonΛnγμsGημγΛyτnπGtoGαoostμηGSGSGorGαosonGpΛτrsGτnGtρμG
ητψμtGντnΛlGstΛtμGΛtGXZ´ UGEuropeanoPhysicaloJournaloCSG2020SGaWSGYZ_ 4.2 10

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

502 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGΛnηGγρΛrπμGrΛtτosGνorGTγρΛnnμlGsτnπlμGtopGquΛrkG
proηuγtτonGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSGZ_W 4.2 4

501
vμΛsurμmμntGoνGOραoxG{t}{αΛr{ραoxG{t}}}PGnormΛlτsμηGmultτTητννμrμntτΛlGγrossGsμγtτonsGτnGO{tμxtG
{p}}{tμxtG{p}}GPGγollτsτonsGΛtGOsqrt{s}fXZS{tμxtG{}μ’}}GPSGΛnηGsτmultΛnμousGημtμrmτnΛtτonGoνGtρμGstronπG
γouplτnπGstrμnπtρSGtopGquΛrkGpolμGmΛssSGΛnηGpΛrtonGητstrταutτonGνunγtτonsUGEuropeanoPhysicalo
JournaloCSG2020SGaWSGX

4.2 13

500
|μΛrγρGνorGΛGγρΛrπμηGqτππsGαosonGημγΛyτnπGτntoGtopGΛnηGαottomGquΛrksGτnGμvμntsGwτtρGμlμγtronsGorG
muonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX

5.4 16

499 mμpμnημnγμGoνGτnγlusτvμGψμtGproηuγtτonGonGtρμGΛntτTk}GητstΛnγμGpΛrΛmμtμrGτnGppGγollτsτonsGΛtGOG
sqrt{mΛtρrm{s}}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 3

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

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

496 rnvμstτπΛtτonGτntoGtρμGμvμntTΛγtτvτtyGημpμnημnγμGoνGhOn|PGrμlΛtτvμGproηuγtτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 3
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495 kosμTnτnstμτnGγorrμlΛtτonsGoνGγρΛrπμηGρΛηronsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 2

494 jGmμμpGwμurΛlGwμtworkGνorG|τmultΛnμousGnstτmΛtτonGoνGαGsμtGnnμrπyGΛnηG{μsolutτonUGComputingo
andoSoftwareoforoBigoScienceSG2020SG[SGXW 6 3

493 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGΛGvμγtorTlτkμG}GquΛrkGusτnπGνullyGρΛηronτγGντnΛlGstΛtμsUGJournalo
ofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 8

492
|μΛrγρGνorGΛGρμΛvyGpsμuηosγΛlΛrGqτππsGαosonGημγΛyτnπGτntoGΛGXY]Gpμ’GqτππsGαosonGΛnηGΛG±GαosonGτnG
ντnΛlGstΛtμsGwτtρGtwoGtΛuGΛnηGtwoGlτπρtGlμptonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2020SGYWYWSGX

5.4 5

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

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

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

488 vμΛsurμmμntGoνGquΛrkTGΛnηGπluonTlτkμGψμtGνrΛγtτonsGusτnπGψμtGγρΛrπμGτnGyαyαGΛnηGppGγollτsτonsGΛtG
]UWYG}μ’UGJournaloofoHighoEnergyoPhysicsSG2020SGYWYWSGX 5.4 4

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

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

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

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

483 |tuηyGoνGγμntrΛlGμxγlusτvμGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtGΛnηGXZ}μ’UGEuropeanoPhysicalo
JournaloCSG2020SGaWSG_Xa 4.2 2

482 |μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGμvμntsGwτtρGψμtsGΛnηGtwoGsΛmμTsτπnGorGΛtGlμΛstG
tρrμμGγρΛrπμηGlμptonsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2020SGaWSG_]Y 4.2 2

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

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

479 jzτmutρΛlGsμpΛrΛtτonGτnGnμΛrlyGαΛγkTtoTαΛγkGψμtGtopoloπτμsGτnGτnγlusτvμGYTGΛnηGZTψμtGμvμntsGτnG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSG__Z 4.2 0

478 |μΛrγρGνorGγρΛrπμηGqτππsGαosonsGτnGtρμGq´–GTgGˇ�´–˛‰ˇ�GημγΛyGγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 24
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477 |μΛrγρGνorGrμsonΛntGproηuγtτonGoνGsμγonηTπμnμrΛtτonGslμptonsGwτtρGsΛmμTsτπnGητmuonGμvμntsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZW] 4.2 2

