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507 wμrνorm≥nΛμEoνEtρμEh{shzEsμvμψRVEtopoψoπτΛ≥ψEtrτππμrEτnEyun´ WSEEuropeanpPhysicalpJournalpCQE2022QE
^WQEV 4.2 0

506
zμ≥rΛρEνorEμxotτΛEγμΛ≥ysEoνEtρμEoτππsEbosonEτntoEbIIEovμrψτnμ{b}EIIE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumEτnEppEΛoψψτsτonsE≥tEIIEsqrt{s}EIIEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

505
vbsμrv≥tτonEoνEμψμΛtrowμ≥χEproγuΛtτonEoνEtwoEφμtsEτnE≥ssoΛτ≥tτonEwτtρE≥nEτsoψ≥tμγEpρotonE≥nγE
mτssτnπEtr≥nsvμrsμEmomμntumQE≥nγEsμ≥rΛρEνorE≥EoτππsEbosonEγμΛ≥yτnπEτntoEτnvτsτbψμEp≥rtτΛψμsE≥tE
VX´ IItμxtE{{μ~}IIEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2022QE^WQEV

4.2 0

504
zμ≥rΛρEνorEoτππsEbosonsEγμΛ≥yτnπEτntoEnμwEspτnRUEorEspτnRVEp≥rtτΛψμsEτnEνourRψμptonEντn≥ψEst≥tμsEwτtρE
tρμEh{shzEγμtμΛtorEwτtρEVX_Eνbâ��VEoνEppEΛoψψτsτonEγ≥t≥E≥tEIIEsqrt{s}EIIEdEVXE{μ~SEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

503 htψm≥stXaE{ρμEuμxtEnμnμr≥tτonEoνEm≥stEzτmuψ≥tτonEτnEh{shzSEComputingpandpSoftwarepforpBigpScienceQE
2022QE[QEV 6 0

502
tμ≥surμmμntEoνEtρμEμnμrπyErμsponsμEoνEtρμEh{shz´ Λ≥ψorτmμtμrEtoEΛρ≥rπμγ´ pτonsEνromEII‘^{pmE
}rτπρt≥rrowEt≥uE^{pmE}Mrτπρt≥rrowEpτE^{pmE}nuEℓ{t≥uE}NnuEℓ{t≥uE}IIEμvμntsEτnEyun´ WEγ≥t≥SEEuropeanp
PhysicalpJournalpCQE2022QE^WQEV

4.2 0

501 {ρμEh{shzEτnnμrEγμtμΛtorEtrτππμrEpμrνorm≥nΛμEτnEppEΛoψψτsτonsE≥tEVX´ {μ~EγurτnπEsojEyunEWSE
EuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2

500 kμtμrmτn≥tτonEoνEtρμEp≥rtonEγτstrτbutτonEνunΛtτonsEoνEtρμEprotonEusτnπEγτvμrsμEh{shzEγ≥t≥EνromEppE
ΛoψψτsτonsE≥tEIIsqrt{s}EdE]IIQE^E≥nγEVX´ {μ~SEEuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2 1

499
zμ≥rΛρEνorEyRp≥rτtyRvτoψ≥tτnπEsupμrsymmμtryEτnE≥Eντn≥ψEst≥tμEΛont≥τnτnπEψμptonsE≥nγEm≥nyEφμtsEwτtρE
tρμEh{shzEμxpμrτmμntEusτnπEMsqrt{s}EdEVXρboxE{E{μ~}NEprotonâ��protonEΛoψψτsτonEγ≥t≥SEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 2

498 tμ≥surμmμntEoνEtρμEtMEovμrψτnμ{t}ENtMEovμrψτnμ{t}ENEproγuΛtτonEΛrossEsμΛtτonEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

497
zμ≥rΛρEνorEγ≥rχEm≥ttμrEτnEμvμntsEwτtρEmτssτnπEtr≥nsvμrsμEmomμntumE≥nγE≥EoτππsEbosonEγμΛ≥yτnπE
τntoEtwoEpρotonsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

496 zμ≥rΛρEνorEtypμRpppEsμμs≥wEρμ≥vyEψμptonsEτnEγτψμptonEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}EdEVXQ{tμxtE
{{μ~}}ENEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

495 tμ≥surμmμntEoνEψτπρtRbyRψτπρtEsΛ≥ttμrτnπE≥nγEsμ≥rΛρEνorE≥xτonRψτχμEp≥rtτΛψμsEwτtρEWSWEnbâ��VEoνEwbPwbE
γ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

494
zμ≥rΛρEνorEoτππsEbosonEproγuΛtτonEτnE≥ssoΛτ≥tτonEwτtρE≥EρτπρRμnμrπyEpρotonEvτ≥EvμΛtorRbosonE
νusτonEwτtρEγμΛ≥yEτntoEbottomEqu≥rχEp≥τrsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 1

493
zμ≥rΛρEνorEnμwEpρμnomμn≥EwτtρEtopEqu≥rχEp≥τrsEτnEντn≥ψEst≥tμsEwτtρEonμEψμptonQEφμtsQE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 6

492
zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEμvμntsEwτtρEtwoEopposτtμRΛρ≥rπμEψμptonsQEφμtsE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumEτnEppEΛoψψτsτonsE≥tEMEsqrt{m≥tρrm{s}}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 8

491
zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEsΛ≥ψ≥rEψμptoqu≥rχsEγμΛ≥yτnπEτntoEντrstREorEsμΛonγRπμnμr≥tτonEψμptonsE
≥nγEtopEqu≥rχsEτnEprotonâ��protonEΛoψψτsτonsE≥tEMsqrt{s}NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 5
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490 vptτmτs≥tτonEoνEψ≥rπμRr≥γτusEφμtErμΛonstruΛtτonEνorEtρμEh{shzEγμtμΛtorEτnEVXE{μ~Eprotonâ��protonE
ΛoψψτsτonsSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 2

489 kτrμΛtEγμtμΛtτonEoνEZRtμ~EprotonsEbyEνψμxτbψμEorπ≥nτΛEtρτnRντψmEγμvτΛμsSESciencepAdvancesQE2021QE]QE 14.3 3

488
zμ≥rΛρEνorEρμ≥vyErμson≥nΛμsEγμΛ≥yτnπEτntoE≥Ep≥τrEoνE—EbosonsEτnEtρμEMμψψE^PμψψE^RμψψEL^PμψψEL^RNE≥nγEMμψψE
^PμψψE^RnuE{{b≥r{nuE}}}NEντn≥ψEst≥tμsEusτnπEVX_EMm≥tρrmE{νb}^{RV}NEoνEprotonâ��protonEΛoψψτsτonsE≥tE
Msqrt{s}EdEVXQN{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 8

487
zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEντn≥ψEst≥tμsEwτtρEbRφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEME
sqrt{m≥tρrm{s}}ENEdEVXE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 6

486
zμ≥rΛρEνorE≥Eρμ≥vyEoτππsEbosonEγμΛ≥yτnπEτntoE≥E—EbosonE≥nγE≥notρμrEρμ≥vyEoτππsEbosonEτnEtρμEMμψψE
μψψEbbNE≥nγEMμψψEμψψE‘‘NEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEMsqrt{s}dVXNEMtμxtE{{μ~}NEwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 7

485
zμ≥rΛρEνorEγoubψyE≥nγEsτnπψyEΛρ≥rπμγEoτππsEbosonsEγμΛ≥yτnπEτntoEvμΛtorEbosonsEτnEmuψtτRψμptonEντn≥ψE
st≥tμsEwτtρEtρμEh{shzEγμtμΛtorEusτnπEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{m≥tρrm{s}}ENEdEVXE{μ~SE
JournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV

5.4 3

484 tμ≥surμmμntsEoνE‘P‘â��PEâ�¥EVEφμtEproγuΛtτonEΛrossRsμΛtτonsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

483 zμ≥rΛρEνorEΛρ≥rπμγEoτππsEbosonsEγμΛ≥yτnπEτntoE≥EtopEqu≥rχE≥nγE≥EbottomEqu≥rχE≥tEMEsqrt{m≥tρrm{s}}E
NEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 8

482 tμ≥surμmμntsEoνEoτππsEbosonsEγμΛ≥yτnπEtoEbottomEqu≥rχsEνromEvμΛtorEbosonEνusτonEproγuΛtτonE
wτtρEtρμEh{shzEμxpμrτmμntE≥tEMsqrt{s}dVXQtμxtE{{μ~}NSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

481
zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEtρτrγRπμnμr≥tτonEsΛ≥ψ≥rEψμptoqu≥rχsEγμΛ≥yτnπEτntoE≥EtopEqu≥rχE≥nγE≥E
ˇ�RψμptonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2021QEWUWVQEV

5.4 6

480 zμ≥rΛρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEνourEorEmorμEΛρ≥rπμγEψμptonsEτnEVX_Eνbâ��VEoνEMEsqrt{s}ENEdE
VXE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 2

479
kμtμrmτn≥tτonEoνEtρμEp≥rtonEγτstrτbutτonEνunΛtτonsEoνEtρμEprotonEνromEh{shzEmμ≥surμmμntsEoνE
γτννμrμntτ≥ψE‘´–E≥nγE—EbosonEproγuΛtτonEτnE≥ssoΛτ≥tτonEwτtρEφμtsSEJournalpofpHighpEnergypPhysicsQE2021
QEWUWVQEV

5.4 1

478 tμ≥surμmμntsEoνEγτννμrμntτ≥ψEΛrossRsμΛtτonsEτnEνourRψμptonEμvμntsEτnEVXE{μ~EprotonRprotonE
ΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

477 hEsμ≥rΛρEνorEtρμEγμΛ≥ysEoνEstoppμγEψonπRψτvμγEp≥rtτΛψμsE≥tEMEsqrt{m≥tρrm{s}}ENEdEVXE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 1

476 tuonErμΛonstruΛtτonE≥nγEτγμntτντΛ≥tτonEμνντΛτμnΛyEτnEh{shzEusτnπEtρμEνuψψEyunEWEppEΛoψψτsτonEγ≥t≥EsμtE
≥tEMsqrt{s}dVXNE{μ~SEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 13

475 tμ≥surμmμntEoνEρ≥γronτΛEμvμntEsρ≥pμsEτnEρτπρRp{EmuψtτφμtEντn≥ψEst≥tμsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρE
tρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 3

474
zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnEντn≥ψEst≥tμsEwτtρEφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEusτnπEVX_E
νbâ��VEoνEMEsqrt{s}ENEdEVXE{μ~EppEΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 8

473 kτννμrμntτ≥ψEΛrossRsμΛtτonEmμ≥surμmμntsEνorEtρμEμψμΛtrowμ≥χEproγuΛtτonEoνEγτφμtsEτnE≥ssoΛτ≥tτonE
wτtρE≥E—EbosonEτnEprotonâ��protonEΛoψψτsτonsE≥tEh{shzSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 5
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472 tμ≥surμmμntsEoνE‘oE≥nγE—oEproγuΛtτonEτnEtρμEMoErτπρt≥rrowEbb≥r{b}NEγμΛ≥yEΛρ≥nnμψEτnEppE
ΛoψψτsτonsE≥tEMVXQtμxtE{{μ}tμxtE{~}NEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

471 zμ≥rΛρEνorEγ≥rχEm≥ttμrEτnE≥ssoΛτ≥tτonEwτtρE≥nEμnμrπμtτΛEpρotonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

470 zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnEντn≥ψEst≥tμsEwτtρEonμEτsoψ≥tμγEψμptonQEφμtsQE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumE≥tEMsqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

469 tμ≥surμmμntEoνEsτnπψμEtopRqu≥rχEproγuΛtτonEτnE≥ssoΛτ≥tτonEwτtρE≥E‘EbosonEτnEtρμEsτnπψμRψμptonE
Λρ≥nnμψE≥tEMsqrt{s}EdE^QtμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

468 qμtEμnμrπyEsΛ≥ψμE≥nγErμsoψutτonEmμ≥surμγEτnEprotonâ��protonEΛoψψτsτonsE≥tEMsqrt{s}dVXNE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 11

467
tμ≥surμmμntsEoνEtρμEτnΛψusτvμE≥nγEγτννμrμntτ≥ψEproγuΛtτonEΛrossEsμΛtτonsEoνE≥EtopRqu≥rχâ��≥ntτqu≥rχE
p≥τrEτnE≥ssoΛτ≥tτonEwτtρE≥E—EbosonE≥tEMsqrt{s}EdEVXNE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2021QE^VQEV

4.2 1

466 zμ≥rΛρEνorEγ≥rχEm≥ttμrEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρE≥EsτnπψμEtopEqu≥rχEτnEMsqrt{s}dVXNE{μ~EMppNE
ΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 4

465
tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEsτnπψμRE≥nγEγoubψμRγτννμrμntτ≥ψEΛrossRsμΛtτonsEτnEtρμE≥ψψRρ≥γronτΛE
Λρ≥nnμψEτnEppEΛoψψτsτonsE≥tEMEsqrt{m≥tρrm{s}}ENEdEVXE{μ~EusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

464 zμ≥rΛρEνorEpρμnomμn≥EbμyonγEtρμEzt≥nγ≥rγEtoγμψEτnEμvμntsEwτtρEψ≥rπμEbRφμtEmuψtτpψτΛτtyEusτnπEtρμE
h{shzEγμtμΛtorE≥tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

463
zμ≥rΛρEνorEγ≥rχEm≥ttμrEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρE≥Ezt≥nγ≥rγEtoγμψEoτππsEbosonEγμΛ≥yτnπEτntoE
bRqu≥rχsEusτnπEtρμEνuψψEyunEWEγ≥t≥sμtEνromEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

462 tμ≥surμmμntEoνEtρμEproγuΛtτonEΛrossEsμΛtτonEoνEp≥τrsEoνEτsoψ≥tμγEpρotonsEτnEppEΛoψψτsτonsE≥tEVXE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

461
zμ≥rΛρEνorEμxotτΛEγμΛ≥ysEoνEtρμEoτππsEbosonEτntoEψonπRψτvμγEp≥rtτΛψμsEτnEppEΛoψψτsτonsE≥tEIIEsqrt{s}EIIE
dEVXE{μ~EusτnπEγτspψ≥ΛμγEvμrtτΛμsEτnEtρμEh{shzEτnnμrEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

460
zμ≥rΛρEνorEΛρ≥rπτnoâ��nμutr≥ψτnoEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEtρrμμEψμptonsE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEIIsqrt{s}EdEVXII´ {μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 1

459 jonντπur≥tτonE≥nγEpμrνorm≥nΛμEoνEtρμEh{shzEbRφμtEtrτππμrsEτnEyunEWSEEuropeanpPhysicalpJournalpCQE
2021QE^VQEV 4.2 1

458
tμ≥surμmμntEoνEbRqu≥rχEνr≥πmμnt≥tτonEpropμrtτμsEτnEφμtsEusτnπEtρμEγμΛ≥yEi´–EReEqTˇ�r´–EτnEppE
ΛoψψτsτonsE≥tEIIEsqrt{s}EIIEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

457 {μstsEoνEtρμEμψμΛtrowμ≥χEsμΛtorEwτtρEprμΛτsτonEmμ≥surμmμntsE≥nγEγτbosonEντn≥ψEst≥tμsE≥tEtρμEh{shzE
lxpμrτmμntSSEJournalpofpPhysics:pConferencepSeriesQE2020QEVZ^[QEUVWUW] 0.3

456 oτππsEbosonEproγuΛtτonEΛrossRsμΛtτonEmμ≥surμmμntsE≥nγEtρμτrElm{Eτntμrprμt≥tτonEτnEtρμEMYμψψENE
γμΛ≥yEΛρ≥nnμψE≥tEMsqrt{s}dNVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 12

