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l Paper IF Citations

566 wμrνorm−ncμEoνEtρμEh{shzEsμvμlRVEtopoloπτc−lEtrτππμrEτnEyun´ WSEEuropeanpPhysicalpJournalpCQE2022QE
^WQEV 4.2 0

565
zμ−rcρEνorEμxotτcEγμc−ysEoνEtρμEoτππsE≥osonEτntoE≥IIEovμrlτnμ{≥}EIIE−nγEmτssτnπEtr−nsvμrsμE
momμntumEτnEppEcollτsτonsE−tEIIEsqrt{s}EIIEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

564
v≥sμrv−tτonEoνEμlμctrowμ−ψEproγuctτonEoνEtwoEχμtsEτnE−ssocτ−tτonEwτtρE−nEτsol−tμγEpρotonE−nγE
mτssτnπEtr−nsvμrsμEmomμntumQE−nγEsμ−rcρEνorE−EoτππsE≥osonEγμc−yτnπEτntoEτnvτsτ≥lμEp−rtτclμsE−tE
VX´ IItμxtE{{μ~}IIEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2022QE^WQEV

4.2 0

563
zμ−rcρEνorEoτππsE≥osonsEγμc−yτnπEτntoEnμwEspτnRUEorEspτnRVEp−rtτclμsEτnEνourRlμptonEντn−lEst−tμsEwτtρE
tρμEh{shzEγμtμctorEwτtρEVX_Eν≥â��VEoνEppEcollτsτonEγ−t−E−tEIIEsqrt{s}EIIEdEVXE{μ~SEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

562 htlm−stXaE{ρμEuμxtEnμnμr−tτonEoνEm−stEzτmul−tτonEτnEh{shzSEComputingpandpSoftwarepforpBigpScienceQE
2022QE[QEV 6 0

561
tμ−surμmμntEoνEtρμEμnμrπyErμsponsμEoνEtρμEh{shz´ c−lorτmμtμrEtoEcρ−rπμγ´ pτonsEνromEII‘±{pmE
}rτπρt−rrowEt−uE±{pmE}Mrτπρt−rrowEpτE±{pmE}nuE_{t−uE}NnuE_{t−uE}IIEμvμntsEτnEyun´ WEγ−t−SEEuropeanp
PhysicalpJournalpCQE2022QE^WQEV

4.2 0

560 {ρμEh{shzEτnnμrEγμtμctorEtrτππμrEpμrνorm−ncμEτnEppEcollτsτonsE−tEVX´ {μ~EγurτnπEsojEyunEWSE
EuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2

559 kμtμrmτn−tτonEoνEtρμEp−rtonEγτstrτ≥utτonEνunctτonsEoνEtρμEprotonEusτnπEγτvμrsμEh{shzEγ−t−EνromEppE
collτsτonsE−tEIIsqrt{s}EdE]IIQE^E−nγEVX´ {μ~SEEuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2 1

558
zμ−rcρEνorEyRp−rτtyRvτol−tτnπEsupμrsymmμtryEτnE−Eντn−lEst−tμEcont−τnτnπElμptonsE−nγEm−nyEχμtsEwτtρE
tρμEh{shzEμxpμrτmμntEusτnπEMsqrt{s}EdEVXρ≥oxE{E{μ~}NEprotonâ��protonEcollτsτonEγ−t−SEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 2

557 tμ−surμmμntEoνEtρμEtMEovμrlτnμ{t}ENtMEovμrlτnμ{t}ENEproγuctτonEcrossEsμctτonEτnEppEcollτsτonsE−tEME
sqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

556
zμ−rcρEνorEγ−rψEm−ttμrEτnEμvμntsEwτtρEmτssτnπEtr−nsvμrsμEmomμntumE−nγE−EoτππsE≥osonEγμc−yτnπE
τntoEtwoEpρotonsEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

555 zμ−rcρEνorEtypμRpppEsμμs−wEρμ−vyElμptonsEτnEγτlμptonEντn−lEst−tμsEτnEppEcollτsτonsE−tEMEsqrt{s}EdEVXQ{tμxtE
{{μ~}}ENEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

554 tμ−surμmμntEoνElτπρtR≥yRlτπρtEsc−ttμrτnπE−nγEsμ−rcρEνorE−xτonRlτψμEp−rtτclμsEwτtρEWSWEn≥â��VEoνEw≥Pw≥E
γ−t−EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

553
zμ−rcρEνorEoτππsE≥osonEproγuctτonEτnE−ssocτ−tτonEwτtρE−EρτπρRμnμrπyEpρotonEvτ−EvμctorR≥osonE
νusτonEwτtρEγμc−yEτntoE≥ottomEqu−rψEp−τrsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 1

552
zμ−rcρEνorEnμwEpρμnomμn−EwτtρEtopEqu−rψEp−τrsEτnEντn−lEst−tμsEwτtρEonμElμptonQEχμtsQE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 6

551
zμ−rcρEνorEnμwEpρμnomμn−EτnEμvμntsEwτtρEtwoEopposτtμRcρ−rπμElμptonsQEχμtsE−nγEmτssτnπEtr−nsvμrsμE
momμntumEτnEppEcollτsτonsE−tEMEsqrt{m−tρrm{s}}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 8

550
zμ−rcρEνorEp−τrEproγuctτonEoνEsc−l−rElμptoqu−rψsEγμc−yτnπEτntoEντrstREorEsμconγRπμnμr−tτonElμptonsE
−nγEtopEqu−rψsEτnEprotonâ��protonEcollτsτonsE−tEMsqrt{s}NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 5
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549 ~μrtτc−llyEpntμπr−tμγEzystμmEwτtρEtτcroν−≥rτc−tμγEXkEzμnsorsE−nγEjvWEtτcrocρ−nnμlEjoolτnπSE
FrontierspinpPhysicsQE2021QE_QE 3.9 1

548 vptτmτs−tτonEoνEl−rπμRr−γτusEχμtErμconstructτonEνorEtρμEh{shzEγμtμctorEτnEVXE{μ~Eprotonâ��protonE
collτsτonsSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 2

547
zμ−rcρEνorEρμ−vyErμson−ncμsEγμc−yτnπEτntoE−Ep−τrEoνE”E≥osonsEτnEtρμEMμllE±PμllE±RμllEL±PμllEL±RNE−nγEMμllE
±PμllE±RnuE{{≥−r{nuE}}}NEντn−lEst−tμsEusτnπEVX_EMm−tρrmE{ν≥}±{RV}NEoνEprotonâ��protonEcollτsτonsE−tE
Msqrt{s}EdEVXQN{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 8

546
zμ−rcρEνorEnμwEpρμnomμn−EτnEντn−lEst−tμsEwτtρE≥RχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEME
sqrt{m−tρrm{s}}ENEdEVXE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 6

545
zμ−rcρEνorE−Eρμ−vyEoτππsE≥osonEγμc−yτnπEτntoE−E”E≥osonE−nγE−notρμrEρμ−vyEoτππsE≥osonEτnEtρμEMμllE
μllE≥≥NE−nγEMμllEμllE‘‘NEντn−lEst−tμsEτnEppEcollτsτonsE−tEMsqrt{s}dVXNEMtμxtE{{μ~}NEwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 7

544
zμ−rcρEνorEγou≥lyE−nγEsτnπlyEcρ−rπμγEoτππsE≥osonsEγμc−yτnπEτntoEvμctorE≥osonsEτnEmultτRlμptonEντn−lE
st−tμsEwτtρEtρμEh{shzEγμtμctorEusτnπEprotonRprotonEcollτsτonsE−tEMEsqrt{m−tρrm{s}}ENEdEVXE{μ~SE
JournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV

5.4 3

543 tμ−surμmμntsEoνE‘P‘â��PEâ�¥EVEχμtEproγuctτonEcrossRsμctτonsEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

542 zμ−rcρEνorEcρ−rπμγEoτππsE≥osonsEγμc−yτnπEτntoE−EtopEqu−rψE−nγE−E≥ottomEqu−rψE−tEMEsqrt{m−tρrm{s}}E
NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 8

541 tμ−surμmμntsEoνEoτππsE≥osonsEγμc−yτnπEtoE≥ottomEqu−rψsEνromEvμctorE≥osonEνusτonEproγuctτonE
wτtρEtρμEh{shzEμxpμrτmμntE−tEMsqrt{s}dVXQtμxtE{{μ~}NSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

540
zμ−rcρEνorEp−τrEproγuctτonEoνEtρτrγRπμnμr−tτonEsc−l−rElμptoqu−rψsEγμc−yτnπEτntoE−EtopEqu−rψE−nγE−E
ˇ�RlμptonEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2021QEWUWVQEV

5.4 6

539 zμ−rcρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEνourEorEmorμEcρ−rπμγElμptonsEτnEVX_Eν≥â��VEoνEMEsqrt{s}ENEdE
VXE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 2

538
kμtμrmτn−tτonEoνEtρμEp−rtonEγτstrτ≥utτonEνunctτonsEoνEtρμEprotonEνromEh{shzEmμ−surμmμntsEoνE
γτννμrμntτ−lE‘´–E−nγE”E≥osonEproγuctτonEτnE−ssocτ−tτonEwτtρEχμtsSEJournalpofpHighpEnergypPhysicsQE2021
QEWUWVQEV

5.4 1

537 tμ−surμmμntsEoνEγτννμrμntτ−lEcrossRsμctτonsEτnEνourRlμptonEμvμntsEτnEVXE{μ~EprotonRprotonE
collτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

536 hEsμ−rcρEνorEtρμEγμc−ysEoνEstoppμγElonπRlτvμγEp−rtτclμsE−tEMEsqrt{m−tρrm{s}}ENEdEVXE{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 1

535 tuonErμconstructτonE−nγEτγμntτντc−tτonEμνντcτμncyEτnEh{shzEusτnπEtρμEνullEyunEWEppEcollτsτonEγ−t−EsμtE
−tEMsqrt{s}dVXNE{μ~SEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 13

534 tμ−surμmμntEoνEρ−γronτcEμvμntEsρ−pμsEτnEρτπρRp{EmultτχμtEντn−lEst−tμsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 3

533
zμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnEντn−lEst−tμsEwτtρEχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEusτnπEVX_E
ν≥â��VEoνEMEsqrt{s}ENEdEVXE{μ~EppEcollτsτonEγ−t−EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 8

532 kτννμrμntτ−lEcrossRsμctτonEmμ−surμmμntsEνorEtρμEμlμctrowμ−ψEproγuctτonEoνEγτχμtsEτnE−ssocτ−tτonE
wτtρE−E”E≥osonEτnEprotonâ��protonEcollτsτonsE−tEh{shzSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 5
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531 tμ−surμmμntsEoνE‘oE−nγE”oEproγuctτonEτnEtρμEMoErτπρt−rrowE≥≥−r{≥}NEγμc−yEcρ−nnμlEτnEppE
collτsτonsE−tEMVXQtμxtE{{μ}tμxtE{~}NEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

530 zμ−rcρEνorEγ−rψEm−ttμrEτnE−ssocτ−tτonEwτtρE−nEμnμrπμtτcEpρotonEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

529 zμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnEντn−lEst−tμsEwτtρEonμEτsol−tμγElμptonQEχμtsQE−nγEmτssτnπEtr−nsvμrsμE
momμntumE−tEMsqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

528 tμ−surμmμntEoνEsτnπlμEtopRqu−rψEproγuctτonEτnE−ssocτ−tτonEwτtρE−E‘E≥osonEτnEtρμEsτnπlμRlμptonE
cρ−nnμlE−tEMsqrt{s}EdE^QtμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

527 qμtEμnμrπyEsc−lμE−nγErμsolutτonEmμ−surμγEτnEprotonâ��protonEcollτsτonsE−tEMsqrt{s}dVXNE{μ~EwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 11

526
tμ−surμmμntsEoνEtρμEτnclusτvμE−nγEγτννμrμntτ−lEproγuctτonEcrossEsμctτonsEoνE−EtopRqu−rψâ��−ntτqu−rψE
p−τrEτnE−ssocτ−tτonEwτtρE−E”E≥osonE−tEMsqrt{s}EdEVXNE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2021QE^VQEV

4.2 1

525 zμ−rcρEνorEγ−rψEm−ttμrEproγucμγEτnE−ssocτ−tτonEwτtρE−EsτnπlμEtopEqu−rψEτnEMsqrt{s}dVXNE{μ~EMppNE
collτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 4

524
tμ−surμmμntsEoνEtopRqu−rψEp−τrEsτnπlμRE−nγEγou≥lμRγτννμrμntτ−lEcrossRsμctτonsEτnEtρμE−llRρ−γronτcE
cρ−nnμlEτnEppEcollτsτonsE−tEMEsqrt{m−tρrm{s}}ENEdEVXE{μ~EusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

523 zμ−rcρEνorEpρμnomμn−E≥μyonγEtρμEzt−nγ−rγEtoγμlEτnEμvμntsEwτtρEl−rπμE≥RχμtEmultτplτcτtyEusτnπEtρμE
h{shzEγμtμctorE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

522
zμ−rcρEνorEγ−rψEm−ttμrEproγucμγEτnE−ssocτ−tτonEwτtρE−Ezt−nγ−rγEtoγμlEoτππsE≥osonEγμc−yτnπEτntoE
≥Rqu−rψsEusτnπEtρμEνullEyunEWEγ−t−sμtEνromEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

521 tμ−surμmμntEoνEtρμEproγuctτonEcrossEsμctτonEoνEp−τrsEoνEτsol−tμγEpρotonsEτnEppEcollτsτonsE−tEVXE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

520
zμ−rcρEνorEμxotτcEγμc−ysEoνEtρμEoτππsE≥osonEτntoElonπRlτvμγEp−rtτclμsEτnEppEcollτsτonsE−tEIIEsqrt{s}EIIE
dEVXE{μ~EusτnπEγτspl−cμγEvμrtτcμsEτnEtρμEh{shzEτnnμrEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

519
zμ−rcρEνorEcρ−rπτnoâ��nμutr−lτnoEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEtρrμμElμptonsE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEIIsqrt{s}EdEVXII´ {μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 1

518 jonντπur−tτonE−nγEpμrνorm−ncμEoνEtρμEh{shzE≥RχμtEtrτππμrsEτnEyunEWSEEuropeanpPhysicalpJournalpCQE
2021QE^VQEV 4.2 1

517
tμ−surμmμntEoνE≥Rqu−rψEνr−πmμnt−tτonEpropμrtτμsEτnEχμtsEusτnπEtρμEγμc−yEi´–EReEqTˇ�r´–EτnEppE
collτsτonsE−tEIIEsqrt{s}EIIEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

516
zμ−rcρEνorEnμwEpρμnomμn−EτnEντn−lEst−tμsEwτtρEl−rπμEχμtEmultτplτcτtτμsE−nγEmτssτnπEtr−nsvμrsμE
momμntumEusτnπEMEsqrt{s}ENEdEVXE{μ~EprotonRprotonEcollτsτonsErμcorγμγE≥yEh{shzEτnEyunEWEoνEtρμE
sojSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV

5.4 7

515 oτππsE≥osonEproγuctτonEcrossRsμctτonEmμ−surμmμntsE−nγEtρμτrElm{Eτntμrprμt−tτonEτnEtρμEMYμllENE
γμc−yEcρ−nnμlE−tEMsqrt{s}dNVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 12

514 zμ−rcρEνorEp−τrsEoνEsc−l−rElμptoqu−rψsEγμc−yτnπEτntoEqu−rψsE−nγEμlμctronsEorEmuonsEτnEMEsqrt{s}ENEdEVXE
{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8
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513 zμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnEντn−lEst−tμsEwτtρEs−mμRsτπnElμptonsE−nγEχμtsEusτnπEVX_Eν≥â��VEoνEγ−t−E
collμctμγEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

512
zμ−rcρEνorEγτχμtErμson−ncμsEτnEμvμntsEwτtρE−nEτsol−tμγEcρ−rπμγElμptonEusτnπEMEsqrt{s}ENEdEVXE{μ~E
protonRprotonEcollτsτonEγ−t−EcollμctμγE≥yEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QE
WUWUQEV

5.4 3

511 tμ−surμmμntEoνEtρμE”MReEâ��Pâ��â��N˛‡EproγuctτonEcrossRsμctτonEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 2

