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680 w≥rfχrρaτ−≥EχfEtΥ≥Eh{shzEs≥v≥πRVEtχψχπχΛγ−aπEtrγΛΛ≥rEγτEyuτ´ WSEEuropeanlPhysicallJournallCQE2022QE
^WQEV 4.2 0

679
z≥ar−ΥEfχrE≥xχtγ−E√≥−aysEχfEtΥ≥EoγΛΛsEℓχsχτEγτtχEℓIIEχv≥rπγτ≥{ℓ}EIIEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτEψψE−χππγsγχτsEatEIIEsqrt{s}EIIEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2022QEWUWWQEV

5.4 0

678
vℓs≥rvatγχτEχfE≥π≥−trχw≥aνEψrχ√u−tγχτEχfEtwχEμ≥tsEγτEassχ−γatγχτEwγtΥEaτEγsχπat≥√EψΥχtχτEaτ√E
ργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρQEaτ√Es≥ar−ΥEfχrEaEoγΛΛsEℓχsχτE√≥−ayγτΛEγτtχEγτvγsγℓπ≥Eψartγ−π≥sEatE
VX´ IIt≥xtE{{≥}}IIEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2022QE^WQEV

4.2 0

677
z≥ar−ΥEfχrEoγΛΛsEℓχsχτsE√≥−ayγτΛEγτtχEτ≥wEsψγτRUEχrEsψγτRVEψartγ−π≥sEγτEfχurRπ≥ψtχτEfγτaπEstat≥sEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrEwγtΥEVX_Efℓâ��VEχfEψψE−χππγsγχτE√ataEatEIIEsqrt{s}EIIEdEVXE{≥}SEJournalloflHighl
EnergylPhysicsQE2022QEWUWWQEV

5.4 0

676 htπmastXaE{Υ≥Eu≥xtEn≥τ≥ratγχτEχfEmastEzγρuπatγχτEγτEh{shzSEComputinglandlSoftwarelforlBiglScienceQE
2022QE[QEV 6 0

675
t≥asur≥ρ≥τtEχfEtΥ≥E≥τ≥rΛyEr≥sψχτs≥EχfEtΥ≥Eh{shz´ −aπχrγρ≥t≥rEtχE−ΥarΛ≥√´ ψγχτsEfrχρEII~ {ψρE
}rγΛΥtarrχwEtauE {ψρE}MrγΛΥtarrχwEψγE {ψρE}τuE¯{tauE}NτuE¯{tauE}IIE≥v≥τtsEγτEyuτ´ WE√ataSEEuropeanl
PhysicallJournallCQE2022QE^WQEV

4.2 0

674 {Υ≥Eh{shzEγττ≥rE√≥t≥−tχrEtrγΛΛ≥rEψ≥rfχrρaτ−≥EγτEψψE−χππγsγχτsEatEVX´ {≥}E√urγτΛEsojEyuτEWSE
EuropeanlPhysicallJournallCQE2022QE^WQEV 4.2

673 k≥t≥rργτatγχτEχfEtΥ≥EψartχτE√γstrγℓutγχτEfuτ−tγχτsEχfEtΥ≥EψrχtχτEusγτΛE√γv≥rs≥Eh{shzE√ataEfrχρEψψE
−χππγsγχτsEatEIIsqrt{s}EdE]IIQE^Eaτ√EVX´ {≥}SEEuropeanlPhysicallJournallCQE2022QE^WQEV 4.2 1

672
z≥ar−ΥEfχrEyRψarγtyRvγχπatγτΛEsuψ≥rsyρρ≥tryEγτEaEfγτaπEstat≥E−χτtaγτγτΛEπ≥ψtχτsEaτ√EρaτyEμ≥tsEwγtΥE
tΥ≥Eh{shzE≥xψ≥rγρ≥τtEusγτΛEMsqrt{s}EdEVXΥℓχxE{E{≥}}NEψrχtχτâ��ψrχtχτE−χππγsγχτE√ataSEEuropeanl
PhysicallJournallCQE2021QE^VQEV

4.2 2

671 t≥asur≥ρ≥τtEχfEtΥ≥EtMEχv≥rπγτ≥{t}ENtMEχv≥rπγτ≥{t}ENEψrχ√u−tγχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEME
sqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

670
z≥ar−ΥEfχrE√arνEρatt≥rEγτE≥v≥τtsEwγtΥEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEaτ√EaEoγΛΛsEℓχsχτE√≥−ayγτΛE
γτtχEtwχEψΥχtχτsEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2021QEWUWVQEV

5.4 2

669 z≥ar−ΥEfχrEtyψ≥RpppEs≥≥sawEΥ≥avyEπ≥ψtχτsEγτE√γπ≥ψtχτEfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEMEsqrt{s}EdEVXQ{t≥xtE
{{≥}}}ENEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 7

668 t≥asur≥ρ≥τtEχfEπγΛΥtRℓyRπγΛΥtEs−att≥rγτΛEaτ√Es≥ar−ΥEfχrEaxγχτRπγν≥Eψartγ−π≥sEwγtΥEWSWEτℓâ��VEχfEwℓPwℓE
√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 5

667
z≥ar−ΥEfχrEoγΛΛsEℓχsχτEψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEaEΥγΛΥR≥τ≥rΛyEψΥχtχτEvγaEv≥−tχrRℓχsχτE
fusγχτEwγtΥE√≥−ayEγτtχEℓχttχρEquarνEψaγrsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2021QEWUWVQEV

5.4 1

666
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEwγtΥEtχψEquarνEψaγrsEγτEfγτaπEstat≥sEwγtΥEχτ≥Eπ≥ψtχτQEμ≥tsQEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2021QEWUWVQEV

5.4 6

665
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsEwγtΥEtwχEχψψχsγt≥R−ΥarΛ≥Eπ≥ψtχτsQEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτEψψE−χππγsγχτsEatEMEsqrt{ρatΥrρ{s}}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2021QEWUWVQEV

5.4 8

664
z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEs−aπarEπ≥ψtχquarνsE√≥−ayγτΛEγτtχEfγrstREχrEs≥−χτ√RΛ≥τ≥ratγχτEπ≥ψtχτsE
aτ√EtχψEquarνsEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEMsqrt{s}NEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2021QE^VQEV

4.2 5
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663 vψtγργsatγχτEχfEπarΛ≥Rra√γusEμ≥tEr≥−χτstru−tγχτEfχrEtΥ≥Eh{shzE√≥t≥−tχrEγτEVXE{≥}Eψrχtχτâ��ψrχtχτE
−χππγsγχτsSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 2

662
z≥ar−ΥEfχrEΥ≥avyEr≥sχτaτ−≥sE√≥−ayγτΛEγτtχEaEψaγrEχfE“EℓχsχτsEγτEtΥ≥EM≥ππE P≥ππE R≥ππEL P≥ππEL RNEaτ√EM≥ππE
 P≥ππE RτuE{{ℓar{τuE}}}NEfγτaπEstat≥sEusγτΛEVX_EMρatΥrρE{fℓ} {RV}NEχfEψrχtχτâ��ψrχtχτE−χππγsγχτsEatE
Msqrt{s}EdEVXQN{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV

4.2 8

661
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEfγτaπEstat≥sEwγtΥEℓRμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEME
sqrt{ρatΥrρ{s}}ENEdEVXE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2021QEWUWVQEV

5.4 6

660
z≥ar−ΥEfχrEaEΥ≥avyEoγΛΛsEℓχsχτE√≥−ayγτΛEγτtχEaE“EℓχsχτEaτ√EaτχtΥ≥rEΥ≥avyEoγΛΛsEℓχsχτEγτEtΥ≥EM≥ππE
≥ππEℓℓNEaτ√EM≥ππE≥ππE~~NEfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEMsqrt{s}dVXNEMt≥xtE{{≥}}NEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV

4.2 7

659
z≥ar−ΥEfχrE√χuℓπyEaτ√EsγτΛπyE−ΥarΛ≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEγτtχEv≥−tχrEℓχsχτsEγτEρuπtγRπ≥ψtχτEfγτaπE
stat≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{ρatΥrρ{s}}ENEdEVXE{≥}SE
JournalloflHighlEnergylPhysicsQE2021QEWUWVQEV

5.4 3

658 t≥asur≥ρ≥τtsEχfE~P~â��PEâ�¥EVEμ≥tEψrχ√u−tγχτE−rχssRs≥−tγχτsEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

657 z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEγτtχEaEtχψEquarνEaτ√EaEℓχttχρEquarνEatEMEsqrt{ρatΥrρ{s}}E
NEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 8

656 t≥asur≥ρ≥τtsEχfEoγΛΛsEℓχsχτsE√≥−ayγτΛEtχEℓχttχρEquarνsEfrχρEv≥−tχrEℓχsχτEfusγχτEψrχ√u−tγχτE
wγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtEatEMsqrt{s}dVXQt≥xtE{{≥}}NSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 0

655
z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEtΥγr√RΛ≥τ≥ratγχτEs−aπarEπ≥ψtχquarνsE√≥−ayγτΛEγτtχEaEtχψEquarνEaτ√EaE
ˇ�Rπ≥ψtχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2021QEWUWVQEV

5.4 6

654 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτE≥v≥τtsEwγtΥEfχurEχrEρχr≥E−ΥarΛ≥√Eπ≥ψtχτsEγτEVX_Efℓâ��VEχfEMEsqrt{s}ENEdE
VXE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 2

653
k≥t≥rργτatγχτEχfEtΥ≥EψartχτE√γstrγℓutγχτEfuτ−tγχτsEχfEtΥ≥EψrχtχτEfrχρEh{shzEρ≥asur≥ρ≥τtsEχfE
√γff≥r≥τtγaπE~´–Eaτ√E“EℓχsχτEψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEμ≥tsSEJournalloflHighlEnergylPhysicsQE2021
QEWUWVQEV

5.4 1

652 t≥asur≥ρ≥τtsEχfE√γff≥r≥τtγaπE−rχssRs≥−tγχτsEγτEfχurRπ≥ψtχτE≥v≥τtsEγτEVXE{≥}EψrχtχτRψrχtχτE
−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

651 hEs≥ar−ΥEfχrEtΥ≥E√≥−aysEχfEstχψψ≥√EπχτΛRπγv≥√Eψartγ−π≥sEatEMEsqrt{ρatΥrρ{s}}ENEdEVXE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 1

650 tuχτEr≥−χτstru−tγχτEaτ√Eγ√≥τtγfγ−atγχτE≥ffγ−γ≥τ−yEγτEh{shzEusγτΛEtΥ≥EfuππEyuτEWEψψE−χππγsγχτE√ataEs≥tE
atEMsqrt{s}dVXNE{≥}SEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 13

649 t≥asur≥ρ≥τtEχfEΥa√rχτγ−E≥v≥τtEsΥaψ≥sEγτEΥγΛΥRψ{Eρuπtγμ≥tEfγτaπEstat≥sEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 3

648
z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEusγτΛEVX_E
fℓâ��VEχfEMEsqrt{s}ENEdEVXE{≥}EψψE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2021QEWUWVQEV

5.4 8

647 kγff≥r≥τtγaπE−rχssRs≥−tγχτEρ≥asur≥ρ≥τtsEfχrEtΥ≥E≥π≥−trχw≥aνEψrχ√u−tγχτEχfE√γμ≥tsEγτEassχ−γatγχτE
wγtΥEaE“EℓχsχτEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEh{shzSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 5

646 t≥asur≥ρ≥τtsEχfE~oEaτ√E“oEψrχ√u−tγχτEγτEtΥ≥EMoErγΛΥtarrχwEℓℓar{ℓ}NE√≥−ayE−Υaττ≥πEγτEψψE
−χππγsγχτsEatEMVXQt≥xtE{{≥}t≥xtE{}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 7
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645 z≥ar−ΥEfχrE√arνEρatt≥rEγτEassχ−γatγχτEwγtΥEaτE≥τ≥rΛ≥tγ−EψΥχtχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 5

644 z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτEfγτaπEstat≥sEwγtΥEχτ≥Eγsχπat≥√Eπ≥ψtχτQEμ≥tsQEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEatEMsqrt{s}dVXNE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 0

643 t≥asur≥ρ≥τtEχfEsγτΛπ≥EtχψRquarνEψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEaE~EℓχsχτEγτEtΥ≥EsγτΛπ≥Rπ≥ψtχτE
−Υaττ≥πEatEMsqrt{s}EdE^Qt≥xtE{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 1

642 q≥tE≥τ≥rΛyEs−aπ≥Eaτ√Er≥sχπutγχτEρ≥asur≥√EγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEMsqrt{s}dVXNE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 11

641
t≥asur≥ρ≥τtsEχfEtΥ≥Eγτ−πusγv≥Eaτ√E√γff≥r≥τtγaπEψrχ√u−tγχτE−rχssEs≥−tγχτsEχfEaEtχψRquarνâ��aτtγquarνE
ψaγrEγτEassχ−γatγχτEwγtΥEaE“EℓχsχτEatEMsqrt{s}EdEVXNE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2021QE^VQEV

4.2 1

640 z≥ar−ΥEfχrE√arνEρatt≥rEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaEsγτΛπ≥EtχψEquarνEγτEMsqrt{s}dVXNE{≥}EMψψNE
−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 4

639
t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrEsγτΛπ≥REaτ√E√χuℓπ≥R√γff≥r≥τtγaπE−rχssRs≥−tγχτsEγτEtΥ≥EaππRΥa√rχτγ−E
−Υaττ≥πEγτEψψE−χππγsγχτsEatEMEsqrt{ρatΥrρ{s}}ENEdEVXE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2021QEWUWVQEV

5.4 2

638 z≥ar−ΥEfχrEψΥ≥τχρ≥τaEℓ≥yχτ√EtΥ≥Eztaτ√ar√Etχ√≥πEγτE≥v≥τtsEwγtΥEπarΛ≥EℓRμ≥tEρuπtγψπγ−γtyEusγτΛEtΥ≥E
h{shzE√≥t≥−tχrEatEtΥ≥EsojSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 1

637
z≥ar−ΥEfχrE√arνEρatt≥rEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaEztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτE√≥−ayγτΛEγτtχE
ℓRquarνsEusγτΛEtΥ≥EfuππEyuτEWE√atas≥tEfrχρEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QE
WUWVQEV

5.4 0

636 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEχfEψaγrsEχfEγsχπat≥√EψΥχtχτsEγτEψψE−χππγsγχτsEatEVXE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

635
z≥ar−ΥEfχrE≥xχtγ−E√≥−aysEχfEtΥ≥EoγΛΛsEℓχsχτEγτtχEπχτΛRπγv≥√Eψartγ−π≥sEγτEψψE−χππγsγχτsEatEIIEsqrt{s}EIIE
dEVXE{≥}EusγτΛE√γsψπa−≥√Ev≥rtγ−≥sEγτEtΥ≥Eh{shzEγττ≥rE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QE
WUWVQEV

5.4 0

634
z≥ar−ΥEfχrE−ΥarΛγτχâ��τ≥utraπγτχEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEtΥr≥≥Eπ≥ψtχτsEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEIIsqrt{s}EdEVXII´ {≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2021QE^VQEV

4.2 1

633 jχτfγΛuratγχτEaτ√Eψ≥rfχrρaτ−≥EχfEtΥ≥Eh{shzEℓRμ≥tEtrγΛΛ≥rsEγτEyuτEWSEEuropeanlPhysicallJournallCQE
2021QE^VQEV 4.2 1

632
t≥asur≥ρ≥τtEχfEℓRquarνEfraΛρ≥τtatγχτEψrχψ≥rtγ≥sEγτEμ≥tsEusγτΛEtΥ≥E√≥−ayEi´–EReEqTˇ�r´–EγτEψψE
−χππγsγχτsEatEIIEsqrt{s}EIIEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2021QE
WUWVQEV