455 zμ≥rΛρEνorEp≥τrsEoνEsΛ≥ψ≥rEψμptoqu≥rχsEγμΛ≥yτnπEτntoEqu≥rχsE≥nγEμψμΛtronsEorEmuonsEτnEMEsqrt{s}ENEdEVXE
{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8
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454 zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnEντn≥ψEst≥tμsEwτtρEs≥mμRsτπnEψμptonsE≥nγEφμtsEusτnπEVX_Eνbâ��VEoνEγ≥t≥E
ΛoψψμΛtμγEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

453 wμrνorm≥nΛμEoνEμψμΛtronE≥nγEpρotonEtrτππμrsEτnEh{shzEγurτnπEsojEyunEWSEEuropeanpPhysicalpJournalp
CQE2020QE^UQEV 4.2 30

452 zμ≥rΛρEνorEtopEsqu≥rχsEτnEμvμntsEwτtρE≥EoτππsEorE—EbosonEusτnπEVX_EνbM^{RV}NEoνEppEΛoψψτsτonEγ≥t≥E≥tE
Msqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 1

451 lvτγμnΛμEνorEMtb≥r{t}tb≥r{t}NEproγuΛtτonEτnEtρμEmuψtτψμptonEντn≥ψEst≥tμEτnEprotonâ��protonEΛoψψτsτonsE≥tE
Msqrt{s}dVXNEMtμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

450 zμ≥rΛρEνorEρμ≥vyEγτbosonErμson≥nΛμsEτnEsμmτψμptonτΛEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

449
zμ≥rΛρEνorE≥EsΛ≥ψ≥rEp≥rtnμrEoνEtρμEtopEqu≥rχEτnEtρμE≥ψψRρ≥γronτΛEMt{b≥r{t}}NEpψusEmτssτnπEtr≥nsvμrsμE
momμntumEντn≥ψEst≥tμE≥tEMsqrt{s}dVXNE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2020QE^UQEV

4.2 17

448 hψτπnmμntEoνEtρμEh{shzEpnnμrEkμtμΛtorEτnEyunEWSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

447 kμtμrmτn≥tτonEoνEφμtEΛ≥ψτbr≥tτonE≥nγEμnμrπyErμsoψutτonEτnEprotonâ��protonEΛoψψτsτonsE≥tEMsqrt{s}EdE
^~ρboxE{{μ~}NEusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

446 zμ≥rΛρEνorEMEtovμrψτnμ{t}ENErμson≥nΛμsEτnEνuψψyEρ≥γronτΛEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 6

445 yμΛonstruΛtτonE≥nγEτγμntτντΛ≥tτonEoνEboostμγEγτRˇ�EsystμmsEτnE≥Esμ≥rΛρEνorEoτππsEbosonEp≥τrsEusτnπEVXE
{μ~EprotonRprotonEΛoψψτsτonEγ≥t≥EτnEh{shzSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 3

444 wμrνorm≥nΛμEoνEtρμEmτssτnπEtr≥nsvμrsμEmomμntumEtrτππμrsEνorEtρμEh{shzEγμtμΛtorEγurτnπEyunRWE
γ≥t≥Et≥χτnπSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

443 zμ≥rΛρEνorEnμwEnonRrμson≥ntEpρμnomμn≥EτnEρτπρRm≥ssEγτψμptonEντn≥ψEst≥tμsEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 9

442 tμ≥surμmμntsEoνEtρμEoτππsEbosonEτnΛψusτvμE≥nγEγτννμrμntτ≥ψEντγuΛτ≥ψEΛrossEsμΛtτonsEτnEtρμEYMμψψENE
γμΛ≥yEΛρ≥nnμψE≥tEMsqrt{s}NEdEVXE{μ~SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 9

441
zμ≥rΛρEνorEγτrμΛtEproγuΛtτonEoνEμψμΛtrowμ≥χτnosEτnEντn≥ψEst≥tμsEwτtρEonμEψμptonQEmτssτnπEtr≥nsvμrsμE
momμntumE≥nγE≥EoτππsEbosonEγμΛ≥yτnπEτntoEtwoEbRφμtsEτnEMppNEΛoψψτsτonsE≥tEMsqrt{s}dVXNE{μ~EwτtρE
tρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 13

440 lxtrμmμElnμrπyElvμntsaE≥nEμxtμnγμγEmuψtτEpurposμEΛosmτΛEr≥yEobsμrv≥torySEJournalpofpPhysics:p
ConferencepSeriesQE2020QEVY[^QEUVWVUX 0.3

439
tμ≥surμmμntsEoνEtρμEproγuΛtτonEΛrossRsμΛtτonEνorE≥E—EbosonEτnE≥ssoΛτ≥tτonEwτtρEbRφμtsEτnE
protonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

438
zμ≥rΛρEνorEtρμEooEReEMEbovμrψτnμ{b}bovμrψτnμ{b}ENEproΛμssEvτ≥EvμΛtorRbosonEνusτonEproγuΛtτonEusτnπE
protonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}ENEdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

437 vbsμrv≥tτonEoνEtρμE≥ssoΛτ≥tμγEproγuΛtτonEoνE≥EtopEqu≥rχE≥nγE≥E—EbosonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENdE
VXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 5
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436 tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEspτnEΛorrμψ≥tτonsEτnEtρμEMμmuENEΛρ≥nnμψE≥tEMsqrt{s}EdEVXNE{μ~EusτnπE
ppEΛoψψτsτonsEτnEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

435 tμ≥surμmμntEoνEtρμEΛrossRsμΛtτonE≥nγEΛρ≥rπμE≥symmμtryEoνE‘EbosonsEproγuΛμγEτnEprotonâ��protonE
ΛoψψτsτonsE≥tEMsqrt{s}d^~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 11

434 lψμΛtronErμΛonstruΛtτonE≥nγEτγμntτντΛ≥tτonEτnEtρμEh{shzEμxpμrτmμntEusτnπEtρμEWUVZE≥nγEWUV[EsojE
protonâ��protonEΛoψψτsτonEγ≥t≥E≥tEMsqrt{s}EdEVXNEMtμxtE{{μ~}NSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 37

433
tμ≥surμmμntEoνE~oQEMEm≥tρrm{o}toEm≥tρrm{b}ovμrψτnμ{m≥tρrm{b}}ENEproγuΛtτonE≥sE≥EνunΛtτonEoνE
tρμEvμΛtorRbosonEtr≥nsvμrsμEmomμntumEτnEVXE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2019QEWUV_QEV

5.4 8

432 wμrνorm≥nΛμEoνEtopRqu≥rχE≥nγEMv≥rvμΛ{‘}NRbosonEt≥ππτnπEwτtρEh{shzEτnEyunEWEoνEtρμEsojSEEuropeanp
PhysicalpJournalpCQE2019QE]_QEV 4.2 19

431 lψμΛtronE≥nγEpρotonEμnμrπyEΛ≥ψτbr≥tτonEwτtρEtρμEh{shzEγμtμΛtorEusτnπEWUVZâ��WUV[EsojE
protonRprotonEΛoψψτsτonEγ≥t≥SEJournalpofpInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

430 zμ≥rΛρEνorEγoubψyEΛρ≥rπμγEsΛ≥ψ≥rEbosonsEγμΛ≥yτnπEτntoEs≥mμRsτπnEbosonEp≥τrsEwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEZ^ 4.2 20

429 tμ≥surμmμntEoνEtρμEpρotonEτγμntτντΛ≥tτonEμνντΛτμnΛτμsEwτtρEtρμEh{shzEγμtμΛtorEusτnπEsojEyunEWE
γ≥t≥EΛoψψμΛtμγEτnEWUVZE≥nγEWUV[SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 26

428 tμ≥surμmμntEoνEtρμEr≥tτoEoνEΛrossEsμΛtτonsEνorEτnΛψusτvμEτsoψ≥tμγRpρotonEproγuΛtτonEτnEppEΛoψψτsτonsE
≥tEMEsqrt{s}ENEdEVXE≥nγE^E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 5

427
zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEoτππsEbosonsEτnEtρμEMEbovμrψτnμ{b}bovμrψτnμ{b}ENEντn≥ψEst≥tμEusτnπE
protonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 31

426 jonstr≥τntsEonEmμγτ≥torRb≥sμγEγ≥rχEm≥ttμrE≥nγEsΛ≥ψ≥rEγ≥rχEμnμrπyEmoγμψsEusτnπEMEsqrt{s}ENEdEVXE{μ~E
ppEΛoψψτsτonEγ≥t≥EΛoψψμΛtμγEbyEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 31

425
tμ≥surμmμntEoνEM‘^{pmE}—NEproγuΛtτonEΛrossEsμΛtτonsE≥nγEπ≥uπμEbosonEpoψ≥rτs≥tτonEτnEppE
ΛoψψτsτonsE≥tEMsqrt{s}EdEVX~tμxtE{{μ~}NEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 20

424 tμ≥surμmμntEoνEντγuΛτ≥ψE≥nγEγτννμrμntτ≥ψEM‘^P‘^RNEproγuΛtτonEΛrossRsμΛtτonsE≥tEMsqrt{s}dVXNE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

423 tμ≥surμmμntEoνEM‘^{pmE}NRbosonE≥nγE—RbosonEproγuΛtτonEΛrossRsμΛtτonsEτnEppEΛoψψτsτonsE≥tE
Msqrt{s}dWS][NE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2

422
tμ≥surμmμntEoνEtρμEτnΛψusτvμEΛrossRsμΛtτonEνorEtρμEproγuΛtτonEoνEφμtsEτnE≥ssoΛτ≥tτonEwτtρE≥E—EbosonE
τnEprotonâ��protonEΛoψψτsτonsE≥tE^E{μ~EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 4

421 h{shzEbRφμtEτγμntτντΛ≥tτonEpμrνorm≥nΛμE≥nγEμνντΛτμnΛyEmμ≥surμmμntEwτtρEMt{b≥r{t}}NEμvμntsEτnEppE
ΛoψψτsτonsE≥tEMsqrt{s}dVXNE{μ~SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 43

420
tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEγτννμrμntτ≥ψE≥nγEγoubψμRγτννμrμntτ≥ψEΛrossRsμΛtτonsEτnEtρμEMμψψENPφμtsE
Λρ≥nnμψEwτtρEppEΛoψψτsτonsE≥tEMsqrt{s}dVXNE{μ~EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpC
QE2019QE]_QEV

4.2 13

419
zμ≥rΛρEνorE≥γγτtτon≥ψEρμ≥vyEnμutr≥ψEoτππsE≥nγEπ≥uπμEbosonsEτnEtρμEγτt≥uEντn≥ψEst≥tμEproγuΛμγEτnEX[E
νbâ��VEoνEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 81
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418 tμ≥surμmμntEoνEtρμEΛrossRsμΛtτonEνorEproγuΛτnπE≥E‘EbosonEτnE≥ssoΛτ≥tτonEwτtρE≥EsτnπψμEtopEqu≥rχEτnE
ppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 10

417 tμ≥surμmμntEoνEtρμERbosonEm≥ssEτnEppEΛoψψτsτonsE≥tEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2018QE]^QEVVU 4.2 59

416 zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEρτπρRm≥ssEντn≥ψEst≥tμsEwτtρE≥EpρotonE≥nγE≥EφμtEνromEΛoψψτsτonsE≥tEdE
VX´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUW 4.2 7

415 zμ≥rΛρEνorEtρμEγτrμΛtEproγuΛtτonEoνEΛρ≥rπτnosE≥nγEnμutr≥ψτnosEτnEντn≥ψEst≥tμsEwτtρEt≥uEψμptonsEτnE
ΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVZY 4.2 23

414 tμ≥surμmμntEoνEψonπτtuγτn≥ψEνψowEγμΛorrμψ≥tτonsEτnEwbPwbEΛoψψτsτonsE≥tE≥nγEZSUWE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVYW 4.2 35

413 tμ≥surμmμntEoνEqu≥rχonτumEproγuΛtτonEτnEprotonRψμ≥γE≥nγEprotonRprotonEΛoψψτsτonsE≥tEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV]V 4.2 35

412 tμ≥surμmμntEoνEγτννμrμntτ≥ψEΛrossRsμΛtτonsEoνE≥EsτnπψμEtopEqu≥rχEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρE≥E
bosonE≥tEwτtρEh{shzSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^[ 4.2 5

411 zμ≥rΛρEνorEρμ≥vyErμson≥nΛμsEτnEtρμE≥nγEντn≥ψEst≥tμsEusτnπEprotonRprotonEΛoψψτsτonsE≥tE´ EwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEW_X 4.2 41

410 hEsμ≥rΛρEνorEp≥τrRproγuΛμγErμson≥nΛμsEτnEνourRφμtEντn≥ψEst≥tμsE≥tEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2018QE]^QEWZU 4.2 28

409
zμ≥rΛρEνorEρμ≥vyErμson≥nΛμsEγμΛ≥yτnπEτntoE≥E‘EorE—EbosonE≥nγE≥EoτππsEbosonEτnEντn≥ψEst≥tμsEwτtρE
ψμptonsE≥nγEbRφμtsEτnEX[Eνbâ��VEoνEMEsqrt{s}dVXENE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 26

408 zμ≥rΛρEνorEρμ≥vyErμson≥nΛμsEγμΛ≥yτnπEτntoEτnEtρμEντn≥ψEst≥tμEτnEΛoψψτsτonsE≥tEwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEWY 4.2 47

407 kτrμΛtEtopRqu≥rχEγμΛ≥yEwτγtρEmμ≥surμmμntEτnEtρμEψμptonPφμtsEΛρ≥nnμψE≥tEwτtρEtρμEh{shzE
μxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVW_ 4.2 11

406 zμ≥rΛρEνorE‘E‘T‘E—Erμson≥nΛμEproγuΛtτonEτnEâ��˛‰qqEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

405 tμ≥surμmμntEoνEtρμEoτππsEbosonEΛoupψτnπEpropμrtτμsEτnEtρμEoEReE——OEReEYâ��EγμΛ≥yEΛρ≥nnμψE≥tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 36

404 tμ≥surμmμntEoνEτnΛψusτvμEφμtE≥nγEγτφμtEΛrossRsμΛtτonsEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 12

403 zμ≥rΛρEνorEγ≥rχEm≥ttμrEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρEbottomEorEtopEqu≥rχsEτnE´ {μ~EΛoψψτsτonsEwτtρE
tρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^ 4.2 32

402 zμ≥rΛρEνorEγoubψyEΛρ≥rπμγEoτππsEbosonEproγuΛtτonEτnEmuψtτRψμptonEντn≥ψEst≥tμsEwτtρEtρμEh{shzE
γμtμΛtorEusτnπEprotonRprotonEΛoψψτsτonsE≥tSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV__ 4.2 55

401 tμ≥surμmμntEoνEpoψ≥rτs≥tτonEτnEγμΛ≥ysEτnEprotonRprotonEΛoψψτsτonsE≥tE{μ~EwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2018QE]^QEV[X 4.2 3
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400 zμ≥rΛρμsEνorEρμ≥vyE——E≥nγE—‘Erμson≥nΛμsEτnEtρμEâ��â��qqE≥nγE˛‰˛‰qqEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 17

399 zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEupRtypμEvμΛtorRψτχμEqu≥rχsE≥nγEνorEνourRtopRqu≥rχEμvμntsEτnEντn≥ψE
st≥tμsEwτtρEmuψtτpψμEbRφμtsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 23

398
tμ≥surμmμntEoνEγτννμrμntτ≥ψEΛrossEsμΛtτonsE≥nγE‘PT‘â��EΛrossRsμΛtτonEr≥tτosEνorE‘EbosonEproγuΛtτonE
τnE≥ssoΛτ≥tτonEwτtρEφμtsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 7

397 wromptE≥nγEnonRpromptEμψψτptτΛEνψowEτnEwbPwbEΛoψψτsτonsE≥tE{μvEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2018QE]^QE]^Y 4.2 8

396 zμ≥rΛρEνorEoτππsEbosonEp≥τrEproγuΛtτonEτnEtρμEΛρ≥nnμψEusτnπEΛoψψτsτonEγ≥t≥ErμΛorγμγE≥tE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUU] 4.2 21

