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protonRprotonEαollτsτonEγataEαollμαtμγEΞyEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QE
WUWUQEV

5.4 3

543 tμasurμmμntEoνEtρμE—MReEâ��Pâ��â��N˛‡EproγuαtτonEαrossRsμαtτonEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 2

542 tμasurμmμntEoνElonπRranπμEtwoRpartταlμEazτmutρalEαorrμlatτonsEτnE—RΞosonEtaππμγEppEαollτsτonsEatE
Msqrt{s}d^NEanγEVXE{μ~SEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 3

541 {ransvμrsμEmomμntumEanγEproαμssEγμpμnγμntEazτmutρalEanτsotropτμsEτnEMsqrt{s−{matρrmE
{uu}}}d^SV[NE{μ~EpPwΞEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 7

540 wμrνormanαμEoνEμlμαtronEanγEpρotonEtrτππμrsEτnEh{shzEγurτnπEsojEyunEWSEEuropeanoPhysicaloJournalo
CQE2020QE^UQEV 4.2 30

539
zμarαρEνorEμlμαtrowμaψEproγuαtτonEoνEαρarπτnosEanγEslμptonsEγμαayτnπEτntoEντnalEstatμsEwτtρEtwoE
lμptonsEanγEmτssτnπEtransvμrsμEmomμntumEτnEMsqrt{s}dVXNEMtμxtE{{μ~}NEppEαollτsτonsEusτnπEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV

4.2 50

538 zμarαρEνorEtopEsquarψsEτnEμvμntsEwτtρEaEoτππsEorE—EΞosonEusτnπEVX_EνΞMℓ{RV}NEoνEppEαollτsτonEγataEatE
Msqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 1

537 lvτγμnαμEνorEMtΞar{t}tΞar{t}NEproγuαtτonEτnEtρμEmultτlμptonEντnalEstatμEτnEprotonâ��protonEαollτsτonsEatE
Msqrt{s}dVXNEMtμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 8

536 zμarαρEνorEρμavyEγτΞosonErμsonanαμsEτnEsμmτlμptonταEντnalEstatμsEτnEppEαollτsτonsEatEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 4

535
zμarαρEνorElτπρtElonπRlτvμγEnμutralEpartταlμsEproγuαμγEτnEppEαollτsτonsEatEMsqrt{s}EdEVX~matρrmE{{μ~}NE
anγEγμαayτnπEτntoEαollτmatμγElμptonsEorElτπρtEρaγronsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2020QE^UQEV

4.2 8

534
zμarαρEνorEaEsαalarEpartnμrEoνEtρμEtopEquarψEτnEtρμEallRρaγronταEMt{Ξar{t}}NEplusEmτssτnπEtransvμrsμE
momμntumEντnalEstatμEatEMsqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2020QE^UQEV

4.2 17

533 tμasurμmμntEoνEμxαlusτvμEII{varvμα{{{{pτEℓPpτEℓR}}}}}IIEanγEII{varvμα{{{{rρoEℓU}}}}}IIEmμsonE
pρotoproγuαtτonEatEolyhSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 0

532 hlτπnmμntEoνEtρμEh{shzEpnnμrEkμtμαtorEτnEyunEWSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 4

531 kμtμrmτnatτonEoνEχμtEαalτΞratτonEanγEμnμrπyErμsolutτonEτnEprotonâ��protonEαollτsτonsEatEMsqrt{s}EdE
^~ρΞoxE{{μ~}NEusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 3
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530 tμasurμmμntEoνEqTˇ�EproγuαtτonEτnEassoατatτonEwτtρEaE‘´–EΞosonEwτtρEppEγataEatE^E{μ~SEJournaloofo
HighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 4

529 zμarαρEνorEnμwErμsonanαμsEτnEmassEγτstrτΞutτonsEoνEχμtEpaτrsEusτnπEVX_EνΞâ��VEoνEppEαollτsτonsEatEME
sqrt{matρrm{s}}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 20

528 zμarαρEνorEMEtovμrlτnμ{t}ENErμsonanαμsEτnEνullyEρaγronταEντnalEstatμsEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 6

527 yμαonstruαtτonEanγEτγμntτνταatτonEoνEΞoostμγEγτRˇ�EsystμmsEτnEaEsμarαρEνorEoτππsEΞosonEpaτrsEusτnπEVXE
{μ~EprotonRprotonEαollτsτonEγataEτnEh{shzSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 3

526
soaγEαapaατtyEanγErμαovμryEΞμρavτourEoνEhskRαoatμγEtjwRwt{sSENuclearoInstrumentsoandoMethodso
inoPhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoandoAssociatedoEquipmentQE
2020QE_Y_QEV[W^ZY

1.2 4

525
tμasurμmμntsEoνEτnαlusτvμEanγEγτννμrμntτalEαrossRsμαtτonsEoνEαomΞτnμγEMEtovμrlτnμ{t}πammaENEanγE
t‘˛‡EproγuαtτonEτnEtρμEμ˛…EαρannμlEatEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysics
QE2020QEWUWUQEV

5.4 2

524 wμrνormanαμEoνEtρμEmτssτnπEtransvμrsμEmomμntumEtrτππμrsEνorEtρμEh{shzEγμtμαtorEγurτnπEyunRWE
γataEtaψτnπSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 8

523 zμarαρEνorEnμwEnonRrμsonantEpρμnomμnaEτnEρτπρRmassEγτlμptonEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 9

522 tμasurμmμntsEoνEtρμEoτππsEΞosonEτnαlusτvμEanγEγτννμrμntτalEντγuατalEαrossEsμαtτonsEτnEtρμEYMμllENE
γμαayEαρannμlEatEMsqrt{s}NEdEVXE{μ~SEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 9

521 mluαtuatτonsEoνEanτsotropταEνlowEτnEwΞPwΞEαollτsτonsEatEMEsqrt{{matρrm{s}}−{matρrm{uu}}}ENEdEZSUWE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 13

520
zμarαρEνorEγτrμαtEproγuαtτonEoνEμlμαtrowμaψτnosEτnEντnalEstatμsEwτtρEonμElμptonQEmτssτnπEtransvμrsμE
momμntumEanγEaEoτππsEΞosonEγμαayτnπEτntoEtwoEΞRχμtsEτnEMppNEαollτsτonsEatEMsqrt{s}dVXNE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV

4.2 13

519 tμasurμmμntEoνEγτννμrμntτalEαrossEsμαtτonsEνorEsτnπlμEγτννraαtτvμEγτssoατatτonEτnEMEsqrt{s}ENEdE^E{μ~EppE
αollτsτonsEusτnπEtρμEh{shzEhsmhEspμαtromμtμrSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 1

518 tμasurμmμntEoνEτsolatμγRpρotonEplusEtwoRχμtEproγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 2

517
tμasurμmμntsEoνEtρμEproγuαtτonEαrossRsμαtτonEνorEaE—EΞosonEτnEassoατatτonEwτtρEΞRχμtsEτnE
protonRprotonEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2020QEWUWUQEV

5.4 5

516
zμarαρEνorEtρμEooEReEMEΞovμrlτnμ{Ξ}Ξovμrlτnμ{Ξ}ENEproαμssEvτaEvμαtorRΞosonEνusτonEproγuαtτonEusτnπE
protonRprotonEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2020QEWUWUQEV

5.4 5

515 vΞsμrvatτonEoνEtρμEassoατatμγEproγuαtτonEoνEaEtopEquarψEanγEaE—EΞosonEτnEppEαollτsτonsEatEMEsqrt{s}ENdE
VXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 5

514 tμasurμmμntEoνEtρμEtransvμrsμEmomμntumEγτstrτΞutτonEoνEkrμllâ��–anElμptonEpaτrsEτnEprotonâ��protonE
αollτsτonsEatEMsqrt{s}dVXQN{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 7

513
zμarαρEνorEγτrμαtEproγuαtτonEoνEμlμαtrowμaψτnosEτnEντnalEstatμsEwτtρEmτssτnπEtransvμrsμEmomμntumE
anγEaEoτππsEΞosonEγμαayτnπEτntoEpρotonsEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV

5.4 1

Tomˆ¡¯¡uSˆ‰kora
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512 tμasurμmμntsEoνEtopRquarψEpaτrEspτnEαorrμlatτonsEτnEtρμEMμmuENEαρannμlEatEMsqrt{s}EdEVXNE{μ~EusτnπE
ppEαollτsτonsEτnEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 8

511 tμasurμmμntEoνEtρμEαrossRsμαtτonEanγEαρarπμEasymmμtryEoνE‘EΞosonsEproγuαμγEτnEprotonâ��protonE
αollτsτonsEatEMsqrt{s}d^~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 11

510
tμasurμmμntEoνEχμtRsuΞstruαturμEoΞsμrvaΞlμsEτnEtopEquarψQE‘EΞosonEanγElτπρtEχμtEproγuαtτonEτnE
protonRprotonEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2019QEWUV_QEV

5.4 8

509 llμαtronErμαonstruαtτonEanγEτγμntτνταatτonEτnEtρμEh{shzEμxpμrτmμntEusτnπEtρμEWUVZEanγEWUV[EsojE
protonâ��protonEαollτsτonEγataEatEMsqrt{s}EdEVXNEMtμxtE{{μ~}NSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 37

508 tμasurμmμntEoνEγτstrτΞutτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEτnαlusτvμE—EΞosonEproγuαtτonEτnE
ppEαollτsτonsEatEMsqrt{s}NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 2

507 zμarαρEνorEsτnπlμEproγuαtτonEoνEvμαtorRlτψμEquarψsEγμαayτnπEτntoE‘ΞEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 14

506 zμarαρEνorEtopRquarψEγμαaysEtEReEoqEwτtρEX[EνΞâ��VEoνEppEαollτsτonEγataEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 13

505
tμasurμmμntEoνE~oQEMEmatρrm{o}toEmatρrm{Ξ}ovμrlτnμ{matρrm{Ξ}}ENEproγuαtτonEasEaEνunαtτonEoνE
tρμEvμαtorRΞosonEtransvμrsμEmomμntumEτnEVXE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2019QEWUV_QEV

5.4 8

504 tμasurμmμntsEoνE‘EanγE—EΞosonEproγuαtτonEτnEppEαollτsτonsEatEMsqrt{s}dZSUWNE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 12

503 wμrνormanαμEoνEtopRquarψEanγEMvarvμα{‘}NRΞosonEtaππτnπEwτtρEh{shzEτnEyunEWEoνEtρμEsojSEEuropeano
PhysicaloJournaloCQE2019QE]_QEV 4.2 19

502 tμasurμmμntsEoνEτnαlusτvμEanγEγτννμrμntτalEντγuατalEαrossRsμαtτonsEoνEMtΞar{t}πammaENEproγuαtτonEτnE
lμptonταEντnalEstatμsEatEMsqrt{s}dVX~tμxtE{{μ~}NEτnEh{shzSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 7

501 llμαtronEanγEpρotonEμnμrπyEαalτΞratτonEwτtρEtρμEh{shzEγμtμαtorEusτnπEWUVZâ��WUV[EsojE
protonRprotonEαollτsτonEγataSEJournaloofoInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

500 zμarαρEνorEγouΞlyEαρarπμγEsαalarEΞosonsEγμαayτnπEτntoEsamμRsτπnEΞosonEpaτrsEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEZ^ 4.2 20

499
zμarαρEνorEρμavyEtaχoranaEorEkτraαEnμutrτnosEanγErτπρtRρanγμγE‘EπauπμEΞosonsEτnEντnalEstatμsEwτtρE
twoEαρarπμγElμptonsEanγEtwoEχμtsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2019QEWUV_QEV

5.4 21

498 pnEsτtuEαalτΞratτonEoνElarπμRraγτusEχμtEμnμrπyEanγEmassEτnEVXE{μ~Eprotonâ��protonEαollτsτonsEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 16

497 tμasurμmμntEoνEtρμEpρotonEτγμntτνταatτonEμνντατμnατμsEwτtρEtρμEh{shzEγμtμαtorEusτnπEsojEyunEWE
γataEαollμαtμγEτnEWUVZEanγEWUV[SEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 26

496 tμasurμmμntEoνEtρμEratτoEoνEαrossEsμαtτonsEνorEτnαlusτvμEτsolatμγRpρotonEproγuαtτonEτnEppEαollτsτonsE
atEMEsqrt{s}ENEdEVXEanγE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 5

495 tμasurμmμntEoνEtρμEtopEquarψEmassEτnEtρμEMtΞar{t}rτπρtarrowENElμptonPχμtsEαρannμlEνromEMsqrt{s}d^NE
{μ~Eh{shzEγataEanγEαomΞτnatτonEwτtρEprμvτousErμsultsSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 24
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494
zμarαρEνorEpaτrEproγuαtτonEoνEoτππsEΞosonsEτnEtρμEMEΞovμrlτnμ{Ξ}Ξovμrlτnμ{Ξ}ENEντnalEstatμEusτnπE
protonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2019QEWUV_QEV

5.4 31

493 jonstraτntsEonEmμγτatorRΞasμγEγarψEmattμrEanγEsαalarEγarψEμnμrπyEmoγμlsEusτnπEMEsqrt{s}ENEdEVXE{μ~E
ppEαollτsτonEγataEαollμαtμγEΞyEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 31

492 zμarαρEνorElonπRlτvμγEnμutralEpartταlμsEτnEppEαollτsτonsEatEM{sqrt{s}}EdEVX~{tμxtE{E{μ~}}NEtρatEγμαayEτntoE
γτsplaαμγEρaγronταEχμtsEτnEtρμEh{shzEαalorτmμtμrSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 18

491 zμarαρEνorEoτππsEΞosonEpaτrEproγuαtτonEτnEtρμE‘‘MON‘‘MONEγμαayEαρannμlEusτnπEh{shzEγataE
rμαorγμγEatEMEsqrt{matρrm{s}}ENEdEVXE{μ~SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 12

490 zμarαρEνorElarπμEmτssτnπEtransvμrsμEmomμntumEτnEassoατatτonEwτtρEonμEtopRquarψEτnEprotonRprotonE
αollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 7

489
tμasurμmμntEoνEM‘ℓ{pmE}—NEproγuαtτonEαrossEsμαtτonsEanγEπauπμEΞosonEpolarτsatτonEτnEppE
αollτsτonsEatEMsqrt{s}EdEVX~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE
]_QEV

4.2 20

488 zμarαρμsEνorEtρτrγRπμnμratτonEsαalarElμptoquarψsEτnEMEsqrt{s}ENEdEVXE{μ~EppEαollτsτonsEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 18

487
zμarαρEνorEsαalarErμsonanαμsEγμαayτnπEτntoE˛…P˛…â��EτnEμvμntsEwτtρEanγEwτtρoutEΞRtaππμγEχμtsEproγuαμγE
τnEprotonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2019QEWUV_QEV

5.4 8

486 zμarαρEνorEγτΞosonErμsonanαμsEτnEρaγronταEντnalEstatμsEτnEVX_EνΞâ��VEoνEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 10

485 zμarαρEνorEμxατtμγEμlμαtronsEsτnπlyEproγuαμγEτnEprotonâ��protonEαollτsτonsEatEIIsqrt{s}E~d~VX~tμxtE
{{μ}tμxtE{~}IIEwτtρEtρμEh{shzEμxpμrτmμntEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2019QE]_QE 4.2 3

484 pγμntτνταatτonEoνEΞoostμγEoτππsEΞosonsEγμαayτnπEτntoEΞRquarψEpaτrsEwτtρEtρμEh{shzEγμtμαtorEatE
VX´ IItμxtE{{μ~}IISEEuropeanoPhysicaloJournaloCQE2019QE]_QE 4.2 11

483 tμasurμmμntEoνEIIr−zℓUIIEanγEIIsamΞγaEℓUIIEproγuαtτonEτnEIItEΞar{t}IIEγτlμptonταEμvμntsEτnEppE
αollτsτonsEatEIIsqrt{s}EdIIE]E{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 3