476
|μΛrγρGνorGsupμrsymmμtryGwτtρGΛGγomprμssμηGmΛssGspμγtrumGτnGtρμGvμγtorGαosonGνusτonGtopoloπyG
wτtρGXTlμptonGΛnηGWTlμptonGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 8

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

474
|μΛrγρGνorGtρμGΛssoγτΛtμηGproηuγtτonGoνGtρμGqτππsGαosonGΛnηGΛGvμγtorGαosonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’GvτΛGqτππsGαosonGημγΛysGtoGˇ�GlμptonsUGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 3

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

472 lomατnμηGmμΛsurμmμntsGoνGqτππsGαosonGγouplτnπsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeano
PhysicaloJournaloCSG2019SG_bSG[YX 4.2 153

471 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGpρotonSGψμtsSGTψμtsSGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGXZUGEuropeanoPhysicaloJournaloCSG2019SG_bSG[[[ 4.2 1

470
vμΛsurμmμntsGoνGtρμGppGTgG–±GτnγlusτvμGΛnηGητννμrμntτΛlGproηuγtτonGγrossGsμγtτonsGΛnηGγonstrΛτntsG
onGγρΛrπμηGΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 10

469 vμΛsurμmμntGoνGtρμGproηuγtτonGγrossGsμγtτonSGtρμGtopGquΛrkGmΛssSGΛnηGtρμGstronπGγouplτnπG
γonstΛntGusτnπGητlμptonGμvμntsGτnGppGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZ^a 4.2 27

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

467
|μΛrγρGνorGnonrμsonΛntGqτππsGαosonGpΛτrGproηuγtτonGτnGtρμGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGντnΛlGstΛtμGΛtGOGsqrt{s}GPGfGXZG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 4

466 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGΛGqτππsGαosonGημγΛyτnπGtoGΛGpΛτrGoνGαottomG
quΛrksGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGYaW 4.2 12

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

464 |μΛrγρGνorGvμγtorTlτkμGquΛrksGτnGμvμntsGwτtρGtwoGopposτtμlyGγρΛrπμηGlμptonsGΛnηGψμtsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZ^[ 4.2 18

463 |μΛrγρGνorGsτnπlμGproηuγtτonGoνGvμγtorTlτkμGquΛrksGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGαosonGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGbW 4.2 6

462 |tuηyGoνGtρμGunημrlyτnπGμvμntGτnGtopGquΛrkGpΛτrGproηuγtτonGτnGγollτsτonsGΛtGXZUGEuropeanoPhysicalo
JournaloCSG2019SG_bSGXYZ 4.2 4

461 |μΛrγρGνorGrΛrμGημγΛysGoνGΛnηGqτππsGαosonsGtoGΛnηGΛGpρotonGτnGprotonTprotonGγollτsτonsGΛtGfGXZUG
EuropeanoPhysicaloJournaloCSG2019SG_bSGb[ 4.2 7

460 |μΛrγρGνorGnμwGpρysτγsGτnGντnΛlGstΛtμsGwτtρGΛGsτnπlμGpρotonGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 9
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459
vμΛsurμmμntsGoνGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGητννμrμntτΛlGγrossGsμγtτonsGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{mΛtρrm{s}}fXZGPG}μ’GusτnπGμvμntsGγontΛτnτnπGtwoGlμptonsUGJournaloofoHighoEnergyo
PhysicsSG2019SGYWXbSGX

5.4 15

458
|μΛrγρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}mΛtρrm{q}GPGproηuγtτonGτnGtρμGOGmΛtρrm{q}toG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGημγΛyGγρΛnnμlGwτtρGlμptonτγGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPG
ημγΛysGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX

5.4 17

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

456
vμΛsurμmμntGoνGτnγlusτvμGΛnηGητννμrμntτΛlGqτππsGαosonGproηuγtτonGγrossGsμγtτonsGτnGtρμGητpρotonG
ημγΛyGγρΛnnμlGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 8

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

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

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

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

451 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorGτnγlusτvμGτsolΛtμηTpρotonGΛnηGpρotonRψμtG
proηuγtτonGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGYW 4.2 4

450
|μΛrγρGνorGρμΛvyGnμutrτnosGΛnηGtρτrηTπμnμrΛtτonGlμptoquΛrksGτnGρΛηronτγGstΛtμsGoνGtwoGˇ�GlμptonsG
ΛnηGtwoGψμtsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX

5.4 18

449 |μΛrγρGνorGΛG–hGαosonGημγΛyτnπGtoGΛGvμγtorTlτkμGquΛrkGΛnηGΛGtopGorGαottomGquΛrkGτnGtρμGΛllTψμtsGντnΛlG
stΛtμUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 4

