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2020QEWUWUQEV

5.4 16
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648 {θαEprωΛuctμωψEωγEμsωτ√tαΛEpθωtωψsEμψEw≥w≥E√ψΛEppEcωττμsμωψsE√tEMEsqrt{s−{φ√tθrφ{uu}}}ENEdEZSUWE{α}SE
JournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 2

647
wαrγωrφ√ψcαEωγEprωtωtypαEnlVâ��VEcθ√φ≥αrsEγωrEtθαEjtzEφuωψEspαctrωφαtαrEupηr√ΛαSENucleari
InstrumentsiandiMethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswiSpectrometerswiDetectorsiandi
AssociatediEquipmentQE2020QE_]WQEV[YVUY

1.2 2

646 iωsαRlμψstαμψEcωrrατ√tμωψsEωγEcθ√rηαΛEθ√ΛrωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SE
JournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 2

645 hEkααpEuαur√τEuαtwωrπEγωrEzμφuτt√ψαωusElstμφ√tμωψEωγE≥EqαtElψαrηyE√ψΛEyαsωτutμωψSEComputingi
andiSoftwareiforiBigiScienceQE2020QEYQEVU 6 3

644 zα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγE√EvαctωrRτμπαE{Equ√rπEusμψηEγuττyEθ√ΛrωψμcEγμψ√τEst√tαsSEJournali
ofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 8

643
zα√rcθEγωrE√Eθα√vyEpsαuΛωsc√τ√rEoμηηsE≥ωsωψEΛαc√yμψηEμψtωE√EVWZEnα}EoμηηsE≥ωsωψE√ψΛE√E E≥ωsωψEμψE
γμψ√τEst√tαsEwμtθEtwωEt√uE√ψΛEtwωEτμηθtEταptωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE
2020QEWUWUQEV

5.4 5

642 tα√surαφαψtEωγEprωpαrtμαsEωγEME{φ√tθrφ{i}}−{φ√tθrφ{s}}ℓUENReE˛…P˛…â��EΛαc√ysE√ψΛEsα√rcθEγωrEiUReE˛…P˛…â��E
wμtθEtθαEjtzEαxpαrμφαψtSEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 10

641 zα√rcθEγωrE√EτμηθtEpsαuΛωsc√τ√rEoμηηsE≥ωsωψEμψEtθαE≥ωωstαΛE˛…˛…ˇ� ˇ�Eγμψ√τEst√tαEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 9

640 wαrγωrφ√ψcαEωγEtθαErαcωψstructμωψE√ψΛEμΛαψtμγμc√tμωψEωγEθμηθRφωφαψtuφEφuωψsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEâ��sEdEVXE{α}SEJournaliofiInstrumentationQE2020QEVZQEwUWUW]RwUWUW] 1 11

639 tα√surαφαψtEωγEqu√rπRE√ψΛEητuωψRτμπαEναtEγr√ctμωψsEusμψηEναtEcθ√rηαEμψEw≥w≥E√ψΛEppEcωττμsμωψsE√tE
ZSUWE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 4

638 tα√surαφαψtEωγEtθαEcrωssEsαctμωψEγωrEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEwμtθE√ΛΛμtμωψ√τE
ναtsE√ψΛE≥EναtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 1

637 zα√rcθEγωrEcθ√rηαΛEoμηηsE≥ωsωψsEΛαc√yμψηEμψtωE√EtωpE√ψΛE√E≥ωttωφEqu√rπEμψEtθαE√ττRναtEγμψ√τEst√tαEωγE
ppEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 13

636 zα√rcθEγωrEθα√vyEoμηηsE≥ωsωψsEΛαc√yμψηEtωE√EtωpEqu√rπEp√μrEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENE
dEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 18

635 j√τμ≥r√tμωψEωγEtθαEjtzEθ√ΛrωψEc√τωrμφαtαrsEusμψηEprωtωψRprωtωψEcωττμsμωψEΛ√t√E√tEâ��sEdEVXE{α}SE
JournaliofiInstrumentationQE2020QEVZQEwUZUUWRwUZUUW 1

634 ztuΛyEωγEcαψtr√τEαxcτusμvαEprωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tE√ψΛEVX{α}SEEuropeaniPhysicali
JournaliCQE2020QE^UQE]V^ 4.2 2

633 zα√rcθEγωrEpθysμcsE≥αyωψΛEtθαEst√ψΛ√rΛEφωΛατEμψEαvαψtsEwμtθEναtsE√ψΛEtwωEs√φαRsμηψEωrE√tEτα√stE
tθrααEcθ√rηαΛEταptωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2020QE^UQE]ZW 4.2 2

632 zα√rcθEγωrEpθysμcsE≥αyωψΛEtθαEst√ψΛ√rΛEφωΛατEμψEφuτtμταptωψEγμψ√τEst√tαsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 8

631 tα√surαφαψtEωγEtθαEtωpEqu√rπEp√μrEprωΛuctμωψEcrωssEsαctμωψEμψEΛμταptωψEγμψ√τEst√tαsEcωψt√μψμψηEωψαE
ˇ�EταptωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2020QEWUWUQEV 5.4 0
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630 hzμφutθ√τEsαp√r√tμωψEμψEψα√rτyE≥√cπRtωR≥√cπEναtEtωpωτωημαsEμψEμψcτusμvαEWRE√ψΛEXRναtEαvαψtsEμψE
cωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QE]]X 4.2 0

629 zα√rcθEγωrEcθ√rηαΛEoμηηsE≥ωsωψsEμψEtθαEo´–EReEˇ�´–˛‰ˇ�EΛαc√yEcθ√ψψατEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 24

628 zα√rcθEγωrErαsωψ√ψtEprωΛuctμωψEωγEsαcωψΛRηαψαr√tμωψEsταptωψsEwμtθEs√φαRsμηψEΛμφuωψEαvαψtsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QEXUZ 4.2 2

627
zα√rcθEγωrEsupαrsyφφαtryEwμtθE√EcωφprαssαΛEφ√ssEspαctruφEμψEtθαEvαctωrE≥ωsωψEγusμωψEtωpωτωηyE
wμtθEVRταptωψE√ψΛEURταptωψEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofi
HighiEnergyiPhysicsQE2019QEWUV_QEV

5.4 8

626 zα√rcθEγωrE√EτωwRφ√ssEˇ�â��ˇ�PErαsωψ√ψcαEμψE√ssωcμ√tμωψEwμtθE√E≥ωttωφEqu√rπEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 4

625
zα√rcθEγωrEtθαE√ssωcμ√tαΛEprωΛuctμωψEωγEtθαEoμηηsE≥ωsωψE√ψΛE√EvαctωrE≥ωsωψEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}Evμ√EoμηηsE≥ωsωψEΛαc√ysEtωEˇ�EταptωψsSEJournaliofiHighiEnergyiPhysicsQE
2019QEWUV_QEV

5.4 3

624 zα√rcθEγωrEtθαEp√μrEprωΛuctμωψEωγEτμηθtEtωpEsqu√rπsEμψEtθαEα´–˛…fEγμψ√τEst√tαEμψEprωtωψRprωtωψEcωττμsμωψsE
√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 4

623 jωφ≥μψαΛEφα√surαφαψtsEωγEoμηηsE≥ωsωψEcωupτμψηsEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeani
PhysicaliJournaliCQE2019QE]_QEYWV 4.2 153

622 zα√rcθEγωrEsupαrsyφφαtryEμψEαvαψtsEwμtθE√EpθωtωψQEναtsQERναtsQE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEVXSEEuropeaniPhysicaliJournaliCQE2019QE]_QEYYY 4.2 1

621
tα√surαφαψtsEωγEtθαEppEReE~ EμψcτusμvαE√ψΛEΛμγγαrαψtμ√τEprωΛuctμωψEcrωssEsαctμωψsE√ψΛEcωψstr√μψtsE
ωψEcθ√rηαΛE√ψωφ√τωusEtrμpταEη√uηαEcωupτμψηsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE
2019QEWUV_QEV

5.4 10

620 tα√surαφαψtEωγEtθαEprωΛuctμωψEcrωssEsαctμωψQEtθαEtωpEqu√rπEφ√ssQE√ψΛEtθαEstrωψηEcωupτμψηE
cωψst√ψtEusμψηEΛμταptωψEαvαψtsEμψEppEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QEX[^ 4.2 27

619 tα√surαφαψtEωγEtθαEαψαrηyEΛαψsμtyE√sE√EγuψctμωψEωγEpsαuΛωr√pμΛμtyEμψEprωtωψâ��prωtωψEcωττμsμωψsE√tE
Msqrt{s}EdVXQtαxtE{{α}}ENSEEuropeaniPhysicaliJournaliCQE2019QE]_QEV 4.2 7

618
zα√rcθEγωrEψωψrαsωψ√ψtEoμηηsE≥ωsωψEp√μrEprωΛuctμωψEμψEtθαEME
φ√tθrφ{≥}ωvαrτμψα{φ√tθrφ{≥}}φ√tθrφ{≥}ωvαrτμψα{φ√tθrφ{≥}}ENEγμψ√τEst√tαE√tEMEsqrt{s}ENEdEVXE{α}SE
JournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV

5.4 4

617 zα√rcθEγωrEΛ√rπEφ√ttαrEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE√EoμηηsE≥ωsωψEΛαc√yμψηEtωE√Ep√μrEωγE≥ωttωφE
qu√rπsEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QEW^U 4.2 12

616 zα√rcθEγωrEcωψt√ctEμψtαr√ctμωψsE√ψΛEτ√rηαEαxtr√EΛμφαψsμωψsEμψEtθαEΛμταptωψEφ√ssEspαctr√EγrωφE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 8

615 zα√rcθEγωrEvαctωrRτμπαEqu√rπsEμψEαvαψtsEwμtθEtwωEωppωsμtατyEcθ√rηαΛEταptωψsE√ψΛEναtsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QEX[Y 4.2 18

614 zα√rcθEγωrEsμψηταEprωΛuctμωψEωγEvαctωrRτμπαEqu√rπsEΛαc√yμψηEtωE√EtωpEqu√rπE√ψΛE√E≥ωsωψEμψE
prωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QE_U 4.2 6

613 ztuΛyEωγEtθαEuψΛαrτyμψηEαvαψtEμψEtωpEqu√rπEp√μrEprωΛuctμωψEμψEcωττμsμωψsE√tEVXSEEuropeaniPhysicali
JournaliCQE2019QE]_QEVWX 4.2 4
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612 zα√rcθEγωrEr√rαEΛαc√ysEωγE√ψΛEoμηηsE≥ωsωψsEtωE√ψΛE√EpθωtωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEdEVXSE
EuropeaniPhysicaliJournaliCQE2019QE]_QE_Y 4.2 7

611 zα√rcθEγωrEψαwEpθysμcsEμψEγμψ√τEst√tαsEwμtθE√EsμψηταEpθωtωψE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 9

610
tα√surαφαψtsEωγEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEΛμγγαrαψtμ√τEcrωssEsαctμωψsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{φ√tθrφ{s}}dVXENE{α}EusμψηEαvαψtsEcωψt√μψμψηEtwωEταptωψsSEJournaliofiHighiEnergyi
PhysicsQE2019QEWUV_QEV

5.4 15

609
zα√rcθEγωrEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}φ√tθrφ{o}ENEprωΛuctμωψEμψEtθαEMEφ√tθrφ{o}tωE
φ√tθrφ{≥}ωvαrτμψα{φ√tθrφ{≥}}ENEΛαc√yEcθ√ψψατEwμtθEταptωψμcEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENE
Λαc√ysEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV

5.4 17

608 zα√rcθEγωrEsupαrsyφφαtryEμψEαvαψtsEwμtθE√EpθωtωψQE√EταptωψQE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}EdEVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 2

607
tα√surαφαψtEωγEμψcτusμvαE√ψΛEΛμγγαrαψtμ√τEoμηηsE≥ωsωψEprωΛuctμωψEcrωssEsαctμωψsEμψEtθαEΛμpθωtωψE
Λαc√yEcθ√ψψατEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QE
WUV_QEV

5.4 8

606 zα√rcθEγωrErαsωψ√ψtEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 13

605 zα√rcθEγωrEprωΛuctμωψEωγEoμηηsE≥ωsωψEp√μrsEμψEtθαEγωurE≥Equ√rπEγμψ√τEst√tαEusμψηEτ√rηαR√rα√EναtsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 7

604 zα√rcθEγωrEθα√vyErαsωψ√ψcαsEΛαc√yμψηEμψtωEtwωEoμηηsE≥ωsωψsEωrEμψtωE√EoμηηsE≥ωsωψE√ψΛE√E~EωrE E
≥ωsωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 7

603 zα√rcθEγωrEθα√vyEt√νωr√ψ√EψαutrμψωsEμψEs√φαRsμηψEΛμταptωψEcθ√ψψατsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 14

602 tα√surαφαψtEωγEΛμγγαrαψtμ√τEcrωssEsαctμωψsEγωrEμψcτusμvαEμsωτ√tαΛRpθωtωψE√ψΛEpθωtωψPναtE
prωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QEWU 4.2 4

601
zα√rcθEγωrEθα√vyEψαutrμψωsE√ψΛEtθμrΛRηαψαr√tμωψEταptωqu√rπsEμψEθ√ΛrωψμcEst√tαsEωγEtwωEˇ�EταptωψsE
√ψΛEtwωEναtsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QE
WUV_QEV

5.4 18

600 zα√rcθEγωrE√E~fE≥ωsωψEΛαc√yμψηEtωE√EvαctωrRτμπαEqu√rπE√ψΛE√EtωpEωrE≥ωttωφEqu√rπEμψEtθαE√ττRναtsEγμψ√τE
st√tαSEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 4

599 zα√rcθEγωrEtωpEqu√rπEp√rtψαrsEwμtθEcθ√rηαEZTXEμψEtθαEs√φαRsμηψEΛμταptωψE√ψΛEsμψηταRταptωψEγμψ√τE
st√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 9

598
pψcτusμvαEsα√rcθEγωrEsupαrsyφφαtryEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}EusμψηEr√zωrEv√rμ√≥ταsE√ψΛE
≥ωωstαΛEω≥ναctEμΛαψtμγμc√tμωψEμψEzαrωE√ψΛEωψαEταptωψEγμψ√τEst√tαsSEJournaliofiHighiEnergyiPhysicsQE
2019QEWUV_QEV