395 tμ≥surμmμntEoνEΛoψourEνψowEusτnπEφμtRpuψψEobsμrv≥bψμsEτnEμvμntsEwτtρEtρμEh{shzEμxpμrτmμntE≥tSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE^Y] 4.2 5

394 hnπuψ≥rE≥n≥ψysτsEoνEiEUEγEEReErO˛…P˛…â��EγμΛ≥ysEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 44

393
zμ≥rΛρEνorE≥EnμwEρμ≥vyEπ≥uπμRbosonErμson≥nΛμEγμΛ≥yτnπEτntoE≥EψμptonE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumEτnEX[EνbEoνEΛoψψτsτonsE≥tE´ {μ~EwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE
2018QE]^QEYUV

4.2 23

392 zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEμvμntsEwτtρEs≥mμRΛρ≥rπμEψμptonsE≥nγEbRφμtsEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 21

391 tμ≥surμmμntEoνEtρμE≥zτmutρ≥ψE≥nτsotropyEoνEΛρ≥rπμγEp≥rtτΛψμsEproγuΛμγEτnEdEZSUW´ {μ~EwbPwbE
ΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__] 4.2 21

390 wμrνorm≥nΛμEoνEmτssτnπEtr≥nsvμrsμEmomμntumErμΛonstruΛtτonEwτtρEtρμEh{shzEγμtμΛtorEusτnπE
protonRprotonEΛoψψτsτonsE≥tSEEuropeanpPhysicalpJournalpCQE2018QE]^QE_UX 4.2 66

389 zμ≥rΛρEνorEμψμΛtrowμ≥χEproγuΛtτonEoνEsupμrsymmμtrτΛEp≥rtτΛψμsEτnEντn≥ψEst≥tμsEwτtρEtwoEorEtρrμμE
ψμptonsE≥tEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__Z 4.2 49

388 vpμr≥tτonE≥nγEpμrνorm≥nΛμEoνEtρμEh{shzE{τψμEj≥ψorτmμtμrEτnEyun´ VSEEuropeanpPhysicalpJournalpCQE
2018QE]^QE_^] 4.2 13

387
zμ≥rΛρEνorEsupμrsymmμtryEτnEντn≥ψEst≥tμsEwτtρEmτssτnπEtr≥nsvμrsμEmomμntumE≥nγEmuψtτpψμEbRφμtsEτnE
protonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 28

386
zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEρμ≥vyEvμΛtorRψτχμEqu≥rχsEγμΛ≥yτnπEτntoEρτπρRp{E‘EbosonsE≥nγEtopE
qu≥rχsEτnEtρμEψμptonRpψusRφμtsEντn≥ψEst≥tμEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 16

385
zμ≥rΛρEνorEtopRsqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEonμEψμptonQEφμtsQE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumEusτnπEX[Eνbâ��VEoνEMEsqrt{s}dVXENE{μ~EppEΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

384 zμ≥rΛρEνorEψonπRψτvμγEΛρ≥rπτnosEb≥sμγEonE≥Eγτs≥ppμ≥rτnπRtr≥ΛχEsτπn≥turμEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 48

383 zμ≥rΛρEνorEsupμrsymmμtryEτnEντn≥ψEst≥tμsEwτtρEΛρ≥rmEφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEVXE
{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 9
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382
zμ≥rΛρEνorEΛρ≥rπμγEoτππsEbosonsEγμΛ≥yτnπEvτ≥Eo´–EReEˇ�´–˛‰ˇ�EτnEtρμEˇ�PφμtsE≥nγEˇ�PψμptonEντn≥ψEst≥tμsEwτtρE
X[Eνbâ��VEoνEppEΛoψψτsτonEγ≥t≥ErμΛorγμγE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

381 wromptE≥nγEnonRpromptE≥nγEsupprμssτonE≥tEρτπρEtr≥nsvμrsμEmomμntumEτnEwbPwbEΛoψψτsτonsEwτtρE
tρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2018QE]^QE][W 4.2 23

380 zμ≥rΛρEνorEoτππsEbosonEγμΛ≥ysEtoEbμyonγRtρμRzt≥nγ≥rγRtoγμψEψτπρtEbosonsEτnEνourRψμptonEμvμntsE
wτtρEtρμEh{shzEγμtμΛtorE≥tEMEsqrt{s}dVXENE{μ~SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

379 zμ≥rΛρEνorEμxΛψusτvμEoτππsE≥nγE—EbosonEγμΛ≥ysEtoEf˛‡E≥nγEˇ�˛‡EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV 5.4 6

378 tμ≥surμmμntsEoνEbRφμtEt≥ππτnπEμνντΛτμnΛyEwτtρEtρμEh{shzEγμtμΛtorEusτnπEMEtovμrψτnμ{t}ENEμvμntsE≥tEME
sqrt{s}dVXENE{μ~SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 31

377 zμ≥rΛρEνorEνψ≥vourRΛρ≥nπτnπEnμutr≥ψEΛurrμntEtopRqu≥rχEγμΛ≥ysEtEReEq—EτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 8

376 tμ≥surμmμntEoνEtρμEτnΛψusτvμE≥nγEντγuΛτ≥ψEproγuΛtτonEΛrossRsμΛtτonsEτnEtρμEψμptonPφμtsEΛρ≥nnμψEτnE
ΛoψψτsτonsE≥tEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEY^] 4.2 5

375 zμ≥rΛρEνorEρμ≥vyEp≥rtτΛψμsEγμΛ≥yτnπEτntoEtopRqu≥rχEp≥τrsEusτnπEψμptonRpψusRφμtsEμvμntsEτnE
protonRprotonEΛoψψτsτonsE≥tE´ EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEZ[Z 4.2 34

374
zμ≥rΛρEνorEnμwEpρμnomμn≥EusτnπEtρμEτnv≥rτ≥ntEm≥ssEγτstrτbutτonEoνEs≥mμRνψ≥vourEopposτtμRsτπnE
γτψμptonEp≥τrsEτnEμvμntsEwτtρEmτssτnπEtr≥nsvμrsμEmomμntumEτnE´ EΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE[WZ

4.2 15

373 zμ≥rΛρEνorEγ≥rχEm≥ttμrE≥nγEotρμrEnμwEpρμnomμn≥EτnEμvμntsEwτtρE≥nEμnμrπμtτΛEφμtE≥nγEψ≥rπμEmτssτnπE
tr≥nsvμrsμEmomμntumEusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 101

372
tμ≥surμmμntEoνEtρμE mormuψ≥aEsμμEtμxt±E≥nγE mormuψ≥aEsμμEtμxt±EproγuΛtτonEΛrossEsμΛtτonsEτnE
muψtτψμptonEντn≥ψEst≥tμsEusτnπEXSWEνb mormuψ≥aEsμμEtμxt±EoνE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aE
sμμEtμxt±EdEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYU

4.2 14

371
hEmμ≥surμmμntEoνEtρμEΛ≥ψorτmμtμrErμsponsμEtoEsτnπψμEρ≥γronsE≥nγEγμtμrmτn≥tτonEoνEtρμEφμtEμnμrπyE
sΛ≥ψμEunΛμrt≥τntyEusτnπEsojEyunRVERΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEW[

4.2 22

370
tμ≥surμmμntEoνEtρμEτnΛψusτvμEΛrossRsμΛtτonsEoνEsτnπψμEtopRqu≥rχE≥nγEtopR≥ntτqu≥rχEtRΛρ≥nnμψE
proγuΛtτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2017QEWUV]QEV

5.4 22

369 {ρμE≥ΛtτvμEmuonEsρτμψγEτnEtρμEzoτwEμxpμrτmμntSEJournalpofpInstrumentationQE2017QEVWQEwUZUVVRwUZUVV 1 16

368
tμ≥surμmμntEoνEφμtE≥ΛtτvτtyEproγuΛμγEτnEtopRqu≥rχEμvμntsEwτtρE≥nEμψμΛtronQE≥EmuonE≥nγEtwoE
Rt≥ππμγEφμtsEτnEtρμEντn≥ψEst≥tμEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E{μ~EwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEWWU

4.2 5

367 tμ≥surμmμntEoνEtρμEbosonEpoψ≥rτs≥tτonEτnE mormuψ≥aEsμμEtμxt±EμvμntsEνromEΛoψψτsτonsE≥tE mormuψ≥aE
sμμEtμxt±EdE^E{μ~EτnEtρμEψμpton´ P´ φμtsEΛρ≥nnμψEwτtρEh{shzSEEuropeanpPhysicalpJournalpCQE2017QE]]QEW[Y 4.2 19

366 lψμΛtronEμνντΛτμnΛyEmμ≥surμmμntsEwτtρEtρμEh{shzEγμtμΛtorEusτnπEWUVWEsojEprotonRprotonEΛoψψτsτonE
γ≥t≥SEEuropeanpPhysicalpJournalpCQE2017QE]]QEV_Z 4.2 61

365
tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEγτννμrμntτ≥ψEΛrossRsμΛtτonsEτnEtρμE mormuψ≥aEsμμEtμxt±EΛρ≥nnμψEτnE
ΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEW_W

4.2 13

(2017-2018)
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364 wμrνorm≥nΛμEoνE≥ψπorτtρmsEtρ≥tErμΛonstruΛtEmτssτnπEtr≥nsvμrsμEmomμntumEτnE mormuψ≥aEsμμEtμxt±dE
^E{μ~EprotonRprotonEΛoψψτsτonsEτnEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEWYV 4.2 38

363 tμ≥surμmμntEoνEtρμEpromptET mormuψ≥aEsμμEtμxt±Ep≥τrEproγuΛtτonEΛrossRsμΛtτonEτnEΛoψψτsτonsE≥tE
 mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE][ 4.2 47

362 zμ≥rΛρEνorEtrτbosonE mormuψ≥aEsμμEtμxt±EproγuΛtτonEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´  mormuψ≥aEsμμE
tμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYV 4.2 13

361 {opoψoπτΛ≥ψEΛμψψEΛψustμrτnπEτnEtρμEh{shzEΛ≥ψorτmμtμrsE≥nγEτtsEpμrνorm≥nΛμEτnEsojEyunEVSEEuropeanp
PhysicalpJournalpCQE2017QE]]QEY_U 4.2 177

360
mτγuΛτ≥ψQEtot≥ψE≥nγEγτννμrμntτ≥ψEΛrossRsμΛtτonEmμ≥surμmμntsEoνERΛρ≥nnμψEsτnπψμEtopRqu≥rχEproγuΛtτonE
τnEΛoψψτsτonsE≥tE^´ {μ~EusτnπEγ≥t≥EΛoψψμΛtμγEbyEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEZXV

4.2 27

359 tμ≥surμmμntsEoνEμψμΛtrowμ≥χE mormuψ≥aEsμμEtμxt±EproγuΛtτonE≥nγEΛonstr≥τntsEonE≥nom≥ψousEπ≥uπμE
ΛoupψτnπsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEY]Y 4.2 14

358 qμtErμΛonstruΛtτonE≥nγEpμrνorm≥nΛμEusτnπEp≥rtτΛψμEνψowEwτtρEtρμEh{shzEkμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEY[[ 4.2 42

357 tμ≥surμmμntEoνEmuψtτRp≥rtτΛψμE≥zτmutρ≥ψEΛorrμψ≥tτonsEτnEppQEp´ P´ wbE≥nγEψowRmuψtτpψτΛτtyEwb´ P´ wbE
ΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYW^ 4.2 48

356 tμ≥surμmμntEoνEτnΛψusτvμE≥nγEγτννμrμntτ≥ψEΛrossEsμΛtτonsEτnEtρμEoEReE——EOEReEYâ��EγμΛ≥yEΛρ≥nnμψEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 25

355 tμ≥surμmμntEoνEψμptonEγτννμrμntτ≥ψEγτstrτbutτonsE≥nγEtρμEtopEqu≥rχEm≥ssEτnEproγuΛtτonEτnEΛoψψτsτonsE
≥tE´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^UY 4.2 11

354 tμ≥surμmμntEoνEtρμEMEtovμrψτnμ{t}π≥mm≥ENEproγuΛtτonEΛrossEsμΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

353
tμ≥surμmμntsEoνEΛρ≥rπμE≥nγEjwE≥symmμtrτμsEτnEbRρ≥γronEγμΛ≥ysEusτnπEtopRqu≥rχEμvμntsEΛoψψμΛtμγE
byEtρμEh{shzEγμtμΛtorEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 6

352 wμrνorm≥nΛμEoνEtρμEh{shzEtr≥ΛχErμΛonstruΛtτonE≥ψπorτtρmsEτnEγμnsμEμnvτronmμntsEτnEsojEyunEWSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE[]X 4.2 33

351
zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEμvμntsEΛont≥τnτnπE≥Es≥mμRνψ≥vourEopposτtμRsτπnEγτψμptonEp≥τrQEφμtsQE
≥nγEψ≥rπμEmτssτnπEtr≥nsvμrsμEmomμntumEτnE mormuψ≥aEsμμEtμxt±´  mormuψ≥aEsμμEtμxt± mormuψ≥aEsμμE
tμxt±EΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYY

4.2 8

350
tμ≥surμmμntEoνEtρμE——EproγuΛtτonEΛrossEsμΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~E
usτnπEtρμE——EReEâ��â�� â��Pâ��fâ��â��fPE≥nγEME——toE{μψψ}^{R}{μψψ}^{P}nuEovμrψτnμ{nu}ENEγμΛ≥yEΛρ≥nnμψsEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 9

349 wrobτnπEtρμE‘EtbEvμrtμxEstruΛturμEτnEtRΛρ≥nnμψEsτnπψμRtopRqu≥rχEproγuΛtτonE≥nγEγμΛ≥yEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 11

348 tμ≥surμmμntsEoνEˇ�MWzNE≥nγE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproγuΛtτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 15

347 tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEtoE—RbosonEΛrossRsμΛtτonEr≥tτosE≥tEMEsqrt{s}dVXENEQE^QE]E{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7
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346 zμ≥rΛρEνorEψμptonRνψ≥vourRvτoψ≥tτnπEγμΛ≥ysEoνEtρμEoτππsE≥nγEbosonsEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE]U 4.2 52

345 wμrνorm≥nΛμEoνEtρμEh{shzEtrτππμrEsystμmEτnEWUVZSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXV] 4.2 272

344 yμΛonstruΛtτonEoνEprτm≥ryEvμrtτΛμsE≥tEtρμEh{shzEμxpμrτmμntEτnEyunEVEprotonRprotonEΛoψψτsτonsE≥tE
tρμEsojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXXW 4.2 29

343
tμ≥surμmμntsEoνEtρμEproγuΛtτonEΛrossEsμΛtτonEoνE≥E mormuψ≥aEsμμEtμxt±EbosonEτnE≥ssoΛτ≥tτonEwτtρE
φμtsEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2017QE]]QEX[V

4.2 26

342 wrμΛτsτonEmμ≥surμmμntE≥nγEτntμrprμt≥tτonEoνEτnΛψusτvμEQE≥nγEproγuΛtτonEΛrossEsμΛtτonsEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX[] 4.2 56

341 tμ≥surμmμntEoνEφμtEνr≥πmμnt≥tτonEτnEwbPwbE≥nγEΛoψψτsτonsE≥tE{μ~EwτtρEtρμEh{shzEγμtμΛtorE≥tEtρμE
sojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX]_ 4.2 35

340
zμ≥rΛρEνorEγ≥rχEm≥ttμrE≥tE mormuψ≥aEsμμEtμxt±EτnEντn≥ψEst≥tμsEΛont≥τnτnπE≥nEμnμrπμtτΛEpρotonE≥nγE
ψ≥rπμEmτssτnπEtr≥nsvμrsμEmomμntumEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEX_X

4.2 52

339
tμ≥surμmμntEoνEΛρ≥rπμγRp≥rtτΛψμEγτstrτbutτonsEsμnsτtτvμEtoEtρμEunγμrψyτnπEμvμntEτnEMEsqrt{s}dVXENE
{μ~EprotonRprotonEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorE≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 9