510 tμ−surμmμntEoνElonπRr−nπμEtwoRp−rtτclμE−zτmutρ−lEcorrμl−tτonsEτnE”R≥osonEt−ππμγEppEcollτsτonsE−tE
Msqrt{s}d^NE−nγEVXE{μ~SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

509 {r−nsvμrsμEmomμntumE−nγEprocμssEγμpμnγμntE−zτmutρ−lE−nτsotropτμsEτnEMsqrt{s_{m−tρrmE
{uu}}}d^SV[NE{μ~EpPw≥EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 7

508 wμrνorm−ncμEoνEμlμctronE−nγEpρotonEtrτππμrsEτnEh{shzEγurτnπEsojEyunEWSEEuropeanpPhysicalpJournalp
CQE2020QE^UQEV 4.2 30

507
zμ−rcρEνorEμlμctrowμ−ψEproγuctτonEoνEcρ−rπτnosE−nγEslμptonsEγμc−yτnπEτntoEντn−lEst−tμsEwτtρEtwoE
lμptonsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEMsqrt{s}dVXNEMtμxtE{{μ~}NEppEcollτsτonsEusτnπEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 50

506 zμ−rcρEνorEtopEsqu−rψsEτnEμvμntsEwτtρE−EoτππsEorE”E≥osonEusτnπEVX_Eν≥M±{RV}NEoνEppEcollτsτonEγ−t−E−tE
Msqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 1

505 lvτγμncμEνorEMt≥−r{t}t≥−r{t}NEproγuctτonEτnEtρμEmultτlμptonEντn−lEst−tμEτnEprotonâ��protonEcollτsτonsE−tE
Msqrt{s}dVXNEMtμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

504 zμ−rcρEνorEρμ−vyEγτ≥osonErμson−ncμsEτnEsμmτlμptonτcEντn−lEst−tμsEτnEppEcollτsτonsE−tEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

503
zμ−rcρEνorElτπρtElonπRlτvμγEnμutr−lEp−rtτclμsEproγucμγEτnEppEcollτsτonsE−tEMsqrt{s}EdEVX~m−tρrmE{{μ~}NE
−nγEγμc−yτnπEτntoEcollτm−tμγElμptonsEorElτπρtEρ−γronsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2020QE^UQEV

4.2 8

502
zμ−rcρEνorE−Esc−l−rEp−rtnμrEoνEtρμEtopEqu−rψEτnEtρμE−llRρ−γronτcEMt{≥−r{t}}NEplusEmτssτnπEtr−nsvμrsμE
momμntumEντn−lEst−tμE−tEMsqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2020QE^UQEV

4.2 17

501 hlτπnmμntEoνEtρμEh{shzEpnnμrEkμtμctorEτnEyunEWSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

500 kμtμrmτn−tτonEoνEχμtEc−lτ≥r−tτonE−nγEμnμrπyErμsolutτonEτnEprotonâ��protonEcollτsτonsE−tEMsqrt{s}EdE
^~ρ≥oxE{{μ~}NEusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

499 tμ−surμmμntEoνEqTˇ�EproγuctτonEτnE−ssocτ−tτonEwτtρE−E‘´–E≥osonEwτtρEppEγ−t−E−tE^E{μ~SEJournalpofp
HighpEnergypPhysicsQE2020QEWUWUQEV 5.4 4

498 zμ−rcρEνorEnμwErμson−ncμsEτnEm−ssEγτstrτ≥utτonsEoνEχμtEp−τrsEusτnπEVX_Eν≥â��VEoνEppEcollτsτonsE−tEME
sqrt{m−tρrm{s}}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 20

497 zμ−rcρEνorEMEtovμrlτnμ{t}ENErμson−ncμsEτnEνullyEρ−γronτcEντn−lEst−tμsEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 6

496 yμconstructτonE−nγEτγμntτντc−tτonEoνE≥oostμγEγτRˇ�EsystμmsEτnE−Esμ−rcρEνorEoτππsE≥osonEp−τrsEusτnπEVXE
{μ~EprotonRprotonEcollτsτonEγ−t−EτnEh{shzSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 3
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495
tμ−surμmμntsEoνEτnclusτvμE−nγEγτννμrμntτ−lEcrossRsμctτonsEoνEcom≥τnμγEMEtovμrlτnμ{t}π−mm−ENE−nγE
t‘˛‡EproγuctτonEτnEtρμEμ˛…Ecρ−nnμlE−tEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysics
QE2020QEWUWUQEV

5.4 2

494 wμrνorm−ncμEoνEtρμEmτssτnπEtr−nsvμrsμEmomμntumEtrτππμrsEνorEtρμEh{shzEγμtμctorEγurτnπEyunRWE
γ−t−Et−ψτnπSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

493 zμ−rcρEνorEnμwEnonRrμson−ntEpρμnomμn−EτnEρτπρRm−ssEγτlμptonEντn−lEst−tμsEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 9

492 tμ−surμmμntsEoνEtρμEoτππsE≥osonEτnclusτvμE−nγEγτννμrμntτ−lEντγucτ−lEcrossEsμctτonsEτnEtρμEYMμllENE
γμc−yEcρ−nnμlE−tEMsqrt{s}NEdEVXE{μ~SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 9

491 mluctu−tτonsEoνE−nτsotropτcEνlowEτnEw≥Pw≥EcollτsτonsE−tEMEsqrt{{m−tρrm{s}}_{m−tρrm{uu}}}ENEdEZSUWE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 13

490
zμ−rcρEνorEγτrμctEproγuctτonEoνEμlμctrowμ−ψτnosEτnEντn−lEst−tμsEwτtρEonμElμptonQEmτssτnπEtr−nsvμrsμE
momμntumE−nγE−EoτππsE≥osonEγμc−yτnπEτntoEtwoE≥RχμtsEτnEMppNEcollτsτonsE−tEMsqrt{s}dVXNE{μ~EwτtρE
tρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 13

489 tμ−surμmμntEoνEγτννμrμntτ−lEcrossEsμctτonsEνorEsτnπlμEγτννr−ctτvμEγτssocτ−tτonEτnEMEsqrt{s}ENEdE^E{μ~EppE
collτsτonsEusτnπEtρμEh{shzEhsmhEspμctromμtμrSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 1

488 tμ−surμmμntEoνEτsol−tμγRpρotonEplusEtwoRχμtEproγuctτonEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 2

487
tμ−surμmμntsEoνEtρμEproγuctτonEcrossRsμctτonEνorE−E”E≥osonEτnE−ssocτ−tτonEwτtρE≥RχμtsEτnE
protonRprotonEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

486
zμ−rcρEνorEtρμEooEReEME≥ovμrlτnμ{≥}≥ovμrlτnμ{≥}ENEprocμssEvτ−EvμctorR≥osonEνusτonEproγuctτonEusτnπE
protonRprotonEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

485 v≥sμrv−tτonEoνEtρμE−ssocτ−tμγEproγuctτonEoνE−EtopEqu−rψE−nγE−E”E≥osonEτnEppEcollτsτonsE−tEMEsqrt{s}ENdE
VXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 5

484 tμ−surμmμntEoνEtρμEtr−nsvμrsμEmomμntumEγτstrτ≥utτonEoνEkrμllâ��“−nElμptonEp−τrsEτnEprotonâ��protonE
collτsτonsE−tEMsqrt{s}dVXQN{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 7

483
zμ−rcρEνorEγτrμctEproγuctτonEoνEμlμctrowμ−ψτnosEτnEντn−lEst−tμsEwτtρEmτssτnπEtr−nsvμrsμEmomμntumE
−nγE−EoτππsE≥osonEγμc−yτnπEτntoEpρotonsEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV

5.4 1

482 tμ−surμmμntsEoνEtopRqu−rψEp−τrEspτnEcorrμl−tτonsEτnEtρμEMμmuENEcρ−nnμlE−tEMsqrt{s}EdEVXNE{μ~EusτnπE
ppEcollτsτonsEτnEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

481 tμ−surμmμntEoνEtρμEcrossRsμctτonE−nγEcρ−rπμE−symmμtryEoνE‘E≥osonsEproγucμγEτnEprotonâ��protonE
collτsτonsE−tEMsqrt{s}d^~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 11

480
tμ−surμmμntEoνEχμtRsu≥structurμEo≥sμrv−≥lμsEτnEtopEqu−rψQE‘E≥osonE−nγElτπρtEχμtEproγuctτonEτnE
protonRprotonEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 8

479 llμctronErμconstructτonE−nγEτγμntτντc−tτonEτnEtρμEh{shzEμxpμrτmμntEusτnπEtρμEWUVZE−nγEWUV[EsojE
protonâ��protonEcollτsτonEγ−t−E−tEMsqrt{s}EdEVXNEMtμxtE{{μ~}NSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 37

478 tμ−surμmμntEoνEγτstrτ≥utτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEτnclusτvμE”E≥osonEproγuctτonEτnE
ppEcollτsτonsE−tEMsqrt{s}NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2

Cinzia Da Via
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477 zμ−rcρEνorEsτnπlμEproγuctτonEoνEvμctorRlτψμEqu−rψsEγμc−yτnπEτntoE‘≥EτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 14

476 zμ−rcρEνorEtopRqu−rψEγμc−ysEtEReEoqEwτtρEX[Eν≥â��VEoνEppEcollτsτonEγ−t−E−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 13

475
tμ−surμmμntEoνE~oQEMEm−tρrm{o}toEm−tρrm{≥}ovμrlτnμ{m−tρrm{≥}}ENEproγuctτonE−sE−EνunctτonEoνE
tρμEvμctorR≥osonEtr−nsvμrsμEmomμntumEτnEVXE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2019QEWUV_QEV

5.4 8

474 tμ−surμmμntsEoνE‘E−nγE”E≥osonEproγuctτonEτnEppEcollτsτonsE−tEMsqrt{s}dZSUWNE{μ~EwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 12

473 wμrνorm−ncμEoνEtopRqu−rψE−nγEMv−rvμc{‘}NR≥osonEt−ππτnπEwτtρEh{shzEτnEyunEWEoνEtρμEsojSEEuropeanp
PhysicalpJournalpCQE2019QE]_QEV 4.2 19

472 tμ−surμmμntsEoνEτnclusτvμE−nγEγτννμrμntτ−lEντγucτ−lEcrossRsμctτonsEoνEMt≥−r{t}π−mm−ENEproγuctτonEτnE
lμptonτcEντn−lEst−tμsE−tEMsqrt{s}dVX~tμxtE{{μ~}NEτnEh{shzSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 7

471 llμctronE−nγEpρotonEμnμrπyEc−lτ≥r−tτonEwτtρEtρμEh{shzEγμtμctorEusτnπEWUVZâ��WUV[EsojE
protonRprotonEcollτsτonEγ−t−SEJournalpofpInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

470 zμ−rcρEνorEγou≥lyEcρ−rπμγEsc−l−rE≥osonsEγμc−yτnπEτntoEs−mμRsτπnE≥osonEp−τrsEwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEZ^ 4.2 20

469
zμ−rcρEνorEρμ−vyEt−χor−n−EorEkτr−cEnμutrτnosE−nγErτπρtRρ−nγμγE‘Eπ−uπμE≥osonsEτnEντn−lEst−tμsEwτtρE
twoEcρ−rπμγElμptonsE−nγEtwoEχμtsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2019QEWUV_QEV

5.4 21

468 pnEsτtuEc−lτ≥r−tτonEoνEl−rπμRr−γτusEχμtEμnμrπyE−nγEm−ssEτnEVXE{μ~Eprotonâ��protonEcollτsτonsEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

467 tμ−surμmμntEoνEtρμEpρotonEτγμntτντc−tτonEμνντcτμncτμsEwτtρEtρμEh{shzEγμtμctorEusτnπEsojEyunEWE
γ−t−EcollμctμγEτnEWUVZE−nγEWUV[SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 26

466 tμ−surμmμntEoνEtρμEr−tτoEoνEcrossEsμctτonsEνorEτnclusτvμEτsol−tμγRpρotonEproγuctτonEτnEppEcollτsτonsE
−tEMEsqrt{s}ENEdEVXE−nγE^E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 5

465 tμ−surμmμntEoνEtρμEtopEqu−rψEm−ssEτnEtρμEMt≥−r{t}rτπρt−rrowENElμptonPχμtsEcρ−nnμlEνromEMsqrt{s}d^NE
{μ~Eh{shzEγ−t−E−nγEcom≥τn−tτonEwτtρEprμvτousErμsultsSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 24

464
zμ−rcρEνorEp−τrEproγuctτonEoνEoτππsE≥osonsEτnEtρμEME≥ovμrlτnμ{≥}≥ovμrlτnμ{≥}ENEντn−lEst−tμEusτnπE
protonRprotonEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 31

463 jonstr−τntsEonEmμγτ−torR≥−sμγEγ−rψEm−ttμrE−nγEsc−l−rEγ−rψEμnμrπyEmoγμlsEusτnπEMEsqrt{s}ENEdEVXE{μ~E
ppEcollτsτonEγ−t−EcollμctμγE≥yEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 31

462 zμ−rcρEνorElonπRlτvμγEnμutr−lEp−rtτclμsEτnEppEcollτsτonsE−tEM{sqrt{s}}EdEVX~{tμxtE{E{μ~}}NEtρ−tEγμc−yEτntoE
γτspl−cμγEρ−γronτcEχμtsEτnEtρμEh{shzEc−lorτmμtμrSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 18

461 zμ−rcρEνorEoτππsE≥osonEp−τrEproγuctτonEτnEtρμE‘‘MON‘‘MONEγμc−yEcρ−nnμlEusτnπEh{shzEγ−t−E
rμcorγμγE−tEMEsqrt{m−tρrm{s}}ENEdEVXE{μ~SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 12

460 zμ−rcρEνorEl−rπμEmτssτnπEtr−nsvμrsμEmomμntumEτnE−ssocτ−tτonEwτtρEonμEtopRqu−rψEτnEprotonRprotonE
collτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 7
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459
tμ−surμmμntEoνEM‘±{pmE}”NEproγuctτonEcrossEsμctτonsE−nγEπ−uπμE≥osonEpol−rτs−tτonEτnEppE
collτsτonsE−tEMsqrt{s}EdEVX~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 20

458 zμ−rcρμsEνorEtρτrγRπμnμr−tτonEsc−l−rElμptoqu−rψsEτnEMEsqrt{s}ENEdEVXE{μ~EppEcollτsτonsEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 18

457
zμ−rcρEνorEsc−l−rErμson−ncμsEγμc−yτnπEτntoE˛…P˛…â��EτnEμvμntsEwτtρE−nγEwτtρoutE≥Rt−ππμγEχμtsEproγucμγE
τnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 8

456 zμ−rcρEνorEγτ≥osonErμson−ncμsEτnEρ−γronτcEντn−lEst−tμsEτnEVX_Eν≥â��VEoνEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 10

455 zμ−rcρEνorEμxcτtμγEμlμctronsEsτnπlyEproγucμγEτnEprotonâ��protonEcollτsτonsE−tEIIsqrt{s}E~d~VX~tμxtE
{{μ}tμxtE{~}IIEwτtρEtρμEh{shzEμxpμrτmμntE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2019QE]_QE 4.2 3

454 pγμntτντc−tτonEoνE≥oostμγEoτππsE≥osonsEγμc−yτnπEτntoE≥Rqu−rψEp−τrsEwτtρEtρμEh{shzEγμtμctorE−tE
VX´ IItμxtE{{μ~}IISEEuropeanpPhysicalpJournalpCQE2019QE]_QE 4.2 11

453 tμ−surμmμntEoνEIIr_z±UIIE−nγEIIs−m≥γ−E±UIIEproγuctτonEτnEIItE≥−r{t}IIEγτlμptonτcEμvμntsEτnEppE
collτsτonsE−tEIIsqrt{s}EdIIE]E{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 3

452 tμ−surμmμntEoνEtρμEτnclusτvμEτsol−tμγRpρotonEcrossEsμctτonEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdEVXE{μ~E
usτnπEX[Eν≥â��VEoνEh{shzEγ−t−SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 2

451 hEstr−tμπyEνorE−Eπμnμr−lEsμ−rcρEνorEnμwEpρμnomμn−EusτnπEγ−t−RγμrτvμγEsτπn−lErμπτonsE−nγEτtsE
−pplτc−tτonEwτtρτnEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 14