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

447
rnγlusτvμGsμΛrγρGνorGsupμrsymmμtryGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GusτnπGrΛzorGvΛrτΛαlμsGΛnηG
αoostμηGoαψμγtGτημntτντγΛtτonGτnGzμroGΛnηGonμGlμptonGντnΛlGstΛtμsUGJournaloofoHighoEnergyoPhysicsSG
2019SGYWXbSGX

5.4 2

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

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

444 |μΛrγρGνorGnμwGpΛrtτγlμsGημγΛyτnπGtoGΛGψμtGΛnηGΛnGμmμrπτnπGψμtUGJournaloofoHighoEnergyoPhysicsSG2019SG
YWXbSGX 5.4 15

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

442 vμΛsurμmμntGoνGμxγlusτvμG´ pρotoproηuγtτonGτnGultrΛpμrτpρμrΛlGpyαGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSG_WY 4.2 13
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441 vμΛsurμmμntGoνGμxγlusτvμGpρotoproηuγtτonGνromGprotonsGτnGyαGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSGY__ 4.2 19

440 |μΛrγρGνorGΛGρμΛvyGpsμuηosγΛlΛrGαosonGημγΛyτnπGtoGΛG±GΛnηGΛGqτππsGαosonGΛtUGEuropeanoPhysicalo
JournaloCSG2019SG_bSG]^[ 4.2 20

439 |μΛrγρGνorGsupμrsymmμtryGτnGντnΛlGstΛtμsGwτtρGpρotonsGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 5

438 vμΛsurμmμntGoνGtρμGtopGquΛrkGmΛssGτnGtρμGΛllTψμtsGντnΛlGstΛtμGΛtGΛnηGγomατnΛtτonGwτtρGtρμG
lμptonRψμtsGγρΛnnμlUGEuropeanoPhysicaloJournaloCSG2019SG_bSGZXZ 4.2 13

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

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

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

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

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

432
|μΛrγρGνorGrμsonΛnγμsGημγΛyτnπGtoGΛGpΛτrGoνGqτππsGαosonsGτnGtρμGαOGovμrlτnμ{mΛtρrm{α}}GPqOG
ovμrlτnμ{mΛtρrm{q}}GPâ��â�� ˛‰GντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}GPGfGXZG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2019SGYWXbSGX

5.4 5

431 vμΛsurμmμntsGoνGtrτplμTητννμrμntτΛlGγrossGsμγtτonsGνorGτnγlusτvμGτsolΛtμηTpρotonRψμtGμvμntsGτnG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGb^b 4.2 1

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

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

428 vμΛsurμmμntGoνGtρμGΛvμrΛπμGvμryGνorwΛrηGμnμrπyGΛsGΛGνunγtτonGoνGtρμGtrΛγkGmultτplτγτtyGΛtGγμntrΛlG
psμuηorΛpτητtτμsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGabZ 4.2 6

427 |μΛrγρGνorGsupμrsymmμtryGτnGprotonTprotonGγollτsτonsGΛtGXZG}μ’GτnGντnΛlGstΛtμsGwτtρGψμtsGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumUGJournaloofoHighoEnergyoPhysicsSG2019SGYWXbSGX 5.4 21

426 |μΛrγρGνorGnμwGpρysτγsGτnGtopGquΛrkGproηuγtτonGτnGητlμptonGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsG
ΛtUGEuropeanoPhysicaloJournaloCSG2019SG_bSGaa^ 4.2 6

425 |tuηyGoνGητψμtGμvμntsGwτtρGΛGlΛrπμGrΛpτητtyGπΛpGαμtwμμnGtρμGtwoGlμΛητnπGψμtsGτnGppGγollτsτonsGΛtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSGY[Y 4.2 4

424 ysμuηorΛpτητtyGητstrταutτonsGoνGγρΛrπμηGρΛηronsGτnGprotonTlμΛηGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}f]UWYGPGΛnηGaUX^G}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 4
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423
|μΛrγρGνorGrμsonΛntGΛnηGnonrμsonΛntGqτππsGαosonGpΛτrGproηuγtτonGτnGtρμGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}mΛtρτt{μllGnuGμllGnuG}GPGντnΛlGstΛtμGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX

5.4 19

422 |μΛrγρGνorGnμwGpρysτγsGτnGμvμntsGwτtρGΛGlμptonτγΛllyGημγΛyτnπG±GαosonGΛnηGΛGlΛrπμGtrΛnsvμrsμG
momμntumGτmαΛlΛnγμGτnGprotonTprotonGγollτsτonsGΛtGfGXZUGEuropeanoPhysicaloJournaloCSG2018SG_aSGYbX 4.2 17

