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510 wργsurρmρntHoτHliχψtUμyUliχψtHsνγttρrinχHγnπHsργrνψHτorHγxionUlikρHpγrtiνlρsHwitψHZVZHnμâ��YHoτHzμSzμH
πγtγHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2021THZXZYTHY 5.4 5

509
~ργrνψHτorHnρwHpψρnomρnγHwitψHtopHquγrkHpγirsHinHτinγlHstγtρsHwitψHonρHlρptonTHjρtsTHγnπHmissinχH
trγnsvρrsρHmomρntumHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2021THZXZYTHY

5.4 6

508 wργsurρmρntHoτHψγπroniνHρvρntHsψγpρsHinHψiχψUp‘HmultijρtHτinγlHstγtρsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2021THZXZYTHY 5.4 3

507 niττρrρntiγlHνrossUsρνtionHmργsurρmρntsHτorHtψρHρlρνtrowργkHproπuνtionHoτHπijρtsHinHγssoνiγtionH
witψHγHZHμosonHinHprotonâ��protonHνollisionsHγtHk‘vk~VHEuropeantPhysicaltJournaltCTH2021THbYTHY 4.2 5

506 wργsurρmρntsHoτH—rHγnπHZrHproπuνtionHinHtψρHPrHriχψtγrrowHμμγr{μ}QHπρνγyHνψγnnρlHinHppH
νollisionsHγtHPY[TtρxtH{‘ρ}tρxtH{–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2021THbYTHY 4.2 7

505 wργsurρmρntHoτHsinχlρHtopUquγrkHproπuνtionHinHγssoνiγtionHwitψHγH—HμosonHinHtψρHsinχlρUlρptonH
νψγnnρlHγtHPsqrt{s}HgHbTtρxtH{‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2021THbYTHY 4.2 1

504 tρtHρnρrχyHsνγlρHγnπHrρsolutionHmργsurρπHinHprotonâ��protonHνollisionsHγtHPsqrt{s}gY[QH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2021THbYTHY 4.2 11

503
wργsurρmρntsHoτHtopUquγrkHpγirHsinχlρUHγnπHπouμlρUπiττρrρntiγlHνrossUsρνtionsHinHtψρHγllUψγπroniνH
νψγnnρlHinHppHνollisionsHγtHPHsqrt{mγtψrm{s}}HQHgHY[H‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2021THZXZYTHY

5.4 2

502 ~ργrνψHτorHpψρnomρnγHμρyonπHtψρH~tγnπγrπHwoπρlHinHρvρntsHwitψHlγrχρHμUjρtHmultipliνityHusinχHtψρH
k‘vk~HπρtρνtorHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2021THbYTHY 4.2 1

501
~ργrνψHτorHnρwHpψρnomρnγHinHτinγlHstγtρsHwitψHlγrχρHjρtHmultipliνitiρsHγnπHmissinχHtrγnsvρrsρH
momρntumHusinχHPHsqrt{s}HQHgHY[H‘ρ–HprotonUprotonHνollisionsHrρνorπρπHμyHk‘vk~HinH}unHZHoτHtψρH
vrmVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY

5.4 7

500 riχχsHμosonHproπuνtionHνrossUsρνtionHmργsurρmρntsHγnπHtψρirHop‘HintρrprρtγtionHinHtψρHP]ρllHQH
πρνγyHνψγnnρlHγtHPsqrt{s}gQY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 12

499 ~ργrνψHτorHpγirsHoτHsνγlγrHlρptoquγrksHπρνγyinχHintoHquγrksHγnπHρlρνtronsHorHmuonsHinHPHsqrt{s}HQHgHY[H
‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 8

498 ~ργrνψHτorHsquγrksHγnπHχluinosHinHτinγlHstγtρsHwitψHsγmρUsiχnHlρptonsHγnπHjρtsHusinχHY[cHτμâ��YHoτHπγtγH
νollρνtρπHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 8

497
~ργrνψHτorHπijρtHrρsonγnνρsHinHρvρntsHwitψHγnHisolγtρπHνψγrχρπHlρptonHusinχHPHsqrt{s}HQHgHY[H‘ρ–H
protonUprotonHνollisionHπγtγHνollρνtρπHμyHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020TH
ZXZXTHY

5.4 3

496 wργsurρmρntHoτHtψρHZPUhHâ��Sâ��â��Q˛‡HproπuνtionHνrossUsρνtionHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 2

495 wργsurρmρntHoτHlonχUrγnχρHtwoUpγrtiνlρHγzimutψγlHνorrρlγtionsHinHZUμosonHtγχχρπHppHνollisionsHγtH
Psqrt{s}gbQHγnπHY[H‘ρ–VHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 3

494 ‘rγnsvρrsρHmomρntumHγnπHproνρssHπρpρnπρntHγzimutψγlHγnisotropiρsHinHPsqrt{sΣ{mγtψrmH
{xx}}}gbVY_QH‘ρ–HpSzμHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 7
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493 zρrτormγnνρHoτHρlρνtronHγnπHpψotonHtriχχρrsHinHk‘vk~HπurinχHvrmH}unHZVHEuropeantPhysicaltJournalt
CTH2020THbXTHY 4.2 30

492
~ργrνψHτorHρlρνtrowργkHproπuνtionHoτHνψγrχinosHγnπHslρptonsHπρνγyinχHintoHτinγlHstγtρsHwitψHtwoH
lρptonsHγnπHmissinχHtrγnsvρrsρHmomρntumHinHPsqrt{s}gY[QHPtρxtH{‘ρ–}QHppHνollisionsHusinχHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY

4.2 50

491 ~ργrνψHτorHtopHsquγrksHinHρvρntsHwitψHγHriχχsHorHZHμosonHusinχHY[cHτμP^{UY}QHoτHppHνollisionHπγtγHγtH
Psqrt{s}gY[QH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 1

490 oviπρnνρHτorHPtμγr{t}tμγr{t}QHproπuνtionHinHtψρHmultilρptonHτinγlHstγtρHinHprotonâ��protonHνollisionsHγtH
Psqrt{s}gY[QHPtρxtH{‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 8

489 ~ργrνψHτorHψργvyHπiμosonHrρsonγnνρsHinHsρmilρptoniνHτinγlHstγtρsHinHppHνollisionsHγtHPsqrt{s}gY[QH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 4

488
~ργrνψHτorHliχψtHlonχUlivρπHnρutrγlHpγrtiνlρsHproπuνρπHinHppHνollisionsHγtHPsqrt{s}HgHY[~mγtψrmH{‘ρ–}QH
γnπHπρνγyinχHintoHνollimγtρπHlρptonsHorHliχψtHψγπronsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2020THbXTHY

4.2 8

487
~ργrνψHτorHγHsνγlγrHpγrtnρrHoτHtψρHtopHquγrkHinHtψρHγllUψγπroniνHPt{μγr{t}}QHplusHmissinχHtrγnsvρrsρH
momρntumHτinγlHstγtρHγtHPsqrt{s}gY[QH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2020THbXTHY

4.2 17

486 kliχnmρntHoτHtψρHk‘vk~HsnnρrHnρtρνtorHinH}unHZVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 4

485 nρtρrminγtionHoτHjρtHνγliμrγtionHγnπHρnρrχyHrρsolutionHinHprotonâ��protonHνollisionsHγtHPsqrt{s}HgH
b~ψμoxH{‘ρ–}QHusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 3

484 wργsurρmρntHoτHtWˇ�HproπuνtionHinHγssoνiγtionHwitψHγH—´–HμosonHwitψHppHπγtγHγtHbH‘ρ–VHJournaltoft
HightEnergytPhysicsTH2020THZXZXTHY 5.4 4

483 ~ργrνψHτorHnρwHrρsonγnνρsHinHmγssHπistriμutionsHoτHjρtHpγirsHusinχHY[cHτμâ��YHoτHppHνollisionsHγtHPH
sqrt{mγtψrm{s}}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 20

482 ~ργrνψHτorHPHtovρrlinρ{t}HQHrρsonγnνρsHinHτullyHψγπroniνHτinγlHstγtρsHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 6

481 }ρνonstruνtionHγnπHiπρntiτiνγtionHoτHμoostρπHπiUˇ�HsystρmsHinHγHsργrνψHτorHriχχsHμosonHpγirsHusinχHY[H
‘ρ–HprotonUprotonHνollisionHπγtγHinHk‘vk~VHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 3

480
wργsurρmρntsHoτHinνlusivρHγnπHπiττρrρntiγlHνrossUsρνtionsHoτHνomμinρπHPHtovρrlinρ{t}χγmmγHQHγnπH
t—˛‡HproπuνtionHinHtψρHρ˛…HνψγnnρlHγtHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysics
TH2020THZXZXTHY

5.4 2

479 zρrτormγnνρHoτHtψρHmissinχHtrγnsvρrsρHmomρntumHtriχχρrsHτorHtψρHk‘vk~HπρtρνtorHπurinχH}unUZH
πγtγHtγkinχVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 8

478 ~ργrνψHτorHnρwHnonUrρsonγntHpψρnomρnγHinHψiχψUmγssHπilρptonHτinγlHstγtρsHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 9

477 wργsurρmρntsHoτHtψρHriχχsHμosonHinνlusivρHγnπHπiττρrρntiγlHτiπuνiγlHνrossHsρνtionsHinHtψρH]PρllHQH
πρνγyHνψγnnρlHγtHPsqrt{s}QHgHY[H‘ρ–VHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 9

476 pluνtuγtionsHoτHγnisotropiνHτlowHinHzμSzμHνollisionsHγtHPHsqrt{{mγtψrm{s}}Σ{mγtψrm{xx}}}HQHgH^VXZH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 13
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475
~ργrνψHτorHπirρνtHproπuνtionHoτHρlρνtrowργkinosHinHτinγlHstγtρsHwitψHonρHlρptonTHmissinχHtrγnsvρrsρH
momρntumHγnπHγHriχχsHμosonHπρνγyinχHintoHtwoHμUjρtsHinHPppQHνollisionsHγtHPsqrt{s}gY[QH‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY

4.2 13

474 wργsurρmρntHoτHπiττρrρntiγlHνrossHsρνtionsHτorHsinχlρHπiττrγνtivρHπissoνiγtionHinHPHsqrt{s}HQHgHbH‘ρ–HppH
νollisionsHusinχHtψρHk‘vk~HkvpkHspρνtromρtρrVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 1

473 wργsurρmρntHoτHisolγtρπUpψotonHplusHtwoUjρtHproπuνtionHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 2

472
wργsurρmρntsHoτHtψρHproπuνtionHνrossUsρνtionHτorHγHZHμosonHinHγssoνiγtionHwitψHμUjρtsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2020THZXZXTHY

5.4 5

471
~ργrνψHτorHtψρHrrHUhHPHμovρrlinρ{μ}μovρrlinρ{μ}HQHproνρssHviγHvρνtorUμosonHτusionHproπuνtionHusinχH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2020THZXZXTHY

5.4 5

470 yμsρrvγtionHoτHtψρHγssoνiγtρπHproπuνtionHoτHγHtopHquγrkHγnπHγHZHμosonHinHppHνollisionsHγtHPHsqrt{s}HQgH
Y[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY 5.4 5

469 wργsurρmρntHoτHtψρHtrγnsvρrsρHmomρntumHπistriμutionHoτHnrρllâ��±γnHlρptonHpγirsHinHprotonâ��protonH
νollisionsHγtHPsqrt{s}gY[TQ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 7

468
~ργrνψHτorHπirρνtHproπuνtionHoτHρlρνtrowργkinosHinHτinγlHstγtρsHwitψHmissinχHtrγnsvρrsρHmomρntumH
γnπHγHriχχsHμosonHπρνγyinχHintoHpψotonsHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2020THZXZXTHY

5.4 1

467 wργsurρmρntsHoτHtopUquγrkHpγirHspinHνorrρlγtionsHinHtψρHPρmuHQHνψγnnρlHγtHPsqrt{s}HgHY[QH‘ρ–HusinχH
ppHνollisionsHinHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2020THbXTHY 4.2 8

466 wργsurρmρntHoτHtψρHνrossUsρνtionHγnπHνψγrχρHγsymmρtryHoτH—HμosonsHproπuνρπHinHprotonâ��protonH
νollisionsHγtHPsqrt{s}gb~tρxtH{‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 11

465
wργsurρmρntHoτHjρtUsuμstruνturρHoμsρrvγμlρsHinHtopHquγrkTH—HμosonHγnπHliχψtHjρtHproπuνtionHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2019THZXYcTHY

5.4 8

464 olρνtronHrρνonstruνtionHγnπHiπρntiτiνγtionHinHtψρHk‘vk~HρxpρrimρntHusinχHtψρHZXY^HγnπHZXY_HvrmH
protonâ��protonHνollisionHπγtγHγtHPsqrt{s}HgHY[QHPtρxtH{‘ρ–}QVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 37

463 wργsurρmρntHoτHπistriμutionsHsρnsitivρHtoHtψρHunπρrlyinχHρvρntHinHinνlusivρHZHμosonHproπuνtionHinH
ppHνollisionsHγtHPsqrt{s}QHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 2

462 ~ργrνψHτorHsinχlρHproπuνtionHoτHvρνtorUlikρHquγrksHπρνγyinχHintoH—μHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 14

461 ~ργrνψHτorHtopUquγrkHπρνγysHtHUhHrqHwitψH[_Hτμâ��YHoτHppHνollisionHπγtγHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 13

460
wργsurρmρntHoτH–rTHPHmγtψrm{r}toHmγtψrm{μ}ovρrlinρ{mγtψrm{μ}}HQHproπuνtionHγsHγHτunνtionHoτH
tψρHvρνtorUμosonHtrγnsvρrsρHmomρntumHinHY[H‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2019THZXYcTHY

5.4 8

459 wργsurρmρntsHoτH—HγnπHZHμosonHproπuνtionHinHppHνollisionsHγtHPsqrt{s}g^VXZQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 12

458 zρrτormγnνρHoτHtopUquγrkHγnπHPvγrvρν{—}QUμosonHtγχχinχHwitψHk‘vk~HinH}unHZHoτHtψρHvrmVHEuropeant
PhysicaltJournaltCTH2019THacTHY 4.2 19
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457 wργsurρmρntsHoτHinνlusivρHγnπHπiττρrρntiγlHτiπuνiγlHνrossUsρνtionsHoτHPtμγr{t}χγmmγHQHproπuνtionHinH
lρptoniνHτinγlHstγtρsHγtHPsqrt{s}gY[~tρxtH{‘ρ–}QHinHk‘vk~VHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 7

456 olρνtronHγnπHpψotonHρnρrχyHνγliμrγtionHwitψHtψρHk‘vk~HπρtρνtorHusinχHZXY^â��ZXY_HvrmH
protonUprotonHνollisionHπγtγVHJournaltoftInstrumentationTH2019THY]THzX[XYaUzX[XYa 1 25

455 ~ργrνψHτorHπouμlyHνψγrχρπHsνγlγrHμosonsHπρνγyinχHintoHsγmρUsiχnHμosonHpγirsHwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTH^b 4.2 20

454
~ργrνψHτorHψργvyHwγjorγnγHorHnirγνHnρutrinosHγnπHriχψtUψγnπρπH—HχγuχρHμosonsHinHτinγlHstγtρsHwitψH
twoHνψγrχρπHlρptonsHγnπHtwoHjρtsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2019THZXYcTHY

5.4 21

453 snHsituHνγliμrγtionHoτHlγrχρUrγπiusHjρtHρnρrχyHγnπHmγssHinHY[H‘ρ–Hprotonâ��protonHνollisionsHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 16

452 wργsurρmρntHoτHtψρHpψotonHiπρntiτiνγtionHρττiνiρnνiρsHwitψHtψρHk‘vk~HπρtρνtorHusinχHvrmH}unHZH
πγtγHνollρνtρπHinHZXY^HγnπHZXY_VHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 26

451 wργsurρmρntHoτHtψρHrγtioHoτHνrossHsρνtionsHτorHinνlusivρHisolγtρπUpψotonHproπuνtionHinHppHνollisionsH
γtHPHsqrt{s}HQHgHY[HγnπHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 5

450 wργsurρmρntHoτHtψρHtopHquγrkHmγssHinHtψρHPtμγr{t}riχψtγrrowHQHlρptonSjρtsHνψγnnρlHτromHPsqrt{s}gbQH
‘ρ–Hk‘vk~HπγtγHγnπHνomμinγtionHwitψHprρviousHrρsultsVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 24

449
~ργrνψHτorHpγirHproπuνtionHoτHriχχsHμosonsHinHtψρHPHμovρrlinρ{μ}μovρrlinρ{μ}HQHτinγlHstγtρHusinχH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2019THZXYcTHY

5.4 31

448 monstrγintsHonHmρπiγtorUμγsρπHπγrkHmγttρrHγnπHsνγlγrHπγrkHρnρrχyHmoπρlsHusinχHPHsqrt{s}HQHgHY[H‘ρ–H
ppHνollisionHπγtγHνollρνtρπHμyHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 31

447 ~ργrνψHτorHlonχUlivρπHnρutrγlHpγrtiνlρsHinHppHνollisionsHγtHP{sqrt{s}}HgHY[~{tρxtH{H‘ρ–}}QHtψγtHπρνγyHintoH
πisplγνρπHψγπroniνHjρtsHinHtψρHk‘vk~HνγlorimρtρrVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 18