5.4 2

597 zα√rcθEγωrEΛ√rπEφ√ttαrEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE√EsμψηταEtωpEqu√rπEωrE√EtωpEqu√rπEp√μrEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 8

596 zα√rcθEγωrEαxcμtαΛEταptωψsEμψEâ��â�� ˛‡Eγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{φ√tθrφ{s}}dVXENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 2

595 zα√rcθEγωrEψαwEp√rtμcταsEΛαc√yμψηEtωE√EναtE√ψΛE√ψEαφαrημψηEναtSEJournaliofiHighiEnergyiPhysicsQE2019QE
WUV_QEV 5.4 15
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594 zα√rcθEγωrE√Eθα√vyErαsωψ√ψcαEΛαc√yμψηEtωE√EtωpEqu√rπE√ψΛE√EvαctωrRτμπαEtωpEqu√rπEμψEtθαEταptωψEPE
ναtsEγμψ√τEst√tαEμψEppEcωττμsμωψsE√tEMsqrt{s}EdEVXQtαxtE{{α}}ENSEEuropeaniPhysicaliJournaliCQE2019QE]_QEV 4.2 6

593 tα√surαφαψtEωγEαxcτusμvαE´ pθωtωprωΛuctμωψEμψEuτtr√pαrμpθαr√τEpw≥EcωττμsμωψsE√tSEEuropeaniPhysicali
JournaliCQE2019QE]_QE]UW 4.2 13

592 tα√surαφαψtEωγEαxcτusμvαEpθωtωprωΛuctμωψEγrωφEprωtωψsEμψEw≥EcωττμsμωψsE√tSEEuropeaniPhysicali
JournaliCQE2019QE]_QEW]] 4.2 19

591 zα√rcθEγωrE√Eθα√vyEpsαuΛωsc√τ√rE≥ωsωψEΛαc√yμψηEtωE√E E√ψΛE√EoμηηsE≥ωsωψE√tSEEuropeaniPhysicali
JournaliCQE2019QE]_QEZ[Y 4.2 20

590 zα√rcθEγωrEsupαrsyφφαtryEμψEγμψ√τEst√tαsEwμtθEpθωtωψsE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 5

589 tα√surαφαψtEωγEtθαEtωpEqu√rπEφ√ssEμψEtθαE√ττRναtsEγμψ√τEst√tαE√tE√ψΛEcωφ≥μψ√tμωψEwμtθEtθαE
ταptωψPναtsEcθ√ψψατSEEuropeaniPhysicaliJournaliCQE2019QE]_QEXVX 4.2 13

588 zα√rcθEγωrEΛ√rπEpθωtωψsEμψEΛαc√ysEωγEoμηηsE≥ωsωψsEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE E≥ωsωψsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 7

587 zα√rcθEγωrEsupαrsyφφαtryEusμψηEoμηηsE≥ωsωψEtωEΛμpθωtωψEΛαc√ysE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofi
HighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 2

586 tα√surαφαψtsEωγEΛμγγαrαψtμ√τE E≥ωsωψEprωΛuctμωψEcrωssEsαctμωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 11

585 zα√rcθEγωrE√ψωφ√τωusEtrμpταEη√uηαEcωupτμψηsEμψE~~E√ψΛE~ EprωΛuctμωψEμψEταptωψEPEναtEαvαψtsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 9

584 ztuΛyEωγEtθαEME{φ√tθrφ{i}}ℓ{P}tωEφ√tθrφ{q}TuppsμEωvαrτμψα{s√φ≥Λ√}φ√tθrφ{p}ENEΛαc√yEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdE^E{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 1

583
zα√rcθEγωrErαsωψ√ψcαsEΛαc√yμψηEtωE√Ep√μrEωγEoμηηsE≥ωsωψsEμψEtθαE≥MEωvαrτμψα{φ√tθrφ{≥}}ENqME
ωvαrτμψα{φ√tθrφ{q}}ENâ��â�� ˛‰Eγμψ√τEst√tαEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighi
EnergyiPhysicsQE2019QEWUV_QEV

5.4 5

582 tα√surαφαψtsEωγEtrμpταRΛμγγαrαψtμ√τEcrωssEsαctμωψsEγωrEμψcτusμvαEμsωτ√tαΛRpθωtωψPναtEαvαψtsEμψE
cωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QE_[_ 4.2 1

581 tα√surαφαψtEωγEtθαEΛμγγαrαψtμ√τEkrαττR–√ψEcrωssEsαctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{φ√tθrφ{s}}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 6

580 zα√rcθEγωrEtθαEprωΛuctμωψEωγEγωurEtωpEqu√rπsEμψEtθαEsμψηταRταptωψE√ψΛEωppωsμtαRsμηψEΛμταptωψEγμψ√τE
st√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}ENEdEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 2

579 tα√surαφαψtEωγEtθαE√vαr√ηαEvαryEγωrw√rΛEαψαrηyE√sE√EγuψctμωψEωγEtθαEtr√cπEφuτtμpτμcμtyE√tEcαψtr√τE
psαuΛωr√pμΛμtμαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QE^_X 4.2 6

578 zα√rcθEγωrEsupαrsyφφαtryEμψEprωtωψRprωtωψEcωττμsμωψsE√tEVXE{α}EμψEγμψ√τEst√tαsEwμtθEναtsE√ψΛEφμssμψηE
tr√ψsvαrsαEφωφαψtuφSEJournaliofiHighiEnergyiPhysicsQE2019QEWUV_QEV 5.4 21

577 zα√rcθEγωrEψαwEpθysμcsEμψEtωpEqu√rπEprωΛuctμωψEμψEΛμταptωψEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE
√tSEEuropeaniPhysicaliJournaliCQE2019QE]_QE^^[ 4.2 6
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576
s√yωutE√ψΛE√ssαφ≥τyEtαcθψμquαEωγEtθαEnltEcθ√φ≥αrsEγωrEtθαEupηr√ΛαEωγEtθαEjtzEγμrstEφuωψE
αψΛc√pEst√tμωψSENucleariInstrumentsiandiMethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswi
SpectrometerswiDetectorsiandiAssociatediEquipmentQE2019QE_V^QE[]R]Z

1.2 10

575 ztuΛyEωγEΛμναtEαvαψtsEwμtθE√Eτ√rηαEr√pμΛμtyEη√pE≥αtwααψEtθαEtwωEτα√ΛμψηEναtsEμψEppEcωττμsμωψsE√tSE
EuropeaniPhysicaliJournaliCQE2018QE]^QEWYW 4.2 4

574 wsαuΛωr√pμΛμtyEΛμstrμ≥utμωψsEωγEcθ√rηαΛEθ√ΛrωψsEμψEprωtωψRτα√ΛEcωττμsμωψsE√tEME
sqrt{s−{φ√tθrφ{uu}}}dZSUWENE√ψΛE^SV[E{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 4

573
zα√rcθEγωrErαsωψ√ψtE√ψΛEψωψrαsωψ√ψtEoμηηsE≥ωsωψEp√μrEprωΛuctμωψEμψEtθαEME
φ√tθrφ{≥}ωvαrτμψα{φ√tθrφ{≥}}φ√tθμt{αττEψuEαττEψuE}ENEγμψ√τEst√tαEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV

5.4 19

572 zα√rcθEγωrEψαwEpθysμcsEμψEαvαψtsEwμtθE√Eταptωψμc√ττyEΛαc√yμψηE E≥ωsωψE√ψΛE√Eτ√rηαEtr√ψsvαrsαE
φωφαψtuφEμφ≥√τ√ψcαEμψEprωtωψRprωtωψEcωττμsμωψsE√tEdEVXSEEuropeaniPhysicaliJournaliCQE2018QE]^QEW_V 4.2 17

571 tα√surαφαψtsEωγEtθαEprωΛuctμωψEcrωssEsαctμωψE√ψΛEtθαE≥r√ψcθμψηEγr√ctμωψQE√ψΛEcωψstr√μψtsEωψE
√ψωφ√τωusEtrμpταEη√uηαEcωupτμψηsE√tSEEuropeaniPhysicaliJournaliCQE2018QE]^QEV[Z 4.2 29

570 tα√surαφαψtEωγE√ssωcμ√tαΛE EPEcθ√rφEprωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicali
JournaliCQE2018QE]^QEW^] 4.2 11

569
tα√surαφαψtEωγEtθαEμψcτusμvαEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tEME
sqrt{s}dZSUWENE{α}EusμψηEγμψ√τEst√tαsEwμtθE√tEτα√stEωψαEcθ√rηαΛEταptωψSEJournaliofiHighiEnergyiPhysicsQE
2018QEWUV^QEV

5.4 3

568 zα√rcθEγωrEψ√tur√τEsupαrsyφφαtryEμψEαvαψtsEwμtθEtωpEqu√rπEp√μrsE√ψΛEpθωtωψsEμψEppEcωττμsμωψsE√tEME
sqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4

567
zα√rcθEγωrEψαwEpθαψωφαψ√EμψEγμψ√τEst√tαsEwμtθEtwωEωppωsμtαRcθ√rηαQEs√φαRγτ√vωrEταptωψsQEναtsQE√ψΛE
φμssμψηEtr√ψsvαrsαEφωφαψtuφEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2018QEWUV^QEV

5.4 2

566
zα√rcθEγωrEsupαrsyφφαtryEμψEαvαψtsEwμtθE√tEτα√stEtθrααEαταctrωψsEωrEφuωψsQEναtsQE√ψΛEφμssμψηE
tr√ψsvαrsαEφωφαψtuφEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2018QEWUV^QEV

5.4 4

565 jωφ≥μψαΛEsα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγEcθ√rημψωsE√ψΛEψαutr√τμψωsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 45

564 zα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγEcθ√rημψωsE√ψΛEψαutr√τμψωsEμψEφuτtμταptωψEγμψ√τEst√tαsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 40

563 tα√surαφαψtEωγEΛμγγαrαψtμ√τEcrωssEsαctμωψsEμψEtθαEπμψαφ√tμcE√ψηuτ√rEv√rμ√≥ταEfOEγωrEμψcτusμvαE E
≥ωsωψEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 2

562 jωφp√rμψηEtr√ψsvαrsαEφωφαψtuφE≥√τ√ψcαEωγE≥EναtEp√μrsEμψEppE√ψΛEw≥w≥EcωττμsμωψsE√tEME
sqrt{s−{φ√tθrφ{uu}}}dZSUWENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 8

561 tα√surαφαψtEωγEψωrφ√τμzαΛEΛμγγαrαψtμ√τEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEcrωssEsαctμωψsEμψEtθαE
ΛμταptωψEcθ√ψψατEγrωφEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 12

560 jωψstr√μψtsEωψEtθαEΛωu≥ταRp√rtωψEsc√ttαrμψηEcrωssEsαctμωψEγrωφEs√φαRsμηψE~E≥ωsωψEp√μrEprωΛuctμωψE
μψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 13

559 zα√rcθEγωrE  Erαsωψ√ψcαsEμψEtθαEWâ��W˛‰Eγμψ√τEst√tαEμψEprωtωψRprωtωψEcωττμsμωψsE√tEVXE{α}SEJournaliofi
HighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 3

(2018-2019)
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558 qαtEprωpαrtμαsEμψEw≥w≥E√ψΛEppEcωττμsμωψsE√tEMEsqrt{s−{φ√tθrφ{u}bφ√tθrφ{u}}}dZSUWENE{α}SEJournaliofi
HighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 7

557 zα√rcθEγωrE√EψαwEsc√τ√rErαsωψ√ψcαEΛαc√yμψηEtωE√Ep√μrEωγE E≥ωsωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 22

556 zα√rcθEγωrEst√ψΛ√rΛEφωΛατEprωΛuctμωψEωγEγωurEtωpEqu√rπsEwμtθEs√φαRsμηψE√ψΛEφuτtμταptωψEγμψ√τE
st√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2018QE]^QEVYU 4.2 20

555 tα√surαφαψtEωγE≥Eθ√ΛrωψEτμγαtμφαsEμψEppEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2018QE]^QEYZ] 4.2 9

554
tα√surαφαψtsEωγEtθαEMφ√tθrφE{p}φ√tθrφE{p}rμηθt√rrωwEφ√tθrφ{ }φ√tθrφ{ }NEprωΛuctμωψEcrωssE
sαctμωψE√ψΛEtθαEMφ√tθrφ{ }rμηθt√rrωwEYαττENE≥r√ψcθμψηEγr√ctμωψQE√ψΛEcωψstr√μψtsEωψE√ψωφ√τωusEtrμpταE
η√uηαEcωupτμψηsE√tEMsqrt{s}EdEVXQtαxtE{{α}}ENE2018QE]^QEV

3

553 zα√rcθEγωrEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}φ√tθrφ{o}ENEprωΛuctμωψEμψEtθαE√ττRναtEγμψ√τEst√tαEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 13

552 zα√rcθEγωrErαsωψ√ψcαsEμψEtθαEφ√ssEspαctruφEωγEφuωψEp√μrsEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE≥Equ√rπEναtsE
μψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE√ψΛEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 7

551 tα√surαφαψtEωγEtθαEηrωωφαΛEναtEφ√ssEμψEw≥w≥E√ψΛEppEcωττμsμωψsE√tEMEsqrt{s−{φ√tθrφ{uu}}}dZSUWENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 5

550
zα√rcθEγωrEθα√vyErαsωψ√ψcαsEΛαc√yμψηEμψtωE√EvαctωrE≥ωsωψE√ψΛE√EoμηηsE≥ωsωψEμψEγμψ√τEst√tαsEwμtθE
cθ√rηαΛEταptωψsQEψαutrμψωsE√ψΛE≥Equ√rπsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QE
WUV^QEV

5.4 7

549
zα√rcθEγωrEψαwEpθαψωφαψ√EμψEγμψ√τEst√tαsEwμtθEtwωEωppωsμtαRcθ√rηαQEs√φαRγτ√vωrEταptωψsQEναtsQE√ψΛE
φμssμψηEtr√ψsvαrsαEφωφαψtuφEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2018QEWUV^QEV

