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proγuαtτonEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 64

533
zμarαρEνorEnμwEpρμnomμnaEτnEντnalEstatμsEwτtρElarπμEχμtEmultτplτατtτμsEanγEmτssτnπEtransvμrsμE
momμntumEatEMEsqrt{s}d^ENE{μ~EprotonRprotonEαollτsτonsEusτnπEtρμEh{shzEμxpμrτmμntSEJournaloofo
HighoEnergyoPhysicsQE2013QEWUVXQEV

5.4 64

532
tμasurμmμntEoνEtρμEtransvμrsμEmomμntumEanγE mormulaaEsμμEtμxt]EγτstrτΞutτonsEoνEkrμllR–anE
lμptonEpaτrsEτnEprotonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2016QE][QEW_V

4.2 63

531 zμarαρEνorErμsonantEγτΞosonEproγuαtτonEτnEtρμE mormulaaEsμμEtμxt]EντnalEstatμEτnE mormulaaEsμμEtμxt]E
αollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQE[_ 4.2 62
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530 llμαtronEμνντατμnαyEmμasurμmμntsEwτtρEtρμEh{shzEγμtμαtorEusτnπEWUVWEsojEprotonRprotonEαollτsτonE
γataSEEuropeanoPhysicaloJournaloCQE2017QE]]QEV_Z 4.2 61

529 zμarαρEνorEγarψEmattμrEτnEμvμntsEwτtρEρμavyEquarψsEanγEmτssτnπEtransvμrsμEmomμntumEτnE mormulaaE
sμμEtμxt]EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQE_W 4.2 60

528
zμarαρEνorEnμwEpρμnomμnaEτnEντnalEstatμsEwτtρElarπμEχμtEmultτplτατtτμsEanγEmτssτnπEtransvμrsμE
momμntumEusτnπEMsqrtE{s}NEdE]E{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2011QEWUVVQEV

5.4 60

527 hEprματsτonEmμasurμmμntEoνEtρμEτnαlusτvμEμpEsαattμrτnπEαrossEsμαtτonEatEolyhSEEuropeanoPhysicalo
JournaloCQE2009QE[YQEZ[VRZ^] 4.2 60

526 tμasurμmμntEoνEtρμERΞosonEmassEτnEppEαollτsτonsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2018QE]^QEVVU 4.2 59

525 zμarαρEνorEaEρτπρRmassEoτππsEΞosonEγμαayτnπEtoEaE‘EΞosonEpaτrEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 59

524 tμasurμmμntEoνEtρμE‘EReEâ��˛‰EanγE—T˛‡EOEReEâ��â��EproγuαtτonEαrossEsμαtτonsEτnEprotonRprotonEαollτsτonsEatEME
sqrtE{s}EdE]b{tμxt{{μ~}}ENEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2010QEWUVUQEV 5.4 58

523 hEsμarαρEνorEMEtovμrlτnμ{t}ENErμsonanαμsEusτnπElμptonRplusRχμtsEμvμntsEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 57

522
zμarαρEνorEαρarπμγEoτππsEΞosonsEγμαayτnπEvτaEoE´–EReEˇ�E´–E˛‰EτnEνullyEρaγronταEντnalEstatμsEusτnπEppE
αollτsτonEγataEatEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QE
WUVZQEV

5.4 56

521 jonstraτntsEonEtρμEoννRsρμllEoτππsEΞosonEsτπnalEstrμnπtρEτnEtρμEρτπρRmassEanγEντnalEstatμsEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEXXZ 4.2 56

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

519 tμasurμmμntEoνElμaγτnπEnμutronEproγuαtτonEτnEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2010QE[^QEX^VRX__ 4.2 56

518 zμarαρEνorEγouΞlyEαρarπμγEoτππsEΞosonEproγuαtτonEτnEmultτRlμptonEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorEusτnπEprotonRprotonEαollτsτonsEatSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV__ 4.2 55

517 zμarαρEνorErμsonanαμsEγμαayτnπEτntoEtopRquarψEpaτrsEusτnπEνullyEρaγronταEγμαaysEτnEppEαollτsτonsEwτtρE
h{shzEatEMEsqrt{s}d]ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 55

516 tμasurμmμntsEoνEtopEquarψEpaτrErμlatτvμEγτννμrμntτalEαrossRsμαtτonsEwτtρEh{shzEτnEppEαollτsτonsEatE
Msqrt{s}EdE]EmΞox{{μ~}NSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV 4.2 55

515 zummaryEoνEtρμEsμarαρμsEνorEsquarψsEanγEπluτnosEusτnπEMEsqrt{s}d^ENE{μ~EppEαollτsτonsEwτtρEtρμE
h{shzEμxpμrτmμntEatEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 55

514 tμasurμmμntsEoνEtρμE mormulaaEsμμEtμxt]EproγuαtτonEαrossEsμαtτonsEτnEassoατatτonEwτtρEχμtsEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQE^W 4.2 54

513
tμasurμmμntEoνEτnαlusτvμEMvarvμα{μp}NEαrossEsμαtτonsEatEρτπρEM{varvμα{x}ℓ{W}}NEatE
Mvarvμα{sqrt{s}}dWWZNEanγEWZWEnμ~EanγEoνEtρμElonπτtuγτnalEprotonEstruαturμEνunαtτonE
M{varvμα{m}−{varvμα{s}}}NEatEolyhSEEuropeanoPhysicaloJournaloCQE2014QE]YQEV

4.2 54
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512
zμarαρEνorEproγuαtτonEoνEvμαtorRlτψμEquarψEpaτrsEanγEoνEνourEtopEquarψsEτnEtρμElμptonRplusRχμtsEντnalE
statμEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2015QEWUVZQEV

5.4 54

511
zμarαρEνorEtopEsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEonμEτsolatμγElμptonQEχμtsQEanγEmτssτnπE
transvμrsμEmomμntumEτnEMEsqrt{s}ENEdE^E{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2014QEWUVYQEV

5.4 54

510 tμasurμmμntEoνE‘E´–E—EproγuαtτonEτnEprotonRprotonEαollτsτonsEatEMsqrt{s}d]~mΞox{{μ~}NEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 54

509
zμarαρEνorEsquarψsEanγEπluτnosEτnEντnalEstatμsEwτtρEχμtsEanγEmτssτnπEtransvμrsμEmomμntumEatE
 mormulaaEsμμEtμxt]EdVXE mormulaaEsμμEtμxt]wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2016QE][QEX_W

4.2 53

508 zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEwτtρEatElμastEtρrμμEpρotonsEαollμαtμγEτnEαollτsτonsEatE mormulaaE
sμμEtμxt]EdE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEWVU 4.2 53

507 zμarαρEνorEaEρμavyEtopRquarψEpartnμrEτnEντnalEstatμsEwτtρEtwoElμptonsEwτtρEtρμEh{shzEγμtμαtorEatE
tρμEsojSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 53

506 tμasurμmμntEoνEtρμEτnαlusτvμEanγEγτχμtEαrossRsμαtτonsEoνEΞRχμtsEτnEppEαollτsτonsEatE
Msqrt{s}d]mΞox{~{μ~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 53

505 tμasurμmμntEoνEtρμEpρotonEτγμntτνταatτonEμνντατμnατμsEwτtρEtρμEh{shzEγμtμαtorEusτnπEsojEyunRVE
γataSEEuropeanoPhysicaloJournaloCQE2016QE][QE[[[ 4.2 53

504 zμarαρEνorEγτrμαtEtopRsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEtwoElμptonsEτnEppEαollτsτonsEatEME
sqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 52

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

502
zμarαρEνorEγarψEmattμrEatE mormulaaEsμμEtμxt]EτnEντnalEstatμsEαontaτnτnπEanEμnμrπμtταEpρotonEanγE
larπμEmτssτnπEtransvμrsμEmomμntumEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEX_X

4.2 52

501 tμasurμmμntEoνEνlowEρarmonταsEwτtρEmultτRpartταlμEαumulantsEτnEwΞPwΞEαollτsτonsEatE mormulaaEsμμE
tμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2014QE]YQEXVZ] 4.2 52

500 tμasurμmμntEoνEtρμE‘EΞosonEpolarτzatτonEτnEtopEquarψEγμαaysEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 52

499 wμrνormanαμEoνEtρμEh{shzEmuonEtrτππμrEτnEppEαollτsτonsEatE mormulaaEsμμEtμxt]E{μ~SEEuropeano
PhysicaloJournaloCQE2015QE]ZQEVWU 4.2 51

498 tμasurμmμntEoνEtρμEχμtEνraπmμntatτonEνunαtτonEanγEtransvμrsμEproντlμEτnEprotonâ��protonEαollτsτonsE
atEaEαμntμrRoνRmassEμnμrπyEoνE]E{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 51

497 kμμplyEvτrtualEjomptonEsαattμrτnπEanγEτtsEΞμamEαρarπμEasymmμtryEτnESEPhysicsoLetters,oSectionoB:o
Nuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsQE2009QE[^VQEX_VRX__ 4.2 51

496 tμasurμmμntEoνEtρμEproγuαtτonEαrossEsμαtτonEoνEχμtsEτnEassoατatτonEwτtρEaE—EΞosonEτnEppEαollτsτonsEatE
MEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 50

495 lvτγμnαμEνorEtρμEMEotoEΞovμrlτnμ{Ξ}ENEγμαayEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV 5.4 50
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494
zμarαρEνorEγτrμαtEpaτrEproγuαtτonEoνEaEαρarπτnoEanγEaEnμutralτnoEγμαayτnπEtoEtρμEVWZ´ nμ~EoτππsE
ΞosonEτnE mormulaaEsμμEtμxt]´ {μ~E mormulaaEsμμEtμxt]EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2015QE]ZQEWU^

4.2 50

493
zμarαρEνorEμlμαtrowμaψEproγuαtτonEoνEαρarπτnosEanγEslμptonsEγμαayτnπEτntoEντnalEstatμsEwτtρEtwoE
lμptonsEanγEmτssτnπEtransvμrsμEmomμntumEτnEMsqrt{s}dVXNEMtμxtE{{μ~}NEppEαollτsτonsEusτnπEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV

4.2 50

492
pγμntτνταatτonEanγEμnμrπyEαalτΞratτonEoνEρaγronταallyEγμαayτnπEtauElμptonsEwτtρEtρμEh{shzE
μxpμrτmμntEτnEαollτsτonsEatE mormulaaEsμμEtμxt] mormulaaEsμμEtμxt]SEEuropeanoPhysicaloJournaloCQE2015
QE]ZQEXUX

4.2 49

491 tμasurμmμntEoνEαρarπμγRpartταlμEspμαtraEτnEwΞPwΞEαollτsτonsEatEMEsqrt{s−{matρrm{uu}}}dWS][ENE{μ~E
wτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 49

490 zμarαρEνorEρτπρRmassErμsonanαμsEγμαayτnπEtoEγτlμptonEντnalEstatμsEτnEppEαollτsτonsEatEMEsqrt{s}d]ENE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 49

489 {μstsEoνExjkEνaαtorτsatτonEτnEtρμEγτννraαtτvμEproγuαtτonEoνEγτχμtsEτnEγμμpRτnμlastταEsαattμrτnπEanγE
pρotoproγuαtτonEatEolyhSEEuropeanoPhysicaloJournaloCQE2007QEZVQEZY_RZ[^ 4.2 49

488 zμarαρEνorErμsonanαμsEτnEγτpρotonEμvμntsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 49

487 zμarαρEνorEμlμαtrowμaψEproγuαtτonEoνEsupμrsymmμtrταEpartταlμsEτnEντnalEstatμsEwτtρEtwoEorEtρrμμE
lμptonsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QE__Z 4.2 49

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

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

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

483
ountEνorEnμwEpρμnomμnaEusτnπElarπμEχμtEmultτplτατtτμsEanγEmτssτnπEtransvμrsμEmomμntumEwτtρE
h{shzEτnEYS]EνΞâ��VEoνEMEsqrtE{s}EdE]b{μ~ENEprotonRprotonEαollτsτonsSEJournaloofoHighoEnergyoPhysicsQE
2012QEWUVWQEV

5.4 48

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

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

480 zμarαρEνorEρμavyErμsonanαμsEγμαayτnπEτntoEτnEtρμEντnalEstatμEτnEαollτsτonsEatEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEWY 4.2 47

479 zμarαρEνorEtρμEnμutralEoτππsEΞosonsEoνEtρμEmτnτmalEsupμrsymmμtrταEstanγarγEmoγμlEτnEppEαollτsτonsE
atEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 47

478 zμarαρEνorEaEnμwErμsonanαμEγμαayτnπEtoEaEorEΞosonEanγEaEoτππsEΞosonEτnEtρμE mormulaaEsμμEtμxt]E
ντnalEstatμsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEW[X 4.2 46

477 sτπρtRquarψEanγEπluonEχμtEγτsαrτmτnatτonEτnE mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaEsμμEtμxt]EwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2014QE]YQEXUWX 4.2 46
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476 zμarαρEνorElμptonRνlavourRvτolatτnπEoEReE˛…ˇ�EγμαaysEoνEtρμEoτππsEΞosonEwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 46

475
zμarαρEνorEanomalousEproγuαtτonEoνEpromptEsamμRsτπnElμptonEpaτrsEanγEpaτrRproγuαμγEγouΞlyE
αρarπμγEoτππsEΞosonsEwτtρEMEsqrt{s}d^ENE{μ~EppEαollτsτonsEusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2015QEWUVZQEV

5.4 45

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

473 tμasurμmμntEoνE——EproγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EanγElτmτtsEonEanomalousE———EanγE
——˛‡EαouplτnπsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 45