5.4 0

631
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEfγτaπEstat≥sEwγtΥEπarΛ≥Eμ≥tEρuπtγψπγ−γtγ≥sEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEusγτΛEMEsqrt{s}ENEdEVXE{≥}EψrχtχτRψrχtχτE−χππγsγχτsEr≥−χr√≥√EℓyEh{shzEγτEyuτEWEχfEtΥ≥E
sojSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV

5.4 7

630 oγΛΛsEℓχsχτEψrχ√u−tγχτE−rχssRs≥−tγχτEρ≥asur≥ρ≥τtsEaτ√EtΥ≥γrElm{Eγτt≥rψr≥tatγχτEγτEtΥ≥EMY≥ππENE
√≥−ayE−Υaττ≥πEatEMsqrt{s}dNVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 12

629 z≥ar−ΥEfχrEψaγrsEχfEs−aπarEπ≥ψtχquarνsE√≥−ayγτΛEγτtχEquarνsEaτ√E≥π≥−trχτsEχrEρuχτsEγτEMEsqrt{s}ENEdEVXE
{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 8

628 z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτEfγτaπEstat≥sEwγtΥEsaρ≥RsγΛτEπ≥ψtχτsEaτ√Eμ≥tsEusγτΛEVX_Efℓâ��VEχfE√ataE
−χππ≥−t≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 8
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627
z≥ar−ΥEfχrE√γμ≥tEr≥sχτaτ−≥sEγτE≥v≥τtsEwγtΥEaτEγsχπat≥√E−ΥarΛ≥√Eπ≥ψtχτEusγτΛEMEsqrt{s}ENEdEVXE{≥}E
ψrχtχτRψrχtχτE−χππγsγχτE√ataE−χππ≥−t≥√EℓyEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QE
WUWUQEV

5.4 3

626 t≥asur≥ρ≥τtEχfEtΥ≥E“MReEâ��Pâ��â��N˛‡Eψrχ√u−tγχτE−rχssRs≥−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 2

625 t≥asur≥ρ≥τtEχfEπχτΛRraτΛ≥EtwχRψartγ−π≥EazγρutΥaπE−χrr≥πatγχτsEγτE“RℓχsχτEtaΛΛ≥√EψψE−χππγsγχτsEatE
Msqrt{s}d^NEaτ√EVXE{≥}SEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 3

624 {raτsv≥rs≥Eρχρ≥τtuρEaτ√Eψrχ−≥ssE√≥ψ≥τ√≥τtEazγρutΥaπEaτγsχtrχψγ≥sEγτEMsqrt{s¯{ρatΥrρE
{uu}}}d^SV[NE{≥}EψPwℓE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 7

623 w≥rfχrρaτ−≥EχfE≥π≥−trχτEaτ√EψΥχtχτEtrγΛΛ≥rsEγτEh{shzE√urγτΛEsojEyuτEWSEEuropeanlPhysicallJournall
CQE2020QE^UQEV 4.2 30

622
z≥ar−ΥEfχrE≥π≥−trχw≥aνEψrχ√u−tγχτEχfE−ΥarΛγτχsEaτ√Esπ≥ψtχτsE√≥−ayγτΛEγτtχEfγτaπEstat≥sEwγtΥEtwχE
π≥ψtχτsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEMsqrt{s}dVXNEMt≥xtE{{≥}}NEψψE−χππγsγχτsEusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV

4.2 50

621 z≥ar−ΥEfχrEtχψEsquarνsEγτE≥v≥τtsEwγtΥEaEoγΛΛsEχrE“EℓχsχτEusγτΛEVX_EfℓM {RV}NEχfEψψE−χππγsγχτE√ataEatE
Msqrt{s}dVXNE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 1

620 lvγ√≥τ−≥EfχrEMtℓar{t}tℓar{t}NEψrχ√u−tγχτEγτEtΥ≥Eρuπtγπ≥ψtχτEfγτaπEstat≥EγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatE
Msqrt{s}dVXNEMt≥xtE{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 8

619 z≥ar−ΥEfχrEΥ≥avyE√γℓχsχτEr≥sχτaτ−≥sEγτEs≥ργπ≥ψtχτγ−EfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEMsqrt{s}dVXNE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 4

618
z≥ar−ΥEfχrEπγΛΥtEπχτΛRπγv≥√Eτ≥utraπEψartγ−π≥sEψrχ√u−≥√EγτEψψE−χππγsγχτsEatEMsqrt{s}EdEVX~ρatΥrρE{{≥}}NE
aτ√E√≥−ayγτΛEγτtχE−χππγρat≥√Eπ≥ψtχτsEχrEπγΛΥtEΥa√rχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2020QE^UQEV

4.2 8

617
z≥ar−ΥEfχrEaEs−aπarEψartτ≥rEχfEtΥ≥EtχψEquarνEγτEtΥ≥EaππRΥa√rχτγ−EMt{ℓar{t}}NEψπusEργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEfγτaπEstat≥EatEMsqrt{s}dVXNE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2020QE^UQEV

4.2 17

616 hπγΛτρ≥τtEχfEtΥ≥Eh{shzEpττ≥rEk≥t≥−tχrEγτEyuτEWSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 4

615 k≥t≥rργτatγχτEχfEμ≥tE−aπγℓratγχτEaτ√E≥τ≥rΛyEr≥sχπutγχτEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEMsqrt{s}EdE
^~ΥℓχxE{{≥}}NEusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 3

614 t≥asur≥ρ≥τtEχfEqTˇ�Eψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEaE~´–EℓχsχτEwγtΥEψψE√ataEatE^E{≥}SEJournallofl
HighlEnergylPhysicsQE2020QEWUWUQEV 5.4 4

613 z≥ar−ΥEfχrEτ≥wEr≥sχτaτ−≥sEγτEρassE√γstrγℓutγχτsEχfEμ≥tEψaγrsEusγτΛEVX_Efℓâ��VEχfEψψE−χππγsγχτsEatEME
sqrt{ρatΥrρ{s}}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 20

612 z≥ar−ΥEfχrEMEtχv≥rπγτ≥{t}ENEr≥sχτaτ−≥sEγτEfuππyEΥa√rχτγ−EfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 6

611 y≥−χτstru−tγχτEaτ√Eγ√≥τtγfγ−atγχτEχfEℓχχst≥√E√γRˇ�Esyst≥ρsEγτEaEs≥ar−ΥEfχrEoγΛΛsEℓχsχτEψaγrsEusγτΛEVXE
{≥}EψrχtχτRψrχtχτE−χππγsγχτE√ataEγτEh{shzSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 3

610 lvγ√≥τ−≥EfχrEaE−rγtγ−aπE√χs≥Eaℓχv≥EwΥγ−ΥE√aρaΛ≥EtχE−arℓχτat≥E≥st≥rEℓχτ√sEγτEwhkjEaψψ≥arEaft≥rE
ΛaρρaErayEaτ√EuπtraEsχftE‘RrayE≥xψχsur≥sSERadiationlPhysicslandlChemistryQE2020QEV]UQEVU^[W^ 2.5 5
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609
t≥asur≥ρ≥τtsEχfEγτ−πusγv≥Eaτ√E√γff≥r≥τtγaπE−rχssRs≥−tγχτsEχfE−χρℓγτ≥√EMEtχv≥rπγτ≥{t}ΛaρρaENEaτ√E
t~˛‡Eψrχ√u−tγχτEγτEtΥ≥E≥˛…E−Υaττ≥πEatEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysics
QE2020QEWUWUQEV

5.4 2

608 w≥rfχrρaτ−≥EχfEtΥ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEtrγΛΛ≥rsEfχrEtΥ≥Eh{shzE√≥t≥−tχrE√urγτΛEyuτRWE
√ataEtaνγτΛSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 8

607 z≥ar−ΥEfχrEτ≥wEτχτRr≥sχτaτtEψΥ≥τχρ≥τaEγτEΥγΛΥRρassE√γπ≥ψtχτEfγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 9

606 t≥asur≥ρ≥τtsEχfEtΥ≥EoγΛΛsEℓχsχτEγτ−πusγv≥Eaτ√E√γff≥r≥τtγaπEfγ√u−γaπE−rχssEs≥−tγχτsEγτEtΥ≥EYM≥ππENE
√≥−ayE−Υaττ≥πEatEMsqrt{s}NEdEVXE{≥}SEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 9

605 mπu−tuatγχτsEχfEaτγsχtrχψγ−EfπχwEγτEwℓPwℓE−χππγsγχτsEatEMEsqrt{{ρatΥrρ{s}}¯{ρatΥrρ{uu}}}ENEdEZSUWE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 13

604
z≥ar−ΥEfχrE√γr≥−tEψrχ√u−tγχτEχfE≥π≥−trχw≥aνγτχsEγτEfγτaπEstat≥sEwγtΥEχτ≥Eπ≥ψtχτQEργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEaτ√EaEoγΛΛsEℓχsχτE√≥−ayγτΛEγτtχEtwχEℓRμ≥tsEγτEMψψNE−χππγsγχτsEatEMsqrt{s}dVXNE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV

4.2 13

603 t≥asur≥ρ≥τtEχfE√γff≥r≥τtγaπE−rχssEs≥−tγχτsEfχrEsγτΛπ≥E√γffra−tγv≥E√γssχ−γatγχτEγτEMEsqrt{s}ENEdE^E{≥}EψψE
−χππγsγχτsEusγτΛEtΥ≥Eh{shzEhsmhEsψ≥−trχρ≥t≥rSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 1

602 t≥asur≥ρ≥τtEχfEγsχπat≥√RψΥχtχτEψπusEtwχRμ≥tEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 2

601
t≥asur≥ρ≥τtsEχfEtΥ≥Eψrχ√u−tγχτE−rχssRs≥−tγχτEfχrEaE“EℓχsχτEγτEassχ−γatγχτEwγtΥEℓRμ≥tsEγτE
ψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2020QEWUWUQEV

5.4 5

600
z≥ar−ΥEfχrEtΥ≥EooEReEMEℓχv≥rπγτ≥{ℓ}ℓχv≥rπγτ≥{ℓ}ENEψrχ−≥ssEvγaEv≥−tχrRℓχsχτEfusγχτEψrχ√u−tγχτEusγτΛE
ψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2020QEWUWUQEV

5.4 5

599 vℓs≥rvatγχτEχfEtΥ≥Eassχ−γat≥√Eψrχ√u−tγχτEχfEaEtχψEquarνEaτ√EaE“EℓχsχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENdE
VXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 5

598 t≥asur≥ρ≥τtEχfEtΥ≥Etraτsv≥rs≥Eρχρ≥τtuρE√γstrγℓutγχτEχfEkr≥ππâ��’aτEπ≥ψtχτEψaγrsEγτEψrχtχτâ��ψrχtχτE
−χππγsγχτsEatEMsqrt{s}dVXQN{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 7

597
z≥ar−ΥEfχrE√γr≥−tEψrχ√u−tγχτEχfE≥π≥−trχw≥aνγτχsEγτEfγτaπEstat≥sEwγtΥEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρE
aτ√EaEoγΛΛsEℓχsχτE√≥−ayγτΛEγτtχEψΥχtχτsEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV

5.4 1

596 t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrEsψγτE−χrr≥πatγχτsEγτEtΥ≥EM≥ρuENE−Υaττ≥πEatEMsqrt{s}EdEVXNE{≥}EusγτΛE
ψψE−χππγsγχτsEγτEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 8

595 t≥asur≥ρ≥τtEχfEtΥ≥E−rχssRs≥−tγχτEaτ√E−ΥarΛ≥Easyρρ≥tryEχfE~EℓχsχτsEψrχ√u−≥√EγτEψrχtχτâ��ψrχtχτE
−χππγsγχτsEatEMsqrt{s}d^~t≥xtE{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 11

594
t≥asur≥ρ≥τtEχfEμ≥tRsuℓstru−tur≥Eχℓs≥rvaℓπ≥sEγτEtχψEquarνQE~EℓχsχτEaτ√EπγΛΥtEμ≥tEψrχ√u−tγχτEγτE
ψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2019QEWUV_QEV

5.4 8

593 lπ≥−trχτEr≥−χτstru−tγχτEaτ√Eγ√≥τtγfγ−atγχτEγτEtΥ≥Eh{shzE≥xψ≥rγρ≥τtEusγτΛEtΥ≥EWUVZEaτ√EWUV[EsojE
ψrχtχτâ��ψrχtχτE−χππγsγχτE√ataEatEMsqrt{s}EdEVXNEMt≥xtE{{≥}}NSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 37

592 t≥asur≥ρ≥τtEχfE√γstrγℓutγχτsEs≥τsγtγv≥EtχEtΥ≥Euτ√≥rπyγτΛE≥v≥τtEγτEγτ−πusγv≥E“EℓχsχτEψrχ√u−tγχτEγτE
ψψE−χππγsγχτsEatEMsqrt{s}NEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 2
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591
z≥ar−Υ≥sEfχrEs−aπarEπ≥ψtχquarνsEaτ√E√γff≥r≥τtγaπE−rχssRs≥−tγχτEρ≥asur≥ρ≥τtsEγτE√γπ≥ψtχτâ��√γμ≥tE
≥v≥τtsEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEaE−≥τtr≥RχfRρassE≥τ≥rΛyEχfEMvarv≥−{sqrt{s}}NEdEVXE{≥}EwγtΥEtΥ≥E
h{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2019QE]_QEV

4.2 15

590 z≥ar−ΥEfχrEsγτΛπ≥Eψrχ√u−tγχτEχfEv≥−tχrRπγν≥EquarνsE√≥−ayγτΛEγτtχE~ℓEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 14

589 z≥ar−ΥEfχrEtχψRquarνE√≥−aysEtEReEoqEwγtΥEX[Efℓâ��VEχfEψψE−χππγsγχτE√ataEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 13

588
t≥asur≥ρ≥τtEχfE}oQEMEρatΥrρ{o}tχEρatΥrρ{ℓ}χv≥rπγτ≥{ρatΥrρ{ℓ}}ENEψrχ√u−tγχτEasEaEfuτ−tγχτEχfE
tΥ≥Ev≥−tχrRℓχsχτEtraτsv≥rs≥Eρχρ≥τtuρEγτEVXE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2019QEWUV_QEV

5.4 8

587 t≥asur≥ρ≥τtsEχfE~Eaτ√E“EℓχsχτEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMsqrt{s}dZSUWNE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 12

586 w≥rfχrρaτ−≥EχfEtχψRquarνEaτ√EMvarv≥−{~}NRℓχsχτEtaΛΛγτΛEwγtΥEh{shzEγτEyuτEWEχfEtΥ≥EsojSEEuropeanl
PhysicallJournallCQE2019QE]_QEV 4.2 19

585 t≥asur≥ρ≥τtsEχfEγτ−πusγv≥Eaτ√E√γff≥r≥τtγaπEfγ√u−γaπE−rχssRs≥−tγχτsEχfEMtℓar{t}ΛaρρaENEψrχ√u−tγχτEγτE
π≥ψtχτγ−EfγτaπEstat≥sEatEMsqrt{s}dVX~t≥xtE{{≥}}NEγτEh{shzSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 7

584 lπ≥−trχτEaτ√EψΥχtχτE≥τ≥rΛyE−aπγℓratγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEWUVZâ��WUV[EsojE
ψrχtχτRψrχtχτE−χππγsγχτE√ataSEJournalloflInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

583 z≥ar−ΥEfχrE√χuℓπyE−ΥarΛ≥√Es−aπarEℓχsχτsE√≥−ayγτΛEγτtχEsaρ≥RsγΛτEℓχsχτEψaγrsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEZ^ 4.2 20