450 tμ−surμmμntEoνEtρμEtopRqu−rψEm−ssEτnEMEtovμrlτnμ{t}ENEPEVRχμtEμvμntsEcollμctμγEwτtρEtρμEh{shzE
γμtμctorEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdE^E{μ~SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 12

449 tμ−surμmμntEoνEντγucτ−lE−nγEγτννμrμntτ−lEM‘±P‘±RNEproγuctτonEcrossRsμctτonsE−tEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

448 tμ−surμmμntEoνE””EproγuctτonEτnEtρμEâ��â�� ˛‰ ˛‰Eντn−lEst−tμEwτtρEtρμEh{shzEγμtμctorEτnEppEcollτsτonsE−tEME
sqrt{s}ENEdEVXE{μ~SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 2

447 tμ−surμmμntEoνEM‘±{pmE}NR≥osonE−nγE”R≥osonEproγuctτonEcrossRsμctτonsEτnEppEcollτsτonsE−tE
Msqrt{s}dWS][NE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2

446
tμ−surμmμntEoνEtρμEτnclusτvμEcrossRsμctτonEνorEtρμEproγuctτonEoνEχμtsEτnE−ssocτ−tτonEwτtρE−E”E≥osonE
τnEprotonâ��protonEcollτsτonsE−tE^E{μ~EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 4

445
zμ−rcρEνorEρμ−vyEnμutr−lElμptonsEτnEγμc−ysEoνE‘E≥osonsEproγucμγEτnEVXE{μ~EppEcollτsτonsEusτnπE
promptE−nγEγτspl−cμγEsτπn−turμsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2019QE
WUV_QEV

5.4 21

444 tμ−surμmμntEoνEM‘±pmENE≥osonEproγuctτonEτnEw≥Pw≥EcollτsτonsE−tEMsqrt{s_{m−tρrm{uu}}}EdE
ZSUW~tμxtE{{μ}tμxtE{~}NEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 7

443 h{shzE≥RχμtEτγμntτντc−tτonEpμrνorm−ncμE−nγEμνντcτμncyEmμ−surμmμntEwτtρEMt{≥−r{t}}NEμvμntsEτnEppE
collτsτonsE−tEMsqrt{s}dVXNE{μ~SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 43

442
tμ−surμmμntEoνEνlowEρ−rmonτcsEcorrμl−tτonsEwτtρEmμ−nEtr−nsvμrsμEmomμntumEτnElμ−γâ��lμ−γE−nγE
protonâ��lμ−γEcollτsτonsE−tEMsqrt{s_{m−tρrm{uu}}}EdEZSUW~ρ≥oxE{{μ~}NEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2019QE]_QEV

4.2 16
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441
tμ−surμmμntsEoνEtopRqu−rψEp−τrEγτννμrμntτ−lE−nγEγou≥lμRγτννμrμntτ−lEcrossRsμctτonsEτnEtρμEMμllENPχμtsE
cρ−nnμlEwτtρEppEcollτsτonsE−tEMsqrt{s}dVXNE{μ~EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpC
QE2019QE]_QEV

4.2 13

440 zμ−rcρEνorE≥ottomRsqu−rψEp−τrEproγuctτonEwτtρEtρμEh{shzEγμtμctorEτnEντn−lEst−tμsEcont−τnτnπEoτππsE
≥osonsQE≥RχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 7

439
zμ−rcρEνorE−γγτtτon−lEρμ−vyEnμutr−lEoτππsE−nγEπ−uπμE≥osonsEτnEtρμEγτt−uEντn−lEst−tμEproγucμγEτnEX[E
ν≥â��VEoνEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 81

438 tμ−surμmμntEoνEtρμEcrossRsμctτonEνorEproγucτnπE−E‘E≥osonEτnE−ssocτ−tτonEwτtρE−EsτnπlμEtopEqu−rψEτnE
ppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 10

437 tμ−surμmμntEoνEtρμER≥osonEm−ssEτnEppEcollτsτonsE−tEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2018QE]^QEVVU 4.2 59

436 zμ−rcρEνorEnμwEpρμnomμn−EτnEρτπρRm−ssEντn−lEst−tμsEwτtρE−EpρotonE−nγE−EχμtEνromEcollτsτonsE−tEdE
VX´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUW 4.2 7

435 zμ−rcρEνorEtρμEγτrμctEproγuctτonEoνEcρ−rπτnosE−nγEnμutr−lτnosEτnEντn−lEst−tμsEwτtρEt−uElμptonsEτnE
collτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVZY 4.2 23

434 tμ−surμmμntEoνElonπτtuγτn−lEνlowEγμcorrμl−tτonsEτnEw≥Pw≥EcollτsτonsE−tE−nγEZSUWE{μ~EwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVYW 4.2 35

433 tμ−surμmμntEoνEqu−rψonτumEproγuctτonEτnEprotonRlμ−γE−nγEprotonRprotonEcollτsτonsE−tEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV]V 4.2 35

432 tμ−surμmμntEoνEγτννμrμntτ−lEcrossRsμctτonsEoνE−EsτnπlμEtopEqu−rψEproγucμγEτnE−ssocτ−tτonEwτtρE−E
≥osonE−tEwτtρEh{shzSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^[ 4.2 5

431 hEsμ−rcρEνorEp−τrRproγucμγErμson−ncμsEτnEνourRχμtEντn−lEst−tμsE−tEwτtρEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2018QE]^QEWZU 4.2 28

430
zμ−rcρEνorEρμ−vyErμson−ncμsEγμc−yτnπEτntoE−E‘EorE”E≥osonE−nγE−EoτππsE≥osonEτnEντn−lEst−tμsEwτtρE
lμptonsE−nγE≥RχμtsEτnEX[Eν≥â��VEoνEMEsqrt{s}dVXENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 26

429 zμ−rcρEνorEρμ−vyErμson−ncμsEγμc−yτnπEτntoEτnEtρμEντn−lEst−tμEτnEcollτsτonsE−tEwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEWY 4.2 47

428 kτrμctEtopRqu−rψEγμc−yEwτγtρEmμ−surμmμntEτnEtρμElμptonPχμtsEcρ−nnμlE−tEwτtρEtρμEh{shzE
μxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVW_ 4.2 11

427 zμ−rcρEνorE‘E‘T‘E”Erμson−ncμEproγuctτonEτnEâ��˛‰qqEντn−lEst−tμsEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

426 tμ−surμmμntEoνEtρμEoτππsE≥osonEcouplτnπEpropμrtτμsEτnEtρμEoEReE””OEReEYâ��Eγμc−yEcρ−nnμlE−tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 36

425 tμ−surμmμntEoνEτnclusτvμEχμtE−nγEγτχμtEcrossRsμctτonsEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}dVXENE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 12

424 zμ−rcρEνorEγ−rψEm−ttμrEproγucμγEτnE−ssocτ−tτonEwτtρE≥ottomEorEtopEqu−rψsEτnE´ {μ~EcollτsτonsEwτtρE
tρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^ 4.2 32

(2018-2019)
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423 zμ−rcρEνorEγou≥lyEcρ−rπμγEoτππsE≥osonEproγuctτonEτnEmultτRlμptonEντn−lEst−tμsEwτtρEtρμEh{shzE
γμtμctorEusτnπEprotonRprotonEcollτsτonsE−tSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV__ 4.2 55

422 tμ−surμmμntEoνEpol−rτs−tτonEτnEγμc−ysEτnEprotonRprotonEcollτsτonsE−tE{μ~EwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2018QE]^QEV[X 4.2 3

421 zμ−rcρμsEνorEρμ−vyE””E−nγE”‘Erμson−ncμsEτnEtρμEâ��â��qqE−nγE˛‰˛‰qqEντn−lEst−tμsEτnEppEcollτsτonsE−tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 17

420 zμ−rcρEνorEp−τrEproγuctτonEoνEupRtypμEvμctorRlτψμEqu−rψsE−nγEνorEνourRtopRqu−rψEμvμntsEτnEντn−lE
st−tμsEwτtρEmultτplμE≥RχμtsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 23

419
tμ−surμmμntEoνEγτννμrμntτ−lEcrossEsμctτonsE−nγE‘PT‘â��EcrossRsμctτonEr−tτosEνorE‘E≥osonEproγuctτonE
τnE−ssocτ−tτonEwτtρEχμtsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 7

418 tμ−surμmμntEoνEtρμE‘R≥osonEm−ssEτnEppEcollτsτonsE−tEMsqrt{s}d]QEρ≥oxE{{μ~}NEwτtρEtρμEh{shzE
γμtμctorE2018QE]^QEV 1

417 zμ−rcρEνorEγou≥lyEcρ−rπμγEoτππsE≥osonEproγuctτonEτnEmultτRlμptonEντn−lEst−tμsEwτtρEtρμEh{shzE
γμtμctorEusτnπEprotonâ��protonEcollτsτonsE−tEMsqrt{s}dVXQtμxtE{{μ~}NE2018QE]^QEV 1

416 zμ−rcρEνorEρμ−vyErμson−ncμsEγμc−yτnπEτntoE−E‘EorE”E≥osonE−nγE−EoτππsE≥osonEτnEντn−lEst−tμsEwτtρE
lμptonsE−nγE≥RχμtsEτnEX[Eν≥â��VEoνEMEsqrt{s}dVXENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorE2018QEWUV^QEV 1

415
zμ−rcρEνorEtρμEoτππsE≥osonEproγucμγEτnE−ssocτ−tτonEwτtρE−EvμctorE≥osonE−nγEγμc−yτnπEτntoEtwoE
spτnRzμroEp−rtτclμsEτnEtρμEoEReE−−EReEY≥Ecρ−nnμlEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 14

414
tμ−surμmμntEoνEtρμEME”π−mm−EtoEnuEovμrlτnμ{nu}π−mm−ENEproγuctτonEcrossEsμctτonEτnEppEcollτsτonsE
−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorE−nγElτmτtsEonE−nom−lousEtrτplμEπ−uπμR≥osonE
couplτnπsSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 6

413 wromptE−nγEnonRpromptEμllτptτcEνlowEτnEw≥Pw≥EcollτsτonsE−tE{μvEwτtρEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2018QE]^QE]^Y 4.2 8

412 zμ−rcρEνorEoτππsE≥osonEp−τrEproγuctτonEτnEtρμEcρ−nnμlEusτnπEcollτsτonEγ−t−ErμcorγμγE−tE{μ~EwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUU] 4.2 21

411 tμ−surμmμntEoνEcolourEνlowEusτnπEχμtRpullEo≥sμrv−≥lμsEτnEμvμntsEwτtρEtρμEh{shzEμxpμrτmμntE−tSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE^Y] 4.2 5

410 hnπul−rE−n−lysτsEoνEiEUEγEEReErO˛…P˛…â��Eγμc−ysEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 44

409
zμ−rcρEνorE−EnμwEρμ−vyEπ−uπμR≥osonErμson−ncμEγμc−yτnπEτntoE−ElμptonE−nγEmτssτnπEtr−nsvμrsμE
momμntumEτnEX[Eν≥EoνEcollτsτonsE−tE´ {μ~EwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE
2018QE]^QEYUV

4.2 23

408
zμ−rcρEνorEγ−rψEm−ttμrEτnEμvμntsEwτtρE−Eρ−γronτc−llyEγμc−yτnπEvμctorE≥osonE−nγEmτssτnπEtr−nsvμrsμE
momμntumEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 15

407
tμ−surμmμntsEoνEγτννμrμntτ−lEcrossEsμctτonsEoνEtopEqu−rψEp−τrEproγuctτonEτnE−ssocτ−tτonEwτtρEχμtsEτnE
ppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QE
WUV^QEV

5.4 4

406
zμ−rcρEνorEoτππsE≥osonEp−τrEproγuctτonEτnEtρμEMEupπ−mm−Eupπ−mm−E≥ovμrlτnμ{≥}ENEντn−lEst−tμEwτtρE
VXE{μ~EppEcollτsτonEγ−t−EcollμctμγE≥yEtρμEh{shzEμxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2018QE
WUV^QEV

5.4 23
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405 zμ−rcρEνorEnμwEpρμnomμn−EτnEμvμntsEwτtρEs−mμRcρ−rπμElμptonsE−nγE≥RχμtsEτnEppEcollτsτonsE−tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 21

404 tμ−surμmμntEoνEtρμE−zτmutρ−lE−nτsotropyEoνEcρ−rπμγEp−rtτclμsEproγucμγEτnEdEZSUW´ {μ~Ew≥Pw≥E
collτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__] 4.2 21

403 jρ−r−ctμrτs−tτonEoνE{τmμpτxXEwτtρEXkEsμnsorSEJournalpofpInstrumentationQE2018QEVXQEjVWUWVRjVWUWV 1 1

402 wμrνorm−ncμEoνEmτssτnπEtr−nsvμrsμEmomμntumErμconstructτonEwτtρEtρμEh{shzEγμtμctorEusτnπE
protonRprotonEcollτsτonsE−tSEEuropeanpPhysicalpJournalpCQE2018QE]^QE_UX 4.2 66

401 zμ−rcρEνorEμlμctrowμ−ψEproγuctτonEoνEsupμrsymmμtrτcEp−rtτclμsEτnEντn−lEst−tμsEwτtρEtwoEorEtρrμμE
lμptonsE−tEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__Z 4.2 49

400 zμ−rcρEνorEcρ−rπμγEoτππsE≥osonsEγμc−yτnπEτntoEtopE−nγE≥ottomEqu−rψsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 39

399 vpμr−tτonE−nγEpμrνorm−ncμEoνEtρμEh{shzE{τlμEj−lorτmμtμrEτnEyun´ VSEEuropeanpPhysicalpJournalpCQE
2018QE]^QE_^] 4.2 13

398
zμ−rcρEνorEsupμrsymmμtryEτnEντn−lEst−tμsEwτtρEmτssτnπEtr−nsvμrsμEmomμntumE−nγEmultτplμE≥RχμtsEτnE
protonRprotonEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 28

397
zμ−rcρEνorEp−τrEproγuctτonEoνEρμ−vyEvμctorRlτψμEqu−rψsEγμc−yτnπEτntoEρτπρRp{E‘E≥osonsE−nγEtopE
qu−rψsEτnEtρμElμptonRplusRχμtsEντn−lEst−tμEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 16

396
zμ−rcρEνorEtopRsqu−rψEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEonμElμptonQEχμtsQE−nγEmτssτnπEtr−nsvμrsμE
momμntumEusτnπEX[Eν≥â��VEoνEMEsqrt{s}dVXENE{μ~EppEcollτsτonEγ−t−EwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

395 zμ−rcρEνorElonπRlτvμγEcρ−rπτnosE≥−sμγEonE−Eγτs−ppμ−rτnπRtr−cψEsτπn−turμEτnEppEcollτsτonsE−tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 48

394 zμ−rcρEνorEsupμrsymmμtryEτnEντn−lEst−tμsEwτtρEcρ−rmEχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEVXE
{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 9

393
zμ−rcρEνorEcρ−rπμγEoτππsE≥osonsEγμc−yτnπEvτ−Eo´–EReEˇ�´–˛‰ˇ�EτnEtρμEˇ�PχμtsE−nγEˇ�PlμptonEντn−lEst−tμsEwτtρE
X[Eν≥â��VEoνEppEcollτsτonEγ−t−ErμcorγμγE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

392 wromptE−nγEnonRpromptE−nγEsupprμssτonE−tEρτπρEtr−nsvμrsμEmomμntumEτnEw≥Pw≥EcollτsτonsEwτtρE
tρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2018QE]^QE][W 4.2 23

391 zμ−rcρEνorEoτππsE≥osonEγμc−ysEtoE≥μyonγRtρμRzt−nγ−rγRtoγμlElτπρtE≥osonsEτnEνourRlμptonEμvμntsE
wτtρEtρμEh{shzEγμtμctorE−tEMEsqrt{s}dVXENE{μ~SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

390 zμ−rcρEνorEμxclusτvμEoτππsE−nγE”E≥osonEγμc−ysEtoEf˛‡E−nγEˇ�˛‡EwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV 5.4 6

389 tμ−surμmμntsEoνE≥RχμtEt−ππτnπEμνντcτμncyEwτtρEtρμEh{shzEγμtμctorEusτnπEMEtovμrlτnμ{t}ENEμvμntsE−tEME
sqrt{s}dVXENE{μ~SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 31