482 tμasurμmμntEoνEtρμEτnαlusτvμEτsolatμγRpρotonEαrossEsμαtτonEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~E
usτnπEX[EνΞâ��VEoνEh{shzEγataSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 2

481 hEstratμπyEνorEaEπμnμralEsμarαρEνorEnμwEpρμnomμnaEusτnπEγataRγμrτvμγEsτπnalErμπτonsEanγEτtsE
applταatτonEwτtρτnEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 14

480 tμasurμmμntEoνEtρμEtopRquarψEmassEτnEMEtovμrlτnμ{t}ENEPEVRχμtEμvμntsEαollμαtμγEwτtρEtρμEh{shzE
γμtμαtorEτnEppEαollτsτonsEatEMEsqrt{s}ENEdE^E{μ~SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 12

479 tμasurμmμntEoνEντγuατalEanγEγτννμrμntτalEM‘ℓP‘ℓRNEproγuαtτonEαrossRsμαtτonsEatEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 16

478 tμasurμmμntEoνE——EproγuαtτonEτnEtρμEâ��â�� ˛‰ ˛‰EντnalEstatμEwτtρEtρμEh{shzEγμtμαtorEτnEppEαollτsτonsEatEME
sqrt{s}ENEdEVXE{μ~SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 2

477 tμasurμmμntEoνEM‘ℓ{pmE}NRΞosonEanγE—RΞosonEproγuαtτonEαrossRsμαtτonsEτnEppEαollτsτonsEatE
Msqrt{s}dWS][NE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 2
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476
tμasurμmμntEoνEtρμEτnαlusτvμEαrossRsμαtτonEνorEtρμEproγuαtτonEoνEχμtsEτnEassoατatτonEwτtρEaE—EΞosonE
τnEprotonâ��protonEαollτsτonsEatE^E{μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE
]_QEV

4.2 4

475
zμarαρEνorEρμavyEnμutralElμptonsEτnEγμαaysEoνE‘EΞosonsEproγuαμγEτnEVXE{μ~EppEαollτsτonsEusτnπE
promptEanγEγτsplaαμγEsτπnaturμsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QE
WUV_QEV

5.4 21

474 tμasurμmμntEoνEM‘ℓpmENEΞosonEproγuαtτonEτnEwΞPwΞEαollτsτonsEatEMsqrt{s−{matρrm{uu}}}EdE
ZSUW~tμxtE{{μ}tμxtE{~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 7

473 h{shzEΞRχμtEτγμntτνταatτonEpμrνormanαμEanγEμνντατμnαyEmμasurμmμntEwτtρEMt{Ξar{t}}NEμvμntsEτnEppE
αollτsτonsEatEMsqrt{s}dVXNE{μ~SEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 43

472
tμasurμmμntEoνEνlowEρarmonταsEαorrμlatτonsEwτtρEmμanEtransvμrsμEmomμntumEτnElμaγâ��lμaγEanγE
protonâ��lμaγEαollτsτonsEatEMsqrt{s−{matρrm{uu}}}EdEZSUW~ρΞoxE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2019QE]_QEV

4.2 16

471
tμasurμmμntsEoνEtopRquarψEpaτrEγτννμrμntτalEanγEγouΞlμRγτννμrμntτalEαrossRsμαtτonsEτnEtρμEMμllENPχμtsE
αρannμlEwτtρEppEαollτsτonsEatEMsqrt{s}dVXNE{μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloC
QE2019QE]_QEV

4.2 13

470 zμarαρEνorEΞottomRsquarψEpaτrEproγuαtτonEwτtρEtρμEh{shzEγμtμαtorEτnEντnalEstatμsEαontaτnτnπEoτππsE
ΞosonsQEΞRχμtsEanγEmτssτnπEtransvμrsμEmomμntumSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 7

469
zμarαρEνorEaγγτtτonalEρμavyEnμutralEoτππsEanγEπauπμEΞosonsEτnEtρμEγτtauEντnalEstatμEproγuαμγEτnEX[E
νΞâ��VEoνEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2018QEWUV^QEV

5.4 81

468 tμasurμmμntEoνEtρμEαrossRsμαtτonEνorEproγuατnπEaE‘EΞosonEτnEassoατatτonEwτtρEaEsτnπlμEtopEquarψEτnE
ppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEh{shzSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 10

467 tμasurμmμntEoνEtρμERΞosonEmassEτnEppEαollτsτonsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2018QE]^QEVVU 4.2 59

466 zμarαρEνorEnμwEpρμnomμnaEτnEρτπρRmassEντnalEstatμsEwτtρEaEpρotonEanγEaEχμtEνromEαollτsτonsEatEdE
VX´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVUW 4.2 7

465 zμarαρEνorEtρμEγτrμαtEproγuαtτonEoνEαρarπτnosEanγEnμutralτnosEτnEντnalEstatμsEwτtρEtauElμptonsEτnE
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVZY 4.2 23

464 tμasurμmμntEoνElonπτtuγτnalEνlowEγμαorrμlatτonsEτnEwΞPwΞEαollτsτonsEatEanγEZSUWE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVYW 4.2 35

463 tμasurμmμntEoνEquarψonτumEproγuαtτonEτnEprotonRlμaγEanγEprotonRprotonEαollτsτonsEatEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV]V 4.2 35

462 tμasurμmμntEoνEγτννμrμntτalEαrossRsμαtτonsEoνEaEsτnπlμEtopEquarψEproγuαμγEτnEassoατatτonEwτtρEaE
ΞosonEatEwτtρEh{shzSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV^[ 4.2 5

461 zμarαρEνorEρμavyErμsonanαμsEτnEtρμEanγEντnalEstatμsEusτnπEprotonRprotonEαollτsτonsEatE´ EwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEW_X 4.2 41

460 hEsμarαρEνorEpaτrRproγuαμγErμsonanαμsEτnEνourRχμtEντnalEstatμsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2018QE]^QEWZU 4.2 28

459
zμarαρEνorEρμavyErμsonanαμsEγμαayτnπEτntoEaE‘EorE—EΞosonEanγEaEoτππsEΞosonEτnEντnalEstatμsEwτtρE
lμptonsEanγEΞRχμtsEτnEX[EνΞâ��VEoνEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 26
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458 zμarαρEνorEρμavyErμsonanαμsEγμαayτnπEτntoEτnEtρμEντnalEstatμEτnEαollτsτonsEatEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEWY 4.2 47

457 kτrμαtEtopRquarψEγμαayEwτγtρEmμasurμmμntEτnEtρμElμptonPχμtsEαρannμlEatEwτtρEtρμEh{shzE
μxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVW_ 4.2 11

456 zμarαρEνorE‘E‘T‘E—ErμsonanαμEproγuαtτonEτnEâ��˛‰qqEντnalEstatμsEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 22

455 tμasurμmμntEoνEtρμEoτππsEΞosonEαouplτnπEpropμrtτμsEτnEtρμEoEReE——OEReEYâ��EγμαayEαρannμlEatEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 36

454 {τmτnπErμsolutτonEstuγτμsEoνEtρμEoptταalEpartEoνEtρμEhmwE{τmμRoνRνlτπρtEγμtμαtorSEOpticsoExpressQE
2018QEW[QE^UW^R^UX_ 3.3 4

453 tμasurμmμntEoνEτnαlusτvμEχμtEanγEγτχμtEαrossRsμαtτonsEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 12

452 zμarαρEνorEγarψEmattμrEproγuαμγEτnEassoατatτonEwτtρEΞottomEorEtopEquarψsEτnE´ {μ~EαollτsτonsEwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV^ 4.2 32

451 zμarαρEνorEγouΞlyEαρarπμγEoτππsEΞosonEproγuαtτonEτnEmultτRlμptonEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorEusτnπEprotonRprotonEαollτsτonsEatSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV__ 4.2 55

450 tμasurμmμntEoνEpolarτsatτonEτnEγμαaysEτnEprotonRprotonEαollτsτonsEatE{μ~EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2018QE]^QEV[X 4.2 3