582
z≥ar−ΥEfχrEΥ≥avyEtaμχraτaEχrEkγra−Eτ≥utrγτχsEaτ√ErγΛΥtRΥaτ√≥√E~EΛauΛ≥EℓχsχτsEγτEfγτaπEstat≥sEwγtΥE
twχE−ΥarΛ≥√Eπ≥ψtχτsEaτ√EtwχEμ≥tsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2019QEWUV_QEV

5.4 21

581 pτEsγtuE−aπγℓratγχτEχfEπarΛ≥Rra√γusEμ≥tE≥τ≥rΛyEaτ√EρassEγτEVXE{≥}Eψrχtχτâ��ψrχtχτE−χππγsγχτsEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 16

580 t≥asur≥ρ≥τtEχfEtΥ≥EψΥχtχτEγ√≥τtγfγ−atγχτE≥ffγ−γ≥τ−γ≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEsojEyuτEWE
√ataE−χππ≥−t≥√EγτEWUVZEaτ√EWUV[SEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 26

579 t≥asur≥ρ≥τtEχfEtΥ≥EratγχEχfE−rχssEs≥−tγχτsEfχrEγτ−πusγv≥Eγsχπat≥√RψΥχtχτEψrχ√u−tγχτEγτEψψE−χππγsγχτsE
atEMEsqrt{s}ENEdEVXEaτ√E^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 5

578 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνEρassEγτEtΥ≥EMtℓar{t}rγΛΥtarrχwENEπ≥ψtχτPμ≥tsE−Υaττ≥πEfrχρEMsqrt{s}d^NE
{≥}Eh{shzE√ataEaτ√E−χρℓγτatγχτEwγtΥEψr≥vγχusEr≥suπtsSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 24

577
z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEoγΛΛsEℓχsχτsEγτEtΥ≥EMEℓχv≥rπγτ≥{ℓ}ℓχv≥rπγτ≥{ℓ}ENEfγτaπEstat≥EusγτΛE
ψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2019QEWUV_QEV

5.4 31

576 jχτstraγτtsEχτEρ≥√γatχrRℓas≥√E√arνEρatt≥rEaτ√Es−aπarE√arνE≥τ≥rΛyEρχ√≥πsEusγτΛEMEsqrt{s}ENEdEVXE{≥}E
ψψE−χππγsγχτE√ataE−χππ≥−t≥√EℓyEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 31

575 z≥ar−ΥEfχrEπχτΛRπγv≥√Eτ≥utraπEψartγ−π≥sEγτEψψE−χππγsγχτsEatEM{sqrt{s}}EdEVX~{t≥xtE{E{≥}}}NEtΥatE√≥−ayEγτtχE
√γsψπa−≥√EΥa√rχτγ−Eμ≥tsEγτEtΥ≥Eh{shzE−aπχrγρ≥t≥rSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 18

574 z≥ar−ΥEfχrEoγΛΛsEℓχsχτEψaγrEψrχ√u−tγχτEγτEtΥ≥E~~MON~~MONE√≥−ayE−Υaττ≥πEusγτΛEh{shzE√ataE
r≥−χr√≥√EatEMEsqrt{ρatΥrρ{s}}ENEdEVXE{≥}SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 12

(2019-2019)
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573 z≥ar−ΥEfχrEπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEassχ−γatγχτEwγtΥEχτ≥EtχψRquarνEγτEψrχtχτRψrχtχτE
−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 7

572
t≥asur≥ρ≥τtEχfEM~ {ψρE}“NEψrχ√u−tγχτE−rχssEs≥−tγχτsEaτ√EΛauΛ≥EℓχsχτEψχπarγsatγχτEγτEψψE
−χππγsγχτsEatEMsqrt{s}EdEVX~t≥xtE{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE
]_QEV

4.2 20

571 z≥ar−Υ≥sEfχrEtΥγr√RΛ≥τ≥ratγχτEs−aπarEπ≥ψtχquarνsEγτEMEsqrt{s}ENEdEVXE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 18

570
z≥ar−ΥEfχrEs−aπarEr≥sχτaτ−≥sE√≥−ayγτΛEγτtχE˛…P˛…â��EγτE≥v≥τtsEwγtΥEaτ√EwγtΥχutEℓRtaΛΛ≥√Eμ≥tsEψrχ√u−≥√E
γτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2019QEWUV_QEV

5.4 8

569 z≥ar−ΥEfχrE√γℓχsχτEr≥sχτaτ−≥sEγτEΥa√rχτγ−EfγτaπEstat≥sEγτEVX_Efℓâ��VEχfEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 10

568 p√≥τtγfγ−atγχτEχfEℓχχst≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEγτtχEℓRquarνEψaγrsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatE
VX´ IIt≥xtE{{≥}}IISEEuropeanlPhysicallJournallCQE2019QE]_QE 4.2 11

567 t≥asur≥ρ≥τtEχfEIIr¯z UIIEaτ√EIIsaρℓ√aE UIIEψrχ√u−tγχτEγτEIItEℓar{t}IIE√γπ≥ψtχτγ−E≥v≥τtsEγτEψψE
−χππγsγχτsEatEIIsqrt{s}EdIIE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 3

566 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eγsχπat≥√RψΥχtχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdEVXE{≥}E
usγτΛEX[Efℓâ��VEχfEh{shzE√ataSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 2

565 hEstrat≥ΛyEfχrEaEΛ≥τ≥raπEs≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEusγτΛE√ataR√≥rγv≥√EsγΛτaπEr≥ΛγχτsEaτ√EγtsE
aψψπγ−atγχτEwγtΥγτEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 14

564 t≥asur≥ρ≥τtEχfEtΥ≥EtχψRquarνEρassEγτEMEtχv≥rπγτ≥{t}ENEPEVRμ≥tE≥v≥τtsE−χππ≥−t≥√EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdE^E{≥}SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 12

563 t≥asur≥ρ≥τtEχfEfγ√u−γaπEaτ√E√γff≥r≥τtγaπEM~ P~ RNEψrχ√u−tγχτE−rχssRs≥−tγχτsEatEMsqrt{s}dVXNE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 16

562 t≥asur≥ρ≥τtEχfE““Eψrχ√u−tγχτEγτEtΥ≥Eâ��â�� ˛‰ ˛‰EfγτaπEstat≥EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatEME
sqrt{s}ENEdEVXE{≥}SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 2

561 t≥asur≥ρ≥τtEχfEM~ {ψρE}NRℓχsχτEaτ√E“RℓχsχτEψrχ√u−tγχτE−rχssRs≥−tγχτsEγτEψψE−χππγsγχτsEatE
Msqrt{s}dWS][NE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 2

560
t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥E−rχssRs≥−tγχτEfχrEtΥ≥Eψrχ√u−tγχτEχfEμ≥tsEγτEassχ−γatγχτEwγtΥEaE“EℓχsχτE
γτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatE^E{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE
]_QEV

4.2 4

559
z≥ar−ΥEfχrEΥ≥avyEτ≥utraπEπ≥ψtχτsEγτE√≥−aysEχfE~EℓχsχτsEψrχ√u−≥√EγτEVXE{≥}EψψE−χππγsγχτsEusγτΛE
ψrχρψtEaτ√E√γsψπa−≥√EsγΛτatur≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2019QE
WUV_QEV

5.4 21

558 t≥asur≥ρ≥τtEχfEM~ ψρENEℓχsχτEψrχ√u−tγχτEγτEwℓPwℓE−χππγsγχτsEatEMsqrt{s¯{ρatΥrρ{uu}}}EdE
ZSUW~t≥xtE{{≥}t≥xtE{}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 7

557 h{shzEℓRμ≥tEγ√≥τtγfγ−atγχτEψ≥rfχrρaτ−≥Eaτ√E≥ffγ−γ≥τ−yEρ≥asur≥ρ≥τtEwγtΥEMt{ℓar{t}}NE≥v≥τtsEγτEψψE
−χππγsγχτsEatEMsqrt{s}dVXNE{≥}SEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 43

556
t≥asur≥ρ≥τtEχfEfπχwEΥarρχτγ−sE−χrr≥πatγχτsEwγtΥEρ≥aτEtraτsv≥rs≥Eρχρ≥τtuρEγτEπ≥a√â��π≥a√Eaτ√E
ψrχtχτâ��π≥a√E−χππγsγχτsEatEMsqrt{s¯{ρatΥrρ{uu}}}EdEZSUW~ΥℓχxE{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2019QE]_QEV

4.2 16

KurashigetHisaya

8



555
t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrE√γff≥r≥τtγaπEaτ√E√χuℓπ≥R√γff≥r≥τtγaπE−rχssRs≥−tγχτsEγτEtΥ≥EM≥ππENPμ≥tsE
−Υaττ≥πEwγtΥEψψE−χππγsγχτsEatEMsqrt{s}dVXNE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallC
QE2019QE]_QEV

4.2 13

554 z≥ar−ΥEfχrEℓχttχρRsquarνEψaγrEψrχ√u−tγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEfγτaπEstat≥sE−χτtaγτγτΛEoγΛΛsE
ℓχsχτsQEℓRμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 7

553
z≥ar−ΥEfχrEa√√γtγχτaπEΥ≥avyEτ≥utraπEoγΛΛsEaτ√EΛauΛ≥EℓχsχτsEγτEtΥ≥E√γtauEfγτaπEstat≥Eψrχ√u−≥√EγτEX[E
fℓâ��VEχfEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2018QEWUV^QEV

5.4 81

552 t≥asur≥ρ≥τtEχfEtΥ≥E−rχssRs≥−tγχτEfχrEψrχ√u−γτΛEaE~EℓχsχτEγτEassχ−γatγχτEwγtΥEaEsγτΛπ≥EtχψEquarνEγτE
ψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEh{shzSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 10

551 t≥asur≥ρ≥τtEχfEtΥ≥ERℓχsχτEρassEγτEψψE−χππγsγχτsEatEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2018QE]^QEVVU 4.2 59

550 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEΥγΛΥRρassEfγτaπEstat≥sEwγtΥEaEψΥχtχτEaτ√EaEμ≥tEfrχρE−χππγsγχτsEatEdE
VX´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEVUW 4.2 7

549 z≥ar−ΥEfχrEtΥ≥E√γr≥−tEψrχ√u−tγχτEχfE−ΥarΛγτχsEaτ√Eτ≥utraπγτχsEγτEfγτaπEstat≥sEwγtΥEtauEπ≥ψtχτsEγτE
−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEVZY 4.2 23

548 t≥asur≥ρ≥τtEχfEπχτΛγtu√γτaπEfπχwE√≥−χrr≥πatγχτsEγτEwℓPwℓE−χππγsγχτsEatEaτ√EZSUWE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEVYW 4.2 35

547 t≥asur≥ρ≥τtEχfEquarνχτγuρEψrχ√u−tγχτEγτEψrχtχτRπ≥a√Eaτ√EψrχtχτRψrχtχτE−χππγsγχτsEatEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEV]V 4.2 35

546 t≥asur≥ρ≥τtEχfE√γff≥r≥τtγaπE−rχssRs≥−tγχτsEχfEaEsγτΛπ≥EtχψEquarνEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaE
ℓχsχτEatEwγtΥEh{shzSEEuropeanlPhysicallJournallCQE2018QE]^QEV^[ 4.2 5

545 z≥ar−ΥEfχrEΥ≥avyEr≥sχτaτ−≥sEγτEtΥ≥Eaτ√EfγτaπEstat≥sEusγτΛEψrχtχτRψrχtχτE−χππγsγχτsEatE´ EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEW_X 4.2 41

544 hEs≥ar−ΥEfχrEψaγrRψrχ√u−≥√Er≥sχτaτ−≥sEγτEfχurRμ≥tEfγτaπEstat≥sEatEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2018QE]^QEWZU 4.2 28

543
z≥ar−ΥEfχrEΥ≥avyEr≥sχτaτ−≥sE√≥−ayγτΛEγτtχEaE~EχrE“EℓχsχτEaτ√EaEoγΛΛsEℓχsχτEγτEfγτaπEstat≥sEwγtΥE
π≥ψtχτsEaτ√EℓRμ≥tsEγτEX[Efℓâ��VEχfEMEsqrt{s}dVXENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV

5.4 26

542 z≥ar−ΥEfχrEΥ≥avyEr≥sχτaτ−≥sE√≥−ayγτΛEγτtχEγτEtΥ≥EfγτaπEstat≥EγτE−χππγsγχτsEatEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEWY 4.2 47

541 kγr≥−tEtχψRquarνE√≥−ayEwγ√tΥEρ≥asur≥ρ≥τtEγτEtΥ≥Eπ≥ψtχτPμ≥tsE−Υaττ≥πEatEwγtΥEtΥ≥Eh{shzE
≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2018QE]^QEVW_ 4.2 11

540 z≥ar−ΥEfχrE~E~T~E“Er≥sχτaτ−≥Eψrχ√u−tγχτEγτEâ��˛‰qqEfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 22

539 t≥asur≥ρ≥τtEχfEtΥ≥EoγΛΛsEℓχsχτE−χuψπγτΛEψrχψ≥rtγ≥sEγτEtΥ≥EoEReE““OEReEYâ��E√≥−ayE−Υaττ≥πEatEME
sqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 36

538 t≥asur≥ρ≥τtEχfEγτ−πusγv≥Eμ≥tEaτ√E√γμ≥tE−rχssRs≥−tγχτsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}dVXENE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 12

(2018-2019)
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537 z≥ar−ΥEfχrE√arνEρatt≥rEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEℓχttχρEχrEtχψEquarνsEγτE´ {≥}E−χππγsγχτsEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEV^ 4.2 32

536 z≥ar−ΥEfχrE√χuℓπyE−ΥarΛ≥√EoγΛΛsEℓχsχτEψrχ√u−tγχτEγτEρuπtγRπ≥ψtχτEfγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEusγτΛEψrχtχτRψrχtχτE−χππγsγχτsEatSEEuropeanlPhysicallJournallCQE2018QE]^QEV__ 4.2 55

535 t≥asur≥ρ≥τtEχfEψχπarγsatγχτEγτE√≥−aysEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2018QE]^QEV[X 4.2 3

534 z≥ar−Υ≥sEfχrEΥ≥avyE““Eaτ√E“~Er≥sχτaτ−≥sEγτEtΥ≥Eâ��â��qqEaτ√E˛‰˛‰qqEfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEME
sqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 17

533 z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEuψRtyψ≥Ev≥−tχrRπγν≥EquarνsEaτ√EfχrEfχurRtχψRquarνE≥v≥τtsEγτEfγτaπE
stat≥sEwγtΥEρuπtγψπ≥EℓRμ≥tsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 23

532 ya√γaπE≥π≥−trχτEfπu≥τ−≥Earχuτ√EγχτEtra−νsEasEaEτ≥wEψΥysγ−aπEψaraρ≥t≥rEfχrEtΥ≥E√≥t≥−tγχτEtΥr≥sΥχπ√E
χfEwhkjEusγτΛEn≥aτtYRkuhEtχχπνγtSERadiationlMeasurementsQE2018QEVV^QEZURZX 1.5 11

531
t≥asur≥ρ≥τtEχfE√γff≥r≥τtγaπE−rχssEs≥−tγχτsEaτ√E~PT~â��E−rχssRs≥−tγχτEratγχsEfχrE~EℓχsχτEψrχ√u−tγχτE
γτEassχ−γatγχτEwγtΥEμ≥tsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2018QEWUV^QEV

5.4 7

530 t≥asur≥ρ≥τtEχfEtΥ≥E~RℓχsχτEρassEγτEψψE−χππγsγχτsEatEMsqrt{s}d]QEΥℓχxE{{≥}}NEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrE2018QE]^QEV 1