388 zμ−rcρEνorEνl−vourRcρ−nπτnπEnμutr−lEcurrμntEtopRqu−rψEγμc−ysEtEReEq”EτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 8

(2018-2018)
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387 tμ−surμmμntEoνEtρμEτnclusτvμE−nγEντγucτ−lEproγuctτonEcrossRsμctτonsEτnEtρμElμptonPχμtsEcρ−nnμlEτnE
collτsτonsE−tEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEY^] 4.2 5

386 zμ−rcρEνorEρμ−vyEp−rtτclμsEγμc−yτnπEτntoEtopRqu−rψEp−τrsEusτnπElμptonRplusRχμtsEμvμntsEτnE
protonRprotonEcollτsτonsE−tE´ EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEZ[Z 4.2 34

385
zμ−rcρEνorEnμwEpρμnomμn−EusτnπEtρμEτnv−rτ−ntEm−ssEγτstrτ≥utτonEoνEs−mμRνl−vourEopposτtμRsτπnE
γτlμptonEp−τrsEτnEμvμntsEwτtρEmτssτnπEtr−nsvμrsμEmomμntumEτnE´ EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE[WZ

4.2 15

384 zμ−rcρEνorEγ−rψEm−ttμrE−nγEotρμrEnμwEpρμnomμn−EτnEμvμntsEwτtρE−nEμnμrπμtτcEχμtE−nγEl−rπμEmτssτnπE
tr−nsvμrsμEmomμntumEusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 101

383
tμ−surμmμntEoνEtρμE–mormul−aEsμμEtμxt E−nγE–mormul−aEsμμEtμxt EproγuctτonEcrossEsμctτonsEτnE
multτlμptonEντn−lEst−tμsEusτnπEXSWEν≥–mormul−aEsμμEtμxt EoνE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aE
sμμEtμxt EdEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYU

4.2 14

382
hEmμ−surμmμntEoνEtρμEc−lorτmμtμrErμsponsμEtoEsτnπlμEρ−γronsE−nγEγμtμrmτn−tτonEoνEtρμEχμtEμnμrπyE
sc−lμEuncμrt−τntyEusτnπEsojEyunRVERcollτsτonEγ−t−EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEW[

4.2 22

381
tμ−surμmμntEoνEtρμEτnclusτvμEcrossRsμctτonsEoνEsτnπlμEtopRqu−rψE−nγEtopR−ntτqu−rψEtRcρ−nnμlE
proγuctτonEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2017QEWUV]QEV

5.4 22

380
tμ−surμmμntEoνEχμtE−ctτvτtyEproγucμγEτnEtopRqu−rψEμvμntsEwτtρE−nEμlμctronQE−EmuonE−nγEtwoE
Rt−ππμγEχμtsEτnEtρμEντn−lEst−tμEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt E{μ~EwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEWWU

4.2 5

379 tμ−surμmμntEoνEtρμE≥osonEpol−rτs−tτonEτnE–mormul−aEsμμEtμxt EμvμntsEνromEcollτsτonsE−tE–mormul−aE
sμμEtμxt EdE^E{μ~EτnEtρμElμpton´ P´ χμtsEcρ−nnμlEwτtρEh{shzSEEuropeanpPhysicalpJournalpCQE2017QE]]QEW[Y 4.2 19

378 llμctronEμνντcτμncyEmμ−surμmμntsEwτtρEtρμEh{shzEγμtμctorEusτnπEWUVWEsojEprotonRprotonEcollτsτonE
γ−t−SEEuropeanpPhysicalpJournalpCQE2017QE]]QEV_Z 4.2 61

377
tμ−surμmμntsEoνEtopRqu−rψEp−τrEγτννμrμntτ−lEcrossRsμctτonsEτnEtρμE–mormul−aEsμμEtμxt Ecρ−nnμlEτnE
collτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEW_W

4.2 13

376 wμrνorm−ncμEoνE−lπorτtρmsEtρ−tErμconstructEmτssτnπEtr−nsvμrsμEmomμntumEτnE–mormul−aEsμμEtμxt dE
^E{μ~EprotonRprotonEcollτsτonsEτnEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEWYV 4.2 38

375 tμ−surμmμntEoνEtρμEpromptET–mormul−aEsμμEtμxt Ep−τrEproγuctτonEcrossRsμctτonEτnEcollτsτonsE−tE
–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE][ 4.2 47

374 zμ−rcρEνorEtrτ≥osonE–mormul−aEsμμEtμxt EproγuctτonEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ –mormul−aEsμμE
tμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYV 4.2 13

373 {opoloπτc−lEcμllEclustμrτnπEτnEtρμEh{shzEc−lorτmμtμrsE−nγEτtsEpμrνorm−ncμEτnEsojEyunEVSEEuropeanp
PhysicalpJournalpCQE2017QE]]QEY_U 4.2 177

372
mτγucτ−lQEtot−lE−nγEγτννμrμntτ−lEcrossRsμctτonEmμ−surμmμntsEoνERcρ−nnμlEsτnπlμEtopRqu−rψEproγuctτonE
τnEcollτsτonsE−tE^´ {μ~EusτnπEγ−t−EcollμctμγE≥yEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEZXV

4.2 27

371 tμ−surμmμntsEoνEμlμctrowμ−ψE–mormul−aEsμμEtμxt EproγuctτonE−nγEconstr−τntsEonE−nom−lousEπ−uπμE
couplτnπsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEY]Y 4.2 14

370 qμtErμconstructτonE−nγEpμrνorm−ncμEusτnπEp−rtτclμEνlowEwτtρEtρμEh{shzEkμtμctorSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEY[[ 4.2 42
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369 tμ−surμmμntEoνEmultτRp−rtτclμE−zτmutρ−lEcorrμl−tτonsEτnEppQEp´ P´ w≥E−nγElowRmultτplτcτtyEw≥´ P´ w≥E
collτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYW^ 4.2 48

368 tμ−surμmμntEoνEτnclusτvμE−nγEγτννμrμntτ−lEcrossEsμctτonsEτnEtρμEoEReE””EOEReEYâ��Eγμc−yEcρ−nnμlEτnEppE
collτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 25

367 tμ−surμmμntEoνElμptonEγτννμrμntτ−lEγτstrτ≥utτonsE−nγEtρμEtopEqu−rψEm−ssEτnEproγuctτonEτnEcollτsτonsE
−tE´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^UY 4.2 11

366 tμ−surμmμntEoνEtρμEMEtovμrlτnμ{t}π−mm−ENEproγuctτonEcrossEsμctτonEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

365
tμ−surμmμntsEoνEcρ−rπμE−nγEjwE−symmμtrτμsEτnE≥Rρ−γronEγμc−ysEusτnπEtopRqu−rψEμvμntsEcollμctμγE
≥yEtρμEh{shzEγμtμctorEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 6

364 wμrνorm−ncμEoνEtρμEh{shzEtr−cψErμconstructτonE−lπorτtρmsEτnEγμnsμEμnvτronmμntsEτnEsojEyunEWSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE[]X 4.2 33

363
zμ−rcρEνorEnμwEpρμnomμn−EτnEμvμntsEcont−τnτnπE−Es−mμRνl−vourEopposτtμRsτπnEγτlμptonEp−τrQEχμtsQE
−nγEl−rπμEmτssτnπEtr−nsvμrsμEmomμntumEτnE–mormul−aEsμμEtμxt ´ –mormul−aEsμμEtμxt –mormul−aEsμμE
tμxt EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYY

4.2 8

362
tμ−surμmμntEoνEtρμE””EproγuctτonEcrossEsμctτonEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~E
usτnπEtρμE””EReEâ��â�� â��Pâ��fâ��â��fPE−nγEME””toE{μll}±{R}{μll}±{P}nuEovμrlτnμ{nu}ENEγμc−yEcρ−nnμlsEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 9

361 wro≥τnπEtρμE‘Et≥EvμrtμxEstructurμEτnEtRcρ−nnμlEsτnπlμRtopRqu−rψEproγuctτonE−nγEγμc−yEτnEppE
collτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 11

360 tμ−surμmμntsEoνEˇ�MWzNE−nγE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproγuctτonEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 15

359 tμ−surμmμntsEoνEtopRqu−rψEp−τrEtoE”R≥osonEcrossRsμctτonEr−tτosE−tEMEsqrt{s}dVXENEQE^QE]E{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

358 zμ−rcρEνorElμptonRνl−vourRvτol−tτnπEγμc−ysEoνEtρμEoτππsE−nγE≥osonsEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE]U 4.2 52

357 wμrνorm−ncμEoνEtρμEh{shzEtrτππμrEsystμmEτnEWUVZSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXV] 4.2 272

356 yμconstructτonEoνEprτm−ryEvμrtτcμsE−tEtρμEh{shzEμxpμrτmμntEτnEyunEVEprotonRprotonEcollτsτonsE−tE
tρμEsojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXXW 4.2 29

355
tμ−surμmμntsEoνEtρμEproγuctτonEcrossEsμctτonEoνE−E–mormul−aEsμμEtμxt E≥osonEτnE−ssocτ−tτonEwτtρE
χμtsEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2017QE]]QEX[V

4.2 26

354 wrμcτsτonEmμ−surμmμntE−nγEτntμrprμt−tτonEoνEτnclusτvμEQE−nγEproγuctτonEcrossEsμctτonsEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX[] 4.2 56

353 tμ−surμmμntEoνEχμtEνr−πmμnt−tτonEτnEw≥Pw≥E−nγEcollτsτonsE−tE{μ~EwτtρEtρμEh{shzEγμtμctorE−tEtρμE
sojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX]_ 4.2 35

352
zμ−rcρEνorEγ−rψEm−ttμrE−tE–mormul−aEsμμEtμxt EτnEντn−lEst−tμsEcont−τnτnπE−nEμnμrπμtτcEpρotonE−nγE
l−rπμEmτssτnπEtr−nsvμrsμEmomμntumEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEX_X

4.2 52

(2017-2017)
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351
tμ−surμmμntEoνEcρ−rπμγRp−rtτclμEγτstrτ≥utτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEMEsqrt{s}dVXENE
{μ~EprotonRprotonEcollτsτonsEwτtρEtρμEh{shzEγμtμctorE−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 9

350 zμ−rcρEνorEγτrμctEtopEsqu−rψEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEtwoElμptonsEτnE{μ~EcollτsτonsEwτtρE
tρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^_^ 4.2 19

349
zμ−rcρEνorEγτrμctEtopEsqu−rψEp−τrEproγuctτonEτnEμvμntsEwτtρE−EoτππsEorE”E≥osonQE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 7

348
tμ−surμmμntEoνEγμtμctorRcorrμctμγEo≥sμrv−≥lμsEsμnsτtτvμEtoEtρμE−nom−lousEproγuctτonEoνEμvμntsE
wτtρEχμtsE−nγEl−rπμEmτssτnπEtr−nsvμrsμEmomμntumEτnEcollτsτonsE−tE´ {μ~EusτnπEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE][Z

4.2 10

347 tμ−surμmμntEoνE≥Rρ−γronEp−τrEproγuctτonEwτtρEtρμEh{shzEγμtμctorEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 5

346 zμ−rcρEνorEsupμrsymmμtryEτnEμvμntsEwτtρE≥Rt−ππμγEχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEppE
collτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 13

345 tμ−surμmμntEoνEtρμEτnclusτvμEχμtEcrossRsμctτonsEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

344
zμ−rcρEνorEp−τrEproγuctτonEoνEvμctorRlτψμEtopEqu−rψsEτnEμvμntsEwτtρEonμElμptonQEχμtsQE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 27

343 pγμntτντc−tτonE−nγErμχμctτonEoνEpτlμRupEχμtsE−tEρτπρEpsμuγor−pτγτtyEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEZ^U 4.2 16

342
tμ−surμmμntEoνEproγuctτonEwτtρEtρμEρ−γronτc−llyEγμc−yτnπE≥osonErμconstructμγE−sEonμEorEtwoEχμtsE
τnEcollτsτonsE−tEwτtρEh{shzQE−nγEconstr−τntsEonE−nom−lousEπ−uπμEcouplτnπsSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEZ[X

4.2 15

341
zμ−rcρEνorEnμwEpρμnomμn−EτnE−ElμptonEplusEρτπρEχμtEmultτplτcτtyEντn−lEst−tμEwτtρEtρμEh{shzE
μxpμrτmμntEusτnπEMEsqrt{s}dVXENE{μ~EprotonRprotonEcollτsτonEγ−t−SEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 7

340 zμ−rcρμsEνorEtρμE”˛‡Eγμc−yEmoγμEoνEtρμEoτππsE≥osonE−nγEνorEnμwEρτπρRm−ssErμson−ncμsEτnEppE
collτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 20

339 ztuγτμsEoνE”˛‡EproγuctτonEτnE−ssocτ−tτonEwτtρE−EρτπρRm−ssEγτχμtEsystμmEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

338 tμ−surμmμntsEoνEtopRqu−rψEp−τrEγτννμrμntτ−lEcrossRsμctτonsEτnEtρμElμptonPχμtsEcρ−nnμlEτnEppE
collτsτonsE−tEMEsqrt{s}dVXENE{μ~EusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

337 zμ−rcρEνorEtopEqu−rψEγμc−ysEtEReEqoQEwτtρEoEReE˛‡˛‡QEτnEMEsqrt{s}dVXENE{μ~EppEcollτsτonsEusτnπEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

336 ztuγyEoνE−nγEproγuctτonEτnEcollτsτonsE−tE−nγEsμ−rcρEνorE−nom−lousEqu−rtτcEπ−uπμEcouplτnπsEwτtρEtρμE
h{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2017QE]]QE[Y[ 4.2 11

335 tμ−surμmμntsEoνEtopEqu−rψEspτnEo≥sμrv−≥lμsEτnEMEtovμrlτnμ{t}ENEμvμntsEusτnπEγτlμptonEντn−lEst−tμsEτnEME
sqrt{s}d^ENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

334
zμ−rcρEνorEnμwEpρμnomμn−EwτtρEl−rπμEχμtEmultτplτcτtτμsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEusτnπE
l−rπμRr−γτusEχμtsE−nγEνl−vourRt−ππτnπE−tEh{shzEτnEVXE{μ~EppEcollτsτonsSEJournalpofpHighpEnergypPhysics
QE2017QEWUV]QEV

5.4 8

Cinzia Da Via

14



333 {opRqu−rψEm−ssEmμ−surμmμntEτnEtρμE−llRρ−γronτcEMEtovμrlτnμ{t}ENEγμc−yEcρ−nnμlE−tEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 6

332 tμ−surμmμntEoνEtρμEkrμllR“−nEtrτplμRγτννμrμntτ−lEcrossEsμctτonEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~SE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 16

331 zμ−rcρEνorE−Esc−l−rEp−rtnμrEoνEtρμEtopEqu−rψEτnEtρμEχμtsEplusEmτssτnπEtr−nsvμrsμEmomμntumEντn−lE
st−tμE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 30

330
zμ−rcρEνorEsupμrsymmμtryEτnEντn−lEst−tμsEwτtρEtwoEs−mμRsτπnEorEtρrμμElμptonsE−nγEχμtsEusτnπEX[Eν≥â��VE
oνEMEsqrt{s}dVXENE{μ~EppEcollτsτonEγ−t−EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 22

329
zμ−rcρEνorEp−τrEproγuctτonEoνEρμ−vyEvμctorRlτψμEqu−rψsEγμc−yτnπEtoEρτπρRpE{E‘E≥osonsE−nγE≥Equ−rψsE
τnEtρμElμptonRplusRχμtsEντn−lEst−tμEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 29

328 tμ−surμmμntEoνEtρμEψEtEsplτttτnπEsc−lμsEτnE”EReEâ��â��EμvμntsEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 3

327
hn−lysτsEoνEtρμE‘t≥EvμrtμxEνromEtρμEmμ−surμmμntEoνEtrτplμRγτννμrμntτ−lE−nπul−rEγμc−yEr−tμsEoνE
sτnπlμEtopEqu−rψsEproγucμγEτnEtρμEtRcρ−nnμlE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2017QEWUV]QEV