421 vμΛsurμmμntsGoνGtρμGproηuγtτonGγrossGsμγtτonGΛnηGtρμGαrΛnγρτnπGνrΛγtτonSGΛnηGγonstrΛτntsGonG
ΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX^] 4.2 29

420 vμΛsurμmμntGoνGΛssoγτΛtμηG±GRGγρΛrmGproηuγtτonGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicalo
JournaloCSG2018SG_aSGYa_ 4.2 11

419
vμΛsurμmμntGoνGtρμGτnγlusτvμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOG
sqrt{s}f]UWYGPG}μ’GusτnπGντnΛlGstΛtμsGwτtρGΛtGlμΛstGonμGγρΛrπμηGlμptonUGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 3

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

417
|μΛrγρGνorGnμwGpρμnomμnΛGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTγρΛrπμSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnηG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 2

416
|μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛtGlμΛstGtρrμμGμlμγtronsGorGmuonsSGψμtsSGΛnηGmτssτnπG
trΛnsvμrsμGmomμntumGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 4

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

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

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

412 lompΛrτnπGtrΛnsvμrsμGmomμntumGαΛlΛnγμGoνGαGψμtGpΛτrsGτnGppGΛnηGyαyαGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{ww}}}f]UWYGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 8

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

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

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

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

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

406 |μΛrγρGνorGstΛnηΛrηGmoημlGproηuγtτonGoνGνourGtopGquΛrksGwτtρGsΛmμTsτπnGΛnηGmultτlμptonGντnΛlG
stΛtμsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX[W 4.2 20
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405 vμΛsurμmμntGoνGαGρΛηronGlτνμtτmμsGτnGppGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSG[]_ 4.2 9

404
vμΛsurμmμntsGoνGtρμGOmΛtρrmG{p}mΛtρrmG{p}rτπρtΛrrowGmΛtρrm{±}mΛtρrm{±}PGproηuγtτonGγrossG
sμγtτonGΛnηGtρμGOmΛtρrm{±}rτπρtΛrrowG[μllGPGαrΛnγρτnπGνrΛγtτonSGΛnηGγonstrΛτntsGonGΛnomΛlousGtrτplμG
πΛuπμGγouplτnπsGΛtGOsqrt{s}GfGXZStμxtG{}μ’}GPG2018SG_aSGX

3

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

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

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

400
|μΛrγρGνorGρμΛvyGrμsonΛnγμsGημγΛyτnπGτntoGΛGvμγtorGαosonGΛnηGΛGqτππsGαosonGτnGντnΛlGstΛtμsGwτtρG
γρΛrπμηGlμptonsSGnμutrτnosGΛnηGαGquΛrksGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 7

399
|μΛrγρGνorGnμwGpρμnomμnΛGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμTγρΛrπμSGsΛmμTνlΛvorGlμptonsSGψμtsSGΛnηG
mτssτnπGtrΛnsvμrsμGmomμntumGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 14

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

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

396
|μΛrγρGνorGΛnGμxotτγGημγΛyGoνGtρμGqτππsGαosonGtoGΛGpΛτrGoνGlτπρtGpsμuηosγΛlΛrsGτnGtρμGντnΛlGstΛtμGoνG
twoGmuonsGΛnηGtwoGˇ�GlμptonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2018SGYWXaSGX

5.4 14

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

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

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

392 vμΛsurμmμntGoνGtρμGtopGquΛrkGmΛssGwτtρGlμptonRψμtsGντnΛlGstΛtμsGusτnπGγollτsτonsGΛtUGEuropeano
PhysicaloJournaloCSG2018SG_aSGabX 4.2 13

391 vμΛsurμmμntsGoνGtρμGητννμrμntτΛlGψμtGγrossGsμγtτonGΛsGΛGνunγtτonGoνGtρμGψμtGmΛssGτnGητψμtGμvμntsGνromG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 14

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

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

388
|μΛrγρμsGνorGpΛτrGproηuγtτonGoνGγρΛrπτnosGΛnηGtopGsquΛrksGτnGντnΛlGstΛtμsGwτtρGtwoGopposτtμlyG
γρΛrπμηGlμptonsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2018SGYWXaSGX

5.4 12
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387
|μΛrγρGνorGnΛrrowGΛnηGαroΛηGητψμtGrμsonΛnγμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GΛnηG
γonstrΛτntsGonGηΛrkGmΛttμrGmμητΛtorsGΛnηGotρμrGnμwGpΛrtτγlμsUGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 50