529 z≥ar−ΥEfχrE√χuℓπyE−ΥarΛ≥√EoγΛΛsEℓχsχτEψrχ√u−tγχτEγτEρuπtγRπ≥ψtχτEfγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEusγτΛEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEMsqrt{s}dVXQt≥xtE{{≥}}NE2018QE]^QEV 1

528
z≥ar−ΥEfχrEtΥ≥EoγΛΛsEℓχsχτEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaEv≥−tχrEℓχsχτEaτ√E√≥−ayγτΛEγτtχEtwχE
sψγτRz≥rχEψartγ−π≥sEγτEtΥ≥EoEReEaaEReEYℓE−Υaττ≥πEγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV

5.4 14

527
t≥asur≥ρ≥τtEχfEtΥ≥EME“ΛaρρaEtχEτuEχv≥rπγτ≥{τu}ΛaρρaENEψrχ√u−tγχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsE
atEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEaτ√EπγργtsEχτEaτχρaπχusEtrγψπ≥EΛauΛ≥RℓχsχτE
−χuψπγτΛsSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV

5.4 6

526 wrχρψtEaτ√EτχτRψrχρψtE≥ππγψtγ−EfπχwEγτEwℓPwℓE−χππγsγχτsEatE{≥vEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2018QE]^QE]^Y 4.2 8

525 z≥ar−ΥEfχrEoγΛΛsEℓχsχτEψaγrEψrχ√u−tγχτEγτEtΥ≥E−Υaττ≥πEusγτΛE−χππγsγχτE√ataEr≥−χr√≥√EatE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEVUU] 4.2 21

524 t≥asur≥ρ≥τtEχfE−χπχurEfπχwEusγτΛEμ≥tRψuππEχℓs≥rvaℓπ≥sEγτE≥v≥τtsEwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtEatSE
EuropeanlPhysicallJournallCQE2018QE]^QE^Y] 4.2 5

523 hτΛuπarEaτaπysγsEχfEiEUE√EEReErO˛…P˛…â��E√≥−aysEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 44

522
z≥ar−ΥEfχrEaEτ≥wEΥ≥avyEΛauΛ≥RℓχsχτEr≥sχτaτ−≥E√≥−ayγτΛEγτtχEaEπ≥ψtχτEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτEX[EfℓEχfE−χππγsγχτsEatE´ {≥}EwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE
2018QE]^QEYUV

4.2 23

521
z≥ar−ΥEfχrE√arνEρatt≥rEγτE≥v≥τtsEwγtΥEaEΥa√rχτγ−aππyE√≥−ayγτΛEv≥−tχrEℓχsχτEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2018QEWUV^QEV

5.4 15

520
t≥asur≥ρ≥τtsEχfE√γff≥r≥τtγaπE−rχssEs≥−tγχτsEχfEtχψEquarνEψaγrEψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEμ≥tsEγτE
ψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QE
WUV^QEV

5.4 4
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519
z≥ar−ΥEfχrEoγΛΛsEℓχsχτEψaγrEψrχ√u−tγχτEγτEtΥ≥EMEuψΛaρρaEuψΛaρρaEℓχv≥rπγτ≥{ℓ}ENEfγτaπEstat≥EwγtΥE
VXE{≥}EψψE−χππγsγχτE√ataE−χππ≥−t≥√EℓyEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEJournalloflHighlEnergylPhysicsQE2018QE
WUV^QEV

5.4 23

518 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsEwγtΥEsaρ≥R−ΥarΛ≥Eπ≥ψtχτsEaτ√EℓRμ≥tsEγτEψψE−χππγsγχτsEatEME
sqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 21

517 w≥rfχrρaτ−≥EχfEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEr≥−χτstru−tγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛE
ψrχtχτRψrχtχτE−χππγsγχτsEatSEEuropeanlPhysicallJournallCQE2018QE]^QE_UX 4.2 66

516 z≥ar−ΥEfχrE≥π≥−trχw≥aνEψrχ√u−tγχτEχfEsuψ≥rsyρρ≥trγ−Eψartγ−π≥sEγτEfγτaπEstat≥sEwγtΥEtwχEχrEtΥr≥≥E
π≥ψtχτsEatEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QE__Z 4.2 49

515 z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEγτtχEtχψEaτ√EℓχttχρEquarνsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 39

514 vψ≥ratγχτEaτ√Eψ≥rfχrρaτ−≥EχfEtΥ≥Eh{shzE{γπ≥Ejaπχrγρ≥t≥rEγτEyuτ´ VSEEuropeanlPhysicallJournallCQE
2018QE]^QE_^] 4.2 13

513
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEfγτaπEstat≥sEwγtΥEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEaτ√Eρuπtγψπ≥EℓRμ≥tsEγτE
ψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2018QEWUV^QEV

5.4 28

512
z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEΥ≥avyEv≥−tχrRπγν≥EquarνsE√≥−ayγτΛEγτtχEΥγΛΥRψ{E~EℓχsχτsEaτ√EtχψE
quarνsEγτEtΥ≥Eπ≥ψtχτRψπusRμ≥tsEfγτaπEstat≥EγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV

5.4 16

511
z≥ar−ΥEfχrEtχψRsquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEχτ≥Eπ≥ψtχτQEμ≥tsQEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEusγτΛEX[Efℓâ��VEχfEMEsqrt{s}dVXENE{≥}EψψE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV

5.4 33

510 z≥ar−ΥEfχrEπχτΛRπγv≥√E−ΥarΛγτχsEℓas≥√EχτEaE√γsaψψ≥arγτΛRtra−νEsγΛτatur≥EγτEψψE−χππγsγχτsEatEME
sqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 48

509 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEfγτaπEstat≥sEwγtΥE−ΥarρEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEVXE
{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 9

508
z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEvγaEo´–EReEˇ�´–˛‰ˇ�EγτEtΥ≥Eˇ�Pμ≥tsEaτ√Eˇ�Pπ≥ψtχτEfγτaπEstat≥sEwγtΥE
X[Efℓâ��VEχfEψψE−χππγsγχτE√ataEr≥−χr√≥√EatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV

5.4 33

507 wrχρψtEaτ√EτχτRψrχρψtEaτ√Esuψψr≥ssγχτEatEΥγΛΥEtraτsv≥rs≥Eρχρ≥τtuρEγτEwℓPwℓE−χππγsγχτsEwγtΥE
tΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2018QE]^QE][W 4.2 23

506 z≥ar−ΥEfχrEoγΛΛsEℓχsχτE√≥−aysEtχEℓ≥yχτ√RtΥ≥Rztaτ√ar√Rtχ√≥πEπγΛΥtEℓχsχτsEγτEfχurRπ≥ψtχτE≥v≥τtsE
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEMEsqrt{s}dVXENE{≥}SEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 22

505 z≥ar−ΥEfχrE≥x−πusγv≥EoγΛΛsEaτ√E“EℓχsχτE√≥−aysEtχEf˛‡Eaτ√Eˇ�˛‡EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV 5.4 6

504 t≥asur≥ρ≥τtsEχfEℓRμ≥tEtaΛΛγτΛE≥ffγ−γ≥τ−yEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEMEtχv≥rπγτ≥{t}ENE≥v≥τtsEatEME
sqrt{s}dVXENE{≥}SEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 31

503 z≥ar−ΥEfχrEfπavχurR−ΥaτΛγτΛEτ≥utraπE−urr≥τtEtχψRquarνE√≥−aysEtEReEq“EγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 8

502 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eaτ√Efγ√u−γaπEψrχ√u−tγχτE−rχssRs≥−tγχτsEγτEtΥ≥Eπ≥ψtχτPμ≥tsE−Υaττ≥πEγτE
−χππγsγχτsEatEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEY^] 4.2 5

(2018-2018)
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501 z≥ar−ΥEfχrEΥ≥avyEψartγ−π≥sE√≥−ayγτΛEγτtχEtχψRquarνEψaγrsEusγτΛEπ≥ψtχτRψπusRμ≥tsE≥v≥τtsEγτE
ψrχtχτRψrχtχτE−χππγsγχτsEatE´ EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2018QE]^QEZ[Z 4.2 34

500
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEusγτΛEtΥ≥EγτvarγaτtEρassE√γstrγℓutγχτEχfEsaρ≥RfπavχurEχψψχsγt≥RsγΛτE
√γπ≥ψtχτEψaγrsEγτE≥v≥τtsEwγtΥEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE´ E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2018QE]^QE[WZ

4.2 15

499 z≥ar−ΥEfχrE√arνEρatt≥rEaτ√EχtΥ≥rEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsEwγtΥEaτE≥τ≥rΛ≥tγ−Eμ≥tEaτ√EπarΛ≥EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 101

498
t≥asur≥ρ≥τtEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—Eaτ√E”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτE−rχssEs≥−tγχτsEγτE
ρuπtγπ≥ψtχτEfγτaπEstat≥sEusγτΛEXSWEfℓ”mχrρuπaaEs≥≥Et≥xt—EχfE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaE
s≥≥Et≥xt—EdEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEYU

4.2 14

497
hEρ≥asur≥ρ≥τtEχfEtΥ≥E−aπχrγρ≥t≥rEr≥sψχτs≥EtχEsγτΛπ≥EΥa√rχτsEaτ√E√≥t≥rργτatγχτEχfEtΥ≥Eμ≥tE≥τ≥rΛyE
s−aπ≥Euτ−≥rtaγτtyEusγτΛEsojEyuτRVER−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2017QE]]QEW[

4.2 22

496
t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥E−rχssRs≥−tγχτsEχfEsγτΛπ≥EtχψRquarνEaτ√EtχψRaτtγquarνEtR−Υaττ≥πE
ψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2017QEWUV]QEV

5.4 22

495
t≥asur≥ρ≥τtEχfEμ≥tEa−tγvγtyEψrχ√u−≥√EγτEtχψRquarνE≥v≥τtsEwγtΥEaτE≥π≥−trχτQEaEρuχτEaτ√EtwχE
RtaΛΛ≥√Eμ≥tsEγτEtΥ≥EfγτaπEstat≥EγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2017QE]]QEWWU

4.2 5

494 t≥asur≥ρ≥τtEχfEtΥ≥EℓχsχτEψχπarγsatγχτEγτE”mχrρuπaaEs≥≥Et≥xt—E≥v≥τtsEfrχρE−χππγsγχτsEatE”mχrρuπaaE
s≥≥Et≥xt—EdE^E{≥}EγτEtΥ≥Eπ≥ψtχτ´ P´ μ≥tsE−Υaττ≥πEwγtΥEh{shzSEEuropeanlPhysicallJournallCQE2017QE]]QEW[Y 4.2 19

493 lπ≥−trχτE≥ffγ−γ≥τ−yEρ≥asur≥ρ≥τtsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEWUVWEsojEψrχtχτRψrχtχτE−χππγsγχτE
√ataSEEuropeanlPhysicallJournallCQE2017QE]]QEV_Z 4.2 61

492
t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrE√γff≥r≥τtγaπE−rχssRs≥−tγχτsEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—E−Υaττ≥πEγτE
−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE
]]QEW_W

4.2 13

491 w≥rfχrρaτ−≥EχfEaπΛχrγtΥρsEtΥatEr≥−χτstru−tEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE”mχrρuπaaEs≥≥Et≥xt—dE
^E{≥}EψrχtχτRψrχtχτE−χππγsγχτsEγτEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEWYV 4.2 38

490 t≥asur≥ρ≥τtEχfEtΥ≥EψrχρψtET”mχrρuπaaEs≥≥Et≥xt—EψaγrEψrχ√u−tγχτE−rχssRs≥−tγχτEγτE−χππγsγχτsEatE
”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QE][ 4.2 47

489 z≥ar−ΥEfχrEtrγℓχsχτE”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ ”mχrρuπaaEs≥≥E
t≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEVYV 4.2 13

488 {χψχπχΛγ−aπE−≥ππE−πust≥rγτΛEγτEtΥ≥Eh{shzE−aπχrγρ≥t≥rsEaτ√EγtsEψ≥rfχrρaτ−≥EγτEsojEyuτEVSEEuropeanl
PhysicallJournallCQE2017QE]]QEY_U 4.2 177

487
mγ√u−γaπQEtχtaπEaτ√E√γff≥r≥τtγaπE−rχssRs≥−tγχτEρ≥asur≥ρ≥τtsEχfER−Υaττ≥πEsγτΛπ≥EtχψRquarνEψrχ√u−tγχτE
γτE−χππγsγχτsEatE^´ {≥}EusγτΛE√ataE−χππ≥−t≥√EℓyEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE
]]QEZXV

4.2 27

486 t≥asur≥ρ≥τtsEχfE≥π≥−trχw≥aνE”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτEaτ√E−χτstraγτtsEχτEaτχρaπχusEΛauΛ≥E
−χuψπγτΛsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEY]Y 4.2 14

485 q≥tEr≥−χτstru−tγχτEaτ√Eψ≥rfχrρaτ−≥EusγτΛEψartγ−π≥EfπχwEwγtΥEtΥ≥Eh{shzEk≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2017QE]]QEY[[ 4.2 42

484 t≥asur≥ρ≥τtEχfEρuπtγRψartγ−π≥EazγρutΥaπE−χrr≥πatγχτsEγτEψψQEψ´ P´ wℓEaτ√EπχwRρuπtγψπγ−γtyEwℓ´ P´ wℓE
−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEYW^ 4.2 48
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483 t≥asur≥ρ≥τtEχfEγτ−πusγv≥Eaτ√E√γff≥r≥τtγaπE−rχssEs≥−tγχτsEγτEtΥ≥EoEReE““EOEReEYâ��E√≥−ayE−Υaττ≥πEγτEψψE
−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 25

482 t≥asur≥ρ≥τtEχfEπ≥ψtχτE√γff≥r≥τtγaπE√γstrγℓutγχτsEaτ√EtΥ≥EtχψEquarνEρassEγτEψrχ√u−tγχτEγτE−χππγsγχτsE
atE´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QE^UY 4.2 11

481 t≥asur≥ρ≥τtEχfEtΥ≥EMEtχv≥rπγτ≥{t}ΛaρρaENEψrχ√u−tγχτE−rχssEs≥−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 7

480
t≥asur≥ρ≥τtsEχfE−ΥarΛ≥Eaτ√EjwEasyρρ≥trγ≥sEγτEℓRΥa√rχτE√≥−aysEusγτΛEtχψRquarνE≥v≥τtsE−χππ≥−t≥√E
ℓyEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}SEJournalloflHighlEnergylPhysicsQE2017QE
WUV]QEV

5.4 6

479 w≥rfχrρaτ−≥EχfEtΥ≥Eh{shzEtra−νEr≥−χτstru−tγχτEaπΛχrγtΥρsEγτE√≥τs≥E≥τvγrχτρ≥τtsEγτEsojEyuτEWSE
EuropeanlPhysicallJournallCQE2017QE]]QE[]X 4.2 33

478
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsE−χτtaγτγτΛEaEsaρ≥RfπavχurEχψψχsγt≥RsγΛτE√γπ≥ψtχτEψaγrQEμ≥tsQE
aτ√EπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE”mχrρuπaaEs≥≥Et≥xt—´ ”mχrρuπaaEs≥≥Et≥xt—”mχrρuπaaEs≥≥E
t≥xt—E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEVYY

4.2 8

477
t≥asur≥ρ≥τtEχfEtΥ≥E““Eψrχ√u−tγχτE−rχssEs≥−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}E
usγτΛEtΥ≥E““EReEâ��â�� â��Pâ��fâ��â��fPEaτ√EME““tχE{≥ππ} {R}{≥ππ} {P}τuEχv≥rπγτ≥{τu}ENE√≥−ayE−Υaττ≥πsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV

5.4 9

476 wrχℓγτΛEtΥ≥E~EtℓEv≥rt≥xEstru−tur≥EγτEtR−Υaττ≥πEsγτΛπ≥RtχψRquarνEψrχ√u−tγχτEaτ√E√≥−ayEγτEψψE
−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 11

475 t≥asur≥ρ≥τtsEχfEˇ�MWzNEaτ√E‘MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��Eψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 15

474 t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrEtχE“RℓχsχτE−rχssRs≥−tγχτEratγχsEatEMEsqrt{s}dVXENEQE^QE]E{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 7

473 z≥ar−ΥEfχrEπ≥ψtχτRfπavχurRvγχπatγτΛE√≥−aysEχfEtΥ≥EoγΛΛsEaτ√EℓχsχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2017QE]]QE]U 4.2 52

472 w≥rfχrρaτ−≥EχfEtΥ≥Eh{shzEtrγΛΛ≥rEsyst≥ρEγτEWUVZSEEuropeanlPhysicallJournallCQE2017QE]]QEXV] 4.2 272

471 y≥−χτstru−tγχτEχfEψrγρaryEv≥rtγ−≥sEatEtΥ≥Eh{shzE≥xψ≥rγρ≥τtEγτEyuτEVEψrχtχτRψrχtχτE−χππγsγχτsEatE
tΥ≥EsojSEEuropeanlPhysicallJournallCQE2017QE]]QEXXW 4.2 29

470
t≥asur≥ρ≥τtsEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEχfEaE”mχrρuπaaEs≥≥Et≥xt—EℓχsχτEγτEassχ−γatγχτEwγtΥE
μ≥tsEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2017QE]]QEX[V

4.2 26

469 wr≥−γsγχτEρ≥asur≥ρ≥τtEaτ√Eγτt≥rψr≥tatγχτEχfEγτ−πusγv≥EQEaτ√Eψrχ√u−tγχτE−rχssEs≥−tγχτsEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QEX[] 4.2 56

468 t≥asur≥ρ≥τtEχfEμ≥tEfraΛρ≥τtatγχτEγτEwℓPwℓEaτ√E−χππγsγχτsEatE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥E
sojSEEuropeanlPhysicallJournallCQE2017QE]]QEX]_ 4.2 35

467
z≥ar−ΥEfχrE√arνEρatt≥rEatE”mχrρuπaaEs≥≥Et≥xt—EγτEfγτaπEstat≥sE−χτtaγτγτΛEaτE≥τ≥rΛ≥tγ−EψΥχtχτEaτ√E
πarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE
]]QEX_X

4.2 52

466
t≥asur≥ρ≥τtEχfE−ΥarΛ≥√Rψartγ−π≥E√γstrγℓutγχτsEs≥τsγtγv≥EtχEtΥ≥Euτ√≥rπyγτΛE≥v≥τtEγτEMEsqrt{s}dVXENE
{≥}EψrχtχτRψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE
2017QEWUV]QEV

5.4 9
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465 z≥ar−ΥEfχrE√γr≥−tEtχψEsquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEtwχEπ≥ψtχτsEγτE{≥}E−χππγsγχτsEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QE^_^ 4.2 19

464
z≥ar−ΥEfχrE√γr≥−tEtχψEsquarνEψaγrEψrχ√u−tγχτEγτE≥v≥τtsEwγtΥEaEoγΛΛsEχrE“EℓχsχτQEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEMEsqrt{s}dVXENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2017QEWUV]QEV

5.4 7

463
t≥asur≥ρ≥τtEχfE√≥t≥−tχrR−χrr≥−t≥√Eχℓs≥rvaℓπ≥sEs≥τsγtγv≥EtχEtΥ≥EaτχρaπχusEψrχ√u−tγχτEχfE≥v≥τtsE
wγtΥEμ≥tsEaτ√EπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE−χππγsγχτsEatE´ {≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2017QE]]QE][Z

4.2 10

462 t≥asur≥ρ≥τtEχfEℓRΥa√rχτEψaγrEψrχ√u−tγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}SEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 5

461 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτE≥v≥τtsEwγtΥEℓRtaΛΛ≥√Eμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψψE
−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 13

460 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eμ≥tE−rχssRs≥−tγχτsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

459
z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEv≥−tχrRπγν≥EtχψEquarνsEγτE≥v≥τtsEwγtΥEχτ≥Eπ≥ψtχτQEμ≥tsQEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEMEsqrt{s}dVXENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2017QEWUV]QEV

5.4 27

458 p√≥τtγfγ−atγχτEaτ√Er≥μ≥−tγχτEχfEψγπ≥RuψEμ≥tsEatEΥγΛΥEψs≥u√χraψγ√γtyEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2017QE]]QEZ^U 4.2 16

457
t≥asur≥ρ≥τtEχfEψrχ√u−tγχτEwγtΥEtΥ≥EΥa√rχτγ−aππyE√≥−ayγτΛEℓχsχτEr≥−χτstru−t≥√EasEχτ≥EχrEtwχEμ≥tsE
γτE−χππγsγχτsEatEwγtΥEh{shzQEaτ√E−χτstraγτtsEχτEaτχρaπχusEΛauΛ≥E−χuψπγτΛsSEEuropeanlPhysicall
JournallCQE2017QE]]QEZ[X

4.2 15

456
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEaEπ≥ψtχτEψπusEΥγΛΥEμ≥tEρuπtγψπγ−γtyEfγτaπEstat≥EwγtΥEtΥ≥Eh{shzE
≥xψ≥rγρ≥τtEusγτΛEMEsqrt{s}dVXENE{≥}EψrχtχτRψrχtχτE−χππγsγχτE√ataSEJournalloflHighlEnergylPhysicsQE
2017QEWUV]QEV

5.4 7

455 z≥ar−Υ≥sEfχrEtΥ≥E“˛‡E√≥−ayEρχ√≥EχfEtΥ≥EoγΛΛsEℓχsχτEaτ√EfχrEτ≥wEΥγΛΥRρassEr≥sχτaτ−≥sEγτEψψE
−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 20

454 ztu√γ≥sEχfE“˛‡Eψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEaEΥγΛΥRρassE√γμ≥tEsyst≥ρEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 7

453 t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrE√γff≥r≥τtγaπE−rχssRs≥−tγχτsEγτEtΥ≥Eπ≥ψtχτPμ≥tsE−Υaττ≥πEγτEψψE
−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

452 z≥ar−ΥEfχrEtχψEquarνE√≥−aysEtEReEqoQEwγtΥEoEReE˛‡˛‡QEγτEMEsqrt{s}dVXENE{≥}EψψE−χππγsγχτsEusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

451 ztu√yEχfEaτ√Eψrχ√u−tγχτEγτE−χππγsγχτsEatEaτ√Es≥ar−ΥEfχrEaτχρaπχusEquartγ−EΛauΛ≥E−χuψπγτΛsEwγtΥEtΥ≥E
h{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2017QE]]QE[Y[ 4.2 11

450 t≥asur≥ρ≥τtsEχfEtχψEquarνEsψγτEχℓs≥rvaℓπ≥sEγτEMEtχv≥rπγτ≥{t}ENE≥v≥τtsEusγτΛE√γπ≥ψtχτEfγτaπEstat≥sEγτEME
sqrt{s}d^ENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

449
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEwγtΥEπarΛ≥Eμ≥tEρuπtγψπγ−γtγ≥sEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEusγτΛE
πarΛ≥Rra√γusEμ≥tsEaτ√EfπavχurRtaΛΛγτΛEatEh{shzEγτEVXE{≥}EψψE−χππγsγχτsSEJournalloflHighlEnergylPhysics
QE2017QEWUV]QEV

5.4 8

448 {χψRquarνEρassEρ≥asur≥ρ≥τtEγτEtΥ≥EaππRΥa√rχτγ−EMEtχv≥rπγτ≥{t}ENE√≥−ayE−Υaττ≥πEatEMEsqrt{s}d^ENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 6
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447 t≥asur≥ρ≥τtEχfEtΥ≥Ekr≥ππR’aτEtrγψπ≥R√γff≥r≥τtγaπE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}SE
JournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 16

446 z≥ar−ΥEfχrEaEs−aπarEψartτ≥rEχfEtΥ≥EtχψEquarνEγτEtΥ≥Eμ≥tsEψπusEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEfγτaπE
stat≥EatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 30

445
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEfγτaπEstat≥sEwγtΥEtwχEsaρ≥RsγΛτEχrEtΥr≥≥Eπ≥ψtχτsEaτ√Eμ≥tsEusγτΛEX[Efℓâ��VE
χfEMEsqrt{s}dVXENE{≥}EψψE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QE
WUV]QEV

5.4 22

444
z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEΥ≥avyEv≥−tχrRπγν≥EquarνsE√≥−ayγτΛEtχEΥγΛΥRψE{E~EℓχsχτsEaτ√EℓEquarνsE
γτEtΥ≥Eπ≥ψtχτRψπusRμ≥tsEfγτaπEstat≥EγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
JournalloflHighlEnergylPhysicsQE2017QEWUV]QEV

5.4 29

443 t≥asur≥ρ≥τtEχfEtΥ≥EνEtEsψπγttγτΛEs−aπ≥sEγτE“EReEâ��â��E≥v≥τtsEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 3

442
hτaπysγsEχfEtΥ≥E~tℓEv≥rt≥xEfrχρEtΥ≥Eρ≥asur≥ρ≥τtEχfEtrγψπ≥R√γff≥r≥τtγaπEaτΛuπarE√≥−ayErat≥sEχfE
sγτΛπ≥EtχψEquarνsEψrχ√u−≥√EγτEtΥ≥EtR−Υaττ≥πEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2017QEWUV]QEV

5.4 7

441 lvγ√≥τ−≥EfχrEtΥ≥EMEotχEℓχv≥rπγτ≥{ℓ}ENE√≥−ayEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2017QEWUV]QEV 5.4 50

440
z≥ar−ΥEfχrEτ≥wEΥγΛΥRρassEψΥ≥τχρ≥τaEγτEtΥ≥E√γπ≥ψtχτEfγτaπEstat≥EusγτΛEX[Efℓâ��VEχfEψrχtχτRψrχtχτE
−χππγsγχτE√ataEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2017QE
WUV]QEV

5.4 126

439 k≥t≥rργτatγχτEχfEtΥ≥EstrχτΛE−χuψπγτΛE−χτstaτtEfrχρEtraτsv≥rs≥E≥τ≥rΛyR≥τ≥rΛyE−χrr≥πatγχτsEγτE
ρuπtγμ≥tE≥v≥τtsEatEusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2017QE]]QE^]W 4.2 19

438 y≥−χτstru−tγχτEχfEΥa√rχτγ−E√≥−ayEψrχ√u−tsEχfEtauEπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanl
PhysicallJournallCQE2016QE][QEW_Z 4.2 28

437 w≥rfχrρaτ−≥EχfEψγπ≥RuψEργtγΛatγχτEt≥−Υτγqu≥sEfχrEμ≥tsEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaE
s≥≥Et≥xt—´ {≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZ^V 4.2 148

436 t≥asur≥ρ≥τtEχfEtΥ≥E−ΥarΛ≥√Rψartγ−π≥Eρuπtγψπγ−γtyEγτsγ√≥Eμ≥tsEfrχρE”mχrρuπaaEs≥≥Et≥xt—”mχrρuπaaEs≥≥E
t≥xt—´ E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEXWW 4.2 35

435 t≥asur≥ρ≥τtEχfEμ≥tEa−tγvγtyEγτEtχψEquarνE≥v≥τtsEusγτΛEtΥ≥E≥˛…EfγτaπEstat≥EwγtΥEtwχEℓRtaΛΛ≥√Eμ≥tsEγτEψψE
−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 4

434
t≥asur≥ρ≥τtEχfEtΥ≥Etraτsv≥rs≥Eρχρ≥τtuρEaτ√E”mχrρuπaaEs≥≥Et≥xt—E√γstrγℓutγχτsEχfEkr≥ππR’aτE
π≥ψtχτEψaγrsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2016QE][QEW_V

4.2 63

433
t≥asur≥ρ≥τtEχfEfγ√u−γaπE√γff≥r≥τtγaπE−rχssEs≥−tγχτsEχfEΛπuχτRfusγχτEψrχ√u−tγχτEχfEoγΛΛsEℓχsχτsE
√≥−ayγτΛEtχE~~EORe≥˛‰˛…˛‰EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEMEsqrt{s}d^ENE{≥}SEJournalloflHighlEnergylPhysicsQE
2016QEWUV[QEV

5.4 13

432 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsEwγtΥEaEψΥχtχτEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψψE
−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 13

431 hEs≥ar−ΥEfχrEtχψEsquarνsEwγtΥEyRψarγtyRvγχπatγτΛE√≥−aysEtχEaππRΥa√rχτγ−EfγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEγτEMEsqrt{s}d^ENE{≥}EψrχtχτRψrχtχτE−χππγsγχτsSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 10

430 p√≥τtγfγ−atγχτEχfEΥγΛΥEtraτsv≥rs≥Eρχρ≥τtuρEtχψEquarνsEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 13

(2016-2017)
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429 hEs≥ar−ΥEfχrEaτE≥x−γt≥√EρuχτE√≥−ayγτΛEtχEaEρuχτEaτ√EtwχEμ≥tsEγτψψ−χππγsγχτsEatE
Isqrt{s}bdb^b{rρ{{≥}}}IEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSENewlJournalloflPhysicsQE2016QEV^QEU]XUWV 2.9 1

428 i≥aρRγτ√u−≥√Eaτ√E−χsργ−RrayEℓa−νΛrχuτ√sEχℓs≥rv≥√EγτEtΥ≥Eh{shzE√≥t≥−tχrE√urγτΛEtΥ≥EsojEWUVWE
ψrχtχτRψrχtχτEruττγτΛEψ≥rγχ√SEJournalloflInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

427 t≥asur≥ρ≥τtsEχfEtχψRquarνEψaγrE√γff≥r≥τtγaπE−rχssRs≥−tγχτsEγτEtΥ≥Eπ≥ψtχτPμ≥tsE−Υaττ≥πEγτE−χππγsγχτsE
atE”mχrρuπaaEs≥≥Et≥xt—EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZX^ 4.2 48

426
t≥asur≥ρ≥τtEχfEtΥ≥E√γff≥r≥τtγaπE−rχssRs≥−tγχτsEχfEψrχρψtEaτ√EτχτRψrχρψtEψrχ√u−tγχτEχfE”mχrρuπaaE
s≥≥Et≥xt—Eaτ√E”mχrρuπaaEs≥≥Et≥xt—EγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—Eaτ√E^´ {≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEW^X

4.2 42

425 suργτχsγtyE√≥t≥rργτatγχτEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EdE^E{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrEatE
tΥ≥EsojSEEuropeanlPhysicallJournallCQE2016QE][QE[ZX 4.2 188

424
z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτE≥v≥τtsEwγtΥEΥa√rχτγ−aππyE√≥−ayγτΛEtauEπ≥ψtχτsQEμ≥tsEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}Er≥−χr√≥√EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QE[^X

4.2 7

423
h√√≥τ√uρEtχEâ��t≥asur≥ρ≥τtEχfEtΥ≥EMtℓar{t}NEψrχ√u−tγχτE−rχssRs≥−tγχτEusγτΛEM≥ρuENE≥v≥τtsEwγtΥE
ℓRtaΛΛ≥√Eμ≥tsEγτEψψE−χππγsγχτsEatEMsqrt{s}NEdE]Eaτ√E^EMQρatΥrρ{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrâ��SE
EuropeanlPhysicallJournallCQE2016QE][QEV