446 ~ργrνψHτorHriχχsHμosonHpγirHproπuνtionHinHtψρH——PRQ——PRQHπρνγyHνψγnnρlHusinχHk‘vk~HπγtγH
rρνorπρπHγtHPHsqrt{mγtψrm{s}}HQHgHY[H‘ρ–VHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 12

445 ~ργrνψHτorHlγrχρHmissinχHtrγnsvρrsρHmomρntumHinHγssoνiγtionHwitψHonρHtopUquγrkHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 7

444
wργsurρmρntHoτHP—^{pmH}ZQHproπuνtionHνrossHsρνtionsHγnπHχγuχρHμosonHpolγrisγtionHinHppH
νollisionsHγtHPsqrt{s}HgHY[~tρxtH{‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019TH
acTHY

4.2 20

443 ~ργrνψρsHτorHtψirπUχρnρrγtionHsνγlγrHlρptoquγrksHinHPHsqrt{s}HQHgHY[H‘ρ–HppHνollisionsHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 18

442
~ργrνψHτorHsνγlγrHrρsonγnνρsHπρνγyinχHintoH˛…S˛…â��HinHρvρntsHwitψHγnπHwitψoutHμUtγχχρπHjρtsHproπuνρπH
inHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2019THZXYcTHY

5.4 8

441 ~ργrνψHτorHπiμosonHrρsonγnνρsHinHψγπroniνHτinγlHstγtρsHinHY[cHτμâ��YHoτHppHνollisionsHγtHPHsqrt{s}HQHgHY[H
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 10

440 ~ργrνψHτorHρxνitρπHρlρνtronsHsinχlyHproπuνρπHinHprotonâ��protonHνollisionsHγtHLLsqrt{s}H~g~Y[~tρxtH
{‘ρ}tρxtH{–}LLHwitψHtψρHk‘vk~HρxpρrimρntHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2019THacTH 4.2 3
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439 sπρntiτiνγtionHoτHμoostρπHriχχsHμosonsHπρνγyinχHintoHμUquγrkHpγirsHwitψHtψρHk‘vk~HπρtρνtorHγtH
Y[´ LLtρxtH{‘ρ–}LLVHEuropeantPhysicaltJournaltCTH2019THacTH 4.2 11

438 wργsurρmρntHoτHLLuΣ~^XLLHγnπHLLvγmμπγH^XLLHproπuνtionHinHLLtHμγr{t}LLHπilρptoniνHρvρntsHinHppH
νollisionsHγtHLLsqrt{s}HgLLHaH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 3

437 wργsurρmρntHoτHtψρHinνlusivρHisolγtρπUpψotonHνrossHsρνtionHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H‘ρ–H
usinχH[_Hτμâ��YHoτHk‘vk~HπγtγVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 2

436 kHstrγtρχyHτorHγHχρnρrγlHsργrνψHτorHnρwHpψρnomρnγHusinχHπγtγUπρrivρπHsiχnγlHrρχionsHγnπHitsH
γppliνγtionHwitψinHtψρHk‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 14

435 wργsurρmρntHoτHtψρHtopUquγrkHmγssHinHPHtovρrlinρ{t}HQHSHYUjρtHρvρntsHνollρνtρπHwitψHtψρHk‘vk~H
πρtρνtorHinHppHνollisionsHγtHPHsqrt{s}HQHgHbH‘ρ–VHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 12

434 wργsurρmρntHoτHτiπuνiγlHγnπHπiττρrρntiγlHP—^S—^UQHproπuνtionHνrossUsρνtionsHγtHPsqrt{s}gY[QH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 16

433 wργsurρmρntHoτHZZHproπuνtionHinHtψρHâ��â�� ˛‰ ˛‰HτinγlHstγtρHwitψHtψρHk‘vk~HπρtρνtorHinHppHνollisionsHγtHPH
sqrt{s}HQHgHY[H‘ρ–VHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 2

432 wργsurρmρntHoτHP—^{pmH}QUμosonHγnπHZUμosonHproπuνtionHνrossUsρνtionsHinHppHνollisionsHγtH
Psqrt{s}gZVa_QH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 2

431
~ργrνψHτorHψργvyHnρutrγlHlρptonsHinHπρνγysHoτH—HμosonsHproπuνρπHinHY[H‘ρ–HppHνollisionsHusinχH
promptHγnπHπisplγνρπHsiχnγturρsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2019TH
ZXYcTHY

5.4 21

430 wργsurρmρntHoτHP—^pmHQHμosonHproπuνtionHinHzμSzμHνollisionsHγtHPsqrt{sΣ{mγtψrm{xx}}}HgH
^VXZ~tρxtH{‘ρ}tρxtH{–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 7

429 k‘vk~HμUjρtHiπρntiτiνγtionHpρrτormγnνρHγnπHρττiνiρnνyHmργsurρmρntHwitψHPt{μγr{t}}QHρvρntsHinHppH
νollisionsHγtHPsqrt{s}gY[QH‘ρ–VHEuropeantPhysicaltJournaltCTH2019THacTHY 4.2 43

428
wργsurρmρntHoτHτlowHψγrmoniνsHνorrρlγtionsHwitψHmργnHtrγnsvρrsρHmomρntumHinHlργπâ��lργπHγnπH
protonâ��lργπHνollisionsHγtHPsqrt{sΣ{mγtψrm{xx}}}HgH^VXZ~ψμoxH{‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2019THacTHY

4.2 16

427
wργsurρmρntsHoτHtopUquγrkHpγirHπiττρrρntiγlHγnπHπouμlρUπiττρrρntiγlHνrossUsρνtionsHinHtψρHPρllHQSjρtsH
νψγnnρlHwitψHppHνollisionsHγtHPsqrt{s}gY[QH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltC
TH2019THacTHY

4.2 13

426 ~ργrνψHτorHμottomUsquγrkHpγirHproπuνtionHwitψHtψρHk‘vk~HπρtρνtorHinHτinγlHstγtρsHνontγininχHriχχsH
μosonsTHμUjρtsHγnπHmissinχHtrγnsvρrsρHmomρntumVHJournaltoftHightEnergytPhysicsTH2019THZXYcTHY 5.4 7

425
~ργrνψHτorHγππitionγlHψργvyHnρutrγlHriχχsHγnπHχγuχρHμosonsHinHtψρHπitγuHτinγlHstγtρHproπuνρπHinH[_H
τμâ��YHoτHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH
2018THZXYbTHY

5.4 81

424 wργsurρmρntHoτHtψρHνrossUsρνtionHτorHproπuνinχHγH—HμosonHinHγssoνiγtionHwitψHγHsinχlρHtopHquγrkHinH
ppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHk‘vk~VHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 10

423 wργsurρmρntHoτHtψρHUμosonHmγssHinHppHνollisionsHγtHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2018THabTHYYX 4.2 59

422 ~ργrνψHτorHnρwHpψρnomρnγHinHψiχψUmγssHτinγlHstγtρsHwitψHγHpψotonHγnπHγHjρtHτromHνollisionsHγtHgH
Y[´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHYXZ 4.2 7
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421 ~ργrνψHτorHtψρHπirρνtHproπuνtionHoτHνψγrχinosHγnπHnρutrγlinosHinHτinγlHstγtρsHwitψHtγuHlρptonsHinH
νollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHY^] 4.2 23

420 wργsurρmρntHoτHlonχituπinγlHτlowHπρνorrρlγtionsHinHzμSzμHνollisionsHγtHγnπH^VXZH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHY]Z 4.2 35

419 wργsurρmρntHoτHquγrkoniumHproπuνtionHinHprotonUlργπHγnπHprotonUprotonHνollisionsHγtHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHYaY 4.2 35

418 wργsurρmρntHoτHπiττρrρntiγlHνrossUsρνtionsHoτHγHsinχlρHtopHquγrkHproπuνρπHinHγssoνiγtionHwitψHγH
μosonHγtHwitψHk‘vk~VHEuropeantPhysicaltJournaltCTH2018THabTHYb_ 4.2 5

417 ~ργrνψHτorHψργvyHrρsonγnνρsHinHtψρHγnπHτinγlHstγtρsHusinχHprotonUprotonHνollisionsHγtH´ HwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHZc[ 4.2 41

416 kHsργrνψHτorHpγirUproπuνρπHrρsonγnνρsHinHτourUjρtHτinγlHstγtρsHγtHwitψHtψρHk‘vk~HπρtρνtorVHEuropeant
PhysicaltJournaltCTH2018THabTHZ^X 4.2 28

415
~ργrνψHτorHψργvyHrρsonγnνρsHπρνγyinχHintoHγH—HorHZHμosonHγnπHγHriχχsHμosonHinHτinγlHstγtρsHwitψH
lρptonsHγnπHμUjρtsHinH[_Hτμâ��YHoτHPHsqrt{s}gY[HQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2018THZXYbTHY

5.4 26

414 ~ργrνψHτorHψργvyHrρsonγnνρsHπρνγyinχHintoHinHtψρHτinγlHstγtρHinHνollisionsHγtHwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHZ] 4.2 47

413 nirρνtHtopUquγrkHπρνγyHwiπtψHmργsurρmρntHinHtψρHlρptonSjρtsHνψγnnρlHγtHwitψHtψρHk‘vk~H
ρxpρrimρntVHEuropeantPhysicaltJournaltCTH2018THabTHYZc 4.2 11

412 ~ργrνψHτorH—H—W—HZHrρsonγnνρHproπuνtionHinHâ��˛‰qqHτinγlHstγtρsHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 22

411 wργsurρmρntHoτHtψρHriχχsHμosonHνouplinχHpropρrtiρsHinHtψρHrHUhHZZRHUhH]â��HπρνγyHνψγnnρlHγtHPH
sqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 36

410 wργsurρmρntHoτHinνlusivρHjρtHγnπHπijρtHνrossUsρνtionsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 12

409 ~ργrνψHτorHπγrkHmγttρrHproπuνρπHinHγssoνiγtionHwitψHμottomHorHtopHquγrksHinH´ ‘ρ–HνollisionsHwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHYb 4.2 32

408 sntrinsiνHμγνkχrounπsHτromH}nHγnπHurHinHtψρH oxyxYXXHρxpρrimρntVHEuropeantPhysicaltJournaltCTH
2018THabTHY 4.2 11

407 ~ργrνψHτorHπouμlyHνψγrχρπHriχχsHμosonHproπuνtionHinHmultiUlρptonHτinγlHstγtρsHwitψHtψρHk‘vk~H
πρtρνtorHusinχHprotonUprotonHνollisionsHγtVHEuropeantPhysicaltJournaltCTH2018THabTHYcc 4.2 55

406 wργsurρmρntHoτHpolγrisγtionHinHπρνγysHinHprotonUprotonHνollisionsHγtH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2018THabTHY_[ 4.2 3

405 ~ργrνψρsHτorHψργvyHZZHγnπHZ—HrρsonγnνρsHinHtψρHâ��â��qqHγnπH˛‰˛‰qqHτinγlHstγtρsHinHppHνollisionsHγtHPH
sqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 17

404 ~ργrνψHτorHpγirHproπuνtionHoτHupUtypρHvρνtorUlikρHquγrksHγnπHτorHτourUtopUquγrkHρvρntsHinHτinγlH
stγtρsHwitψHmultiplρHμUjρtsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 23
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403
wργsurρmρntHoτHπiττρrρntiγlHνrossHsρνtionsHγnπH—SW—â��HνrossUsρνtionHrγtiosHτorH—HμosonHproπuνtionH
inHγssoνiγtionHwitψHjρtsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH
2018THZXYbTHY

5.4 7

402 wργsurρmρntHoτHtψρH—UμosonHmγssHinHppHνollisionsHγtHPsqrt{s}gaTHψμoxH{‘ρ–}QHwitψHtψρHk‘vk~H
πρtρνtorH2018THabTHY 1

401 ~ργrνψHτorHπouμlyHνψγrχρπHriχχsHμosonHproπuνtionHinHmultiUlρptonHτinγlHstγtρsHwitψHtψρHk‘vk~H
πρtρνtorHusinχHprotonâ��protonHνollisionsHγtHPsqrt{s}gY[TtρxtH{‘ρ–}QH2018THabTHY 1

400 ~ργrνψHτorHψργvyHrρsonγnνρsHπρνγyinχHintoHγH—HorHZHμosonHγnπHγHriχχsHμosonHinHτinγlHstγtρsHwitψH
lρptonsHγnπHμUjρtsHinH[_Hτμâ��YHoτHPHsqrt{s}gY[HQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorH2018THZXYbTHY 1

399
~ργrνψHτorHtψρHriχχsHμosonHproπuνρπHinHγssoνiγtionHwitψHγHvρνtorHμosonHγnπHπρνγyinχHintoHtwoH
spinUzρroHpγrtiνlρsHinHtψρHrHUhHγγHUhH]μHνψγnnρlHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY

5.4 14

398
wργsurρmρntHoτHtψρHPHZχγmmγHtoHnuHovρrlinρ{nu}χγmmγHQHproπuνtionHνrossHsρνtionHinHppHνollisionsH
γtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorHγnπHlimitsHonHγnomγlousHtriplρHχγuχρUμosonH
νouplinχsVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY

5.4 6

397 zromptHγnπHnonUpromptHρlliptiνHτlowHinHzμSzμHνollisionsHγtH‘ρvHwitψHtψρHk‘vk~HπρtρνtorVHEuropeant
PhysicaltJournaltCTH2018THabTHab] 4.2 8

396 ~ργrνψHτorHriχχsHμosonHpγirHproπuνtionHinHtψρHνψγnnρlHusinχHνollisionHπγtγHrρνorπρπHγtH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHYXXa 4.2 21

395 wργsurρmρntHoτHνolourHτlowHusinχHjρtUpullHoμsρrvγμlρsHinHρvρntsHwitψHtψρHk‘vk~HρxpρrimρntHγtVH
EuropeantPhysicaltJournaltCTH2018THabTHb]a 4.2 5

394 knχulγrHγnγlysisHoτHlHXHπHHUhHuR˛…S˛…â��HπρνγysHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 44

393
~ργrνψHτorHγHnρwHψργvyHχγuχρUμosonHrρsonγnνρHπρνγyinχHintoHγHlρptonHγnπHmissinχHtrγnsvρrsρH
momρntumHinH[_HτμHoτHνollisionsHγtH´ ‘ρ–HwitψHtψρHk‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltCTH
2018THabTH]XY

4.2 23

392
~ργrνψHτorHπγrkHmγttρrHinHρvρntsHwitψHγHψγπroniνγllyHπρνγyinχHvρνtorHμosonHγnπHmissinχHtrγnsvρrsρH
momρntumHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2018THZXYbTHY

5.4 15

391
wργsurρmρntsHoτHπiττρrρntiγlHνrossHsρνtionsHoτHtopHquγrkHpγirHproπuνtionHinHγssoνiγtionHwitψHjρtsHinH
ppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018TH
ZXYbTHY

5.4 4

390
~ργrνψHτorHriχχsHμosonHpγirHproπuνtionHinHtψρHPHupχγmmγHupχγmmγHμovρrlinρ{μ}HQHτinγlHstγtρHwitψH
Y[H‘ρ–HppHνollisionHπγtγHνollρνtρπHμyHtψρHk‘vk~HρxpρrimρntVHJournaltoftHightEnergytPhysicsTH2018TH
ZXYbTHY

5.4 23

389 ~ργrνψHτorHnρwHpψρnomρnγHinHρvρntsHwitψHsγmρUνψγrχρHlρptonsHγnπHμUjρtsHinHppHνollisionsHγtHPH
sqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 21

388 wργsurρmρntHoτHtψρHγzimutψγlHγnisotropyHoτHνψγrχρπHpγrtiνlρsHproπuνρπHinHgH^VXZ´ ‘ρ–HzμSzμH
νollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHcca 4.2 21

387 zρrτormγnνρHoτHmissinχHtrγnsvρrsρHmomρntumHrρνonstruνtionHwitψHtψρHk‘vk~HπρtρνtorHusinχH
protonUprotonHνollisionsHγtVHEuropeantPhysicaltJournaltCTH2018THabTHcX[ 4.2 66

386 ~ργrνψHτorHρlρνtrowργkHproπuνtionHoτHsupρrsymmρtriνHpγrtiνlρsHinHτinγlHstγtρsHwitψHtwoHorHtψrρρH
lρptonsHγtHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTHcc^ 4.2 49
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385 ~ργrνψHτorHνψγrχρπHriχχsHμosonsHπρνγyinχHintoHtopHγnπHμottomHquγrksHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 39

384 ypρrγtionHγnπHpρrτormγnνρHoτHtψρHk‘vk~H‘ilρHmγlorimρtρrHinH}un´ YVHEuropeantPhysicaltJournaltCTH
2018THabTHcba 4.2 13

383
~ργrνψHτorHsupρrsymmρtryHinHτinγlHstγtρsHwitψHmissinχHtrγnsvρrsρHmomρntumHγnπHmultiplρHμUjρtsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2018THZXYbTHY

5.4 28

382
~ργrνψHτorHpγirHproπuνtionHoτHψργvyHvρνtorUlikρHquγrksHπρνγyinχHintoHψiχψUp‘H—HμosonsHγnπHtopH
quγrksHinHtψρHlρptonUplusUjρtsHτinγlHstγtρHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY

5.4 16

381
~ργrνψHτorHtopUsquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHonρHlρptonTHjρtsTHγnπHmissinχHtrγnsvρrsρH
momρntumHusinχH[_Hτμâ��YHoτHPHsqrt{s}gY[HQH‘ρ–HppHνollisionHπγtγHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2018THZXYbTHY