5.4 7

326 lvτγμncμEνorEtρμEMEotoE≥ovμrlτnμ{≥}ENEγμc−yEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV 5.4 50

325
zμ−rcρEνorEnμwEρτπρRm−ssEpρμnomμn−EτnEtρμEγτlμptonEντn−lEst−tμEusτnπEX[Eν≥â��VEoνEprotonRprotonE
collτsτonEγ−t−E−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 126

324 kμtμrmτn−tτonEoνEtρμEstronπEcouplτnπEconst−ntEνromEtr−nsvμrsμEμnμrπyRμnμrπyEcorrμl−tτonsEτnE
multτχμtEμvμntsE−tEusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^]W 4.2 19

323 yμconstructτonEoνEρ−γronτcEγμc−yEproγuctsEoνEt−uElμptonsEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanp
PhysicalpJournalpCQE2016QE][QEW_Z 4.2 28

322 wμrνorm−ncμEoνEpτlμRupEmτtτπ−tτonEtμcρnτquμsEνorEχμtsEτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aE
sμμEtμxt ´ {μ~EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^V 4.2 148

321 tμ−surμmμntEoνEtρμEcρ−rπμγRp−rtτclμEmultτplτcτtyEτnsτγμEχμtsEνromE–mormul−aEsμμEtμxt –mormul−aEsμμE
tμxt ´ EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEXWW 4.2 35

320 tμ−surμmμntEoνEχμtE−ctτvτtyEτnEtopEqu−rψEμvμntsEusτnπEtρμEμ˛…Eντn−lEst−tμEwτtρEtwoE≥Rt−ππμγEχμtsEτnEppE
collτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 4

319
tμ−surμmμntEoνEtρμEtr−nsvμrsμEmomμntumE−nγE–mormul−aEsμμEtμxt Eγτstrτ≥utτonsEoνEkrμllR“−nE
lμptonEp−τrsEτnEprotonRprotonEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2016QE][QEW_V

4.2 63

318
tμ−surμmμntEoνEντγucτ−lEγτννμrμntτ−lEcrossEsμctτonsEoνEπluonRνusτonEproγuctτonEoνEoτππsE≥osonsE
γμc−yτnπEtoE‘‘EOReμ˛‰˛…˛‰EwτtρEtρμEh{shzEγμtμctorE−tEMEsqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE
2016QEWUV[QEV

5.4 13

317 zμ−rcρEνorEnμwEpρμnomμn−EτnEμvμntsEwτtρE−EpρotonE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEppE
collτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

316 hEsμ−rcρEνorEtopEsqu−rψsEwτtρEyRp−rτtyRvτol−tτnπEγμc−ysEtoE−llRρ−γronτcEντn−lEst−tμsEwτtρEtρμEh{shzE
γμtμctorEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEcollτsτonsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

(2016-2017)
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315 pγμntτντc−tτonEoνEρτπρEtr−nsvμrsμEmomμntumEtopEqu−rψsEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

314 hEsμ−rcρEνorE−nEμxcτtμγEmuonEγμc−yτnπEtoE−EmuonE−nγEtwoEχμtsEτnppcollτsτonsE−tE
Isqrt{s}bdb^b{rm{{μ~}}IEwτtρEtρμEh{shzEγμtμctorSENewpJournalpofpPhysicsQE2016QEV^QEU]XUWV 2.9 1

313 iμ−mRτnγucμγE−nγEcosmτcRr−yE≥−cψπrounγsEo≥sμrvμγEτnEtρμEh{shzEγμtμctorEγurτnπEtρμEsojEWUVWE
protonRprotonErunnτnπEpμrτoγSEJournalpofpInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

312 tμ−surμmμntsEoνEtopRqu−rψEp−τrEγτννμrμntτ−lEcrossRsμctτonsEτnEtρμElμptonPχμtsEcρ−nnμlEτnEcollτsτonsE
−tE–mormul−aEsμμEtμxt EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZX^ 4.2 48

311
tμ−surμmμntEoνEtρμEγτννμrμntτ−lEcrossRsμctτonsEoνEpromptE−nγEnonRpromptEproγuctτonEoνE–mormul−aE
sμμEtμxt E−nγE–mormul−aEsμμEtμxt EτnEcollτsτonsE−tE–mormul−aEsμμEtμxt E−nγE^´ {μ~EwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEW^X

4.2 42

310 sumτnosτtyEγμtμrmτn−tτonEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt EdE^E{μ~EusτnπEtρμEh{shzEγμtμctorE−tE
tρμEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QE[ZX 4.2 188

309
zμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnEμvμntsEwτtρEρ−γronτc−llyEγμc−yτnπEt−uElμptonsQEχμtsE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEprotonRprotonEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~ErμcorγμγEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[^X

4.2 7

308
hγγμnγumEtoEâ��tμ−surμmμntEoνEtρμEMt≥−r{t}NEproγuctτonEcrossRsμctτonEusτnπEMμmuENEμvμntsEwτtρE
≥Rt−ππμγEχμtsEτnEppEcollτsτonsE−tEMsqrt{s}NEdE]E−nγE^EMQm−tρrm{{μ~}NEwτtρEtρμEh{shzEγμtμctorâ��SE
EuropeanpPhysicalpJournalpCQE2016QE][QEV

4.2 13

307 tμ−surμmμntEoνEtρμE−nπul−rEcoμνντcτμntsEτnE”R≥osonEμvμntsEusτnπEμlμctronE−nγEmuonEp−τrsEνromE
γ−t−Et−ψμnE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

306 zμ−rcρμsEνorEρμ−vyEγτ≥osonErμson−ncμsEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

305 k−rψEm−ttμrEτntμrprμt−tτonsEoνEh{shzEsμ−rcρμsEνorEtρμEμlμctrowμ−ψEproγuctτonEoνEsupμrsymmμtrτcE
p−rtτclμsEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEcollτsτonsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 16

304
zμ−rcρEνorEtρμEzt−nγ−rγEtoγμlEoτππsE≥osonEγμc−yτnπEτntoEME≥ovμrlτnμ{≥}ENEproγucμγEτnE−ssocτ−tτonE
wτtρEtopEqu−rψsEγμc−yτnπEρ−γronτc−llyEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV

5.4 16

303 tμ−surμmμntEoνEtρμEjwRvτol−tτnπEpρ−sμEfEsE−nγEtρμEiEUEsEmμsonEγμc−yEwτγtρEγτννμrμncμEwτtρEiEUEsE
EReEqTˇ�fEγμc−ysEτnEh{shzSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

302
zμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnEντn−lEst−tμsEwτtρEχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumE−tE
–mormul−aEsμμEtμxt EdVXE–mormul−aEsμμEtμxt wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QEX_W

4.2 53

301 tμ−surμmμntEoνEtρμEγou≥lμRγτννμrμntτ−lEρτπρRm−ssEkrμllR“−nEcrossEsμctτonEτnEppEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 24

300 hEsμ−rcρEνorEpromptElμptonRχμtsEτnEppEcollτsτonsE−tEMEsqrt{m−tρrm{s}}d^ENE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 22

299 zμ−rcρEνorEnμwEpρμnomμn−EwτtρEpρotonPχμtEμvμntsEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

298
tμ−surμmμntEoνEtρμEcμntr−lτtyEγμpμnγμncμEoνEtρμEcρ−rπμγRp−rtτclμEpsμuγor−pτγτtyEγτstrτ≥utτonEτnE
protonRlμ−γEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2016QE][QEV__

4.2 39

Cinzia Da Via
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297 tμ−surμmμntEoνEtρμEproγuctτonEcrossRsμctτonEoνE−EsτnπlμEtopEqu−rψEτnE−ssocτ−tτonEwτtρE−E‘E≥osonE−tE
^E{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

296 zμ−rcρEνorEtρμEproγuctτonEoνEsτnπlμEvμctorRlτψμE−nγEμxcτtμγEqu−rψsEτnEtρμE‘tEντn−lEst−tμEτnEppE
collτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 14

295 zμ−rcρEνorEstronπEπr−vτtyEτnEmultτχμtEντn−lEst−tμsEproγucμγEτnEppEcollτsτonsE−tEMEsqrt{s}dVXENE{μ~EusτnπE
tρμEh{shzEγμtμctorE−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

294 pγμntτντc−tτonEoνE≥oostμγQEρ−γronτc−llyEγμc−yτnπE≥osonsE−nγEcomp−rτsonsEwτtρEh{shzEγ−t−Et−ψμnE−tE
–mormul−aEsμμEtμxt ´ {μ~SEEuropeanpPhysicalpJournalpCQE2016QE][QEVZY 4.2 44

293 zμ−rcρEνorEnμwEpρμnomμn−EτnEμvμntsEwτtρE−tElμ−stEtρrμμEpρotonsEcollμctμγEτnEcollτsτonsE−tE–mormul−aE
sμμEtμxt EdE^E{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWVU 4.2 53

292 wro≥τnπElμptonEνl−vourEvτol−tτonEvτ−EnμutrτnolμssE–mormul−aEsμμEtμxt Eγμc−ysEwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWXW 4.2 12

291 hEnμwEmμtρoγEtoEγτstτnπuτsρEρ−γronτc−llyEγμc−yτnπE≥oostμγE≥osonsEνromE≥osonsEusτnπEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWX^ 4.2 6

290 zμ−rcρEνorEsupμrsymmμtryE−tE–mormul−aEsμμEtμxt ´ {μ~EτnEντn−lEst−tμsEwτtρEχμtsE−nγEtwoEs−mμRsτπnE
lμptonsEorEtρrμμElμptonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWZ_ 4.2 48

289 zμ−rcρEνorEτnvτsτ≥lμEγμc−ysEoνE−EoτππsE≥osonEusτnπEvμctorR≥osonEνusτonEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 45

288
zμ−rcρEνorE−nom−lousEcouplτnπsEτnEtρμE‘Et≥EvμrtμxEνromEtρμEmμ−surμmμntEoνEγou≥lμEγτννμrμntτ−lE
−nπul−rEγμc−yEr−tμsEoνEsτnπlμEtopEqu−rψsEproγucμγEτnEtρμEtRcρ−nnμlEwτtρEtρμEh{shzEγμtμctorSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEVRY[

5.4 12

287
tμ−surμmμntsEoνEtρμEoτππsE≥osonEproγuctτonE−nγEγμc−yEr−tμsE−nγEcouplτnπEstrμnπtρsEusτnπE
collτsτonEγ−t−E−tE–mormul−aEsμμEtμxt E−nγE^´ {μ~EτnEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpC
QE2016QE][QE[

4.2 185

286
tμ−surμmμntsEoνEντγucτ−lEcrossRsμctτonsEνorE–mormul−aEsμμEtμxt EproγuctτonEwτtρEonμEorEtwoE
−γγτtτon−lERχμtsEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt d^E{μ~´ usτnπEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2016QE][QEVV

4.2 21

285 ztuγyEoνEtρμE–mormul−aEsμμEtμxt E−nγE–mormul−aEsμμEtμxt Eγμc−ysEwτtρEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2016QE][QEY 4.2 13

284
zμ−rcρEνorE−nE−γγτtτon−lQEρμ−vyEoτππsE≥osonEτnEtρμE–mormul−aEsμμEtμxt Eγμc−yEcρ−nnμlE−tE–mormul−aE
sμμEtμxt EτnE–mormul−aEsμμEtμxt EcollτsτonEγ−t−EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QEYZ

4.2 152

283 zμ−rcρEνorEsτnπlμEtopRqu−rψEproγuctτonEvτ−Eνl−vourRcρ−nπτnπEnμutr−lEcurrμntsE−tE^´ {μ~EwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZZ 4.2 28

282 tμ−surμmμntEoνEtρμEcρ−rπμE−symmμtryEτnEtopRqu−rψEp−τrEproγuctτonEτnEtρμElμptonRplusRχμtsEντn−lE
st−tμEτnEppEcollτsτonEγ−t−E−tEMsqrt{s}d^Qm−tρrmE{μ~{}NEwτtρEtρμEh{shzEγμtμctorE2016QE][QEV 1

281 ztuγyEoνEρ−rγEγou≥lμRp−rtonEsc−ttμrτnπEτnEνourRχμtEμvμntsEτnEppEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~EwτtρE
tρμEh{shzEμxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 21

280
zμ−rcρEνorEtρμEzt−nγ−rγEtoγμlEoτππsE≥osonEproγucμγE≥yEvμctorR≥osonEνusτonE−nγEγμc−yτnπEtoE
≥ottomEqu−rψsEτnEMEsqrt{s}d^ENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2016QEWUV[QEV

5.4 8

(2016-2016)
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279
tμ−surμmμntEoνEμvμntRsρ−pμEo≥sμrv−≥lμsEτnE–mormul−aEsμμEtμxt EμvμntsEτnEcollτsτonsE−tE–mormul−aE
sμμEtμxt ´ –mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2016QE
][QEX]Z

4.2 5

278 jρ−rπμγRp−rtτclμEγτstrτ≥utτonsEτnEτntμr−ctτonsE−tE–mormul−aEsμμEtμxt Emμ−surμγEwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEYUX 4.2 19

277 jρ−rπμγRp−rtτclμEγτstrτ≥utτonsE−tElowEtr−nsvμrsμEmomμntumEτnE–mormul−aEsμμEtμxt ´ {μ~Eτntμr−ctτonsE
mμ−surμγEwτtρEtρμEh{shzEγμtμctorE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QEZUW 4.2 37

276 zμ−rcρEνorE≥ottomEsqu−rψEp−τrEproγuctτonEτnEprotonRprotonEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~E
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZY] 4.2 25

275
zμ−rcρEνorEmτnτm−lEsupμrsymmμtrτcEst−nγ−rγEmoγμlEoτππsEiosonsE´ T´ E−nγEνorE−E–mormul−aEsμμEtμxt E
≥osonEτnEtρμE–mormul−aEsμμEtμxt Eντn−lEst−tμEproγucμγEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt E{μ~EwτtρE
tρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^Z

4.2 28

274 tμ−surμmμntEoνEtρμEpρotonEτγμntτντc−tτonEμνντcτμncτμsEwτtρEtρμEh{shzEγμtμctorEusτnπEsojEyunRVE
γ−t−SEEuropeanpPhysicalpJournalpCQE2016QE][QE[[[ 4.2 53

273 tμ−surμmμntEoνEtρμE–mormul−aEsμμEtμxt EγτχμtEcrossEsμctτonEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~E
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[]U 4.2 7

272 {ρμEpμrνorm−ncμEoνEtρμEχμtEtrτππμrEνorEtρμEh{shzEγμtμctorEγurτnπEWUVVEγ−t−Et−ψτnπSEEuropeanp
PhysicalpJournalpCQE2016QE][QEZW[ 4.2 16

271 zμ−rcρEνorEnμwEpρμnomμn−EτnEγτννμrμntRνl−vourEρτπρRm−ssEγτlμptonEντn−lEst−tμsEτnEcollτsτonsE−tE
–mormul−aEsμμEtμxt ´ {μvEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZYV 4.2 7

270
zμ−rcρEνorEtρμEoτππsE≥osonEproγucμγEτnE−ssocτ−tτonEwτtρE−E≥osonE−nγEγμc−yτnπEtoEνourERqu−rψsEvτ−E
twoEspτnRzμroEp−rtτclμsEτnEcollτsτonsE−tEVXE{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QE[UZ

4.2 16

269 tuonErμconstructτonEpμrνorm−ncμEoνEtρμEh{shzEγμtμctorEτnEprotonRprotonEcollτsτonEγ−t−E−tE
–mormul−aEsμμEtμxt dVX´ {μ~SEEuropeanpPhysicalpJournalpCQE2016QE][QEW_W 4.2 263

268 {μstEoνEjwEτnv−rτ−ncμEτnEvμctorR≥osonEνusτonEproγuctτonEoνEtρμEoτππsE≥osonEusτnπEtρμEmμtρoγEτnEtρμE
γτt−uEγμc−yEcρ−nnμlEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[Z^ 4.2 26

267 zμ−rcρEνorEπluτnosEτnEμvμntsEwτtρE−nEτsol−tμγElμptonQEχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumE−tE
–mormul−aEsμμEtμxt EdEVXE{μE~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ[Z 4.2 20

266 tμ−surμmμntEoνEtρμEτnclusτvμEτsol−tμγEpromptEpρotonEcrossEsμctτonEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 25