5.4 14

548 zα√rcθEγωrEψ√tur√τE√ψΛEspτμtEsupαrsyφφαtryEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}EμψEγμψ√τE
st√tαsEwμtθEναtsE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφSEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 39

547 zα√rcθEγωrEΛαc√ysEωγEstωppαΛEαxωtμcEτωψηRτμvαΛEp√rtμcταsEprωΛucαΛEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 6

546
zα√rcθEγωrE√ψEαxωtμcEΛαc√yEωγEtθαEoμηηsE≥ωsωψEtωE√Ep√μrEωγEτμηθtEpsαuΛωsc√τ√rsEμψEtθαEγμψ√τEst√tαEωγE
twωEφuωψsE√ψΛEtwωEˇ�EταptωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2018QEWUV^QEV

5.4 14

545 zα√rcθEγωrE√Ecθ√rηαΛEoμηηsE≥ωsωψEΛαc√yμψηEtωEcθ√rφE√ψΛE≥ωttωφEqu√rπsEμψEprωtωψRprωtωψEcωττμsμωψsE
√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 16

544 zα√rcθEγωrEtωpEsqu√rπsEΛαc√yμψηEvμ√EγωurR≥ωΛyEωrEcθ√rημψωRφαΛμ√tαΛEφωΛαsEμψEsμψηταRταptωψEγμψ√τE
st√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 6

543 jθ√rηαΛRp√rtμcταEψucτα√rEφωΛμγμc√tμωψEγ√ctωrsEμψE’α’αEcωττμsμωψsE√tEMEsqrt{s−{φ√tθrφ{uu}}}EdEZSYYENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 11

542 tα√surαφαψtEωγEtθαEtωpEqu√rπEφ√ssEwμtθEταptωψPναtsEγμψ√τEst√tαsEusμψηEcωττμsμωψsE√tSEEuropeani
PhysicaliJournaliCQE2018QE]^QE^_V 4.2 13

541 tα√surαφαψtsEωγEtθαEΛμγγαrαψtμ√τEναtEcrωssEsαctμωψE√sE√EγuψctμωψEωγEtθαEναtEφ√ssEμψEΛμναtEαvαψtsEγrωφE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 14
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540 tα√surαφαψtsEωγEoμηηsE≥ωsωψEprωpαrtμαsEμψEtθαEΛμpθωtωψEΛαc√yEcθ√ψψατEμψEprωtωψRprωtωψEcωττμsμωψsE
√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 37

539 lvαψtEsθ√pαEv√rμ√≥ταsEφα√surαΛEusμψηEφuτtμναtEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 3

538
zα√rcθαsEγωrEp√μrEprωΛuctμωψEωγEcθ√rημψωsE√ψΛEtωpEsqu√rπsEμψEγμψ√τEst√tαsEwμtθEtwωEωppωsμtατyE
cθ√rηαΛEταptωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2018QEWUV^QEV

5.4 12

537
zα√rcθEγωrEψ√rrωwE√ψΛE≥rω√ΛEΛμναtErαsωψ√ψcαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}E√ψΛE
cωψstr√μψtsEωψEΛ√rπEφ√ttαrEφαΛμ√tωrsE√ψΛEωtθαrEψαwEp√rtμcταsSEJournaliofiHighiEnergyiPhysicsQE2018QE
WUV^QEV

5.4 50

536 zα√rcθEγωrE ˛‡Erαsωψ√ψcαsEusμψηEταptωψμcE√ψΛEθ√ΛrωψμcEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 11

535 tα√surαφαψtEωγEtθαEprωΛuctμωψEcrωssEsαctμωψEγωrEsμψηταEtωpEqu√rπsEμψE√ssωcμ√tμωψEwμtθE~E≥ωsωψsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 5

534 zα√rcθEγωrE≥τ√cπEθωταsE√ψΛEspθ√ταrωψsEμψEθμηθRφuτtμpτμcμtyEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 9

533 zα√rcθEγωrEsupαrsyφφαtryEμψEαvαψtsEwμtθE√Eˇ�EταptωψEp√μrE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 14

532 zα√rcθEγωrEtθαEΛαc√yEωγE√EoμηηsE≥ωsωψEμψEtθαEâ��â�� ˛‡Ecθ√ψψατEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 11

531 zα√rcθEγωrEtθμrΛRηαψαr√tμωψEsc√τ√rEταptωqu√rπsEΛαc√yμψηEtωE√EtωpEqu√rπE√ψΛE√EταptωψE√tSEEuropeani
PhysicaliJournaliCQE2018QE]^QE]U] 4.2 23

530 tα√surαφαψtEωγEΛμγγαrαψtμ√τEcrωssEsαctμωψsEγωrE≥ωsωψEprωΛuctμωψEμψE√ssωcμ√tμωψEwμtθEναtsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2018QE]^QE_[Z 4.2 19

529 ztuΛμαsEωγE√ψΛEφαsωψsEμψcτuΛμψηEtθαEω≥sαrv√tμωψEωγEtθαEΛαc√yEμψEprωtωψRprωtωψEcωττμsμωψsE√tSE
EuropeaniPhysicaliJournaliCQE2018QE]^QE_X_ 4.2 12

528 zα√rcθEγωrE√Eθα√vyErαsωψ√ψcαEΛαc√yμψηEμψtωE√E E≥ωsωψE√ψΛE√E EωrE~E≥ωsωψEμψEWâ��WqEγμψ√τEst√tαsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 7

527 tα√surαφαψtEωγEcθ√rηαΛEp√rtμcταEspαctr√EμψEφμψμφuφR≥μ√sEαvαψtsEγrωφEprωtωψRprωtωψEcωττμsμωψsE√tSE
EuropeaniPhysicaliJournaliCQE2018QE]^QE[_] 4.2 9

526 zα√rcθEγωrEταptωψRγτ√vωrEvμωτ√tμψηEΛαc√ysEωγEθα√vyErαsωψ√ψcαsE√ψΛEqu√ψtuφE≥τ√cπEθωταsEtωEα˛…Eγμψ√τE
st√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 3

525 zα√rcθEγωrEψαwEpθysμcsEμψEΛμναtE√ψηuτ√rEΛμstrμ≥utμωψsEusμψηEprωtωψRprωtωψEcωττμsμωψsE√tE√ψΛE
cωψstr√μψtsEωψEΛ√rπEφ√ttαrE√ψΛEωtθαrEφωΛατsSEEuropeaniPhysicaliJournaliCQE2018QE]^QE]^_ 4.2 19

524 hzμφutθ√τEcωrrατ√tμωψsEγωrEμψcτusμvαEWRναtQEXRναtQE√ψΛEYRναtEαvαψtsEμψEppEcωττμsμωψsE√tEMsqrt{s}dEVX~θ≥ωxE
{{α}}NSEEuropeaniPhysicaliJournaliCQE2018QE]^QEV 4.2 4

523 zα√rcθEγωrEθμηθRφ√ssErαsωψ√ψcαsEμψEγμψ√τEst√tαsEwμtθE√EταptωψE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφE√tE
MEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 15
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522 tα√surαφαψtEωγEtθαEuψΛαrτyμψηEαvαψtE√ctμvμtyEμψEμψcτusμvαE E≥ωsωψEprωΛuctμωψEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 8

521 zα√rcθEγωrErαsωψ√ψtEp√μrEprωΛuctμωψEωγEoμηηsE≥ωsωψsEΛαc√yμψηEtωE≥ωttωφEqu√rπR√ψtμqu√rπEp√μrsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 10

520 tα√surαφαψtEωγEtθαEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tE√ψΛEv√τμΛ√tμωψEωγEταptωψE√ψ√τysμsEtαcθψμquαsSE
EuropeaniPhysicaliJournaliCQE2018QE]^QE]U^ 4.2 5

519 zα√rcθEγωrEvαctωrRτμπαE{E√ψΛEiEqu√rπEp√μrsEμψEγμψ√τEst√tαsEwμtθEταptωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofi
HighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 29

518 zα√rcθEγωrEΛ√rπEφ√ttαrEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE√EoμηηsE≥ωsωψEΛαc√yμψηEtωE˛‡˛‡EωrEˇ�EPˇ�Eâ��E√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 7

517 zα√rcθEγωrE√ΛΛμtμωψ√τEψαutr√τEtzztEoμηηsE≥ωsωψsEμψEtθαEˇ�Eˇ�Eγμψ√τEst√tαEμψEprωtωψRprωtωψEcωττμsμωψsE√tE
MEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 42

516 zα√rcθEγωrE√Eθα√vyErαsωψ√ψcαEΛαc√yμψηEtωE√Ep√μrEωγEvαctωrE≥ωsωψsEμψEtθαEταptωψEpτusEφαrηαΛEναtEγμψ√τE
st√tαE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 7

515 zα√rcθEγωrE√Eθα√vyErμηθtRθ√ψΛαΛE~E≥ωsωψE√ψΛE√Eθα√vyEψαutrμψωEμψEαvαψtsEwμtθEtwωEs√φαRγτ√vωrE
ταptωψsE√ψΛEtwωEναtsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 20

514 zα√rcθEγωrE√Eθα√vyErαsωψ√ψcαEΛαc√yμψηEμψtωE√E E≥ωsωψE√ψΛE√EvαctωrE≥ωsωψEμψEtθαEMEψuE
ωvαrτμψα{ψu}φ√tθrφ{q}ωvαrτμψα{φ√tθrφ{q}}ENEγμψ√τEst√tαSEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 6

513 tα√surαφαψtEωγEtθαEcrωssEsαctμωψEγωrEtωpEqu√rπEp√μrEprωΛuctμωψEμψE√ssωcμ√tμωψEwμtθE√E~EωrE E≥ωsωψE
μψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 18

512
zα√rcθEγωrE≥αyωψΛEtθαEst√ψΛ√rΛEφωΛατEoμηηsE≥ωsωψsEΛαc√yμψηEμψtωE√EME
φ√tθrφ{≥}ωvαrτμψα{φ√tθrφ{≥}}ENEp√μrEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2018QEWUV^QEV

5.4 11

511 tα√surαφαψtEωγEtθαEwα√πEφμxμψηE√ψηταEusμψηEtθαEγωrw√rΛR≥√cπw√rΛE√syφφαtryEωγEkrαττR–√ψE
αvαψtsEμψEcωττμsμωψsE√tE^SEEuropeaniPhysicaliJournaliCQE2018QE]^QE]UV 4.2 25

510 tα√surαφαψtEωγEprωφptE√ψΛEψωψprωφptEcθ√rφωψμuφEsupprαssμωψEμψEcωττμsμωψsE√tEZSUWSEEuropeani
PhysicaliJournaliCQE2018QE]^QEZU_ 4.2 37

509 zα√rcθEγωrEταptωψEγτ√vωurEvμωτ√tμψηEΛαc√ysEωγEtθαEoμηηsE≥ωsωψEtωE˛…ˇ�E√ψΛEαˇ�EμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 19

508
lvμΛαψcαEγωrE√ssωcμ√tαΛEprωΛuctμωψEωγE√EoμηηsE≥ωsωψEwμtθE√EtωpEqu√rπEp√μrEμψEγμψ√τEst√tαsEwμtθE
αταctrωψsQEφuωψsQE√ψΛEθ√Λrωψμc√ττyEΛαc√yμψηEˇ�EταptωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2018QEWUV^QEV

5.4 23

507 SEIEEEiTransactionsioniNucleariScienceQE2018QE[ZQEW^U^RW^V[ 1.7 2

506 lταctrωwα√πEprωΛuctμωψEωγEtwωEναtsEμψE√ssωcμ√tμωψEwμtθE√E E≥ωsωψEμψEprωtωψâ��prωtωψEcωττμsμωψsE√tE
Msqrt{s}dENEVXMQtαxtE{{α}}NSEEuropeaniPhysicaliJournaliCQE2018QE]^QEV 4.2 12

505
v≥sαrv√tμωψEωγEprωtωψRt√ηηαΛQEcαψtr√τEMsαφμNαxcτusμvαEprωΛuctμωψEωγEθμηθRφ√ssEταptωψEp√μrsEμψEppE
cωττμsμωψsE√tEVXE{α}EwμtθEtθαEjtzR{v{ltEprαcμsμωψEprωtωψEspαctrωφαtαrSEJournaliofiHighiEnergyi
PhysicsQE2018QEWUV^QEV

5.4 14
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504 zα√rcθEγωrEΛ√rπEφ√ttαrEμψEαvαψtsEwμtθEαψαrηαtμcQEθ√Λrωψμc√ττyEΛαc√yμψηEtωpEqu√rπsE√ψΛEφμssμψηE
tr√ψsvαrsαEφωφαψtuφE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 16

503 zα√rcθEγωrEsμψηταEprωΛuctμωψEωγEvαctωrRτμπαEqu√rπsEΛαc√yμψηEtωE√E≥Equ√rπE√ψΛE√EoμηηsE≥ωsωψSEJournali
ofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 12

502
zα√rcθEγωrE√EsμψητyEprωΛucαΛEtθμrΛRηαψαr√tμωψEsc√τ√rEταptωqu√rπEΛαc√yμψηEtωE√Eˇ�EταptωψE√ψΛE√E
≥ωttωφEqu√rπEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QE
WUV^QEV

5.4 9

501
tα√surαφαψtsEωγEΛμγγαrαψtμ√τEcrωssEsαctμωψsEωγEtωpEqu√rπEp√μrEprωΛuctμωψE√sE√EγuψctμωψEωγEπμψαφ√tμcE
αvαψtEv√rμ√≥ταsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018
QEWUV^QEV

5.4 10

500 tα√surαφαψtEωγEtθαEμψατ√stμcEprωtωψRprωtωψEcrωssEsαctμωψE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2018QEWUV^QEV 5.4 41

499 zα√rcθEγωrEΛμs√ppα√rμψηEtr√cπsE√sE√Esμηψ√turαEωγEψαwEτωψηRτμvαΛEp√rtμcταsEμψEprωtωψRprωtωψEcωττμsμωψsE
√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 24

498 hEψωvατE√ppτμc√tμωψEωγEmμ≥αrEir√ηηEnr√tμψηEMminNEsαψsωrsEμψEtwnkSEEPJiWebiofiConferencesQE2018QE
V]YQEUXUUW 0.3 2