472 tuonErμαonstruαtτonEμνντατμnαyEanγEmomμntumErμsolutτonEoνEtρμEh{shzEμxpμrτmμntEτnE
protonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EτnEWUVUSEEuropeanoPhysicaloJournaloCQE2014QE]YQEXUXY 4.2 45

471 zμarαρEνorEpaτrEproγuαtτonEoνEmassτvμEpartταlμsEγμαayτnπEτntoEtρrμμEquarψsEwτtρEtρμEh{shzEγμtμαtorE
τnEMEsqrt{s}d]bmatρrm{{μ~}ENEppEαollτsτonsEatEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 45

470
zμarαρEνorEsupμrsymmμtryEτnEμvμntsEαontaτnτnπEaEsamμRνlavourEopposτtμRsτπnEγτlμptonEpaτrQEχμtsQEanγE
larπμEmτssτnπEtransvμrsμEmomμntumEτnE mormulaaEsμμEtμxt]´ {μ~EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2015QE]ZQEXV^

4.2 44

469 pγμntτνταatτonEoνEΞoostμγQEρaγronταallyEγμαayτnπEΞosonsEanγEαomparτsonsEwτtρEh{shzEγataEtaψμnEatE
 mormulaaEsμμEtμxt]´ {μ~SEEuropeanoPhysicaloJournaloCQE2016QE][QEVZY 4.2 44

468 tμasurμmμntEoνEτsolatμγRpρotonEpaτrEproγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}d]b{μ~ENEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 44

467 zμarαρEνorEpaτrRproγuαμγEmassτvμEαolourμγEsαalarsEτnEνourRχμtEντnalEstatμsEwτtρEtρμEh{shzEγμtμαtorE
τnEprotonâ��protonEαollτsτonsEatEMsqrt{s}EdE]EmΞox{{μ~}NSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV 4.2 44

466 tμasurμmμntEoνEmultτRχμtEαrossEsμαtτonsEτnEprotonâ��protonEαollτsτonsEatEaE]E{μ~EαμntμrRoνRmassE
μnμrπySEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 44

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

464 wμrνormanαμEoνEχμtEsuΞstruαturμEtμαρnτquμsEνorElarπμRyEχμtsEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}d]ENE{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 43

463
tμasurμmμntEoνEtρμEαrossEsμαtτonEνorEtopRquarψEpaτrEproγuαtτonEτnEppEαollτsτonsEatEMsqrtE{s}EdE
{]}Q{tμxt{{μ~}}NEwτtρEtρμEh{shzEγμtμαtorEusτnπEντnalEstatμsEwτtρEtwoEρτπρRpE{ElμptonsSEJournaloofo
HighoEnergyoPhysicsQE2012QEWUVWQEV

5.4 43

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

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

460
tμasurμmμntEoνEtρμEγτννμrμntτalEαrossRsμαtτonsEoνEpromptEanγEnonRpromptEproγuαtτonEoνE mormulaaE
sμμEtμxt]EanγE mormulaaEsμμEtμxt]EτnEαollτsτonsEatE mormulaaEsμμEtμxt]EanγE^´ {μ~EwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEW^X

4.2 42

459 tμasurμmμntEoνEtρμEtopEquarψEmassEwτtρEtρμEtμmplatμEmμtρoγEτnEtρμE mormulaaEsμμEtμxt]EαρannμlE
usτnπEh{shzEγataSEEuropeanoPhysicaloJournaloCQE2012QE]WQEWUY[ 4.2 42

(2012-2015)
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458 zummaryEoνEtρμEh{shzEμxpμrτmμntâ��sEsμnsτtτvτtyEtoEsupμrsymmμtryEaνtμrEsojEyunEVEâ��EτntμrprμtμγE
τnEtρμEpρμnomμnoloπταalEtzztSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 42

457 pnαlusτvμEγμμpEτnμlastταEsαattμrτnπEatEρτπρExEWEwτtρElonπτtuγτnallyEpolarτsμγElμptonEΞμamsEatEolyhSE
JournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 42

456
tμasurμmμntEoνEτnαlusτvμEχμtEproγuαtτonEτnEγμμpRτnμlastταEsαattμrτnπEatEρτπρExWEanγEγμtμrmτnatτonE
oνEtρμEstronπEαouplτnπSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-Energyo
PhysicsQE2007QE[ZXQEVXYRVYY

4.2 42

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

454
zμarαρEνorEγτrμαtEtopEsquarψEpaτrEproγuαtτonEτnEμvμntsEwτtρEaE mormulaaEsμμEtμxt]EΞosonQE mormulaaE
sμμEtμxt]RχμtsEanγEmτssτnπEtransvμrsμEmomμntumEτnE mormulaaEsμμEtμxt]E{μ~E mormulaaEsμμEtμxt]E
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2014QE]YQEW^^X

4.2 41

453 zτnπlμEρaγronErμsponsμEmμasurμmμntEanγEαalorτmμtμrEχμtEμnμrπyEsαalμEunαμrtaτntyEwτtρEtρμEh{shzE
γμtμαtorEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV 4.2 41

452
zμarαρEνorEsupμrsymmμtrταEpartταlμsEτnEμvμntsEwτtρElμptonEpaτrsEanγElarπμEmτssτnπEtransvμrsμE
momμntumEτnEMsqrt{s}d]~mΞox{{μ~}NEprotonâ��protonEαollτsτonsEwτtρEtρμEh{shzEμxpμrτmμntSE
EuropeanoPhysicaloJournaloCQE2011QE]VQEV

4.2 41

451 yμaγτnμssEoνEtρμEh{shzElτquτγEarπonEαalorτmμtμrEνorEsojEαollτsτonsSEEuropeanoPhysicaloJournaloCQE
2010QE]UQE]WXR]ZX 4.2 41

450 zμarαρEνorEnμwEpartταlμsEτnEμvμntsEwτtρEonμElμptonEanγEmτssτnπEtransvμrsμEmomμntumEτnEppE
αollτsτonsEatEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 40

449
tμasurμmμntEoνEtρμEαμntralτtyEγμpμnγμnαμEoνEtρμEαρarπμγRpartταlμEpsμuγorapτγτtyEγτstrτΞutτonEτnE
protonRlμaγEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2016QE][QEV__

4.2 39

448 zμarαρEνorEsupμrsymmμtryEatEMsqrt{s}NEdE^E{μ~EτnEντnalEstatμsEwτtρEχμtsEanγEtwoEsamμRsτπnElμptonsEorE
tρrμμElμptonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 39

447
hEsμarαρEνorEMEtovμrlτnμEtENErμsonanαμsEτnElμptonPχμtsEμvμntsEwτtρEρτπρlyEΞoostμγEtopEquarψsE
αollμαtμγEτnEppEαollτsτonsEatEMEsqrtE{s}EdE]ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2012QEWUVWQEV

5.4 39

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

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

444
vΞsμrvatτonEanγEmμasurμmμntsEoνEtρμEproγuαtτonEoνEpromptEanγEnonRpromptE mormulaaEsμμEtμxt]E
mμsonsEτnEassoατatτonEwτtρEaE mormulaaEsμμEtμxt]EΞosonEτnE mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaE
sμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEWW_

4.2 38

443 zμarαρEνorElonπRlτvμγEnμutralEpartταlμsEγμαayτnπEτntoElμptonEχμtsEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 38

442 pnμlastταEproγuαtτonEoνEqTˇ�EmμsonsEτnEpρotoproγuαtτonEanγEγμμpEτnμlastταEsαattμrτnπEatEolyhSE
EuropeanoPhysicaloJournaloCQE2010QE[^QEYUVRYWU 4.2 38

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

Tomˆ¡¯¡uSˆ‰kora
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440 tμasurμmμntEoνEtρμEproγuαtτonEoνEaE‘EΞosonEτnEassoατatτonEwτtρEaEαρarmEquarψEτnEppEαollτsτonsEatEME
sqrt{s}ENEdE]E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 37

439 zμarαρEνorEsquarψsEanγEπluτnosEτnEμvμntsEwτtρEτsolatμγElμptonsQEχμtsEanγEmτssτnπEtransvμrsμE
momμntumEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 37

438 zμarαρEνorEtρμEztanγarγEtoγμlEoτππsEΞosonEτnEtρμEoEReEˇ�EPEˇ�Eâ��EγμαayEmoγμEτnEMEsqrtE{s}EdE
]Q{matρrm{{μ~}}ENEppEαollτsτonsEwτtρEh{shzSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 37

437 sτmτtsEonEtρμEproγuαtτonEoνEtρμEstanγarγEmoγμlEoτππsEΞosonEτnEppEαollτsτonsEatEMsqrt{s}EdE]NE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 37

436 zμarαρEνorEmassτvμEαolorμγEsαalarsEτnEνourRχμtEντnalEstatμsEτnEMsqrt{s}d]~mΞox{{μ~}NEprotonâ��protonE
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 37

435 qμtEproγuαtτonEτnEμpEαollτsτonsEatElowExEWEanγEγμtμrmτnatτonEoνE˛–EsSEEuropeanoPhysicaloJournaloCQE
2010QE[]QEVRWY 4.2 37

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

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

432 zμarαρEνorEγτrμαtEpaτrEproγuαtτonEoνEtρμEtopEsquarψEτnEallRρaγronταEντnalEstatμsEτnEprotonRprotonE
αollτsτonsEatEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 36

431 qμtEproγuαtτonEτnEμpEαollτsτonsEatEρτπρExEWEanγEγμtμrmτnatτonEoνE˛–EsSEEuropeanoPhysicaloJournaloCQE
2010QE[ZQEX[XRX^X 4.2 36

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

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

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

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

426 zμarαρEνorEsμαonγEπμnμratτonEsαalarElμptoquarψsEτnEppEαollτsτonsEatEMsqrt{s}d]~mΞox{{μ~}NEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 35

425 tμasurμmμntEoνEkEO´–EmμsonEproγuαtτonEanγEγμtμrmτnatτonEoνEMm−{W}ℓ{αΞar{α}}NEatElowExEWEτnE
γμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 35

424 tμasurμmμntEoνEtρμEαrossRsμαtτonEνorE‘EΞosonEproγuαtτonEτnEassoατatτonEwτtρEΞRχμtsEτnEppEαollτsτonsE
atEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 34

423 h{shzEsμarαρEνorEaEρμavyEπauπμEΞosonEγμαayτnπEtoEaEαρarπμγElμptonEanγEaEnμutrτnoEτnEppEαollτsτonsE
atEMsqrt{s}EdE]Ematρrm{{μ~}NSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 34

(2012-2014)
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422 zμarαρEνorEsamμRsτπnEtopRquarψEproγuαtτonEanγEνourtρRπμnμratτonEγownRtypμEquarψsEτnEppEαollτsτonsE
atEMEsqrtE{s}EdE{]}b{tμxt{{μ~}}ENEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 34

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

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

419 zμarαρEνorEαρarπμγEoτππsEΞosonsEτnEtρμEoE´–EReEtΞEγμαayEαρannμlEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~E
usτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 33

418
zμarαρEνorEtopRsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEonμElμptonQEχμtsQEanγEmτssτnπEtransvμrsμE
momμntumEusτnπEX[EνΞâ��VEoνEMEsqrt{s}dVXENE{μ~EppEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 33

417
zμarαρEνorEαρarπμγEoτππsEΞosonsEγμαayτnπEvτaEo´–EReEˇ�´–˛‰ˇ�EτnEtρμEˇ�PχμtsEanγEˇ�PlμptonEντnalEstatμsEwτtρE
X[EνΞâ��VEoνEppEαollτsτonEγataErμαorγμγEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 33

416 tμasurμmμntEoνEtρμEtopEquarψEmassEτnEtρμE mormulaaEsμμEtμxt]EanγE mormulaaEsμμEtμxt]EαρannμlsE
usτnπE mormulaaEsμμEtμxt]´  mormulaaEsμμEtμxt]Eh{shzEγataSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEXXU 4.2 32

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

414 kτννraαtτvμEopμnEαρarmEproγuαtτonEτnEγμμpRτnμlastταEsαattμrτnπEanγEpρotoproγuαtτonEatEolyhSE
EuropeanoPhysicaloJournaloCQE2007QEZUQEVRWU 4.2 32

413
zμarαρEνorEpaτrEproγuαtτonEoνEoτππsEΞosonsEτnEtρμEMEΞovμrlτnμ{Ξ}Ξovμrlτnμ{Ξ}ENEντnalEstatμEusτnπE
protonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2019QEWUV_QEV

5.4 31

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

411
tμasurμmμntEoνEtρμEpolarτsatτonEoνE‘EΞosonsEproγuαμγEwτtρElarπμEtransvμrsμEmomμntumEτnEppE
αollτsτonsEatEMsqrt{s}EdE]EmΞox{{μ~}NEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2012QE
]WQEV

4.2 31

410
kτννμrμntτalEtopRantτtopEαrossRsμαtτonEmμasurμmμntsEasEaEνunαtτonEoνEoΞsμrvaΞlμsEαonstruαtμγEνromE
ντnalRstatμEpartταlμsEusτnπEppEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EτnEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2015QEWUVZQEV

5.4 31

409
tμasurμmμntEoνEtρμEproγuαtτonEanγElμptonEαρarπμEasymmμtryEoνE mormulaaEsμμEtμxt]EΞosonsEτnE
wΞPwΞEαollτsτonsEatE mormulaaEsμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE
]ZQEWX

4.2 31

408
zμarαρEνorEαontaαtEτntμraαtτonsEanγElarπμEμxtraEγτmμnsτonsEτnEtρμEγτlμptonEαρannμlEusτnπE
protonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ ^´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2014QE]YQEXVXY