265 zμ−rcρEνorE−EρτπρRm−ssEoτππsE≥osonEγμc−yτnπEtoE−E‘E≥osonEp−τrEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 59

264
zμ−rcρEνorEνl−vourRcρ−nπτnπEnμutr−lEcurrμntEtopRqu−rψEγμc−ysEtoE–mormul−aEsμμEtμxt EτnE–mormul−aE
sμμEtμxt EcollτsτonEγ−t−EcollμctμγEwτtρEtρμEh{shzEγμtμctorE−tE–mormul−aEsμμEtμxt ´ {μ~SEEuropeanp
PhysicalpJournalpCQE2016QE][QEVW

4.2 16

263
tμ−surμmμntEoνEtρμEcρ−rπμE−symmμtryEτnEtopRqu−rψEp−τrEproγuctτonEτnEtρμElμptonRplusRχμtsEντn−lE
st−tμEτnEcollτsτonEγ−t−E−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QE^]

4.2 18

262 zμ−rcρEνorEγτrμctEtopEsqu−rψEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEtwoEt−uElμptonsEτnEcollτsτonsE−tE
–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE^V 4.2 7
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261 zμ−rcρEνorEcρ−rπμγEoτππsE≥osonsEτnEtρμEoE´–EReEt≥Eγμc−yEcρ−nnμlEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~E
usτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 33

260 ztuγyEoνEtρμEr−rμEγμc−ysEoνE–mormul−aEsμμEtμxt E−nγE–mormul−aEsμμEtμxt EτntoEmuonEp−τrsEνromEγ−t−E
collμctμγEγurτnπEtρμEsojEyunEVEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZVX 4.2 27

259
zμ−rcρEνorEsupμrsymmμtryEτnE−Eντn−lEst−tμEcont−τnτnπEtwoEpρotonsE−nγEmτssτnπEtr−nsvμrsμE
momμntumEτnE–mormul−aEsμμEtμxt ´ d´ VX´ {μ~E–mormul−aEsμμEtμxt EcollτsτonsE−tEtρμEsojEusτnπEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZV]

4.2 17

258 zμ−rcρEνorErμson−ncμsEτnEγτpρotonEμvμntsE−tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2016QEWUV[QEV 5.4 49

257 zμ−rcρEνorEsτnπlμEproγuctτonEoνEvμctorRlτψμEqu−rψsEγμc−yτnπEτntoEτnEcollτsτonsE−tE–mormul−aEsμμE
tμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEYYW 4.2 24

256 tμ−surμmμntEoνEtρμErμl−tτvμEwτγtρEγτννμrμncμEoνEtρμEME{i}±Uρ≥ox{R}E{ovμrlτnμ{i}}±UENEsystμmEwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 5

255 qμtEμnμrπyEmμ−surμmμntE−nγEτtsEsystμm−tτcEuncμrt−τntyEτnEprotonRprotonEcollτsτonsE−tE–mormul−aEsμμE
tμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV] 4.2 194

254 zμ−rcρEνorEτnvτsτ≥lμEp−rtτclμsEproγucμγEτnE−ssocτ−tτonEwτtρEsτnπlμRtopRqu−rψsEτnEprotonRprotonE
collτsτonsE−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE]_ 4.2 21

253 zμ−rcρEνorErμson−ntEγτ≥osonEproγuctτonEτnEtρμE–mormul−aEsμμEtμxt Eντn−lEst−tμEτnE–mormul−aEsμμEtμxt E
collτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE[_ 4.2 62

252 tμ−surμmμntsEoνEtρμE–mormul−aEsμμEtμxt EproγuctτonEcrossEsμctτonsEτnE−ssocτ−tτonEwτtρEχμtsEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE^W 4.2 54

251 zμ−rcρEνorEγ−rψEm−ttμrEτnEμvμntsEwτtρEρμ−vyEqu−rψsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnE–mormul−aE
sμμEtμxt EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE_W 4.2 60

250
tμ−surμmμntEoνEtρμEMEtovμrlτnμ{t}ENEproγuctτonEcrossRsμctτonE−sE−EνunctτonEoνEχμtEmultτplτcτtyE−nγEχμtE
tr−nsvμrsμEmomμntumEτnE]E{μ~EprotonRprotonEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 14

249
tμ−surμmμntEoνEtρμE‘E‘EPE‘E”EcrossEsμctτonE−nγElτmτtsEonE−nom−lousEtrτplμEπ−uπμEcouplτnπsEusτnπE
ντn−lEst−tμsEwτtρEonμElμptonQEmτssτnπEtr−nsvμrsμEmomμntumQE−nγEtwoEχμtsEwτtρEtρμEh{shzEγμtμctorE
−tEMEsqrt{s}d]ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV

5.4 12

248 zμ−rcρμsEνorEρμ−vyElonπRlτvμγEcρ−rπμγEp−rtτclμsEwτtρEtρμEh{shzEγμtμctorEτnEprotonRprotonEcollτsτonsE
−tEMEsqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 29

247 zμ−rcρEνorEtρμEME≥ovμrlτnμ{≥}ENEγμc−yEoνEtρμEzt−nγ−rγEtoγμlEoτππsE≥osonEτnE−ssocτ−tμγEM‘T”NoE
proγuctτonEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 64

246 tμ−surμmμntEoνEtρμEτnclusτvμEχμtEcrossRsμctτonEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~EusτnπE
YSZEν≥â��VEoνEγ−t−EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 27

245
zμ−rcρEνorE−nom−lousEproγuctτonEoνEpromptEs−mμRsτπnElμptonEp−τrsE−nγEp−τrRproγucμγEγou≥lyE
cρ−rπμγEoτππsE≥osonsEwτtρEMEsqrt{s}d^ENE{μ~EppEcollτsτonsEusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 45

244
zμ−rcρEνorEcρ−rπμγEoτππsE≥osonsEγμc−yτnπEvτ−EoE´–EReEˇ�E´–E˛‰EτnEνullyEρ−γronτcEντn−lEst−tμsEusτnπEppE
collτsτonEγ−t−E−tEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QE
WUVZQEV

5.4 56
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243
zμ−rcρEνorEproγuctτonEoνE–mormul−aEsμμEtμxt Erμson−ncμsEγμc−yτnπEtoE−ElμptonQEnμutrτnoE−nγEχμtsEτnE
–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2015QE]ZQEWU_

4.2 73

242 wμrνorm−ncμEoνEtρμEh{shzEmuonEtrτππμrEτnEppEcollτsτonsE−tE–mormul−aEsμμEtμxt E{μ~SEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEVWU 4.2 51

241 zμ−rcρEνorEoτππsE≥osonEp−τrEproγuctτonEτnEtρμE–mormul−aEsμμEtμxt Eντn−lEst−tμEνromEcollτsτonsE−tE
–mormul−aEsμμEtμxt E{μ~wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYVW 4.2 66

240 kμtμrmτn−tτonEoνEspτnE−nγEp−rτtyEoνEtρμEoτππsE≥osonEτnEtρμE–mormul−aEsμμEtμxt Eγμc−yEcρ−nnμlEwτtρE
tρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWXV 4.2 15

239
zμ−rcρEνorEnμwEpρμnomμn−EτnEντn−lEst−tμsEwτtρE−nEμnμrπμtτcEχμtE−nγEl−rπμEmτssτnπEtr−nsvμrsμE
momμntumEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2015QE]ZQEW__

4.2 202

238 zμ−rcρEνorE−EnμwErμson−ncμEγμc−yτnπEtoE−EorE≥osonE−nγE−EoτππsE≥osonEτnEtρμE–mormul−aEsμμEtμxt E
ντn−lEst−tμsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEW[X 4.2 46

237 tμ−surμmμntEoνEtρrμμRχμtEproγuctτonEcrossRsμctτonsEτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE]´ –mormul−aE
sμμEtμxt EcμntrμRoνRm−ssEμnμrπyEusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWW^ 4.2 18

236 jonstr−τntsEonEtρμEoννRsρμllEoτππsE≥osonEsτπn−lEstrμnπtρEτnEtρμEρτπρRm−ssE−nγEντn−lEst−tμsEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXXZ 4.2 56

235
pγμntτντc−tτonE−nγEμnμrπyEc−lτ≥r−tτonEoνEρ−γronτc−llyEγμc−yτnπEt−uElμptonsEwτtρEtρμEh{shzE
μxpμrτmμntEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt –mormul−aEsμμEtμxt SEEuropeanpPhysicalpJournalpCQE2015
QE]ZQEXUX

4.2 49

234 ztuγyEoνEtρμEspτnE−nγEp−rτtyEoνEtρμEoτππsE≥osonEτnEγτ≥osonEγμc−ysEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2015QE]ZQEY][ 4.2 104

233
v≥sμrv−tτonE−nγEmμ−surμmμntsEoνEtρμEproγuctτonEoνEpromptE−nγEnonRpromptE–mormul−aEsμμEtμxt E
mμsonsEτnE−ssocτ−tτonEwτtρE−E–mormul−aEsμμEtμxt E≥osonEτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aE
sμμEtμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWW_

4.2 38

232
zμ−rcρEνorEtρμEzt−nγ−rγEtoγμlEoτππsE≥osonEproγucμγEτnE−ssocτ−tτonEwτtρEtopEqu−rψsE−nγEγμc−yτnπE
τntoE–mormul−aEsμμEtμxt EτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXY_

4.2 94

231
zμ−rcρEνorEsupμrsymmμtryEτnEμvμntsEcont−τnτnπE−Es−mμRνl−vourEopposτtμRsτπnEγτlμptonEp−τrQEχμtsQE−nγE
l−rπμEmτssτnπEtr−nsvμrsμEmomμntumEτnE–mormul−aEsμμEtμxt ´ {μ~EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2015QE]ZQEXV^

4.2 44

230 zμ−rcρEνorEρμ−vyElonπRlτvμγEmultτRcρ−rπμγEp−rtτclμsEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EusτnπEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEX[W 4.2 22

229 {woRp−rtτclμEiosμRlτnstμτnEcorrμl−tτonsEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt EUS_E−nγE]E{μ~Emμ−surμγE
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEY[[ 4.2 28

228 tμ−surμmμntEoνEtρμEtopEqu−rψEm−ssEτnEtρμE–mormul−aEsμμEtμxt E−nγE–mormul−aEsμμEtμxt Ecρ−nnμlsE
usτnπE–mormul−aEsμμEtμxt ´ –mormul−aEsμμEtμxt Eh{shzEγ−t−SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXXU 4.2 32

227 h{shzEyunEVEsμ−rcρμsEνorEγτrμctEp−τrEproγuctτonEoνEtρτrγRπμnμr−tτonEsqu−rψsE−tEtρμEs−rπμEo−γronE
jollτγμrSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEZVU 4.2 109

226 zμ−rcρEνorElowRsc−lμEπr−vτtyEsτπn−turμsEτnEmultτRχμtEντn−lEst−tμsEwτtρEtρμEh{shzEγμtμctorE−tEME
sqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 2
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225 hEsμ−rcρEνorEρτπρRm−ssErμson−ncμsEγμc−yτnπEtoEˇ�Pˇ�â��EτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

224 zumm−ryEoνEtρμEh{shzEμxpμrτmμntâ��sEsμnsτtτvτtyEtoEsupμrsymmμtryE−νtμrEsojEyunEVEâ��EτntμrprμtμγE
τnEtρμEpρμnomμnoloπτc−lEtzztSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 42

223 zμ−rcρEνorElμptonRνl−vourRvτol−tτnπEoEReE˛…ˇ�Eγμc−ysEoνEtρμEoτππsE≥osonEwτtρEtρμEh{shzEγμtμctorSE
JournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 46

222 tμ−surμmμntEoνEνourRχμtEγτννμrμntτ−lEcrossEsμctτonsEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEcollτsτonsE
usτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR][ 5.4 5

221 hEsμ−rcρEνorEMEtovμrlτnμ{t}ENErμson−ncμsEusτnπElμptonRplusRχμtsEμvμntsEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 57

220 tμ−surμmμntEoνEtρμEνorw−rγR≥−cψw−rγE−symmμtryEoνEμlμctronE−nγEmuonEp−τrRproγuctτonEτnEppE
collτsτonsE−tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 18

219 tμ−surμmμntEoνEcρ−rπμγRp−rtτclμEspμctr−EτnEw≥Pw≥EcollτsτonsE−tEMEsqrt{s_{m−tρrm{uu}}}dWS][ENE{μ~E
wτtρEtρμEh{shzEγμtμctorE−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 49

218 hn−lysτsEoνEμvμntsEwτtρE≥RχμtsE−nγE−Ep−τrEoνElμptonsEoνEtρμEs−mμEcρ−rπμEτnEppEcollτsτonsE−tEMEsqrt{s}d^E
NE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 26

217 jonstr−τntsEonEnμwEpρμnomμn−Evτ−EoτππsE≥osonEcouplτnπsE−nγEτnvτsτ≥lμEγμc−ysEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 91

216 zμ−rcρEνorEρτπρRm−ssEγτ≥osonErμson−ncμsEwτtρE≥osonRt−ππμγEχμtsEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVRX_ 5.4 66

215
kτννμrμntτ−lEtopR−ntτtopEcrossRsμctτonEmμ−surμmμntsE−sE−EνunctτonEoνEo≥sμrv−≥lμsEconstructμγEνromE
ντn−lRst−tμEp−rtτclμsEusτnπEppEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~EτnEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 31

214 zμ−rcρEνorEρμ−vyEt−χor−n−EnμutrτnosEwτtρEtρμEh{shzEγμtμctorEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~SE
JournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 65

213
zμ−rcρEνorEproγuctτonEoνEvμctorRlτψμEqu−rψEp−τrsE−nγEoνEνourEtopEqu−rψsEτnEtρμElμptonRplusRχμtsEντn−lE
st−tμEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2015QEWUVZQEV

5.4 54

212 zμ−rcρEνorEnμwEpρμnomμn−EτnEμvμntsEwτtρEtρrμμEorEmorμEcρ−rπμγElμptonsEτnEppEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

211 zumm−ryEoνEtρμEsμ−rcρμsEνorEsqu−rψsE−nγEπluτnosEusτnπEMEsqrt{s}d^ENE{μ~EppEcollτsτonsEwτtρEtρμE
h{shzEμxpμrτmμntE−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 55

210 kμtμrmτn−tτonEoνEtρμEtopRqu−rψEpolμEm−ssEusτnπEMEtovμrlτnμ{t}ENEPEVRχμtEμvμntsEcollμctμγEwτtρEtρμE
h{shzEμxpμrτmμntEτnE]E{μ~EppEcollτsτonsSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 15

209 tμ−surμmμntEoνEtρμEMEtovμrlτnμ{t}‘ENE−nγEMEtovμrlτnμ{t}”ENEproγuctτonEcrossEsμctτonsEτnEppEcollτsτonsE
−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

208 zμ−rcρEνorEνl−vourRcρ−nπτnπEnμutr−lEcurrμntEtopEqu−rψEγμc−ysEtEReEoqEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR[Z 5.4 18
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207 zμ−rcρEνorEρμ−vyElμptonErμson−ncμsEγμc−yτnπEtoE−E”E≥osonE−nγE−ElμptonEτnEppEcollτsτonsE−tEMEsqrt{s}d^E
NE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

206 zμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnEμvμntsEwτtρEτsol−tμγElμptonsQEχμtsE−nγEmτssτnπEtr−nsvμrsμE
momμntumE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 37

205 lvτγμncμEνorEtρμEoτππsR≥osonE“uψ−w−EcouplτnπEtoEt−uElμptonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofp
HighpEnergypPhysicsQE2015QEWUVZQEV 5.4 74

204 tμ−surμmμntEoνEtρμEcρ−rπμE−symmμtryEτnEγτlμptonτcEγμc−ysEoνEtopEqu−rψEp−τrsEτnEppEcollτsτonsE−tEME
sqrt{s}d]ENE{μ~EusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

203 zμ−rcρEνorE–mormul−aEsμμEtμxt Eγμc−ysEτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt ´ d´ ^´ {μ~E
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV[Z 4.2 25

202 tμ−surμmμntEoνEtρμEtopRqu−rψEm−ssEτnEtρμEνullyEρ−γronτcEγμc−yEcρ−nnμlEνromEh{shzEγ−t−E−tE
–mormul−aEsμμEtμxt SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEVZ^ 4.2 8