497 xu√τμtyEcωψtrωτEγωrEtθαEγμrstEτ√rηαE√rα√sEωγEtrμpταRnltEcθ√φ≥αrsEγωrEtθαEjtzEαψΛc√psSEEPJiWebiofi
ConferencesQE2018QEV]YQEUXUUX 0.3

496 zα√rcθEγωrEθμηθRφ√ssErαsωψ√ψcαsEμψEΛμταptωψEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 63

495 zα√rcθEγωrEτωwEφ√ssEvαctωrErαsωψ√ψcαsEΛαc√yμψηEμψtωEqu√rπR√ψtμqu√rπEp√μrsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2018QEWUV^QEV 5.4 28

494
yKkEωψE√EψαwEtypαEωγEφμcrωp√ttαrψEη√sαωusEΛαtαctωraE{θαEm√stE{μφμψηEtμcrωp√ttαrψEΛαtαctωrSE
NucleariInstrumentsiandiMethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswiSpectrometerswi
DetectorsiandiAssociatediEquipmentQE2017QE^YZQEXVXRXV]

1.2 5

493
tα√surαφαψtsEωγEtθαE±mωrφuτ√aEsααEtαxt]EprωΛuctμωψEcrωssEsαctμωψEμψEταptωψPναtsEγμψ√τEst√tαsEμψEppE
cωττμsμωψsE√tE^E±mωrφuτ√aEsααEtαxt]E√ψΛEr√tμωEωγE^EtωE]´ ±mωrφuτ√aEsααEtαxt]EcrωssEsαctμωψsSEEuropeani
PhysicaliJournaliCQE2017QE]]QEVZ

4.2 19

492 tα√surαφαψtEωγEtθαE±mωrφuτ√aEsααEtαxt]EprωΛuctμωψEcrωssEsαctμωψEusμψηEαvαψtsEμψEtθαE±mωrφuτ√aEsααE
tαxt]Eγμψ√τEst√tαEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2017QE]]QEV]W 4.2 22

491
tα√surαφαψtE√ψΛExjkE√ψ√τysμsEωγEΛωu≥ταRΛμγγαrαψtμ√τEμψcτusμvαEναtEcrωssEsαctμωψsEμψEppEcωττμsμωψsE√tE
MEsqrt{s}d^ENE{α}E√ψΛEcrωssEsαctμωψEr√tμωsEtωEWS][E√ψΛE]E{α}SEJournaliofiHighiEnergyiPhysicsQE2017QE
WUV]QEV

5.4 34

490 zα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγEcθ√rημψωsEμψEγμψ√τEst√tαsEwμtθEtwωEˇ�EταptωψsEμψEppEcωττμsμωψsE√tEME
sqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 7

489 tα√surαφαψtEωγEtθαEprωΛuctμωψEcrωssEsαctμωψEωγE√E~´ ≥ωsωψEμψE√ssωcμ√tμωψEwμtθEtwωE≥EναtsEμψEppE
cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2017QE]]QE_W 4.2 7

488
tα√surαφαψtEωγEtθαE~ EprωΛuctμωψEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]E√ψΛE
^±mωrφuτ√aEsααEtαxt]E√ψΛEsα√rcθEγωrE√ψωφ√τωusEtrμpταEη√uηαEcωupτμψηsE√tE±mωrφuτ√aEsααEtαxt]SE
EuropeaniPhysicaliJournaliCQE2017QE]]QEWX[

4.2 21

487 tα√surαφαψtEωγEprωφptE√ψΛEψωψprωφptE±mωrφuτ√aEsααEtαxt]EprωΛuctμωψEμψE±mωrφuτ√aEsααEtαxt]E√ψΛE
±mωrφuτ√aEsααEtαxt]EcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2017QE]]QEW[_ 4.2 26

(2017-2018)
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486
hEsα√rcθEγωrEψαwEpθαψωφαψ√EμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]EμψEγμψ√τEst√tαsEwμtθEφμssμψηE
tr√ψsvαrsαEφωφαψtuφE√ψΛE√tEτα√stEωψαEναtEusμψηEtθαE±mωrφuτ√aEsααEtαxt]Ev√rμ√≥ταSEEuropeaniPhysicali
JournaliCQE2017QE]]QEW_Y

4.2 21

485 zα√rcθEγωrEψαwEpθysμcsEμψEtθαEφωψωpθωtωψEγμψ√τEst√tαEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 11

484
tα√surαφαψtEωγEΛωu≥ταRΛμγγαrαψtμ√τEcrωssEsαctμωψsEγωrEtωpEqu√rπEp√μrEprωΛuctμωψEμψEppEcωττμsμωψsE√tE
±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]E√ψΛEμφp√ctEωψEp√rtωψEΛμstrμ≥utμωψEγuψctμωψsSEEuropeani
PhysicaliJournaliCQE2017QE]]QEYZ_

4.2 16

483 tα√surαφαψtEωγEtθαEναtEφ√ssEμψEθμηθτyE≥ωωstαΛE±mωrφuτ√aEsααEtαxt]EαvαψtsEγrωφEppEcωττμsμωψsE√tE
±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2017QE]]QEY[] 4.2 14

482 tα√surαφαψtsEωγEtθαE√ssωcμ√tαΛEprωΛuctμωψEωγE√E E≥ωsωψE√ψΛE≥EναtsEμψEppEcωττμsμωψsE√tSEEuropeani
PhysicaliJournaliCQE2017QE]]QE]ZV 4.2 15

481 tα√surαφαψtEωγEtθαEtr√ψsvαrsαEφωφαψtuφEspαctruφEωγEtθαEoμηηsE≥ωsωψEprωΛucαΛEμψEppEcωττμsμωψsE
√tEMEsqrt{s}d^ENE{α}EusμψηEoEReE~~EΛαc√ysSEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 10

480 jθ√rηαΛRp√rtμcταEψucτα√rEφωΛμγμc√tμωψEγ√ctωrsEμψEw≥w≥E√ψΛEpw≥EcωττμsμωψsE√tEME
sqrt{s−{φ√tθrφ{u}bφ√tθrφ{u}}}dZSUWENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 64

479
zα√rcθEγωrEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENErαsωψ√ψcαsEμψEθμηθτyE≥ωωstαΛEταptωψPναtsE√ψΛEγuττyE
θ√ΛrωψμcEγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2017QEWUV]QEV

5.4 17

478
zα√rcθEγωrE√ssωcμ√tαΛEprωΛuctμωψEωγEΛ√rπEφ√ttαrEwμtθE√EoμηηsE≥ωsωψEΛαc√yμψηEtωEME
φ√tθrφ{≥}ωvαrτμψα{φ√tθrφ{≥}}ENEωrE˛‡˛‡E√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QE
WUV]QEV

5.4 9

477 v≥sαrv√tμωψEωγE–MVzNEp√μrEprωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2017QEWUV]QEV 5.4 29

476
zα√rcθEγωrE√ψωφ√τωusE~t≥EcωupτμψηsE√ψΛEγτ√vωurRcθ√ψημψηEψαutr√τEcurrαψtsEμψEtRcθ√ψψατEsμψηταEtωpE
qu√rπEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SEJournaliofiHighiEnergyiPhysicsQE2017QE
WUV]QEV

5.4 26

475 zα√rcθEγωrEsμψηταEprωΛuctμωψEωγEvαctωrRτμπαEqu√rπsEΛαc√yμψηEtωE√E E≥ωsωψE√ψΛE√EtωpEωrE√E≥ωttωφE
qu√rπEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 8

474 tα√surαφαψtEωγEtθαEsαφμταptωψμcEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEPE˛‡EprωΛuctμωψEcrωssEsαctμωψEμψE
ppEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 7

473 tα√surαφαψtsEωγEtθαEppEReE~˛‡˛‡E√ψΛEppEReE ˛‡˛‡EcrωssEsαctμωψsE√ψΛEτμφμtsEωψE√ψωφ√τωusEqu√rtμcEη√uηαE
cωupτμψηsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 2

472 zα√rcθEγωrEψαwEpθαψωφαψ√EwμtθEtθαEv√rμ√≥ταEμψEtθαE√ττRθ√ΛrωψμcEγμψ√τEst√tαEprωΛucαΛEμψE
prωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2017QE]]QE]VU 4.2 54

471 tα√surαφαψtsEωγEΛμγγαrαψtμ√τEprωΛuctμωψEcrωssEsαctμωψsEγωrE√E E≥ωsωψEμψE√ssωcμ√tμωψEwμtθEναtsEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 11

470 zα√rcθEγωrEθα√vyErαsωψ√ψcαsEΛαc√yμψηEtωEt√uEταptωψEp√μrsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXE
NE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 19

469 zα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγE√EvαctωrRτμπαEqu√rπEΛαc√yμψηEtωE√EtωpEqu√rπE√ψΛE√EoμηηsE≥ωsωψE
usμψηE≥ωωstαΛEtωpωτωημαsEμψEγuττyEθ√ΛrωψμcEγμψ√τEst√tαsSEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 9
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468 tα√surαφαψtEωγEtθαEtr√ψsvαrsαEφωφαψtuφEspαctr√EωγEwα√πEvαctωrE≥ωsωψsEprωΛucαΛEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 15

467 zupprαssμωψE√ψΛE√zμφutθ√τE√ψμsωtrωpyEωγEprωφptE√ψΛEψωψprωφptE±mωrφuτ√aEsααEtαxt]EprωΛuctμωψEμψE
w≥w≥EcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2017QE]]QEWZW 4.2 58

466 zα√rcθαsEγωrEp√μrEprωΛuctμωψEωγEtθμrΛRηαψαr√tμωψEsqu√rπsEμψE±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]E
ppEcωττμsμωψsSEEuropeaniPhysicaliJournaliCQE2017QE]]QEXW] 4.2 17

465 tα√surαφαψtEωγEtθαEtωpEqu√rπEφ√ssEusμψηEsμψηταEtωpEqu√rπEαvαψtsEμψEprωtωψRprωtωψEcωττμsμωψsE√tE
±mωrφuτ√aEsααEtαxt]´ {α}SEEuropeaniPhysicaliJournaliCQE2017QE]]QEXZY 4.2 8

464 zα√rcθαsEγωrEμψvμsμ≥ταEΛαc√ysEωγEtθαEoμηηsE≥ωsωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}ENEdE]QE^QE√ψΛEVXE{α}SE
JournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 74

463 zα√rcθEγωrEφ√ssμvαErαsωψ√ψcαsEΛαc√yμψηEμψtωE~~QE~ EωrE  E≥ωsωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 19

462
vvαrvμαwEωγEτ√rηαE√rα√EtrμpταRnltEΛαtαctωrsEγωrEtθαEjtzEγωrw√rΛEφuωψEupηr√ΛαSENucleari
InstrumentsiandiMethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswiSpectrometerswiDetectorsiandi
AssociatediEquipmentQE2017QE^YZQEW_^RXUX

1.2 2

461 zα√rcθEγωrEΛ√rπEφ√ttαrEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθEθα√vyRγτ√vωrEqu√rπEp√μrsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2017QE]]QE^YZ 4.2 22

460 {θαE{rμpταEnltEkαtαctωrEjωψtrωτEzystαφEγωrEjtzEγωrw√rΛEφuωψEspαctrωφαtαrEupηr√ΛαSEJournaliofi
InstrumentationQE2017QEVWQEwUWUUXRwUWUUX 1 0

459
tα√surαφαψtEωγEαταctrωwα√πRμψΛucαΛEprωΛuctμωψEωγE~˛‡EwμtθEtwωEναtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE
{α}E√ψΛEcωψstr√μψtsEωψE√ψωφ√τωusEqu√rtμcEη√uηαEcωupτμψηsSEJournaliofiHighiEnergyiPhysicsQE2017QE
WUV]QEV

5.4 9

458 zα√rcθαsEγωrE~fE≥ωsωψsEΛαc√yμψηEtωE√EtωpEqu√rπE√ψΛE√E≥ωttωφEqu√rπEμψEprωtωψRprωtωψEcωττμsμωψsE√tE
VXE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 7

457 tα√surαφαψtEωγEtθαEμψcτusμvαEαψαrηyEspαctruφEμψEtθαEvαryEγωrw√rΛEΛμrαctμωψEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 5

456 zα√rcθEγωrEΛμrαctEprωΛuctμωψEωγEsupαrsyφφαtrμcEp√rtψαrsEωγEtθαEtωpEqu√rπEμψEtθαE√ττRναtsEγμψ√τEst√tαE
μψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 18

455 zα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγEcθ√rημψωsE√ψΛEψαutr√τμψωsEμψE~oEαvαψtsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 11

454
zα√rcθEγωrEp√μrEprωΛuctμωψEωγEvαctωrRτμπαE{E√ψΛEiEqu√rπsEμψEsμψηταRταptωψEγμψ√τEst√tαsEusμψηE≥ωωstαΛE
ναtEsu≥structurαEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2017QEWUV]QEV

5.4 20

453 zα√rcθEγωrEtωpEsqu√rπEp√μrEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}EusμψηEsμψηταEταptωψE
αvαψtsSEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 25

452 zα√rcθEγωrEtωpEqu√rπEΛαc√ysEvμ√EoμηηsR≥ωsωψRφαΛμ√tαΛEγτ√vωrRcθ√ψημψηEψαutr√τEcurrαψtsEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 12

451
tα√surαφαψtEωγEtθαEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEcrωssEsαctμωψEusμψηEαvαψtsEwμtθE
ωψαEταptωψE√ψΛE√tEτα√stEωψαEναtEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2017QEWUV]QEV

5.4 14
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450 zα√rcθEγωrE√Eθα√vyErαsωψ√ψcαEΛαc√yμψηEtωE√EtωpEqu√rπE√ψΛE√EvαctωrRτμπαEtωpEqu√rπE√tEMEsqrt{s}dVXENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 4

449
zα√rcθEγωrEpθysμcsE≥αyωψΛEtθαEst√ψΛ√rΛEφωΛατEμψEαvαψtsEwμtθEtwωEταptωψsEωγEs√φαEsμηψQEφμssμψηE
tr√ψsvαrsαEφωφαψtuφQE√ψΛEναtsEμψEprωtωψRprωtωψEcωττμsμωψsE√tSEEuropeaniPhysicaliJournaliCQE2017QE
]]QEZ]^