5.4 33

380 ~ργrνψHτorHlonχUlivρπHνψγrχinosHμγsρπHonHγHπisγppργrinχUtrγνkHsiχnγturρHinHppHνollisionsHγtHPH
sqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 48

379 ~ργrνψHτorHsupρrsymmρtryHinHτinγlHstγtρsHwitψHνψγrmHjρtsHγnπHmissinχHtrγnsvρrsρHmomρntumHinHY[H
‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 9

378
~ργrνψHτorHνψγrχρπHriχχsHμosonsHπρνγyinχHviγHr´–HUhHˇ�´–˛‰ˇ�HinHtψρHˇ�SjρtsHγnπHˇ�SlρptonHτinγlHstγtρsHwitψH
[_Hτμâ��YHoτHppHνollisionHπγtγHrρνorπρπHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HρxpρrimρntVHJournaltoft
HightEnergytPhysicsTH2018THZXYbTHY

5.4 33

377 zromptHγnπHnonUpromptHγnπHsupprρssionHγtHψiχψHtrγnsvρrsρHmomρntumHinHzμSzμHνollisionsHwitψH
tψρHk‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltCTH2018THabTHa_Z 4.2 23

376 ~ργrνψHτorHriχχsHμosonHπρνγysHtoHμρyonπUtψρU~tγnπγrπUwoπρlHliχψtHμosonsHinHτourUlρptonHρvρntsH
witψHtψρHk‘vk~HπρtρνtorHγtHPHsqrt{s}gY[HQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 22

375 ~ργrνψHτorHρxνlusivρHriχχsHγnπHZHμosonHπρνγysHtoHi˛‡HγnπHˇ�˛‡HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2018THZXYbTHY 5.4 6

374 wργsurρmρntsHoτHμUjρtHtγχχinχHρττiνiρnνyHwitψHtψρHk‘vk~HπρtρνtorHusinχHPHtovρrlinρ{t}HQHρvρntsHγtHPH
sqrt{s}gY[HQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 31

373 ~ργrνψHτorHτlγvourUνψγnχinχHnρutrγlHνurrρntHtopUquγrkHπρνγysHtHUhHqZHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 8

372 wργsurρmρntHoτHtψρHinνlusivρHγnπHτiπuνiγlHproπuνtionHνrossUsρνtionsHinHtψρHlρptonSjρtsHνψγnnρlHinH
νollisionsHγtHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTH]ba 4.2 5

371 ~ργrνψHτorHψργvyHpγrtiνlρsHπρνγyinχHintoHtopUquγrkHpγirsHusinχHlρptonUplusUjρtsHρvρntsHinH
protonUprotonHνollisionsHγtH´ HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2018THabTH^_^ 4.2 34

370
~ργrνψHτorHnρwHpψρnomρnγHusinχHtψρHinvγriγntHmγssHπistriμutionHoτHsγmρUτlγvourHoppositρUsiχnH
πilρptonHpγirsHinHρvρntsHwitψHmissinχHtrγnsvρrsρHmomρntumHinH´ HνollisionsHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2018THabTH_Z^

4.2 15

369 ~ργrνψHτorHπγrkHmγttρrHγnπHotψρrHnρwHpψρnomρnγHinHρvρntsHwitψHγnHρnρrχρtiνHjρtHγnπHlγrχρHmissinχH
trγnsvρrsρHmomρntumHusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2018THZXYbTHY 5.4 101

368
wργsurρmρntHoτHtψρHℓpormulγdHsρρHtρxt]HγnπHℓpormulγdHsρρHtρxt]HproπuνtionHνrossHsρνtionsHinH
multilρptonHτinγlHstγtρsHusinχH[VZHτμℓpormulγdHsρρHtρxt]HoτHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdH
sρρHtρxt]HgHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTH]X

4.2 14
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367
kHmργsurρmρntHoτHtψρHνγlorimρtρrHrρsponsρHtoHsinχlρHψγπronsHγnπHπρtρrminγtionHoτHtψρHjρtHρnρrχyH
sνγlρHunνρrtγintyHusinχHvrmH}unUYHUνollisionHπγtγHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2017THaaTHZ_

4.2 22

366 ~ργrνψHτorHolρνtroniνH}ρνoilHovρntH}γtρHwoπulγtionHwitψH]H±ργrsHoτH oxyxYXXHnγtγVHPhysicalt
ReviewtLettersTH2017THYYbTHYXYYXY 7.4 39

365
wργsurρmρntHoτHtψρHinνlusivρHνrossUsρνtionsHoτHsinχlρHtopUquγrkHγnπHtopUγntiquγrkHtUνψγnnρlH
proπuνtionHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2017THZXYaTHY

5.4 22

364
wργsurρmρntHoτHjρtHγνtivityHproπuνρπHinHtopUquγrkHρvρntsHwitψHγnHρlρνtronTHγHmuonHγnπHtwoH
UtγχχρπHjρtsHinHtψρHτinγlHstγtρHinHνollisionsHγtHℓpormulγdHsρρHtρxt]H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2017THaaTHZZX

4.2 5

363 wργsurρmρntHoτHtψρHμosonHpolγrisγtionHinHℓpormulγdHsρρHtρxt]HρvρntsHτromHνollisionsHγtHℓpormulγdH
sρρHtρxt]HgHbH‘ρ–HinHtψρHlρpton´ S´ jρtsHνψγnnρlHwitψHk‘vk~VHEuropeantPhysicaltJournaltCTH2017THaaTHZ_] 4.2 19

362 }ρmovinχHkryptonHτromHxρnonHμyHνryoχρniνHπistillγtionHtoHtψρHppqHlρvρlVHEuropeantPhysicaltJournalt
CTH2017THaaTHY 4.2 26

361 olρνtronHρττiνiρnνyHmργsurρmρntsHwitψHtψρHk‘vk~HπρtρνtorHusinχHZXYZHvrmHprotonUprotonHνollisionH
πγtγVHEuropeantPhysicaltJournaltCTH2017THaaTHYc^ 4.2 61

360
wργsurρmρntsHoτHtopUquγrkHpγirHπiττρrρntiγlHνrossUsρνtionsHinHtψρHℓpormulγdHsρρHtρxt]HνψγnnρlHinH
νollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017TH
aaTHZcZ

4.2 13

359 zρrτormγnνρHoτHγlχoritψmsHtψγtHrρνonstruνtHmissinχHtrγnsvρrsρHmomρntumHinHℓpormulγdHsρρHtρxt]gH
bH‘ρ–HprotonUprotonHνollisionsHinHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHZ]Y 4.2 38

358 wργsurρmρntHoτHtψρHpromptHWℓpormulγdHsρρHtρxt]HpγirHproπuνtionHνrossUsρνtionHinHνollisionsHγtH
ℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHa_ 4.2 47

357 ~ργrνψHτorHtriμosonHℓpormulγdHsρρHtρxt]HproπuνtionHinHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ℓpormulγdHsρρH
tρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHY]Y 4.2 13

356 ‘opoloχiνγlHνρllHνlustρrinχHinHtψρHk‘vk~HνγlorimρtρrsHγnπHitsHpρrτormγnνρHinHvrmH}unHYVHEuropeant
PhysicaltJournaltCTH2017THaaTH]cX 4.2 177

355
piπuνiγlTHtotγlHγnπHπiττρrρntiγlHνrossUsρνtionHmργsurρmρntsHoτHUνψγnnρlHsinχlρHtopUquγrkHproπuνtionH
inHνollisionsHγtHb´ ‘ρ–HusinχHπγtγHνollρνtρπHμyHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017TH
aaTH^[Y

4.2 27

354 wργsurρmρntsHoτHρlρνtrowργkHℓpormulγdHsρρHtρxt]HproπuνtionHγnπHνonstrγintsHonHγnomγlousHχγuχρH
νouplinχsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTH]a] 4.2 14

353 tρtHrρνonstruνtionHγnπHpρrτormγnνρHusinχHpγrtiνlρHτlowHwitψHtψρHk‘vk~HnρtρνtorVHEuropeantPhysicalt
JournaltCTH2017THaaTH]__ 4.2 42

352 wγtρriγlHrγπioγssγyHγnπHsρlρνtionHτorHtψρH oxyxY‘HπγrkHmγttρrHρxpρrimρntVHEuropeantPhysicalt
JournaltCTH2017THaaTHY 4.2 21

351 wργsurρmρntHoτHmultiUpγrtiνlρHγzimutψγlHνorrρlγtionsHinHppTHp´ S´ zμHγnπHlowUmultipliνityHzμ´ S´ zμH
νollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTH]Zb 4.2 48

350 wργsurρmρntHoτHinνlusivρHγnπHπiττρrρntiγlHνrossHsρνtionsHinHtψρHrHUhHZZHRHUhH]â��HπρνγyHνψγnnρlHinHppH
νollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 25
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349 wργsurρmρntHoτHlρptonHπiττρrρntiγlHπistriμutionsHγnπHtψρHtopHquγrkHmγssHinHproπuνtionHinHνollisionsH
γtH´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHbX] 4.2 11

348 wργsurρmρntHoτHtψρHPHtovρrlinρ{t}χγmmγHQHproπuνtionHνrossHsρνtionHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 7

347
wργsurρmρntsHoτHνψγrχρHγnπHmzHγsymmρtriρsHinHμUψγπronHπρνγysHusinχHtopUquγrkHρvρntsHνollρνtρπH
μyHtψρHk‘vk~HπρtρνtorHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2017TH
ZXYaTHY

5.4 6

346 pirstHnγrkHwγttρrH~ργrνψH}ρsultsHτromHtψρH oxyxY‘HoxpρrimρntVHPhysicaltReviewtLettersTH2017TH
YYcTHYbY[XY 7.4 485

345 zρrτormγnνρHoτHtψρHk‘vk~HtrγνkHrρνonstruνtionHγlχoritψmsHinHπρnsρHρnvironmρntsHinHvrmH}unHZVH
EuropeantPhysicaltJournaltCTH2017THaaTH_a[ 4.2 33

344
~ργrνψHτorHnρwHpψρnomρnγHinHρvρntsHνontγininχHγHsγmρUτlγvourHoppositρUsiχnHπilρptonHpγirTHjρtsTH
γnπHlγrχρHmissinχHtrγnsvρrsρHmomρntumHinHℓpormulγdHsρρHtρxt]´ ℓpormulγdHsρρHtρxt]ℓpormulγdHsρρH
tρxt]HνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHY]]

4.2 8

343
wργsurρmρntHoτHtψρHZZHproπuνtionHνrossHsρνtionHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–H
usinχHtψρHZZHUhHâ��â�� â��Sâ��iâ��â��iSHγnπHPHZZtoH{ρll}^{U}{ρll}^{S}nuHovρrlinρ{nu}HQHπρνγyHνψγnnρlsHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY

5.4 9

342 zroμinχHtψρH—HtμHvρrtρxHstruνturρHinHtUνψγnnρlHsinχlρUtopUquγrkHproπuνtionHγnπHπρνγyHinHppH
νollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 11

341 wργsurρmρntsHoτHˇ�PZ~QHγnπH P[baZQHUhHtWˇ�ˇ�HSHˇ�Hâ��HproπuνtionHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 15

340 wργsurρmρntsHoτHtopUquγrkHpγirHtoHZUμosonHνrossUsρνtionHrγtiosHγtHPHsqrt{s}gY[HQHTHbTHaH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 7

339 ~ργrνψHτorHlρptonUτlγvourUviolγtinχHπρνγysHoτHtψρHriχχsHγnπHμosonsHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2017THaaTHaX 4.2 52

338 zρrτormγnνρHoτHtψρHk‘vk~HtriχχρrHsystρmHinHZXY^VHEuropeantPhysicaltJournaltCTH2017THaaTH[Ya 4.2 272

337 }ρνonstruνtionHoτHprimγryHvρrtiνρsHγtHtψρHk‘vk~HρxpρrimρntHinH}unHYHprotonUprotonHνollisionsHγtH
tψρHvrmVHEuropeantPhysicaltJournaltCTH2017THaaTH[[Z 4.2 29

336
wργsurρmρntsHoτHtψρHproπuνtionHνrossHsρνtionHoτHγHℓpormulγdHsρρHtρxt]HμosonHinHγssoνiγtionHwitψH
jρtsHinHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2017THaaTH[_Y

4.2 26

335 ynlinρHP^{ZZZ}Q}nHrρmovγlHμyHνryoχρniνHπistillγtionHinHtψρH oxyxYXXHρxpρrimρntVHEuropeant
PhysicaltJournaltCTH2017THaaTHY 4.2 21

334 zrρνisionHmργsurρmρntHγnπHintρrprρtγtionHoτHinνlusivρHTHγnπHproπuνtionHνrossHsρνtionsHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTH[_a 4.2 56

333 wργsurρmρntHoτHjρtHτrγχmρntγtionHinHzμSzμHγnπHνollisionsHγtH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorHγtHtψρH
vrmVHEuropeantPhysicaltJournaltCTH2017THaaTH[ac 4.2 35

332
~ργrνψHτorHπγrkHmγttρrHγtHℓpormulγdHsρρHtρxt]HinHτinγlHstγtρsHνontγininχHγnHρnρrχρtiνHpψotonHγnπH
lγrχρHmissinχHtrγnsvρrsρHmomρntumHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017TH
aaTH[c[

4.2 52
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331
wργsurρmρntHoτHνψγrχρπUpγrtiνlρHπistriμutionsHsρnsitivρHtoHtψρHunπρrlyinχHρvρntHinHPHsqrt{s}gY[HQH
‘ρ–HprotonUprotonHνollisionsHwitψHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH
2017THZXYaTHY

5.4 9

330 ~ργrνψHτorHπirρνtHtopHsquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHtwoHlρptonsHinH‘ρ–HνollisionsHwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHbcb 4.2 19

329
~ργrνψHτorHπirρνtHtopHsquγrkHpγirHproπuνtionHinHρvρntsHwitψHγHriχχsHorHZHμosonTHγnπHmissinχH
trγnsvρrsρHmomρntumHinHPHsqrt{s}gY[HQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2017THZXYaTHY

5.4 7

328
wργsurρmρntHoτHπρtρνtorUνorrρνtρπHoμsρrvγμlρsHsρnsitivρHtoHtψρHγnomγlousHproπuνtionHoτHρvρntsH
witψHjρtsHγnπHlγrχρHmissinχHtrγnsvρrsρHmomρntumHinHνollisionsHγtH´ ‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2017THaaTHa_^

4.2 10

327 wργsurρmρntHoτHμUψγπronHpγirHproπuνtionHwitψHtψρHk‘vk~HπρtρνtorHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 5

326 ~ργrνψHτorHsupρrsymmρtryHinHρvρntsHwitψHμUtγχχρπHjρtsHγnπHmissinχHtrγnsvρrsρHmomρntumHinHppH
νollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 13

325 wργsurρmρntHoτHtψρHinνlusivρHjρtHνrossUsρνtionsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 12

324
~ργrνψHτorHpγirHproπuνtionHoτHvρνtorUlikρHtopHquγrksHinHρvρntsHwitψHonρHlρptonTHjρtsTHγnπHmissinχH
trγnsvρrsρHmomρntumHinHPHsqrt{s}gY[HQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2017THZXYaTHY

5.4 27

323 sπρntiτiνγtionHγnπHrρjρνtionHoτHpilρUupHjρtsHγtHψiχψHpsρuπorγpiπityHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2017THaaTH^bX 4.2 16

322
wργsurρmρntHoτHproπuνtionHwitψHtψρHψγπroniνγllyHπρνγyinχHμosonHrρνonstruνtρπHγsHonρHorHtwoHjρtsH
inHνollisionsHγtHwitψHk‘vk~THγnπHνonstrγintsHonHγnomγlousHχγuχρHνouplinχsVHEuropeantPhysicalt
JournaltCTH2017THaaTH^_[

4.2 15

321
~ργrνψHτorHnρwHpψρnomρnγHinHγHlρptonHplusHψiχψHjρtHmultipliνityHτinγlHstγtρHwitψHtψρHk‘vk~H
ρxpρrimρntHusinχHPHsqrt{s}gY[HQH‘ρ–HprotonUprotonHνollisionHπγtγVHJournaltoftHightEnergytPhysicsTH
2017THZXYaTHY

5.4 7

320 ~ργrνψρsHτorHtψρHZ˛‡HπρνγyHmoπρHoτHtψρHriχχsHμosonHγnπHτorHnρwHψiχψUmγssHrρsonγnνρsHinHppH
νollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 20

319 ~tuπiρsHoτHZ˛‡HproπuνtionHinHγssoνiγtionHwitψHγHψiχψUmγssHπijρtHsystρmHinHppHνollisionsHγtHPHsqrt{s}gbHQH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 7

318 wργsurρmρntsHoτHtopUquγrkHpγirHπiττρrρntiγlHνrossUsρνtionsHinHtψρHlρptonSjρtsHνψγnnρlHinHppH
νollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 12

317 ~ργrνψHτorHtopHquγrkHπρνγysHtHUhHqrTHwitψHrHUhH˛‡˛‡THinHPHsqrt{s}gY[HQH‘ρ–HppHνollisionsHusinχHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 12

316 ~tuπyHoτHγnπHproπuνtionHinHνollisionsHγtHγnπHsργrνψHτorHγnomγlousHquγrtiνHχγuχρHνouplinχsHwitψHtψρH
k‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltCTH2017THaaTH_]_ 4.2 11