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

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

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

383 |μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛGˇ�GlμptonGpΛτrGΛnηGmτssτnπGtrΛnsvμrsμGmomμntumGτnG
protonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 14

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

381 |μΛrγρGνorGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrksGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGlμptonGΛtUGEuropeano
PhysicaloJournaloCSG2018SG_aSG_W_ 4.2 23

380 vμΛsurμmμntGoνGητννμrμntτΛlGγrossGsμγtτonsGνorGαosonGproηuγtτonGτnGΛssoγτΛtτonGwτtρGψμtsGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2018SG_aSGb^] 4.2 19

379 |tuητμsGoνGΛnηGmμsonsGτnγluητnπGtρμGoαsμrvΛtτonGoνGtρμGημγΛyGτnGprotonTprotonGγollτsτonsGΛtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSGbZb 4.2 12

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

377 vμΛsurμmμntGoνGγρΛrπμηGpΛrtτγlμGspμγtrΛGτnGmτnτmumTατΛsGμvμntsGνromGprotonTprotonGγollτsτonsGΛtUG
EuropeanoPhysicaloJournaloCSG2018SG_aSG^b_ 4.2 9

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

375 |μΛrγρGνorGnμwGpρysτγsGτnGητψμtGΛnπulΛrGητstrταutτonsGusτnπGprotonTprotonGγollτsτonsGΛtGΛnηG
γonstrΛτntsGonGηΛrkGmΛttμrGΛnηGotρμrGmoημlsUGEuropeanoPhysicaloJournaloCSG2018SG_aSG_ab 4.2 19

374 jzτmutρΛlGγorrμlΛtτonsGνorGτnγlusτvμGYTψμtSGZTψμtSGΛnηG[TψμtGμvμntsGτnGppGγollτsτonsGΛtGOsqrt{s}fGXZ~ραoxG
{}μ’}PUGEuropeanoPhysicaloJournaloCSG2018SG_aSGX 4.2 4

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

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

371 |μΛrγρGνorGrμsonΛntGpΛτrGproηuγtτonGoνGqτππsGαosonsGημγΛyτnπGtoGαottomGquΛrkTΛntτquΛrkGpΛτrsGτnG
protonTprotonGγollτsτonsGΛtGXZG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 10

370 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGτnGppGγollτsτonsGΛtGΛnηGvΛlτηΛtτonGoνGlμptonGΛnΛlysτsGtμγρnτquμsUG
EuropeanoPhysicaloJournaloCSG2018SG_aSG_Wa 4.2 5
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369 |μΛrγρGνorGvμγtorTlτkμG}GΛnηGkGquΛrkGpΛτrsGτnGντnΛlGstΛtμsGwτtρGlμptonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 29

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

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

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

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

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

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

362
|μΛrγρGνorGαμyonηGtρμGstΛnηΛrηGmoημlGqτππsGαosonsGημγΛyτnπGτntoGΛGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGpΛτrGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 11

361 vμΛsurμmμntGoνGtρμGwμΛkGmτxτnπGΛnπlμGusτnπGtρμGνorwΛrηTαΛγkwΛrηGΛsymmμtryGoνGmrμllT ΛnG
μvμntsGτnGγollτsτonsGΛtGaUGEuropeanoPhysicaloJournaloCSG2018SG_aSG_WX 4.2 25

360 vμΛsurμmμntGoνGpromptGΛnηGnonpromptGγρΛrmonτumGsupprμssτonGτnGγollτsτonsGΛtG]UWYUGEuropeano
PhysicaloJournaloCSG2018SG_aSG]Wb 4.2 37

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

358
nvτημnγμGνorGΛssoγτΛtμηGproηuγtτonGoνGΛGqτππsGαosonGwτtρGΛGtopGquΛrkGpΛτrGτnGντnΛlGstΛtμsGwτtρG
μlμγtronsSGmuonsSGΛnηGρΛηronτγΛllyGημγΛyτnπGˇ�GlμptonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 23

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

356
xαsμrvΛtτonGoνGprotonTtΛππμηSGγμntrΛlGOsμmτPμxγlusτvμGproηuγtτonGoνGρτπρTmΛssGlμptonGpΛτrsGτnGppG
γollτsτonsGΛtGXZG}μ’GwτtρGtρμGlv|T}x}nvGprμγτsτonGprotonGspμγtromμtμrUGJournaloofoHighoEnergyo
PhysicsSG2018SGYWXaSGX