338 zμ≥rΛρEνorEγτrμΛtEtopEsqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEtwoEψμptonsEτnE{μ~EΛoψψτsτonsEwτtρE
tρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^_^ 4.2 19

337
zμ≥rΛρEνorEγτrμΛtEtopEsqu≥rχEp≥τrEproγuΛtτonEτnEμvμntsEwτtρE≥EoτππsEorE—EbosonQE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 7

336
tμ≥surμmμntEoνEγμtμΛtorRΛorrμΛtμγEobsμrv≥bψμsEsμnsτtτvμEtoEtρμE≥nom≥ψousEproγuΛtτonEoνEμvμntsE
wτtρEφμtsE≥nγEψ≥rπμEmτssτnπEtr≥nsvμrsμEmomμntumEτnEΛoψψτsτonsE≥tE´ {μ~EusτnπEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE][Z

4.2 10

335 tμ≥surμmμntEoνEbRρ≥γronEp≥τrEproγuΛtτonEwτtρEtρμEh{shzEγμtμΛtorEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 5

334 zμ≥rΛρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEbRt≥ππμγEφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 13

333 tμ≥surμmμntEoνEtρμEτnΛψusτvμEφμtEΛrossRsμΛtτonsEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρE
tρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

332
zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEvμΛtorRψτχμEtopEqu≥rχsEτnEμvμntsEwτtρEonμEψμptonQEφμtsQE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEMEsqrt{s}dVXENE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 27

331 pγμntτντΛ≥tτonE≥nγErμφμΛtτonEoνEpτψμRupEφμtsE≥tEρτπρEpsμuγor≥pτγτtyEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEZ^U 4.2 16

330
tμ≥surμmμntEoνEproγuΛtτonEwτtρEtρμEρ≥γronτΛ≥ψψyEγμΛ≥yτnπEbosonErμΛonstruΛtμγE≥sEonμEorEtwoEφμtsE
τnEΛoψψτsτonsE≥tEwτtρEh{shzQE≥nγEΛonstr≥τntsEonE≥nom≥ψousEπ≥uπμEΛoupψτnπsSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEZ[X

4.2 15

329
zμ≥rΛρEνorEnμwEpρμnomμn≥EτnE≥EψμptonEpψusEρτπρEφμtEmuψtτpψτΛτtyEντn≥ψEst≥tμEwτtρEtρμEh{shzE
μxpμrτmμntEusτnπEMEsqrt{s}dVXENE{μ~EprotonRprotonEΛoψψτsτonEγ≥t≥SEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 7

(2017-2017)
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328 zμ≥rΛρμsEνorEtρμE—˛‡EγμΛ≥yEmoγμEoνEtρμEoτππsEbosonE≥nγEνorEnμwEρτπρRm≥ssErμson≥nΛμsEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 20

327 ztuγτμsEoνE—˛‡EproγuΛtτonEτnE≥ssoΛτ≥tτonEwτtρE≥EρτπρRm≥ssEγτφμtEsystμmEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

326 tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEγτννμrμntτ≥ψEΛrossRsμΛtτonsEτnEtρμEψμptonPφμtsEΛρ≥nnμψEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

325 zμ≥rΛρEνorEtopEqu≥rχEγμΛ≥ysEtEReEqoQEwτtρEoEReE˛‡˛‡QEτnEMEsqrt{s}dVXENE{μ~EppEΛoψψτsτonsEusτnπEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

324 ztuγyEoνE≥nγEproγuΛtτonEτnEΛoψψτsτonsE≥tE≥nγEsμ≥rΛρEνorE≥nom≥ψousEqu≥rtτΛEπ≥uπμEΛoupψτnπsEwτtρEtρμE
h{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2017QE]]QE[Y[ 4.2 11

323 tμ≥surμmμntsEoνEtopEqu≥rχEspτnEobsμrv≥bψμsEτnEMEtovμrψτnμ{t}ENEμvμntsEusτnπEγτψμptonEντn≥ψEst≥tμsEτnEME
sqrt{s}d^ENE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

322
zμ≥rΛρEνorEnμwEpρμnomμn≥EwτtρEψ≥rπμEφμtEmuψtτpψτΛτtτμsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEusτnπE
ψ≥rπμRr≥γτusEφμtsE≥nγEνψ≥vourRt≥ππτnπE≥tEh{shzEτnEVXE{μ~EppEΛoψψτsτonsSEJournalpofpHighpEnergypPhysics
QE2017QEWUV]QEV

5.4 8

321 {opRqu≥rχEm≥ssEmμ≥surμmμntEτnEtρμE≥ψψRρ≥γronτΛEMEtovμrψτnμ{t}ENEγμΛ≥yEΛρ≥nnμψE≥tEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 6

320 tμ≥surμmμntEoνEtρμEkrμψψR–≥nEtrτpψμRγτννμrμntτ≥ψEΛrossEsμΛtτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~SE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 16

319 zμ≥rΛρEνorE≥EsΛ≥ψ≥rEp≥rtnμrEoνEtρμEtopEqu≥rχEτnEtρμEφμtsEpψusEmτssτnπEtr≥nsvμrsμEmomμntumEντn≥ψE
st≥tμE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 30

318
zμ≥rΛρEνorEsupμrsymmμtryEτnEντn≥ψEst≥tμsEwτtρEtwoEs≥mμRsτπnEorEtρrμμEψμptonsE≥nγEφμtsEusτnπEX[Eνbâ��VE
oνEMEsqrt{s}dVXENE{μ~EppEΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 22

317
zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEρμ≥vyEvμΛtorRψτχμEqu≥rχsEγμΛ≥yτnπEtoEρτπρRpE{E‘EbosonsE≥nγEbEqu≥rχsE
τnEtρμEψμptonRpψusRφμtsEντn≥ψEst≥tμEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 29

316 tμ≥surμmμntEoνEtρμEχEtEspψτttτnπEsΛ≥ψμsEτnE—EReEâ��â��EμvμntsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 3

315
hn≥ψysτsEoνEtρμE‘tbEvμrtμxEνromEtρμEmμ≥surμmμntEoνEtrτpψμRγτννμrμntτ≥ψE≥nπuψ≥rEγμΛ≥yEr≥tμsEoνE
sτnπψμEtopEqu≥rχsEproγuΛμγEτnEtρμEtRΛρ≥nnμψE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2017QEWUV]QEV

5.4 7

314 lvτγμnΛμEνorEtρμEMEotoEbovμrψτnμ{b}ENEγμΛ≥yEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV 5.4 50

313
zμ≥rΛρEνorEnμwEρτπρRm≥ssEpρμnomμn≥EτnEtρμEγτψμptonEντn≥ψEst≥tμEusτnπEX[Eνbâ��VEoνEprotonRprotonE
ΛoψψτsτonEγ≥t≥E≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 126

312 kμtμrmτn≥tτonEoνEtρμEstronπEΛoupψτnπEΛonst≥ntEνromEtr≥nsvμrsμEμnμrπyRμnμrπyEΛorrμψ≥tτonsEτnE
muψtτφμtEμvμntsE≥tEusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^]W 4.2 19

311 yμΛonstruΛtτonEoνEρ≥γronτΛEγμΛ≥yEproγuΛtsEoνEt≥uEψμptonsEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanp
PhysicalpJournalpCQE2016QE][QEW_Z 4.2 28

Laura Fabbri
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310 wμrνorm≥nΛμEoνEpτψμRupEmτtτπ≥tτonEtμΛρnτquμsEνorEφμtsEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aE
sμμEtμxt±´ {μ~EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^V 4.2 148

309 tμ≥surμmμntEoνEtρμEΛρ≥rπμγRp≥rtτΛψμEmuψtτpψτΛτtyEτnsτγμEφμtsEνromE mormuψ≥aEsμμEtμxt± mormuψ≥aEsμμE
tμxt±´ EΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEXWW 4.2 35

308 tμ≥surμmμntEoνEφμtE≥ΛtτvτtyEτnEtopEqu≥rχEμvμntsEusτnπEtρμEμ˛…Eντn≥ψEst≥tμEwτtρEtwoEbRt≥ππμγEφμtsEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 4

307
tμ≥surμmμntEoνEtρμEtr≥nsvμrsμEmomμntumE≥nγE mormuψ≥aEsμμEtμxt±EγτstrτbutτonsEoνEkrμψψR–≥nE
ψμptonEp≥τrsEτnEprotonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2016QE][QEW_V

4.2 63

306
tμ≥surμmμntEoνEντγuΛτ≥ψEγτννμrμntτ≥ψEΛrossEsμΛtτonsEoνEπψuonRνusτonEproγuΛtτonEoνEoτππsEbosonsE
γμΛ≥yτnπEtoE‘‘EOReμ˛‰˛…˛‰EwτtρEtρμEh{shzEγμtμΛtorE≥tEMEsqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE
2016QEWUV[QEV

5.4 13

305 zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEμvμntsEwτtρE≥EpρotonE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

304 hEsμ≥rΛρEνorEtopEsqu≥rχsEwτtρEyRp≥rτtyRvτoψ≥tτnπEγμΛ≥ysEtoE≥ψψRρ≥γronτΛEντn≥ψEst≥tμsEwτtρEtρμEh{shzE
γμtμΛtorEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEΛoψψτsτonsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

303 pγμntτντΛ≥tτonEoνEρτπρEtr≥nsvμrsμEmomμntumEtopEqu≥rχsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

302 hEsμ≥rΛρEνorE≥nEμxΛτtμγEmuonEγμΛ≥yτnπEtoE≥EmuonE≥nγEtwoEφμtsEτnppΛoψψτsτonsE≥tE
Isqrt{s}bdb^b{rm{{μ~}}IEwτtρEtρμEh{shzEγμtμΛtorSENewpJournalpofpPhysicsQE2016QEV^QEU]XUWV 2.9 1

301 iμ≥mRτnγuΛμγE≥nγEΛosmτΛRr≥yEb≥ΛχπrounγsEobsμrvμγEτnEtρμEh{shzEγμtμΛtorEγurτnπEtρμEsojEWUVWE
protonRprotonErunnτnπEpμrτoγSEJournalpofpInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

300 tμ≥surμmμntsEoνEtopRqu≥rχEp≥τrEγτννμrμntτ≥ψEΛrossRsμΛtτonsEτnEtρμEψμptonPφμtsEΛρ≥nnμψEτnEΛoψψτsτonsE
≥tE mormuψ≥aEsμμEtμxt±EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZX^ 4.2 48

299
tμ≥surμmμntEoνEtρμEγτννμrμntτ≥ψEΛrossRsμΛtτonsEoνEpromptE≥nγEnonRpromptEproγuΛtτonEoνE mormuψ≥aE
sμμEtμxt±E≥nγE mormuψ≥aEsμμEtμxt±EτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E≥nγE^´ {μ~EwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEW^X

4.2 42

298 sumτnosτtyEγμtμrmτn≥tτonEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EdE^E{μ~EusτnπEtρμEh{shzEγμtμΛtorE≥tE
tρμEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QE[ZX 4.2 188

297
zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnEμvμntsEwτtρEρ≥γronτΛ≥ψψyEγμΛ≥yτnπEt≥uEψμptonsQEφμtsE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEprotonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~ErμΛorγμγEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[^X

4.2 7

296
hγγμnγumEtoEâ��tμ≥surμmμntEoνEtρμEMtb≥r{t}NEproγuΛtτonEΛrossRsμΛtτonEusτnπEMμmuENEμvμntsEwτtρE
bRt≥ππμγEφμtsEτnEppEΛoψψτsτonsE≥tEMsqrt{s}NEdE]E≥nγE^EMQm≥tρrm{{μ~}NEwτtρEtρμEh{shzEγμtμΛtorâ��SE
EuropeanpPhysicalpJournalpCQE2016QE][QEV

4.2 13

295 tμ≥surμmμntEoνEtρμE≥nπuψ≥rEΛoμνντΛτμntsEτnE—RbosonEμvμntsEusτnπEμψμΛtronE≥nγEmuonEp≥τrsEνromE
γ≥t≥Et≥χμnE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

294 zμ≥rΛρμsEνorEρμ≥vyEγτbosonErμson≥nΛμsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

293 k≥rχEm≥ttμrEτntμrprμt≥tτonsEoνEh{shzEsμ≥rΛρμsEνorEtρμEμψμΛtrowμ≥χEproγuΛtτonEoνEsupμrsymmμtrτΛE
p≥rtτΛψμsEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEΛoψψτsτonsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 16

(2016-2016)
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292
zμ≥rΛρEνorEtρμEzt≥nγ≥rγEtoγμψEoτππsEbosonEγμΛ≥yτnπEτntoEMEbovμrψτnμ{b}ENEproγuΛμγEτnE≥ssoΛτ≥tτonE
wτtρEtopEqu≥rχsEγμΛ≥yτnπEρ≥γronτΛ≥ψψyEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV

5.4 16

291 tμ≥surμmμntEoνEtρμEjwRvτoψ≥tτnπEpρ≥sμEfEsE≥nγEtρμEiEUEsEmμsonEγμΛ≥yEwτγtρEγτννμrμnΛμEwτtρEiEUEsE
EReEqTˇ�fEγμΛ≥ysEτnEh{shzSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

290
zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnEντn≥ψEst≥tμsEwτtρEφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumE≥tE
 mormuψ≥aEsμμEtμxt±EdVXE mormuψ≥aEsμμEtμxt±wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2016QE][QEX_W

4.2 53

289 tμ≥surμmμntEoνEtρμEγoubψμRγτννμrμntτ≥ψEρτπρRm≥ssEkrμψψR–≥nEΛrossEsμΛtτonEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 24

288 hEsμ≥rΛρEνorEpromptEψμptonRφμtsEτnEppEΛoψψτsτonsE≥tEMEsqrt{m≥tρrm{s}}d^ENE{μ~EwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 22

287 zμ≥rΛρEνorEnμwEpρμnomμn≥EwτtρEpρotonPφμtEμvμntsEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

286
tμ≥surμmμntEoνEtρμEΛμntr≥ψτtyEγμpμnγμnΛμEoνEtρμEΛρ≥rπμγRp≥rtτΛψμEpsμuγor≥pτγτtyEγτstrτbutτonEτnE
protonRψμ≥γEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2016QE][QEV__

4.2 39

285 tμ≥surμmμntEoνEtρμEproγuΛtτonEΛrossRsμΛtτonEoνE≥EsτnπψμEtopEqu≥rχEτnE≥ssoΛτ≥tτonEwτtρE≥E‘EbosonE≥tE
^E{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

284 zμ≥rΛρEνorEtρμEproγuΛtτonEoνEsτnπψμEvμΛtorRψτχμE≥nγEμxΛτtμγEqu≥rχsEτnEtρμE‘tEντn≥ψEst≥tμEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 14

283 zμ≥rΛρEνorEstronπEπr≥vτtyEτnEmuψtτφμtEντn≥ψEst≥tμsEproγuΛμγEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}dVXENE{μ~EusτnπE
tρμEh{shzEγμtμΛtorE≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

282 pγμntτντΛ≥tτonEoνEboostμγQEρ≥γronτΛ≥ψψyEγμΛ≥yτnπEbosonsE≥nγEΛomp≥rτsonsEwτtρEh{shzEγ≥t≥Et≥χμnE≥tE
 mormuψ≥aEsμμEtμxt±´ {μ~SEEuropeanpPhysicalpJournalpCQE2016QE][QEVZY 4.2 44

281 zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEμvμntsEwτtρE≥tEψμ≥stEtρrμμEpρotonsEΛoψψμΛtμγEτnEΛoψψτsτonsE≥tE mormuψ≥aE
sμμEtμxt±EdE^E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWVU 4.2 53

280 wrobτnπEψμptonEνψ≥vourEvτoψ≥tτonEvτ≥EnμutrτnoψμssE mormuψ≥aEsμμEtμxt±EγμΛ≥ysEwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWXW 4.2 12

279 hEnμwEmμtρoγEtoEγτstτnπuτsρEρ≥γronτΛ≥ψψyEγμΛ≥yτnπEboostμγEbosonsEνromEbosonsEusτnπEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWX^ 4.2 6