4.2 31

407
zμarαρEνorEstronπEproγuαtτonEoνEsupμrsymmμtrταEpartταlμsEτnEντnalEstatμsEwτtρEmτssτnπEtransvμrsμE
momμntumEanγEatElμastEtρrμμEΞRχμtsEatEMEsqrt{s}EdE^ENE{μ~EprotonRprotonEαollτsτonsEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV

5.4 31

406 hEsμarαρEνorEνlavourEαρanπτnπEnμutralEαurrμntsEτnEtopRquarψEγμαaysEτnEppEαollτsτonEγataEαollμαtμγE
wτtρEtρμEh{shzEγμtμαtorEatEMEsqrt{s}d]b{μ~ENSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 31

405
zμarαρEνorElτπρtEsαalarEtopRquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEtwoElμptonsEwτtρEtρμEh{shzE
γμtμαtorEτnEMsqrt{s}d]Ematρrm{{μ~}NEprotonâ��protonEαollτsτonsSEEuropeanoPhysicaloJournaloCQE2012QE
]WQEV

4.2 31

Tomˆ¡¯¡uSˆ‰kora
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404 pnαlusτvμEsμarαρEνorEsamμRsτπnEγτlμptonEsτπnaturμsEτnEppEαollτsτonsEatEMEsqrtE{s}EdE]ENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 31

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

402 zμarαρEνorEtρτrγEπμnμratτonEsαalarElμptoquarψsEτnEppEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 30

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

400 tμasurμmμntsEoνEντγuατalEanγEγτννμrμntτalEαrossEsμαtτonsEνorEoτππsEΞosonEproγuαtτonEτnEtρμE
γτpρotonEγμαayEαρannμlEatEMEsqrt{s}d^ENE{μ~EwτtρEh{shzSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 30

399 tμasurμmμntEoνEtρμE mormulaaEsμμEtμxt]EproγuαtτonEαrossEsμαtτonEτnEtρμEtauEPEχμtsEαρannμlEusτnπEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2013QE]XQEWXW^ 4.2 30

398 tμasurμmμntEoνEtρμEαrossEsμαtτonEνorEγτννraαtτvμEγμμpRτnμlastταEsαattμrτnπEwτtρEaElμaγτnπEprotonEatE
olyhSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 30

397
tμasurμmμntsEoνEunγμrlyτnπRμvμntEpropμrtτμsEusτnπEnμutralEanγEαρarπμγEpartταlμsEτnEppEαollτsτonsE
atEMsqrt{s}d_UUNEnμ~EanγEMsqrt{s}d]NE{μ~EwτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEEuropeanoPhysicalo
JournaloCQE2011QE]VQEV

4.2 30

396 wμrνormanαμEoνEμlμαtronEanγEpρotonEtrτππμrsEτnEh{shzEγurτnπEsojEyunEWSEEuropeanoPhysicaloJournalo
CQE2020QE^UQEV 4.2 30

395 zμarαρμsEνorEρμavyElonπRlτvμγEαρarπμγEpartταlμsEwτtρEtρμEh{shzEγμtμαtorEτnEprotonRprotonEαollτsτonsE
atEMEsqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 29

394
zμarαρEνorEtρμEγτrμαtEproγuαtτonEoνEαρarπτnosQEnμutralτnosEanγEstausEτnEντnalEstatμsEwτtρEatElμastEtwoE
ρaγronταallyEγμαayτnπEtausEanγEmτssτnπEtransvμrsμEmomμntumEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV

5.4 29

393 yμαonstruαtτonEoνEprτmaryEvμrtταμsEatEtρμEh{shzEμxpμrτmμntEτnEyunEVEprotonRprotonEαollτsτonsEatE
tρμEsojSEEuropeanoPhysicaloJournaloCQE2017QE]]QEXXW 4.2 29

392
zμarαρEνorEpaτrEproγuαtτonEoνEρμavyEvμαtorRlτψμEquarψsEγμαayτnπEtoEρτπρRpE{E‘EΞosonsEanγEΞEquarψsE
τnEtρμElμptonRplusRχμtsEντnalEstatμEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV

5.4 29

391
zμarαρEνorEpaτrEanγEsτnπlμEproγuαtτonEoνEnμwEρμavyEquarψsEtρatEγμαayEtoEaE—EΞosonEanγEaE
tρτrγRπμnμratτonEquarψEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2014QEWUVYQEV

5.4 29

390 {woRpartταlμEiosμRlτnstμτnEαorrμlatτonsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]EUS_EanγE]E{μ~EmμasurμγE
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEY[[ 4.2 28

389 hEsμarαρEνorEpaτrRproγuαμγErμsonanαμsEτnEνourRχμtEντnalEstatμsEatEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2018QE]^QEWZU 4.2 28

388 yμαonstruαtτonEoνEρaγronταEγμαayEproγuαtsEoνEtauElμptonsEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeano
PhysicaloJournaloCQE2016QE][QEW_Z 4.2 28

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

(2016-2011)

13



386
zμarαρEνorEmτnτmalEsupμrsymmμtrταEstanγarγEmoγμlEoτππsEiosonsE´ T´ EanγEνorEaE mormulaaEsμμEtμxt]E
ΞosonEτnEtρμE mormulaaEsμμEtμxt]EντnalEstatμEproγuαμγEτnEαollτsτonsEatE mormulaaEsμμEtμxt]E{μ~EwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZ^Z

4.2 28

385
zμarαρEνorEsupμrsymmμtryEτnEντnalEstatμsEwτtρEmτssτnπEtransvμrsμEmomμntumEanγEmultτplμEΞRχμtsEτnE
protonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2018QEWUV^QEV

5.4 28

384
mτγuατalQEtotalEanγEγτννμrμntτalEαrossRsμαtτonEmμasurμmμntsEoνERαρannμlEsτnπlμEtopRquarψEproγuαtτonE
τnEαollτsτonsEatE^´ {μ~EusτnπEγataEαollμαtμγEΞyEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEZXV

4.2 27

383 tμasurμmμntEoνEtρμEτnαlusτvμEχμtEαrossRsμαtτonEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EusτnπE
YSZEνΞâ��VEoνEγataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 27

382
zμarαρEνorEpaτrEproγuαtτonEoνEvμαtorRlτψμEtopEquarψsEτnEμvμntsEwτtρEonμElμptonQEχμtsQEanγEmτssτnπE
transvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV

5.4 27

381 zμarαρEνorEsτnπlμEtopEquarψEproγuαtτonEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsQE2009QE[]^QEYZURYZ^ 4.2 27

380 ztuγyEoνEtρμErarμEγμαaysEoνE mormulaaEsμμEtμxt]EanγE mormulaaEsμμEtμxt]EτntoEmuonEpaτrsEνromEγataE
αollμαtμγEγurτnπEtρμEsojEyunEVEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZVX 4.2 27

379 tμasurμmμntEoνEtρμEpρotonEτγμntτνταatτonEμνντατμnατμsEwτtρEtρμEh{shzEγμtμαtorEusτnπEsojEyunEWE
γataEαollμαtμγEτnEWUVZEanγEWUV[SEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 26

378
zμarαρEνorEρμavyErμsonanαμsEγμαayτnπEτntoEaE‘EorE—EΞosonEanγEaEoτππsEΞosonEτnEντnalEstatμsEwτtρE
lμptonsEanγEΞRχμtsEτnEX[EνΞâ��VEoνEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 26

377 tμasurμmμntEoνEˇ�EαVEanγEˇ�EαWEproγuαtτonEwτtρEMEsqrt{s}ENEdE]E{μ~EppEαollτsτonsEatEh{shzSEJournaloofo
HighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 26

376
tμasurμmμntsEoνEtρμEproγuαtτonEαrossEsμαtτonEoνEaE mormulaaEsμμEtμxt]EΞosonEτnEassoατatτonEwτtρE
χμtsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2017QE]]QEX[V

4.2 26

375 hnalysτsEoνEμvμntsEwτtρEΞRχμtsEanγEaEpaτrEoνElμptonsEoνEtρμEsamμEαρarπμEτnEppEαollτsτonsEatEMEsqrt{s}d^E
NE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 26

374 tμasurμmμntEoνEγτννμrμntτalEproγuαtτonEαrossRsμαtτonsEνorEaE—EΞosonEτnEassoατatτonEwτtρEΞRχμtsEτnE]E
{μ~EprotonRprotonEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 26

373 zμarαρEνorEντrstEπμnμratτonElμptoquarψsEτnEμpEαollτsτonsEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,o
ElementaryoParticleoandoHigh-EnergyoPhysicsQE2011QE]UYQEX^^RX_[ 4.2 26

372 tμasurμmμntEoνEtρμESEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysics
QE2010QE[^[QE_VRVUU 4.2 26

371 vuE{olEzwhjlâ��{ptlEz–ttl{yplzEvmEuvujvtt}{h{p~lEnh}nlE{olvyplzSEInternationalo
JournaloofoModernoPhysicsoAQE2002QEV]QEWX[_RWX][ 1.2 26

370 {μstEoνEjwEτnvarτanαμEτnEvμαtorRΞosonEνusτonEproγuαtτonEoνEtρμEoτππsEΞosonEusτnπEtρμEmμtρoγEτnEtρμE
γτtauEγμαayEαρannμlEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QE[Z^ 4.2 26

369 llμαtronEanγEpρotonEμnμrπyEαalτΞratτonEwτtρEtρμEh{shzEγμtμαtorEusτnπEWUVZâ��WUV[EsojE
protonRprotonEαollτsτonEγataSEJournaloofoInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25
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368 tultτRαρannμlEsμarαρEνorEsquarψsEanγEπluτnosEτnE mormulaaEsμμEtμxt]EαollτsτonsEwτtρEtρμEh{shzE
γμtμαtorEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2013QE]XQEWX[W 4.2 25

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

366 zμarαρEνorE mormulaaEsμμEtμxt]EγμαaysEτnE mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaEsμμEtμxt]´ d´ ^´ {μ~E
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEV[Z 4.2 25

365 jomΞτnμγEτnαlusτvμEγτννraαtτvμEαrossEsμαtτonsEmμasurμγEwτtρEνorwarγEprotonEspμαtromμtμrsEτnEγμμpE
τnμlastταEμpEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 25

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

363 tμasurμmμntEoνEtρμEτnαlusτvμEτsolatμγEpromptEpρotonEαrossEsμαtτonEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 25

362 tμasurμmμntEoνEtρμEtopEquarψEmassEτnEtρμEMtΞar{t}rτπρtarrowENElμptonPχμtsEαρannμlEνromEMsqrt{s}d^NE
{μ~Eh{shzEγataEanγEαomΞτnatτonEwτtρEprμvτousErμsultsSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 24

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

360 tμasurμmμntEoνEtρμEtopEquarψEpaτrEproγuαtτonEαρarπμEasymmμtryEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}ENEdE]E{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 24

359
tμasurμmμntEoνEtρμEproγuαtτonEαrossEsμαtτonEoνEpromptEqTˇ�EmμsonsEτnEassoατatτonEwτtρEaE‘E´–E
ΞosonEτnEppEαollτsτonsEatEMEsqrt{s}ENEdE]E{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2014QEWUVYQEV

5.4 24

358 tμasurμmμntEoνEtρμEγτννμrμntτalEαrossRsμαtτonEoνEiEPEmμsonEproγuαtτonEτnEppEαollτsτonsEatEME
sqrt{s}d]ENE{μ~EatEh{shzSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 24

357 pnαlusτvμEmμasurμmμntEoνEγτννraαtτvμEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloC
QE2012QE]WQEV 4.2 24

356
zμarαρEνorEtopEanγEΞottomEsquarψsEνromEπluτnoEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEmτssτnπE
transvμrsμEμnμrπyEanγEatElμastEtρrμμEΞRχμtsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2012QE]WQEV

4.2 24

355 ztuγyEoνEαρarmEνraπmμntatτonEτntoEkEOE´–EmμsonsEτnEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2009QEZ_QEZ^_R[U[ 4.2 24

354 zμarαρEνorEsτnπlμEproγuαtτonEoνEvμαtorRlτψμEquarψsEγμαayτnπEτntoEτnEαollτsτonsEatE mormulaaEsμμE
tμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEYYW 4.2 24

353 jomΞτnatτonEanγExjkEanalysτsEoνEαρarmEanγEΞμautyEproγuαtτonEαrossRsμαtτonEmμasurμmμntsEτnE
γμμpEτnμlastταEμpEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV 4.2 24

352 tμasurμmμntEoνEmultτχμtEproγuαtτonEτnEM{μFFbp}NEαollτsτonsEatEρτπρEMvarvμα{xℓW}NEanγEγμtμrmτnatτonE
oνEtρμEstronπEαouplτnπEMvarvμα{{alpρaE−s}}ENSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEV 4.2 23

351 zμarαρEνorEtρμEγτrμαtEproγuαtτonEoνEαρarπτnosEanγEnμutralτnosEτnEντnalEstatμsEwτtρEtauElμptonsEτnE
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVZY 4.2 23

(2018-2013)
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350 zμarαρEνorEpaτrEproγuαtτonEoνEupRtypμEvμαtorRlτψμEquarψsEanγEνorEνourRtopRquarψEμvμntsEτnEντnalE
statμsEwτtρEmultτplμEΞRχμtsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 23

349 morwarγRΞaαψwarγEαorrμlatτonsEanγEαρarπμγRpartταlμEazτmutρalEγτstrτΞutτonsEτnEppEτntμraαtτonsE
usτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 23