449 zμarαρμsEνorEρμavyE——EanγE—‘ErμsonanαμsEτnEtρμEâ��â��qqEanγE˛‰˛‰qqEντnalEstatμsEτnEppEαollτsτonsEatEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 17

448 zμarαρEνorEpaτrEproγuαtτonEoνEupRtypμEvμαtorRlτψμEquarψsEanγEνorEνourRtopRquarψEμvμntsEτnEντnalE
statμsEwτtρEmultτplμEΞRχμtsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 23

447
tμasurμmμntEoνEγτννμrμntτalEαrossEsμαtτonsEanγE‘PT‘â��EαrossRsμαtτonEratτosEνorE‘EΞosonEproγuαtτonE
τnEassoατatτonEwτtρEχμtsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2018QEWUV^QEV

5.4 7

446 tμasurμmμntEoνEtρμE‘RΞosonEmassEτnEppEαollτsτonsEatEMsqrt{s}d]QEρΞoxE{{μ~}NEwτtρEtρμEh{shzE
γμtμαtorE2018QE]^QEV 1

445 zμarαρEνorEγouΞlyEαρarπμγEoτππsEΞosonEproγuαtτonEτnEmultτRlμptonEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorEusτnπEprotonâ��protonEαollτsτonsEatEMsqrt{s}dVXQtμxtE{{μ~}NE2018QE]^QEV 1

444 zμarαρEνorEρμavyErμsonanαμsEγμαayτnπEτntoEaE‘EorE—EΞosonEanγEaEoτππsEΞosonEτnEντnalEstatμsEwτtρE
lμptonsEanγEΞRχμtsEτnEX[EνΞâ��VEoνEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorE2018QEWUV^QEV 1

443
zμarαρEνorEtρμEoτππsEΞosonEproγuαμγEτnEassoατatτonEwτtρEaEvμαtorEΞosonEanγEγμαayτnπEτntoEtwoE
spτnRzμroEpartταlμsEτnEtρμEoEReEaaEReEYΞEαρannμlEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 14

442
tμasurμmμntEoνEtρμEME—πammaEtoEnuEovμrlτnμ{nu}πammaENEproγuαtτonEαrossEsμαtτonEτnEppEαollτsτonsE
atEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorEanγElτmτtsEonEanomalousEtrτplμEπauπμRΞosonE
αouplτnπsSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 6

441 wromptEanγEnonRpromptEμllτptταEνlowEτnEwΞPwΞEαollτsτonsEatE{μvEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2018QE]^QE]^Y 4.2 8
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440 zμarαρEνorEoτππsEΞosonEpaτrEproγuαtτonEτnEtρμEαρannμlEusτnπEαollτsτonEγataErμαorγμγEatE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVUU] 4.2 21

439 tμasurμmμntEoνEαolourEνlowEusτnπEχμtRpullEoΞsμrvaΞlμsEτnEμvμntsEwτtρEtρμEh{shzEμxpμrτmμntEatSE
EuropeanoPhysicaloJournaloCQE2018QE]^QE^Y] 4.2 5

438 hnπularEanalysτsEoνEiEUEγEEReErO˛…P˛…â��EγμαaysEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 44

437
zμarαρEνorEaEnμwEρμavyEπauπμRΞosonErμsonanαμEγμαayτnπEτntoEaElμptonEanγEmτssτnπEtransvμrsμE
momμntumEτnEX[EνΞEoνEαollτsτonsEatE´ {μ~EwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE
2018QE]^QEYUV

4.2 23

436
zμarαρEνorEγarψEmattμrEτnEμvμntsEwτtρEaEρaγronταallyEγμαayτnπEvμαtorEΞosonEanγEmτssτnπEtransvμrsμE
momμntumEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2018QEWUV^QEV

5.4 15

435
tμasurμmμntsEoνEγτννμrμntτalEαrossEsμαtτonsEoνEtopEquarψEpaτrEproγuαtτonEτnEassoατatτonEwτtρEχμtsEτnE
ppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QE
WUV^QEV

5.4 4

434
zμarαρEνorEoτππsEΞosonEpaτrEproγuαtτonEτnEtρμEMEupπammaEupπammaEΞovμrlτnμ{Ξ}ENEντnalEstatμEwτtρE
VXE{μ~EppEαollτsτonEγataEαollμαtμγEΞyEtρμEh{shzEμxpμrτmμntSEJournaloofoHighoEnergyoPhysicsQE2018QE
WUV^QEV

5.4 23

433 zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEwτtρEsamμRαρarπμElμptonsEanγEΞRχμtsEτnEppEαollτsτonsEatEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 21

432 tμasurμmμntEoνEtρμEazτmutρalEanτsotropyEoνEαρarπμγEpartταlμsEproγuαμγEτnEdEZSUW´ {μ~EwΞPwΞE
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QE__] 4.2 21

431 wμrνormanαμEoνEmτssτnπEtransvμrsμEmomμntumErμαonstruαtτonEwτtρEtρμEh{shzEγμtμαtorEusτnπE
protonRprotonEαollτsτonsEatSEEuropeanoPhysicaloJournaloCQE2018QE]^QE_UX 4.2 66

430 zμarαρEνorEμlμαtrowμaψEproγuαtτonEoνEsupμrsymmμtrταEpartταlμsEτnEντnalEstatμsEwτtρEtwoEorEtρrμμE
lμptonsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QE__Z 4.2 49

429 zμarαρEνorEαρarπμγEoτππsEΞosonsEγμαayτnπEτntoEtopEanγEΞottomEquarψsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 39

428 kμtμrmτnatτonEoνEμlμαtrowμaψEparamμtμrsEτnEpolarτsμγEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2018QE]^QEV 4.2 4

427 vpμratτonEanγEpμrνormanαμEoνEtρμEh{shzE{τlμEjalorτmμtμrEτnEyun´ VSEEuropeanoPhysicaloJournaloCQE
2018QE]^QE_^] 4.2 13

426
zμarαρEνorEsupμrsymmμtryEτnEντnalEstatμsEwτtρEmτssτnπEtransvμrsμEmomμntumEanγEmultτplμEΞRχμtsEτnE
protonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2018QEWUV^QEV

5.4 28

425
zμarαρEνorEpaτrEproγuαtτonEoνEρμavyEvμαtorRlτψμEquarψsEγμαayτnπEτntoEρτπρRp{E‘EΞosonsEanγEtopE
quarψsEτnEtρμElμptonRplusRχμtsEντnalEstatμEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 16

424
zμarαρEνorEtopRsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEonμElμptonQEχμtsQEanγEmτssτnπEtransvμrsμE
momμntumEusτnπEX[EνΞâ��VEoνEMEsqrt{s}dVXENE{μ~EppEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 33

423 zμarαρEνorElonπRlτvμγEαρarπτnosEΞasμγEonEaEγτsappμarτnπRtraαψEsτπnaturμEτnEppEαollτsτonsEatEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 48

(2018-2018)

11



422 zμarαρEνorEsupμrsymmμtryEτnEντnalEstatμsEwτtρEαρarmEχμtsEanγEmτssτnπEtransvμrsμEmomμntumEτnEVXE
{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 9

421
zμarαρEνorEαρarπμγEoτππsEΞosonsEγμαayτnπEvτaEo´–EReEˇ�´–˛‰ˇ�EτnEtρμEˇ�PχμtsEanγEˇ�PlμptonEντnalEstatμsEwτtρE
X[EνΞâ��VEoνEppEαollτsτonEγataErμαorγμγEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 33

420 wromptEanγEnonRpromptEanγEsupprμssτonEatEρτπρEtransvμrsμEmomμntumEτnEwΞPwΞEαollτsτonsEwτtρE
tρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2018QE]^QE][W 4.2 23

419 zμarαρEνorEoτππsEΞosonEγμαaysEtoEΞμyonγRtρμRztanγarγRtoγμlElτπρtEΞosonsEτnEνourRlμptonEμvμntsE
wτtρEtρμEh{shzEγμtμαtorEatEMEsqrt{s}dVXENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 22