4.2 21

448 zα√rcθEγωrEtωpEqu√rπEp√rtψαrsEwμtθEcθ√rηαEZTXEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SE
JournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 3

447 zα√rcθEγωrEτμηθtE≥ωsωψsEμψEΛαc√ysEωγEtθαEVWZEnα}EoμηηsE≥ωsωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 21

446 tα√surαφαψtsEωγEναtEcθ√rηαEwμtθEΛμναtEαvαψtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2017QEWUV]QEV 5.4 10

445 zα√rcθEγωrE√ssωcμ√tαΛEprωΛuctμωψEωγE√E E≥ωsωψEwμtθE√EsμψηταEtωpEqu√rπE√ψΛEγωrEt Eγτ√vωurRcθ√ψημψηE
μψtαr√ctμωψsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 10

444 zα√rcθEγωrEψαwEpθysμcsEwμtθEΛμναtE√ψηuτ√rEΛμstrμ≥utμωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 11

443 zα√rcθEγωrEΛ√rπEφ√ttαrEprωΛucαΛEwμtθE√ψEαψαrηαtμcEναtEωrE√Eθ√Λrωψμc√ττyEΛαc√yμψηE~EωrE E≥ωsωψE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 46

442
zα√rcθEγωrEtθμrΛRηαψαr√tμωψEsc√τ√rEταptωqu√rπsE√ψΛEθα√vyErμηθtRθ√ψΛαΛEψαutrμψωsEμψEγμψ√τEst√tαsEwμtθE
twωEt√uEταptωψsE√ψΛEtwωEναtsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2017QEWUV]QEV

5.4 35

441 zα√rcθEγωrEψαwEpθαψωφαψ√EwμtθEφuτtμpταEcθ√rηαΛEταptωψsEμψEprωtωψâ��prωtωψEcωττμsμωψsE√tEMsqrt{s}dE
VXNEMQtαxtE{{α}}NSEEuropeaniPhysicaliJournaliCQE2017QE]]QEV 4.2 2

440 zα√rcθEγωrEθα√vyErαsωψ√ψcαsEtθ√tEΛαc√yEμψtωE√EvαctωrE≥ωsωψE√ψΛE√EoμηηsE≥ωsωψEμψEθ√ΛrωψμcEγμψ√τE
st√tαsE√tSEEuropeaniPhysicaliJournaliCQE2017QE]]QE[X[ 4.2 20

439 zα√rcθEγωrEθμηθRφ√ssE ˛‡Erαsωψ√ψcαsEμψEαPαâ��˛‡E√ψΛE˛…EPE˛…Eâ��˛‡Eγμψ√τEst√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}d^ENE√ψΛEVXE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 4

438
zα√rcθEγωrEθα√vyEψαutrμψωsEωrEtθμrΛRηαψαr√tμωψEταptωqu√rπsEμψEγμψ√τEst√tαsEwμtθEtwωEθ√Λrωψμc√ττyE
Λαc√yμψηEˇ�EταptωψsE√ψΛEtwωEναtsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2017QEWUV]QEV

5.4 18

437 zα√rcθEγωrEjwEvμωτ√tμωψEμψEMEtωvαrτμψα{t}ENEprωΛuctμωψE√ψΛEΛαc√yEμψEprωtωψRprωtωψEcωττμsμωψsE√tEME
sqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 4

436 tα√surαφαψtEωγEtθαEtrμpταRΛμγγαrαψtμ√τEΛμναtEcrωssEsαctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tE√ψΛE
cωψstr√μψtsEωψEp√rtωψEΛμstrμ≥utμωψEγuψctμωψsSEEuropeaniPhysicaliJournaliCQE2017QE]]QE]Y[ 4.2 8

435 zα√rcθEγωrE√EτμηθtEpsαuΛωsc√τ√rEoμηηsE≥ωsωψEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE≥ωttωφEqu√rπsEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 7

434
zα√rcθEγωrEsupαrsyφφαtryEμψEαvαψtsEwμtθE√tEτα√stEωψαEpθωtωψQEφμssμψηEtr√ψsvαrsαEφωφαψtuφQE√ψΛE
τ√rηαEtr√ψsvαrsαEαvαψtE√ctμvμtyEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2017QEWUV]QEV

5.4 10

433 tα√surαφαψtsEωγEprωpαrtμαsEωγEtθαEoμηηsE≥ωsωψEΛαc√yμψηEμψtωEtθαEγωurRταptωψEγμψ√τEst√tαEμψEppE
cωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 77
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432 zα√rcθEγωrEΛ√rπEφ√ttαrE√ψΛEuψp√rtμcταsEμψEαvαψtsEwμtθE√E E≥ωsωψE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφE
μψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2017QEWUV]QEV 5.4 16

431 mωrw√rΛR≥√cπw√rΛE√syφφαtryEωγEkrαττR–√ψEταptωψEp√μrsEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααE
tαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEXWZ 4.2 13

430 zα√rcθEγωrEψαwEpθysμcsEμψEs√φαRsμηψEΛμταptωψEαvαψtsEμψEprωtωψRprωtωψEcωττμsμωψsE√tE±mωrφuτ√aEsααE
tαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEYX_ 4.2 34

429 tα√surαφαψtEωγEΛμναtE√zμφutθ√τEΛαcωrrατ√tμωψEμψEpp´ cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeani
PhysicaliJournaliCQE2016QE][QEZX[ 4.2 6

428 zα√rcθEγωrEΛ√rπEφ√ttαrEp√rtμcταsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}EusμψηEtθαEr√zωrE
v√rμ√≥ταsSEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 2

427 zα√rcθEγωrEsEcθ√ψψατEsμψηταEtωpEqu√rπEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SEJournaliofi
HighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 8

426 tα√surαφαψtEωγEμψcτusμvαEναtEprωΛuctμωψE√ψΛEψucτα√rEφωΛμγμc√tμωψsEμψEpw≥EcωττμsμωψsE√tE±mωrφuτ√aE
sααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEX]W 4.2 24

425
tα√surαφαψtEωγEΛμγγαrαψtμ√τE√ψΛEμψtαηr√tαΛEγμΛucμ√τEcrωssEsαctμωψsEγωrEoμηηsE≥ωsωψEprωΛuctμωψEμψE
tθαEγωurRταptωψEΛαc√yEcθ√ψψατEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SEJournaliofiHighiEnergyi
PhysicsQE2016QEWUV[QEV

5.4 15

424 tα√surαφαψtEωγEtθαEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEcrωssEsαctμωψEμψEtθαEα˛…Ecθ√ψψατEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 30

423 zα√rcθEγωrEψαwEpθysμcsEwμtθEtθαEtE{WEv√rμ√≥ταEμψE√ττRναtsEγμψ√τEst√tαsEprωΛucαΛEμψEppEcωττμsμωψsE√tEME
sqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 16

422 zα√rcθEγωrEΛ√rπEφ√ttαrEμψEprωtωψRprωtωψEcωττμsμωψsE√tE^E{α}EwμtθEφμssμψηEtr√ψsvαrsαEφωφαψtuφE√ψΛE
vαctωrE≥ωsωψEt√ηηαΛEναtsSEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 9

421 lvμΛαψcαEγωrEαxcτusμvαE˛‡˛‡EReE~EPE~Eâ��EprωΛuctμωψE√ψΛEcωψstr√μψtsEωψE√ψωφ√τωusEqu√rtμcEη√uηαE
cωupτμψηsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 27

420 zα√rcθEγωrEsupαrsyφφαtryEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}EμψEtθαEsμψηταRταptωψEγμψ√τEst√tαEusμψηE
tθαEsuφEωγEφ√ssαsEωγEτ√rηαRr√ΛμusEναtsSEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 7

419 zα√rcθEγωrEΛμrαctEp√μrEprωΛuctμωψEωγEsupαrsyφφαtrμcEtωpEqu√rπsEΛαc√yμψηEtωE√ττRθ√ΛrωψμcEγμψ√τEst√tαsE
μψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEY[U 4.2 14

418 hzμφutθ√τEΛαcωrrατ√tμωψEωγEναtsEwμΛατyEsαp√r√tαΛEμψEr√pμΛμtyEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SE
JournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 9

417 wθαψωφαψωτωημc√τEtzztEμψtαrprαt√tμωψEωγEjtzEsα√rcθαsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SE
JournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 11

416 tα√surαφαψtEωγEtθαEφ√ssEωγEtθαEtωpEqu√rπEμψEΛαc√ysEwμtθE√EqTˇ�EφαsωψEμψEppEcωττμsμωψsE√tE^E{α}SE
JournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 5

415 tα√surαφαψtEωγEtθαEμψcτusμvαEναtEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tEMsqrt{s}EdEWS][QtαxtE{{α}}NSE
EuropeaniPhysicaliJournaliCQE2016QE][QEV 4.2 17

(2016-2017)
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414
tα√surαφαψtEωγE±mωrφuτ√aEsααEtαxt]EprωΛuctμωψEwμtθE√ΛΛμtμωψ√τEναtE√ctμvμtyQEμψcτuΛμψηE±mωrφuτ√aEsααE
tαxt]Equ√rπEναtsQEμψEtθαEΛμταptωψEΛαc√yEcθ√ψψατEusμψηEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeani
PhysicaliJournaliCQE2016QE][QEX]_

4.2 20

413 tα√surαφαψtEωγEtθαEΛμγγαrαψtμ√τEcrωssEsαctμωψE√ψΛEcθ√rηαE√syφφαtryEγωrEμψcτusμvαE±mωrφuτ√aEsααE
tαxt]EprωΛuctμωψE√tE±mωrφuτ√aEsααEtαxt]E{α}SEEuropeaniPhysicaliJournaliCQE2016QE][QEY[_ 4.2 37

412 v≥sαrv√tμωψEωγEtωpEqu√rπEp√μrsEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE√EvαctωrE≥ωsωψEμψEppEcωττμsμωψsE√tEME
sqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 18

411 zα√rcθEγωrE~fEReEt≥EμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2016QEWUV[QEV 5.4 2

410 jωrrατ√tμωψsE≥αtwααψEναtsE√ψΛEcθ√rηαΛEp√rtμcταsEμψEw≥w≥E√ψΛEppEcωττμsμωψsE√tEME
sqrt{s−{φ√tθrφ{uu}}}dWS][ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 21

409 zα√rcθEγωrEtθαEprωΛuctμωψEωγE√ψEαxcμtαΛE≥ωttωφEqu√rπEΛαc√yμψηEtωEt~EμψEprωtωψRprωtωψEcωττμsμωψsE√tE
MEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 2

408 zα√rcθEγωrEαxcμtαΛEταptωψsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2016QEWUV[QEV 5.4 10

407
zt√tusErαpωrtEωγEtθαEupηr√ΛαEωγEtθαEjtzEφuωψEsystαφEwμtθE{rμpταRnltEΛαtαctωrsSENucleari
InstrumentsiandiMethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswiSpectrometerswiDetectorsiandi
AssociatediEquipmentQE2016QE^WYQEZWVRZWZ

1.2

406 tα√surαφαψtEωγEtθαE±mωrφuτ√aEsααEtαxt]EprωΛuctμωψEcrωssEsαctμωψEμψEtθαE√ττRναtsEγμψ√τEst√tαEμψEppE
cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEVW^ 4.2 21

405 lvαψtEηαψαr√tωrEtuψαsEω≥t√μψαΛEγrωφEuψΛαrτyμψηEαvαψtE√ψΛEφuτtμp√rtωψEsc√ttαrμψηEφα√surαφαψtsSE
EuropeaniPhysicaliJournaliCQE2016QE][QEVZZ 4.2 250

404 zα√rcθEγωrEφ√ssμvαE~oErαsωψ√ψcαsEΛαc√yμψηEμψtωEtθαE±mωrφuτ√aEsααEtαxt]Eγμψ√τEst√tαE√tE±mωrφuτ√aEsααE
tαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEWX] 4.2 19

403 zα√rcθEγωrE√Eφ√ssμvαErαsωψ√ψcαEΛαc√yμψηEμψtωE√EoμηηsE≥ωsωψE√ψΛE√E~EωrE E≥ωsωψEμψEθ√ΛrωψμcEγμψ√τE
st√tαsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 14

402 tα√surαφαψtEωγEtωpEqu√rπEpωτ√rμs√tμωψEμψEtRcθ√ψψατEsμψηταEtωpEqu√rπEprωΛuctμωψSEJournaliofiHighi
EnergyiPhysicsQE2016QEWUV[QEV 5.4 7

401 zα√rcθEγωrEθα√vyEt√νωr√ψ√EψαutrμψωsEμψEα´–α´–PEναtsE√ψΛEα´–E˛…E´–PEναtsEαvαψtsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 28

400
zα√rcθEγωrE√EvαryEτμηθtEutzztEoμηηsE≥ωsωψEprωΛucαΛEμψEΛαc√ysEωγEtθαEVWZEnα}Esc√τ√rE≥ωsωψE√ψΛE
Λαc√yμψηEμψtωEˇ�EταptωψsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QE
WUV[QEV

5.4 16

399 tα√surαφαψtEωγEΛμγγαrαψtμ√τEcrωssEsαctμωψsEγωrEoμηηsE≥ωsωψEprωΛuctμωψEμψEtθαEΛμpθωtωψEΛαc√yE
cθ√ψψατEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEVX 4.2 35

398
zα√rcθEγωrEψαwEpθysμcsEμψEγμψ√τEst√tαsEwμtθEtwωEωppωsμtαRsμηψQEs√φαRγτ√vωrEταptωψsQEναtsQE√ψΛEφμssμψηE
tr√ψsvαrsαEφωφαψtuφEμψEppEcωττμsμωψsE√tEMEsqrt{s}dVXENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QE
WUV[QEV

5.4 7

397 kαsμηψEωγE√Ecωψst√ψtEγr√ctμωψEΛμscrμφμψ√tωrEγωrEtθαE}mh{XEγrωψtRαψΛEhzpjEωγEtθαEjtzEnltEΛαtαctωrSE
JournaliofiInstrumentationQE2016QEVVQEjUVUWXRjUVUWX 1 7
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396 kαcωφpωsμψηEtr√ψsvαrsαEφωφαψtuφE≥√τ√ψcαEcωψtrμ≥utμωψsEγωrEquαψcθαΛEναtsEμψEw≥w≥EcωττμsμωψsE√tEME
sqrt{s−{φ√tθrφ{u}bφ√tθrφ{u}}}dWS][ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 13