201
zμ−rcρEνorEγτrμctEp−τrEproγuctτonEoνE−Ecρ−rπτnoE−nγE−Enμutr−lτnoEγμc−yτnπEtoEtρμEVWZ´ nμ~EoτππsE
≥osonEτnE–mormul−aEsμμEtμxt ´ {μ~E–mormul−aEsμμEtμxt EcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEWU^

4.2 50

200 ztuγyEoνEM‘T”NoEproγuctτonE−nγEoτππsE≥osonEcouplτnπsEusτnπEoReE‘E‘EOEγμc−ysEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 14

199 zμ−rcρEνorEmμt−st−≥lμEρμ−vyEcρ−rπμγEp−rtτclμsEwτtρEl−rπμEτonτs−tτonEμnμrπyElossEτnEcollτsτonsE−tE
–mormul−aEsμμEtμxt ´ {μ~EusτnπEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYU] 4.2 18

198
tμ−surμmμntEoνEtρμEproγuctτonE−nγElμptonEcρ−rπμE−symmμtryEoνE–mormul−aEsμμEtμxt E≥osonsEτnE
w≥Pw≥EcollτsτonsE−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2015QE
]ZQEWX

4.2 31

197 zμ−rcρEνorEproγuctτonEoνEM‘‘T‘”NErμson−ncμsEγμc−yτnπEtoE−ElμptonQEnμutrτnoE−nγEχμtsEτnEMppNE
collτsτonsE−tEMsqrt{s}d^NE{μ~EwτtρEtρμEh{shzEγμtμctorE2015QE]ZQEV 1

196 zμ−rcρEνorEnμwEpρμnomμn−EτnEντn−lEst−tμsEwτtρE−nEμnμrπμtτcEχμtE−nγEl−rπμEmτssτnπEtr−nsvμrsμE
momμntumEτnEppEcollτsτonsE−tEMsqrt{s}d^~N{μ~EwτtρEtρμEh{shzEγμtμctorE2015QE]ZQEV 2

195 ztuγyEoνEtρμEspτnE−nγEp−rτtyEoνEtρμEoτππsE≥osonEτnEγτ≥osonEγμc−ysEwτtρEtρμEh{shzEγμtμctorE2015QE
]ZQEV 3

194 h{shzEyunEVEsμ−rcρμsEνorEγτrμctEp−τrEproγuctτonEoνEtρτrγRπμnμr−tτonEsqu−rψsE−tEtρμEs−rπμEo−γronE
jollτγμrE2015QE]ZQEV 3

193 tμ−surμmμntEoνEtρμEτnclusτvμEχμtEcrossRsμctτonEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~EusτnπE
YSZEν≥â��VEoνEγ−t−EwτtρEtρμEh{shzEγμtμctorE2015QEWUVZQEV 3

192 tμ−surμmμntEoνEtρμEtopEqu−rψEp−τrEproγuctτonEcρ−rπμE−symmμtryEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}ENEdE]E{μ~EusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 24

191
zμ−rcρEνorEtρμEγτrμctEproγuctτonEoνEcρ−rπτnosQEnμutr−lτnosE−nγEst−usEτnEντn−lEst−tμsEwτtρE−tElμ−stEtwoE
ρ−γronτc−llyEγμc−yτnπEt−usE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 29

190
pnvμstτπ−tτonEoνEsτlτconEsμnsorsEνorEtρμτrEusμE−sE−ntτprotonE−nnτρτl−tτonEγμtμctorsSENuclearp
InstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandp
AssociatedpEquipmentQE2014QE][ZQEV[VRV[[

1.2 4
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189 XkEy−γτ−tτonEkμtμctorsaEjρ−rπμEjollμctτonEjρ−r−ctμrτs−tτonE−nγEhpplτc−≥τlτtyEoνE{μcρnoloπyEνorE
tτcroγosτmμtrySEIEEEpTransactionsponpNuclearpScienceQE2014QE[VQEVZX]RVZYX 1.7 11

188
{ρμEγτννμrμntτ−lEproγuctτonEcrossEsμctτonEoνEtρμE–mormul−aEsμμEtμxt MVUWUNEmμsonEτnE–mormul−aEsμμE
tμxt EdE]´ {μ~E–mormul−aEsμμEtμxt EcollτsτonsEmμ−surμγEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEW^_Z

4.2 12

187 llμctronErμconstructτonE−nγEτγμntτντc−tτonEμνντcτμncyEmμ−surμmμntsEwτtρEtρμEh{shzEγμtμctorEusτnπE
tρμEWUVVEsojEprotonRprotonEcollτsτonEγ−t−SEEuropeanpPhysicalpJournalpCQE2014QE]YQEW_YV 4.2 160

186 tμ−surμmμntEoνEtρμEunγμrlyτnπEμvμntEτnEχμtEμvμntsEνromE]EMtμxtE{{μ~}NEprotonâ��protonEcollτsτonsE
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEV 4.2 18

185
tμ−surμmμntEoνEtρμEcμntr−lτtyE−nγEpsμuγor−pτγτtyEγμpμnγμncμEoνEtρμEτntμπr−tμγEμllτptτcEνlowEτnE
lμ−γRlμ−γEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~´ wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE
2014QE]YQEW_^W

4.2 18

184 sτπρtRqu−rψE−nγEπluonEχμtEγτscrτmτn−tτonEτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt EwτtρE
tρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUWX 4.2 46

183
tμ−surμmμntEoνEtρμEμlμctrowμ−ψEproγuctτonEoνEγτχμtsEτnE−ssocτ−tτonEwτtρE−E”R≥osonE−nγE
γτstrτ≥utτonsEsμnsτtτvμEtoEvμctorE≥osonEνusτonEτnEprotonRprotonEcollτsτonsE−tEMEsqrt{s}ENEdE^E{μ~EusτnπE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 14

182
zμ−rcρEνorEγτrμctEproγuctτonEoνEcρ−rπτnosE−nγEnμutr−lτnosEτnEμvμntsEwτtρEtρrμμElμptonsE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEMEsqrt{s}ENEdE^E{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 76

181
tμ−surμmμntEoνEtρμEproγuctτonEcrossEsμctτonEoνEpromptEqTˇ�EmμsonsEτnE−ssocτ−tτonEwτtρE−E‘E´–E
≥osonEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdE]E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE
2014QEWUVYQEV

5.4 24

180 tμ−surμmμntEoνEγτχμtEcrossRsμctτonsEτnEppEcollτsτonsE−tE]E{μ~EcμntrμRoνRm−ssEμnμrπyEusτnπEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 17

179 tμ−surμmμntEoνEtρμEproγuctτonEoνE−E‘E≥osonEτnE−ssocτ−tτonEwτtρE−Ecρ−rmEqu−rψEτnEppEcollτsτonsE−tEME
sqrt{s}ENEdE]E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 37

178
zμ−rcρEνorEγτrμctEproγuctτonEoνEcρ−rπτnosQEnμutr−lτnosE−nγEslμptonsEτnEντn−lEst−tμsEwτtρEtwoElμptonsE
−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEppEcollτsτonsE−tEMEsqrt{s}ENEdE^{μ~EwτtρEtρμEh{shzEγμtμctorSE
JournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 120

177 zμ−rcρEνorEsupμrsymmμtryE−tEMsqrt{s}NEdE^E{μ~EτnEντn−lEst−tμsEwτtρEχμtsE−nγEtwoEs−mμRsτπnElμptonsEorE
tρrμμElμptonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 39

176 tμ−surμmμntEoνEtρμElowRm−ssEkrμllR“−nEγτννμrμntτ−lEcrossEsμctτonE−tEMEsqrt{s}ENEdE]E{μ~EusτnπEtρμE
h{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 18

175 zμ−rcρEνorEγτrμctEtopRsqu−rψEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEtwoElμptonsEτnEppEcollτsτonsE−tEME
sqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 52

174 tμ−surμmμntEoνEˇ�EcVE−nγEˇ�EcWEproγuctτonEwτtρEMEsqrt{s}ENEdE]E{μ~EppEcollτsτonsE−tEh{shzSEJournalpofp
HighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

173 zμ−rcρEνorEmτcroscopτcE≥l−cψEρolμsE−nγEstrτnπE≥−llsEτnEντn−lEst−tμsEwτtρElμptonsE−nγEχμtsEwτtρEtρμE
h{shzEγμtμctorE−tEMEsqrt{s}ENEdE^E{μ~SEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 6

172 zμ−rcρEνorEnμwEp−rtτclμsEτnEμvμntsEwτtρEonμElμptonE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnEppE
collτsτonsE−tEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 40
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171
zμ−rcρEνorEγτrμctEtopEsqu−rψEp−τrEproγuctτonEτnEμvμntsEwτtρE−E–mormul−aEsμμEtμxt E≥osonQE–mormul−aE
sμμEtμxt RχμtsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEτnE–mormul−aEsμμEtμxt E{μ~E–mormul−aEsμμEtμxt E
collτsτonsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEW^^X

4.2 41

170 XkEsμnsorsE−nγEmτcroRν−≥rτc−tμγEγμtμctorEsystμmsSENuclearpInstrumentspandpMethodspinpPhysicsp
Research,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2014QE][ZQEVZVRVZY1.2 4

169 jomp−rτsonEoνEwl−n−rE−nγEXkEzτlτconEwτxμlEzμnsorsE}sμγEνorEkμtμctτonEoνEsowElnμrπyEhntτprotonsSE
IEEEpTransactionsponpNuclearpScienceQE2014QE[VQEX]Y]RX]ZX 1.7 1

168 zμ−rcρEνorEnμutr−lEoτππsE≥osonsEoνEtρμEmτnτm−lEsupμrsymmμtrτcEst−nγ−rγEmoγμlEτnEppEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 67

167 tμ−surμmμntEoνEtρμEmuonErμconstructτonEpμrνorm−ncμEoνEtρμEh{shzEγμtμctorEusτnπEWUVVE−nγEWUVWE
sojEprotonRprotonEcollτsτonEγ−t−SEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVXU 4.2 166

166
tμ−surμmμntsEoνEχμtEvμtoμsE−nγE−zτmutρ−lEγμcorrμl−tτonsEτnEγτχμtEμvμntsEproγucμγEτnE–mormul−aEsμμE
tμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014QE
]YQEXVV]

4.2 17

165
hEmμ−surμmμntEoνEtρμEr−tτoEoνEtρμEproγuctτonEcrossEsμctτonsEνorE–mormul−aEsμμEtμxt E−nγE–mormul−aE
sμμEtμxt E≥osonsEτnE−ssocτ−tτonEwτtρEχμtsEwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014
QE]YQEXV[^

4.2 16

164 tμ−surμmμntsEoνEντγucτ−lE−nγEγτννμrμntτ−lEcrossEsμctτonsEνorEoτππsE≥osonEproγuctτonEτnEtρμE
γτpρotonEγμc−yEcρ−nnμlE−tEMEsqrt{s}d^ENE{μ~EwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 30

163
zμ−rcρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEl−rπμEmτssτnπEtr−nsvμrsμEmomμntumQEχμtsQE−nγE−tElμ−stE
onμEt−uElμptonEτnEWUEν≥â��VEoνEMEsqrt{s}ENEdE^E{μ~EprotonRprotonEcollτsτonEγ−t−EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 9

162
zμ−rcρEνorEsqu−rψsE−nγEπluτnosEwτtρEtρμEh{shzEγμtμctorEτnEντn−lEst−tμsEwτtρEχμtsE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEusτnπEMEsqrt{s}d^ENE{μ~EprotonRprotonEcollτsτonEγ−t−SEJournalpofpHighpEnergyp
PhysicsQE2014QEWUVYQEV

5.4 108

161
tμ−surμmμntEoνEtρμE–mormul−aEsμμEtμxt EproγuctτonEcrossRsμctτonEusτnπE–mormul−aEsμμEtμxt EμvμntsE
wτtρE–mormul−aEsμμEtμxt Rt−ππμγEχμtsEτnE–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt E−nγE
^´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVU_

4.2 107

160
zμ−rcρEνorEtopEsqu−rψEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEonμEτsol−tμγElμptonQEχμtsQE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEτnEMEsqrt{s}ENEdE^E{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 54

159 tuonErμconstructτonEμνντcτμncyE−nγEmomμntumErμsolutτonEoνEtρμEh{shzEμxpμrτmμntEτnE
protonRprotonEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ {μ~EτnEWUVUSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUXY 4.2 45

158 llμctronE−nγEpρotonEμnμrπyEc−lτ≥r−tτonEwτtρEtρμEh{shzEγμtμctorEusτnπEsojEyunEVEγ−t−SEEuropeanp
PhysicalpJournalpCQE2014QE]YQEV 4.2 160

157
zμ−rcρEνorEcont−ctEτntμr−ctτonsE−nγEl−rπμEμxtr−EγτmμnsτonsEτnEtρμEγτlμptonEcρ−nnμlEusτnπE
protonRprotonEcollτsτonsE−tE–mormul−aEsμμEtμxt ´ ^´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXVXY

4.2 31

156 tμ−surμmμntEoνEνlowEρ−rmonτcsEwτtρEmultτRp−rtτclμEcumul−ntsEτnEw≥Pw≥EcollτsτonsE−tE–mormul−aEsμμE
tμxt ´ {μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVZ] 4.2 52

155
tμ−surμmμntEoνEγτstrτ≥utτonsEsμnsτtτvμEtoEtρμEunγμrlyτnπEμvμntEτnEτnclusτvμE”R≥osonEproγuctτonEτnE
–mormul−aEsμμEtμxt EcollτsτonsE−tE–mormul−aEsμμEtμxt E{μ~EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXV_Z

4.2 21

154 zμ−rcρEνorEγτrμctEp−τrEproγuctτonEoνEtρμEtopEsqu−rψEτnE−llRρ−γronτcEντn−lEst−tμsEτnEprotonRprotonE
collτsτonsE−tEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 36
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153 tμ−surμmμntEoνEtρμEproγuctτonEcrossRsμctτonEoνEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EτnEppEcollτsτonsE−tEME
sqrt{s}ENEdE]E{μ~E−tEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 16

152 tμ−surμmμntEoνEtρμE”T˛‡EOE≥osonEtr−nsvμrsμEmomμntumEγτstrτ≥utτonEτnEppEcollτsτonsE−tEMEsqrt{s}d]ENE
{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 79

151
zμ−rcρEνorEstronπEproγuctτonEoνEsupμrsymmμtrτcEp−rtτclμsEτnEντn−lEst−tμsEwτtρEmτssτnπEtr−nsvμrsμE
momμntumE−nγE−tElμ−stEtρrμμE≥RχμtsE−tEMEsqrt{s}EdE^ENE{μ~EprotonRprotonEcollτsτonsEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 31

150 tμ−surμmμntEoνEγτννμrμntτ−lEproγuctτonEcrossRsμctτonsEνorE−E”E≥osonEτnE−ssocτ−tτonEwτtρE≥RχμtsEτnE]E
{μ~EprotonRprotonEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

149 zμ−rcρEνorElonπRlτvμγEnμutr−lEp−rtτclμsEγμc−yτnπEτntoElμptonEχμtsEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 38

148
zμ−rcρEνorEp−τrE−nγEsτnπlμEproγuctτonEoνEnμwEρμ−vyEqu−rψsEtρ−tEγμc−yEtoE−E”E≥osonE−nγE−E
tρτrγRπμnμr−tτonEqu−rψEτnEppEcollτsτonsE−tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 29

147 tμ−surμmμntEoνEtρμEMtovμrlτnμ{t}NEproγuctτonEcrossRsμctτonEusτnπEMμmuENEμvμntsEwτtρEM≥NRt−ππμγEχμtsE
τnEMppNEcollτsτonsE−tEMsqrt{s}d]NE−nγE^E{μ~EwτtρEtρμEh{shzEγμtμctorE2014QE]YQEV 2

146 tμ−surμmμntEoνEtρμEproγuctτonEcrossEsμctτonEoνEχμtsEτnE−ssocτ−tτonEwτtρE−E”E≥osonEτnEppEcollτsτonsE−tE
MEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 50

145 tμ−surμmμntEoνEtρμEcrossRsμctτonEνorE‘E≥osonEproγuctτonEτnE−ssocτ−tτonEwτtρE≥RχμtsEτnEppEcollτsτonsE
−tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 34