348 kτννraαtτvμEγτχμtEpρotoproγuαtτonEτnEμpEαollτsτonsEatEolyhSEEuropeanoPhysicaloJournaloCQE2010QE]UQEVZRX] 4.2 23

347
zμarαρEνorEaEnμwEρμavyEπauπμRΞosonErμsonanαμEγμαayτnπEτntoEaElμptonEanγEmτssτnπEtransvμrsμE
momμntumEτnEX[EνΞEoνEαollτsτonsEatE´ {μ~EwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE
2018QE]^QEYUV

4.2 23

346
zμarαρEνorEoτππsEΞosonEpaτrEproγuαtτonEτnEtρμEMEupπammaEupπammaEΞovμrlτnμ{Ξ}ENEντnalEstatμEwτtρE
VXE{μ~EppEαollτsτonEγataEαollμαtμγEΞyEtρμEh{shzEμxpμrτmμntSEJournaloofoHighoEnergyoPhysicsQE2018QE
WUV^QEV

5.4 23

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

344
hEmμasurμmμntEoνEtρμEαalorτmμtμrErμsponsμEtoEsτnπlμEρaγronsEanγEγμtμrmτnatτonEoνEtρμEχμtEμnμrπyE
sαalμEunαμrtaτntyEusτnπEsojEyunRVERαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2017QE]]QEW[

4.2 22

343
tμasurμmμntEoνEtρμEτnαlusτvμEαrossRsμαtτonsEoνEsτnπlμEtopRquarψEanγEtopRantτquarψEtRαρannμlE
proγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2017QEWUV]QEV

5.4 22

342 zμarαρEνorEρμavyElonπRlτvμγEmultτRαρarπμγEpartταlμsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EusτnπEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEX[W 4.2 22

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

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

339
zμarαρEνorEsupμrsymmμtryEτnEντnalEstatμsEwτtρEtwoEsamμRsτπnEorEtρrμμElμptonsEanγEχμtsEusτnπEX[EνΞâ��VE
oνEMEsqrt{s}dVXENE{μ~EppEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 22

338 hEsμarαρEνorEρτπρRmassErμsonanαμsEγμαayτnπEtoEˇ�Pˇ�â��EτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 22

337 zμarαρEνorEρμavyElμptonErμsonanαμsEγμαayτnπEtoEaE—EΞosonEanγEaElμptonEτnEppEαollτsτonsEatEMEsqrt{s}d^E
NE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 22

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

335
zμarαρEνorEρμavyEtaχoranaEorEkτraαEnμutrτnosEanγErτπρtRρanγμγE‘EπauπμEΞosonsEτnEντnalEstatμsEwτtρE
twoEαρarπμγElμptonsEanγEtwoEχμtsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2019QEWUV_QEV

5.4 21

334 zμarαρEνorEτnvτsτΞlμEpartταlμsEproγuαμγEτnEassoατatτonEwτtρEsτnπlμRtopRquarψsEτnEprotonRprotonE
αollτsτonsEatE mormulaaEsμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQE]_ 4.2 21

333
tμasurμmμntsEoνEντγuατalEαrossRsμαtτonsEνorE mormulaaEsμμEtμxt]EproγuαtτonEwτtρEonμEorEtwoE
aγγτtτonalERχμtsEτnEαollτsτonsEatE mormulaaEsμμEtμxt]d^E{μ~´ usτnπEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2016QE][QEVV

4.2 21
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332
tμasurμmμntEoνEγτstrτΞutτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEτnαlusτvμE—RΞosonEproγuαtτonEτnE
 mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaEsμμEtμxt]E{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2014QE]YQEXV_Z

4.2 21

331 hEπμnμralEsμarαρEνorEnμwEpρμnomμnaEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsQE2009QE[]YQEWZ]RW[^ 4.2 21

330 pnαlusτvμEkO´–EmμsonEanγEassoατatμγEγτχμtEproγuαtτonEτnEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2007QEZVQEW]V 4.2 21

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

328
zμarαρEνorEρμavyEnμutralElμptonsEτnEγμαaysEoνE‘EΞosonsEproγuαμγEτnEVXE{μ~EppEαollτsτonsEusτnπE
promptEanγEγτsplaαμγEsτπnaturμsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2019QE
WUV_QEV

5.4 21

327 zμarαρEνorEoτππsEΞosonEpaτrEproγuαtτonEτnEtρμEαρannμlEusτnπEαollτsτonEγataErμαorγμγEatE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVUU] 4.2 21

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

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

324 zμarαρEνorEγouΞlyEαρarπμγEsαalarEΞosonsEγμαayτnπEτntoEsamμRsτπnEΞosonEpaτrsEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEZ^ 4.2 20

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

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

321
tμasurμmμntEoνEM‘ℓ{pmE}—NEproγuαtτonEαrossEsμαtτonsEanγEπauπμEΞosonEpolarτsatτonEτnEppE
αollτsτonsEatEMsqrt{s}EdEVX~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE
]_QEV

4.2 20

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

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

318 zμarαρEνorEπluτnosEτnEμvμntsEwτtρEanEτsolatμγElμptonQEχμtsEanγEmτssτnπEtransvμrsμEmomμntumEatE
 mormulaaEsμμEtμxt]EdEVXE{μE~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZ[Z 4.2 20

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

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

315 naτnEanγEtτmμErμsolutτonEoνEYZE˛…mEtρτnEsowEnaτnEhvalanαρμEkμtμαtorsEΞμνorμEanγEaνtμrEτrraγτatτonE
upEtoEaEνluμnαμEoνEVUVZnμqTαmWSEJournaloofoInstrumentationQE2017QEVWQEwUZUUXRwUZUUX 1 19
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314 zμarαρEνorEγτrμαtEtopEsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEtwoElμptonsEτnE{μ~EαollτsτonsEwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QE^_^ 4.2 19

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

312 jρarπμγRpartταlμEγτstrτΞutτonsEτnEτntμraαtτonsEatE mormulaaEsμμEtμxt]EmμasurμγEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEYUX 4.2 19

311 tμasurμmμntEoνEtρrμμRχμtEproγuαtτonEαrossRsμαtτonsEτnE mormulaaEsμμEtμxt]EαollτsτonsEatE]´  mormulaaE
sμμEtμxt]EαμntrμRoνRmassEμnμrπyEusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEWW^ 4.2 18

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

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

308 tμasurμmμntEoνEtρμEunγμrlyτnπEμvμntEτnEχμtEμvμntsEνromE]EMtμxtE{{μ~}NEprotonâ��protonEαollτsτonsE
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2014QE]YQEV 4.2 18

307
tμasurμmμntEoνEtρμEαμntralτtyEanγEpsμuγorapτγτtyEγμpμnγμnαμEoνEtρμEτntμπratμγEμllτptταEνlowEτnE
lμaγRlμaγEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~´ wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2014QE]YQEW_^W

4.2 18

306 tμasurμmμntEoνEtρμElowRmassEkrμllR–anEγτννμrμntτalEαrossEsμαtτonEatEMEsqrt{s}ENEdE]E{μ~EusτnπEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 18

305 tμasurμmμntEoνEχμtEsρapμsEτnEtopRquarψEpaτrEμvμntsEatE mormulaaEsμμEtμxt]EusτnπEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2013QE]XQEW[][ 4.2 18

304 tμasurμmμntEoνEtρμEνorwarγRΞaαψwarγEasymmμtryEoνEμlμαtronEanγEmuonEpaτrRproγuαtτonEτnEppE
αollτsτonsEatEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 18

303 zμarαρEνorEνlavourRαρanπτnπEnμutralEαurrμntEtopEquarψEγμαaysEtEReEoqEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEVR[Z 5.4 18

302 zμarαρEνorEmμtastaΞlμEρμavyEαρarπμγEpartταlμsEwτtρElarπμEτonτsatτonEμnμrπyElossEτnEαollτsτonsEatE
 mormulaaEsμμEtμxt]´ {μ~EusτnπEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEYU] 4.2 18

301 tμasurμmμntEoνEγτχμtEproγuαtτonEτnEγτννraαtτvμEγμμpRτnμlastταEsαattμrτnπEwτtρEaElμaγτnπEprotonEatE
olyhSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 18

300 tμasurμmμntEoνEμvμntEsρapμsEatElarπμEmomμntumEtransνμrEwτtρEtρμEh{shzEγμtμαtorEτnEppE
αollτsτonsEatEMsqrt{matρΞν{s}}d]Ematρrm{{μ~}NSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 18

299
zμarαρEνorEanEμxαμssEoνEμvμntsEwτtρEanEτγμntταalEνlavourElμptonEpaτrEanγEsτπnτνταantEmτssτnπE
transvμrsμEmomμntumEτnEMsqrt{s}d]NE{μ~Eprotonâ��protonEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2011QE]VQEV

4.2 18

298 wromptEpρotonsEτnEpρotoproγuαtτonEatEolyhSEEuropeanoPhysicaloJournaloCQE2010QE[[QEV]RXX 4.2 18

297
tμasurμmμntEoνEtρμEαρarπμEasymmμtryEτnEtopRquarψEpaτrEproγuαtτonEτnEtρμElμptonRplusRχμtsEντnalE
statμEτnEαollτsτonEγataEatE mormulaaEsμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2016QE][QE^]

4.2 18
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296 zμarαρμsEνorEρμavyE——EanγE—‘ErμsonanαμsEτnEtρμEâ��â��qqEanγE˛‰˛‰qqEντnalEstatμsEτnEppEαollτsτonsEatEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 17

295 tμasurμmμntEoνEγτχμtEαrossRsμαtτonsEτnEppEαollτsτonsEatE]E{μ~EαμntrμRoνRmassEμnμrπyEusτnπEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 17

294 tμasurμmμntEoνEpolarτzatτonEτnEReEγμαaysEwτtρEtρμEh{shzEγμtμαtorEτnEαollτsτonsEatE mormulaaEsμμE
tμxt]SEEuropeanoPhysicaloJournaloCQE2012QE]WQEWU[W 4.2 17

293
tμasurμmμntsEoνEχμtEvμtoμsEanγEazτmutρalEγμαorrμlatτonsEτnEγτχμtEμvμntsEproγuαμγEτnE mormulaaEsμμE
tμxt]EαollτsτonsEatE mormulaaEsμμEtμxt]EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2014QE
]YQEXVV]

4.2 17

292
zμarαρEνorEaEsαalarEpartnμrEoνEtρμEtopEquarψEτnEtρμEallRρaγronταEMt{Ξar{t}}NEplusEmτssτnπEtransvμrsμE
momμntumEντnalEstatμEatEMsqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2020QE^UQEV

4.2 17

291
zμarαρEνorEsupμrsymmμtryEτnEaEντnalEstatμEαontaτnτnπEtwoEpρotonsEanγEmτssτnπEtransvμrsμE
momμntumEτnE mormulaaEsμμEtμxt]´ d´ VX´ {μ~E mormulaaEsμμEtμxt]EαollτsτonsEatEtρμEsojEusτnπEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZV]

4.2 17

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

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

288
zμarαρEνorEtρμEztanγarγEtoγμlEoτππsEΞosonEγμαayτnπEτntoEMEΞovμrlτnμ{Ξ}ENEproγuαμγEτnEassoατatτonE
wτtρEtopEquarψsEγμαayτnπEρaγronταallyEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV

5.4 16

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

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

285 zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEwτtρEtρrμμEorEmorμEαρarπμγElμptonsEτnEppEαollτsτonsEatEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 16

284 tμasurμmμntEoνEtρμEMEtovμrlτnμ{t}‘ENEanγEMEtovμrlτnμ{t}—ENEproγuαtτonEαrossEsμαtτonsEτnEppEαollτsτonsE
atEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 16

283 tμasurμmμntEoνEtρμEαρarπμEasymmμtryEτnEγτlμptonταEγμαaysEoνEtopEquarψEpaτrsEτnEppEαollτsτonsEatEME
sqrt{s}d]ENE{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 16

282
hEmμasurμmμntEoνEtρμEratτoEoνEtρμEproγuαtτonEαrossEsμαtτonsEνorE mormulaaEsμμEtμxt]EanγE mormulaaE
sμμEtμxt]EΞosonsEτnEassoατatτonEwτtρEχμtsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2014
QE]YQEXV[^

4.2 16

281 tμasurμmμntEoνEtρμEproγuαtτonEαrossRsμαtτonEoνEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EτnEppEαollτsτonsEatEME
sqrt{s}ENEdE]E{μ~EatEh{shzSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 16

280 zμarαρEνorEanomalousEproγuαtτonEoνEpromptElτψμRsτπnElμptonEpaτrsEatEMEsqrt{s}d]bmatρrm{{μ~}ENEwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 16

279 ztuγτμsEoνEtρμEpμrνormanαμEoνEtρμEh{shzEγμtμαtorEusτnπEαosmταRrayEmuonsSEEuropeanoPhysicalo
JournaloCQE2011QE]VQEV 4.2 16

(2011-2018)
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278 tμasurμmμntEoνEτsolatμγEpρotonEproγuαtτonEτnEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2008QEZYQEX]VRX^] 4.2 16

277 {ρμEpμrνormanαμEoνEtρμEχμtEtrτππμrEνorEtρμEh{shzEγμtμαtorEγurτnπEWUVVEγataEtaψτnπSEEuropeano
PhysicaloJournaloCQE2016QE][QEZW[ 4.2 16

276
zμarαρEνorEtρμEoτππsEΞosonEproγuαμγEτnEassoατatτonEwτtρEaEΞosonEanγEγμαayτnπEtoEνourERquarψsEvτaE
twoEspτnRzμroEpartταlμsEτnEαollτsτonsEatEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE
2016QE][QE[UZ