395 tα√surαφαψtEωγEtθαEΛωu≥ταRΛμγγαrαψtμ√τEμψcτusμvαEναtEcrωssEsαctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tE
±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2016QE][QEYZV 4.2 36

394 tα√surαφαψtEωγEtθαE±mωrφuτ√aEsααEtαxt]EcrωssEsαctμωψEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]E{α}√ψΛE
τμφμtsEωψE√ψωφ√τωusEη√uηαEcωupτμψηsSEEuropeaniPhysicaliJournaliCQE2016QE][QEYUV 4.2 38

393 zα√rcθEγωrEθα√vyErαsωψ√ψcαsEΛαc√yμψηEtωEtwωEoμηηsE≥ωsωψsEμψEγμψ√τEst√tαsEcωψt√μψμψηEγωurE≥Equ√rπsSE
EuropeaniPhysicaliJournaliCQE2016QE][QEX]V 4.2 25

392 zα√rcθEγωrEoμηηsE≥ωsωψEωγγRsθαττEprωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tE]E√ψΛE^E{α}E√ψΛE
Λαrμv√tμωψEωγEcωψstr√μψtsEωψEμtsEtωt√τEΛαc√yEwμΛtθSEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 14

391
zα√rcθEγωrEταptωψEγτ√vωurEvμωτ√tμψηEΛαc√ysEωγEθα√vyErαsωψ√ψcαsE√ψΛEqu√ψtuφE≥τ√cπEθωταsEtωE√ψE
±mωrφuτ√aEsααEtαxt]Ep√μrEμψEprωtωψRprωtωψEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournali
CQE2016QE][QEXV]

4.2 9

390 tα√surαφαψtEωγEαταctrωwα√πEprωΛuctμωψEωγE√E~E≥ωsωψE√ψΛEtwωEγωrw√rΛEναtsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 4

389
mμ≥αrEir√ηηEnr√tμψηEMminNEsαψsωrsE√sEγτ√tψαssE√ψΛEφαcθ√ψμc√τEstrαtcθμψηEsαψsωrsSENucleari
InstrumentsiandiMethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswiSpectrometerswiDetectorsiandi
AssociatediEquipmentQE2016QE^WYQEY_XRY_Z

1.2 1

388 tα√surαφαψtEωγEtr√ψsvαrsαEφωφαψtuφErατ√tμvαEtωEΛμναtEsystαφsEμψEw≥w≥E√ψΛEppEcωττμsμωψsE√tEME
sqrt{s−{φ√tθrφ{uu}}}dWS][ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 21

387 zα√rcθEγωrE√ψωφ√τωusEsμψηταEtωpEqu√rπEprωΛuctμωψEμψE√ssωcμ√tμωψEwμtθE√EpθωtωψEμψEppEcωττμsμωψsE√tEME
sqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 20

386 zα√rcθEγωrEΛμrαctEp√μrEprωΛuctμωψEωγEsc√τ√rEtωpEqu√rπsEμψEtθαEsμψηταRE√ψΛEΛμταptωψEcθ√ψψατsEμψE
prωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 6

385 zα√rcθEγωrEtθαE√ssωcμ√tαΛEprωΛuctμωψEωγE√EoμηηsE≥ωsωψEwμtθE√EsμψηταEtωpEqu√rπEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2016QEWUV[QEV 5.4 10

384 zα√rcθEγωrE√Est√ψΛ√rΛEφωΛατEoμηηsE≥ωsωψEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE√EtωpRqu√rπEp√μrE√ψΛE
Λαc√yμψηEtωE≥ωttωφEqu√rπsEusμψηE√Eφ√trμxEαταφαψtEφαtθωΛSEEuropeaniPhysicaliJournaliCQE2015QE]ZQEWZV 4.2 55

383 tα√surαφαψtEωγEαταctrωwα√πEprωΛuctμωψEωγEtwωEναtsEμψE√ssωcμ√tμωψEwμtθE√E E≥ωsωψEμψEprωtωψRprωtωψE
cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2015QE]ZQE[[ 4.2 21

382 tα√surαφαψtsEωγEΛμγγαrαψtμ√τE√ψΛEΛωu≥ταRΛμγγαrαψtμ√τEkrαττR–√ψEcrωssEsαctμωψsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2015QE]ZQEVY] 4.2 50

381 zα√rcθEγωrEΛαc√ysEωγEstωppαΛEτωψηRτμvαΛEp√rtμcταsEprωΛucαΛEμψEprωtωψRprωtωψEcωττμsμωψsE√tE±mωrφuτ√aE
sααEtαxt]SEEuropeaniPhysicaliJournaliCQE2015QE]ZQEVZV 4.2 33

380 tα√surαφαψtEωγEtθαE~E≥ωsωψEθατμcμtyEμψEαvαψtsEwμtθE√EsμψηταErαcωψstructαΛEtωpEqu√rπEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2015QEWUVZQEV 5.4 19

379
tα√surαφαψtEωγEtθαEr√tμωEωγEtθαEprωΛuctμωψEcrωssEsαctμωψsEtμφαsE≥r√ψcθμψηEγr√ctμωψsEωγEiE´–cEEReEqTˇ�ˇ�E
´–E√ψΛEi´–EReEqTˇ�rE´–E√ψΛEMEφ√tθrφ{φ√tθc√τ{i}}ταγtM{φ√tθrφ{i}}−{φ√tθrφ{c}}ℓ{pφ}tωEφ√tθrφ{q}TpsμE
{pμ}ℓ{pφE}{pμ}ℓ{pφE}{pμ}ℓ{φp}rμηθtNTφ√tθrφ{φ√tθc√τ{i}}ταγtM{φ√tθrφ{i}}−{φ√tθrφ{c}}ℓ{pφ}tωE
φ√tθrφ{q}TpsμE{pμ}ℓ{pφ}rμηθtNENEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2015QEWUVZQEV

5.4 13

(2015-2016)
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378 zα√rcθEγωrEΛμs√ppα√rμψηEtr√cπsEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2015QEWUVZQEV 5.4 35
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cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2014QE]YQEXU[U 4.2 29

315 tα√surαφαψtEωγEΛμγγαrαψtμ√τEcrωssEsαctμωψsEγωrEtθαEprωΛuctμωψEωγE√Ep√μrEωγEμsωτ√tαΛEpθωtωψsEμψEppE
cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2014QE]YQEXVW_ 4.2 29

314 zα√rcθEγωrEψαutr√τEtzztEoμηηsE≥ωsωψsEΛαc√yμψηEtωE√Ep√μrEωγEt√uEταptωψsEμψEppEcωττμsμωψsSEJournaliofi
HighiEnergyiPhysicsQE2014QEWUVYQEV 5.4 70

313 tα√surαφαψtEωγEpsαuΛωr√pμΛμtyEΛμstrμ≥utμωψsEωγEcθ√rηαΛEp√rtμcταsEμψEprωtωψâ��prωtωψEcωττμsμωψsE√tE
Msqrt{s}EdE^NE{α}E≥yEtθαEjtzE√ψΛE{v{ltEαxpαrμφαψtsSEEuropeaniPhysicaliJournaliCQE2014QE]YQEV 4.2 37

312 zα√rcθαsEγωrEαταctrωwα√πEprωΛuctμωψEωγEcθ√rημψωsQEψαutr√τμψωsQE√ψΛEsταptωψsEΛαc√yμψηEtωEταptωψsE
√ψΛE~QE QE√ψΛEoμηηsE≥ωsωψsEμψEppEcωττμsμωψsE√tE^´ {α}SEEuropeaniPhysicaliJournaliCQE2014QE]YQEXUX[ 4.2 183

311 tα√surαφαψtEωγEprωφptEqTˇ�Ep√μrEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}ENEdE]E{αvSEJournaliofiHighi
EnergyiPhysicsQE2014QEWUVYQEV 5.4 41

310 jtzEywjEtr√cπαrEφuωψErαcωψstructμωψSEJournaliofiInstrumentationQE2014QE_QEjVUUW]RjVUUW] 1 1

309 v≥sαrv√tμωψEωγEtθαEΛμpθωtωψEΛαc√yEωγEtθαEoμηηsE≥ωsωψE√ψΛEφα√surαφαψtEωγEμtsEprωpαrtμαsSE
EuropeaniPhysicaliJournaliCQE2014QE]YQEXU][ 4.2 239

308 zα√rcθEγωrEtθαE√ssωcμ√tαΛEprωΛuctμωψEωγEtθαEoμηηsE≥ωsωψEwμtθE√EtωpRqu√rπEp√μrSEJournaliofiHighi
EnergyiPhysicsQE2014QEWUVYQEV 5.4 45

307 ztuΛyEωγEθ√ΛrωψμcEαvαψtRsθ√pαEv√rμ√≥ταsEμψEφuτtμναtEγμψ√τEst√tαsEμψEppEcωττμsμωψsE√tEMEsqrt{s}EdE]ENE{α}SE
JournaliofiHighiEnergyiPhysicsQE2014QEWUVYQEV 5.4 3
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306 zα√rcθEγωrEst√ψΛ√rΛEφωΛατEprωΛuctμωψEωγEγωurEtωpEqu√rπsEμψEtθαEταptωψEPEναtsEcθ√ψψατEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2014QEWUVYQEV 5.4 15

305 pΛαψtμγμc√tμωψEtαcθψμquαsEγωrEθμηθτyE≥ωωstαΛE~E≥ωsωψsEtθ√tEΛαc√yEμψtωEθ√ΛrωψsSEJournaliofiHighi
EnergyiPhysicsQE2014QEWUVYQEV 5.4 32

304 tα√surαφαψtEωγEoμηηsE≥ωsωψEprωΛuctμωψE√ψΛEprωpαrtμαsEμψEtθαE~~EΛαc√yEcθ√ψψατEwμtθEταptωψμcE
γμψ√τEst√tαsSEJournaliofiHighiEnergyiPhysicsQE2014QEWUVYQEV 5.4 144

303 tα√surαφαψtEωγEtθαEMEtωvαrτμψα{t}ENEprωΛuctμωψEcrωssEsαctμωψEμψEtθαEΛμταptωψEcθ√ψψατEμψEppEcωττμsμωψsE
√tEMEsqrt{s}ENEdE^E{α}E2014QEWUVYQEV 3

302 zα√rcθEγωrEtθαE√ssωcμ√tαΛEprωΛuctμωψEωγEtθαEoμηηsE≥ωsωψEwμtθE√EtωpRqu√rπEp√μrE2014QEWUVYQEV 6

301 zα√rcθEγωrEφμcrωscωpμcE≥τ√cπEθωταsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE{α}SEJournaliofiHighiEnergyiPhysics
QE2013QEWUVXQEV 5.4 38

300 tα√surαφαψtEωγEtθαEMEs√φ≥Λ√−{φ√tθrφ{≥}}ℓUENEτμγαtμφαEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournali
ofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 14

299 zα√rcθαsEγωrEτωψηRτμvαΛEcθ√rηαΛEp√rtμcταsEμψEppEcωττμsμωψsE√tEMEsqrt{s}ENEd]E√ψΛE^E{α}SEJournaliofiHighi
EnergyiPhysicsQE2013QEWUVXQEV 5.4 96

298 ztuΛyEωγEαxcτusμvαEtwωRpθωtωψEprωΛuctμωψEωγE~P~â��EμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}E√ψΛE
cωψstr√μψtsEωψE√ψωφ√τωusEqu√rtμcEη√uηαEcωupτμψηsSEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 56

297 v≥sαrv√tμωψEωγE√EψαwE≥ωsωψEwμtθEφ√ssEψα√rEVWZEnα}EμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE√ψΛE^E{α}SE
JournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 261

296 zα√rcθEγωrEtθαEst√ψΛ√rΛEφωΛατEoμηηsE≥ωsωψEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE√EtωpRqu√rπEp√μrEμψEppE
cωττμsμωψsE√tEtθαEsojSEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 35

295 ztuΛμαsEωγEναtEφ√ssEμψEΛμναtE√ψΛE~T EPEναtEαvαψtsSEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 39

294 tα√surαφαψtEωγEtθαEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEcrωssEsαctμωψEμψEtθαE√ττRναtEγμψ√τE
st√tαEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 14

293 tα√surαφαψtEωγEtθαE’MX^]WNEprωΛuctμωψEcrωssEsαctμωψEvμ√EΛαc√ysEtωEqTˇ�ˇ�EPEˇ�Eâ��EμψEppEcωττμsμωψsE√tEME
sqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 44

292 ztuΛyEωγEtθαEuψΛαrτyμψηEαvαψtE√tEγωrw√rΛEr√pμΛμtyEμψEppEcωττμsμωψsE√tEME
sqrt{s}dUS_QWS][Qbφ√tθrφ{√ψΛ}b]bφ√tθrφ{{α}}ENSEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 39

291 zα√rcθEγωrEψαwEpθysμcsEμψEαvαψtsEwμtθEpθωtωψsQEναtsQE√ψΛEφμssμψηEtr√ψsvαrsαEαψαrηyEμψEppEcωττμsμωψsE
√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 15

290 zα√rcθEγωrEψαwEpθysμcsEμψEαvαψtsEwμtθEs√φαRsμηψEΛμταptωψsE√ψΛE≥EναtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 33

289 zα√rcθEμψEταptωψμcEcθ√ψψατsEγωrEθα√vyErαsωψ√ψcαsEΛαc√yμψηEtωEτωψηRτμvαΛEψαutr√τEp√rtμcταsSEJournaliofi
HighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 30
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288 zα√rcθEγωrEαxωtμcErαsωψ√ψcαsEΛαc√yμψηEμψtωE~ T  EμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofi
HighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 16

287 zα√rcθEγωrEsupαrsyφφαtryEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]E{α}EμψEαvαψtsEwμtθE√EsμψηταEταptωψQE
ναtsQE√ψΛEφμssμψηEtr√ψsvαrsαEφωφαψtuφSEEuropeaniPhysicaliJournaliCQE2013QE]XQEWYUY 4.2 15