315 wργsurρmρntsHoτHtopHquγrkHspinHoμsρrvγμlρsHinHPHtovρrlinρ{t}HQHρvρntsHusinχHπilρptonHτinγlHstγtρsHinHPH
sqrt{s}gbHQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 12

314
~ργrνψHτorHnρwHpψρnomρnγHwitψHlγrχρHjρtHmultipliνitiρsHγnπHmissinχHtrγnsvρrsρHmomρntumHusinχH
lγrχρUrγπiusHjρtsHγnπHτlγvourUtγχχinχHγtHk‘vk~HinHY[H‘ρ–HppHνollisionsVHJournaltoftHightEnergytPhysics
TH2017THZXYaTHY

5.4 8
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313 ‘opUquγrkHmγssHmργsurρmρntHinHtψρHγllUψγπroniνHPHtovρrlinρ{t}HQHπρνγyHνψγnnρlHγtHPHsqrt{s}gbHQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 6

312 wργsurρmρntHoτHtψρHnrρllU±γnHtriplρUπiττρrρntiγlHνrossHsρνtionHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–VH
JournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 16

311 ‘ψρH oxyxY‘HπγrkHmγttρrHρxpρrimρntVHEuropeantPhysicaltJournaltCTH2017THaaTHY 4.2 99

310 ~ργrνψHτorHγHsνγlγrHpγrtnρrHoτHtψρHtopHquγrkHinHtψρHjρtsHplusHmissinχHtrγnsvρrsρHmomρntumHτinγlH
stγtρHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 30

309
~ργrνψHτorHsupρrsymmρtryHinHτinγlHstγtρsHwitψHtwoHsγmρUsiχnHorHtψrρρHlρptonsHγnπHjρtsHusinχH[_Hτμâ��YH
oτHPHsqrt{s}gY[HQH‘ρ–HppHνollisionHπγtγHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017TH
ZXYaTHY

5.4 22

308
~ργrνψHτorHpγirHproπuνtionHoτHψργvyHvρνtorUlikρHquγrksHπρνγyinχHtoHψiχψUpH‘H—HμosonsHγnπHμHquγrksH
inHtψρHlρptonUplusUjρtsHτinγlHstγtρHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
JournaltoftHightEnergytPhysicsTH2017THZXYaTHY

5.4 29

307 wργsurρmρntHoτHtψρHkHtHsplittinχHsνγlρsHinHZHUhHâ��â��HρvρntsHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017THZXYaTHY 5.4 3

306
knγlysisHoτHtψρH—tμHvρrtρxHτromHtψρHmργsurρmρntHoτHtriplρUπiττρrρntiγlHγnχulγrHπρνγyHrγtρsHoτH
sinχlρHtopHquγrksHproπuνρπHinHtψρHtUνψγnnρlHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2017THZXYaTHY

5.4 7

305 oviπρnνρHτorHtψρHPHrtoHμovρrlinρ{μ}HQHπρνγyHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH
2017THZXYaTHY 5.4 50

304
~ργrνψHτorHnρwHψiχψUmγssHpψρnomρnγHinHtψρHπilρptonHτinγlHstγtρHusinχH[_Hτμâ��YHoτHprotonUprotonH
νollisionHπγtγHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2017TH
ZXYaTHY

5.4 126

303 nρtρrminγtionHoτHtψρHstronχHνouplinχHνonstγntHτromHtrγnsvρrsρHρnρrχyUρnρrχyHνorrρlγtionsHinH
multijρtHρvρntsHγtHusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2017THaaTHbaZ 4.2 19

302 }ρνonstruνtionHoτHψγπroniνHπρνγyHproπuνtsHoτHtγuHlρptonsHwitψHtψρHk‘vk~HρxpρrimρntVHEuropeant
PhysicaltJournaltCTH2016THa_THZc^ 4.2 28

301 zρrτormγnνρHoτHpilρUupHmitiχγtionHtρνψniquρsHτorHjρtsHinHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdH
sρρHtρxt]´ ‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^bY 4.2 148

300 wργsurρmρntHoτHtψρHνψγrχρπUpγrtiνlρHmultipliνityHinsiπρHjρtsHτromHℓpormulγdHsρρHtρxt]ℓpormulγdHsρρH
tρxt]´ HνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH[ZZ 4.2 35

299 wργsurρmρntHoτHjρtHγνtivityHinHtopHquγrkHρvρntsHusinχHtψρHρ˛…HτinγlHstγtρHwitψHtwoHμUtγχχρπHjρtsHinHppH
νollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 4

298
wργsurρmρntHoτHtψρHtrγnsvρrsρHmomρntumHγnπHℓpormulγdHsρρHtρxt]HπistriμutionsHoτHnrρllU±γnH
lρptonHpγirsHinHprotonUprotonHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2016THa_THZcY

4.2 63

297
wργsurρmρntHoτHτiπuνiγlHπiττρrρntiγlHνrossHsρνtionsHoτHχluonUτusionHproπuνtionHoτHriχχsHμosonsH
πρνγyinχHtoH——HRUhρ˛‰˛…˛‰HwitψHtψρHk‘vk~HπρtρνtorHγtHPHsqrt{s}gbHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH
2016THZXY_THY

5.4 13

296 ~ργrνψHτorHnρwHpψρnomρnγHinHρvρntsHwitψHγHpψotonHγnπHmissinχHtrγnsvρrsρHmomρntumHinHppH
νollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 13
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295 kHsργrνψHτorHtopHsquγrksHwitψH}UpγrityUviolγtinχHπρνγysHtoHγllUψγπroniνHτinγlHstγtρsHwitψHtψρHk‘vk~H
πρtρνtorHinHPHsqrt{s}gbHQH‘ρ–HprotonUprotonHνollisionsVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 10

294 sπρntiτiνγtionHoτHψiχψHtrγnsvρrsρHmomρntumHtopHquγrksHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 13

293 kHsργrνψHτorHγnHρxνitρπHmuonHπρνγyinχHtoHγHmuonHγnπHtwoHjρtsHinppνollisionsHγtH
Lsqrt{s}egebe{rm{‘ρ–}}LHwitψHtψρHk‘vk~HπρtρνtorVHNewtJournaltoftPhysicsTH2016THYbTHXa[XZY 2.9 1

292 lργmUinπuνρπHγnπHνosmiνUrγyHμγνkχrounπsHoμsρrvρπHinHtψρHk‘vk~HπρtρνtorHπurinχHtψρHvrmHZXYZH
protonUprotonHrunninχHpρrioπVHJournaltoftInstrumentationTH2016THYYTHzX^XY[UzX^XY[ 1 8

291 wργsurρmρntsHoτHtopUquγrkHpγirHπiττρrρntiγlHνrossUsρνtionsHinHtψρHlρptonSjρtsHνψγnnρlHinHνollisionsH
γtHℓpormulγdHsρρHtρxt]HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^[b 4.2 48

290
wργsurρmρntHoτHtψρHπiττρrρntiγlHνrossUsρνtionsHoτHpromptHγnπHnonUpromptHproπuνtionHoτHℓpormulγdH
sρρHtρxt]HγnπHℓpormulγdHsρρHtρxt]HinHνollisionsHγtHℓpormulγdHsρρHtρxt]HγnπHb´ ‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_THZb[

4.2 42

289 vuminosityHπρtρrminγtionHinHνollisionsHγtHℓpormulγdHsρρHtρxt]HgHbH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorHγtH
tψρHvrmVHEuropeantPhysicaltJournaltCTH2016THa_TH_^[ 4.2 188

288
~ργrνψHτorHsquγrksHγnπHχluinosHinHρvρntsHwitψHψγπroniνγllyHπρνγyinχHtγuHlρptonsTHjρtsHγnπHmissinχH
trγnsvρrsρHmomρntumHinHprotonUprotonHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HrρνorπρπHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH_b[

4.2 7

287
kππρnπumHtoHâ��wργsurρmρntHoτHtψρHPtμγr{t}QHproπuνtionHνrossUsρνtionHusinχHPρmuHQHρvρntsHwitψH
μUtγχχρπHjρtsHinHppHνollisionsHγtHPsqrt{s}QHgHaHγnπHbHPTmγtψrm{‘ρ–}QHwitψHtψρHk‘vk~Hπρtρνtorâ��VH
EuropeantPhysicaltJournaltCTH2016THa_THY

4.2 13

286 wργsurρmρntHoτHtψρHγnχulγrHνoρττiνiρntsHinHZUμosonHρvρntsHusinχHρlρνtronHγnπHmuonHpγirsHτromH
πγtγHtγkρnHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 20

285 ~ργrνψρsHτorHψργvyHπiμosonHrρsonγnνρsHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 20

284 nγrkHmγttρrHintρrprρtγtionsHoτHk‘vk~HsργrνψρsHτorHtψρHρlρνtrowργkHproπuνtionHoτHsupρrsymmρtriνH
pγrtiνlρsHinHPHsqrt{s}gbHQH‘ρ–HprotonUprotonHνollisionsVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 16

283
~ργrνψHτorHtψρH~tγnπγrπHwoπρlHriχχsHμosonHπρνγyinχHintoHPHμovρrlinρ{μ}HQHproπuνρπHinHγssoνiγtionH
witψHtopHquγrksHπρνγyinχHψγπroniνγllyHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
JournaltoftHightEnergytPhysicsTH2016THZXY_THY

5.4 16

282 wργsurρmρntHoτHtψρHmzUviolγtinχHpψγsρHiHsHγnπHtψρHlHXHsHmρsonHπρνγyHwiπtψHπiττρrρnνρHwitψHlHXHsH
HUhHtWˇ�iHπρνγysHinHk‘vk~VHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 10

281
~ργrνψHτorHsquγrksHγnπHχluinosHinHτinγlHstγtρsHwitψHjρtsHγnπHmissinχHtrγnsvρrsρHmomρntumHγtH
ℓpormulγdHsρρHtρxt]HgY[HℓpormulγdHsρρHtρxt]witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2016THa_TH[cZ

4.2 53

280 wργsurρmρntHoτHtψρHπouμlρUπiττρrρntiγlHψiχψUmγssHnrρllU±γnHνrossHsρνtionHinHppHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 24

279 kHsργrνψHτorHpromptHlρptonUjρtsHinHppHνollisionsHγtHPHsqrt{mγtψrm{s}}gbHQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 22

278 ~ργrνψHτorHnρwHpψρnomρnγHwitψHpψotonSjρtHρvρntsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 12
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277
wργsurρmρntHoτHtψρHνρntrγlityHπρpρnπρnνρHoτHtψρHνψγrχρπUpγrtiνlρHpsρuπorγpiπityHπistriμutionHinH
protonUlργπHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2016THa_THYcc

4.2 39

276 wργsurρmρntHoτHtψρHproπuνtionHνrossUsρνtionHoτHγHsinχlρHtopHquγrkHinHγssoνiγtionHwitψHγH—HμosonHγtH
bH‘ρ–HwitψHtψρHk‘vk~HρxpρrimρntVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 12

275 ~ργrνψHτorHtψρHproπuνtionHoτHsinχlρHvρνtorUlikρHγnπHρxνitρπHquγrksHinHtψρH—tHτinγlHstγtρHinHppH
νollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 14

274 ~ργrνψHτorHstronχHχrγvityHinHmultijρtHτinγlHstγtρsHproπuνρπHinHppHνollisionsHγtHPHsqrt{s}gY[HQH‘ρ–HusinχH
tψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 12

273 sπρntiτiνγtionHoτHμoostρπTHψγπroniνγllyHπρνγyinχHμosonsHγnπHνompγrisonsHwitψHk‘vk~HπγtγHtγkρnHγtH
ℓpormulγdHsρρHtρxt]´ ‘ρ–VHEuropeantPhysicaltJournaltCTH2016THa_THY^] 4.2 44

272 ~ργrνψHτorHnρwHpψρnomρnγHinHρvρntsHwitψHγtHlργstHtψrρρHpψotonsHνollρνtρπHinHνollisionsHγtHℓpormulγdH
sρρHtρxt]HgHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_THZYX 4.2 53

271 zroμinχHlρptonHτlγvourHviolγtionHviγHnρutrinolρssHℓpormulγdHsρρHtρxt]HπρνγysHwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_THZ[Z 4.2 12

270 kHnρwHmρtψoπHtoHπistinχuisψHψγπroniνγllyHπρνγyinχHμoostρπHμosonsHτromHμosonsHusinχHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_THZ[b 4.2 6

269 ~ργrνψHτorHsupρrsymmρtryHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HinHτinγlHstγtρsHwitψHjρtsHγnπHtwoHsγmρUsiχnH
lρptonsHorHtψrρρHlρptonsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_THZ^c 4.2 48

268 ~ργrνψHτorHinvisiμlρHπρνγysHoτHγHriχχsHμosonHusinχHvρνtorUμosonHτusionHinHppHνollisionsHγtHPHsqrt{s}gbHQH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 45

267
~ργrνψHτorHγnomγlousHνouplinχsHinHtψρH—HtμHvρrtρxHτromHtψρHmργsurρmρntHoτHπouμlρHπiττρrρntiγlH
γnχulγrHπρνγyHrγtρsHoτHsinχlρHtopHquγrksHproπuνρπHinHtψρHtUνψγnnρlHwitψHtψρHk‘vk~HπρtρνtorVH
JournaltoftHightEnergytPhysicsTH2016THZXY_THYU]_

5.4 12

266 ~ργrνψρsHτorHsνγlγrHlρptoquγrksHinHνollisionsHγtHℓpormulγdHsρρHtρxt]HgHb´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2016THa_TH^ 4.2 68

265
wργsurρmρntsHoτHtψρHriχχsHμosonHproπuνtionHγnπHπρνγyHrγtρsHγnπHνouplinχHstrρnχtψsHusinχH
νollisionHπγtγHγtHℓpormulγdHsρρHtρxt]HγnπHb´ ‘ρ–HinHtψρHk‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltC
TH2016THa_TH_

4.2 185

264
wργsurρmρntsHoτHτiπuνiγlHνrossUsρνtionsHτorHℓpormulγdHsρρHtρxt]HproπuνtionHwitψHonρHorHtwoH
γππitionγlHUjρtsHinHνollisionsHγtHℓpormulγdHsρρHtρxt]gbH‘ρ–´ usinχHtψρHk‘vk~HπρtρνtorVHEuropeant
PhysicaltJournaltCTH2016THa_THYY

4.2 21

263 ~tuπyHoτHtψρHℓpormulγdHsρρHtρxt]HγnπHℓpormulγdHsρρHtρxt]HπρνγysHwitψHtψρHk‘vk~HπρtρνtorVHEuropeant
PhysicaltJournaltCTH2016THa_TH] 4.2 13

262 ~ργrνψHτorHsinχlρHtopUquγrkHproπuνtionHviγHτlγvourUνψγnχinχHnρutrγlHνurrρntsHγtHb´ ‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^^ 4.2 28

261 wργsurρmρntHoτHtψρHνψγrχρHγsymmρtryHinHtopUquγrkHpγirHproπuνtionHinHtψρHlρptonUplusUjρtsHτinγlH
stγtρHinHppHνollisionHπγtγHγtHPsqrt{s}gbTmγtψrmH‘ρ–{}QHwitψHtψρHk‘vk~HπρtρνtorH2016THa_THY 1

260 ~tuπyHoτHψγrπHπouμlρUpγrtonHsνγttρrinχHinHτourUjρtHρvρntsHinHppHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HwitψH
tψρHk‘vk~HρxpρrimρntVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 21
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259
~ργrνψHτorHtψρH~tγnπγrπHwoπρlHriχχsHμosonHproπuνρπHμyHvρνtorUμosonHτusionHγnπHπρνγyinχHtoH
μottomHquγrksHinHPHsqrt{s}gbHQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2016THZXY_THY

5.4 8

258
wργsurρmρntHoτHρvρntUsψγpρHoμsρrvγμlρsHinHℓpormulγdHsρρHtρxt]HρvρntsHinHνollisionsHγtHℓpormulγdH
sρρHtρxt]´ ℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2016TH
a_TH[a^

4.2 5

257 mψγrχρπUpγrtiνlρHπistriμutionsHinHintρrγνtionsHγtHℓpormulγdHsρρHtρxt]HmργsurρπHwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH]X[ 4.2 19

256 mψγrχρπUpγrtiνlρHπistriμutionsHγtHlowHtrγnsvρrsρHmomρntumHinHℓpormulγdHsρρHtρxt]´ ‘ρ–HintρrγνtionsH
mργsurρπHwitψHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2016THa_TH^XZ 4.2 37

255 ~ργrνψHτorHμottomHsquγrkHpγirHproπuνtionHinHprotonUprotonHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^]a 4.2 25

254
~ργrνψHτorHminimγlHsupρrsymmρtriνHstγnπγrπHmoπρlHriχχsHlosonsH´ W´ HγnπHτorHγHℓpormulγdHsρρHtρxt]H
μosonHinHtψρHℓpormulγdHsρρHtρxt]HτinγlHstγtρHproπuνρπHinHνollisionsHγtHℓpormulγdHsρρHtρxt]H‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^b^

4.2 28

253 wργsurρmρntHoτHtψρHpψotonHiπρntiτiνγtionHρττiνiρnνiρsHwitψHtψρHk‘vk~HπρtρνtorHusinχHvrmH}unUYH
πγtγVHEuropeantPhysicaltJournaltCTH2016THa_TH___ 4.2 53

252 wργsurρmρntHoτHtψρHℓpormulγdHsρρHtρxt]HπijρtHνrossHsρνtionHinHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH_aX 4.2 7