4.2 16

275
zμarαρEνorEνlavourRαρanπτnπEnμutralEαurrμntEtopRquarψEγμαaysEtoE mormulaaEsμμEtμxt]EτnE mormulaaE
sμμEtμxt]EαollτsτonEγataEαollμαtμγEwτtρEtρμEh{shzEγμtμαtorEatE mormulaaEsμμEtμxt]´ {μ~SEEuropeano
PhysicaloJournaloCQE2016QE][QEVW

4.2 16

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

273
tμasurμmμntEoνEνlowEρarmonταsEαorrμlatτonsEwτtρEmμanEtransvμrsμEmomμntumEτnElμaγâ��lμaγEanγE
protonâ��lμaγEαollτsτonsEatEMsqrt{s−{matρrm{uu}}}EdEZSUW~ρΞoxE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2019QE]_QEV

4.2 16

272
zμarαρEνorEpaτrEproγuαtτonEoνEρμavyEvμαtorRlτψμEquarψsEγμαayτnπEτntoEρτπρRp{E‘EΞosonsEanγEtopE
quarψsEτnEtρμElμptonRplusRχμtsEντnalEstatμEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 16

271 kμtμrmτnatτonEoνEspτnEanγEparτtyEoνEtρμEoτππsEΞosonEτnEtρμE mormulaaEsμμEtμxt]EγμαayEαρannμlEwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEWXV 4.2 15

270 tμasurμmμntEoνEtρμEtopEquarψEαρarπμEτnEppEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 15

269
zμarαρEνorEγτrμαtEαρarπτnoEproγuαtτonEτnEanomalyRmμγτatμγEsupμrsymmμtryEΞrμaψτnπEmoγμlsEΞasμγE
onEaEγτsappμarτnπRtraαψEsτπnaturμEτnEppEαollτsτonsEatEMEsqrt{s}d]bmatρrm{{μ~}ENEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV

5.4 15

268 tμasurμmμntsEoνEˇ�MWzNEanγE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproγuαtτonEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 15

267
tμasurμmμntEoνEproγuαtτonEwτtρEtρμEρaγronταallyEγμαayτnπEΞosonErμαonstruαtμγEasEonμEorEtwoEχμtsE
τnEαollτsτonsEatEwτtρEh{shzQEanγEαonstraτntsEonEanomalousEπauπμEαouplτnπsSEEuropeanoPhysicalo
JournaloCQE2017QE]]QEZ[X

4.2 15

266 kμtμrmτnatτonEoνEtρμEtopRquarψEpolμEmassEusτnπEMEtovμrlτnμ{t}ENEPEVRχμtEμvμntsEαollμαtμγEwτtρEtρμE
h{shzEμxpμrτmμntEτnE]E{μ~EppEαollτsτonsSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 15

265
zμarαρEνor‘oproγuαtτonEwτtρEaElτπρtEoτππsEΞosonEγμαayτnπEtoEpromptEμlμαtronRχμtsEτnE
protonâ��protonEαollτsτonsEatEIsqrtE{s}d]IE{μ~EwτtρEtρμEh{shzEγμtμαtorSENewoJournaloofoPhysicsQE2013QE
VZQEUYXUU_

2.9 15

264 zμarαρEνorEαontaαtEτntμraαtτonsEτnESEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoando
High-EnergyoPhysicsQE2011QE]UZQEZWRZ^ 4.2 15

263 tμasurμmμntEoνEαρarmEanγEΞμautyEχμtsEτnEγμμpEτnμlastταEsαattμrτnπEatEolyhSEEuropeanoPhysicalo
JournaloCQE2011QE]VQEV 4.2 15

262 zμarαρEνorEγτpρotonEμvμntsEwτtρElarπμEmτssτnπEtransvμrsμEμnμrπyEwτtρEX[EpΞâ��VEoνE]E{μ~E
protonâ��protonEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 15

261 jρarπμγEpartταlμEproγuαtτonEτnEρτπρESEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoando
High-EnergyoPhysicsQE2007QE[ZYQEVY^RVZ_ 4.2 15
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260
zμarαρEνorEγarψEmattμrEτnEμvμntsEwτtρEaEρaγronταallyEγμαayτnπEvμαtorEΞosonEanγEmτssτnπEtransvμrsμE
momμntumEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2018QEWUV^QEV

5.4 15

259
zμarαρEνorEnμwEpρμnomμnaEusτnπEtρμEτnvarτantEmassEγτstrτΞutτonEoνEsamμRνlavourEopposτtμRsτπnE
γτlμptonEpaτrsEτnEμvμntsEwτtρEmτssτnπEtransvμrsμEmomμntumEτnE´ EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2018QE]^QE[WZ

4.2 15

258
tμasurμmμntEoνEtρμE mormulaaEsμμEtμxt]EanγE mormulaaEsμμEtμxt]EproγuαtτonEαrossEsμαtτonsEτnE
multτlμptonEντnalEstatμsEusτnπEXSWEνΞ mormulaaEsμμEtμxt]EoνE mormulaaEsμμEtμxt]EαollτsτonsEatE mormulaaE
sμμEtμxt]EdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEYU

4.2 14

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

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

255
tμasurμmμntEoνEtρμEMEtovμrlτnμ{t}ENEproγuαtτonEαrossRsμαtτonEasEaEνunαtτonEoνEχμtEmultτplτατtyEanγEχμtE
transvμrsμEmomμntumEτnE]E{μ~EprotonRprotonEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2015QEWUVZQEV

5.4 14

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

253
tμasurμmμntEoνEtρμEμlμαtrowμaψEproγuαtτonEoνEγτχμtsEτnEassoατatτonEwτtρEaE—RΞosonEanγE
γτstrτΞutτonsEsμnsτtτvμEtoEvμαtorEΞosonEνusτonEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}ENEdE^E{μ~EusτnπE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV

5.4 14

252 zμarαρEνorEγμαaysEoνEstoppμγQElonπRlτvμγEpartταlμsEνromE]E{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 14

251
zμarαρEνorEαρarπμγEoτππsEΞosonsEtρrouπρEtρμEvτolatτonEoνElμptonEunτvμrsalτtyEτnEMEtovμrlτnμ{t}ENE
μvμntsEusτnπEppEαollτsτonEγataEatEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournaloofoHigho
EnergyoPhysicsQE2013QEWUVXQEV

5.4 14

250 tμasurμmμntEoνEχμtEproγuαtτonEαrossEsμαtτonsEτnEγμμpRτnμlastταEμpEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2017QE]]QEV 4.2 14

249 kμtμrmτnatτonEoνEtρμEstronπEαouplτnπEαonstantEτnEnμxtRtoRnμxtRtoRlμaγτnπEorγμrExjkEusτnπEoVEχμtE
αrossEsμαtτonEmμasurμmμntsaEoVEjollaΞoratτonSEEuropeanoPhysicaloJournaloCQE2017QE]]QE]_V 4.2 14

248 ztuγyEoνEM‘T—NoEproγuαtτonEanγEoτππsEΞosonEαouplτnπsEusτnπEoReE‘E‘EOEγμαaysEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 14

247 hEsμarαρEνorE mormulaaEsμμEtμxt]ErμsonanαμsEwτtρEtρμEh{shzEγμtμαtorEτnEWSUZEνΞEoνEprotonRprotonE
αollτsτonsEatE mormulaaEsμμEtμxt]SEEuropeanoPhysicaloJournaloCQE2012QE]WQEWU^X 4.2 14

246 jommτssτonτnπEoνEtρμEh{shzEtuonEzpμαtromμtμrEwτtρEαosmταEraysSEEuropeanoPhysicaloJournaloCQE
2010QE]UQE^]ZR_V[ 4.2 14

245 wμrνormanαμEoνEtρμEh{shzEγμtμαtorEusτnπEντrstEαollτsτonEγataSEJournaloofoHighoEnergyoPhysicsQE2010QE
WUVUQEV 5.4 14

244 hEstratμπyEνorEaEπμnμralEsμarαρEνorEnμwEpρμnomμnaEusτnπEγataRγμrτvμγEsτπnalErμπτonsEanγEτtsE
applταatτonEwτtρτnEtρμEh{shzEμxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 14

243
zμarαρEνorEtρμEoτππsEΞosonEproγuαμγEτnEassoατatτonEwτtρEaEvμαtorEΞosonEanγEγμαayτnπEτntoEtwoE
spτnRzμroEpartταlμsEτnEtρμEoEReEaaEReEYΞEαρannμlEτnEppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 14
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242
tμasurμmμntsEoνEtopRquarψEpaτrEγτννμrμntτalEαrossRsμαtτonsEτnEtρμE mormulaaEsμμEtμxt]EαρannμlEτnE
αollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEW_W

4.2 13

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

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

239
tμasurμmμntEoνEντγuατalEγτννμrμntτalEαrossEsμαtτonsEoνEπluonRνusτonEproγuαtτonEoνEoτππsEΞosonsE
γμαayτnπEtoE‘‘EOReμ˛‰˛…˛‰EwτtρEtρμEh{shzEγμtμαtorEatEMEsqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE
2016QEWUV[QEV

5.4 13

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

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

236
hγγμnγumEtoEâ��tμasurμmμntEoνEtρμEMtΞar{t}NEproγuαtτonEαrossRsμαtτonEusτnπEMμmuENEμvμntsEwτtρE
ΞRtaππμγEχμtsEτnEppEαollτsτonsEatEMsqrt{s}NEdE]EanγE^EMQmatρrm{{μ~}NEwτtρEtρμEh{shzEγμtμαtorâ��SE
EuropeanoPhysicaloJournaloCQE2016QE][QEV

4.2 13

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

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

233
zμarαρEνorEyRparτtyRvτolatτnπEsupμrsymmμtryEτnEμvμntsEwτtρEνourEorEmorμElμptonsEτnEME
sqrt{s}d]bmatρrm{{μ~}ENEppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2012QE
WUVWQEV

5.4 13

232
zμarαρEνorEanomalyRmμγτatμγEsupμrsymmμtryEΞrμaψτnπEwτtρEtρμEh{shzEγμtμαtorEΞasμγEonEaE
γτsappμarτnπRtraαψEsτπnaturμEτnEppEαollτsτonsEatEMsqrt{s}EdE]~matρrm{{μ~}NSEEuropeanoPhysicalo
JournaloCQE2012QE]WQEV

4.2 13

231 zμarαρEνorEaEνμrmτopρoΞταEoτππsEΞosonEτnEtρμEγτpρotonEγμαayEαρannμlEwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 13

230 zμarαρEνorEaEρμavyEnμutralEpartταlμEγμαayτnπEτntoEanEμlμαtronEanγEaEmuonEusτnπEVEνΞâ��VEoνEh{shzE
γataSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 13

229 zμarαρEνorEμxατtμγEμlμαtronsEτnEμpEαollτsτonsEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsQE2008QE[[[QEVXVRVX_ 4.2 13

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

227
zμarαρEνorEγτrμαtEproγuαtτonEoνEμlμαtrowμaψτnosEτnEντnalEstatμsEwτtρEonμElμptonQEmτssτnπEtransvμrsμE
momμntumEanγEaEoτππsEΞosonEγμαayτnπEτntoEtwoEΞRχμtsEτnEMppNEαollτsτonsEatEMsqrt{s}dVXNE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV

4.2 13

226 tuonErμαonstruαtτonEanγEτγμntτνταatτonEμνντατμnαyEτnEh{shzEusτnπEtρμEνullEyunEWEppEαollτsτonEγataEsμtE
atEMsqrt{s}dVXNE{μ~SEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 13

225
tμasurμmμntsEoνEtopRquarψEpaτrEγτννμrμntτalEanγEγouΞlμRγτννμrμntτalEαrossRsμαtτonsEτnEtρμEMμllENPχμtsE
αρannμlEwτtρEppEαollτsτonsEatEMsqrt{s}dVXNE{μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloC
QE2019QE]_QEV

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

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

222
tμasurμmμntEoνEtρμE‘E‘EPE‘E—EαrossEsμαtτonEanγElτmτtsEonEanomalousEtrτplμEπauπμEαouplτnπsEusτnπE
ντnalEstatμsEwτtρEonμElμptonQEmτssτnπEtransvμrsμEmomμntumQEanγEtwoEχμtsEwτtρEtρμEh{shzEγμtμαtorE
atEMEsqrt{s}d]ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV

5.4 12

221 oτππsEΞosonEproγuαtτonEαrossRsμαtτonEmμasurμmμntsEanγEtρμτrElm{EτntμrprμtatτonEτnEtρμEMYμllENE
γμαayEαρannμlEatEMsqrt{s}dNVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 12

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

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

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

217 lxαlusτvμEMrρoEℓUNEmμsonEpρotoproγuαtτonEwτtρEaElμaγτnπEnμutronEatEolyhSEEuropeanoPhysicalo
JournaloCQE2016QE][QEV 4.2 12

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

215
zμarαρEνorEanomalousEαouplτnπsEτnEtρμE‘EtΞEvμrtμxEνromEtρμEmμasurμmμntEoνEγouΞlμEγτννμrμntτalE
anπularEγμαayEratμsEoνEsτnπlμEtopEquarψsEproγuαμγEτnEtρμEtRαρannμlEwτtρEtρμEh{shzEγμtμαtorSE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEVRY[

5.4 12

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

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

212
{ρμEγτννμrμntτalEproγuαtτonEαrossEsμαtτonEoνEtρμE mormulaaEsμμEtμxt]MVUWUNEmμsonEτnE mormulaaEsμμE
tμxt]EdE]´ {μ~E mormulaaEsμμEtμxt]EαollτsτonsEmμasurμγEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2014QE]YQEW^_Z