5.4 14

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

354 |μΛrγρGνorGsτnπlμGproηuγtτonGoνGvμγtorTlτkμGquΛrksGημγΛyτnπGtoGΛGαGquΛrkGΛnηGΛGqτππsGαosonUGJournalo
ofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 12

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

352
|μΛrγρGνorGΛGsτnπlyGproηuγμηGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrkGημγΛyτnπGtoGΛGˇ�GlμptonGΛnηGΛG
αottomGquΛrkGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SG
YWXaSGX

5.4 9
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351
vμΛsurμmμntsGoνGητννμrμntτΛlGγrossGsμγtτonsGoνGtopGquΛrkGpΛτrGproηuγtτonGΛsGΛGνunγtτonGoνGkτnμmΛtτγG
μvμntGvΛrτΛαlμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2018
SGYWXaSGX

5.4 10

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

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

348 |μΛrγρGνorGρτπρTmΛssGrμsonΛnγμsGτnGητlμptonGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG
}μ’UGJournaloofoHighoEnergyoPhysicsSG2018SGYWXaSGX 5.4 63

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

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

4.2 19

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

344
vμΛsurμmμntGΛnηGzlmGΛnΛlysτsGoνGηouαlμTητννμrμntτΛlGτnγlusτvμGψμtGγrossGsμγtτonsGτnGppGγollτsτonsGΛtG
OGsqrt{s}faGPG}μ’GΛnηGγrossGsμγtτonGrΛtτosGtoGYU_^GΛnηG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 34

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

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

341
vμΛsurμmμntGoνGtρμG–±GproηuγtτonGγrossGsμγtτonGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−GΛnηG
a[oormulΛcGsμμGtμxt−GΛnηGsμΛrγρGνorGΛnomΛlousGtrτplμGπΛuπμGγouplτnπsGΛtG[oormulΛcGsμμGtμxt−UG
EuropeanoPhysicaloJournaloCSG2017SG__SGYZ^

4.2 21

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

339
jGsμΛrγρGνorGnμwGpρμnomμnΛGτnGppGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−GτnGντnΛlGstΛtμsGwτtρGmτssτnπG
trΛnsvμrsμGmomμntumGΛnηGΛtGlμΛstGonμGψμtGusτnπGtρμG[oormulΛcGsμμGtμxt−GvΛrτΛαlμUGEuropeanoPhysicalo
JournaloCSG2017SG__SGYb[

4.2 21

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

337
vμΛsurμmμntGoνGηouαlμTητννμrμntτΛlGγrossGsμγtτonsGνorGtopGquΛrkGpΛτrGproηuγtτonGτnGppGγollτsτonsGΛtG
[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−GΛnηGτmpΛγtGonGpΛrtonGητstrταutτonGνunγtτonsUGEuropeano
PhysicaloJournaloCSG2017SG__SG[]b

4.2 16

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

335 vμΛsurμmμntsGoνGtρμGΛssoγτΛtμηGproηuγtτonGoνGΛG±GαosonGΛnηGαGψμtsGτnGppGγollτsτonsGΛtUGEuropeano
PhysicaloJournaloCSG2017SG__SG_]X 4.2 15

334 vμΛsurμmμntGoνGtρμGtrΛnsvμrsμGmomμntumGspμγtrumGoνGtρμGqτππsGαosonGproηuγμηGτnGppGγollτsτonsG
ΛtGOGsqrt{s}faGPG}μ’GusτnπGqGTgG––GημγΛysUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 10
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333 lρΛrπμηTpΛrtτγlμGnuγlμΛrGmoητντγΛtτonGνΛγtorsGτnGyαyαGΛnηGpyαGγollτsτonsGΛtGOG
sqrt{s≥{mΛtρrm{w}dmΛtρrm{w}}}f]UWYGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 64

332
|μΛrγρGνorGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGrμsonΛnγμsGτnGρτπρlyGαoostμηGlμptonRψμtsGΛnηGνullyG
ρΛηronτγGντnΛlGstΛtμsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 17

331
|μΛrγρGνorGΛssoγτΛtμηGproηuγtτonGoνGηΛrkGmΛttμrGwτtρGΛGqτππsGαosonGημγΛyτnπGtoGOG
mΛtρrm{α}ovμrlτnμ{mΛtρrm{α}}GPGorG˛‡˛‡GΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 9

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

329
|μΛrγρGνorGΛnomΛlousG–tαGγouplτnπsGΛnηGνlΛvourTγρΛnπτnπGnμutrΛlGγurrμntsGτnGtTγρΛnnμlGsτnπlμGtopG
quΛrkGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 26