251 ‘ψρHpρrτormγnνρHoτHtψρHjρtHtriχχρrHτorHtψρHk‘vk~HπρtρνtorHπurinχHZXYYHπγtγHtγkinχVHEuropeant
PhysicaltJournaltCTH2016THa_TH^Z_ 4.2 16

250 ~ργrνψHτorHnρwHpψρnomρnγHinHπiττρrρntUτlγvourHψiχψUmγssHπilρptonHτinγlHstγtρsHinHνollisionsHγtH
ℓpormulγdHsρρHtρxt]´ ‘ρvHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^]Y 4.2 7

249
~ργrνψHτorHtψρHriχχsHμosonHproπuνρπHinHγssoνiγtionHwitψHγHμosonHγnπHπρνγyinχHtoHτourHUquγrksHviγH
twoHspinUzρroHpγrtiνlρsHinHνollisionsHγtHY[H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2016THa_TH_X^

4.2 16

248 wuonHrρνonstruνtionHpρrτormγnνρHoτHtψρHk‘vk~HπρtρνtorHinHprotonUprotonHνollisionHπγtγHγtH
ℓpormulγdHsρρHtρxt]gY[´ ‘ρ–VHEuropeantPhysicaltJournaltCTH2016THa_THZcZ 4.2 263

247 ‘ρstHoτHmzHinvγriγnνρHinHvρνtorUμosonHτusionHproπuνtionHoτHtψρHriχχsHμosonHusinχHtψρHmρtψoπHinHtψρH
πitγuHπρνγyHνψγnnρlHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH_^b 4.2 26

246 ~ργrνψHτorHχluinosHinHρvρntsHwitψHγnHisolγtρπHlρptonTHjρtsHγnπHmissinχHtrγnsvρrsρHmomρntumHγtH
ℓpormulγdHsρρHtρxt]HgHY[H‘ρH–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^_^ 4.2 20

245 wργsurρmρntHoτHtψρHinνlusivρHisolγtρπHpromptHpψotonHνrossHsρνtionHinHppHνollisionsHγtHPHsqrt{s}gbHQH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 25

244 ~ργrνψHτorHγHψiχψUmγssHriχχsHμosonHπρνγyinχHtoHγH—HμosonHpγirHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 59

243
~ργrνψHτorHτlγvourUνψγnχinχHnρutrγlHνurrρntHtopUquγrkHπρνγysHtoHℓpormulγdHsρρHtρxt]HinHℓpormulγdH
sρρHtρxt]HνollisionHπγtγHνollρνtρπHwitψHtψρHk‘vk~HπρtρνtorHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–VHEuropeant
PhysicaltJournaltCTH2016THa_THYZ

4.2 16

242
wργsurρmρntHoτHtψρHνψγrχρHγsymmρtryHinHtopUquγrkHpγirHproπuνtionHinHtψρHlρptonUplusUjρtsHτinγlH
stγtρHinHνollisionHπγtγHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2016THa_THba

4.2 18
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241 ~ργrνψHτorHπirρνtHtopHsquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHtwoHtγuHlρptonsHinHνollisionsHγtH
ℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_THbY 4.2 7

240 ~ργrνψHτorHνψγrχρπHriχχsHμosonsHinHtψρHrH´–HUhHtμHπρνγyHνψγnnρlHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–H
usinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 33

239 ~tuπyHoτHtψρHrγrρHπρνγysHoτHℓpormulγdHsρρHtρxt]HγnπHℓpormulγdHsρρHtρxt]HintoHmuonHpγirsHτromHπγtγH
νollρνtρπHπurinχHtψρHvrmH}unHYHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^Y[ 4.2 27

238
~ργrνψHτorHsupρrsymmρtryHinHγHτinγlHstγtρHνontγininχHtwoHpψotonsHγnπHmissinχHtrγnsvρrsρH
momρntumHinHℓpormulγdHsρρHtρxt]´ g´ Y[´ ‘ρ–HℓpormulγdHsρρHtρxt]HνollisionsHγtHtψρHvrmHusinχHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH^Ya

4.2 17

237 ~ργrνψHτorHrρsonγnνρsHinHπipψotonHρvρntsHγtHPHsqrt{s}gY[HQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2016THZXY_THY 5.4 49

236 ~ργrνψHτorHsinχlρHproπuνtionHoτHvρνtorUlikρHquγrksHπρνγyinχHintoHinHνollisionsHγtHℓpormulγdHsρρH
tρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2016THa_TH]]Z 4.2 24

235 wργsurρmρntHoτHtψρHrρlγtivρHwiπtψHπiττρrρnνρHoτHtψρHPH{l}^Xψμox{U}H{ovρrlinρ{l}}^XHQHsystρmHwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2016THZXY_THY 5.4 5

234 tρtHρnρrχyHmργsurρmρntHγnπHitsHsystρmγtiνHunνρrtγintyHinHprotonUprotonHνollisionsHγtHℓpormulγdHsρρH
tρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THYa 4.2 194

233 ~ργrνψHτorHinvisiμlρHpγrtiνlρsHproπuνρπHinHγssoνiγtionHwitψHsinχlρUtopUquγrksHinHprotonUprotonH
νollisionsHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THac 4.2 21

232 ~ργrνψHτorHrρsonγntHπiμosonHproπuνtionHinHtψρHℓpormulγdHsρρHtρxt]HτinγlHstγtρHinHℓpormulγdHsρρHtρxt]H
νollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^TH_c 4.2 62

231 wργsurρmρntsHoτHtψρHℓpormulγdHsρρHtρxt]HproπuνtionHνrossHsρνtionsHinHγssoνiγtionHwitψHjρtsHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THbZ 4.2 54

230 ~ργrνψHτorHπγrkHmγttρrHinHρvρntsHwitψHψργvyHquγrksHγnπHmissinχHtrγnsvρrsρHmomρntumHinHℓpormulγdH
sρρHtρxt]HνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THcZ 4.2 60

229
wργsurρmρntHoτHtψρHPHtovρrlinρ{t}HQHproπuνtionHνrossUsρνtionHγsHγHτunνtionHoτHjρtHmultipliνityHγnπHjρtH
trγnsvρrsρHmomρntumHinHaH‘ρ–HprotonUprotonHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2015THZXY^THY

5.4 14

228
wργsurρmρntHoτHtψρH—H—HSH—HZHνrossHsρνtionHγnπHlimitsHonHγnomγlousHtriplρHχγuχρHνouplinχsHusinχH
τinγlHstγtρsHwitψHonρHlρptonTHmissinχHtrγnsvρrsρHmomρntumTHγnπHtwoHjρtsHwitψHtψρHk‘vk~HπρtρνtorH
γtHPHsqrt{s}gaHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2015THZXY^THY

5.4 12

227 ~ργrνψρsHτorHψργvyHlonχUlivρπHνψγrχρπHpγrtiνlρsHwitψHtψρHk‘vk~HπρtρνtorHinHprotonUprotonHνollisionsH
γtHPHsqrt{s}gbHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 29

226 ~ργrνψHτorHtψρHPHμovρrlinρ{μ}HQHπρνγyHoτHtψρH~tγnπγrπHwoπρlHriχχsHμosonHinHγssoνiγtρπHP—WZQrH
proπuνtionHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 64

225 wργsurρmρntHoτHtψρHinνlusivρHjρtHνrossUsρνtionHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HusinχH
]V^Hτμâ��YHoτHπγtγHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 27

224
~ργrνψHτorHγnomγlousHproπuνtionHoτHpromptHsγmρUsiχnHlρptonHpγirsHγnπHpγirUproπuνρπHπouμlyH
νψγrχρπHriχχsHμosonsHwitψHPHsqrt{s}gbHQH‘ρ–HppHνollisionsHusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2015THZXY^THY

5.4 45
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223
~ργrνψHτorHνψγrχρπHriχχsHμosonsHπρνγyinχHviγHrH´–HUhHˇ�H´–H˛‰HinHτullyHψγπroniνHτinγlHstγtρsHusinχHppH
νollisionHπγtγHγtHPHsqrt{s}HQHgHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015TH
ZXY^THY

5.4 56

222
~ργrνψHτorHproπuνtionHoτHℓpormulγdHsρρHtρxt]HrρsonγnνρsHπρνγyinχHtoHγHlρptonTHnρutrinoHγnπHjρtsHinH
ℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2015THa^THZXc

4.2 73

221 zρrτormγnνρHoτHtψρHk‘vk~HmuonHtriχχρrHinHppHνollisionsHγtHℓpormulγdHsρρHtρxt]H‘ρ–VHEuropeant
PhysicaltJournaltCTH2015THa^THYZX 4.2 51

220 ~ργrνψHτorHriχχsHμosonHpγirHproπuνtionHinHtψρHℓpormulγdHsρρHtρxt]HτinγlHstγtρHτromHνollisionsHγtH
ℓpormulγdHsρρHtρxt]H‘ρ–witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^TH]YZ 4.2 66

219 nρtρrminγtionHoτHspinHγnπHpγrityHoτHtψρHriχχsHμosonHinHtψρHℓpormulγdHsρρHtρxt]HπρνγyHνψγnnρlHwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THZ[Y 4.2 15

218
~ργrνψHτorHnρwHpψρnomρnγHinHτinγlHstγtρsHwitψHγnHρnρrχρtiνHjρtHγnπHlγrχρHmissinχHtrγnsvρrsρH
momρntumHinHνollisionsHγtHℓpormulγdHsρρHtρxt]‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2015THa^THZcc

4.2 202

217 ~ργrνψHτorHγHnρwHrρsonγnνρHπρνγyinχHtoHγHorHμosonHγnπHγHriχχsHμosonHinHtψρHℓpormulγdHsρρHtρxt]H
τinγlHstγtρsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THZ_[ 4.2 46

216 wργsurρmρntHoτHtψrρρUjρtHproπuνtionHνrossUsρνtionsHinHℓpormulγdHsρρHtρxt]HνollisionsHγtHa´ ℓpormulγdH
sρρHtρxt]HνρntrρUoτUmγssHρnρrχyHusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THZZb 4.2 18

215 monstrγintsHonHtψρHoττUsψρllHriχχsHμosonHsiχnγlHstrρnχtψHinHtψρHψiχψUmγssHγnπHτinγlHstγtρsHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^TH[[^ 4.2 56

214
sπρntiτiνγtionHγnπHρnρrχyHνγliμrγtionHoτHψγπroniνγllyHπρνγyinχHtγuHlρptonsHwitψHtψρHk‘vk~H
ρxpρrimρntHinHνollisionsHγtHℓpormulγdHsρρHtρxt]ℓpormulγdHsρρHtρxt]VHEuropeantPhysicaltJournaltCTH2015
THa^TH[X[

4.2 49

213 ~tuπyHoτHtψρHspinHγnπHpγrityHoτHtψρHriχχsHμosonHinHπiμosonHπρνγysHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2015THa^TH]a_ 4.2 104

212
yμsρrvγtionHγnπHmργsurρmρntsHoτHtψρHproπuνtionHoτHpromptHγnπHnonUpromptHℓpormulγdHsρρHtρxt]H
mρsonsHinHγssoνiγtionHwitψHγHℓpormulγdHsρρHtρxt]HμosonHinHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdH
sρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THZZc

4.2 38

211
~ργrνψHτorHtψρH~tγnπγrπHwoπρlHriχχsHμosonHproπuνρπHinHγssoνiγtionHwitψHtopHquγrksHγnπHπρνγyinχH
intoHℓpormulγdHsρρHtρxt]HinHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^TH[]c

4.2 94

210
~ργrνψHτorHsupρrsymmρtryHinHρvρntsHνontγininχHγHsγmρUτlγvourHoppositρUsiχnHπilρptonHpγirTHjρtsTHγnπH
lγrχρHmissinχHtrγnsvρrsρHmomρntumHinHℓpormulγdHsρρHtρxt]´ ‘ρ–HνollisionsHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2015THa^TH[Yb

4.2 44

209 ~ργrνψHτorHψργvyHlonχUlivρπHmultiUνψγrχρπHpγrtiνlρsHinHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HusinχHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^TH[_Z 4.2 22

208 ‘woUpγrtiνlρHlosρUoinstρinHνorrρlγtionsHinHνollisionsHγtHℓpormulγdHsρρHtρxt]HXVcHγnπHaH‘ρ–HmργsurρπH
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^TH]__ 4.2 28

207 wργsurρmρntHoτHtψρHtopHquγrkHmγssHinHtψρHℓpormulγdHsρρHtρxt]HγnπHℓpormulγdHsρρHtρxt]HνψγnnρlsH
usinχHℓpormulγdHsρρHtρxt]´ ℓpormulγdHsρρHtρxt]Hk‘vk~HπγtγVHEuropeantPhysicaltJournaltCTH2015THa^TH[[X 4.2 32

206 ~ργrνψHτorHovρntH}γtρHwoπulγtionHinH oxyxYXXHolρνtroniνH}ρνoilHnγtγVHPhysicaltReviewtLettersTH
2015THYY^THXcY[XZ 7.4 33
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205 ~ργrνψHτorHlowUsνγlρHχrγvityHsiχnγturρsHinHmultiUjρtHτinγlHstγtρsHwitψHtψρHk‘vk~HπρtρνtorHγtHPH
sqrt{s}gbHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 2

204 kHsργrνψHτorHψiχψUmγssHrρsonγnνρsHπρνγyinχHtoHˇ�Sˇ�â��HinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 22

203 ~ummγryHoτHtψρHk‘vk~Hρxpρrimρntâ��sHsρnsitivityHtoHsupρrsymmρtryHγτtρrHvrmH}unHYHâ��HintρrprρtρπH
inHtψρHpψρnomρnoloχiνγlHw~~wVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 42

202 ~ργrνψHτorHlρptonUτlγvourUviolγtinχHrHUhH˛…ˇ�HπρνγysHoτHtψρHriχχsHμosonHwitψHtψρHk‘vk~HπρtρνtorVH
JournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 46

201 wργsurρmρntHoτHτourUjρtHπiττρrρntiγlHνrossHsρνtionsHinHPHsqrt{s}gbHQH‘ρ–HprotonUprotonHνollisionsH
usinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THYUa_ 5.4 5

200 kHsργrνψHτorHPHtovρrlinρ{t}HQHrρsonγnνρsHusinχHlρptonUplusUjρtsHρvρntsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 57

199 wργsurρmρntHoτHtψρHτorwγrπUμγνkwγrπHγsymmρtryHoτHρlρνtronHγnπHmuonHpγirUproπuνtionHinHppH
νollisionsHγtHPHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 18

198 wργsurρmρntHoτHνψγrχρπUpγrtiνlρHspρνtrγHinHzμSzμHνollisionsHγtHPHsqrt{sΣ{mγtψrm{xx}}}gZVa_HQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 49

197 knγlysisHoτHρvρntsHwitψHμUjρtsHγnπHγHpγirHoτHlρptonsHoτHtψρHsγmρHνψγrχρHinHppHνollisionsHγtHPHsqrt{s}gbH
QH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 26

196 monstrγintsHonHnρwHpψρnomρnγHviγHriχχsHμosonHνouplinχsHγnπHinvisiμlρHπρνγysHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 91

195 ~ργrνψHτorHψiχψUmγssHπiμosonHrρsonγnνρsHwitψHμosonUtγχχρπHjρtsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THYU[c 5.4 66

194
niττρrρntiγlHtopUγntitopHνrossUsρνtionHmργsurρmρntsHγsHγHτunνtionHoτHoμsρrvγμlρsHνonstruνtρπHτromH
τinγlUstγtρHpγrtiνlρsHusinχHppHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HinHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2015THZXY^THY

5.4 31

193 ~ργrνψHτorHψργvyHwγjorγnγHnρutrinosHwitψHtψρHk‘vk~HπρtρνtorHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–VH
JournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 65

192
~ργrνψHτorHproπuνtionHoτHvρνtorUlikρHquγrkHpγirsHγnπHoτHτourHtopHquγrksHinHtψρHlρptonUplusUjρtsHτinγlH
stγtρHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH
2015THZXY^THY

5.4 54

191 ~ργrνψHτorHnρwHpψρnomρnγHinHρvρntsHwitψHtψrρρHorHmorρHνψγrχρπHlρptonsHinHppHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 16

190 ~ummγryHoτHtψρHsργrνψρsHτorHsquγrksHγnπHχluinosHusinχHPHsqrt{s}gbHQH‘ρ–HppHνollisionsHwitψHtψρH
k‘vk~HρxpρrimρntHγtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 55

189 nρtρrminγtionHoτHtψρHtopUquγrkHpolρHmγssHusinχHPHtovρrlinρ{t}HQHSHYUjρtHρvρntsHνollρνtρπHwitψHtψρH
k‘vk~HρxpρrimρntHinHaH‘ρ–HppHνollisionsVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 15

188 wργsurρmρntHoτHtψρHPHtovρrlinρ{t}—HQHγnπHPHtovρrlinρ{t}ZHQHproπuνtionHνrossHsρνtionsHinHppHνollisionsH
γtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 16
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187 ~ργrνψHτorHτlγvourUνψγnχinχHnρutrγlHνurrρntHtopHquγrkHπρνγysHtHUhHrqHinHppHνollisionsHγtHPHsqrt{s}gbHQH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THYU_^ 5.4 18

186 vowρrinχHtψρHrγπioγνtivityHoτHtψρHpψotomultipliρrHtuμρsHτorHtψρH oxyxY‘HπγrkHmγttρrHρxpρrimρntVH
EuropeantPhysicaltJournaltCTH2015THa^THY 4.2 51