278 zμ≥rΛρEνorEsupμrsymmμtryE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EτnEντn≥ψEst≥tμsEwτtρEφμtsE≥nγEtwoEs≥mμRsτπnE
ψμptonsEorEtρrμμEψμptonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWZ_ 4.2 48

277 zμ≥rΛρEνorEτnvτsτbψμEγμΛ≥ysEoνE≥EoτππsEbosonEusτnπEvμΛtorRbosonEνusτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 45

276
zμ≥rΛρEνorE≥nom≥ψousEΛoupψτnπsEτnEtρμE‘EtbEvμrtμxEνromEtρμEmμ≥surμmμntEoνEγoubψμEγτννμrμntτ≥ψE
≥nπuψ≥rEγμΛ≥yEr≥tμsEoνEsτnπψμEtopEqu≥rχsEproγuΛμγEτnEtρμEtRΛρ≥nnμψEwτtρEtρμEh{shzEγμtμΛtorSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEVRY[

5.4 12

275 zμ≥rΛρμsEνorEsΛ≥ψ≥rEψμptoqu≥rχsEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EdE^´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2016QE][QEZ 4.2 68
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274
tμ≥surμmμntsEoνEtρμEoτππsEbosonEproγuΛtτonE≥nγEγμΛ≥yEr≥tμsE≥nγEΛoupψτnπEstrμnπtρsEusτnπE
ΛoψψτsτonEγ≥t≥E≥tE mormuψ≥aEsμμEtμxt±E≥nγE^´ {μ~EτnEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpC
QE2016QE][QE[

4.2 185

273
tμ≥surμmμntsEoνEντγuΛτ≥ψEΛrossRsμΛtτonsEνorE mormuψ≥aEsμμEtμxt±EproγuΛtτonEwτtρEonμEorEtwoE
≥γγτtτon≥ψERφμtsEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±d^E{μ~´ usτnπEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2016QE][QEVV

4.2 21

272 ztuγyEoνEtρμE mormuψ≥aEsμμEtμxt±E≥nγE mormuψ≥aEsμμEtμxt±EγμΛ≥ysEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2016QE][QEY 4.2 13

271
zμ≥rΛρEνorE≥nE≥γγτtτon≥ψQEρμ≥vyEoτππsEbosonEτnEtρμE mormuψ≥aEsμμEtμxt±EγμΛ≥yEΛρ≥nnμψE≥tE mormuψ≥aE
sμμEtμxt±EτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2016QE][QEYZ

4.2 152

270 zμ≥rΛρEνorEsτnπψμEtopRqu≥rχEproγuΛtτonEvτ≥Eνψ≥vourRΛρ≥nπτnπEnμutr≥ψEΛurrμntsE≥tE^´ {μ~EwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZZ 4.2 28

269 tμ≥surμmμntEoνEtρμEΛρ≥rπμE≥symmμtryEτnEtopRqu≥rχEp≥τrEproγuΛtτonEτnEtρμEψμptonRpψusRφμtsEντn≥ψE
st≥tμEτnEppEΛoψψτsτonEγ≥t≥E≥tEMsqrt{s}d^Qm≥tρrmE{μ~{}NEwτtρEtρμEh{shzEγμtμΛtorE2016QE][QEV 1

268 ztuγyEoνEρ≥rγEγoubψμRp≥rtonEsΛ≥ttμrτnπEτnEνourRφμtEμvμntsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EwτtρE
tρμEh{shzEμxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 21

267
zμ≥rΛρEνorEtρμEzt≥nγ≥rγEtoγμψEoτππsEbosonEproγuΛμγEbyEvμΛtorRbosonEνusτonE≥nγEγμΛ≥yτnπEtoE
bottomEqu≥rχsEτnEMEsqrt{s}d^ENE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2016QEWUV[QEV

5.4 8

266
tμ≥surμmμntEoνEμvμntRsρ≥pμEobsμrv≥bψμsEτnE mormuψ≥aEsμμEtμxt±EμvμntsEτnEΛoψψτsτonsE≥tE mormuψ≥aE
sμμEtμxt±´  mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorE≥tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2016QE
][QEX]Z

4.2 5

265 jρ≥rπμγRp≥rtτΛψμEγτstrτbutτonsEτnEτntμr≥ΛtτonsE≥tE mormuψ≥aEsμμEtμxt±Emμ≥surμγEwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEYUX 4.2 19

264 jρ≥rπμγRp≥rtτΛψμEγτstrτbutτonsE≥tEψowEtr≥nsvμrsμEmomμntumEτnE mormuψ≥aEsμμEtμxt±´ {μ~Eτntμr≥ΛtτonsE
mμ≥surμγEwτtρEtρμEh{shzEγμtμΛtorE≥tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QEZUW 4.2 37

263 zμ≥rΛρEνorEbottomEsqu≥rχEp≥τrEproγuΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~E
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZY] 4.2 25

262
zμ≥rΛρEνorEmτnτm≥ψEsupμrsymmμtrτΛEst≥nγ≥rγEmoγμψEoτππsEiosonsE´ T´ E≥nγEνorE≥E mormuψ≥aEsμμEtμxt±E
bosonEτnEtρμE mormuψ≥aEsμμEtμxt±Eντn≥ψEst≥tμEproγuΛμγEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E{μ~EwτtρE
tρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^Z

4.2 28

261 tμ≥surμmμntEoνEtρμEpρotonEτγμntτντΛ≥tτonEμνντΛτμnΛτμsEwτtρEtρμEh{shzEγμtμΛtorEusτnπEsojEyunRVE
γ≥t≥SEEuropeanpPhysicalpJournalpCQE2016QE][QE[[[ 4.2 53

260 tμ≥surμmμntEoνEtρμE mormuψ≥aEsμμEtμxt±EγτφμtEΛrossEsμΛtτonEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~E
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[]U 4.2 7

259 {ρμEpμrνorm≥nΛμEoνEtρμEφμtEtrτππμrEνorEtρμEh{shzEγμtμΛtorEγurτnπEWUVVEγ≥t≥Et≥χτnπSEEuropeanp
PhysicalpJournalpCQE2016QE][QEZW[ 4.2 16

258 zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEγτννμrμntRνψ≥vourEρτπρRm≥ssEγτψμptonEντn≥ψEst≥tμsEτnEΛoψψτsτonsE≥tE
 mormuψ≥aEsμμEtμxt±´ {μvEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZYV 4.2 7

257
zμ≥rΛρEνorEtρμEoτππsEbosonEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρE≥EbosonE≥nγEγμΛ≥yτnπEtoEνourERqu≥rχsEvτ≥E
twoEspτnRzμroEp≥rtτΛψμsEτnEΛoψψτsτonsE≥tEVXE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2016QE][QE[UZ

4.2 16
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256 tuonErμΛonstruΛtτonEpμrνorm≥nΛμEoνEtρμEh{shzEγμtμΛtorEτnEprotonRprotonEΛoψψτsτonEγ≥t≥E≥tE
 mormuψ≥aEsμμEtμxt±dVX´ {μ~SEEuropeanpPhysicalpJournalpCQE2016QE][QEW_W 4.2 263

255 {μstEoνEjwEτnv≥rτ≥nΛμEτnEvμΛtorRbosonEνusτonEproγuΛtτonEoνEtρμEoτππsEbosonEusτnπEtρμEmμtρoγEτnEtρμE
γτt≥uEγμΛ≥yEΛρ≥nnμψEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[Z^ 4.2 26

254 zμ≥rΛρEνorEπψuτnosEτnEμvμntsEwτtρE≥nEτsoψ≥tμγEψμptonQEφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumE≥tE
 mormuψ≥aEsμμEtμxt±EdEVXE{μE~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ[Z 4.2 20

253 tμ≥surμmμntEoνEtρμEτnΛψusτvμEτsoψ≥tμγEpromptEpρotonEΛrossEsμΛtτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 25

252 zμ≥rΛρEνorE≥EρτπρRm≥ssEoτππsEbosonEγμΛ≥yτnπEtoE≥E‘EbosonEp≥τrEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 59

251
zμ≥rΛρEνorEνψ≥vourRΛρ≥nπτnπEnμutr≥ψEΛurrμntEtopRqu≥rχEγμΛ≥ysEtoE mormuψ≥aEsμμEtμxt±EτnE mormuψ≥aE
sμμEtμxt±EΛoψψτsτonEγ≥t≥EΛoψψμΛtμγEwτtρEtρμEh{shzEγμtμΛtorE≥tE mormuψ≥aEsμμEtμxt±´ {μ~SEEuropeanp
PhysicalpJournalpCQE2016QE][QEVW

4.2 16

250
tμ≥surμmμntEoνEtρμEΛρ≥rπμE≥symmμtryEτnEtopRqu≥rχEp≥τrEproγuΛtτonEτnEtρμEψμptonRpψusRφμtsEντn≥ψE
st≥tμEτnEΛoψψτsτonEγ≥t≥E≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2016QE][QE^]

4.2 18

249 zμ≥rΛρEνorEγτrμΛtEtopEsqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEtwoEt≥uEψμptonsEτnEΛoψψτsτonsE≥tE
 mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QE^V 4.2 7

248 zμ≥rΛρEνorEΛρ≥rπμγEoτππsEbosonsEτnEtρμEoE´–EReEtbEγμΛ≥yEΛρ≥nnμψEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~E
usτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 33

247 ztuγyEoνEtρμEr≥rμEγμΛ≥ysEoνE mormuψ≥aEsμμEtμxt±E≥nγE mormuψ≥aEsμμEtμxt±EτntoEmuonEp≥τrsEνromEγ≥t≥E
ΛoψψμΛtμγEγurτnπEtρμEsojEyunEVEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZVX 4.2 27

246
zμ≥rΛρEνorEsupμrsymmμtryEτnE≥Eντn≥ψEst≥tμEΛont≥τnτnπEtwoEpρotonsE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumEτnE mormuψ≥aEsμμEtμxt±´ d´ VX´ {μ~E mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tEtρμEsojEusτnπEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZV]

4.2 17

245 zμ≥rΛρEνorErμson≥nΛμsEτnEγτpρotonEμvμntsE≥tEMEsqrt{s}dVXENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2016QEWUV[QEV 5.4 49

244 zμ≥rΛρEνorEsτnπψμEproγuΛtτonEoνEvμΛtorRψτχμEqu≥rχsEγμΛ≥yτnπEτntoEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμE
tμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2016QE][QEYYW 4.2 24

243 tμ≥surμmμntEoνEtρμErμψ≥tτvμEwτγtρEγτννμrμnΛμEoνEtρμEME{i}^Uρbox{R}E{ovμrψτnμ{i}}^UENEsystμmEwτtρE
tρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 5

242 qμtEμnμrπyEmμ≥surμmμntE≥nγEτtsEsystμm≥tτΛEunΛμrt≥τntyEτnEprotonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμE
tμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV] 4.2 194

241 zμ≥rΛρEνorEτnvτsτbψμEp≥rtτΛψμsEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρEsτnπψμRtopRqu≥rχsEτnEprotonRprotonE
ΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE]_ 4.2 21

240 zμ≥rΛρEνorErμson≥ntEγτbosonEproγuΛtτonEτnEtρμE mormuψ≥aEsμμEtμxt±Eντn≥ψEst≥tμEτnE mormuψ≥aEsμμEtμxt±E
ΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE[_ 4.2 62

239 tμ≥surμmμntsEoνEtρμE mormuψ≥aEsμμEtμxt±EproγuΛtτonEΛrossEsμΛtτonsEτnE≥ssoΛτ≥tτonEwτtρEφμtsEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE^W 4.2 54
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238 zμ≥rΛρEνorEγ≥rχEm≥ttμrEτnEμvμntsEwτtρEρμ≥vyEqu≥rχsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnE mormuψ≥aE
sμμEtμxt±EΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE_W 4.2 60

237
tμ≥surμmμntEoνEtρμEMEtovμrψτnμ{t}ENEproγuΛtτonEΛrossRsμΛtτonE≥sE≥EνunΛtτonEoνEφμtEmuψtτpψτΛτtyE≥nγEφμtE
tr≥nsvμrsμEmomμntumEτnE]E{μ~EprotonRprotonEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 14

236
tμ≥surμmμntEoνEtρμE‘E‘EPE‘E—EΛrossEsμΛtτonE≥nγEψτmτtsEonE≥nom≥ψousEtrτpψμEπ≥uπμEΛoupψτnπsEusτnπE
ντn≥ψEst≥tμsEwτtρEonμEψμptonQEmτssτnπEtr≥nsvμrsμEmomμntumQE≥nγEtwoEφμtsEwτtρEtρμEh{shzEγμtμΛtorE
≥tEMEsqrt{s}d]ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV

5.4 12

235 zμ≥rΛρμsEνorEρμ≥vyEψonπRψτvμγEΛρ≥rπμγEp≥rtτΛψμsEwτtρEtρμEh{shzEγμtμΛtorEτnEprotonRprotonEΛoψψτsτonsE
≥tEMEsqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 29

234 zμ≥rΛρEνorEtρμEMEbovμrψτnμ{b}ENEγμΛ≥yEoνEtρμEzt≥nγ≥rγEtoγμψEoτππsEbosonEτnE≥ssoΛτ≥tμγEM‘T—NoE
proγuΛtτonEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 64

233 tμ≥surμmμntEoνEtρμEτnΛψusτvμEφμtEΛrossRsμΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EusτnπE
YSZEνbâ��VEoνEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 27

232
zμ≥rΛρEνorE≥nom≥ψousEproγuΛtτonEoνEpromptEs≥mμRsτπnEψμptonEp≥τrsE≥nγEp≥τrRproγuΛμγEγoubψyE
Λρ≥rπμγEoτππsEbosonsEwτtρEMEsqrt{s}d^ENE{μ~EppEΛoψψτsτonsEusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 45

231
zμ≥rΛρEνorEΛρ≥rπμγEoτππsEbosonsEγμΛ≥yτnπEvτ≥EoE´–EReEˇ�E´–E˛‰EτnEνuψψyEρ≥γronτΛEντn≥ψEst≥tμsEusτnπEppE
ΛoψψτsτonEγ≥t≥E≥tEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QE
WUVZQEV

5.4 56

230
zμ≥rΛρEνorEproγuΛtτonEoνE mormuψ≥aEsμμEtμxt±Erμson≥nΛμsEγμΛ≥yτnπEtoE≥EψμptonQEnμutrτnoE≥nγEφμtsEτnE
 mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2015QE]ZQEWU_

4.2 73

229 wμrνorm≥nΛμEoνEtρμEh{shzEmuonEtrτππμrEτnEppEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E{μ~SEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEVWU 4.2 51

228 zμ≥rΛρEνorEoτππsEbosonEp≥τrEproγuΛtτonEτnEtρμE mormuψ≥aEsμμEtμxt±Eντn≥ψEst≥tμEνromEΛoψψτsτonsE≥tE
 mormuψ≥aEsμμEtμxt±E{μ~wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYVW 4.2 66

227 kμtμrmτn≥tτonEoνEspτnE≥nγEp≥rτtyEoνEtρμEoτππsEbosonEτnEtρμE mormuψ≥aEsμμEtμxt±EγμΛ≥yEΛρ≥nnμψEwτtρE
tρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWXV 4.2 15

226
zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEντn≥ψEst≥tμsEwτtρE≥nEμnμrπμtτΛEφμtE≥nγEψ≥rπμEmτssτnπEtr≥nsvμrsμE
momμntumEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2015QE]ZQEW__

4.2 202

225 zμ≥rΛρEνorE≥EnμwErμson≥nΛμEγμΛ≥yτnπEtoE≥EorEbosonE≥nγE≥EoτππsEbosonEτnEtρμE mormuψ≥aEsμμEtμxt±E
ντn≥ψEst≥tμsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEW[X 4.2 46