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

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

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

325 |μΛrγρGνorGnμwGpρμnomμnΛGwτtρGtρμGvΛrτΛαlμGτnGtρμGΛllTρΛηronτγGντnΛlGstΛtμGproηuγμηGτnG
protonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG__SG_XW 4.2 54

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

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

322 |μΛrγρGνorGμlμγtrowμΛkGproηuγtτonGoνGΛGvμγtorTlτkμGquΛrkGημγΛyτnπGtoGΛGtopGquΛrkGΛnηGΛGqτππsGαosonG
usτnπGαoostμηGtopoloπτμsGτnGνullyGρΛηronτγGντnΛlGstΛtμsUGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 9

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

320 |upprμssτonGΛnηGΛzτmutρΛlGΛnτsotropyGoνGpromptGΛnηGnonpromptG[oormulΛcGsμμGtμxt−GproηuγtτonGτnG
yαyαGγollτsτonsGΛtG[oormulΛcGsμμGtμxt−[oormulΛcGsμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2017SG__SGY]Y 4.2 58

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

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

317 |μΛrγρμsGνorGτnvτsταlμGημγΛysGoνGtρμGqτππsGαosonGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfG_SGaSGΛnηGXZG}μ’UG
JournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 74

316 |μΛrγρGνorGmΛssτvμGrμsonΛnγμsGημγΛyτnπGτntoG––SG–±GorG±±GαosonsGτnGprotonTprotonGγollτsτonsGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 19
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315 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGτnGΛssoγτΛtτonGwτtρGρμΛvyTνlΛvorGquΛrkGpΛτrsGτnGprotonTprotonG
γollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG__SGa[] 4.2 22

314
vμΛsurμmμntGoνGμlμγtrowμΛkTτnηuγμηGproηuγtτonGoνG–˛‡GwτtρGtwoGψμtsGτnGppGγollτsτonsGΛtGOGsqrt{s}faGPG
}μ’GΛnηGγonstrΛτntsGonGΛnomΛlousGquΛrtτγGπΛuπμGγouplτnπsUGJournaloofoHighoEnergyoPhysicsSG2017SG
YWX_SGX

5.4 9

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

312 vμΛsurμmμntGoνGtρμGτnγlusτvμGμnμrπyGspμγtrumGτnGtρμGvμryGνorwΛrηGητrμγtτonGτnGprotonTprotonG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 5

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

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

309
|μΛrγρGνorGpΛτrGproηuγtτonGoνGvμγtorTlτkμG}GΛnηGkGquΛrksGτnGsτnπlμTlμptonGντnΛlGstΛtμsGusτnπGαoostμηG
ψμtGsuαstruγturμGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 20

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

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

306
vμΛsurμmμntGoνGtρμGOGmΛtρrm{t}ovμrlτnμ{mΛtρrm{t}}GPGproηuγtτonGγrossGsμγtτonGusτnπGμvμntsGwτtρG
onμGlμptonGΛnηGΛtGlμΛstGonμGψμtGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG
2017SGYWX_SGX

5.4 14

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

304
|μΛrγρGνorGpρysτγsGαμyonηGtρμGstΛnηΛrηGmoημlGτnGμvμntsGwτtρGtwoGlμptonsGoνGsΛmμGsτπnSGmτssτnπG
trΛnsvμrsμGmomμntumSGΛnηGψμtsGτnGprotonTprotonGγollτsτonsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG
__SG]_a

4.2 21

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

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

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

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

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

298 |μΛrγρGνorGηΛrkGmΛttμrGproηuγμηGwτtρGΛnGμnμrπμtτγGψμtGorGΛGρΛηronτγΛllyGημγΛyτnπG–GorG±GαosonGΛtGOG
sqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 46
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297
|μΛrγρGνorGtρτrηTπμnμrΛtτonGsγΛlΛrGlμptoquΛrksGΛnηGρμΛvyGrτπρtTρΛnημηGnμutrτnosGτnGντnΛlGstΛtμsGwτtρG
twoGtΛuGlμptonsGΛnηGtwoGψμtsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2017SGYWX_SGX

5.4 35

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

295 |μΛrγρGνorGρμΛvyGrμsonΛnγμsGtρΛtGημγΛyGτntoGΛGvμγtorGαosonGΛnηGΛGqτππsGαosonGτnGρΛηronτγGντnΛlG
stΛtμsGΛtUGEuropeanoPhysicaloJournaloCSG2017SG__SG^Z^ 4.2 20