4.2 12

211 tμasurμmμntEoνEtρμEτnαlusτvμEχμtEαrossRsμαtτonsEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 12

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

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

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

207 tμasurμmμntEoνEtρμEνlavourEαomposτtτonEoνEγτχμtEμvμntsEτnEppEαollτsτonsEatEMsqrt{s}d]EmΞox{{μ~}NE
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV 4.2 12

(2013-2018)
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206 krτνtE{τmμEtμasurμmμntEτnEtρμEh{shzEsτquτγEhrπonEllμαtromaπnμtταEjalorτmμtμrEusτnπEjosmταE
tuonsSEEuropeanoPhysicaloJournaloCQE2010QE]UQE]ZZR]^Z 4.2 12

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

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

203 kτrμαtEtopRquarψEγμαayEwτγtρEmμasurμmμntEτnEtρμElμptonPχμtsEαρannμlEatEwτtρEtρμEh{shzE
μxpμrτmμntSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVW_ 4.2 11

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

201 tμasurμmμntEoνEmμynmanRMxNEspμαtraEoνEpρotonsEanγEnμutronsEτnEtρμEvμryEνorwarγEγτrμαtτonEτnE
γμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloCQE2014QE]YQEV 4.2 11

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

199 wroΞτnπEtρμE‘EtΞEvμrtμxEstruαturμEτnEtRαρannμlEsτnπlμRtopRquarψEproγuαtτonEanγEγμαayEτnEppE
αollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 11

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

197 tμasurμmμntsEoνEtρμEpsμuγorapτγτtyEγμpμnγμnαμEoνEtρμEtotalEtransvμrsμEμnμrπyEτnEprotonRprotonE
αollτsτonsEatEMEsqrt{s}d]ENE{μ~EwτtρEh{shzSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 11

196
zμarαρEνorEsupμrsymmμtryEτnEμvμntsEwτtρElarπμEmτssτnπEtransvμrsμEmomμntumQEχμtsQEanγEatElμastE
onμEtauElμptonEτnE]E{μ~EprotonRprotonEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2012QE]WQEV

4.2 11

195 tμasurμmμntEoνE‘˛‡EanγE—˛‡EproγuαtτonEτnEprotonRprotonEαollτsτonsEatEMEsqrtE{s}EdE]ENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 11

194 lvμntsEwτtρEτsolatμγElμptonsEanγEmτssτnπEtransvμrsμEmomμntumEanγEmμasurμmμntEoνE‘EproγuαtτonE
atEolyhSEEuropeanoPhysicaloJournaloCQE2009QE[YQEWZVRW]V 4.2 11

193 hEsμarαρEνorEμxατtμγEnμutrτnosEτnESEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoando
High-EnergyoPhysicsQE2008QE[[XQEX^WRX^_ 4.2 11

192 qμtEμnμrπyEsαalμEanγErμsolutτonEmμasurμγEτnEprotonâ��protonEαollτsτonsEatEMsqrt{s}dVXNE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 11

191 kτννraαtτvμEγτχμtEproγuαtτonEwτtρEaElμaγτnπEprotonEτnEμpEαollτsτonsEatEolyhSEJournaloofoHighoEnergyo
PhysicsQE2015QEWUVZQEV 5.4 10

190 iμamEtμstsEoνEanEτntμπratμγEprototypμEoνEtρμEh{shzEmorwarγEwrotonEγμtμαtorSEJournaloofo
InstrumentationQE2016QEVVQEwU_UUZRwU_UUZ 1 10

189 tμasurμmμntEoνEtρμEαrossRsμαtτonEνorEproγuατnπEaE‘EΞosonEτnEassoατatτonEwτtρEaEsτnπlμEtopEquarψEτnE
ppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEh{shzSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 10
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188 hEsμarαρEνorEtopEsquarψsEwτtρEyRparτtyRvτolatτnπEγμαaysEtoEallRρaγronταEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEαollτsτonsSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 10

187 tμasurμmμntEoνEtρμEjwRvτolatτnπEpρasμEfEsEanγEtρμEiEUEsEmμsonEγμαayEwτγtρEγτννμrμnαμEwτtρEiEUEsE
EReEqTˇ�fEγμαaysEτnEh{shzSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 10

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

185 zμarαρEνorElμptonEνlavourEvτolatτonEτnEtρμEαontτnuumEwτtρEtρμEh{shzEγμtμαtorEτnE mormulaaEsμμEtμxt]E
αollτsτonsEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2012QE]WQEWUYU 4.2 10

184
tμasurμmμntEoνEγμtμαtorRαorrμαtμγEoΞsμrvaΞlμsEsμnsτtτvμEtoEtρμEanomalousEproγuαtτonEoνEμvμntsE
wτtρEχμtsEanγElarπμEmτssτnπEtransvμrsμEmomμntumEτnEαollτsτonsEatE´ {μ~EusτnπEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2017QE]]QE][Z

4.2 10

183 tμasurμmμntEoνEτnαlusτvμEtwoRpartταlμEanπularEαorrμlatτonsEτnEppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorE
atEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 10

182 zμarαρEνorElμptonEνlavourEvτolatτonEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleo
andoHigh-EnergyoPhysicsQE2011QE]UVQEWURXU 4.2 10

181 tultτRlμptonEproγuαtτonEatEρτπρEtransvμrsμEmomμntaEτnEμpEαollτsτonsEatEolyhSEPhysicsoLetters,o
SectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsQE2008QE[[^QEW[^RW][ 4.2 10

180 {ρμEhsmhEyomanEwotEγμtμαtorsEoνEh{shzSEJournaloofoInstrumentationQE2016QEVVQEwVVUVXRwVVUVX 1 10

179
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

178
tμasurμmμntEoνEαρarπμγRpartταlμEγτstrτΞutτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEMEsqrt{s}dVXENE
{μ~EprotonRprotonEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 9

177
zμarαρEνorEsupμrsymmμtryEτnEμvμntsEwτtρElarπμEmτssτnπEtransvμrsμEmomμntumQEχμtsQEanγEatElμastE
onμEtauElμptonEτnEWUEνΞâ��VEoνEMEsqrt{s}ENEdE^E{μ~EprotonRprotonEαollτsτonEγataEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV

5.4 9

176 kμsτπnEoνEjρμrμnψovEΞarsEνorEtρμEoptταalEpartEoνEtρμEtτmμRoνRνlτπρtEγμtμαtorEτnEnμantYSEOpticso
ExpressQE2014QEWWQEW^_^YR_[ 3.3 9

175 zμarαρEνorEnμwEnonRrμsonantEpρμnomμnaEτnEρτπρRmassEγτlμptonEντnalEstatμsEwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 9

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

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

172
tμasurμmμntEoνEχμtRsuΞstruαturμEoΞsμrvaΞlμsEτnEtopEquarψQE‘EΞosonEanγElτπρtEχμtEproγuαtτonEτnE
protonRprotonEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2019QEWUV_QEV

5.4 8

171
tμasurμmμntEoνE~oQEMEmatρrm{o}toEmatρrm{Ξ}ovμrlτnμ{matρrm{Ξ}}ENEproγuαtτonEasEaEνunαtτonEoνE
tρμEvμαtorRΞosonEtransvμrsμEmomμntumEτnEVXE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2019QEWUV_QEV

5.4 8
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170 tμasurμmμntEoνEγτχμtEproγuαtτonEτnEγτννraαtτvμEγμμpRτnμlastταEμpEsαattμrτnπEatEolyhSEJournaloofoHigho
EnergyoPhysicsQE2015QEWUVZQEV 5.4 8

169 zμarαρEνorEpaτrsEoνEsαalarElμptoquarψsEγμαayτnπEτntoEquarψsEanγEμlμαtronsEorEmuonsEτnEMEsqrt{s}ENEdEVXE
{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 8

168 zμarαρEνorEsquarψsEanγEπluτnosEτnEντnalEstatμsEwτtρEsamμRsτπnElμptonsEanγEχμtsEusτnπEVX_EνΞâ��VEoνEγataE
αollμαtμγEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 8

167 iμamRτnγuαμγEanγEαosmταRrayEΞaαψπrounγsEoΞsμrvμγEτnEtρμEh{shzEγμtμαtorEγurτnπEtρμEsojEWUVWE
protonRprotonErunnτnπEpμrτoγSEJournaloofoInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

166
zμarαρEνorEsαalarErμsonanαμsEγμαayτnπEτntoE˛…P˛…â��EτnEμvμntsEwτtρEanγEwτtρoutEΞRtaππμγEχμtsEproγuαμγE
τnEprotonRprotonEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2019QEWUV_QEV

5.4 8

165 tμasurμmμntEoνEτnαlusτvμEanγEγτχμtEkEOEmμsonEαrossEsμαtτonsEτnEpρotoproγuαtτonEatEolyhSEEuropeano
PhysicaloJournaloCQE2012QE]WQEV 4.2 8

164 tμasurμmμntEoνEsplτttτnπEsαalμsEτnEReEμvμntsEatE mormulaaEsμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2013QE]XQEWYXW 4.2 8

163
zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEαontaτnτnπEaEsamμRνlavourEopposτtμRsτπnEγτlμptonEpaτrQEχμtsQE
anγElarπμEmτssτnπEtransvμrsμEmomμntumEτnE mormulaaEsμμEtμxt]´  mormulaaEsμμEtμxt] mormulaaEsμμE
tμxt]EαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2017QE]]QEVYY

4.2 8

162
zμarαρEνorEnμwEpρμnomμnaEwτtρElarπμEχμtEmultτplτατtτμsEanγEmτssτnπEtransvμrsμEmomμntumEusτnπE
larπμRraγτusEχμtsEanγEνlavourRtaππτnπEatEh{shzEτnEVXE{μ~EppEαollτsτonsSEJournaloofoHighoEnergyoPhysics
QE2017QEWUV]QEV

5.4 8

161 tμasurμmμntEoνEtρμEtopRquarψEmassEτnEtρμEνullyEρaγronταEγμαayEαρannμlEνromEh{shzEγataEatE
 mormulaaEsμμEtμxt]SEEuropeanoPhysicaloJournaloCQE2015QE]ZQEVZ^ 4.2 8

160 tμasurμmμntEoνEΞμautyEpρotoproγuαtτonEnμarEtρrμsρolγEusτnπEγτRμlμαtronEμvμntsEwτtρEtρμEoVE
γμtμαtorEatEolyhSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 8

159 kμtμrmτnatτonEoνEtρμEτntμπratμγElumτnosτtyEatEolyhEusτnπEμlastταExlkEjomptonEμvμntsSEEuropeano
PhysicaloJournaloCQE2012QE]WQEV 4.2 8

158 zμarαρEνorEμxατtμγEquarψsEτnEμpEαollτsτonsEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsQE2009QE[]^QEXXZRXYX 4.2 8

157 zμarαρEνorEΞaryonταErμsonanαμsEγμαayτnπEtoE˛�ˇ�EτnEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2007QEZWQEZU]RZVY 4.2 8

156 zμarαρEνorElμptonEνlavourEvτolatτonEτnEμpEαollτsτonsEatEolyhSEEuropeanoPhysicaloJournaloCQE2007QEZWQE^XXR^Y]4.2 8

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

154
zμarαρEνorElτπρtElonπRlτvμγEnμutralEpartταlμsEproγuαμγEτnEppEαollτsτonsEatEMsqrt{s}EdEVX~matρrmE{{μ~}NE
anγEγμαayτnπEτntoEαollτmatμγElμptonsEorElτπρtEρaγronsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2020QE^UQEV

4.2 8

153 wμrνormanαμEoνEtρμEmτssτnπEtransvμrsμEmomμntumEtrτππμrsEνorEtρμEh{shzEγμtμαtorEγurτnπEyunRWE
γataEtaψτnπSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 8
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152 tμasurμmμntsEoνEtopRquarψEpaτrEspτnEαorrμlatτonsEτnEtρμEMμmuENEαρannμlEatEMsqrt{s}EdEVXNE{μ~EusτnπE
ppEαollτsτonsEτnEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 8

151
zμarαρEνorEnμwEpρμnomμnaEτnEμvμntsEwτtρEtwoEopposτtμRαρarπμElμptonsQEχμtsEanγEmτssτnπEtransvμrsμE
momμntumEτnEppEαollτsτonsEatEMEsqrt{matρrm{s}}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2021QEWUWVQEV

5.4 8

150
zμarαρEνorEρμavyErμsonanαμsEγμαayτnπEτntoEaEpaτrEoνE—EΞosonsEτnEtρμEMμllEℓPμllEℓRμllELℓPμllELℓRNEanγEMμllE
ℓPμllEℓRnuE{{Ξar{nuE}}}NEντnalEstatμsEusτnπEVX_EMmatρrmE{νΞ}ℓ{RV}NEoνEprotonâ��protonEαollτsτonsEatE
Msqrt{s}EdEVXQN{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV

4.2 8

149 zμarαρEνorEαρarπμγEoτππsEΞosonsEγμαayτnπEτntoEaEtopEquarψEanγEaEΞottomEquarψEatEMEsqrt{matρrm{s}}E
NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 8

148
zμarαρEνorEtρμEztanγarγEtoγμlEoτππsEΞosonEproγuαμγEΞyEvμαtorRΞosonEνusτonEanγEγμαayτnπEtoE
ΞottomEquarψsEτnEMEsqrt{s}d^ENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2016QEWUV[QEV