144 zμ−rcρEνorEtρτrγEπμnμr−tτonEsc−l−rElμptoqu−rψsEτnEppEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 30

143 zμ−rcρEνorEγ−rψEm−ttμrEc−nγτγ−tμsE−nγEl−rπμEμxtr−EγτmμnsτonsEτnEμvμntsEwτtρE−EχμtE−nγEmτssτnπE
tr−nsvμrsμEmomμntumEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 124

142 tμ−surμmμntEoνE””EproγuctτonEτnEppEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~E−nγElτmτtsEonE−nom−lousE”””E−nγE
””˛‡EcouplτnπsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 45

141
zμ−rcρEνorEcρ−rπμγEoτππsE≥osonsEtρrouπρEtρμEvτol−tτonEoνElμptonEunτvμrs−lτtyEτnEMEtovμrlτnμ{t}ENE
μvμntsEusτnπEppEcollτsτonEγ−t−E−tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 14

140 zμ−rcρEνorEtρμEnμutr−lEoτππsE≥osonsEoνEtρμEmτnτm−lEsupμrsymmμtrτcEst−nγ−rγEmoγμlEτnEppEcollτsτonsE
−tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 47

139 tμ−surμmμntEoνEsplτttτnπEsc−lμsEτnEReEμvμntsE−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2013QE]XQEWYXW 4.2 8

138
zμ−rcρEνorE−ElτπρtEcρ−rπμγEoτππsE≥osonEτnEtρμEγμc−yEcρ−nnμlE–mormul−aEsμμEtμxt EτnE–mormul−aEsμμE
tμxt EμvμntsEusτnπEcollτsτonsE−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWY[Z

4.2 76

137
zμ−rcρEνorEγτrμctEtρτrγRπμnμr−tτonEsqu−rψEp−τrEproγuctτonEτnEντn−lEst−tμsEwτtρEmτssτnπEtr−nsvμrsμE
momμntumE−nγEtwoE≥RχμtsEτnEMEsqrt{s}d^ENE{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 92

136
zμ−rcρEνorEnμwEpρμnomμn−EτnEντn−lEst−tμsEwτtρEl−rπμEχμtEmultτplτcτtτμsE−nγEmτssτnπEtr−nsvμrsμE
momμntumE−tEMEsqrt{s}d^ENE{μ~EprotonRprotonEcollτsτonsEusτnπEtρμEh{shzEμxpμrτmμntSEJournalpofp
HighpEnergypPhysicsQE2013QEWUVXQEV

5.4 64

(2013-2014)
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135 tμ−surμmμntEoνEtρμEγτννμrμntτ−lEcrossRsμctτonEoνEiEPEmμsonEproγuctτonEτnEppEcollτsτonsE−tEME
sqrt{s}d]ENE{μ~E−tEh{shzSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 24

134 wμrνorm−ncμEoνEχμtEsu≥structurμEtμcρnτquμsEνorEl−rπμRyEχμtsEτnEprotonRprotonEcollτsτonsE−tEME
sqrt{s}d]ENE{μ~EusτnπEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 43

133 pmprovμγElumτnosτtyEγμtμrmτn−tτonEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt EusτnπEtρμEh{shzEγμtμctorE−tE
tρμEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWZV^ 4.2 276

132
tμ−surμmμntEoνEtρμEτnclusτvμEχμtEcrossRsμctτonEτnEcollτsτonsE−tE–mormul−aEsμμEtμxt E−nγEcomp−rτsonE
toEtρμEτnclusτvμEχμtEcrossRsμctτonE−tE–mormul−aEsμμEtμxt EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWZU_

4.2 71

131 tultτRcρ−nnμlEsμ−rcρEνorEsqu−rψsE−nγEπluτnosEτnE–mormul−aEsμμEtμxt EcollτsτonsEwτtρEtρμEh{shzE
γμtμctorE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWX[W 4.2 25

130 qμtEμnμrπyEmμ−surμmμntEwτtρEtρμEh{shzEγμtμctorEτnEprotonRprotonEcollτsτonsE−tE
Msqrt{m−tρrm{s}}d]Em−tρrm{{μ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 209

129 tμ−surμmμntEoνEχμtEsρ−pμsEτnEtopRqu−rψEp−τrEμvμntsE−tE–mormul−aEsμμEtμxt EusτnπEtρμEh{shzE
γμtμctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEW[][ 4.2 18

128
tμ−surμmμntEoνEtρμEγτstrτ≥utτonsEoνEμvμntR≥yRμvμntEνlowEρ−rmonτcsEτnElμ−γRlμ−γEcollτsτonsE−tEME
sqrt{{{s_{uuE}}}}ENEdEWS][E{μ~EwτtρEtρμEh{shzEγμtμctorE−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE
2013QEWUVXQEV

5.4 143

127 tμ−surμmμntEoνEtρμEtopEqu−rψEcρ−rπμEτnEppEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμctorSE
JournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 15

126 h{shzEsμ−rcρEνorEnμwEpρμnomμn−EτnEγτχμtEm−ssE−nγE−nπul−rEγτstrτ≥utτonsEusτnπEppEcollτsτonsE−tEME
sqrt{s}d]EN{μ~SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 72

125 tμ−surμmμntEoνEτsol−tμγRpρotonEp−τrEproγuctτonEτnEppEcollτsτonsE−tEMEsqrt{s}d]b{μ~ENEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 44

124 zμ−rcρEνorErμson−ncμsEγμc−yτnπEτntoEtopRqu−rψEp−τrsEusτnπEνullyEρ−γronτcEγμc−ysEτnEppEcollτsτonsEwτtρE
h{shzE−tEMEsqrt{s}d]ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 55

123
zμ−rcρEνorEγτrμctEcρ−rπτnoEproγuctτonEτnE−nom−lyRmμγτ−tμγEsupμrsymmμtryE≥rμ−ψτnπEmoγμlsE≥−sμγE
onE−Eγτs−ppμ−rτnπRtr−cψEsτπn−turμEτnEppEcollτsτonsE−tEMEsqrt{s}d]bm−tρrm{{μ~}ENEwτtρEtρμEh{shzE
γμtμctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV

5.4 15

122 muturμEtrμnγsEoνEXkEsτlτconEsμnsorsSENuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionpA:p
Accelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2013QE]XVQEWUVRWUY 1.2 4

121
yKkEp−tρsEoνEpτxμlEγμtμctorsEνorEvμrtμxEtr−cψτnπE−nγEr−γτ−tτonEτm−πτnπSENuclearpInstrumentspandp
MethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedp
EquipmentQE2013QE]V[QEW_RYZ

1.2 7

120
iμ−mEtμstEstuγτμsEoνEXkEpτxμlEsμnsorsEτrr−γτ−tμγEnonRunτνormlyEνorEtρμEh{shzEνorw−rγEpρysτcsE
γμtμctorSENuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,p
Spectrometers,pDetectorspandpAssociatedpEquipmentQE2013QE]XUQEW^RXW

1.2 11

119 tμ−surμmμntsEoνEtopEqu−rψEp−τrErμl−tτvμEγτννμrμntτ−lEcrossRsμctτonsEwτtρEh{shzEτnEppEcollτsτonsE−tE
Msqrt{s}EdE]Em≥ox{{μ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 55

118 zμ−rcρEνorEp−τrRproγucμγEm−ssτvμEcolourμγEsc−l−rsEτnEνourRχμtEντn−lEst−tμsEwτtρEtρμEh{shzEγμtμctorE
τnEprotonâ��protonEcollτsτonsE−tEMsqrt{s}EdE]Em≥ox{{μ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 44

Cinzia Da Via
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117
XkE−ctτvμEμγπμEsτlτconEsμnsorsaEkμvτcμEprocμssτnπQEyτμlγE−nγExhEνorEtρμEh{shzRpisEproγuctτonSE
NuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,p
DetectorspandpAssociatedpEquipmentQE2013QE[__QEV^RWV

1.2 11

116 tμ−surμmμntEoνEtρμEνl−vourEcomposτtτonEoνEγτχμtEμvμntsEτnEppEcollτsτonsE−tEMsqrt{s}d]Em≥ox{{μ~}NE
wτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 12

115 zτnπlμEρ−γronErμsponsμEmμ−surμmμntE−nγEc−lorτmμtμrEχμtEμnμrπyEsc−lμEuncμrt−τntyEwτtρEtρμEh{shzE
γμtμctorE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 41

114 qμtEμnμrπyErμsolutτonEτnEprotonRprotonEcollτsτonsE−tE–mormul−aEsμμEtμxt ErμcorγμγEτnEWUVUEwτtρEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXU[ 4.2 153

113 tμ−surμmμntEoνEtρμE–mormul−aEsμμEtμxt EproγuctτonEcrossEsμctτonEτnEtρμEt−uEPEχμtsEcρ−nnμlEusτnπEtρμE
h{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXW^ 4.2 30

112
zμ−rcρEνor‘oproγuctτonEwτtρE−ElτπρtEoτππsE≥osonEγμc−yτnπEtoEpromptEμlμctronRχμtsEτnE
protonâ��protonEcollτsτonsE−tEIsqrtE{s}d]IE{μ~EwτtρEtρμEh{shzEγμtμctorSENewpJournalpofpPhysicsQE2013QE
VZQEUYXUU_

2.9 15

111 wμrνorm−ncμEoνE−lmostEμγπμlμssEsτlτconEγμtμctorsEτnEj{zE−nγEXkRpl−n−rEtμcρnoloπτμsSEJournalpofp
InstrumentationQE2013QE^QEwU[UU_RwU[UU_ 1 1

110 zμ−rcρEνorEγμc−ysEoνEstoppμγQElonπRlτvμγEp−rtτclμsEνromE]E{μ~EppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 14

109
tμ−surμmμntEoνEtρμEpol−rτs−tτonEoνE‘E≥osonsEproγucμγEwτtρEl−rπμEtr−nsvμrsμEmomμntumEτnEppE
collτsτonsE−tEMsqrt{s}EdE]Em≥ox{{μ~}NEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

108 tμ−surμmμntEoνEtρμEcρ−rπμE−symmμtryEτnEtopEqu−rψEp−τrEproγuctτonEτnEcollτsτonsE−tE–mormul−aEsμμE
tμxt EusτnπEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUX_ 4.2 78

107 zμ−rcρEνorElμptonEνl−vourEvτol−tτonEτnEtρμEcontτnuumEwτtρEtρμEh{shzEγμtμctorEτnE–mormul−aEsμμEtμxt E
collτsτonsE−tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUYU 4.2 10

106 tμ−surμmμntEoνEtρμEtopEqu−rψEm−ssEwτtρEtρμEtμmpl−tμEmμtρoγEτnEtρμE–mormul−aEsμμEtμxt Ecρ−nnμlE
usτnπEh{shzEγ−t−SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUY[ 4.2 42

105 zμ−rcρEνorEρμ−vyEnμutrτnosE−nγErτπρtRρ−nγμγE≥osonsEτnEμvμntsEwτtρEtwoElμptonsE−nγEχμtsEτnE
collτsτonsE−tE–mormul−aEsμμEtμxt EwτtρEtρμEh{shzEγμtμctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUZ[ 4.2 78

104 tμ−surμmμntEoνEpol−rτz−tτonEτnEReEγμc−ysEwτtρEtρμEh{shzEγμtμctorEτnEcollτsτonsE−tE–mormul−aEsμμE
tμxt SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU[W 4.2 17

103
tμ−surμmμntEoνEtρμEcrossEsμctτonEνorEtopRqu−rψEp−τrEproγuctτonEτnEppEcollτsτonsE−tEMsqrtE{s}EdE
{]}Q{tμxt{{μ~}}NEwτtρEtρμEh{shzEγμtμctorEusτnπEντn−lEst−tμsEwτtρEtwoEρτπρRpE{ElμptonsSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV

5.4 43

102 qμtEm−ssE−nγEsu≥structurμEoνEτnclusτvμEχμtsEτnEMEsqrtE{s}EdE]b{tμxt{{μ~}}ENEppEcollτsτonsEwτtρEtρμEh{shzE
μxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 67

101 tμ−surμmμntEoνEτnclusτvμEtwoRp−rtτclμE−nπul−rEcorrμl−tτonsEτnEppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorE
−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 10

100
ountEνorEnμwEpρμnomμn−EusτnπEl−rπμEχμtEmultτplτcτtτμsE−nγEmτssτnπEtr−nsvμrsμEmomμntumEwτtρE
h{shzEτnEYS]Eν≥â��VEoνEMEsqrtE{s}EdE]b{μ~ENEprotonRprotonEcollτsτonsSEJournalpofpHighpEnergypPhysicsQE
2012QEWUVWQEV

5.4 48

(2012-2013)
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99
hEsμ−rcρEνorEMEtovμrlτnμEtENErμson−ncμsEτnElμptonPχμtsEμvμntsEwτtρEρτπρlyE≥oostμγEtopEqu−rψsE
collμctμγEτnEppEcollτsτonsE−tEMEsqrtE{s}EdE]ENE{μ~EwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergyp
PhysicsQE2012QEWUVWQEV

5.4 39

98 zμ−rcρEνorEtρμEzt−nγ−rγEtoγμlEoτππsE≥osonEτnEtρμEoEReEˇ�EPEˇ�Eâ��Eγμc−yEmoγμEτnEMEsqrtE{s}EdE
]Q{m−tρrm{{μ~}}ENEppEcollτsτonsEwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 37

97 hEsμ−rcρEνorEνl−vourEcρ−nπτnπEnμutr−lEcurrμntsEτnEtopRqu−rψEγμc−ysEτnEppEcollτsτonEγ−t−EcollμctμγE
wτtρEtρμEh{shzEγμtμctorE−tEMEsqrt{s}d]b{μ~ENSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 31

96 tμ−surμmμntsEoνEtρμEpsμuγor−pτγτtyEγμpμnγμncμEoνEtρμEtot−lEtr−nsvμrsμEμnμrπyEτnEprotonRprotonE
collτsτonsE−tEMEsqrt{s}d]ENE{μ~EwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 11

95 zμ−rcρEνorE−Eρμ−vyEtopRqu−rψEp−rtnμrEτnEντn−lEst−tμsEwτtρEtwoElμptonsEwτtρEtρμEh{shzEγμtμctorE−tE
tρμEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 53

94 zμ−rcρEνorEρτπρRm−ssErμson−ncμsEγμc−yτnπEtoEγτlμptonEντn−lEst−tμsEτnEppEcollτsτonsE−tEMEsqrt{s}d]ENE{μ~E
wτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 49

93 zμ−rcρEνorE−nom−lousEproγuctτonEoνEpromptElτψμRsτπnElμptonEp−τrsE−tEMEsqrt{s}d]bm−tρrm{{μ~}ENEwτtρE
tρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 16

92 zμ−rcρEνorEp−τrEproγuctτonEoνEm−ssτvμEp−rtτclμsEγμc−yτnπEτntoEtρrμμEqu−rψsEwτtρEtρμEh{shzEγμtμctorE
τnEMEsqrt{s}d]bm−tρrm{{μ~}ENEppEcollτsτonsE−tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 45

91
zμ−rcρEνorEyRp−rτtyRvτol−tτnπEsupμrsymmμtryEτnEμvμntsEwτtρEνourEorEmorμElμptonsEτnEME
sqrt{s}d]bm−tρrm{{μ~}ENEppEcollτsτonsEwτtρEtρμEh{shzEγμtμctorSEJournalpofpHighpEnergypPhysicsQE2012QE
WUVWQEV

5.4 13

90 llμctronEpμrνorm−ncμEmμ−surμmμntsEwτtρEtρμEh{shzEγμtμctorEusτnπEtρμEWUVUEsojEprotonRprotonE
collτsτonEγ−t−SEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 199

89 y−pτγτtyEπ−pEcrossEsμctτonsEmμ−surμγEwτtρEtρμEh{shzEγμtμctorEτnEppEcollτsτonsE−tEMsqrt{s}EdE]E
m≥ox{~{μ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 70

88
zμ−rcρEνorE−nom−lyRmμγτ−tμγEsupμrsymmμtryE≥rμ−ψτnπEwτtρEtρμEh{shzEγμtμctorE≥−sμγEonE−E
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