418 jomΞτnatτonEanγExjkEanalysτsEoνEαρarmEanγEΞμautyEproγuαtτonEαrossRsμαtτonEmμasurμmμntsEτnE
γμμpEτnμlastταEμpEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV 4.2 24

417 zμarαρEνorEμxαlusτvμEoτππsEanγE—EΞosonEγμαaysEtoEf˛‡EanγEˇ�˛‡EwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 6

416 tμasurμmμntsEoνEΞRχμtEtaππτnπEμνντατμnαyEwτtρEtρμEh{shzEγμtμαtorEusτnπEMEtovμrlτnμ{t}ENEμvμntsEatEME
sqrt{s}dVXENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 31

415 zμarαρEνorEνlavourRαρanπτnπEnμutralEαurrμntEtopRquarψEγμαaysEtEReEq—EτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 8

414 tμasurμmμntEoνEtρμEτnαlusτvμEanγEντγuατalEproγuαtτonEαrossRsμαtτonsEτnEtρμElμptonPχμtsEαρannμlEτnE
αollτsτonsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEY^] 4.2 5

413 zμarαρEνorEρμavyEpartταlμsEγμαayτnπEτntoEtopRquarψEpaτrsEusτnπElμptonRplusRχμtsEμvμntsEτnE
protonRprotonEαollτsτonsEatE´ EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEZ[Z 4.2 34

412
zμarαρEνorEnμwEpρμnomμnaEusτnπEtρμEτnvarτantEmassEγτstrτΞutτonEoνEsamμRνlavourEopposτtμRsτπnE
γτlμptonEpaτrsEτnEμvμntsEwτtρEmτssτnπEtransvμrsμEmomμntumEτnE´ EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2018QE]^QE[WZ

4.2 15

411 zμarαρEνorEγarψEmattμrEanγEotρμrEnμwEpρμnomμnaEτnEμvμntsEwτtρEanEμnμrπμtταEχμtEanγElarπμEmτssτnπE
transvμrsμEmomμntumEusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 101

410
tμasurμmμntEoνEtρμE mormulaaEsμμEtμxt]EanγE mormulaaEsμμEtμxt]EproγuαtτonEαrossEsμαtτonsEτnE
multτlμptonEντnalEstatμsEusτnπEXSWEνΞ mormulaaEsμμEtμxt]EoνE mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaE
sμμEtμxt]EdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEYU

4.2 14

409
hEmμasurμmμntEoνEtρμEαalorτmμtμrErμsponsμEtoEsτnπlμEρaγronsEanγEγμtμrmτnatτonEoνEtρμEχμtEμnμrπyE
sαalμEunαμrtaτntyEusτnπEsojEyunRVERαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2017QE]]QEW[

4.2 22

408
tμasurμmμntEoνEtρμEτnαlusτvμEαrossRsμαtτonsEoνEsτnπlμEtopRquarψEanγEtopRantτquarψEtRαρannμlE
proγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2017QEWUV]QEV

5.4 22

407
tμasurμmμntEoνEχμtEaαtτvτtyEproγuαμγEτnEtopRquarψEμvμntsEwτtρEanEμlμαtronQEaEmuonEanγEtwoE
RtaππμγEχμtsEτnEtρμEντnalEstatμEτnEαollτsτonsEatE mormulaaEsμμEtμxt]E{μ~EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2017QE]]QEWWU

4.2 5

406 tμasurμmμntEoνEtρμEΞosonEpolarτsatτonEτnE mormulaaEsμμEtμxt]EμvμntsEνromEαollτsτonsEatE mormulaaE
sμμEtμxt]EdE^E{μ~EτnEtρμElμpton´ P´ χμtsEαρannμlEwτtρEh{shzSEEuropeanoPhysicaloJournaloCQE2017QE]]QEW[Y 4.2 19

405 llμαtronEμνντατμnαyEmμasurμmμntsEwτtρEtρμEh{shzEγμtμαtorEusτnπEWUVWEsojEprotonRprotonEαollτsτonE
γataSEEuropeanoPhysicaloJournaloCQE2017QE]]QEV_Z 4.2 61
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404
tμasurμmμntsEoνEtopRquarψEpaτrEγτννμrμntτalEαrossRsμαtτonsEτnEtρμE mormulaaEsμμEtμxt]EαρannμlEτnE
αollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEW_W

4.2 13

403 wμrνormanαμEoνEalπorτtρmsEtρatErμαonstruαtEmτssτnπEtransvμrsμEmomμntumEτnE mormulaaEsμμEtμxt]dE
^E{μ~EprotonRprotonEαollτsτonsEτnEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEWYV 4.2 38

402 tμasurμmμntEoνEtρμEpromptET mormulaaEsμμEtμxt]EpaτrEproγuαtτonEαrossRsμαtτonEτnEαollτsτonsEatE
 mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QE][ 4.2 47

401 zμarαρEνorEtrτΞosonE mormulaaEsμμEtμxt]EproγuαtτonEτnEαollτsτonsEatE mormulaaEsμμEtμxt]´  mormulaaEsμμE
tμxt]EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEVYV 4.2 13

400 {opoloπταalEαμllEαlustμrτnπEτnEtρμEh{shzEαalorτmμtμrsEanγEτtsEpμrνormanαμEτnEsojEyunEVSEEuropeano
PhysicaloJournaloCQE2017QE]]QEY_U 4.2 177

399
mτγuατalQEtotalEanγEγτννμrμntτalEαrossRsμαtτonEmμasurμmμntsEoνERαρannμlEsτnπlμEtopRquarψEproγuαtτonE
τnEαollτsτonsEatE^´ {μ~EusτnπEγataEαollμαtμγEΞyEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEZXV

4.2 27

398 tμasurμmμntsEoνEμlμαtrowμaψE mormulaaEsμμEtμxt]EproγuαtτonEanγEαonstraτntsEonEanomalousEπauπμE
αouplτnπsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEY]Y 4.2 14

397 qμtErμαonstruαtτonEanγEpμrνormanαμEusτnπEpartταlμEνlowEwτtρEtρμEh{shzEkμtμαtorSEEuropeanoPhysicalo
JournaloCQE2017QE]]QEY[[ 4.2 42

396 naτnEanγEtτmμErμsolutτonEoνEYZE˛…mEtρτnEsowEnaτnEhvalanαρμEkμtμαtorsEΞμνorμEanγEaνtμrEτrraγτatτonE
upEtoEaEνluμnαμEoνEVUVZnμqTαmWSEJournaloofoInstrumentationQE2017QEVWQEwUZUUXRwUZUUX 1 19

395 tμasurμmμntEoνEmultτRpartταlμEazτmutρalEαorrμlatτonsEτnEppQEp´ P´ wΞEanγElowRmultτplτατtyEwΞ´ P´ wΞE
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEYW^ 4.2 48

394 tμasurμmμntEoνEτnαlusτvμEanγEγτννμrμntτalEαrossEsμαtτonsEτnEtρμEoEReE——EOEReEYâ��EγμαayEαρannμlEτnEppE
αollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 25

393 tμasurμmμntEoνElμptonEγτννμrμntτalEγτstrτΞutτonsEanγEtρμEtopEquarψEmassEτnEproγuαtτonEτnEαollτsτonsE
atE´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QE^UY 4.2 11

392 tμasurμmμntEoνEtρμEMEtovμrlτnμ{t}πammaENEproγuαtτonEαrossEsμαtτonEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

391
tμasurμmμntsEoνEαρarπμEanγEjwEasymmμtrτμsEτnEΞRρaγronEγμαaysEusτnπEtopRquarψEμvμntsEαollμαtμγE
ΞyEtρμEh{shzEγμtμαtorEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 6

390 wμrνormanαμEoνEtρμEh{shzEtraαψErμαonstruαtτonEalπorτtρmsEτnEγμnsμEμnvτronmμntsEτnEsojEyunEWSE
EuropeanoPhysicaloJournaloCQE2017QE]]QE[]X 4.2 33