4.2 13

422 t≥asur≥ρ≥τtEχfEtΥ≥EaτΛuπarE−χ≥ffγ−γ≥τtsEγτE“RℓχsχτE≥v≥τtsEusγτΛE≥π≥−trχτEaτ√EρuχτEψaγrsEfrχρE
√ataEtaν≥τEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 20

421 z≥ar−Υ≥sEfχrEΥ≥avyE√γℓχsχτEr≥sχτaτ−≥sEγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 20

420 karνEρatt≥rEγτt≥rψr≥tatγχτsEχfEh{shzEs≥ar−Υ≥sEfχrEtΥ≥E≥π≥−trχw≥aνEψrχ√u−tγχτEχfEsuψ≥rsyρρ≥trγ−E
ψartγ−π≥sEγτEMEsqrt{s}d^ENE{≥}EψrχtχτRψrχtχτE−χππγsγχτsSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 16

419
z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτE√≥−ayγτΛEγτtχEMEℓχv≥rπγτ≥{ℓ}ENEψrχ√u−≥√EγτEassχ−γatγχτE
wγtΥEtχψEquarνsE√≥−ayγτΛEΥa√rχτγ−aππyEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
JournalloflHighlEnergylPhysicsQE2016QEWUV[QEV

5.4 16

418 t≥asur≥ρ≥τtEχfEtΥ≥EjwRvγχπatγτΛEψΥas≥EfEsEaτ√EtΥ≥EiEUEsEρ≥sχτE√≥−ayEwγ√tΥE√γff≥r≥τ−≥EwγtΥEiEUEsE
EReEqTˇ�fE√≥−aysEγτEh{shzSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 10

417
z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEatE
”mχrρuπaaEs≥≥Et≥xt—EdVXE”mχrρuπaaEs≥≥Et≥xt—wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2016QE][QEX_W

4.2 53

416 t≥asur≥ρ≥τtEχfEtΥ≥E√χuℓπ≥R√γff≥r≥τtγaπEΥγΛΥRρassEkr≥ππR’aτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 24

415 hEs≥ar−ΥEfχrEψrχρψtEπ≥ψtχτRμ≥tsEγτEψψE−χππγsγχτsEatEMEsqrt{ρatΥrρ{s}}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 22

414 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEwγtΥEψΥχtχτPμ≥tE≥v≥τtsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 12

413
t≥asur≥ρ≥τtEχfEtΥ≥E−≥τtraπγtyE√≥ψ≥τ√≥τ−≥EχfEtΥ≥E−ΥarΛ≥√Rψartγ−π≥Eψs≥u√χraψγ√γtyE√γstrγℓutγχτEγτE
ψrχtχτRπ≥a√E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2016QE][QEV__

4.2 39

412 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssRs≥−tγχτEχfEaEsγτΛπ≥EtχψEquarνEγτEassχ−γatγχτEwγtΥEaE~EℓχsχτEatE
^E{≥}EwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 12

KurashigetHisaya
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411 z≥ar−ΥEfχrEtΥ≥Eψrχ√u−tγχτEχfEsγτΛπ≥Ev≥−tχrRπγν≥Eaτ√E≥x−γt≥√EquarνsEγτEtΥ≥E~tEfγτaπEstat≥EγτEψψE
−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 14

410 z≥ar−ΥEfχrEstrχτΛEΛravγtyEγτEρuπtγμ≥tEfγτaπEstat≥sEψrχ√u−≥√EγτEψψE−χππγsγχτsEatEMEsqrt{s}dVXENE{≥}EusγτΛE
tΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 12

409 p√≥τtγfγ−atγχτEχfEℓχχst≥√QEΥa√rχτγ−aππyE√≥−ayγτΛEℓχsχτsEaτ√E−χρψarγsχτsEwγtΥEh{shzE√ataEtaν≥τEatE
”mχrρuπaaEs≥≥Et≥xt—´ {≥}SEEuropeanlPhysicallJournallCQE2016QE][QEVZY 4.2 44

408 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsEwγtΥEatEπ≥astEtΥr≥≥EψΥχtχτsE−χππ≥−t≥√EγτE−χππγsγχτsEatE”mχrρuπaaE
s≥≥Et≥xt—EdE^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEWVU 4.2 53

407 wrχℓγτΛEπ≥ψtχτEfπavχurEvγχπatγχτEvγaEτ≥utrγτχπ≥ssE”mχrρuπaaEs≥≥Et≥xt—E√≥−aysEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEWXW 4.2 12

406 hEτ≥wEρ≥tΥχ√EtχE√γstγτΛuγsΥEΥa√rχτγ−aππyE√≥−ayγτΛEℓχχst≥√EℓχsχτsEfrχρEℓχsχτsEusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEWX^ 4.2 6

405 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EγτEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EtwχEsaρ≥RsγΛτE
π≥ψtχτsEχrEtΥr≥≥Eπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEWZ_ 4.2 48

404 z≥ar−ΥEfχrEγτvγsγℓπ≥E√≥−aysEχfEaEoγΛΛsEℓχsχτEusγτΛEv≥−tχrRℓχsχτEfusγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 45

403
z≥ar−ΥEfχrEaτχρaπχusE−χuψπγτΛsEγτEtΥ≥E~EtℓEv≥rt≥xEfrχρEtΥ≥Eρ≥asur≥ρ≥τtEχfE√χuℓπ≥E√γff≥r≥τtγaπE
aτΛuπarE√≥−ayErat≥sEχfEsγτΛπ≥EtχψEquarνsEψrχ√u−≥√EγτEtΥ≥EtR−Υaττ≥πEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
JournalloflHighlEnergylPhysicsQE2016QEWUV[QEVRY[

5.4 12

402 z≥ar−Υ≥sEfχrEs−aπarEπ≥ψtχquarνsEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EdE^´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2016QE][QEZ 4.2 68

401
t≥asur≥ρ≥τtsEχfEtΥ≥EoγΛΛsEℓχsχτEψrχ√u−tγχτEaτ√E√≥−ayErat≥sEaτ√E−χuψπγτΛEstr≥τΛtΥsEusγτΛE
−χππγsγχτE√ataEatE”mχrρuπaaEs≥≥Et≥xt—Eaτ√E^´ {≥}EγτEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallC
QE2016QE][QE[

4.2 185

400
t≥asur≥ρ≥τtsEχfEfγ√u−γaπE−rχssRs≥−tγχτsEfχrE”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτEwγtΥEχτ≥EχrEtwχE
a√√γtγχτaπERμ≥tsEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—d^E{≥}´ usγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2016QE][QEVV

4.2 21

399 ztu√yEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—Eaτ√E”mχrρuπaaEs≥≥Et≥xt—E√≥−aysEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2016QE][QEY 4.2 13

398
z≥ar−ΥEfχrEaτEa√√γtγχτaπQEΥ≥avyEoγΛΛsEℓχsχτEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—E√≥−ayE−Υaττ≥πEatE”mχrρuπaaE
s≥≥Et≥xt—EγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2016QE][QEYZ

4.2 152

397 z≥ar−ΥEfχrEsγτΛπ≥EtχψRquarνEψrχ√u−tγχτEvγaEfπavχurR−ΥaτΛγτΛEτ≥utraπE−urr≥τtsEatE^´ {≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZZ 4.2 28

396 t≥asur≥ρ≥τtEχfEtΥ≥E−ΥarΛ≥Easyρρ≥tryEγτEtχψRquarνEψaγrEψrχ√u−tγχτEγτEtΥ≥Eπ≥ψtχτRψπusRμ≥tsEfγτaπE
stat≥EγτEψψE−χππγsγχτE√ataEatEMsqrt{s}d^QρatΥrρE{≥}{}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE2016QE][QEV 1

395 ztu√yEχfEΥar√E√χuℓπ≥RψartχτEs−att≥rγτΛEγτEfχurRμ≥tE≥v≥τtsEγτEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EwγtΥE
tΥ≥Eh{shzE≥xψ≥rγρ≥τtSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 21

394
z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEψrχ√u−≥√EℓyEv≥−tχrRℓχsχτEfusγχτEaτ√E√≥−ayγτΛEtχE
ℓχttχρEquarνsEγτEMEsqrt{s}d^ENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2016QEWUV[QEV

5.4 8

(2016-2016)
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393 y≥−≥τtE√≥v≥πχψρ≥τtsEγτEn≥aτtYSENuclearlInstrumentslandlMethodslinlPhysicslResearchylSectionlA:l
AcceleratorsylSpectrometersylDetectorslandlAssociatedlEquipmentQE2016QE^XZQEV^[RWWZ 1.2 1435

392
t≥asur≥ρ≥τtEχfE≥v≥τtRsΥaψ≥Eχℓs≥rvaℓπ≥sEγτE”mχrρuπaaEs≥≥Et≥xt—E≥v≥τtsEγτE−χππγsγχτsEatE”mχrρuπaaE
s≥≥Et≥xt—´ ”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEEuropeanlPhysicallJournallCQE2016QE
][QEX]Z

4.2 5

391 jΥarΛ≥√Rψartγ−π≥E√γstrγℓutγχτsEγτEγτt≥ra−tγχτsEatE”mχrρuπaaEs≥≥Et≥xt—Eρ≥asur≥√EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEYUX 4.2 19

390 jΥarΛ≥√Rψartγ−π≥E√γstrγℓutγχτsEatEπχwEtraτsv≥rs≥Eρχρ≥τtuρEγτE”mχrρuπaaEs≥≥Et≥xt—´ {≥}Eγτt≥ra−tγχτsE
ρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEEuropeanlPhysicallJournallCQE2016QE][QEZUW 4.2 37

389 z≥ar−ΥEfχrEℓχttχρEsquarνEψaγrEψrχ√u−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZY] 4.2 25

388
z≥ar−ΥEfχrEργτγρaπEsuψ≥rsyρρ≥trγ−Estaτ√ar√Eρχ√≥πEoγΛΛsEiχsχτsE´ T´ Eaτ√EfχrEaE”mχrρuπaaEs≥≥Et≥xt—E
ℓχsχτEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—EfγτaπEstat≥Eψrχ√u−≥√EγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—E{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZ^Z

4.2 28

387 t≥asur≥ρ≥τtEχfEtΥ≥EψΥχtχτEγ√≥τtγfγ−atγχτE≥ffγ−γ≥τ−γ≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEsojEyuτRVE
√ataSEEuropeanlPhysicallJournallCQE2016QE][QE[[[ 4.2 53

386 t≥asur≥ρ≥τtEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—E√γμ≥tE−rχssEs≥−tγχτEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QE[]U 4.2 7

385 {Υ≥Eψ≥rfχrρaτ−≥EχfEtΥ≥Eμ≥tEtrγΛΛ≥rEfχrEtΥ≥Eh{shzE√≥t≥−tχrE√urγτΛEWUVVE√ataEtaνγτΛSEEuropeanl
PhysicallJournallCQE2016QE][QEZW[ 4.2 16

384 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE√γff≥r≥τtRfπavχurEΥγΛΥRρassE√γπ≥ψtχτEfγτaπEstat≥sEγτE−χππγsγχτsEatE
”mχrρuπaaEs≥≥Et≥xt—´ {≥vEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZYV 4.2 7

383
z≥ar−ΥEfχrEtΥ≥EoγΛΛsEℓχsχτEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaEℓχsχτEaτ√E√≥−ayγτΛEtχEfχurERquarνsEvγaE
twχEsψγτRz≥rχEψartγ−π≥sEγτE−χππγsγχτsEatEVXE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2016QE][QE[UZ

4.2 16

382 tuχτEr≥−χτstru−tγχτEψ≥rfχrρaτ−≥EχfEtΥ≥Eh{shzE√≥t≥−tχrEγτEψrχtχτRψrχtχτE−χππγsγχτE√ataEatE
”mχrρuπaaEs≥≥Et≥xt—dVX´ {≥}SEEuropeanlPhysicallJournallCQE2016QE][QEW_W 4.2 263

381 {≥stEχfEjwEγτvarγaτ−≥EγτEv≥−tχrRℓχsχτEfusγχτEψrχ√u−tγχτEχfEtΥ≥EoγΛΛsEℓχsχτEusγτΛEtΥ≥Eρ≥tΥχ√EγτEtΥ≥E
√γtauE√≥−ayE−Υaττ≥πEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QE[Z^ 4.2 26

380 z≥ar−ΥEfχrEΛπuγτχsEγτE≥v≥τtsEwγtΥEaτEγsχπat≥√Eπ≥ψtχτQEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEatE
”mχrρuπaaEs≥≥Et≥xt—EdEVXE{≥E}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZ[Z 4.2 20

379 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eγsχπat≥√EψrχρψtEψΥχtχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 25

378 z≥ar−ΥEfχrEaEΥγΛΥRρassEoγΛΛsEℓχsχτE√≥−ayγτΛEtχEaE~EℓχsχτEψaγrEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 59

377
z≥ar−ΥEfχrEfπavχurR−ΥaτΛγτΛEτ≥utraπE−urr≥τtEtχψRquarνE√≥−aysEtχE”mχrρuπaaEs≥≥Et≥xt—EγτE”mχrρuπaaE
s≥≥Et≥xt—E−χππγsγχτE√ataE−χππ≥−t≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}SEEuropeanl
PhysicallJournallCQE2016QE][QEVW

4.2 16

376
t≥asur≥ρ≥τtEχfEtΥ≥E−ΥarΛ≥Easyρρ≥tryEγτEtχψRquarνEψaγrEψrχ√u−tγχτEγτEtΥ≥Eπ≥ψtχτRψπusRμ≥tsEfγτaπE
stat≥EγτE−χππγsγχτE√ataEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2016QE][QE^]

4.2 18
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375 z≥ar−ΥEfχrE√γr≥−tEtχψEsquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEtwχEtauEπ≥ψtχτsEγτE−χππγsγχτsEatE
”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QE^V 4.2 7

374 z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsEγτEtΥ≥EoE´–EReEtℓE√≥−ayE−Υaττ≥πEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}E
usγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 33

373 ztu√yEχfEtΥ≥Erar≥E√≥−aysEχfE”mχrρuπaaEs≥≥Et≥xt—Eaτ√E”mχrρuπaaEs≥≥Et≥xt—EγτtχEρuχτEψaγrsEfrχρE√ataE
−χππ≥−t≥√E√urγτΛEtΥ≥EsojEyuτEVEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZVX 4.2 27

372
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEaEfγτaπEstat≥E−χτtaγτγτΛEtwχEψΥχtχτsEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτE”mχrρuπaaEs≥≥Et≥xt—´ d´ VX´ {≥}E”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatEtΥ≥EsojEusγτΛEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEZV]

4.2 17

371 z≥ar−ΥEfχrEr≥sχτaτ−≥sEγτE√γψΥχtχτE≥v≥τtsEatEMEsqrt{s}dVXENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2016QEWUV[QEV 5.4 49

370 z≥ar−ΥEfχrEsγτΛπ≥Eψrχ√u−tγχτEχfEv≥−tχrRπγν≥EquarνsE√≥−ayγτΛEγτtχEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥E
t≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2016QE][QEYYW 4.2 24

369 t≥asur≥ρ≥τtEχfEtΥ≥Er≥πatγv≥Ewγ√tΥE√γff≥r≥τ−≥EχfEtΥ≥EME{i} UΥℓχx{R}E{χv≥rπγτ≥{i}} UENEsyst≥ρEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 5

368 q≥tE≥τ≥rΛyEρ≥asur≥ρ≥τtEaτ√EγtsEsyst≥ρatγ−Euτ−≥rtaγτtyEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥E
t≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEV] 4.2 194