224 tμ≥surμmμntEoνEtρrμμRφμtEproγuΛtτonEΛrossRsμΛtτonsEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE]´  mormuψ≥aE
sμμEtμxt±EΛμntrμRoνRm≥ssEμnμrπyEusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWW^ 4.2 18

223 jonstr≥τntsEonEtρμEoννRsρμψψEoτππsEbosonEsτπn≥ψEstrμnπtρEτnEtρμEρτπρRm≥ssE≥nγEντn≥ψEst≥tμsEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXXZ 4.2 56

222
pγμntτντΛ≥tτonE≥nγEμnμrπyEΛ≥ψτbr≥tτonEoνEρ≥γronτΛ≥ψψyEγμΛ≥yτnπEt≥uEψμptonsEwτtρEtρμEh{shzE
μxpμrτmμntEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt± mormuψ≥aEsμμEtμxt±SEEuropeanpPhysicalpJournalpCQE2015
QE]ZQEXUX

4.2 49

221 ztuγyEoνEtρμEspτnE≥nγEp≥rτtyEoνEtρμEoτππsEbosonEτnEγτbosonEγμΛ≥ysEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2015QE]ZQEY][ 4.2 104

(2015-2015)
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220
vbsμrv≥tτonE≥nγEmμ≥surμmμntsEoνEtρμEproγuΛtτonEoνEpromptE≥nγEnonRpromptE mormuψ≥aEsμμEtμxt±E
mμsonsEτnE≥ssoΛτ≥tτonEwτtρE≥E mormuψ≥aEsμμEtμxt±EbosonEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aE
sμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWW_

4.2 38

219
zμ≥rΛρEνorEtρμEzt≥nγ≥rγEtoγμψEoτππsEbosonEproγuΛμγEτnE≥ssoΛτ≥tτonEwτtρEtopEqu≥rχsE≥nγEγμΛ≥yτnπE
τntoE mormuψ≥aEsμμEtμxt±EτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXY_

4.2 94

218
zμ≥rΛρEνorEsupμrsymmμtryEτnEμvμntsEΛont≥τnτnπE≥Es≥mμRνψ≥vourEopposτtμRsτπnEγτψμptonEp≥τrQEφμtsQE≥nγE
ψ≥rπμEmτssτnπEtr≥nsvμrsμEmomμntumEτnE mormuψ≥aEsμμEtμxt±´ {μ~EΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2015QE]ZQEXV^

4.2 44

217 zμ≥rΛρEνorEρμ≥vyEψonπRψτvμγEmuψtτRΛρ≥rπμγEp≥rtτΛψμsEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EusτnπEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEX[W 4.2 22

216 {woRp≥rtτΛψμEiosμRlτnstμτnEΛorrμψ≥tτonsEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EUS_E≥nγE]E{μ~Emμ≥surμγE
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEY[[ 4.2 28

215 tμ≥surμmμntEoνEtρμEtopEqu≥rχEm≥ssEτnEtρμE mormuψ≥aEsμμEtμxt±E≥nγE mormuψ≥aEsμμEtμxt±EΛρ≥nnμψsE
usτnπE mormuψ≥aEsμμEtμxt±´  mormuψ≥aEsμμEtμxt±Eh{shzEγ≥t≥SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXXU 4.2 32

214 h{shzEyunEVEsμ≥rΛρμsEνorEγτrμΛtEp≥τrEproγuΛtτonEoνEtρτrγRπμnμr≥tτonEsqu≥rχsE≥tEtρμEs≥rπμEo≥γronE
joψψτγμrSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEZVU 4.2 109

213 zμ≥rΛρEνorEψowRsΛ≥ψμEπr≥vτtyEsτπn≥turμsEτnEmuψtτRφμtEντn≥ψEst≥tμsEwτtρEtρμEh{shzEγμtμΛtorE≥tEME
sqrt{s}d^ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 2

212 hEsμ≥rΛρEνorEρτπρRm≥ssErμson≥nΛμsEγμΛ≥yτnπEtoEˇ�Pˇ�â��EτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

211 zumm≥ryEoνEtρμEh{shzEμxpμrτmμntâ��sEsμnsτtτvτtyEtoEsupμrsymmμtryE≥νtμrEsojEyunEVEâ��EτntμrprμtμγE
τnEtρμEpρμnomμnoψoπτΛ≥ψEtzztSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 42

210 zμ≥rΛρEνorEψμptonRνψ≥vourRvτoψ≥tτnπEoEReE˛…ˇ�EγμΛ≥ysEoνEtρμEoτππsEbosonEwτtρEtρμEh{shzEγμtμΛtorSE
JournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 46

209 tμ≥surμmμntEoνEνourRφμtEγτννμrμntτ≥ψEΛrossEsμΛtτonsEτnEMEsqrt{s}d^ENE{μ~EprotonRprotonEΛoψψτsτonsE
usτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR][ 5.4 5

208 hEsμ≥rΛρEνorEMEtovμrψτnμ{t}ENErμson≥nΛμsEusτnπEψμptonRpψusRφμtsEμvμntsEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 57

207 tμ≥surμmμntEoνEtρμEνorw≥rγRb≥Λχw≥rγE≥symmμtryEoνEμψμΛtronE≥nγEmuonEp≥τrRproγuΛtτonEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 18

206 tμ≥surμmμntEoνEΛρ≥rπμγRp≥rtτΛψμEspμΛtr≥EτnEwbPwbEΛoψψτsτonsE≥tEMEsqrt{sℓ{m≥tρrm{uu}}}dWS][ENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorE≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 49

205 hn≥ψysτsEoνEμvμntsEwτtρEbRφμtsE≥nγE≥Ep≥τrEoνEψμptonsEoνEtρμEs≥mμEΛρ≥rπμEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^E
NE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 26

204 jonstr≥τntsEonEnμwEpρμnomμn≥Evτ≥EoτππsEbosonEΛoupψτnπsE≥nγEτnvτsτbψμEγμΛ≥ysEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 91

203 zμ≥rΛρEνorEρτπρRm≥ssEγτbosonErμson≥nΛμsEwτtρEbosonRt≥ππμγEφμtsEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVRX_ 5.4 66

Laura Fabbri
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202
kτννμrμntτ≥ψEtopR≥ntτtopEΛrossRsμΛtτonEmμ≥surμmμntsE≥sE≥EνunΛtτonEoνEobsμrv≥bψμsEΛonstruΛtμγEνromE
ντn≥ψRst≥tμEp≥rtτΛψμsEusτnπEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EτnEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 31

201 zμ≥rΛρEνorEρμ≥vyEt≥φor≥n≥EnμutrτnosEwτtρEtρμEh{shzEγμtμΛtorEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~SE
JournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 65

200
zμ≥rΛρEνorEproγuΛtτonEoνEvμΛtorRψτχμEqu≥rχEp≥τrsE≥nγEoνEνourEtopEqu≥rχsEτnEtρμEψμptonRpψusRφμtsEντn≥ψE
st≥tμEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2015QEWUVZQEV

5.4 54

199 zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEμvμntsEwτtρEtρrμμEorEmorμEΛρ≥rπμγEψμptonsEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

198 zumm≥ryEoνEtρμEsμ≥rΛρμsEνorEsqu≥rχsE≥nγEπψuτnosEusτnπEMEsqrt{s}d^ENE{μ~EppEΛoψψτsτonsEwτtρEtρμE
h{shzEμxpμrτmμntE≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 55

197 kμtμrmτn≥tτonEoνEtρμEtopRqu≥rχEpoψμEm≥ssEusτnπEMEtovμrψτnμ{t}ENEPEVRφμtEμvμntsEΛoψψμΛtμγEwτtρEtρμE
h{shzEμxpμrτmμntEτnE]E{μ~EppEΛoψψτsτonsSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 15

196 tμ≥surμmμntEoνEtρμEMEtovμrψτnμ{t}‘ENE≥nγEMEtovμrψτnμ{t}—ENEproγuΛtτonEΛrossEsμΛtτonsEτnEppEΛoψψτsτonsE
≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

195 zμ≥rΛρEνorEνψ≥vourRΛρ≥nπτnπEnμutr≥ψEΛurrμntEtopEqu≥rχEγμΛ≥ysEtEReEoqEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR[Z 5.4 18

194 zμ≥rΛρEνorEρμ≥vyEψμptonErμson≥nΛμsEγμΛ≥yτnπEtoE≥E—EbosonE≥nγE≥EψμptonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^E
NE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

193 zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnEμvμntsEwτtρEτsoψ≥tμγEψμptonsQEφμtsE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 37

192 lvτγμnΛμEνorEtρμEoτππsRbosonE–uχ≥w≥EΛoupψτnπEtoEt≥uEψμptonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2015QEWUVZQEV 5.4 74

191 tμ≥surμmμntEoνEtρμEΛρ≥rπμE≥symmμtryEτnEγτψμptonτΛEγμΛ≥ysEoνEtopEqu≥rχEp≥τrsEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}d]ENE{μ~EusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

190 zμ≥rΛρEνorE mormuψ≥aEsμμEtμxt±EγμΛ≥ysEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ d´ ^´ {μ~E
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV[Z 4.2 25

189 tμ≥surμmμntEoνEtρμEtopRqu≥rχEm≥ssEτnEtρμEνuψψyEρ≥γronτΛEγμΛ≥yEΛρ≥nnμψEνromEh{shzEγ≥t≥E≥tE
 mormuψ≥aEsμμEtμxt±SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEVZ^ 4.2 8

188
zμ≥rΛρEνorEγτrμΛtEp≥τrEproγuΛtτonEoνE≥EΛρ≥rπτnoE≥nγE≥Enμutr≥ψτnoEγμΛ≥yτnπEtoEtρμEVWZ´ nμ~EoτππsE
bosonEτnE mormuψ≥aEsμμEtμxt±´ {μ~E mormuψ≥aEsμμEtμxt±EΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEWU^

4.2 50

187 ztuγyEoνEM‘T—NoEproγuΛtτonE≥nγEoτππsEbosonEΛoupψτnπsEusτnπEoReE‘E‘EOEγμΛ≥ysEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 14

186 zμ≥rΛρEνorEmμt≥st≥bψμEρμ≥vyEΛρ≥rπμγEp≥rtτΛψμsEwτtρEψ≥rπμEτonτs≥tτonEμnμrπyEψossEτnEΛoψψτsτonsE≥tE
 mormuψ≥aEsμμEtμxt±´ {μ~EusτnπEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYU] 4.2 18

185
tμ≥surμmμntEoνEtρμEproγuΛtτonE≥nγEψμptonEΛρ≥rπμE≥symmμtryEoνE mormuψ≥aEsμμEtμxt±EbosonsEτnE
wbPwbEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2015QE
]ZQEWX

4.2 31

(2015-2015)
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184 ztuγyEoνEtρμEspτnE≥nγEp≥rτtyEoνEtρμEoτππsEbosonEτnEγτbosonEγμΛ≥ysEwτtρEtρμEh{shzEγμtμΛtorE2015QE
]ZQEV 3

183 h{shzEyunEVEsμ≥rΛρμsEνorEγτrμΛtEp≥τrEproγuΛtτonEoνEtρτrγRπμnμr≥tτonEsqu≥rχsE≥tEtρμEs≥rπμEo≥γronE
joψψτγμrE2015QE]ZQEV 3

182 tμ≥surμmμntEoνEtρμEτnΛψusτvμEφμtEΛrossRsμΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EusτnπE
YSZEνbâ��VEoνEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorE2015QEWUVZQEV 3

181 tμ≥surμmμntEoνEtρμEtopEqu≥rχEp≥τrEproγuΛtτonEΛρ≥rπμE≥symmμtryEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}ENEdE]E{μ~EusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 24

180
zμ≥rΛρEνorEtρμEγτrμΛtEproγuΛtτonEoνEΛρ≥rπτnosQEnμutr≥ψτnosE≥nγEst≥usEτnEντn≥ψEst≥tμsEwτtρE≥tEψμ≥stEtwoE
ρ≥γronτΛ≥ψψyEγμΛ≥yτnπEt≥usE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 29

179
{ρμEγτννμrμntτ≥ψEproγuΛtτonEΛrossEsμΛtτonEoνEtρμE mormuψ≥aEsμμEtμxt±MVUWUNEmμsonEτnE mormuψ≥aEsμμE
tμxt±EdE]´ {μ~E mormuψ≥aEsμμEtμxt±EΛoψψτsτonsEmμ≥surμγEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEW^_Z

4.2 12

178 lψμΛtronErμΛonstruΛtτonE≥nγEτγμntτντΛ≥tτonEμνντΛτμnΛyEmμ≥surμmμntsEwτtρEtρμEh{shzEγμtμΛtorEusτnπE
tρμEWUVVEsojEprotonRprotonEΛoψψτsτonEγ≥t≥SEEuropeanpPhysicalpJournalpCQE2014QE]YQEW_YV 4.2 160

177 tμ≥surμmμntEoνEtρμEunγμrψyτnπEμvμntEτnEφμtEμvμntsEνromE]EMtμxtE{{μ~}NEprotonâ��protonEΛoψψτsτonsE
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEV 4.2 18

176
tμ≥surμmμntEoνEtρμEΛμntr≥ψτtyE≥nγEpsμuγor≥pτγτtyEγμpμnγμnΛμEoνEtρμEτntμπr≥tμγEμψψτptτΛEνψowEτnE
ψμ≥γRψμ≥γEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~´ wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2014QE]YQEW_^W

4.2 18

175 sτπρtRqu≥rχE≥nγEπψuonEφμtEγτsΛrτmτn≥tτonEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EwτtρE
tρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUWX 4.2 46

174
tμ≥surμmμntEoνEtρμEμψμΛtrowμ≥χEproγuΛtτonEoνEγτφμtsEτnE≥ssoΛτ≥tτonEwτtρE≥E—RbosonE≥nγE
γτstrτbutτonsEsμnsτtτvμEtoEvμΛtorEbosonEνusτonEτnEprotonRprotonEΛoψψτsτonsE≥tEMEsqrt{s}ENEdE^E{μ~EusτnπE
tρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 14

173
zμ≥rΛρEνorEγτrμΛtEproγuΛtτonEoνEΛρ≥rπτnosE≥nγEnμutr≥ψτnosEτnEμvμntsEwτtρEtρrμμEψμptonsE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEMEsqrt{s}ENEdE^E{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 76

172
tμ≥surμmμntEoνEtρμEproγuΛtτonEΛrossEsμΛtτonEoνEpromptEqTˇ�EmμsonsEτnE≥ssoΛτ≥tτonEwτtρE≥E‘E´–E
bosonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdE]E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE
2014QEWUVYQEV

5.4 24

171 tμ≥surμmμntEoνEγτφμtEΛrossRsμΛtτonsEτnEppEΛoψψτsτonsE≥tE]E{μ~EΛμntrμRoνRm≥ssEμnμrπyEusτnπEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 17

170 tμ≥surμmμntEoνEtρμEproγuΛtτonEoνE≥E‘EbosonEτnE≥ssoΛτ≥tτonEwτtρE≥EΛρ≥rmEqu≥rχEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}ENEdE]E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 37

169
zμ≥rΛρEνorEγτrμΛtEproγuΛtτonEoνEΛρ≥rπτnosQEnμutr≥ψτnosE≥nγEsψμptonsEτnEντn≥ψEst≥tμsEwτtρEtwoEψμptonsE
≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}ENEdE^{μ~EwτtρEtρμEh{shzEγμtμΛtorSE
JournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 120

168 zμ≥rΛρEνorEsupμrsymmμtryE≥tEMsqrt{s}NEdE^E{μ~EτnEντn≥ψEst≥tμsEwτtρEφμtsE≥nγEtwoEs≥mμRsτπnEψμptonsEorE
tρrμμEψμptonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 39

167 tμ≥surμmμntEoνEtρμEψowRm≥ssEkrμψψR–≥nEγτννμrμntτ≥ψEΛrossEsμΛtτonE≥tEMEsqrt{s}ENEdE]E{μ~EusτnπEtρμE
h{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 18
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166 zμ≥rΛρEνorEγτrμΛtEtopRsqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEtwoEψμptonsEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 52