5.4 8

147 jonstruαtτonEoνEtρμEoptταalEpartEoνEaEtτmμRoνRνlτπρtEγμtμαtorEprototypμEνorEtρμEhmwEγμtμαtorSEOpticso
ExpressQE2016QEWYQEW]_ZVRW]_[U 3.3 8

146
zμarαρEνorEsquarψsEanγEπluτnosEτnEντnalEstatμsEwτtρEχμtsEanγEmτssτnπEtransvμrsμEmomμntumEusτnπEVX_E
νΞâ��VEoνEMEsqrt{s}ENEdEVXE{μ~EppEαollτsτonEγataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2021QEWUWVQEV

5.4 8

145 wromptEanγEnonRpromptEμllτptταEνlowEτnEwΞPwΞEαollτsτonsEatE{μvEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2018QE]^QE]^Y 4.2 8

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

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

142
zμarαρEνorEnμwEpρμnomμnaEτnEντnalEstatμsEwτtρElarπμEχμtEmultτplτατtτμsEanγEmτssτnπEtransvμrsμE
momμntumEusτnπEMEsqrt{s}ENEdEVXE{μ~EprotonRprotonEαollτsτonsErμαorγμγEΞyEh{shzEτnEyunEWEoνEtρμE
sojSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV

5.4 7

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

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

139
zμarαρEνorEsquarψsEanγEπluτnosEτnEμvμntsEwτtρEρaγronταallyEγμαayτnπEtauElμptonsQEχμtsEanγEmτssτnπE
transvμrsμEmomμntumEτnEprotonRprotonEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~ErμαorγμγEwτtρEtρμE
h{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QE[^X

4.2 7

138
tμasurμmμntEoνEγτννμrμntτalEαrossEsμαtτonsEanγE‘PT‘â��EαrossRsμαtτonEratτosEνorE‘EΞosonEproγuαtτonE
τnEassoατatτonEwτtρEχμtsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2018QEWUV^QEV

5.4 7

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

136 tμasurμmμntEoνEtρμEazτmutρalEαorrμlatτonEΞμtwμμnEtρμEmostEνorwarγEχμtEanγEtρμEsαattμrμγE
posτtronEτnEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 7

135 tμasurμmμntEoνEαρarπμγEpartταlμEspμαtraEτnEγμμpRτnμlastταEμpEsαattμrτnπEatEolyhSEEuropeanoPhysicalo
JournaloCQE2013QE]XQEV 4.2 7

(2013-2020)
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134 tμasurμmμntEoνEtρμEMEtovμrlτnμ{t}πammaENEproγuαtτonEαrossEsμαtτonEτnEprotonRprotonEαollτsτonsEatEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

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

132
zμarαρEνorEγτrμαtEtopEsquarψEpaτrEproγuαtτonEτnEμvμntsEwτtρEaEoτππsEorE—EΞosonQEanγEmτssτnπE
transvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV

5.4 7

131
zμarαρEνorEnμwEpρμnomμnaEτnEaElμptonEplusEρτπρEχμtEmultτplτατtyEντnalEstatμEwτtρEtρμEh{shzE
μxpμrτmμntEusτnπEMEsqrt{s}dVXENE{μ~EprotonRprotonEαollτsτonEγataSEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 7

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

129
hnalysτsEoνEtρμE‘tΞEvμrtμxEνromEtρμEmμasurμmμntEoνEtrτplμRγτννμrμntτalEanπularEγμαayEratμsEoνE
sτnπlμEtopEquarψsEproγuαμγEτnEtρμEtRαρannμlEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2017QEWUV]QEV

5.4 7

128 tμasurμmμntEoνEΞμautyEanγEαρarmEpρotoproγuαtτonEusτnπEsμmτRmuonταEγμαaysEτnEγτχμtEμvμntsEatE
olyhSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 7

127 zμarαρEνorEsquarψsEτnEyRparτtyEvτolatτnπEsupμrsymmμtryEτnEμpEαollτsτonsEatEolyhSEEuropeanoPhysicalo
JournaloCQE2011QE]VQEV 4.2 7

126 lvμntsEwτtρEanEτsolatμγElμptonEanγEmτssτnπEtransvμrsμEmomμntumEanγEmμasurμmμntEoνE‘E
proγuαtτonEatEolyhSEJournaloofoHighoEnergyoPhysicsQE2010QEWUVUQEV 5.4 7

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

124 zμarαρEνorEtypμRpppEsμμsawEρμavyElμptonsEτnEγτlμptonEντnalEstatμsEτnEppEαollτsτonsEatEMEsqrt{s}EdEVXQ{tμxtE
{{μ~}}ENEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 7

123
zμarαρEνorEaEρμavyEoτππsEΞosonEγμαayτnπEτntoEaE—EΞosonEanγEanotρμrEρμavyEoτππsEΞosonEτnEtρμEMμllE
μllEΞΞNEanγEMμllEμllE‘‘NEντnalEstatμsEτnEppEαollτsτonsEatEMsqrt{s}dVXNEMtμxtE{{μ~}NEwτtρEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV

4.2 7

122 tμasurμmμntEoνEtρμE mormulaaEsμμEtμxt]EγτχμtEαrossEsμαtτonEτnEαollτsτonsEatE mormulaaEsμμEtμxt]´ {μ~E
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QE[]U 4.2 7

121 zμarαρEνorEnμwEpρμnomμnaEτnEγτννμrμntRνlavourEρτπρRmassEγτlμptonEντnalEstatμsEτnEαollτsτonsEatE
 mormulaaEsμμEtμxt]´ {μvEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEZYV 4.2 7

120 zμarαρEνorEγτrμαtEtopEsquarψEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEtwoEtauElμptonsEτnEαollτsτonsEatE
 mormulaaEsμμEtμxt]´ {μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QE^V 4.2 7

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

118 zμarαρEνorEΞottomRsquarψEpaτrEproγuαtτonEwτtρEtρμEh{shzEγμtμαtorEτnEντnalEstatμsEαontaτnτnπEoτππsE
ΞosonsQEΞRχμtsEanγEmτssτnπEtransvμrsμEmomμntumSEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 7

117 tμasurμmμntsEoνE‘oEanγE—oEproγuαtτonEτnEtρμEMoErτπρtarrowEΞΞar{Ξ}NEγμαayEαρannμlEτnEppE
αollτsτonsEatEMVXQtμxtE{{μ}tμxtE{~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 7

Tomˆ¡¯¡uSˆ‰kora
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116 hEnμwEmμtρoγEtoEγτstτnπuτsρEρaγronταallyEγμαayτnπEΞoostμγEΞosonsEνromEΞosonsEusτnπEtρμEh{shzE
γμtμαtorSEEuropeanoPhysicaloJournaloCQE2016QE][QEWX^ 4.2 6

115 zμarαρEνorEmταrosαopταEΞlaαψEρolμsEanγEstrτnπEΞallsEτnEντnalEstatμsEwτtρElμptonsEanγEχμtsEwτtρEtρμE
h{shzEγμtμαtorEatEMEsqrt{s}ENEdE^E{μ~SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 6

114
tμasurμmμntsEoνEαρarπμEanγEjwEasymmμtrτμsEτnEΞRρaγronEγμαaysEusτnπEtopRquarψEμvμntsEαollμαtμγE
ΞyEtρμEh{shzEγμtμαtorEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 6

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

112 tμasurμmμntEoνEpρotonEproγuαtτonEτnEtρμEvμryEνorwarγEγτrμαtτonEτnEγμμpRτnμlastταEsαattμrτnπEatE
olyhSEEuropeanoPhysicaloJournaloCQE2011QE]VQEV 4.2 6

111 vΞsμrvatτonEoνEtρμEρaγronταEντnalEstatμEαρarπμEasymmμtryEτnEρτπρxWγμμpRτnμlastταEsαattμrτnπEatE
olyhSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsQE2009QE[^VQEVWZRVXX4.2 6

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

109
zμarαρEνorEnμwEpρμnomμnaEwτtρEtopEquarψEpaτrsEτnEντnalEstatμsEwτtρEonμElμptonQEχμtsQEanγEmτssτnπE
transvμrsμEmomμntumEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2021QEWUWVQEV

5.4 6

108
zμarαρEνorEnμwEpρμnomμnaEτnEντnalEstatμsEwτtρEΞRχμtsEanγEmτssτnπEtransvμrsμEmomμntumEτnEME
sqrt{matρrm{s}}ENEdEVXE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE
2021QEWUWVQEV

5.4 6

107
zμarαρEνorEpaτrEproγuαtτonEoνEtρτrγRπμnμratτonEsαalarElμptoquarψsEγμαayτnπEτntoEaEtopEquarψEanγEaE
ˇ�RlμptonEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2021QEWUWVQEV

5.4 6

106
tμasurμmμntEoνEtρμEME—πammaEtoEnuEovμrlτnμ{nu}πammaENEproγuαtτonEαrossEsμαtτonEτnEppEαollτsτonsE
atEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμαtorEanγElτmτtsEonEanomalousEtrτplμEπauπμRΞosonE
αouplτnπsSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 6

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

104
tμasurμmμntEoνEχμtEaαtτvτtyEproγuαμγEτnEtopRquarψEμvμntsEwτtρEanEμlμαtronQEaEmuonEanγEtwoE
RtaππμγEχμtsEτnEtρμEντnalEstatμEτnEαollτsτonsEatE mormulaaEsμμEtμxt]E{μ~EwτtρEtρμEh{shzEγμtμαtorSE
EuropeanoPhysicaloJournaloCQE2017QE]]QEWWU

4.2 5

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

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

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

100 tμasurμmμntEoνEνourRχμtEγτννμrμntτalEαrossEsμαtτonsEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEαollτsτonsE
usτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEVR][ 5.4 5

99 tμasurμmμntEoνEtρμEγτννraαtτvμElonπτtuγτnalEstruαturμEνunαtτonEMm−{s}ℓ{k}NEatEolyhSEEuropeano
PhysicaloJournaloCQE2011QE]VQEV 4.2 5

(2011-2016)
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98
tμasurμmμntsEoνEtρμEproγuαtτonEαrossRsμαtτonEνorEaE—EΞosonEτnEassoατatτonEwτtρEΞRχμtsEτnE
protonRprotonEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2020QEWUWUQEV

5.4 5

97
zμarαρEνorEtρμEooEReEMEΞovμrlτnμ{Ξ}Ξovμrlτnμ{Ξ}ENEproαμssEvτaEvμαtorRΞosonEνusτonEproγuαtτonEusτnπE
protonRprotonEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyo
PhysicsQE2020QEWUWUQEV

5.4 5

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

95 tμasurμmμntEoνElτπρtRΞyRlτπρtEsαattμrτnπEanγEsμarαρEνorEaxτonRlτψμEpartταlμsEwτtρEWSWEnΞâ��VEoνEwΞPwΞE
γataEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 5

94
zμarαρEνorEpaτrEproγuαtτonEoνEsαalarElμptoquarψsEγμαayτnπEτntoEντrstREorEsμαonγRπμnμratτonElμptonsE
anγEtopEquarψsEτnEprotonâ��protonEαollτsτonsEatEMsqrt{s}NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2021QE^VQEV

4.2 5

93
tμasurμmμntEoνEμvμntRsρapμEoΞsμrvaΞlμsEτnE mormulaaEsμμEtμxt]EμvμntsEτnEαollτsτonsEatE mormulaaE
sμμEtμxt]´  mormulaaEsμμEtμxt]EwτtρEtρμEh{shzEγμtμαtorEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2016QE
][QEX]Z

4.2 5

92 zμarαρEνorExjkEτnstantonRτnγuαμγEproαμssμsEatEolyhEτnEtρμEρτπρRMpmΞE{xℓW}NEγomaτnSEEuropeano
PhysicaloJournaloCQE2016QE][QEV 4.2 5

91 tμasurμmμntEoνEtρμErμlatτvμEwτγtρEγτννμrμnαμEoνEtρμEME{i}ℓUρΞox{R}E{ovμrlτnμ{i}}ℓUENEsystμmEwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 5

90 kτννμrμntτalEαrossRsμαtτonEmμasurμmμntsEνorEtρμEμlμαtrowμaψEproγuαtτonEoνEγτχμtsEτnEassoατatτonE
wτtρEaE—EΞosonEτnEprotonâ��protonEαollτsτonsEatEh{shzSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 5

89 zμarαρEνorEγarψEmattμrEτnEassoατatτonEwτtρEanEμnμrπμtταEpρotonEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 5

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

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

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

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

84 {ρμEoVEvμryEνorwarγEprotonEspμαtromμtμrEatEolyhSENuclearoInstrumentsoandoMethodsoinoPhysicso
Research,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoandoAssociatedoEquipmentQE2014QE]X[QEY[R[Z 1.2 4

83 jomΞτnatτonEoνEγτννμrμntτalEkO´–EαrossRsμαtτonEmμasurμmμntsEτnEγμμpRτnμlastταEμpEsαattμrτnπEatE
olyhSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 4

82 tμasurμmμntEoνEγτννraαtτvμEsαattμrτnπEoνEpρotonsEwτtρElarπμEmomμntumEtransνμrEatEolyhSEPhysicso
Letters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsQE2009QE[]WQEWV_RWW[ 4.2 4

81 woτntRsplτttτnπEmμtρoγEoνEtρμEαommutatorEanomalyEoνEnaussElawEopμratorsSEPhysicaloReviewoDQE1997
QEZ[QEWWX[RWWYV 4.9 4
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80 zμarαρEνorEρμavyEγτΞosonErμsonanαμsEτnEsμmτlμptonταEντnalEstatμsEτnEppEαollτsτonsEatEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 4

79 hlτπnmμntEoνEtρμEh{shzEpnnμrEkμtμαtorEτnEyunEWSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 4