389
zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEαontaτnτnπEaEsamμRνlavourEopposτtμRsτπnEγτlμptonEpaτrQEχμtsQE
anγElarπμEmτssτnπEtransvμrsμEmomμntumEτnE mormulaaEsμμEtμxt]´  mormulaaEsμμEtμxt] mormulaaEsμμE
tμxt]EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEVYY

4.2 8

388
tμasurμmμntEoνEtρμE——EproγuαtτonEαrossEsμαtτonEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}d^ENE{μ~E
usτnπEtρμE——EReEâ��â�� â��Pâ��fâ��â��fPEanγEME——toE{μll}ℓ{R}{μll}ℓ{P}nuEovμrlτnμ{nu}ENEγμαayEαρannμlsEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV

5.4 9

387 wroΞτnπEtρμE‘EtΞEvμrtμxEstruαturμEτnEtRαρannμlEsτnπlμRtopRquarψEproγuαtτonEanγEγμαayEτnEppE
αollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 11
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386 tμasurμmμntsEoνEˇ�MWzNEanγE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 15

385 tμasurμmμntsEoνEtopRquarψEpaτrEtoE—RΞosonEαrossRsμαtτonEratτosEatEMEsqrt{s}dVXENEQE^QE]E{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

384 zμarαρEνorElμptonRνlavourRvτolatτnπEγμαaysEoνEtρμEoτππsEanγEΞosonsEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2017QE]]QE]U 4.2 52

383 tμasurμmμntEoνEχμtEproγuαtτonEαrossEsμαtτonsEτnEγμμpRτnμlastταEμpEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2017QE]]QEV 4.2 14

382 wμrνormanαμEoνEtρμEh{shzEtrτππμrEsystμmEτnEWUVZSEEuropeanoPhysicaloJournaloCQE2017QE]]QEXV] 4.2 272

381 tμasurμmμntEoνEM{varvμα{kℓ{O}}}NEproγuαtτonEτnEγτννraαtτvμEγμμpEτnμlastταEsαattμrτnπEatEolyhSE
EuropeanoPhysicaloJournaloCQE2017QE]]QEV 4.2 0

380 yμαonstruαtτonEoνEprτmaryEvμrtταμsEatEtρμEh{shzEμxpμrτmμntEτnEyunEVEprotonRprotonEαollτsτonsEatE
tρμEsojSEEuropeanoPhysicaloJournaloCQE2017QE]]QEXXW 4.2 29

379
tμasurμmμntsEoνEtρμEproγuαtτonEαrossEsμαtτonEoνEaE mormulaaEsμμEtμxt]EΞosonEτnEassoατatτonEwτtρE
χμtsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2017QE]]QEX[V

4.2 26

378 wrματsτonEmμasurμmμntEanγEτntμrprμtatτonEoνEτnαlusτvμEQEanγEproγuαtτonEαrossEsμαtτonsEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEX[] 4.2 56

377 tμasurμmμntEoνEχμtEνraπmμntatτonEτnEwΞPwΞEanγEαollτsτonsEatE{μ~EwτtρEtρμEh{shzEγμtμαtorEatEtρμE
sojSEEuropeanoPhysicaloJournaloCQE2017QE]]QEX]_ 4.2 35

376
zμarαρEνorEγarψEmattμrEatE mormulaaEsμμEtμxt]EτnEντnalEstatμsEαontaτnτnπEanEμnμrπμtταEpρotonEanγE
larπμEmτssτnπEtransvμrsμEmomμntumEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEX_X

4.2 52

375
tμasurμmμntEoνEαρarπμγRpartταlμEγτstrτΞutτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEMEsqrt{s}dVXENE
{μ~EprotonRprotonEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 9

374 zμarαρEνorEγτrμαtEtopEsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEtwoElμptonsEτnE{μ~EαollτsτonsEwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QE^_^ 4.2 19

373
zμarαρEνorEγτrμαtEtopEsquarψEpaτrEproγuαtτonEτnEμvμntsEwτtρEaEoτππsEorE—EΞosonQEanγEmτssτnπE
transvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV

5.4 7

372
tμasurμmμntEoνEγμtμαtorRαorrμαtμγEoΞsμrvaΞlμsEsμnsτtτvμEtoEtρμEanomalousEproγuαtτonEoνEμvμntsE
wτtρEχμtsEanγElarπμEmτssτnπEtransvμrsμEmomμntumEτnEαollτsτonsEatE´ {μ~EusτnπEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2017QE]]QE][Z

4.2 10

371 tμasurμmμntEoνEΞRρaγronEpaτrEproγuαtτonEwτtρEtρμEh{shzEγμtμαtorEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 5

370 zμarαρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEΞRtaππμγEχμtsEanγEmτssτnπEtransvμrsμEmomμntumEτnEppE
αollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 13

369 tμasurμmμntEoνEtρμEτnαlusτvμEχμtEαrossRsμαtτonsEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 12
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368
zμarαρEνorEpaτrEproγuαtτonEoνEvμαtorRlτψμEtopEquarψsEτnEμvμntsEwτtρEonμElμptonQEχμtsQEanγEmτssτnπE
transvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV

5.4 27

367 pγμntτνταatτonEanγErμχμαtτonEoνEpτlμRupEχμtsEatEρτπρEpsμuγorapτγτtyEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2017QE]]QEZ^U 4.2 16

366
tμasurμmμntEoνEproγuαtτonEwτtρEtρμEρaγronταallyEγμαayτnπEΞosonErμαonstruαtμγEasEonμEorEtwoEχμtsE
τnEαollτsτonsEatEwτtρEh{shzQEanγEαonstraτntsEonEanomalousEπauπμEαouplτnπsSEEuropeanoPhysicalo
JournaloCQE2017QE]]QEZ[X

4.2 15

365
zμarαρEνorEnμwEpρμnomμnaEτnEaElμptonEplusEρτπρEχμtEmultτplτατtyEντnalEstatμEwτtρEtρμEh{shzE
μxpμrτmμntEusτnπEMEsqrt{s}dVXENE{μ~EprotonRprotonEαollτsτonEγataSEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 7

364 zμarαρμsEνorEtρμE—˛‡EγμαayEmoγμEoνEtρμEoτππsEΞosonEanγEνorEnμwEρτπρRmassErμsonanαμsEτnEppE
αollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 20

363 ztuγτμsEoνE—˛‡EproγuαtτonEτnEassoατatτonEwτtρEaEρτπρRmassEγτχμtEsystμmEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

362 tμasurμmμntsEoνEtopRquarψEpaτrEγτννμrμntτalEαrossRsμαtτonsEτnEtρμElμptonPχμtsEαρannμlEτnEppE
αollτsτonsEatEMEsqrt{s}dVXENE{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 12

361 zμarαρEνorEtopEquarψEγμαaysEtEReEqoQEwτtρEoEReE˛‡˛‡QEτnEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEusτnπEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 12

360 ztuγyEoνEanγEproγuαtτonEτnEαollτsτonsEatEanγEsμarαρEνorEanomalousEquartταEπauπμEαouplτnπsEwτtρEtρμE
h{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2017QE]]QE[Y[ 4.2 11

359 kμtμrmτnatτonEoνEtρμEstronπEαouplτnπEαonstantEτnEnμxtRtoRnμxtRtoRlμaγτnπEorγμrExjkEusτnπEoVEχμtE
αrossEsμαtτonEmμasurμmμntsaEoVEjollaΞoratτonSEEuropeanoPhysicaloJournaloCQE2017QE]]QE]_V 4.2 14

358 tμasurμmμntsEoνEtopEquarψEspτnEoΞsμrvaΞlμsEτnEMEtovμrlτnμ{t}ENEμvμntsEusτnπEγτlμptonEντnalEstatμsEτnEME
sqrt{s}d^ENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 12

357
zμarαρEνorEnμwEpρμnomμnaEwτtρElarπμEχμtEmultτplτατtτμsEanγEmτssτnπEtransvμrsμEmomμntumEusτnπE
larπμRraγτusEχμtsEanγEνlavourRtaππτnπEatEh{shzEτnEVXE{μ~EppEαollτsτonsSEJournaloofoHighoEnergyoPhysics
QE2017QEWUV]QEV