165 tμ≥surμmμntEoνEˇ�EΛVE≥nγEˇ�EΛWEproγuΛtτonEwτtρEMEsqrt{s}ENEdE]E{μ~EppEΛoψψτsτonsE≥tEh{shzSEJournalpofp
HighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

164 zμ≥rΛρEνorEmτΛrosΛopτΛEbψ≥ΛχEρoψμsE≥nγEstrτnπEb≥ψψsEτnEντn≥ψEst≥tμsEwτtρEψμptonsE≥nγEφμtsEwτtρEtρμE
h{shzEγμtμΛtorE≥tEMEsqrt{s}ENEdE^E{μ~SEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 6

163 zμ≥rΛρEνorEnμwEp≥rtτΛψμsEτnEμvμntsEwτtρEonμEψμptonE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnEppE
ΛoψψτsτonsE≥tEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 40

162
zμ≥rΛρEνorEγτrμΛtEtopEsqu≥rχEp≥τrEproγuΛtτonEτnEμvμntsEwτtρE≥E mormuψ≥aEsμμEtμxt±EbosonQE mormuψ≥aE
sμμEtμxt±RφμtsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEτnE mormuψ≥aEsμμEtμxt±E{μ~E mormuψ≥aEsμμEtμxt±E
ΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEW^^X

4.2 41

161 zμ≥rΛρEνorEnμutr≥ψEoτππsEbosonsEoνEtρμEmτnτm≥ψEsupμrsymmμtrτΛEst≥nγ≥rγEmoγμψEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 67

160 tμ≥surμmμntEoνEtρμEmuonErμΛonstruΛtτonEpμrνorm≥nΛμEoνEtρμEh{shzEγμtμΛtorEusτnπEWUVVE≥nγEWUVWE
sojEprotonRprotonEΛoψψτsτonEγ≥t≥SEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVXU 4.2 166

159
tμ≥surμmμntsEoνEφμtEvμtoμsE≥nγE≥zτmutρ≥ψEγμΛorrμψ≥tτonsEτnEγτφμtEμvμntsEproγuΛμγEτnE mormuψ≥aEsμμE
tμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014QE
]YQEXVV]

4.2 17

158
hEmμ≥surμmμntEoνEtρμEr≥tτoEoνEtρμEproγuΛtτonEΛrossEsμΛtτonsEνorE mormuψ≥aEsμμEtμxt±E≥nγE mormuψ≥aE
sμμEtμxt±EbosonsEτnE≥ssoΛτ≥tτonEwτtρEφμtsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014
QE]YQEXV[^

4.2 16

157 tμ≥surμmμntsEoνEντγuΛτ≥ψE≥nγEγτννμrμntτ≥ψEΛrossEsμΛtτonsEνorEoτππsEbosonEproγuΛtτonEτnEtρμE
γτpρotonEγμΛ≥yEΛρ≥nnμψE≥tEMEsqrt{s}d^ENE{μ~EwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 30

156
zμ≥rΛρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEψ≥rπμEmτssτnπEtr≥nsvμrsμEmomμntumQEφμtsQE≥nγE≥tEψμ≥stE
onμEt≥uEψμptonEτnEWUEνbâ��VEoνEMEsqrt{s}ENEdE^E{μ~EprotonRprotonEΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 9

155
zμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEwτtρEtρμEh{shzEγμtμΛtorEτnEντn≥ψEst≥tμsEwτtρEφμtsE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEusτnπEMEsqrt{s}d^ENE{μ~EprotonRprotonEΛoψψτsτonEγ≥t≥SEJournalpofpHighpEnergyp
PhysicsQE2014QEWUVYQEV

5.4 108

154
tμ≥surμmμntEoνEtρμE mormuψ≥aEsμμEtμxt±EproγuΛtτonEΛrossRsμΛtτonEusτnπE mormuψ≥aEsμμEtμxt±EμvμntsE
wτtρE mormuψ≥aEsμμEtμxt±Rt≥ππμγEφμtsEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E≥nγE
^´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVU_

4.2 107

153
zμ≥rΛρEνorEtopEsqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEonμEτsoψ≥tμγEψμptonQEφμtsQE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEτnEMEsqrt{s}ENEdE^E{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 54

152 tuonErμΛonstruΛtτonEμνντΛτμnΛyE≥nγEmomμntumErμsoψutτonEoνEtρμEh{shzEμxpμrτmμntEτnE
protonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ {μ~EτnEWUVUSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUXY 4.2 45

151 lψμΛtronE≥nγEpρotonEμnμrπyEΛ≥ψτbr≥tτonEwτtρEtρμEh{shzEγμtμΛtorEusτnπEsojEyunEVEγ≥t≥SEEuropeanp
PhysicalpJournalpCQE2014QE]YQEV 4.2 160

150
zμ≥rΛρEνorEΛont≥ΛtEτntμr≥ΛtτonsE≥nγEψ≥rπμEμxtr≥EγτmμnsτonsEτnEtρμEγτψμptonEΛρ≥nnμψEusτnπE
protonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±´ ^´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXVXY

4.2 31

149 tμ≥surμmμntEoνEνψowEρ≥rmonτΛsEwτtρEmuψtτRp≥rtτΛψμEΛumuψ≥ntsEτnEwbPwbEΛoψψτsτonsE≥tE mormuψ≥aEsμμE
tμxt±´ {μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVZ] 4.2 52
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148
tμ≥surμmμntEoνEγτstrτbutτonsEsμnsτtτvμEtoEtρμEunγμrψyτnπEμvμntEτnEτnΛψusτvμE—RbosonEproγuΛtτonEτnE
 mormuψ≥aEsμμEtμxt±EΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXV_Z

4.2 21

147 zμ≥rΛρEνorEγτrμΛtEp≥τrEproγuΛtτonEoνEtρμEtopEsqu≥rχEτnE≥ψψRρ≥γronτΛEντn≥ψEst≥tμsEτnEprotonRprotonE
ΛoψψτsτonsE≥tEMEsqrt{s}ENEdE^E{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 36

146 tμ≥surμmμntEoνEtρμEproγuΛtτonEΛrossRsμΛtτonEoνEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EτnEppEΛoψψτsτonsE≥tEME
sqrt{s}ENEdE]E{μ~E≥tEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 16

145 tμ≥surμmμntEoνEtρμE—T˛‡EOEbosonEtr≥nsvμrsμEmomμntumEγτstrτbutτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE
{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 79

144
zμ≥rΛρEνorEstronπEproγuΛtτonEoνEsupμrsymmμtrτΛEp≥rtτΛψμsEτnEντn≥ψEst≥tμsEwτtρEmτssτnπEtr≥nsvμrsμE
momμntumE≥nγE≥tEψμ≥stEtρrμμEbRφμtsE≥tEMEsqrt{s}EdE^ENE{μ~EprotonRprotonEΛoψψτsτonsEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 31

143 tμ≥surμmμntEoνEγτννμrμntτ≥ψEproγuΛtτonEΛrossRsμΛtτonsEνorE≥E—EbosonEτnE≥ssoΛτ≥tτonEwτtρEbRφμtsEτnE]E
{μ~EprotonRprotonEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

142 zμ≥rΛρEνorEψonπRψτvμγEnμutr≥ψEp≥rtτΛψμsEγμΛ≥yτnπEτntoEψμptonEφμtsEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 38

141
zμ≥rΛρEνorEp≥τrE≥nγEsτnπψμEproγuΛtτonEoνEnμwEρμ≥vyEqu≥rχsEtρ≥tEγμΛ≥yEtoE≥E—EbosonE≥nγE≥E
tρτrγRπμnμr≥tτonEqu≥rχEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d^ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 29

140 tμ≥surμmμntEoνEtρμEproγuΛtτonEΛrossEsμΛtτonEoνEφμtsEτnE≥ssoΛτ≥tτonEwτtρE≥E—EbosonEτnEppEΛoψψτsτonsE≥tE
MEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 50

139 tμ≥surμmμntEoνEtρμEΛrossRsμΛtτonEνorE‘EbosonEproγuΛtτonEτnE≥ssoΛτ≥tτonEwτtρEbRφμtsEτnEppEΛoψψτsτonsE
≥tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 34

138 zμ≥rΛρEνorEtρτrγEπμnμr≥tτonEsΛ≥ψ≥rEψμptoqu≥rχsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 30

137 zμ≥rΛρEνorEγ≥rχEm≥ttμrEΛ≥nγτγ≥tμsE≥nγEψ≥rπμEμxtr≥EγτmμnsτonsEτnEμvμntsEwτtρE≥EφμtE≥nγEmτssτnπE
tr≥nsvμrsμEmomμntumEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 124

136 tμ≥surμmμntEoνE——EproγuΛtτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~E≥nγEψτmτtsEonE≥nom≥ψousE———E≥nγE
——˛‡EΛoupψτnπsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 45

135
zμ≥rΛρEνorEΛρ≥rπμγEoτππsEbosonsEtρrouπρEtρμEvτoψ≥tτonEoνEψμptonEunτvμrs≥ψτtyEτnEMEtovμrψτnμ{t}ENE
μvμntsEusτnπEppEΛoψψτsτonEγ≥t≥E≥tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEμxpμrτmμntSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 14

134 zμ≥rΛρEνorEtρμEnμutr≥ψEoτππsEbosonsEoνEtρμEmτnτm≥ψEsupμrsymmμtrτΛEst≥nγ≥rγEmoγμψEτnEppEΛoψψτsτonsE
≥tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 47

133 tμ≥surμmμntEoνEspψτttτnπEsΛ≥ψμsEτnEReEμvμntsE≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2013QE]XQEWYXW 4.2 8

132
zμ≥rΛρEνorE≥EψτπρtEΛρ≥rπμγEoτππsEbosonEτnEtρμEγμΛ≥yEΛρ≥nnμψE mormuψ≥aEsμμEtμxt±EτnE mormuψ≥aEsμμE
tμxt±EμvμntsEusτnπEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWY[Z

4.2 76

131
{ρμEγ≥t≥E≥ΛquτsτtτonEsystμmEoνEtρμEzupμriRz~{Ebμ≥mEtμstSENuclearpInstrumentspandpMethodspinp
PhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2013QE
]V^QEWYXRWYY

1.2 1
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130
yμΛμntEγμvμψopmμntsEonEjtvzEthwzEνorEtρμEzupμriEzτψτΛonE~μrtμxE{r≥ΛχμrSENuclearpInstrumentsp
andpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedp
EquipmentQE2013QE]V^QEW^XRW^]

1.2 4

129
zμ≥rΛρEνorEγτrμΛtEtρτrγRπμnμr≥tτonEsqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEmτssτnπEtr≥nsvμrsμE
momμntumE≥nγEtwoEbRφμtsEτnEMEsqrt{s}d^ENE{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 92

128
zμ≥rΛρEνorEnμwEpρμnomμn≥EτnEντn≥ψEst≥tμsEwτtρEψ≥rπμEφμtEmuψtτpψτΛτtτμsE≥nγEmτssτnπEtr≥nsvμrsμE
momμntumE≥tEMEsqrt{s}d^ENE{μ~EprotonRprotonEΛoψψτsτonsEusτnπEtρμEh{shzEμxpμrτmμntSEJournalpofp
HighpEnergypPhysicsQE2013QEWUVXQEV

5.4 64

127 tμ≥surμmμntEoνEtρμEγτννμrμntτ≥ψEΛrossRsμΛtτonEoνEiEPEmμsonEproγuΛtτonEτnEppEΛoψψτsτonsE≥tEME
sqrt{s}d]ENE{μ~E≥tEh{shzSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 24

126 wμrνorm≥nΛμEoνEφμtEsubstruΛturμEtμΛρnτquμsEνorEψ≥rπμRyEφμtsEτnEprotonRprotonEΛoψψτsτonsE≥tEME
sqrt{s}d]ENE{μ~EusτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 43

125 pmprovμγEψumτnosτtyEγμtμrmτn≥tτonEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EusτnπEtρμEh{shzEγμtμΛtorE≥tE
tρμEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWZV^ 4.2 276

124
tμ≥surμmμntEoνEtρμEτnΛψusτvμEφμtEΛrossRsμΛtτonEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E≥nγEΛomp≥rτsonE
toEtρμEτnΛψusτvμEφμtEΛrossRsμΛtτonE≥tE mormuψ≥aEsμμEtμxt±EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWZU_

4.2 71

123 tuψtτRΛρ≥nnμψEsμ≥rΛρEνorEsqu≥rχsE≥nγEπψuτnosEτnE mormuψ≥aEsμμEtμxt±EΛoψψτsτonsEwτtρEtρμEh{shzE
γμtμΛtorE≥tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWX[W 4.2 25

122 qμtEμnμrπyEmμ≥surμmμntEwτtρEtρμEh{shzEγμtμΛtorEτnEprotonRprotonEΛoψψτsτonsE≥tE
Msqrt{m≥tρrm{s}}d]Em≥tρrm{{μ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 209

121 tμ≥surμmμntEoνEφμtEsρ≥pμsEτnEtopRqu≥rχEp≥τrEμvμntsE≥tE mormuψ≥aEsμμEtμxt±EusτnπEtρμEh{shzE
γμtμΛtorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEW[][ 4.2 18

120
tμ≥surμmμntEoνEtρμEγτstrτbutτonsEoνEμvμntRbyRμvμntEνψowEρ≥rmonτΛsEτnEψμ≥γRψμ≥γEΛoψψτsτonsE≥tEME
sqrt{{{sℓ{uuE}}}}ENEdEWS][E{μ~EwτtρEtρμEh{shzEγμtμΛtorE≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE
2013QEWUVXQEV

5.4 143

119 tμ≥surμmμntEoνEtρμEtopEqu≥rχEΛρ≥rπμEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSE
JournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 15

118 h{shzEsμ≥rΛρEνorEnμwEpρμnomμn≥EτnEγτφμtEm≥ssE≥nγE≥nπuψ≥rEγτstrτbutτonsEusτnπEppEΛoψψτsτonsE≥tEME
sqrt{s}d]EN{μ~SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 72

117 tμ≥surμmμntEoνEτsoψ≥tμγRpρotonEp≥τrEproγuΛtτonEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]b{μ~ENEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 44

116 zμ≥rΛρEνorErμson≥nΛμsEγμΛ≥yτnπEτntoEtopRqu≥rχEp≥τrsEusτnπEνuψψyEρ≥γronτΛEγμΛ≥ysEτnEppEΛoψψτsτonsEwτtρE
h{shzE≥tEMEsqrt{s}d]ENE{μ~SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 55

115
zμ≥rΛρEνorEγτrμΛtEΛρ≥rπτnoEproγuΛtτonEτnE≥nom≥ψyRmμγτ≥tμγEsupμrsymmμtryEbrμ≥χτnπEmoγμψsEb≥sμγE
onE≥Eγτs≥ppμ≥rτnπRtr≥ΛχEsτπn≥turμEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]bm≥tρrm{{μ~}ENEwτtρEtρμEh{shzE
γμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV

5.4 15

114 hEν≥stEρ≥rγw≥rμEtr≥ΛχμrEνorEtρμEh{shzEtrτππμrEsystμmSENuclearpInstrumentspandpMethodspinpPhysicsp
Research,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2013QE]V^QEWZ^RWZ_1.2

113
hγv≥nΛμsEτnEtρμEγμvμψopmμntEoνEpτxμψEγμtμΛtorEνorEtρμEzupμriEzτψτΛonE~μrtμxE{r≥ΛχμrSENuclearp
InstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandp
AssociatedpEquipmentQE2013QE]XVQEWZRXU

1.2 1

(2013-2013)
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112 {ρμEνrontRμnγEΛρτpEoνEtρμEzupμriEz~{EγμtμΛtorSENuclearpInstrumentspandpMethodspinpPhysicsp
Research,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2013QE]V^QEV^URV^X1.2 3