185 ~ργrνψHτorHψργvyHlρptonHrρsonγnνρsHπρνγyinχHtoHγHZHμosonHγnπHγHlρptonHinHppHνollisionsHγtHPHsqrt{s}gbH
QH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 22

184 ~ργrνψHτorHsquγrksHγnπHχluinosHinHρvρntsHwitψHisolγtρπHlρptonsTHjρtsHγnπHmissinχHtrγnsvρrsρH
momρntumHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 37

183 oviπρnνρHτorHtψρHriχχsUμosonH±ukγwγHνouplinχHtoHtγuHlρptonsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2015THZXY^THY 5.4 74

182 wργsurρmρntHoτHtψρHνψγrχρHγsymmρtryHinHπilρptoniνHπρνγysHoτHtopHquγrkHpγirsHinHppHνollisionsHγtHPH
sqrt{s}gaHQH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 16

181 ~ργrνψHτorHℓpormulγdHsρρHtρxt]HπρνγysHinHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]´ g´ b´ ‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015THa^THY_^ 4.2 25

180 wργsurρmρntHoτHtψρHtopUquγrkHmγssHinHtψρHτullyHψγπroniνHπρνγyHνψγnnρlHτromHk‘vk~HπγtγHγtH
ℓpormulγdHsρρHtρxt]VHEuropeantPhysicaltJournaltCTH2015THa^THY^b 4.2 8

179
~ργrνψHτorHπirρνtHpγirHproπuνtionHoτHγHνψγrχinoHγnπHγHnρutrγlinoHπρνγyinχHtoHtψρHYZ^´ qρ–HriχχsH
μosonHinHℓpormulγdHsρρHtρxt]´ ‘ρ–HℓpormulγdHsρρHtρxt]HνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeant
PhysicaltJournaltCTH2015THa^THZXb

4.2 50

178 ~tuπyHoτHP—WZQrHproπuνtionHγnπHriχχsHμosonHνouplinχsHusinχHrUhH—H—HRHπρνγysHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2015THZXY^THY 5.4 14

177 ~ργrνψHτorHmρtγstγμlρHψργvyHνψγrχρπHpγrtiνlρsHwitψHlγrχρHionisγtionHρnρrχyHlossHinHνollisionsHγtH
ℓpormulγdHsρρHtρxt]´ ‘ρ–HusinχHtψρHk‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltCTH2015THa^TH]Xa 4.2 18

176
wργsurρmρntHoτHtψρHproπuνtionHγnπHlρptonHνψγrχρHγsymmρtryHoτHℓpormulγdHsρρHtρxt]HμosonsHinH
zμSzμHνollisionsHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2015TH
a^THZ[

4.2 31

175 ~ργrνψHτorHproπuνtionHoτHP——W—ZQHrρsonγnνρsHπρνγyinχHtoHγHlρptonTHnρutrinoHγnπHjρtsHinHPppQH
νollisionsHγtHPsqrt{s}gbQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorH2015THa^THY 1

174 ~ργrνψHτorHnρwHpψρnomρnγHinHτinγlHstγtρsHwitψHγnHρnρrχρtiνHjρtHγnπHlγrχρHmissinχHtrγnsvρrsρH
momρntumHinHppHνollisionsHγtHPsqrt{s}gb~Q‘ρ–HwitψHtψρHk‘vk~HπρtρνtorH2015THa^THY 2

173 wργsurρmρntHoτHtψρHinνlusivρHjρtHνrossUsρνtionHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HusinχH
]V^Hτμâ��YHoτHπγtγHwitψHtψρHk‘vk~HπρtρνtorH2015THZXY^THY 3

172 wργsurρmρntHoτHtψρHtopHquγrkHpγirHproπuνtionHνψγrχρHγsymmρtryHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}HQHgHaH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 24

171
~ργrνψHτorHtψρHπirρνtHproπuνtionHoτHνψγrχinosTHnρutrγlinosHγnπHstγusHinHτinγlHstγtρsHwitψHγtHlργstHtwoH
ψγπroniνγllyHπρνγyinχHtγusHγnπHmissinχHtrγnsvρrsρHmomρntumHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY

5.4 29

170
‘ψρHπiττρrρntiγlHproπuνtionHνrossHsρνtionHoτHtψρHℓpormulγdHsρρHtρxt]PYXZXQHmρsonHinHℓpormulγdHsρρH
tρxt]HgHa´ ‘ρ–HℓpormulγdHsρρHtρxt]HνollisionsHmργsurρπHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2014THa]THZbc^

4.2 12

Daniel Lellouch

20



169 olρνtronHrρνonstruνtionHγnπHiπρntiτiνγtionHρττiνiρnνyHmργsurρmρntsHwitψHtψρHk‘vk~HπρtρνtorHusinχH
tψρHZXYYHvrmHprotonUprotonHνollisionHπγtγVHEuropeantPhysicaltJournaltCTH2014THa]THZc]Y 4.2 160

168 wργsurρmρntHoτHtψρHunπρrlyinχHρvρntHinHjρtHρvρntsHτromHaHPtρxtH{‘ρ–}QHprotonâ��protonHνollisionsH
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014THa]THY 4.2 18

167
wργsurρmρntHoτHtψρHνρntrγlityHγnπHpsρuπorγpiπityHπρpρnπρnνρHoτHtψρHintρχrγtρπHρlliptiνHτlowHinH
lργπUlργπHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–´ witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2014THa]THZcbZ

4.2 18

166 viχψtUquγrkHγnπHχluonHjρtHπisνriminγtionHinHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]HwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014THa]TH[XZ[ 4.2 46

165
wργsurρmρntHoτHtψρHρlρνtrowργkHproπuνtionHoτHπijρtsHinHγssoνiγtionHwitψHγHZUμosonHγnπH
πistriμutionsHsρnsitivρHtoHvρνtorHμosonHτusionHinHprotonUprotonHνollisionsHγtHPHsqrt{s}HQHgHbH‘ρ–HusinχH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY

5.4 14

164
~ργrνψHτorHπirρνtHproπuνtionHoτHνψγrχinosHγnπHnρutrγlinosHinHρvρntsHwitψHtψrρρHlρptonsHγnπHmissinχH
trγnsvρrsρHmomρntumHinHPHsqrt{s}HQHgHbH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2014THZXY]THY

5.4 76

163
wργsurρmρntHoτHtψρHproπuνtionHνrossHsρνtionHoτHpromptHtWˇ�HmρsonsHinHγssoνiγtionHwitψHγH—H´–H
μosonHinHppHνollisionsHγtHPHsqrt{s}HQHgHaH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH
2014THZXY]THY

5.4 24

162 wργsurρmρntHoτHπijρtHνrossUsρνtionsHinHppHνollisionsHγtHaH‘ρ–HνρntrρUoτUmγssHρnρrχyHusinχHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 17

161 wργsurρmρntHoτHtψρHproπuνtionHoτHγH—HμosonHinHγssoνiγtionHwitψHγHνψγrmHquγrkHinHppHνollisionsHγtHPH
sqrt{s}HQHgHaH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 37

160
~ργrνψHτorHπirρνtHproπuνtionHoτHνψγrχinosTHnρutrγlinosHγnπHslρptonsHinHτinγlHstγtρsHwitψHtwoHlρptonsH
γnπHmissinχHtrγnsvρrsρHmomρntumHinHppHνollisionsHγtHPHsqrt{s}HQHgHb‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
JournaltoftHightEnergytPhysicsTH2014THZXY]THY

5.4 120

159 ~ργrνψHτorHsupρrsymmρtryHγtHPsqrt{s}QHgHbH‘ρ–HinHτinγlHstγtρsHwitψHjρtsHγnπHtwoHsγmρUsiχnHlρptonsHorH
tψrρρHlρptonsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 39

158 wργsurρmρntHoτHtψρHlowUmγssHnrρllU±γnHπiττρrρntiγlHνrossHsρνtionHγtHPHsqrt{s}HQHgHaH‘ρ–HusinχHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 18

157 ~ργrνψHτorHπirρνtHtopUsquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHtwoHlρptonsHinHppHνollisionsHγtHPH
sqrt{s}HQHgHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 52

156 wργsurρmρntHoτHˇ�HνYHγnπHˇ�HνZHproπuνtionHwitψHPHsqrt{s}HQHgHaH‘ρ–HppHνollisionsHγtHk‘vk~VHJournaltoft
HightEnergytPhysicsTH2014THZXY]THY 5.4 26

155 ~ργrνψHτorHmiνrosνopiνHμlγνkHψolρsHγnπHstrinχHμγllsHinHτinγlHstγtρsHwitψHlρptonsHγnπHjρtsHwitψHtψρH
k‘vk~HπρtρνtorHγtHPHsqrt{s}HQHgHbH‘ρ–VHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 6

154 ~ργrνψHτorHnρwHpγrtiνlρsHinHρvρntsHwitψHonρHlρptonHγnπHmissinχHtrγnsvρrsρHmomρntumHinHppH
νollisionsHγtHPHsqrt{s}HQHgHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 40

153
~ργrνψHτorHπirρνtHtopHsquγrkHpγirHproπuνtionHinHρvρntsHwitψHγHℓpormulγdHsρρHtρxt]HμosonTHℓpormulγdH
sρρHtρxt]UjρtsHγnπHmissinχHtrγnsvρrsρHmomρntumHinHℓpormulγdHsρρHtρxt]H‘ρ–HℓpormulγdHsρρHtρxt]H
νollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014THa]THZbb[

4.2 41

152 ~ργrνψHτorHnρutrγlHriχχsHμosonsHoτHtψρHminimγlHsupρrsymmρtriνHstγnπγrπHmoπρlHinHppHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 67
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151 wργsurρmρntHoτHtψρHmuonHrρνonstruνtionHpρrτormγnνρHoτHtψρHk‘vk~HπρtρνtorHusinχHZXYYHγnπHZXYZH
vrmHprotonUprotonHνollisionHπγtγVHEuropeantPhysicaltJournaltCTH2014THa]TH[Y[X 4.2 166

150
wργsurρmρntsHoτHjρtHvρtoρsHγnπHγzimutψγlHπρνorrρlγtionsHinHπijρtHρvρntsHproπuνρπHinHℓpormulγdHsρρH
tρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014TH
a]TH[YYa

4.2 17

149
kHmργsurρmρntHoτHtψρHrγtioHoτHtψρHproπuνtionHνrossHsρνtionsHτorHℓpormulγdHsρρHtρxt]HγnπHℓpormulγdH
sρρHtρxt]HμosonsHinHγssoνiγtionHwitψHjρtsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014
THa]TH[Y_b

4.2 16

148 wργsurρmρntsHoτHτiπuνiγlHγnπHπiττρrρntiγlHνrossHsρνtionsHτorHriχχsHμosonHproπuνtionHinHtψρH
πipψotonHπρνγyHνψγnnρlHγtHPHsqrt{s}gbHQH‘ρ–HwitψHk‘vk~VHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 30

147
~ργrνψHτorHsupρrsymmρtryHinHρvρntsHwitψHlγrχρHmissinχHtrγnsvρrsρHmomρntumTHjρtsTHγnπHγtHlργstH
onρHtγuHlρptonHinHZXHτμâ��YHoτHPHsqrt{s}HQHgHbH‘ρ–HprotonUprotonHνollisionHπγtγHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY

5.4 9

146
~ργrνψHτorHsquγrksHγnπHχluinosHwitψHtψρHk‘vk~HπρtρνtorHinHτinγlHstγtρsHwitψHjρtsHγnπHmissinχH
trγnsvρrsρHmomρntumHusinχHPHsqrt{s}gbHQH‘ρ–HprotonUprotonHνollisionHπγtγVHJournaltoftHightEnergyt
PhysicsTH2014THZXY]THY

5.4 108

145
wργsurρmρntHoτHtψρHℓpormulγdHsρρHtρxt]HproπuνtionHνrossUsρνtionHusinχHℓpormulγdHsρρHtρxt]HρvρntsH
witψHℓpormulγdHsρρHtρxt]UtγχχρπHjρtsHinHℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]HγnπH
b´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014THa]TH[YXc

4.2 107

144
~ργrνψHτorHtopHsquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHonρHisolγtρπHlρptonTHjρtsTHγnπHmissinχH
trγnsvρrsρHmomρntumHinHPHsqrt{s}HQHgHbH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2014THZXY]THY

5.4 54

143 wuonHrρνonstruνtionHρττiνiρnνyHγnπHmomρntumHrρsolutionHoτHtψρHk‘vk~HρxpρrimρntHinH
protonUprotonHνollisionsHγtHℓpormulγdHsρρHtρxt]´ ‘ρ–HinHZXYXVHEuropeantPhysicaltJournaltCTH2014THa]TH[X[] 4.2 45

142 olρνtronHγnπHpψotonHρnρrχyHνγliμrγtionHwitψHtψρHk‘vk~HπρtρνtorHusinχHvrmH}unHYHπγtγVHEuropeant
PhysicaltJournaltCTH2014THa]THY 4.2 160

141
~ργrνψHτorHνontγνtHintρrγνtionsHγnπHlγrχρHρxtrγHπimρnsionsHinHtψρHπilρptonHνψγnnρlHusinχH
protonUprotonHνollisionsHγtHℓpormulγdHsρρHtρxt]´ b´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2014THa]TH[Y[]

4.2 31

140 wργsurρmρntHoτHτlowHψγrmoniνsHwitψHmultiUpγrtiνlρHνumulγntsHinHzμSzμHνollisionsHγtHℓpormulγdHsρρH
tρxt]´ ‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2014THa]TH[Y^a 4.2 52

139
wργsurρmρntHoτHπistriμutionsHsρnsitivρHtoHtψρHunπρrlyinχHρvρntHinHinνlusivρHZUμosonHproπuνtionHinH
ℓpormulγdHsρρHtρxt]HνollisionsHγtHℓpormulγdHsρρHtρxt]H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2014THa]TH[Yc^

4.2 21

138 ~ργrνψHτorHπirρνtHpγirHproπuνtionHoτHtψρHtopHsquγrkHinHγllUψγπroniνHτinγlHstγtρsHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 36

137 wργsurρmρntHoτHtψρHproπuνtionHνrossUsρνtionHoτHˇ�PZ~QHUhHtWˇ�PUh˛…HSH˛…Hâ��Qˇ�HSHˇ�Hâ��HinHppHνollisionsHγtHPH
sqrt{s}HQHgHaH‘ρ–HγtHk‘vk~VHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 16

136 wργsurρmρntHoτHtψρHZW˛‡HRHμosonHtrγnsvρrsρHmomρntumHπistriμutionHinHppHνollisionsHγtHPHsqrt{s}gaHQH
‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 79

135
~ργrνψHτorHstronχHproπuνtionHoτHsupρrsymmρtriνHpγrtiνlρsHinHτinγlHstγtρsHwitψHmissinχHtrγnsvρrsρH
momρntumHγnπHγtHlργstHtψrρρHμUjρtsHγtHPHsqrt{s}HgHbHQH‘ρ–HprotonUprotonHνollisionsHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY

5.4 31

134 wργsurρmρntHoτHπiττρrρntiγlHproπuνtionHνrossUsρνtionsHτorHγHZHμosonHinHγssoνiγtionHwitψHμUjρtsHinHaH
‘ρ–HprotonUprotonHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 26
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133 ~ργrνψHτorHlonχUlivρπHnρutrγlHpγrtiνlρsHπρνγyinχHintoHlρptonHjρtsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2014THZXY]THY 5.4 38

132
~ργrνψHτorHpγirHγnπHsinχlρHproπuνtionHoτHnρwHψργvyHquγrksHtψγtHπρνγyHtoHγHZHμosonHγnπHγH
tψirπUχρnρrγtionHquγrkHinHppHνollisionsHγtHPHsqrt{s}gbHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2014THZXY]THY

5.4 29

131 wργsurρmρntHoτHtψρHPtovρrlinρ{t}QHproπuνtionHνrossUsρνtionHusinχHPρmuHQHρvρntsHwitψHPμQUtγχχρπHjρtsH
inHPppQHνollisionsHγtHPsqrt{s}gaQHγnπHbH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorH2014THa]THY 2

130 wργsurρmρntHoτHtψρHproπuνtionHνrossHsρνtionHoτHjρtsHinHγssoνiγtionHwitψHγHZHμosonHinHppHνollisionsHγtH
PHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 50

129 wργsurρmρntHoτHtψρHνrossUsρνtionHτorH—HμosonHproπuνtionHinHγssoνiγtionHwitψHμUjρtsHinHppHνollisionsH
γtHPHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 34

128 ~ργrνψHτorHtψirπHχρnρrγtionHsνγlγrHlρptoquγrksHinHppHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 30

127 ~ργrνψHτorHπγrkHmγttρrHνγnπiπγtρsHγnπHlγrχρHρxtrγHπimρnsionsHinHρvρntsHwitψHγHjρtHγnπHmissinχH
trγnsvρrsρHmomρntumHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 124

126 wργsurρmρntHoτHZZHproπuνtionHinHppHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HγnπHlimitsHonHγnomγlousHZZZHγnπH
ZZ˛‡HνouplinχsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 45

125
~ργrνψHτorHνψγrχρπHriχχsHμosonsHtψrouχψHtψρHviolγtionHoτHlρptonHunivρrsγlityHinHPHtovρrlinρ{t}HQH
ρvρntsHusinχHppHνollisionHπγtγHγtHPHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~HρxpρrimρntVHJournaltoftHight
EnergytPhysicsTH2013THZXY[THY