286 zα√rcθEγωrE√Est√ψΛ√rΛRφωΛατRτμπαEoμηηsE≥ωsωψEwμtθE√Eφ√ssEμψEtθαEr√ψηαEVYZEtωEVUUUEnα}E√tEtθαEsojSE
EuropeaniPhysicaliJournaliCQE2013QE]XQEWY[_ 4.2 49

285
tα√surαφαψtEωγEtθαE~R≥ωsωψEθατμcμtyEμψEtωpRqu√rπEΛαc√ysEγrωφEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENE
prωΛuctμωψEμψEταptωψPναtsEαvαψtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2013QEWUVXQEV

5.4 25

284
zα√rcθEγωrEsupαrsyφφαtryEμψEθ√ΛrωψμcEγμψ√τEst√tαsEwμtθEφμssμψηEtr√ψsvαrsαEαψαrηyEusμψηEtθαE
v√rμ√≥ταsE√ψΛE≥Rqu√rπEφuτtμpτμcμtyEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE
2013QE]XQEWZ[^

4.2 82

283
tα√surαφαψtEωγEtθαEθ√ΛrωψμcE√ctμvμtyEμψEαvαψtsEwμtθE√E E√ψΛEtwωEναtsE√ψΛEαxtr√ctμωψEωγEtθαEcrωssE
sαctμωψEγωrEtθαEαταctrωwα√πEprωΛuctμωψEωγE√E EwμtθEtwωEναtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SE
JournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV

5.4 10

282 tα√surαφαψtEωγEφ√ssαsEμψEtθαE±mωrφuτ√aEsααEtαxt]EsystαφE≥yEπμψαφ√tμcEαψΛpωμψtsEμψEppEcωττμsμωψsE√tE
±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2013QE]XQEWY_Y 4.2 37

281 zα√rcθEγωrEpθysμcsE≥αyωψΛEtθαEst√ψΛ√rΛEφωΛατEμψEαvαψtsEwμtθEταptωψsQEναtsQE√ψΛEτ√rηαEtr√ψsvαrsαE
φωφαψtuφEμφ≥√τ√ψcαEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2013QE]XQEWY_X4.2 10

280 tα√surαφαψtEωγEtθαEMφ√tθrφ{t}≥√r{φ√tθrφ{t}}NEprωΛuctμωψEcrωssEsαctμωψEμψEtθαEˇ�PναtsEcθ√ψψατEμψEppE
cωττμsμωψsE√tEMsqrt{s}d]Eφ≥ωx{{α}}NSEEuropeaniPhysicaliJournaliCQE2013QE]XQEV 4.2 21

279 qαtE√ψΛEuψΛαrτyμψηEαvαψtEprωpαrtμαsE√sE√EγuψctμωψEωγEcθ√rηαΛRp√rtμcταEφuτtμpτμcμtyEμψEprωtωψRprωtωψE
cωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2013QE]XQEW[]Y 4.2 24

278 zα√rcθEγωrEtωpRsqu√rπEp√μrEprωΛuctμωψEμψEtθαEsμψηταRταptωψEγμψ√τEst√tαEμψEppEcωττμsμωψsE√tEMsqrt{s}d^E
φ√tθrφ{{α}}NSEEuropeaniPhysicaliJournaliCQE2013QE]XQEV 4.2 162

277 tα√surαφαψtEωγEtθαEΛμγγαrαψtμ√τE√ψΛEΛωu≥ταRΛμγγαrαψtμ√τEkrαττR–√ψEcrωssEsαctμωψsEμψEprωtωψRprωtωψE
cωττμsμωψsE√tEMEsqrt{s}ENEdE]E{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 43

276 tα√surαφαψtEωγEtθαEcrωssEsαctμωψE√ψΛE√ψηuτ√rEcωrrατ√tμωψsEγωrE√ssωcμ√tαΛEprωΛuctμωψEωγE√E E≥ωsωψE
wμtθE≥Eθ√ΛrωψsEμψEppEcωττμsμωψsE√tEMEsqrt{s}ENEdE]E{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 26

275
tα√surαφαψtEωγEtθαEr√tμωEωγEtθαEμψcτusμvαEXRναtEcrωssEsαctμωψEtωEtθαEμψcτusμvαEWRναtEcrωssEsαctμωψEμψE
ppEcωττμsμωψsE√tEMsqrt{s}EdE]Eφ√tθrφ{{α}}NE√ψΛEγμrstEΛαtαrφμψ√tμωψEωγEtθαEstrωψηEcωupτμψηEcωψst√ψtEμψE
tθαE{α}Er√ψηαSEEuropeaniPhysicaliJournaliCQE2013QE]XQEV

4.2 50

274 tα√surαφαψtEωγEtθαE~P~â��EcrωssEsαctμωψEμψEppEcωττμsμωψsE√tEMsqrt{s}EdE]φ≥ωx{E{α}}NE√ψΛEτμφμtsEωψE
√ψωφ√τωusE~~˛‡E√ψΛE~~ EcωupτμψηsSEEuropeaniPhysicaliJournaliCQE2013QE]XQEV 4.2 56

273 zα√rcθEγωrEψ√rrωwErαsωψ√ψcαsE√ψΛEqu√ψtuφE≥τ√cπEθωταsEμψEμψcτusμvαE√ψΛE≥Rt√ηηαΛEΛμναtEφ√ssEspαctr√E
γrωφEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 37

272 tα√surαφαψtEωγEtθαE  EprωΛuctμωψEcrωssEsαctμωψE√ψΛEsα√rcθEγωrE√ψωφ√τωusEcωupτμψηsEμψEWâ��Wâ��fEγμψ√τE
st√tαsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 39

271 zα√rcθEγωrEsupαrsyφφαtryEμψEγμψ√τEst√tαsEwμtθEφμssμψηEtr√ψsvαrsαEαψαrηyE√ψΛEUQEVQEWQEωrEâ�¥XE≥Rqu√rπE
ναtsEμψE]E{α}EppEcωττμsμωψsEusμψηEtθαEv√rμ√≥ταE˛–E{SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 29
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270 zα√rcθEγωrEθα√vyEqu√rπsEΛαc√yμψηEμψtωE√EtωpEqu√rπE√ψΛE√E~EωrE E≥ωsωψEusμψηEταptωψEPEναtsEαvαψtsEμψE
ppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2013QEWUVXQEV 5.4 12

269 {θαEst√tusEωγEtθαEnltEprωναctEγωrEjtzEθμηθRSENucleariInstrumentsiandiMethodsiiniPhysicsiResearchwi
SectioniA:iAcceleratorswiSpectrometerswiDetectorsiandiAssociatediEquipmentQE2013QE]XWQEWUXRWU] 1.2 5

268
nltE≥√sαΛEΛαtαctωrEγωrEγuturαEupηr√ΛαEωγEtθαEjtzEγωrw√rΛEφuωψEsystαφSENucleariInstrumentsiandi
MethodsiiniPhysicsiResearchwiSectioniA:iAcceleratorswiSpectrometerswiDetectorsiandiAssociatedi
EquipmentQE2013QE]V^QEX^XRX^[

1.2 27

267 hEstuΛyEωγEη√sEcωψt√φμψ√ψtsE√ψΛEμψtαr√ctμωψEwμtθEφ√tαrμ√τsEμψEywjEcτωsαΛEτωωpEsystαφsSEJournaliofi
InstrumentationQE2013QE^QE{UXUU^R{UXUU^ 1 6

266 tα√surαφαψtEωγEtθαEsuφEωγE~~E√ψΛE~ EprωΛuctμωψEwμtθE~PΛμναtEαvαψtsEμψEppEcωττμsμωψsE√tE
±mωrφuτ√aEsααEtαxt]SEEuropeaniPhysicaliJournaliCQE2013QE]XQEWW^X 4.2 45

265 tα√surαφαψtEωγEΛμγγαrαψtμ√τEtωpRqu√rπRp√μrEprωΛuctμωψEcrωssEsαctμωψsEμψEppEcωττμsμωψsE√tEMsqrt{s}EdE]E
φ√tθrφ{{α}}NSEEuropeaniPhysicaliJournaliCQE2013QE]XQEV 4.2 102

264 zμφuτ√tμωψEωγEtθαEjtzEyαsμstμvαEwτ√tαEjθ√φ≥αrsSEJournaliofiInstrumentationQE2013QE^QEwUXUUVRwUXUUV 1

263 kαvατωpφαψtE√ψΛEpαrγωrφ√ψcαEωγEτ√rηαEsc√ταEtrμpταEnltEγωrEjtzSEJournaliofiInstrumentationQE2013QE
^QEjVVUV]RjVVUV] 1 3

262 |ψμγωrφμtyE√ψΛEst√≥μτμtyEωγEtθαEjtzEywjEΛαtαctωrE√tEtθαEsojSEJournaliofiInstrumentationQE2013QE^QEwUXUV]RwUXUV]1 7

261 jtzEyαsμstμvαEwτ√tαEjθ√φ≥αrEωvαrvμαwQEγrωφEtθαEprαsαψtEsystαφEtωEtθαEupηr√ΛαEpθ√sαEpSEJournaliofi
InstrumentationQE2013QE^QEwUYUUZRwUYUUZ 1 9

260 zt√tusEωγEtθαE{rμpταRnltEprωναctEγωrEtθαEupηr√ΛαEωγEtθαEjtzEtuωψEzystαφSEJournaliofi
InstrumentationQE2013QE^QEjVWUXVRjVWUXV 1 5

259 {θαEupηr√ΛαEωγEtθαEjtzEywjEsystαφEΛurμψηEtθαEγμrstEsojEτωψηEsθutΛωwψSEJournaliofiInstrumentation
QE2013QE^QE{UWUUWR{UWUUW 1 6

258 zα√rcθEγωrEψαwEpθysμcsEμψEαvαψtsEwμtθEs√φαRsμηψEΛμταptωψsE√ψΛE≥EναtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d^ENE
{α}E2013QEWUVXQEV 2

257 ztuΛyEωγEθμηθRpE{Ecθ√rηαΛEp√rtμcταEsupprαssμωψEμψEw≥w≥Ecωφp√rαΛEtωEppEcωττμsμωψsE√tE
Msqrt{s−{φ√tθrφ{uu}}}dWS][~φ√tθrφ{{α}}NSEEuropeaniPhysicaliJournaliCQE2012QE]WQEV 4.2 316

256 jαψtr√τμtyEΛαpαψΛαψcαEωγEΛμθ√ΛrωψEcωrrατ√tμωψsE√ψΛE√zμφutθ√τE√ψμsωtrωpyEθ√rφωψμcsEμψEw≥w≥E
cωττμsμωψsE√tEMsqrt{s−{uu}}dEWS][Eφ≥ωx{{α}}NSEEuropeaniPhysicaliJournaliCQE2012QE]WQEV 4.2 158

255 qαtEprωΛuctμωψEr√tαsEμψE√ssωcμ√tμωψEwμtθE~E√ψΛE E≥ωsωψsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]E{tαxt{{α}}}ENSE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 37

254 lxcτusμvαE˛‡˛‡EReE˛…EPE˛…Eâ��EprωΛuctμωψEμψEprωtωψRprωtωψEcωττμsμωψsE√tEMEsqrtE{s}EdE{]}ENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2012QEWUVWQEV 5.4 45

253 tα√surαφαψtEωγEtθαEprωΛuctμωψEcrωssEsαctμωψEγωrEp√μrsEωγEμsωτ√tαΛEpθωtωψsEμψEppEcωττμsμωψsE√tEMEsqrtE
{s}EdE]b{α}ENSEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 20
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252 pψcτusμvαE≥RναtEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMsqrtE{s}EdE]{α}NSEJournaliofiHighiEnergyiPhysicsQE2012QE
WUVWQEV 5.4 30

251 zα√rcθEγωrEqu√rπEcωφpωsμtαψαssEμψEΛμναtE√ψηuτ√rEΛμstrμ≥utμωψsEγrωφEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]{E}ENE
{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 12

250 zupprαssμωψEωγEψωψRprωφptEqTˇ�QEprωφptEqTˇ�QE√ψΛEME|psμτωψENMVzNEμψEw≥w≥EcωττμsμωψsE√tEMEsqrtE
{{{s−{tαxt{uu}}}}}EdEWS][ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 184

249 zα√rcθEγωrEθα√vyE≥ωttωφRτμπαEqu√rπsEμψEYS_Eγ≥â��VEωγEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2012QEWUVWQEV 5.4 44

248 tα√surαφαψtEωγEtθαEcrωssEsαctμωψEγωrEprωΛuctμωψEωγEME≥ωvαrτμψαE≥E’ENEΛαc√yμψηEtωEφuωψsEμψEppE
cωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 3

247 tα√surαφαψtEωγEtθαE T˛‡OEPE≥RναtEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2012QEWUVWQEV 5.4 24

246 zθ√pαQEtr√ψsvαrsαEsμzαQE√ψΛEcθ√rηαΛRθ√ΛrωψEφuτtμpτμcμtyEωγEναtsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]b{α}ENSE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 27

245 zα√rcθEγωrE√ψωφ√τωusEprωΛuctμωψEωγEφuτtμταptωψEαvαψtsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]Q{α}ENSE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 65

244 zα√rcθEγωrE√EτμηθtEcθ√rηαΛEoμηηsE≥ωsωψEμψEtωpEqu√rπEΛαc√ysEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]b{α}ENSE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 101

243 zα√rcθEγωrEταptωψμcEΛαc√ysEωγE~fE≥ωsωψsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE{]}ENE{α}SEJournaliofiHighi
EnergyiPhysicsQE2012QEWUVWQEV 5.4 43

242 zα√rcθEγωrEstωppαΛEτωψηRτμvαΛEp√rtμcταsEprωΛucαΛEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE{tαxt{]{α}}}ENSEJournali
ofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 17

241 zα√rcθEγωrEψαwEpθysμcsEμψEαvαψtsEwμtθEs√φαRsμηψEΛμταptωψsE√ψΛE≥Rt√ηηαΛEναtsEμψEppEcωττμsμωψsE√tEMEsqrtE
{s}EdE]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 24

240 tα√surαφαψtEωγEtθαEuψΛαrτyμψηEαvαψtE√ctμvμtyEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdEUS_ENE√ψΛE]E{α}EwμtθEtθαE
ψωvατEναtR√rα√TφαΛμ√ψE√pprω√cθSEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 11