5.4 8

356 {opRquarψEmassEmμasurμmμntEτnEtρμEallRρaγronταEMEtovμrlτnμ{t}ENEγμαayEαρannμlEatEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 6

355 tμasurμmμntEoνEtρμEkrμllR–anEtrτplμRγτννμrμntτalEαrossEsμαtτonEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~SE
JournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 16

354 zμarαρEνorEaEsαalarEpartnμrEoνEtρμEtopEquarψEτnEtρμEχμtsEplusEmτssτnπEtransvμrsμEmomμntumEντnalE
statμEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 30

353
zμarαρEνorEsupμrsymmμtryEτnEντnalEstatμsEwτtρEtwoEsamμRsτπnEorEtρrμμElμptonsEanγEχμtsEusτnπEX[EνΞâ��VE
oνEMEsqrt{s}dVXENE{μ~EppEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 22

352
zμarαρEνorEpaτrEproγuαtτonEoνEρμavyEvμαtorRlτψμEquarψsEγμαayτnπEtoEρτπρRpE{E‘EΞosonsEanγEΞEquarψsE
τnEtρμElμptonRplusRχμtsEντnalEstatμEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV

5.4 29

351 tμasurμmμntEoνEtρμEψEtEsplτttτnπEsαalμsEτnE—EReEâ��â��EμvμntsEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 3
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350
hnalysτsEoνEtρμE‘tΞEvμrtμxEνromEtρμEmμasurμmμntEoνEtrτplμRγτννμrμntτalEanπularEγμαayEratμsEoνE
sτnπlμEtopEquarψsEproγuαμγEτnEtρμEtRαρannμlEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2017QEWUV]QEV

5.4 7

349 lvτγμnαμEνorEtρμEMEotoEΞovμrlτnμ{Ξ}ENEγμαayEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV 5.4 50

348
zμarαρEνorEnμwEρτπρRmassEpρμnomμnaEτnEtρμEγτlμptonEντnalEstatμEusτnπEX[EνΞâ��VEoνEprotonRprotonE
αollτsτonEγataEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 126

347 kμtμrmτnatτonEoνEtρμEstronπEαouplτnπEαonstantEνromEtransvμrsμEμnμrπyRμnμrπyEαorrμlatτonsEτnE
multτχμtEμvμntsEatEusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QE^]W 4.2 19

346 iμamEtμstsEoνEanEτntμπratμγEprototypμEoνEtρμEh{shzEmorwarγEwrotonEγμtμαtorSEJournaloofo
InstrumentationQE2016QEVVQEwU_UUZRwU_UUZ 1 10

345 yμαonstruαtτonEoνEρaγronταEγμαayEproγuαtsEoνEtauElμptonsEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeano
PhysicaloJournaloCQE2016QE][QEW_Z 4.2 28

344 wμrνormanαμEoνEpτlμRupEmτtτπatτonEtμαρnτquμsEνorEχμtsEτnE mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaE
sμμEtμxt]´ {μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZ^V 4.2 148

343 tμasurμmμntEoνEtρμEαρarπμγRpartταlμEmultτplτατtyEτnsτγμEχμtsEνromE mormulaaEsμμEtμxt] mormulaaEsμμE
tμxt]´ EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEXWW 4.2 35

342 tμasurμmμntEoνEχμtEaαtτvτtyEτnEtopEquarψEμvμntsEusτnπEtρμEμ˛…EντnalEstatμEwτtρEtwoEΞRtaππμγEχμtsEτnEppE
αollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 4

341
tμasurμmμntEoνEtρμEtransvμrsμEmomμntumEanγE mormulaaEsμμEtμxt]EγτstrτΞutτonsEoνEkrμllR–anE
lμptonEpaτrsEτnEprotonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2016QE][QEW_V

4.2 63

340
tμasurμmμntEoνEντγuατalEγτννμrμntτalEαrossEsμαtτonsEoνEπluonRνusτonEproγuαtτonEoνEoτππsEΞosonsE
γμαayτnπEtoE‘‘EOReμ˛‰˛…˛‰EwτtρEtρμEh{shzEγμtμαtorEatEMEsqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE
2016QEWUV[QEV

5.4 13

339 zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEwτtρEaEpρotonEanγEmτssτnπEtransvμrsμEmomμntumEτnEppE
αollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 13

338 hEsμarαρEνorEtopEsquarψsEwτtρEyRparτtyRvτolatτnπEγμαaysEtoEallRρaγronταEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEαollτsτonsSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 10

337 pγμntτνταatτonEoνEρτπρEtransvμrsμEmomμntumEtopEquarψsEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 13

336 hEsμarαρEνorEanEμxατtμγEmuonEγμαayτnπEtoEaEmuonEanγEtwoEχμtsEτnppαollτsτonsEatE
Isqrt{s}bdb^b{rm{{μ~}}IEwτtρEtρμEh{shzEγμtμαtorSENewoJournaloofoPhysicsQE2016QEV^QEU]XUWV 2.9 1

335 iμamRτnγuαμγEanγEαosmταRrayEΞaαψπrounγsEoΞsμrvμγEτnEtρμEh{shzEγμtμαtorEγurτnπEtρμEsojEWUVWE
protonRprotonErunnτnπEpμrτoγSEJournaloofoInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

334 tμasurμmμntsEoνEtopRquarψEpaτrEγτννμrμntτalEαrossRsμαtτonsEτnEtρμElμptonPχμtsEαρannμlEτnEαollτsτonsE
atE mormulaaEsμμEtμxt]EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZX^ 4.2 48

333
tμasurμmμntEoνEtρμEγτννμrμntτalEαrossRsμαtτonsEoνEpromptEanγEnonRpromptEproγuαtτonEoνE mormulaaE
sμμEtμxt]EanγE mormulaaEsμμEtμxt]EτnEαollτsτonsEatE mormulaaEsμμEtμxt]EanγE^´ {μ~EwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEW^X

4.2 42
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332 sumτnosτtyEγμtμrmτnatτonEτnEαollτsτonsEatE mormulaaEsμμEtμxt]EdE^E{μ~EusτnπEtρμEh{shzEγμtμαtorEatE
tρμEsojSEEuropeanoPhysicaloJournaloCQE2016QE][QE[ZX 4.2 188

331
zμarαρEνorEsquarψsEanγEπluτnosEτnEμvμntsEwτtρEρaγronταallyEγμαayτnπEtauElμptonsQEχμtsEanγEmτssτnπE
transvμrsμEmomμntumEτnEprotonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~ErμαorγμγEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QE[^X

4.2 7

330
hγγμnγumEtoEâ��tμasurμmμntEoνEtρμEMtΞar{t}NEproγuαtτonEαrossRsμαtτonEusτnπEMμmuENEμvμntsEwτtρE
ΞRtaππμγEχμtsEτnEppEαollτsτonsEatEMsqrt{s}NEdE]EanγE^EMQmatρrm{{μ~}NEwτtρEtρμEh{shzEγμtμαtorâ��SE
EuropeanoPhysicaloJournaloCQE2016QE][QEV

4.2 13

329 tμasurμmμntEoνEtρμEanπularEαoμνντατμntsEτnE—RΞosonEμvμntsEusτnπEμlμαtronEanγEmuonEpaτrsEνromE
γataEtaψμnEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 20

328 zμarαρμsEνorEρμavyEγτΞosonErμsonanαμsEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 20

327 karψEmattμrEτntμrprμtatτonsEoνEh{shzEsμarαρμsEνorEtρμEμlμαtrowμaψEproγuαtτonEoνEsupμrsymmμtrταE
partταlμsEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEαollτsτonsSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 16

326
zμarαρEνorEtρμEztanγarγEtoγμlEoτππsEΞosonEγμαayτnπEτntoEMEΞovμrlτnμ{Ξ}ENEproγuαμγEτnEassoατatτonE
wτtρEtopEquarψsEγμαayτnπEρaγronταallyEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV

5.4 16

325 tμasurμmμntEoνEtρμEjwRvτolatτnπEpρasμEfEsEanγEtρμEiEUEsEmμsonEγμαayEwτγtρEγτννμrμnαμEwτtρEiEUEsE
EReEqTˇ�fEγμαaysEτnEh{shzSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 10