5.4 14

124 ~ργrνψHτorHtψρHnρutrγlHriχχsHμosonsHoτHtψρHminimγlHsupρrsymmρtriνHstγnπγrπHmoπρlHinHppHνollisionsH
γtHPHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 47

123 wργsurρmρntHoτHsplittinχHsνγlρsHinHUhHρvρntsHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2013THa[THZ][Z 4.2 8

122
~ργrνψHτorHγHliχψtHνψγrχρπHriχχsHμosonHinHtψρHπρνγyHνψγnnρlHℓpormulγdHsρρHtρxt]HinHℓpormulγdHsρρH
tρxt]HρvρntsHusinχHνollisionsHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2013THa[THZ]_^

4.2 76

121
~ργrνψHτorHπirρνtHtψirπUχρnρrγtionHsquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHmissinχHtrγnsvρrsρH
momρntumHγnπHtwoHμUjρtsHinHPHsqrt{s}gbHQH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHight
EnergytPhysicsTH2013THZXY[THY

5.4 92

120
~ργrνψHτorHnρwHpψρnomρnγHinHτinγlHstγtρsHwitψHlγrχρHjρtHmultipliνitiρsHγnπHmissinχHtrγnsvρrsρH
momρntumHγtHPHsqrt{s}gbHQH‘ρ–HprotonUprotonHνollisionsHusinχHtψρHk‘vk~HρxpρrimρntVHJournaltoft
HightEnergytPhysicsTH2013THZXY[THY

5.4 64

119 wργsurρmρntHoτHtψρHπiττρrρntiγlHνrossUsρνtionHoτHlHSHmρsonHproπuνtionHinHppHνollisionsHγtHPH
sqrt{s}gaHQH‘ρ–HγtHk‘vk~VHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 24

118 zρrτormγnνρHoτHjρtHsuμstruνturρHtρνψniquρsHτorHlγrχρU}HjρtsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gaHQH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 43

117 smprovρπHluminosityHπρtρrminγtionHinHνollisionsHγtHℓpormulγdHsρρHtρxt]HusinχHtψρHk‘vk~HπρtρνtorHγtH
tψρHvrmVHEuropeantPhysicaltJournaltCTH2013THa[THZ^Yb 4.2 276

116
wργsurρmρntHoτHtψρHinνlusivρHjρtHνrossUsρνtionHinHνollisionsHγtHℓpormulγdHsρρHtρxt]HγnπHνompγrisonH
toHtψρHinνlusivρHjρtHνrossUsρνtionHγtHℓpormulγdHsρρHtρxt]HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2013THa[THZ^Xc

4.2 71
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115 wultiUνψγnnρlHsργrνψHτorHsquγrksHγnπHχluinosHinHℓpormulγdHsρρHtρxt]HνollisionsHwitψHtψρHk‘vk~H
πρtρνtorHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2013THa[THZ[_Z 4.2 25

114 tρtHρnρrχyHmργsurρmρntHwitψHtψρHk‘vk~HπρtρνtorHinHprotonUprotonHνollisionsHγtH
Psqrt{mγtψrm{s}}gaHmγtψrm{‘ρ–}QVHEuropeantPhysicaltJournaltCTH2013THa[THY 4.2 209

113 wργsurρmρntHoτHjρtHsψγpρsHinHtopUquγrkHpγirHρvρntsHγtHℓpormulγdHsρρHtρxt]HusinχHtψρHk‘vk~H
πρtρνtorVHEuropeantPhysicaltJournaltCTH2013THa[THZ_a_ 4.2 18

112
wργsurρmρntHoτHtψρHπistriμutionsHoτHρvρntUμyUρvρntHτlowHψγrmoniνsHinHlργπUlργπHνollisionsHγtHPH
sqrt{{{sΣ{xxH}}}}HQHgHZVa_H‘ρ–HwitψHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH
2013THZXY[THY

5.4 143

111 wργsurρmρntHoτHtψρHtopHquγrkHνψγrχρHinHppHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVH
JournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 15

110 k‘vk~HsργrνψHτorHnρwHpψρnomρnγHinHπijρtHmγssHγnπHγnχulγrHπistriμutionsHusinχHppHνollisionsHγtHPH
sqrt{s}gaHQ‘ρ–VHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 72

109 wργsurρmρntHoτHisolγtρπUpψotonHpγirHproπuνtionHinHppHνollisionsHγtHPHsqrt{s}gae‘ρ–HQHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 44

108 ~ργrνψHτorHrρsonγnνρsHπρνγyinχHintoHtopUquγrkHpγirsHusinχHτullyHψγπroniνHπρνγysHinHppHνollisionsHwitψH
k‘vk~HγtHPHsqrt{s}gaHQH‘ρ–VHJournaltoftHightEnergytPhysicsTH2013THZXY[THY 5.4 55

107
~ργrνψHτorHπirρνtHνψγrχinoHproπuνtionHinHγnomγlyUmρπiγtρπHsupρrsymmρtryHμrργkinχHmoπρlsHμγsρπH
onHγHπisγppργrinχUtrγνkHsiχnγturρHinHppHνollisionsHγtHPHsqrt{s}gaemγtψrm{‘ρ–}HQHwitψHtψρHk‘vk~H
πρtρνtorVHJournaltoftHightEnergytPhysicsTH2013THZXY[THY

5.4 15

106 wργsurρmρntsHoτHtopHquγrkHpγirHrρlγtivρHπiττρrρntiγlHνrossUsρνtionsHwitψHk‘vk~HinHppHνollisionsHγtH
Psqrt{s}HgHaHmμox{‘ρ–}QVHEuropeantPhysicaltJournaltCTH2013THa[THY 4.2 55

105 ~ργrνψHτorHpγirUproπuνρπHmγssivρHνolourρπHsνγlγrsHinHτourUjρtHτinγlHstγtρsHwitψHtψρHk‘vk~HπρtρνtorH
inHprotonâ��protonHνollisionsHγtHPsqrt{s}HgHaHmμox{‘ρ–}QVHEuropeantPhysicaltJournaltCTH2013THa[THY 4.2 44

104 wργsurρmρntHoτHtψρHτlγvourHνompositionHoτHπijρtHρvρntsHinHppHνollisionsHγtHPsqrt{s}gaHmμox{‘ρ–}QH
witψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2013THa[THY 4.2 12

103 ~inχlρHψγπronHrρsponsρHmργsurρmρntHγnπHνγlorimρtρrHjρtHρnρrχyHsνγlρHunνρrtγintyHwitψHtψρHk‘vk~H
πρtρνtorHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2013THa[THY 4.2 41

102 tρtHρnρrχyHrρsolutionHinHprotonUprotonHνollisionsHγtHℓpormulγdHsρρHtρxt]HrρνorπρπHinHZXYXHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2013THa[THZ[X_ 4.2 153

101 wργsurρmρntHoτHtψρHℓpormulγdHsρρHtρxt]HproπuνtionHνrossHsρνtionHinHtψρHtγuHSHjρtsHνψγnnρlHusinχHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2013THa[THZ[Zb 4.2 30

100
~ργrνψHτor—rproπuνtionHwitψHγHliχψtHriχχsHμosonHπρνγyinχHtoHpromptHρlρνtronUjρtsHinH
protonâ��protonHνollisionsHγtHLsqrtH{s}gaLH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHNewtJournaltoftPhysicsTH2013TH
Y^THX][XXc

2.9 15

99 ~ργrνψHτorHπρνγysHoτHstoppρπTHlonχUlivρπHpγrtiνlρsHτromHaH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 14

98
wργsurρmρntHoτHtψρHpolγrisγtionHoτH—HμosonsHproπuνρπHwitψHlγrχρHtrγnsvρrsρHmomρntumHinHppH
νollisionsHγtHPsqrt{s}HgHaHmμox{‘ρ–}QHwitψHtψρHk‘vk~HρxpρrimρntVHEuropeantPhysicaltJournaltCTH2012TH
aZTHY

4.2 31
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97 wργsurρmρntHoτHtψρHνψγrχρHγsymmρtryHinHtopHquγrkHpγirHproπuνtionHinHνollisionsHγtHℓpormulγdHsρρH
tρxt]HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2012THaZTHZX[c 4.2 78

96 ~ργrνψHτorHlρptonHτlγvourHviolγtionHinHtψρHνontinuumHwitψHtψρHk‘vk~HπρtρνtorHinHℓpormulγdHsρρHtρxt]H
νollisionsHγtHtψρHvrmVHEuropeantPhysicaltJournaltCTH2012THaZTHZX]X 4.2 10

95 wργsurρmρntHoτHtψρHtopHquγrkHmγssHwitψHtψρHtρmplγtρHmρtψoπHinHtψρHℓpormulγdHsρρHtρxt]HνψγnnρlH
usinχHk‘vk~HπγtγVHEuropeantPhysicaltJournaltCTH2012THaZTHZX]_ 4.2 42

94 ~ργrνψHτorHψργvyHnρutrinosHγnπHriχψtUψγnπρπHμosonsHinHρvρntsHwitψHtwoHlρptonsHγnπHjρtsHinH
νollisionsHγtHℓpormulγdHsρρHtρxt]HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2012THaZTHZX^_ 4.2 78

93 wργsurρmρntHoτHpolγrizγtionHinHUhHπρνγysHwitψHtψρHk‘vk~HπρtρνtorHinHνollisionsHγtHℓpormulγdHsρρH
tρxt]VHEuropeantPhysicaltJournaltCTH2012THaZTHZX_Z 4.2 17

92
wργsurρmρntHoτHtψρHνrossHsρνtionHτorHtopUquγrkHpγirHproπuνtionHinHppHνollisionsHγtHPsqrtH{s}HgH
{a}T{tρxt{‘ρ–}}QHwitψHtψρHk‘vk~HπρtρνtorHusinχHτinγlHstγtρsHwitψHtwoHψiχψUpH‘HlρptonsVHJournaltoft
HightEnergytPhysicsTH2012THZXYZTHY

5.4 43

91 tρtHmγssHγnπHsuμstruνturρHoτHinνlusivρHjρtsHinHPHsqrtH{s}HgHae{tρxt{‘ρ–}}HQHppHνollisionsHwitψHtψρHk‘vk~H
ρxpρrimρntVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 67

90 wργsurρmρntHoτHinνlusivρHtwoUpγrtiνlρHγnχulγrHνorrρlγtionsHinHppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorH
γtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 10

89
runtHτorHnρwHpψρnomρnγHusinχHlγrχρHjρtHmultipliνitiρsHγnπHmissinχHtrγnsvρrsρHmomρntumHwitψH
k‘vk~HinH]VaHτμâ��YHoτHPHsqrtH{s}HgHae‘ρ–HQHprotonUprotonHνollisionsVHJournaltoftHightEnergytPhysicsTH
2012THZXYZTHY

5.4 48

88
kHsργrνψHτorHPHtovρrlinρHtHQHrρsonγnνρsHinHlρptonSjρtsHρvρntsHwitψHψiχψlyHμoostρπHtopHquγrksH
νollρνtρπHinHppHνollisionsHγtHPHsqrtH{s}HgHaHQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2012THZXYZTHY

5.4 39

87 ~ργrνψHτorHtψρH~tγnπγrπHwoπρlHriχχsHμosonHinHtψρHrHUhHˇ�HSHˇ�Hâ��HπρνγyHmoπρHinHPHsqrtH{s}HgH
aT{mγtψrm{‘ρ–}}HQHppHνollisionsHwitψHk‘vk~VHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 37

86 kHsργrνψHτorHτlγvourHνψγnχinχHnρutrγlHνurrρntsHinHtopUquγrkHπρνγysHinHppHνollisionHπγtγHνollρνtρπH
witψHtψρHk‘vk~HπρtρνtorHγtHPHsqrt{s}gae‘ρ–HQVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 31

85 wργsurρmρntsHoτHtψρHpsρuπorγpiπityHπρpρnπρnνρHoτHtψρHtotγlHtrγnsvρrsρHρnρrχyHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gaHQH‘ρ–HwitψHk‘vk~VHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 11

84 ~ργrνψHτorHγHψργvyHtopUquγrkHpγrtnρrHinHτinγlHstγtρsHwitψHtwoHlρptonsHwitψHtψρHk‘vk~HπρtρνtorHγtH
tψρHvrmVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 53

83 ~ργrνψHτorHψiχψUmγssHrρsonγnνρsHπρνγyinχHtoHπilρptonHτinγlHstγtρsHinHppHνollisionsHγtHPHsqrt{s}gaHQH‘ρ–H
witψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 49

82 ~ργrνψHτorHγnomγlousHproπuνtionHoτHpromptHlikρUsiχnHlρptonHpγirsHγtHPHsqrt{s}gaemγtψrm{‘ρ–}HQHwitψH
tψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 16

81 ~ργrνψHτorHpγirHproπuνtionHoτHmγssivρHpγrtiνlρsHπρνγyinχHintoHtψrρρHquγrksHwitψHtψρHk‘vk~HπρtρνtorH
inHPHsqrt{s}gaemγtψrm{‘ρ–}HQHppHνollisionsHγtHtψρHvrmVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 45

80
~ργrνψHτorH}UpγrityUviolγtinχHsupρrsymmρtryHinHρvρntsHwitψHτourHorHmorρHlρptonsHinHPH
sqrt{s}gaemγtψrm{‘ρ–}HQHppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2012TH
ZXYZTHY

5.4 13

(2012-2012)
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79 olρνtronHpρrτormγnνρHmργsurρmρntsHwitψHtψρHk‘vk~HπρtρνtorHusinχHtψρHZXYXHvrmHprotonUprotonH
νollisionHπγtγVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 199

78 }γpiπityHχγpHνrossHsρνtionsHmργsurρπHwitψHtψρHk‘vk~HπρtρνtorHinHppHνollisionsHγtHPsqrt{s}HgHaH
mμox{~‘ρ–}QVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 70

77
~ργrνψHτorHγnomγlyUmρπiγtρπHsupρrsymmρtryHμrργkinχHwitψHtψρHk‘vk~HπρtρνtorHμγsρπHonHγH
πisγppργrinχUtrγνkHsiχnγturρHinHppHνollisionsHγtHPsqrt{s}HgHa~mγtψrm{‘ρ–}QVHEuropeantPhysicalt
JournaltCTH2012THaZTHY

4.2 13

76
wργsurρmρntHoτHℓpormulγdHsρρHtρxt]HproπuνtionHwitψHγHvρtoHonHγππitionγlHνρntrγlHjρtHγνtivityHinH
νollisionsHγtHℓpormulγdHsρρHtρxt]H‘ρ–HusinχHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2012TH
aZTHZX][

4.2 82

75 ~ργrνψHτorHνψγrχρπHriχχsHμosonsHinHρρHνollisionsHγtHℓpormulγdHsρρHtρxt]VHEuropeantPhysicaltJournaltCTH
2012THaZTHZXa_ 4.2 14

74 kHsργrνψHτorHℓpormulγdHsρρHtρxt]HrρsonγnνρsHwitψHtψρHk‘vk~HπρtρνtorHinHZVX^HτμHoτHprotonUprotonH
νollisionsHγtHℓpormulγdHsρρHtρxt]VHEuropeantPhysicaltJournaltCTH2012THaZTHZXb[ 4.2 14

73 ~ργrνψHτorHsρνonπHχρnρrγtionHsνγlγrHlρptoquγrksHinHppHνollisionsHγtHPsqrt{s}ga~mμox{‘ρ–}QHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 35

72 ~ργrνψHτorHγHτρrmiopψoμiνHriχχsHμosonHinHtψρHπipψotonHπρνγyHνψγnnρlHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 13

71 wργsurρmρntHoτH—H´–HZHproπuνtionHinHprotonUprotonHνollisionsHγtHPsqrt{s}ga~mμox{‘ρ–}QHwitψHtψρH
k‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 54

70
~ργrνψHτorHtopHγnπHμottomHsquγrksHτromHχluinoHpγirHproπuνtionHinHτinγlHstγtρsHwitψHmissinχH
trγnsvρrsρHρnρrχyHγnπHγtHlργstHtψrρρHμUjρtsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH
2012THaZTHY

4.2 24

69 wργsurρmρntHoτHρvρntHsψγpρsHγtHlγrχρHmomρntumHtrγnsτρrHwitψHtψρHk‘vk~HπρtρνtorHinHppH
νollisionsHγtHPsqrt{mγtψμτ{s}}gaHmγtψrm{‘ρ–}QVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 18

68
~ργrνψHτorHsupρrsymmρtryHinHρvρntsHwitψHlγrχρHmissinχHtrγnsvρrsρHmomρntumTHjρtsTHγnπHγtHlργstH
onρHtγuHlρptonHinHaH‘ρ–HprotonUprotonHνollisionHπγtγHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicalt
JournaltCTH2012THaZTHY

4.2 11

67
~ργrνψHτorHliχψtHsνγlγrHtopUquγrkHpγirHproπuνtionHinHτinγlHstγtρsHwitψHtwoHlρptonsHwitψHtψρHk‘vk~H
πρtρνtorHinHPsqrt{s}gaHmγtψrm{‘ρ–}QHprotonâ��protonHνollisionsVHEuropeantPhysicaltJournaltCTH2012TH
aZTHY

4.2 31

66 k‘vk~HsργrνψHτorHγHψργvyHχγuχρHμosonHπρνγyinχHtoHγHνψγrχρπHlρptonHγnπHγHnρutrinoHinHppHνollisionsH
γtHPsqrt{s}HgHaHmγtψrm{‘ρ–}QVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 34