239 zα√rcθEγωrE√ψωφ√τωusEMEtωvαrτμψαEtENEprωΛuctμωψEμψEtθαEθμηθτyR≥ωωstαΛE√ττRθ√ΛrωψμcEγμψ√τEst√tαSE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 57

238 zα√rcθEγωrEΛ√rπEφ√ttαrE√ψΛEτ√rηαEαxtr√EΛμφαψsμωψsEμψEφωψωναtEαvαψtsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE
{]}ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 155

237 zα√rcθEγωrE√Eγαrφμωpθω≥μcEoμηηsE≥ωsωψEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournaliofiHighiEnergyi
PhysicsQE2012QEWUVWQEV 5.4 13

236 zα√rcθEγωrEsupαrsyφφαtryEμψEθ√ΛrωψμcEγμψ√τEst√tαsEusμψηEtE{WEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 92

235 tα√surαφαψtEωγEναtEγr√ηφαψt√tμωψEμψtωEcθ√rηαΛEp√rtμcταsEμψEppE√ψΛEw≥w≥EcωττμsμωψsE√tEME
sqrt{{{s−{φ√tθrφ{uu}}}}}EdEWS][ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 73

(2012-2012)
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234 tα√surαφαψtEωγEtθαEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEcrωssEsαctμωψEμψEtθαEΛμταptωψE
cθ√ψψατEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 64

233
zα√rcθEγωrEαxcτusμvαEωrEsαφμRαxcτusμvαE˛‡˛‡EprωΛuctμωψE√ψΛEω≥sαrv√tμωψEωγEαxcτusμvαE√ψΛE
sαφμRαxcτusμvαEαPαâ��EprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2012QEWUVWQEV

5.4 45

232 zα√rcθEγωrEtθαEst√ψΛ√rΛEφωΛατEoμηηsE≥ωsωψEprωΛucαΛEμψE√ssωcμ√tμωψEwμtθE~E√ψΛE E≥ωsωψsEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d]EN{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 6

231 zα√rcθEγωrEαταctrωwα√πEprωΛuctμωψEωγEcθ√rημψωsE√ψΛEψαutr√τμψωsEusμψηEταptωψμcEγμψ√τEst√tαsEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 41

230 zα√rcθEγωrEψαwEpθysμcsEwμtθEτωψηRτμvαΛEp√rtμcταsEΛαc√yμψηEtωEpθωtωψsE√ψΛEφμssμψηEαψαrηyEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 10

229 zα√rcθEγωrErαsωψ√ψtEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEprωΛuctμωψEμψEταptωψPναtsEαvαψtsEμψEppE
cωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 25

228 v≥sαrv√tμωψEωγE EΛαc√ysEtωEγωurEταptωψsEwμtθEtθαEjtzEΛαtαctωrE√tEtθαEsojSEJournaliofiHighiEnergyi
PhysicsQE2012QEWUVWQEV 5.4 30

227 tα√surαφαψtEωγEtθαEsμψηταRtωpRqu√rπEtRcθ√ψψατEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SE
JournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 70

226 zα√rcθEγωrEtθμrΛRηαψαr√tμωψEταptωqu√rπsE√ψΛEsc√τ√rE≥ωttωφEqu√rπsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]b{α}E
NSEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 12

225 tα√surαφαψtEωγEtθαEtωpRqu√rπEφ√ssEμψEMEφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}ENEαvαψtsEwμtθEταptωψPναtsE
γμψ√τEst√tαsEμψEppEcωττμsμωψsE√tEMEsqrt{s}d]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 30

224 tα√surαφαψtEωγEtθαEuψΛαrτyμψηEαvαψtEμψEtθαEkrαττâ��–√ψEprωcαssEμψEprωtωψâ��prωtωψEcωττμsμωψsE√tE
Msqrt{s}EdE]~φ≥ωx{{α}}NSEEuropeaniPhysicaliJournaliCQE2012QE]WQEV 4.2 30

223 ztuΛyEωγEtθαEμψcτusμvαEprωΛuctμωψEωγEcθ√rηαΛEpμωψsQEπ√ωψsQE√ψΛEprωtωψsEμψEppEcωττμsμωψsE√tEMsqrt{s}EdE
US_QEWS][Qφ≥ωx{E√ψΛE}]~φ≥ωx{{α}}NSEEuropeaniPhysicaliJournaliCQE2012QE]WQEV 4.2 133

222 hEsα√rcθEγωrE√EΛωu≥τyRcθ√rηαΛEoμηηsE≥ωsωψEμψEppEcωττμsμωψsE√tEMsqrt{s}EdE]Eφ≥ωx{{α}}NSEEuropeani
PhysicaliJournaliCQE2012QE]WQEV 4.2 111

221 tα√surαφαψtEωγEtθαEtωpRqu√rπEφ√ssEμψEMφ√tθrφ{t}ωvαrτμψα{φ√tθrφ{t}}NEαvαψtsEwμtθEΛμταptωψEγμψ√τE
st√tαsEμψEppEcωττμsμωψsE√tEMsqrt{s}d]Eφ≥ωx{{α}}NSEEuropeaniPhysicaliJournaliCQE2012QE]WQEV 4.2 36

220
y√tμωsEωγEΛμναtEprωΛuctμωψEcrωssEsαctμωψsE√sE√EγuψctμωψEωγEtθαE√≥sωτutαEΛμγγαrαψcαEμψEr√pμΛμtyE
≥αtwααψEναtsEμψEprωtωψâ��prωtωψEcωττμsμωψsE√tEMsqrt{s}EdE]Eφ√tθrφ{{α}}NSEEuropeaniPhysicaliJournaliCQE
2012QE]WQEV

4.2 17

219 tα√surαφαψtEωγEtθαErατ√tμvαEprωφptEprωΛuctμωψEr√tαEωγE√ψΛEμψEppEcωττμsμωψsE√tE±mωrφuτ√aEsααEtαxt]SE
EuropeaniPhysicaliJournaliCQE2012QE]WQEWWZV 4.2 46

218 mωrw√rΛEαψαrηyEγτωwQEcαψtr√τEcθ√rηαΛRp√rtμcταEφuτtμpτμcμtμαsQE√ψΛEpsαuΛωr√pμΛμtyEη√psEμψE~E√ψΛE E
≥ωsωψEαvαψtsEγrωφEppEcωττμsμωψsE√tEMsqrt{s}dE]NE{α}SEEuropeaniPhysicaliJournaliCQE2012QE]WQEV 4.2 11

217 qTˇ�E√ψΛEˇ�MWzNEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]{tαxt{{αv}}ENSEJournaliofiHighiEnergyiPhysicsQE
2012QEWUVWQEV 5.4 69
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216 zα√rcθEγωrEtθαEst√ψΛ√rΛEφωΛατEoμηηsE≥ωsωψEμψEtθαEoEReE  EReEWâ��W˛‰Ecθ√ψψατEμψEppEcωττμsμωψsE√tEMEsqrtE
{tαxt{s}}EdE{]}b{tαxt{{α}}}ENSEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 24

215 zα√rcθEγωrEtθαEst√ψΛ√rΛEφωΛατEoμηηsE≥ωsωψEμψEtθαEoEReE  EReEâ��Pâ��â�� ˇ�Pˇ�â��EΛαc√yEcθ√ψψατEμψEppEcωττμsμωψsE√tE
MEsqrtE{s}EdE{]}b{tαxt{{α}}}ENSEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 11

214 zα√rcθEγωrEME{tαxt{i}}−{tαxt{s}}ℓUENEReE˛…EPE˛…Eâ��E√ψΛEiUEReE˛…EPE˛…Eâ��EΛαc√ysSEJournaliofiHighiEnergyiPhysicsQE
2012QEWUVWQEV 5.4 52

213 zα√rcθEγωrE√EoμηηsE≥ωsωψEμψEtθαEΛαc√yEcθ√ψψατEoEReE  MONEReEqMEωvαrτμψαE{tαxt{q}}ENEâ��Eâ��Eâ��EPEμψEppEcωττμsμωψsE
√tEMEsqrtE{s}EdE]EN{α}SEJournaliofiHighiEnergyiPhysicsQE2012QEWUVWQEV 5.4 21

212 zα√rcθEγωrEφμcrωscωpμcE≥τ√cπEθωταsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE{tαxt{]{α}}}ENSEJournaliofiHighi
EnergyiPhysicsQE2012QEWUVWQEV 5.4 34

211
tα√surαφαψtEωγEtθαEμψcτusμvαEprωΛuctμωψEcrωssEsαctμωψsEγωrEγωrw√rΛEναtsE√ψΛEγωrEΛμναtEαvαψtsEwμtθE
ωψαEγωrw√rΛE√ψΛEωψαEcαψtr√τEναtEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournaliofiHighiEnergyiPhysicsQE
2012QEWUVWQEV

5.4 13

210 tα√surαφαψtEωγEtθαEφ√ssEΛμγγαrαψcαE≥αtwααψEtωpE√ψΛE√ψtμtωpEqu√rπsSEJournaliofiHighiEnergyi
PhysicsQE2012QEWUVWQEV 5.4 13

209 E2012QE 3

208 jtzEαψΛc√pEywjEη√sEη√pEprωΛuctμωψEγωrEupηr√ΛαSEJournaliofiInstrumentationQE2012QE]QEwVVUVXRwVVUVX 1 3

207 hψEωvαrvμαwEωγEtθαEΛαsμηψQEcωψstructμωψE√ψΛEpαrγωrφ√ψcαEωγEτ√rηαE√rα√EtrμpταRnltEprωtωtypαsEγωrE
γuturαEupηr√ΛαsEωγEtθαEjtzEγωrw√rΛEφuωψEsystαφSEJournaliofiInstrumentationQE2012QE]QEjUZUU^RjUZUU^ 1 1

206 wαrγωrφ√ψcαEωγEtθαEn√sEn√μψEtωψμtωrμψηEsystαφEωγEtθαEjtzEywjEφuωψEΛαtαctωrE√ψΛEαγγαctμvαE
wωrπμψηEpωμψtEγμψαEtuψμψηSEJournaliofiInstrumentationQE2012QE]QEwVWUUYRwVWUUY 1 4

205 {αstsEωγEφuτtμη√pEywjsEγωrEθμηθR˛•EtrμηηαrsEμψEjtzSEJournaliofiInstrumentationQE2012QE]QEwVUUU_RwVUUU_ 1 3

204 wrωφptE√ψΛEψωψRprωφptEqTˇ�EprωΛuctμωψEμψEppEcωττμsμωψsE√tEMsqrt{s}EdE]NE{α}SEEuropeaniPhysicali
JournaliCQE2011QE]VQEV 4.2 118

203
tα√surαφαψtEωγEtθαEMφ√tθrφ{{t≥√r{t}}}NEprωΛuctμωψEcrωssEsαctμωψEμψEppEcωττμsμωψsE√tEMsqrt{s}d]NE{α}E
usμψηEtθαEπμψαφ√tμcEprωpαrtμαsEωγEαvαψtsEwμtθEταptωψsE√ψΛEναtsSEEuropeaniPhysicaliJournaliCQE2011QE
]VQEV

4.2 35

202 jθ√rηαΛEp√rtμcταEφuτtμpτμcμtμαsEμψEppEμψtαr√ctμωψsE√tEMEsqrtE{s}EdEUS_ENQEWSX[QE√ψΛE]E{α}SEJournaliofiHighi
EnergyiPhysicsQE2011QEWUVVQEV 5.4 89

201 tα√surαφαψtsEωγEμψcτusμvαE~E√ψΛE EcrωssEsαctμωψsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournaliofi
HighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 104

200 zα√rcθEγωrEθα√vyEst√≥ταEcθ√rηαΛEp√rtμcταsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]b{tαxt{{α}}}ENSEJournaliofi
HighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 34

199 pψcτusμvαE≥Rθ√ΛrωψEprωΛuctμωψEcrωssEsαctμωψEwμtθEφuωψsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]b{tαxt{{α}}}ENSE
JournaliofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 21
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198 tα√surαφαψtEωγEME{tαxt{i}}ωvαrτμψαE{tαxt{i}}ENE√ψηuτ√rEcωrrατ√tμωψsE≥√sαΛEωψEsαcωψΛ√ryEvαrtαxE
rαcωψstructμωψE√tEMEsqrtE{s}EdE]Q{tαxt{{α}}}ENSEJournaliofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 27

197 tα√surαφαψtEωγEtθαEταptωψEcθ√rηαE√syφφαtryEμψEμψcτusμvαE~EprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrtE{s}E
dE]b{tαxt{{α}}}ENSEJournaliofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 38

196 tα√surαφαψtEωγEiωsαRlμψstαμψEcωrrατ√tμωψsEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdEUS_ENE√ψΛE]E{α}SEJournaliofi
HighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 22

195 ztr√ψηαEp√rtμcταEprωΛuctμωψEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdEUS_ENE√ψΛE]E{α}SEJournaliofiHighiEnergyi
PhysicsQE2011QEWUVVQEV 5.4 78

194 zα√rcθEγωrEτ√rηαEαxtr√EΛμφαψsμωψsEμψEtθαEΛμpθωtωψEγμψ√τEst√tαE√tEtθαEs√rηαEo√ΛrωψEjωττμΛαrSEJournali
ofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 21

193 zα√rcθEγωrErαsωψ√ψcαsEμψEtθαEΛμταptωψEφ√ssEΛμstrμ≥utμωψEμψEppEcωττμsμωψsE√tEMEsqrtE{s}EdE]ENE{α}SEJournali
ofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 32

192 zα√rcθEγωrEpθysμcsE≥αyωψΛEtθαEst√ψΛ√rΛEφωΛατEμψEωppωsμtαRsμηψEΛμταptωψEαvαψtsEμψEppEcωττμsμωψsE√tEME
sqrtE{s}EdE]Q{tαxt{{α}}}ENSEJournaliofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 26

191 zα√rcθEγωrEψαwEpθysμcsEwμtθEs√φαRsμηψEμsωτ√tαΛEΛμταptωψEαvαψtsEwμtθEναtsE√ψΛEφμssμψηEtr√ψsvαrsαE
αψαrηyE√tEtθαEsojSEJournaliofiHighiEnergyiPhysicsQE2011QEWUVVQEV 5.4 46
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