367 z≥ar−ΥEfχrEγτvγsγℓπ≥Eψartγ−π≥sEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEsγτΛπ≥RtχψRquarνsEγτEψrχtχτRψrχtχτE
−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQE]_ 4.2 21

366 z≥ar−ΥEfχrEr≥sχτaτtE√γℓχsχτEψrχ√u−tγχτEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—EfγτaπEstat≥EγτE”mχrρuπaaEs≥≥Et≥xt—E
−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQE[_ 4.2 62

365 t≥asur≥ρ≥τtsEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτE−rχssEs≥−tγχτsEγτEassχ−γatγχτEwγtΥEμ≥tsEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQE^W 4.2 54

364 z≥ar−ΥEfχrE√arνEρatt≥rEγτE≥v≥τtsEwγtΥEΥ≥avyEquarνsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE”mχrρuπaaE
s≥≥Et≥xt—E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQE_W 4.2 60

363
t≥asur≥ρ≥τtEχfEtΥ≥EMEtχv≥rπγτ≥{t}ENEψrχ√u−tγχτE−rχssRs≥−tγχτEasEaEfuτ−tγχτEχfEμ≥tEρuπtγψπγ−γtyEaτ√Eμ≥tE
traτsv≥rs≥Eρχρ≥τtuρEγτE]E{≥}EψrχtχτRψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2015QEWUVZQEV

5.4 14

362
t≥asur≥ρ≥τtEχfEtΥ≥E~E~EPE~E“E−rχssEs≥−tγχτEaτ√EπγργtsEχτEaτχρaπχusEtrγψπ≥EΛauΛ≥E−χuψπγτΛsEusγτΛE
fγτaπEstat≥sEwγtΥEχτ≥Eπ≥ψtχτQEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρQEaτ√EtwχEμ≥tsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE
atEMEsqrt{s}d]ENE{≥}SEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV

5.4 12

361 z≥ar−Υ≥sEfχrEΥ≥avyEπχτΛRπγv≥√E−ΥarΛ≥√Eψartγ−π≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψrχtχτRψrχtχτE−χππγsγχτsE
atEMEsqrt{s}d^ENE{≥}SEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 29

360 z≥ar−ΥEfχrEtΥ≥EMEℓχv≥rπγτ≥{ℓ}ENE√≥−ayEχfEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEassχ−γat≥√EM~T“NoE
ψrχ√u−tγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 64

359 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eμ≥tE−rχssRs≥−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EusγτΛE
YSZEfℓâ��VEχfE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 27

358
z≥ar−ΥEfχrEaτχρaπχusEψrχ√u−tγχτEχfEψrχρψtEsaρ≥RsγΛτEπ≥ψtχτEψaγrsEaτ√EψaγrRψrχ√u−≥√E√χuℓπyE
−ΥarΛ≥√EoγΛΛsEℓχsχτsEwγtΥEMEsqrt{s}d^ENE{≥}EψψE−χππγsγχτsEusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2015QEWUVZQEV

5.4 45

(2015-2016)

19



357
z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEvγaEoE´–EReEˇ�E´–E˛‰EγτEfuππyEΥa√rχτγ−EfγτaπEstat≥sEusγτΛEψψE
−χππγsγχτE√ataEatEMEsqrt{s}ENEdE^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QE
WUVZQEV

5.4 56

356
z≥ar−ΥEfχrEψrχ√u−tγχτEχfE”mχrρuπaaEs≥≥Et≥xt—Er≥sχτaτ−≥sE√≥−ayγτΛEtχEaEπ≥ψtχτQEτ≥utrγτχEaτ√Eμ≥tsEγτE
”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2015QE]ZQEWU_

4.2 73

355 w≥rfχrρaτ−≥EχfEtΥ≥Eh{shzEρuχτEtrγΛΛ≥rEγτEψψE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—E{≥}SEEuropeanl
PhysicallJournallCQE2015QE]ZQEVWU 4.2 51

354 z≥ar−ΥEfχrEoγΛΛsEℓχsχτEψaγrEψrχ√u−tγχτEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—EfγτaπEstat≥EfrχρE−χππγsγχτsEatE
”mχrρuπaaEs≥≥Et≥xt—E{≥}wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEYVW 4.2 66

353 k≥t≥rργτatγχτEχfEsψγτEaτ√EψarγtyEχfEtΥ≥EoγΛΛsEℓχsχτEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—E√≥−ayE−Υaττ≥πEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEWXV 4.2 15

352
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEfγτaπEstat≥sEwγtΥEaτE≥τ≥rΛ≥tγ−Eμ≥tEaτ√EπarΛ≥EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2015QE]ZQEW__

4.2 202

351 z≥ar−ΥEfχrEaEτ≥wEr≥sχτaτ−≥E√≥−ayγτΛEtχEaEχrEℓχsχτEaτ√EaEoγΛΛsEℓχsχτEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—E
fγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEW[X 4.2 46

350 t≥asur≥ρ≥τtEχfEtΥr≥≥Rμ≥tEψrχ√u−tγχτE−rχssRs≥−tγχτsEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE]´ ”mχrρuπaaE
s≥≥Et≥xt—E−≥τtr≥RχfRρassE≥τ≥rΛyEusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEWW^ 4.2 18

349 jχτstraγτtsEχτEtΥ≥EχffRsΥ≥ππEoγΛΛsEℓχsχτEsγΛτaπEstr≥τΛtΥEγτEtΥ≥EΥγΛΥRρassEaτ√EfγτaπEstat≥sEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEXXZ 4.2 56

348
p√≥τtγfγ−atγχτEaτ√E≥τ≥rΛyE−aπγℓratγχτEχfEΥa√rχτγ−aππyE√≥−ayγτΛEtauEπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE
≥xψ≥rγρ≥τtEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—”mχrρuπaaEs≥≥Et≥xt—SEEuropeanlPhysicallJournallCQE2015
QE]ZQEXUX

4.2 49

347 ztu√yEχfEtΥ≥EsψγτEaτ√EψarγtyEχfEtΥ≥EoγΛΛsEℓχsχτEγτE√γℓχsχτE√≥−aysEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2015QE]ZQEY][ 4.2 104

346
vℓs≥rvatγχτEaτ√Eρ≥asur≥ρ≥τtsEχfEtΥ≥Eψrχ√u−tγχτEχfEψrχρψtEaτ√EτχτRψrχρψtE”mχrρuπaaEs≥≥Et≥xt—E
ρ≥sχτsEγτEassχ−γatγχτEwγtΥEaE”mχrρuπaaEs≥≥Et≥xt—EℓχsχτEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaE
s≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEWW_

4.2 38

345
z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEtχψEquarνsEaτ√E√≥−ayγτΛE
γτtχE”mχrρuπaaEs≥≥Et≥xt—EγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEXY_

4.2 94

344
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτE≥v≥τtsE−χτtaγτγτΛEaEsaρ≥RfπavχurEχψψχsγt≥RsγΛτE√γπ≥ψtχτEψaγrQEμ≥tsQEaτ√E
πarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE”mχrρuπaaEs≥≥Et≥xt—´ {≥}E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2015QE]ZQEXV^

4.2 44

343 z≥ar−ΥEfχrEΥ≥avyEπχτΛRπγv≥√EρuπtγR−ΥarΛ≥√Eψartγ−π≥sEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EusγτΛEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEX[W 4.2 22

342 {wχRψartγ−π≥Eiχs≥Rlγτst≥γτE−χrr≥πatγχτsEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EUS_Eaτ√E]E{≥}Eρ≥asur≥√E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEY[[ 4.2 28

341 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνEρassEγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—Eaτ√E”mχrρuπaaEs≥≥Et≥xt—E−Υaττ≥πsE
usγτΛE”mχrρuπaaEs≥≥Et≥xt—´ ”mχrρuπaaEs≥≥Et≥xt—Eh{shzE√ataSEEuropeanlPhysicallJournallCQE2015QE]ZQEXXU 4.2 32

340 h{shzEyuτEVEs≥ar−Υ≥sEfχrE√γr≥−tEψaγrEψrχ√u−tγχτEχfEtΥγr√RΛ≥τ≥ratγχτEsquarνsEatEtΥ≥EsarΛ≥Eoa√rχτE
jχππγ√≥rSEEuropeanlPhysicallJournallCQE2015QE]ZQEZVU 4.2 109
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339 oγΛΥπγΛΥtEχfEy≥suπtsEfrχρEh{shzEatEsojSEPhysicslProcediaQE2015QE^UQEVYRV^

338 z≥ar−ΥEfχrEπχwRs−aπ≥EΛravγtyEsγΛτatur≥sEγτEρuπtγRμ≥tEfγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEME
sqrt{s}d^ENE{≥}SEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 2

337 hEs≥ar−ΥEfχrEΥγΛΥRρassEr≥sχτaτ−≥sE√≥−ayγτΛEtχEˇ�Pˇ�â��EγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 22

336 zuρρaryEχfEtΥ≥Eh{shzE≥xψ≥rγρ≥τtâ��sEs≥τsγtγvγtyEtχEsuψ≥rsyρρ≥tryEaft≥rEsojEyuτEVEâ��Eγτt≥rψr≥t≥√E
γτEtΥ≥EψΥ≥τχρ≥τχπχΛγ−aπEtzztSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 42

335 z≥ar−ΥEfχrEπ≥ψtχτRfπavχurRvγχπatγτΛEoEReE˛…ˇ�E√≥−aysEχfEtΥ≥EoγΛΛsEℓχsχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
JournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 46

334 t≥asur≥ρ≥τtEχfEfχurRμ≥tE√γff≥r≥τtγaπE−rχssEs≥−tγχτsEγτEMEsqrt{s}d^ENE{≥}EψrχtχτRψrχtχτE−χππγsγχτsE
usγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEVR][ 5.4 5

333 hEs≥ar−ΥEfχrEMEtχv≥rπγτ≥{t}ENEr≥sχτaτ−≥sEusγτΛEπ≥ψtχτRψπusRμ≥tsE≥v≥τtsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 57

332 t≥asur≥ρ≥τtEχfEtΥ≥Efχrwar√Rℓa−νwar√Easyρρ≥tryEχfE≥π≥−trχτEaτ√EρuχτEψaγrRψrχ√u−tγχτEγτEψψE
−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 18

331 t≥asur≥ρ≥τtEχfE−ΥarΛ≥√Rψartγ−π≥Esψ≥−traEγτEwℓPwℓE−χππγsγχτsEatEMEsqrt{s¯{ρatΥrρ{uu}}}dWS][ENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 49

330 hτaπysγsEχfE≥v≥τtsEwγtΥEℓRμ≥tsEaτ√EaEψaγrEχfEπ≥ψtχτsEχfEtΥ≥Esaρ≥E−ΥarΛ≥EγτEψψE−χππγsγχτsEatEMEsqrt{s}d^E
NE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 26

329 jχτstraγτtsEχτEτ≥wEψΥ≥τχρ≥τaEvγaEoγΛΛsEℓχsχτE−χuψπγτΛsEaτ√Eγτvγsγℓπ≥E√≥−aysEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 91

328 z≥ar−ΥEfχrEΥγΛΥRρassE√γℓχsχτEr≥sχτaτ−≥sEwγtΥEℓχsχτRtaΛΛ≥√Eμ≥tsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEVRX_ 5.4 66

327
kγff≥r≥τtγaπEtχψRaτtγtχψE−rχssRs≥−tγχτEρ≥asur≥ρ≥τtsEasEaEfuτ−tγχτEχfEχℓs≥rvaℓπ≥sE−χτstru−t≥√EfrχρE
fγτaπRstat≥Eψartγ−π≥sEusγτΛEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EγτEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2015QEWUVZQEV

5.4 31

326 z≥ar−ΥEfχrEΥ≥avyEtaμχraτaEτ≥utrγτχsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}SE
JournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 65

325
z≥ar−ΥEfχrEψrχ√u−tγχτEχfEv≥−tχrRπγν≥EquarνEψaγrsEaτ√EχfEfχurEtχψEquarνsEγτEtΥ≥Eπ≥ψtχτRψπusRμ≥tsEfγτaπE
stat≥EγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2015QEWUVZQEV

5.4 54

324 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE≥v≥τtsEwγtΥEtΥr≥≥EχrEρχr≥E−ΥarΛ≥√Eπ≥ψtχτsEγτEψψE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 16

323 zuρρaryEχfEtΥ≥Es≥ar−Υ≥sEfχrEsquarνsEaτ√EΛπuγτχsEusγτΛEMEsqrt{s}d^ENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥E
h{shzE≥xψ≥rγρ≥τtEatEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 55

322 k≥t≥rργτatγχτEχfEtΥ≥EtχψRquarνEψχπ≥EρassEusγτΛEMEtχv≥rπγτ≥{t}ENEPEVRμ≥tE≥v≥τtsE−χππ≥−t≥√EwγtΥEtΥ≥E
h{shzE≥xψ≥rγρ≥τtEγτE]E{≥}EψψE−χππγsγχτsSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 15

(2015-2015)
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321 t≥asur≥ρ≥τtEχfEtΥ≥EMEtχv≥rπγτ≥{t}~ENEaτ√EMEtχv≥rπγτ≥{t}“ENEψrχ√u−tγχτE−rχssEs≥−tγχτsEγτEψψE−χππγsγχτsE
atEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 16

320 z≥ar−ΥEfχrEfπavχurR−ΥaτΛγτΛEτ≥utraπE−urr≥τtEtχψEquarνE√≥−aysEtEReEoqEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEVR[Z 5.4 18

319 z≥ar−ΥEfχrEΥ≥avyEπ≥ψtχτEr≥sχτaτ−≥sE√≥−ayγτΛEtχEaE“EℓχsχτEaτ√EaEπ≥ψtχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^E
NE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 22

318 z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτE≥v≥τtsEwγtΥEγsχπat≥√Eπ≥ψtχτsQEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 37

317 lvγ√≥τ−≥EfχrEtΥ≥EoγΛΛsRℓχsχτE’uνawaE−χuψπγτΛEtχEtauEπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2015QEWUVZQEV 5.4 74

316 t≥asur≥ρ≥τtEχfEtΥ≥E−ΥarΛ≥Easyρρ≥tryEγτE√γπ≥ψtχτγ−E√≥−aysEχfEtχψEquarνEψaγrsEγτEψψE−χππγsγχτsEatEME
sqrt{s}d]ENE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 16

315 z≥ar−ΥEfχrE”mχrρuπaaEs≥≥Et≥xt—E√≥−aysEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ d´ ^´ {≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE]ZQEV[Z 4.2 25

314 t≥asur≥ρ≥τtEχfEtΥ≥EtχψRquarνEρassEγτEtΥ≥EfuππyEΥa√rχτγ−E√≥−ayE−Υaττ≥πEfrχρEh{shzE√ataEatE
”mχrρuπaaEs≥≥Et≥xt—SEEuropeanlPhysicallJournallCQE2015QE]ZQEVZ^ 4.2 8

313
z≥ar−ΥEfχrE√γr≥−tEψaγrEψrχ√u−tγχτEχfEaE−ΥarΛγτχEaτ√EaEτ≥utraπγτχE√≥−ayγτΛEtχEtΥ≥EVWZ´ n≥}EoγΛΛsE
ℓχsχτEγτE”mχrρuπaaEs≥≥Et≥xt—´ {≥}E”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanl
PhysicallJournallCQE2015QE]ZQEWU^

4.2 50

312 ztu√yEχfEM~T“NoEψrχ√u−tγχτEaτ√EoγΛΛsEℓχsχτE−χuψπγτΛsEusγτΛEoReE~E~EOE√≥−aysEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2015QEWUVZQEV 5.4 14