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

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

292
|μΛrγρGνorGρμΛvyGnμutrτnosGorGtρτrηTπμnμrΛtτonGlμptoquΛrksGτnGντnΛlGstΛtμsGwτtρGtwoGρΛηronτγΛllyG
ημγΛyτnπGˇ�GlμptonsGΛnηGtwoGψμtsGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX

5.4 18

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

290 vμΛsurμmμntGoνGtρμGtrτplμTητννμrμntτΛlGητψμtGγrossGsμγtτonGτnGprotonTprotonGγollτsτonsGΛtGΛnηG
γonstrΛτntsGonGpΛrtonGητstrταutτonGνunγtτonsUGEuropeanoPhysicaloJournaloCSG2017SG__SG_[^ 4.2 8

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

288
|μΛrγρGνorGsupμrsymmμtryGτnGμvμntsGwτtρGΛtGlμΛstGonμGpρotonSGmτssτnπGtrΛnsvμrsμGmomμntumSGΛnηG
lΛrπμGtrΛnsvμrsμGμvμntGΛγtτvτtyGτnGprotonTprotonGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHigho
EnergyoPhysicsSG2017SGYWX_SGX

5.4 10

287 vμΛsurμmμntsGoνGpropμrtτμsGoνGtρμGqτππsGαosonGημγΛyτnπGτntoGtρμGνourTlμptonGντnΛlGstΛtμGτnGppG
γollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2017SGYWX_SGX 5.4 77

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

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

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

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

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

281 |μΛrγρGνorGsGγρΛnnμlGsτnπlμGtopGquΛrkGproηuγtτonGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofo
HighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 8

280 vμΛsurμmμntGoνGτnγlusτvμGψμtGproηuγtτonGΛnηGnuγlμΛrGmoητντγΛtτonsGτnGpyαGγollτsτonsGΛtG[oormulΛcG
sμμGtμxt−UGEuropeanoPhysicaloJournaloCSG2016SG_^SGZ_Y 4.2 24
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279
vμΛsurμmμntGoνGητννμrμntτΛlGΛnηGτntμπrΛtμηGντηuγτΛlGγrossGsμγtτonsGνorGqτππsGαosonGproηuγtτonGτnG
tρμGνourTlμptonGημγΛyGγρΛnnμlGτnGppGγollτsτonsGΛtGOGsqrt{s}f_GPGΛnηGaG}μ’UGJournaloofoHighoEnergyo
PhysicsSG2016SGYWX^SGX

5.4 15

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

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

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

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

274 |μΛrγρGνorGsupμrsymmμtryGτnGppGγollτsτonsGΛtGOGsqrt{s}fXZGPG}μ’GτnGtρμGsτnπlμTlμptonGντnΛlGstΛtμGusτnπG
tρμGsumGoνGmΛssμsGoνGlΛrπμTrΛητusGψμtsUGJournaloofoHighoEnergyoPhysicsSG2016SGYWX^SGX 5.4 7

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

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

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

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

269 vμΛsurμmμntGoνGtρμGτnγlusτvμGψμtGγrossGsμγtτonGτnGppGγollτsτonsGΛtGOsqrt{s}GfGYU_^StμxtG{}μ’}PUG
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141 vμΛsurμmμntGoνGtρμGγrossGsμγtτonGΛnηGΛnπulΛrGγorrμlΛtτonsGνorGΛssoγτΛtμηGproηuγtτonGoνGΛG±GαosonG
wτtρGαGρΛηronsGτnGppGγollτsτonsGΛtGOGsqrt{s}GPGfG_G}μ’UGJournaloofoHighoEnergyoPhysicsSG2013SGYWXZSGX 5.4 26
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125 rnγlusτvμGαTψμtGproηuγtτonGτnGppGγollτsτonsGΛtGOsqrtG{s}GfG_}μ’PUGJournaloofoHighoEnergyoPhysicsSG2012SG
YWXYSGX 5.4 30
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γollτsτonsGΛtGOGsqrt{s}f_GPG}μ’UGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 41
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99 |μΛrγρGνorGtρτrηTπμnμrΛtτonGlμptoquΛrksGΛnηGsγΛlΛrGαottomGquΛrksGτnGppGγollτsτonsGΛtGOGsqrt{s}f_d}μ’G
PUGJournaloofoHighoEnergyoPhysicsSG2012SGYWXYSGX 5.4 12
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97 vμΛsurμmμntGoνGtρμGunημrlyτnπGμvμntGτnGtρμGmrμllâ�� ΛnGproγμssGτnGprotonâ��protonGγollτsτonsGΛtG
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