78 tμasurμmμntEoνEqTˇ�EproγuαtτonEτnEassoατatτonEwτtρEaE‘´–EΞosonEwτtρEppEγataEatE^E{μ~SEJournaloofo
HighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 4

77
soaγEαapaατtyEanγErμαovμryEΞμρavτourEoνEhskRαoatμγEtjwRwt{sSENuclearoInstrumentsoandoMethodso
inoPhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoandoAssociatedoEquipmentQE
2020QE_Y_QEV[W^ZY

1.2 4

76 tμasurμmμntEoνEαρarπμγEpartταlμEmultτplτατtyEγτstrτΞutτonsEτnEkpzEatEolyhEanγEτtsEτmplταatτonEtoE
μntanπlμmμntEμntropyEoνEpartonsSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 4

75
tμasurμmμntEoνEtρμEτnαlusτvμEαrossRsμαtτonEνorEtρμEproγuαtτonEoνEχμtsEτnEassoατatτonEwτtρEaE—EΞosonE
τnEprotonâ��protonEαollτsτonsEatE^E{μ~EusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE
]_QEV

4.2 4

74
tμasurμmμntsEoνEγτννμrμntτalEαrossEsμαtτonsEoνEtopEquarψEpaτrEproγuαtτonEτnEassoατatτonEwτtρEχμtsEτnE
ppEαollτsτonsEatEMEsqrt{s}dVXENE{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2018QE
WUV^QEV

5.4 4

73 kμtμrmτnatτonEoνEμlμαtrowμaψEparamμtμrsEτnEpolarτsμγEγμμpRτnμlastταEsαattμrτnπEatEolyhSEEuropeano
PhysicaloJournaloCQE2018QE]^QEV 4.2 4

72 zμarαρEνorEγarψEmattμrEproγuαμγEτnEassoατatτonEwτtρEaEsτnπlμEtopEquarψEτnEMsqrt{s}dVXNE{μ~EMppNE
αollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 4

71
zμarαρEνorEγτχμtErμsonanαμsEτnEμvμntsEwτtρEanEτsolatμγEαρarπμγElμptonEusτnπEMEsqrt{s}ENEdEVXE{μ~E
protonRprotonEαollτsτonEγataEαollμαtμγEΞyEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QE
WUWUQEV

5.4 3

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

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

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

67 tμasurμmμntEoνEtρμEψEtEsplτttτnπEsαalμsEτnE—EReEâ��â��EμvμntsEτnEppEαollτsτonsEatEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 3

66 pnαlusτvμEpρotoproγuαtτonEoνEˇ�UQErOUEanγEfEmμsonsEatEolyhSEPhysicsoLetters,oSectionoB:oNuclear,o
ElementaryoParticleoandoHigh-EnergyoPhysicsQE2009QE[]XQEVV_RVW[ 4.2 3

65 ztranπμnμssEproγuαtτonEatElowExEWEτnEγμμpRτnμlastταEμpEsαattμrτnπEatEolyhSEEuropeanoPhysicalo
JournaloCQE2009QE[VQEV^ZRWUZ 4.2 3

64 jovarτantEzαρwτnπμrEtμrmsSEPhysicaloReviewoDQE2000QE[WQE 4.9 3

63 tμasurμmμntEoνEIIr−zℓUIIEanγEIIsamΞγaEℓUIIEproγuαtτonEτnEIItEΞar{t}IIEγτlμptonταEμvμntsEτnEppE
αollτsτonsEatEIIsqrt{s}EdIIE]E{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 3
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62 kμtμrmτnatτonEoνEχμtEαalτΞratτonEanγEμnμrπyErμsolutτonEτnEprotonâ��protonEαollτsτonsEatEMsqrt{s}EdE
^~ρΞoxE{{μ~}NEusτnπEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 3

61 tμasurμmμntEoνEtρμEτnαlusτvμEχμtEαrossRsμαtτonEτnEprotonRprotonEαollτsτonsEatEMEsqrt{s}d]ENE{μ~EusτnπE
YSZEνΞâ��VEoνEγataEwτtρEtρμEh{shzEγμtμαtorE2015QEWUVZQEV 3

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

59
zμarαρEνorEγouΞlyEanγEsτnπlyEαρarπμγEoτππsEΞosonsEγμαayτnπEτntoEvμαtorEΞosonsEτnEmultτRlμptonEντnalE
statμsEwτtρEtρμEh{shzEγμtμαtorEusτnπEprotonRprotonEαollτsτonsEatEMEsqrt{matρrm{s}}ENEdEVXE{μ~SE
JournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV

5.4 3

58 tμasurμmμntEoνEρaγronταEμvμntEsρapμsEτnEρτπρRp{EmultτχμtEντnalEstatμsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 3

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

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

55 zμarαρEνorElowRsαalμEπravτtyEsτπnaturμsEτnEmultτRχμtEντnalEstatμsEwτtρEtρμEh{shzEγμtμαtorEatEME
sqrt{s}d^ENE{μ~SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 2

54 {ρrμμREanγEνourRχμtEproγuαtτonEatElowExEatEolyhSEEuropeanoPhysicaloJournaloCQE2008QEZYQEX^_ 4.2 2

53 tμasurμmμntEoνEtρμEMtovμrlτnμ{t}NEproγuαtτonEαrossRsμαtτonEusτnπEMμmuENEμvμntsEwτtρEMΞNRtaππμγEχμtsE
τnEMppNEαollτsτonsEatEMsqrt{s}d]NEanγE^E{μ~EwτtρEtρμEh{shzEγμtμαtorE2014QE]YQEV 2

52 zμarαρEνorEnμwEpρμnomμnaEτnEντnalEstatμsEwτtρEanEμnμrπμtταEχμtEanγElarπμEmτssτnπEtransvμrsμE
momμntumEτnEppEαollτsτonsEatEMsqrt{s}d^~N{μ~EwτtρEtρμEh{shzEγμtμαtorE2015QE]ZQEV 2

51
zμarαρEνorEyRparτtyRvτolatτnπEsupμrsymmμtryEτnEaEντnalEstatμEαontaτnτnπElμptonsEanγEmanyEχμtsEwτtρE
tρμEh{shzEμxpμrτmμntEusτnπEMsqrt{s}EdEVXρΞoxE{E{μ~}NEprotonâ��protonEαollτsτonEγataSEEuropeano
PhysicaloJournaloCQE2021QE^VQEV

4.2 2

50
zμarαρEνorEγarψEmattμrEτnEμvμntsEwτtρEmτssτnπEtransvμrsμEmomμntumEanγEaEoτππsEΞosonEγμαayτnπE
τntoEtwoEpρotonsEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2021QEWUWVQEV

5.4 2

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

48
tμasurμmμntsEoνEτnαlusτvμEanγEγτννμrμntτalEαrossRsμαtτonsEoνEαomΞτnμγEMEtovμrlτnμ{t}πammaENEanγE
t‘˛‡EproγuαtτonEτnEtρμEμ˛…EαρannμlEatEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysics
QE2020QEWUWUQEV

5.4 2

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

46 vptτmτsatτonEoνElarπμRraγτusEχμtErμαonstruαtτonEνorEtρμEh{shzEγμtμαtorEτnEVXE{μ~Eprotonâ��protonE
αollτsτonsSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 2

45 zμarαρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEνourEorEmorμEαρarπμγElμptonsEτnEVX_EνΞâ��VEoνEMEsqrt{s}ENEdE
VXE{μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 2
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44 tμasurμmμntEoνE——EproγuαtτonEτnEtρμEâ��â�� ˛‰ ˛‰EντnalEstatμEwτtρEtρμEh{shzEγμtμαtorEτnEppEαollτsτonsEatEME
sqrt{s}ENEdEVXE{μ~SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 2

43 tμasurμmμntEoνEM‘ℓ{pmE}NRΞosonEanγE—RΞosonEproγuαtτonEαrossRsμαtτonsEτnEppEαollτsτonsEatE
Msqrt{s}dWS][NE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 2

42
tμasurμmμntsEoνEtopRquarψEpaτrEsτnπlμREanγEγouΞlμRγτννμrμntτalEαrossRsμαtτonsEτnEtρμEallRρaγronταE
αρannμlEτnEppEαollτsτonsEatEMEsqrt{matρrm{s}}ENEdEVXE{μ~EusτnπEtρμEh{shzEγμtμαtorSEJournaloofoHigho
EnergyoPhysicsQE2021QEWUWVQEV

5.4 2

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

40 zαρwτnπμrEtμrmsEτnEVPVEγτmμnsτonsSEEuropeanoPhysicaloJournaloDQE1999QEY_QE_VZR_XV 1

39 zμarαρEνorEproγuαtτonEoνEM‘‘T‘—NErμsonanαμsEγμαayτnπEtoEaElμptonQEnμutrτnoEanγEχμtsEτnEMppNE
αollτsτonsEatEMsqrt{s}d^NE{μ~EwτtρEtρμEh{shzEγμtμαtorE2015QE]ZQEV 1

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

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

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

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

34 oypμrΞτlτruΞτnμmτaEγμαrμasμsEpρysτoloπταalEmarψμrsEτnEaγχuvantRτnγuαμγEartρrτtτsSEPhysiologicalo
ResearchQE2015QE[YQEzYZ_R[[ 2.1 1

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

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

31
zμarαρEνorEγτrμαtEproγuαtτonEoνEμlμαtrowμaψτnosEτnEντnalEstatμsEwτtρEmτssτnπEtransvμrsμEmomμntumE
anγEaEoτππsEΞosonEγμαayτnπEτntoEpρotonsEτnEppEαollτsτonsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzE
γμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV

5.4 1

30
zμarαρEνorEoτππsEΞosonEproγuαtτonEτnEassoατatτonEwτtρEaEρτπρRμnμrπyEpρotonEvτaEvμαtorRΞosonE
νusτonEwτtρEγμαayEτntoEΞottomEquarψEpaτrsEatEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμαtorSEJournaloofo
HighoEnergyoPhysicsQE2021QEWUWVQEV

5.4 1

29
kμtμrmτnatτonEoνEtρμEpartonEγτstrτΞutτonEνunαtτonsEoνEtρμEprotonEνromEh{shzEmμasurμmμntsEoνE
γτννμrμntτalE‘´–EanγE—EΞosonEproγuαtτonEτnEassoατatτonEwτtρEχμtsSEJournaloofoHighoEnergyoPhysicsQE2021
QEWUWVQEV

5.4 1

28 hEsμarαρEνorEtρμEγμαaysEoνEstoppμγElonπRlτvμγEpartταlμsEatEMEsqrt{matρrm{s}}ENEdEVXE{μ~EwτtρEtρμE
h{shzEγμtμαtorSEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 1

27
{τmτnπErμsolutτonEanγEratμEαapaΞτlτtyEoνEwρotonτsEmτnτwlanaαonE’wt^ZWVWThVRzEtjwRwt{SENuclearo
InstrumentsoandoMethodsoinoPhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoando
AssociatedoEquipmentQE2021QE_^ZQEV[Y]UZ

1.2 1
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26 tμasurμmμntEoνEsτnπlμEtopRquarψEproγuαtτonEτnEassoατatτonEwτtρEaE‘EΞosonEτnEtρμEsτnπlμRlμptonE
αρannμlEatEMsqrt{s}EdE^QtμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 1

25
tμasurμmμntsEoνEtρμEτnαlusτvμEanγEγτννμrμntτalEproγuαtτonEαrossEsμαtτonsEoνEaEtopRquarψâ��antτquarψE
paτrEτnEassoατatτonEwτtρEaE—EΞosonEatEMsqrt{s}EdEVXNE{μ~EwτtρEtρμEh{shzEγμtμαtorSEEuropeanoPhysicalo
JournaloCQE2021QE^VQEV

4.2 1

24 zμarαρEνorEpρμnomμnaEΞμyonγEtρμEztanγarγEtoγμlEτnEμvμntsEwτtρElarπμEΞRχμtEmultτplτατtyEusτnπEtρμE
h{shzEγμtμαtorEatEtρμEsojSEEuropeanoPhysicaloJournaloCQE2021QE^VQEV 4.2 1

23 tμasurμmμntEoνEsμptonRqμtEjorrμlatτonEτnEkμμpRpnμlastταEzαattμrτnπEwτtρEtρμEoVEkμtμαtorE}sτnπE
taαρτnμEsμarnτnπEνorE}nνolγτnπSSEPhysicaloReviewoLettersQE2022QEVW^QEVXWUUW 7.4 1

22
zμarαρEνorEαρarπτnoâ��nμutralτnoEpaτrEproγuαtτonEτnEντnalEstatμsEwτtρEtρrμμElμptonsEanγEmτssτnπE
transvμrsμEmomμntumEτnEIIsqrt{s}EdEVXII´ {μ~EppEαollτsτonsEwτtρEtρμEh{shzEγμtμαtorSEEuropeano
PhysicaloJournaloCQE2021QE^VQEV

4.2 1

21 jonντπuratτonEanγEpμrνormanαμEoνEtρμEh{shzEΞRχμtEtrτππμrsEτnEyunEWSEEuropeanoPhysicaloJournaloCQE
2021QE^VQEV 4.2 1

20 kμtμrmτnatτonEoνEtρμEpartonEγτstrτΞutτonEνunαtτonsEoνEtρμEprotonEusτnπEγτvμrsμEh{shzEγataEνromEppE
αollτsτonsEatEIIsqrt{s}EdE]IIQE^EanγEVX´ {μ~SEEuropeanoPhysicaloJournaloCQE2022QE^WQEV 4.2 1
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