111
s≥tμstErμsuψtsEoνEtρμEyKkEonEjtvzEthwzEνorEtρμEs≥yμrUEoνEtρμEzupμriEz~{SENuclearpInstrumentsp
andpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedp
EquipmentQE2013QE]XWQEY^YRY^]

1.2 1

110
iμ≥mEtμstErμsuψtsEνorEtρμEzupμriRz~{EtρτnEstrτpψμtEγμtμΛtorSENuclearpInstrumentspandpMethodspinp
PhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2013QE
]V^QEXVYRXV]

1.2 1

109 tμ≥surμmμntsEoνEtopEqu≥rχEp≥τrErμψ≥tτvμEγτννμrμntτ≥ψEΛrossRsμΛtτonsEwτtρEh{shzEτnEppEΛoψψτsτonsE≥tE
Msqrt{s}EdE]Embox{{μ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 55

108 zμ≥rΛρEνorEp≥τrRproγuΛμγEm≥ssτvμEΛoψourμγEsΛ≥ψ≥rsEτnEνourRφμtEντn≥ψEst≥tμsEwτtρEtρμEh{shzEγμtμΛtorE
τnEprotonâ��protonEΛoψψτsτonsE≥tEMsqrt{s}EdE]Embox{{μ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 44

107 tμ≥surμmμntEoνEtρμEνψ≥vourEΛomposτtτonEoνEγτφμtEμvμntsEτnEppEΛoψψτsτonsE≥tEMsqrt{s}d]Embox{{μ~}NE
wτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 12

106 zτnπψμEρ≥γronErμsponsμEmμ≥surμmμntE≥nγEΛ≥ψorτmμtμrEφμtEμnμrπyEsΛ≥ψμEunΛμrt≥τntyEwτtρEtρμEh{shzE
γμtμΛtorE≥tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 41

105 qμtEμnμrπyErμsoψutτonEτnEprotonRprotonEΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±ErμΛorγμγEτnEWUVUEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXU[ 4.2 153

104 tμ≥surμmμntEoνEtρμE mormuψ≥aEsμμEtμxt±EproγuΛtτonEΛrossEsμΛtτonEτnEtρμEt≥uEPEφμtsEΛρ≥nnμψEusτnπEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXW^ 4.2 30

103
zμ≥rΛρEνor‘oproγuΛtτonEwτtρE≥EψτπρtEoτππsEbosonEγμΛ≥yτnπEtoEpromptEμψμΛtronRφμtsEτnE
protonâ��protonEΛoψψτsτonsE≥tEIsqrtE{s}d]IE{μ~EwτtρEtρμEh{shzEγμtμΛtorSENewpJournalpofpPhysicsQE2013QE
VZQEUYXUU_

2.9 15

102 zμ≥rΛρEνorEγμΛ≥ysEoνEstoppμγQEψonπRψτvμγEp≥rtτΛψμsEνromE]E{μ~EppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 14

101
tμ≥surμmμntEoνEtρμEpoψ≥rτs≥tτonEoνE‘EbosonsEproγuΛμγEwτtρEψ≥rπμEtr≥nsvμrsμEmomμntumEτnEppE
ΛoψψτsτonsE≥tEMsqrt{s}EdE]Embox{{μ~}NEwτtρEtρμEh{shzEμxpμrτmμntSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

100 tμ≥surμmμntEoνEtρμEΛρ≥rπμE≥symmμtryEτnEtopEqu≥rχEp≥τrEproγuΛtτonEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμE
tμxt±EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUX_ 4.2 78

99 zμ≥rΛρEνorEψμptonEνψ≥vourEvτoψ≥tτonEτnEtρμEΛontτnuumEwτtρEtρμEh{shzEγμtμΛtorEτnE mormuψ≥aEsμμEtμxt±E
ΛoψψτsτonsE≥tEtρμEsojSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUYU 4.2 10

98 tμ≥surμmμntEoνEtρμEtopEqu≥rχEm≥ssEwτtρEtρμEtμmpψ≥tμEmμtρoγEτnEtρμE mormuψ≥aEsμμEtμxt±EΛρ≥nnμψE
usτnπEh{shzEγ≥t≥SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUY[ 4.2 42

97 zμ≥rΛρEνorEρμ≥vyEnμutrτnosE≥nγErτπρtRρ≥nγμγEbosonsEτnEμvμntsEwτtρEtwoEψμptonsE≥nγEφμtsEτnE
ΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUZ[ 4.2 78

96 tμ≥surμmμntEoνEpoψ≥rτz≥tτonEτnEReEγμΛ≥ysEwτtρEtρμEh{shzEγμtμΛtorEτnEΛoψψτsτonsE≥tE mormuψ≥aEsμμE
tμxt±SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU[W 4.2 17

95
tμ≥surμmμntEoνEtρμEΛrossEsμΛtτonEνorEtopRqu≥rχEp≥τrEproγuΛtτonEτnEppEΛoψψτsτonsE≥tEMsqrtE{s}EdE
{]}Q{tμxt{{μ~}}NEwτtρEtρμEh{shzEγμtμΛtorEusτnπEντn≥ψEst≥tμsEwτtρEtwoEρτπρRpE{EψμptonsSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV

5.4 43

Laura Fabbri
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94 qμtEm≥ssE≥nγEsubstruΛturμEoνEτnΛψusτvμEφμtsEτnEMEsqrtE{s}EdE]b{tμxt{{μ~}}ENEppEΛoψψτsτonsEwτtρEtρμEh{shzE
μxpμrτmμntSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 67

93 tμ≥surμmμntEoνEτnΛψusτvμEtwoRp≥rtτΛψμE≥nπuψ≥rEΛorrμψ≥tτonsEτnEppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorE
≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 10

92
ountEνorEnμwEpρμnomμn≥EusτnπEψ≥rπμEφμtEmuψtτpψτΛτtτμsE≥nγEmτssτnπEtr≥nsvμrsμEmomμntumEwτtρE
h{shzEτnEYS]Eνbâ��VEoνEMEsqrtE{s}EdE]b{μ~ENEprotonRprotonEΛoψψτsτonsSEJournalpofpHighpEnergypPhysicsQE
2012QEWUVWQEV

5.4 48

91
hEsμ≥rΛρEνorEMEtovμrψτnμEtENErμson≥nΛμsEτnEψμptonPφμtsEμvμntsEwτtρEρτπρψyEboostμγEtopEqu≥rχsE
ΛoψψμΛtμγEτnEppEΛoψψτsτonsE≥tEMEsqrtE{s}EdE]ENE{μ~EwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergyp
PhysicsQE2012QEWUVWQEV

5.4 39

90 zμ≥rΛρEνorEtρμEzt≥nγ≥rγEtoγμψEoτππsEbosonEτnEtρμEoEReEˇ�EPEˇ�Eâ��EγμΛ≥yEmoγμEτnEMEsqrtE{s}EdE
]Q{m≥tρrm{{μ~}}ENEppEΛoψψτsτonsEwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 37

89 hEsμ≥rΛρEνorEνψ≥vourEΛρ≥nπτnπEnμutr≥ψEΛurrμntsEτnEtopRqu≥rχEγμΛ≥ysEτnEppEΛoψψτsτonEγ≥t≥EΛoψψμΛtμγE
wτtρEtρμEh{shzEγμtμΛtorE≥tEMEsqrt{s}d]b{μ~ENSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 31

88 tμ≥surμmμntsEoνEtρμEpsμuγor≥pτγτtyEγμpμnγμnΛμEoνEtρμEtot≥ψEtr≥nsvμrsμEμnμrπyEτnEprotonRprotonE
ΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~EwτtρEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 11

87 zμ≥rΛρEνorE≥Eρμ≥vyEtopRqu≥rχEp≥rtnμrEτnEντn≥ψEst≥tμsEwτtρEtwoEψμptonsEwτtρEtρμEh{shzEγμtμΛtorE≥tE
tρμEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 53

86 zμ≥rΛρEνorEρτπρRm≥ssErμson≥nΛμsEγμΛ≥yτnπEtoEγτψμptonEντn≥ψEst≥tμsEτnEppEΛoψψτsτonsE≥tEMEsqrt{s}d]ENE{μ~E
wτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 49

85 zμ≥rΛρEνorE≥nom≥ψousEproγuΛtτonEoνEpromptEψτχμRsτπnEψμptonEp≥τrsE≥tEMEsqrt{s}d]bm≥tρrm{{μ~}ENEwτtρE
tρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 16

84 zμ≥rΛρEνorEp≥τrEproγuΛtτonEoνEm≥ssτvμEp≥rtτΛψμsEγμΛ≥yτnπEτntoEtρrμμEqu≥rχsEwτtρEtρμEh{shzEγμtμΛtorE
τnEMEsqrt{s}d]bm≥tρrm{{μ~}ENEppEΛoψψτsτonsE≥tEtρμEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 45

83
zμ≥rΛρEνorEyRp≥rτtyRvτoψ≥tτnπEsupμrsymmμtryEτnEμvμntsEwτtρEνourEorEmorμEψμptonsEτnEME
sqrt{s}d]bm≥tρrm{{μ~}ENEppEΛoψψτsτonsEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2012QE
WUVWQEV

5.4 13

82 lψμΛtronEpμrνorm≥nΛμEmμ≥surμmμntsEwτtρEtρμEh{shzEγμtμΛtorEusτnπEtρμEWUVUEsojEprotonRprotonE
ΛoψψτsτonEγ≥t≥SEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 199

81 y≥pτγτtyEπ≥pEΛrossEsμΛtτonsEmμ≥surμγEwτtρEtρμEh{shzEγμtμΛtorEτnEppEΛoψψτsτonsE≥tEMsqrt{s}EdE]E
mbox{~{μ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 70

80
zμ≥rΛρEνorE≥nom≥ψyRmμγτ≥tμγEsupμrsymmμtryEbrμ≥χτnπEwτtρEtρμEh{shzEγμtμΛtorEb≥sμγEonE≥E
γτs≥ppμ≥rτnπRtr≥ΛχEsτπn≥turμEτnEppEΛoψψτsτonsE≥tEMsqrt{s}EdE]~m≥tρrm{{μ~}NSEEuropeanpPhysicalp
JournalpCQE2012QE]WQEV

4.2 13

79
tμ≥surμmμntEoνE mormuψ≥aEsμμEtμxt±EproγuΛtτonEwτtρE≥EvμtoEonE≥γγτtτon≥ψEΛμntr≥ψEφμtE≥ΛtτvτtyEτnE
ΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±E{μ~EusτnπEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEWUYX

4.2 82

78 hEsμ≥rΛρEνorE mormuψ≥aEsμμEtμxt±Erμson≥nΛμsEwτtρEtρμEh{shzEγμtμΛtorEτnEWSUZEνbEoνEprotonRprotonE
ΛoψψτsτonsE≥tE mormuψ≥aEsμμEtμxt±SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU^X 4.2 14

77 zμ≥rΛρEνorEsμΛonγEπμnμr≥tτonEsΛ≥ψ≥rEψμptoqu≥rχsEτnEppEΛoψψτsτonsE≥tEMsqrt{s}d]~mbox{{μ~}NEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 35

(2012-2012)
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76 zμ≥rΛρEνorE≥EνμrmτopρobτΛEoτππsEbosonEτnEtρμEγτpρotonEγμΛ≥yEΛρ≥nnμψEwτtρEtρμEh{shzEγμtμΛtorSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 13

75 tμ≥surμmμntEoνE‘E´–E—EproγuΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tEMsqrt{s}d]~mbox{{μ~}NEwτtρEtρμE
h{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 54

74
zμ≥rΛρEνorEtopE≥nγEbottomEsqu≥rχsEνromEπψuτnoEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEmτssτnπE
tr≥nsvμrsμEμnμrπyE≥nγE≥tEψμ≥stEtρrμμEbRφμtsEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE
2012QE]WQEV

4.2 24

73 tμ≥surμmμntEoνEμvμntEsρ≥pμsE≥tEψ≥rπμEmomμntumEtr≥nsνμrEwτtρEtρμEh{shzEγμtμΛtorEτnEppE
ΛoψψτsτonsE≥tEMsqrt{m≥tρbν{s}}d]Em≥tρrm{{μ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 18

72
zμ≥rΛρEνorEsupμrsymmμtryEτnEμvμntsEwτtρEψ≥rπμEmτssτnπEtr≥nsvμrsμEmomμntumQEφμtsQE≥nγE≥tEψμ≥stE
onμEt≥uEψμptonEτnE]E{μ~EprotonRprotonEΛoψψτsτonEγ≥t≥EwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalp
JournalpCQE2012QE]WQEV

4.2 11

71
zμ≥rΛρEνorEψτπρtEsΛ≥ψ≥rEtopRqu≥rχEp≥τrEproγuΛtτonEτnEντn≥ψEst≥tμsEwτtρEtwoEψμptonsEwτtρEtρμEh{shzE
γμtμΛtorEτnEMsqrt{s}d]Em≥tρrm{{μ~}NEprotonâ��protonEΛoψψτsτonsSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

70 h{shzEsμ≥rΛρEνorE≥Eρμ≥vyEπ≥uπμEbosonEγμΛ≥yτnπEtoE≥EΛρ≥rπμγEψμptonE≥nγE≥EnμutrτnoEτnEppEΛoψψτsτonsE
≥tEMsqrt{s}EdE]Em≥tρrm{{μ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 34

69 zμ≥rΛρEνorEγoubψyEΛρ≥rπμγEoτππsEbosonsEτnEψτχμRsτπnEγτψμptonEντn≥ψEst≥tμsE≥tEMsqrt{s}EdE]E
m≥tρrm{{μ~}NEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 104

68 wμrνorm≥nΛμEoνEmτssτnπEtr≥nsvμrsμEmomμntumErμΛonstruΛtτonEτnEprotonRprotonEΛoψψτsτonsE≥tE
Msqrt{s}EdE]~mbox{{μ~}NEwτtρEh{shzSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 217

67 wμrνorm≥nΛμEoνEtρμEh{shzE{rτππμrEzystμmEτnEWUVUSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 232

66 zμ≥rΛρEνorEs≥mμRsτπnEtopRqu≥rχEproγuΛtτonE≥nγEνourtρRπμnμr≥tτonEγownRtypμEqu≥rχsEτnEppEΛoψψτsτonsE
≥tEMEsqrtE{s}EdE{]}b{tμxt{{μ~}}ENEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 34

65 zμ≥rΛρEνorEΛρ≥rπμγEoτππsEbosonsEγμΛ≥yτnπEvτ≥EoE´–EReEˇ�˛‰EτnEMEtovμrψτnμEtENEμvμntsEusτnπEppEΛoψψτsτonEγ≥t≥E
≥tEMEsqrtE{s}EdE]b{μ~ENEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 112

64 tμ≥surμmμntEoνEtρμE‘EbosonEpoψ≥rτz≥tτonEτnEtopEqu≥rχEγμΛ≥ysEwτtρEtρμEh{shzEγμtμΛtorSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV 5.4 52

63 morw≥rγRb≥Λχw≥rγEΛorrμψ≥tτonsE≥nγEΛρ≥rπμγRp≥rtτΛψμE≥zτmutρ≥ψEγτstrτbutτonsEτnEppEτntμr≥ΛtτonsE
usτnπEtρμEh{shzEγμtμΛtorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 23

62 m{raE≥Em≥stE{r≥ΛχE{rτππμrEνorEh{shzSEJournalpofpInstrumentationQE2012QE]QEjVUUUWRjVUUUW 1 5

61 tμ≥surμmμntEoνEτnΛψusτvμEφμtE≥nγEγτφμtEΛrossEsμΛtτonsEτnEprotonRprotonEΛoψψτsτonsE≥tE]E{μ~E
ΛμntrμRoνRm≥ssEμnμrπyEwτtρEtρμEh{shzEγμtμΛtorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 103

60 tμ≥surμmμntEoνEtρμEtopEqu≥rχRp≥τrEproγuΛtτonEΛrossEsμΛtτonEwτtρEh{shzEτnEppEΛoψψτsτonsE≥tE
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