65 ~ργrνψHτorHπouμlyHνψγrχρπHriχχsHμosonsHinHlikρUsiχnHπilρptonHτinγlHstγtρsHγtHPsqrt{s}HgHaH
mγtψrm{‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 104

64 zρrτormγnνρHoτHmissinχHtrγnsvρrsρHmomρntumHrρνonstruνtionHinHprotonUprotonHνollisionsHγtH
Psqrt{s}HgHa~mμox{‘ρ–}QHwitψHk‘vk~VHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 217

63 zρrτormγnνρHoτHtψρHk‘vk~H‘riχχρrH~ystρmHinHZXYXVHEuropeantPhysicaltJournaltCTH2012THaZTHY 4.2 232

62 ~ργrνψHτorHsγmρUsiχnHtopUquγrkHproπuνtionHγnπHτourtψUχρnρrγtionHπownUtypρHquγrksHinHppHνollisionsH
γtHPHsqrtH{s}HgH{a}e{tρxt{‘ρ–}}HQHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 34

Daniel Lellouch

26



61 ~ργrνψHτorHνψγrχρπHriχχsHμosonsHπρνγyinχHviγHrH´–HUhHˇ�˛‰HinHPHtovρrlinρHtHQHρvρntsHusinχHppHνollisionHπγtγH
γtHPHsqrtH{s}HgHae‘ρ–HQHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 112

60 wργsurρmρntHoτHtψρH—HμosonHpolγrizγtionHinHtopHquγrkHπρνγysHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoft
HightEnergytPhysicsTH2012THZXYZTHY 5.4 52

59 porwγrπUμγνkwγrπHνorrρlγtionsHγnπHνψγrχρπUpγrtiνlρHγzimutψγlHπistriμutionsHinHppHintρrγνtionsH
usinχHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2012THZXYZTHY 5.4 23

58 wργsurρmρntHoτHinνlusivρHjρtHγnπHπijρtHνrossHsρνtionsHinHprotonUprotonHνollisionsHγtHaH‘ρ–H
νρntrρUoτUmγssHρnρrχyHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 103

57 wργsurρmρntHoτHtψρHtopHquγrkUpγirHproπuνtionHνrossHsρνtionHwitψHk‘vk~HinHppHνollisionsHγtH
Psqrt{s}gaQH‘ρ–VHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 138

56 ~tuπiρsHoτHtψρHpρrτormγnνρHoτHtψρHk‘vk~HπρtρνtorHusinχHνosmiνUrγyHmuonsVHEuropeantPhysicalt
JournaltCTH2011THaYTHY 4.2 16

55 vuminosityHπρtρrminγtionHinHppHνollisionsHγtHPsqrt{s}HgHaQH‘ρ–HusinχHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVH
EuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 167

54
wργsurρmρntsHoτHunπρrlyinχUρvρntHpropρrtiρsHusinχHnρutrγlHγnπHνψγrχρπHpγrtiνlρsHinHppHνollisionsH
γtHPsqrt{s}gcXXQHqρ–HγnπHPsqrt{s}gaQH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorHγtHtψρHvrmVHEuropeantPhysicalt
JournaltCTH2011THaYTHY

4.2 30

53
~ργrνψHτorHγnHρxνρssHoτHρvρntsHwitψHγnHiπρntiνγlHτlγvourHlρptonHpγirHγnπHsiχniτiνγntHmissinχH
trγnsvρrsρHmomρntumHinHPsqrt{s}gaQH‘ρ–Hprotonâ��protonHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVH
EuropeantPhysicaltJournaltCTH2011THaYTHY

4.2 18

52
~ργrνψHτorHsupρrsymmρtriνHpγrtiνlρsHinHρvρntsHwitψHlρptonHpγirsHγnπHlγrχρHmissinχHtrγnsvρrsρH
momρntumHinHPsqrt{s}ga~mμox{‘ρ–}QHprotonâ��protonHνollisionsHwitψHtψρHk‘vk~HρxpρrimρntVH
EuropeantPhysicaltJournaltCTH2011THaYTHY

4.2 41

51 vimitsHonHtψρHproπuνtionHoτHtψρHstγnπγrπHmoπρlHriχχsHμosonHinHppHνollisionsHγtHPsqrt{s}HgHaQH‘ρ–HwitψH
tψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 37

50 nρtρrminγtionHoτH˛–H~HusinχHyzkvHψγπroniνHρvρntHsψγpρsHγtHPsqrt{s}HgHcYmμox{UU}ZXc~mγtψrm{qρ–}QH
γnπHrρsummρπHxxvyHνγlνulγtionsVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 26

49 ~ργrνψHτorHπipψotonHρvρntsHwitψHlγrχρHmissinχHtrγnsvρrsρHρnρrχyHwitψH[_Hpμâ��YHoτHaH‘ρ–H
protonâ��protonHνollisionHπγtγHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 15

48 wργsurρmρntHoτHmultiUjρtHνrossHsρνtionsHinHprotonâ��protonHνollisionsHγtHγHaH‘ρ–HνρntρrUoτUmγssH
ρnρrχyVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 44

47 wργsurρmρntHoτHtψρHjρtHτrγχmρntγtionHτunνtionHγnπHtrγnsvρrsρHproτilρHinHprotonâ��protonHνollisionsH
γtHγHνρntρrUoτUmγssHρnρrχyHoτHaH‘ρ–HwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 51

46 ~ργrνψHτorHγHψργvyHnρutrγlHpγrtiνlρHπρνγyinχHintoHγnHρlρνtronHγnπHγHmuonHusinχHYHτμâ��YHoτHk‘vk~H
πγtγVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 13

45 ~ργrνψHτorHmγssivρHνolorρπHsνγlγrsHinHτourUjρtHτinγlHstγtρsHinHPsqrt{s}ga~mμox{‘ρ–}QHprotonâ��protonH
νollisionsHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 37

44 wργsurρmρntHoτHtψρHinνlusivρHγnπHπijρtHνrossUsρνtionsHoτHμUjρtsHinHppHνollisionsHγtH
Psqrt{s}gamμox{~‘ρ–}QHwitψHtψρHk‘vk~HπρtρνtorVHEuropeantPhysicaltJournaltCTH2011THaYTHY 4.2 53

(2011-2012)

27



43 wργsurρmρntHoτH—˛‡HγnπHZ˛‡HproπuνtionHinHprotonUprotonHνollisionsHγtHPHsqrtH{s}HgHaHQH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2011THZXYYTHY 5.4 11

42 snνlusivρHsργrνψHτorHsγmρUsiχnHπilρptonHsiχnγturρsHinHppHνollisionsHγtHPHsqrtH{s}HgHaHQH‘ρ–HwitψHtψρH
k‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2011THZXYYTHY 5.4 31

41
~ργrνψHτorHnρwHpψρnomρnγHinHτinγlHstγtρsHwitψHlγrχρHjρtHmultipliνitiρsHγnπHmissinχHtrγnsvρrsρH
momρntumHusinχHPsqrtH{s}QHgHaH‘ρ–HppHνollisionsHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergyt
PhysicsTH2011THZXYYTHY

5.4 60

40 ‘ψρHk‘vk~H~imulγtionHsnτrγstruνturρVHEuropeantPhysicaltJournaltCTH2010THaXTHbZ[Uba] 4.2 817

39 zρrτormγnνρHoτHtψρHk‘vk~HπρtρνtorHusinχHτirstHνollisionHπγtγVHJournaltoftHightEnergytPhysicsTH2010TH
ZXYXTHY 5.4 14

38 wργsurρmρntHoτHtψρH—HUhHâ��˛‰HγnπHZW˛‡HRHUhHâ��â��HproπuνtionHνrossHsρνtionsHinHprotonUprotonHνollisionsHγtHPH
sqrtH{s}HgHae{tρxt{‘ρ–}}HQHwitψHtψρHk‘vk~HπρtρνtorVHJournaltoftHightEnergytPhysicsTH2010THZXYXTHY 5.4 58

37 ˛£ â��UγntiψypρronHνorrρlγtionsHinHZXHπρνγyHγnπHinvρstiχγtionHoτHtψρHμγryonHproπuνtionHmρνψγnismVH
EuropeantPhysicaltJournaltCTH2009TH_]TH_XcU_Z^ 4.2 2

36 sntρχrγtionHoτHtψρH‘riχχρrHγnπHnγtγHkνquisitionH~ystρmsHinHk‘vk~VHIEEEtTransactionstontNucleart
ScienceTH2008TH^^THYX_UYYZ 1.7 4

35 wργsurρmρntHoτH˛–sHwitψHrγπiγtivρHψγπroniνHρvρntsVHEuropeantPhysicaltJournaltCTH2008TH^[THZY 4.2 11

34 sntρχrγtionHoτHtψρH‘riχχρrHγnπHnγtγHkνquisitionHsystρmsHinHk‘vk~H2007TH 1

33 ~ργrνψHτorHinvisiμlyHπρνγyinχHriχχsHμosonsHwitψHlγrχρHπρνγyHwiπtψHusinχHtψρHyzkvHπρtρνtorHγtHvozVH
EuropeantPhysicaltJournaltCTH2007TH]cTH]^aU]aZ 4.2 5

32 wργsurρmρntHoτHtψρHρSρUUh—S—UHνrossHsρνtionHγnπH—HπρνγyHμrγnνψinχHτrγνtionsHγtHvozVHEuropeant
PhysicaltJournaltCTH2007TH^ZTHa_aUab^ 4.2 11

31 losρâ��oinstρinHstuπyHoτHpositionâ��momρntumHνorrρlγtionsHoτHνψγrχρπHpionsHinHψγπroniνHZXHπρνγysVH
EuropeantPhysicaltJournaltCTH2007TH^ZTHaba 4.2 11

30 ~ργrνψHτorHnρutrγlHw~~wHriχχsHμosonsHγtHvozVHEuropeantPhysicaltJournaltCTH2006TH]aTH^]a 4.2 496

29 wργsurρmρntHoτHtψρHstronχHνouplinχH˛–~HτromHτourUjρtHoμsρrvγμlρsHinHρSρUHγnniψilγtionVHEuropeant
PhysicaltJournaltCTH2006TH]aTHZc^ 4.2 9

28 nρtρrminγtionHoτHtψρHproπuνtionHrγtρHoτHnRXHmρsonsHγnπHoτHtψρHrγtioH–WP–SzQHinHPZ^XHtoHνμγrHνQH
πρνγysVHEuropeantPhysicaltJournaltCTH1998TH^THYUYa 4.2 5

27 kHsργrνψHτorHnρutrγlHriχχsHμosonsHinHtψρHw~~wHγnπHmoπρlsHwitψHtwoHsνγlγrHτiρlπHπouμlρtsVHEuropeant
PhysicaltJournaltCTH1998TH^THYcU]X 4.2 7

26 wultiUpψotonHτinγlHstγtρsHinHρSρâ��HνollisionsHγtHisHgY[XUYaZHqρ–VHEuropeantPhysicaltJournaltCTH1998THYTHZYU[X4.2 5

Daniel Lellouch

28



25 ~ργrνψHτorHγHmγssivρHniUpψotonHrρsonγnνρHγtHisHgHcYHâ��HYaZHqρ–VHEuropeantPhysicaltJournaltCTH1998THYTH[YU][4.2 6

24 wultiUpψotonHτinγlHstγtρsHinHρSρâ��HνollisionsHγtHisHgY[XUYaZHqρ–H1998THYTHZY 5

23 ~ργrνψHτorHγHmγssivρHniUpψotonHrρsonγnνρHγtHisHgHcYHâ��HYaZHqρ–H1998THYTH[Y 4

22 nρtρrminγtionHoτHtψρHproπuνtionHrγtρHoτHnRXHmρsonsHγnπHoτHtψρHrγtioH–WP–SzQHinHPZ^XHtoHνμγrHνQH
πρνγysH1998TH^THY 11

21 kHsργrνψHτorHnρutrγlHriχχsHμosonsHinHtψρHw~~wHγnπHmoπρlsHwitψHtwoHsνγlγrHτiρlπHπouμlρtsH1998TH^THYc 11

20 kHmργsurρmρntHoτHtψρHνψγrmHγnπHμottomHτorwγrπUμγνkwγrπHγsymmρtriρsHusinχHnHmρsonsHγtHvozVH
ZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1997THa[TH[acU[c^ 8

19 ˛£STH˛£XHγnπH˛£â��HψypρronHproπuνtionHinHψγπroniνHZXHπρνγysVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH
1997THa[TH^baU^cc 15

18 {mnHstuπiρsHwitψHρSρâ��HγnniψilγtionHπγtγHγtHY[XHγnπHY[_Hqρ–VHZeitschrifttFˆ…rtPhysiktC-Particlestandt
FieldsTH1996THaZTHYcYUZX_ 73

17 ’ppρrHlimitHonHtψρ˛‰Hˇ�HmγssHτromˇ�HUhH[ψ˛‰Hˇ�HπρνγysVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1996TH
aZTHZ[YUZ[b 2

16 kHprρνisρHmργsurρmρntHoτHtψρHtγuHpolγrizγtionHγnπHitsHτorwγrπUμγνkwγrπHγsymmρtryHγtHvozVH
ZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1996THaZTH[_^U[a^ 7

15 kHmργsurρmρntHoτHtψρHlHXπHosνillγtionHτrρquρnνyHusinχHlρptonsHγnπHnR´–HmρsonsVHZeitschrifttFˆ…rt
PhysiktC-ParticlestandtFieldsTH1996THaZTH[aaU[bb 17

14 wultipliνityHπρpρnπρnνρHoτHlosρUoinstρinHνorrρlγtionsHinHψγπroniνHZXHπρνγysVHZeitschrifttFˆ…rtPhysikt
C-ParticlestandtFieldsTH1996THaZTH[bcU[cb 24

13 ~ργrνψHτorHγHnγrrowHrρsonγnνρHinHZXHπρνγysHintoHψγπronsHγnπHisolγtρπHpψotonsVHZeitschrifttFˆ…rtPhysikt
C-ParticlestandtFieldsTH1996THaYTHYUYX 4

12 kHstuπyHoτHνψγrmHψγπronHproπuνtionHinPZ^XHtoHνμγrHνQHγnπPZ^XHtoHμμγrHμQHπρνγysHγtHvozπρνγysHγtH
vozVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1996THaZTHYUY_ 37

11 {mnHstuπiρsHwitψHρSρâ��HγnniψilγtionHπγtγHγtHY[XHγnπHY[_Hqρ–VHZeitschrifttFˆ…rtPhysiktC-Particlestandt
FieldsTH1996THaZTHYcYUZX_

10 ’ppρrHlimitHonHtψρ˛‰Hˇ�HmγssHτromˇ�HUhH[ψ˛‰Hˇ�HπρνγysVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1996TH
aZTHZ[YUZ[b

9 kHprρνisρHmργsurρmρntHoτHtψρHtγuHpolγrizγtionHγnπHitsHτorwγrπUμγνkwγrπHγsymmρtryHγtHvozVH
ZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1996THaZTH[_^U[a^

8 kHmργsurρmρntHoτHtψρHlHπHXHosνillγtionHτrρquρnνyHusinχHlρptonsHγnπHnR´–HmρsonsVHZeitschrifttFˆ…rt
PhysiktC-ParticlestandtFieldsTH1996THaZTH[aaU[bb

(1996-1998)

29



7 wultipliνityHπρpρnπρnνρHoτHlosρUoinstρinHνorrρlγtionsHinHψγπroniνHZXHπρνγysVHZeitschrifttFˆ…rtPhysikt
C-ParticlestandtFieldsTH1996THaZTH[bcU[cb

6 kHstuπyHoτHνψγrmHψγπronHproπuνtionHinPZ^XHtoHνμγrHνQHγnπPZ^XHtoHμμγrHμQHπρνγysHγtHvozπρνγysHγtH
vozH1996THaZTHY 12

5 kHmργsurρmρntHoτHtψρHτorwγrπUμγνkwγrπHγsymmρtryHoτHρSρâ��UhμμHμyHγpplyinχHγHjρtHνψγrχρHγlχoritψmH
toHliτρtimρHtγχχρπHρvρntsVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1995TH_aTH[_^U[ab 13

4 smprovρπHmργsurρmρntsHoτHtψρHlXHγnπHlSHmρsonHliτρtimρsVHZeitschrifttFˆ…rtPhysiktC-Particlestandt
FieldsTH1995TH_aTH[acU[bb 14

3 ‘ψρHproπuνtionHoτHnρutrγlHkγonsHinHZXHπρνγysHγnπHtψρirHlosρUoinstρinHνorrρlγtionsVHZeitschrifttFˆ…rt
PhysiktC-ParticlestandtFieldsTH1995TH_aTH[bcU]XY 24

2 wργsurρmρntHoτHtψρHγvρrγχρHμUμγryonHliτρtimρHγnπHtψρHproπuνtHμrγnνψinχHrγtioPτPμHtoHvγmμπγHΣμHQH
νπotHl}PvγmμπγHΣμHtoHvγmμπγHρllH^HUHμγrHv QQVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1995TH_cTHYc^UZY] 4

1 kHνompγrisonHoτHμHγnπHuπsHquγrkHjρtsHtoHχluonHjρtsVHZeitschrifttFˆ…rtPhysiktC-ParticlestandtFieldsTH1995TH
_cTH^][U^_X 1

Daniel Lellouch

30