324
zμarαρEνorEsquarψsEanγEπluτnosEτnEντnalEstatμsEwτtρEχμtsEanγEmτssτnπEtransvμrsμEmomμntumEatE
 mormulaaEsμμEtμxt]EdVXE mormulaaEsμμEtμxt]wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2016QE][QEX_W

4.2 53

323 tμasurμmμntEoνEtρμEγouΞlμRγτννμrμntτalEρτπρRmassEkrμllR–anEαrossEsμαtτonEτnEppEαollτsτonsEatEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 24

322 hEsμarαρEνorEpromptElμptonRχμtsEτnEppEαollτsτonsEatEMEsqrt{matρrm{s}}d^ENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 22

321 zμarαρEνorEnμwEpρμnomμnaEwτtρEpρotonPχμtEμvμntsEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 12

320
tμasurμmμntEoνEtρμEαμntralτtyEγμpμnγμnαμEoνEtρμEαρarπμγRpartταlμEpsμuγorapτγτtyEγτstrτΞutτonEτnE
protonRlμaγEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2016QE][QEV__

4.2 39

319 tμasurμmμntEoνEtρμEproγuαtτonEαrossRsμαtτonEoνEaEsτnπlμEtopEquarψEτnEassoατatτonEwτtρEaE‘EΞosonEatE
^E{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 12

318 zμarαρEνorEtρμEproγuαtτonEoνEsτnπlμEvμαtorRlτψμEanγEμxατtμγEquarψsEτnEtρμE‘tEντnalEstatμEτnEppE
αollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 14

317 zμarαρEνorEstronπEπravτtyEτnEmultτχμtEντnalEstatμsEproγuαμγEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EusτnπE
tρμEh{shzEγμtμαtorEatEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 12

316 lxαlusτvμEMrρoEℓUNEmμsonEpρotoproγuαtτonEwτtρEaElμaγτnπEnμutronEatEolyhSEEuropeanoPhysicalo
JournaloCQE2016QE][QEV 4.2 12

315 pγμntτνταatτonEoνEΞoostμγQEρaγronταallyEγμαayτnπEΞosonsEanγEαomparτsonsEwτtρEh{shzEγataEtaψμnEatE
 mormulaaEsμμEtμxt]´ {μ~SEEuropeanoPhysicaloJournaloCQE2016QE][QEVZY 4.2 44
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314 zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEwτtρEatElμastEtρrμμEpρotonsEαollμαtμγEτnEαollτsτonsEatE mormulaaE
sμμEtμxt]EdE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEWVU 4.2 53

313 wroΞτnπElμptonEνlavourEvτolatτonEvτaEnμutrτnolμssE mormulaaEsμμEtμxt]EγμαaysEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEWXW 4.2 12

312 hEnμwEmμtρoγEtoEγτstτnπuτsρEρaγronταallyEγμαayτnπEΞoostμγEΞosonsEνromEΞosonsEusτnπEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEWX^ 4.2 6

311 zμarαρEνorEsupμrsymmμtryEatE mormulaaEsμμEtμxt]´ {μ~EτnEντnalEstatμsEwτtρEχμtsEanγEtwoEsamμRsτπnE
lμptonsEorEtρrμμElμptonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEWZ_ 4.2 48

310 zμarαρEνorEτnvτsτΞlμEγμαaysEoνEaEoτππsEΞosonEusτnπEvμαtorRΞosonEνusτonEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 45

309
zμarαρEνorEanomalousEαouplτnπsEτnEtρμE‘EtΞEvμrtμxEνromEtρμEmμasurμmμntEoνEγouΞlμEγτννμrμntτalE
anπularEγμαayEratμsEoνEsτnπlμEtopEquarψsEproγuαμγEτnEtρμEtRαρannμlEwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEVRY[

5.4 12

308 zμarαρμsEνorEsαalarElμptoquarψsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]EdE^´ {μ~EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2016QE][QEZ 4.2 68

307
tμasurμmμntsEoνEtρμEoτππsEΞosonEproγuαtτonEanγEγμαayEratμsEanγEαouplτnπEstrμnπtρsEusτnπE
αollτsτonEγataEatE mormulaaEsμμEtμxt]EanγE^´ {μ~EτnEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloC
QE2016QE][QE[

4.2 185

306
tμasurμmμntsEoνEντγuατalEαrossRsμαtτonsEνorE mormulaaEsμμEtμxt]EproγuαtτonEwτtρEonμEorEtwoE
aγγτtτonalERχμtsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]d^E{μ~´ usτnπEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2016QE][QEVV

4.2 21

305 ztuγyEoνEtρμE mormulaaEsμμEtμxt]EanγE mormulaaEsμμEtμxt]EγμαaysEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2016QE][QEY 4.2 13

304
zμarαρEνorEanEaγγτtτonalQEρμavyEoτππsEΞosonEτnEtρμE mormulaaEsμμEtμxt]EγμαayEαρannμlEatE mormulaaE
sμμEtμxt]EτnE mormulaaEsμμEtμxt]EαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2016QE][QEYZ

4.2 152

303 zμarαρEνorEsτnπlμEtopRquarψEproγuαtτonEvτaEνlavourRαρanπτnπEnμutralEαurrμntsEatE^´ {μ~EwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZZ 4.2 28

302 tμasurμmμntEoνEtρμEαρarπμEasymmμtryEτnEtopRquarψEpaτrEproγuαtτonEτnEtρμElμptonRplusRχμtsEντnalE
statμEτnEppEαollτsτonEγataEatEMsqrt{s}d^QmatρrmE{μ~{}NEwτtρEtρμEh{shzEγμtμαtorE2016QE][QEV 1

301 {ρμEhsmhEyomanEwotEγμtμαtorsEoνEh{shzSEJournaloofoInstrumentationQE2016QEVVQEwVVUVXRwVVUVX 1 10

300 ztuγyEoνEρarγEγouΞlμRpartonEsαattμrτnπEτnEνourRχμtEμvμntsEτnEppEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EwτtρE
tρμEh{shzEμxpμrτmμntSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 21

299
zμarαρEνorEtρμEztanγarγEtoγμlEoτππsEΞosonEproγuαμγEΞyEvμαtorRΞosonEνusτonEanγEγμαayτnπEtoE
ΞottomEquarψsEτnEMEsqrt{s}d^ENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2016QEWUV[QEV

5.4 8

298 jonstruαtτonEoνEtρμEoptταalEpartEoνEaEtτmμRoνRνlτπρtEγμtμαtorEprototypμEνorEtρμEhmwEγμtμαtorSEOpticso
ExpressQE2016QEWYQEW]_ZVRW]_[U 3.3 8

297
tμasurμmμntEoνEμvμntRsρapμEoΞsμrvaΞlμsEτnE mormulaaEsμμEtμxt]EμvμntsEτnEαollτsτonsEatE mormulaaE
sμμEtμxt]´  mormulaaEsμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2016QE
][QEX]Z

4.2 5
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296 jρarπμγRpartταlμEγτstrτΞutτonsEτnEτntμraαtτonsEatE mormulaaEsμμEtμxt]EmμasurμγEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEYUX 4.2 19

295 jρarπμγRpartταlμEγτstrτΞutτonsEatElowEtransvμrsμEmomμntumEτnE mormulaaEsμμEtμxt]´ {μ~EτntμraαtτonsE
mμasurμγEwτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2016QE][QEZUW 4.2 37

294 zμarαρEνorEΞottomEsquarψEpaτrEproγuαtτonEτnEprotonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~E
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZY] 4.2 25

293
zμarαρEνorEmτnτmalEsupμrsymmμtrταEstanγarγEmoγμlEoτππsEiosonsE´ T´ EanγEνorEaE mormulaaEsμμEtμxt]E
ΞosonEτnEtρμE mormulaaEsμμEtμxt]EντnalEstatμEproγuαμγEτnEαollτsτonsEatE mormulaaEsμμEtμxt]E{μ~EwτtρE
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