311 z≥ar−ΥEfχrEρ≥tastaℓπ≥EΥ≥avyE−ΥarΛ≥√Eψartγ−π≥sEwγtΥEπarΛ≥EγχτγsatγχτE≥τ≥rΛyEπχssEγτE−χππγsγχτsEatE
”mχrρuπaaEs≥≥Et≥xt—´ {≥}EusγτΛEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2015QE]ZQEYU] 4.2 18

310
t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτEaτ√Eπ≥ψtχτE−ΥarΛ≥Easyρρ≥tryEχfE”mχrρuπaaEs≥≥Et≥xt—EℓχsχτsEγτE
wℓPwℓE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2015QE
]ZQEWX

4.2 31

309 z≥ar−ΥEfχrEψrχ√u−tγχτEχfEM~~T~“NEr≥sχτaτ−≥sE√≥−ayγτΛEtχEaEπ≥ψtχτQEτ≥utrγτχEaτ√Eμ≥tsEγτEMψψNE
−χππγsγχτsEatEMsqrt{s}d^NE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE2015QE]ZQEV 1

308 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eμ≥tE−rχssRs≥−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EusγτΛE
YSZEfℓâ��VEχfE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE2015QEWUVZQEV 3

307 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνEψaγrEψrχ√u−tγχτE−ΥarΛ≥Easyρρ≥tryEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}ENEdE]E{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 24

306
z≥ar−ΥEfχrEtΥ≥E√γr≥−tEψrχ√u−tγχτEχfE−ΥarΛγτχsQEτ≥utraπγτχsEaτ√EstausEγτEfγτaπEstat≥sEwγtΥEatEπ≥astEtwχE
Υa√rχτγ−aππyE√≥−ayγτΛEtausEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV

5.4 29

305
{Υ≥E√γff≥r≥τtγaπEψrχ√u−tγχτE−rχssEs≥−tγχτEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—MVUWUNEρ≥sχτEγτE”mχrρuπaaEs≥≥E
t≥xt—EdE]´ {≥}E”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2014QE]YQEW^_Z

4.2 12

304 lπ≥−trχτEr≥−χτstru−tγχτEaτ√Eγ√≥τtγfγ−atγχτE≥ffγ−γ≥τ−yEρ≥asur≥ρ≥τtsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛE
tΥ≥EWUVVEsojEψrχtχτRψrχtχτE−χππγsγχτE√ataSEEuropeanlPhysicallJournallCQE2014QE]YQEW_YV 4.2 160
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303 t≥asur≥ρ≥τtEχfEtΥ≥Euτ√≥rπyγτΛE≥v≥τtEγτEμ≥tE≥v≥τtsEfrχρE]EMt≥xtE{{≥}}NEψrχtχτâ��ψrχtχτE−χππγsγχτsE
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014QE]YQEV 4.2 18

302
t≥asur≥ρ≥τtEχfEtΥ≥E−≥τtraπγtyEaτ√Eψs≥u√χraψγ√γtyE√≥ψ≥τ√≥τ−≥EχfEtΥ≥Eγτt≥Λrat≥√E≥ππγψtγ−EfπχwEγτE
π≥a√Rπ≥a√E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}´ wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2014QE]YQEW_^W

4.2 18

301 sγΛΥtRquarνEaτ√EΛπuχτEμ≥tE√γs−rγργτatγχτEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014QE]YQEXUWX 4.2 46

300
t≥asur≥ρ≥τtEχfEtΥ≥E≥π≥−trχw≥aνEψrχ√u−tγχτEχfE√γμ≥tsEγτEassχ−γatγχτEwγtΥEaE“RℓχsχτEaτ√E
√γstrγℓutγχτsEs≥τsγtγv≥EtχEv≥−tχrEℓχsχτEfusγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrt{s}ENEdE^E{≥}EusγτΛE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV

5.4 14

299
z≥ar−ΥEfχrE√γr≥−tEψrχ√u−tγχτEχfE−ΥarΛγτχsEaτ√Eτ≥utraπγτχsEγτE≥v≥τtsEwγtΥEtΥr≥≥Eπ≥ψtχτsEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEMEsqrt{s}ENEdE^E{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2014QEWUVYQEV

5.4 76

298
t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEχfEψrχρψtEqTˇ�Eρ≥sχτsEγτEassχ−γatγχτEwγtΥEaE~E´–E
ℓχsχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE
2014QEWUVYQEV

5.4 24

297 t≥asur≥ρ≥τtEχfE√γμ≥tE−rχssRs≥−tγχτsEγτEψψE−χππγsγχτsEatE]E{≥}E−≥τtr≥RχfRρassE≥τ≥rΛyEusγτΛEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 17

296 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτEχfEaE~EℓχsχτEγτEassχ−γatγχτEwγtΥEaE−ΥarρEquarνEγτEψψE−χππγsγχτsEatEME
sqrt{s}ENEdE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 37

295
z≥ar−ΥEfχrE√γr≥−tEψrχ√u−tγχτEχfE−ΥarΛγτχsQEτ≥utraπγτχsEaτ√Esπ≥ψtχτsEγτEfγτaπEstat≥sEwγtΥEtwχEπ≥ψtχτsE
aτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψψE−χππγsγχτsEatEMEsqrt{s}ENEdE^{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
JournalloflHighlEnergylPhysicsQE2014QEWUVYQEV

5.4 120

294 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEatEMsqrt{s}NEdE^E{≥}EγτEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EtwχEsaρ≥RsγΛτEπ≥ψtχτsEχrE
tΥr≥≥Eπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 39

293 t≥asur≥ρ≥τtEχfEtΥ≥EπχwRρassEkr≥ππR’aτE√γff≥r≥τtγaπE−rχssEs≥−tγχτEatEMEsqrt{s}ENEdE]E{≥}EusγτΛEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 18

292 z≥ar−ΥEfχrE√γr≥−tEtχψRsquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEtwχEπ≥ψtχτsEγτEψψE−χππγsγχτsEatEME
sqrt{s}ENEdE^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 52

291 t≥asur≥ρ≥τtEχfEˇ�E−VEaτ√Eˇ�E−WEψrχ√u−tγχτEwγtΥEMEsqrt{s}ENEdE]E{≥}EψψE−χππγsγχτsEatEh{shzSEJournallofl
HighlEnergylPhysicsQE2014QEWUVYQEV 5.4 26

290 z≥ar−ΥEfχrEργ−rχs−χψγ−Eℓπa−νEΥχπ≥sEaτ√EstrγτΛEℓaππsEγτEfγτaπEstat≥sEwγtΥEπ≥ψtχτsEaτ√Eμ≥tsEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrEatEMEsqrt{s}ENEdE^E{≥}SEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 6

289 z≥ar−ΥEfχrEτ≥wEψartγ−π≥sEγτE≥v≥τtsEwγtΥEχτ≥Eπ≥ψtχτEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψψE
−χππγsγχτsEatEMEsqrt{s}ENEdE^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 40

288
z≥ar−ΥEfχrE√γr≥−tEtχψEsquarνEψaγrEψrχ√u−tγχτEγτE≥v≥τtsEwγtΥEaE”mχrρuπaaEs≥≥Et≥xt—EℓχsχτQE”mχrρuπaaE
s≥≥Et≥xt—Rμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτE”mχrρuπaaEs≥≥Et≥xt—E{≥}E”mχrρuπaaEs≥≥Et≥xt—E
−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014QE]YQEW^^X

4.2 41

287 z≥ar−ΥEfχrEτ≥utraπEoγΛΛsEℓχsχτsEχfEtΥ≥EργτγρaπEsuψ≥rsyρρ≥trγ−Estaτ√ar√Eρχ√≥πEγτEψψE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 67

286 t≥asur≥ρ≥τtEχfEtΥ≥EρuχτEr≥−χτstru−tγχτEψ≥rfχrρaτ−≥EχfEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEWUVVEaτ√EWUVWE
sojEψrχtχτRψrχtχτE−χππγsγχτE√ataSEEuropeanlPhysicallJournallCQE2014QE]YQEXVXU 4.2 166

(2014-2014)
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285
t≥asur≥ρ≥τtsEχfEμ≥tEv≥tχ≥sEaτ√EazγρutΥaπE√≥−χrr≥πatγχτsEγτE√γμ≥tE≥v≥τtsEψrχ√u−≥√EγτE”mχrρuπaaEs≥≥E
t≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014QE
]YQEXVV]

4.2 17

284
hEρ≥asur≥ρ≥τtEχfEtΥ≥EratγχEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτsEfχrE”mχrρuπaaEs≥≥Et≥xt—Eaτ√E”mχrρuπaaE
s≥≥Et≥xt—EℓχsχτsEγτEassχ−γatγχτEwγtΥEμ≥tsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014
QE]YQEXV[^

4.2 16

283 t≥asur≥ρ≥τtsEχfEfγ√u−γaπEaτ√E√γff≥r≥τtγaπE−rχssEs≥−tγχτsEfχrEoγΛΛsEℓχsχτEψrχ√u−tγχτEγτEtΥ≥E
√γψΥχtχτE√≥−ayE−Υaττ≥πEatEMEsqrt{s}d^ENE{≥}EwγtΥEh{shzSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 30

282
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτE≥v≥τtsEwγtΥEπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρQEμ≥tsQEaτ√EatEπ≥astE
χτ≥EtauEπ≥ψtχτEγτEWUEfℓâ��VEχfEMEsqrt{s}ENEdE^E{≥}EψrχtχτRψrχtχτE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV

5.4 9

281
z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEusγτΛEMEsqrt{s}d^ENE{≥}EψrχtχτRψrχtχτE−χππγsγχτE√ataSEJournalloflHighlEnergyl
PhysicsQE2014QEWUVYQEV

5.4 108

280
t≥asur≥ρ≥τtEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτE−rχssRs≥−tγχτEusγτΛE”mχrρuπaaEs≥≥Et≥xt—E≥v≥τtsE
wγtΥE”mχrρuπaaEs≥≥Et≥xt—RtaΛΛ≥√Eμ≥tsEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—Eaτ√E
^´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014QE]YQEXVU_

4.2 107

279
z≥ar−ΥEfχrEtχψEsquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEχτ≥Eγsχπat≥√Eπ≥ψtχτQEμ≥tsQEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEMEsqrt{s}ENEdE^E{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2014QEWUVYQEV

5.4 54

278 tuχτEr≥−χτstru−tγχτE≥ffγ−γ≥τ−yEaτ√Eρχρ≥τtuρEr≥sχπutγχτEχfEtΥ≥Eh{shzE≥xψ≥rγρ≥τtEγτE
ψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ {≥}EγτEWUVUSEEuropeanlPhysicallJournallCQE2014QE]YQEXUXY 4.2 45

277 lπ≥−trχτEaτ√EψΥχtχτE≥τ≥rΛyE−aπγℓratγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEsojEyuτEVE√ataSEEuropeanl
PhysicallJournallCQE2014QE]YQEV 4.2 160

276
z≥ar−ΥEfχrE−χτta−tEγτt≥ra−tγχτsEaτ√EπarΛ≥E≥xtraE√γρ≥τsγχτsEγτEtΥ≥E√γπ≥ψtχτE−Υaττ≥πEusγτΛE
ψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—´ ^´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2014QE]YQEXVXY

4.2 31

275 t≥asur≥ρ≥τtEχfEfπχwEΥarρχτγ−sEwγtΥEρuπtγRψartγ−π≥E−uρuπaτtsEγτEwℓPwℓE−χππγsγχτsEatE”mχrρuπaaEs≥≥E
t≥xt—´ {≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2014QE]YQEXVZ] 4.2 52

274
t≥asur≥ρ≥τtEχfE√γstrγℓutγχτsEs≥τsγtγv≥EtχEtΥ≥Euτ√≥rπyγτΛE≥v≥τtEγτEγτ−πusγv≥E“RℓχsχτEψrχ√u−tγχτEγτE
”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2014QE]YQEXV_Z

4.2 21

273 z≥ar−ΥEfχrE√γr≥−tEψaγrEψrχ√u−tγχτEχfEtΥ≥EtχψEsquarνEγτEaππRΥa√rχτγ−EfγτaπEstat≥sEγτEψrχtχτRψrχtχτE
−χππγsγχτsEatEMEsqrt{s}ENEdE^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 36

272 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssRs≥−tγχτEχfEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EγτEψψE−χππγsγχτsEatEME
sqrt{s}ENEdE]E{≥}EatEh{shzSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 16

271 t≥asur≥ρ≥τtEχfEtΥ≥E“T˛‡EOEℓχsχτEtraτsv≥rs≥Eρχρ≥τtuρE√γstrγℓutγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 79

270
z≥ar−ΥEfχrEstrχτΛEψrχ√u−tγχτEχfEsuψ≥rsyρρ≥trγ−Eψartγ−π≥sEγτEfγτaπEstat≥sEwγtΥEργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEaτ√EatEπ≥astEtΥr≥≥EℓRμ≥tsEatEMEsqrt{s}EdE^ENE{≥}EψrχtχτRψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV

5.4 31

269 t≥asur≥ρ≥τtEχfE√γff≥r≥τtγaπEψrχ√u−tγχτE−rχssRs≥−tγχτsEfχrEaE“EℓχsχτEγτEassχ−γatγχτEwγtΥEℓRμ≥tsEγτE]E
{≥}EψrχtχτRψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 26

268 z≥ar−ΥEfχrEπχτΛRπγv≥√Eτ≥utraπEψartγ−π≥sE√≥−ayγτΛEγτtχEπ≥ψtχτEμ≥tsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2014QEWUVYQEV 5.4 38

KurashigetHisaya
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267
z≥ar−ΥEfχrEψaγrEaτ√EsγτΛπ≥Eψrχ√u−tγχτEχfEτ≥wEΥ≥avyEquarνsEtΥatE√≥−ayEtχEaE“EℓχsχτEaτ√EaE
tΥγr√RΛ≥τ≥ratγχτEquarνEγτEψψE−χππγsγχτsEatEMEsqrt{s}d^ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2014QEWUVYQEV

5.4 29

266 t≥asur≥ρ≥τtEχfEtΥ≥EMtχv≥rπγτ≥{t}NEψrχ√u−tγχτE−rχssRs≥−tγχτEusγτΛEM≥ρuENE≥v≥τtsEwγtΥEMℓNRtaΛΛ≥√Eμ≥tsE
γτEMψψNE−χππγsγχτsEatEMsqrt{s}d]NEaτ√E^E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE2014QE]YQEV 2

265 hEj|khEtχτt≥EjarπχEsγρuπatχrEfχrEra√γatγχτEtΥ≥raψyE√χsγρ≥tryEℓas≥√EχτEn≥aτtYE2014QE 2

264 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEχfEμ≥tsEγτEassχ−γatγχτEwγtΥEaE“EℓχsχτEγτEψψE−χππγsγχτsEatE
MEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 50

263 t≥asur≥ρ≥τtEχfEtΥ≥E−rχssRs≥−tγχτEfχrE~EℓχsχτEψrχ√u−tγχτEγτEassχ−γatγχτEwγtΥEℓRμ≥tsEγτEψψE−χππγsγχτsE
atEMEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 34

262 z≥ar−ΥEfχrEtΥγr√EΛ≥τ≥ratγχτEs−aπarEπ≥ψtχquarνsEγτEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 30

261 z≥ar−ΥEfχrE√arνEρatt≥rE−aτ√γ√at≥sEaτ√EπarΛ≥E≥xtraE√γρ≥τsγχτsEγτE≥v≥τtsEwγtΥEaEμ≥tEaτ√EργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 124

260 t≥asur≥ρ≥τtEχfE““Eψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}Eaτ√EπγργtsEχτEaτχρaπχusE“““Eaτ√E
““˛‡E−χuψπγτΛsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 45

259
z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsEtΥrχuΛΥEtΥ≥EvγχπatγχτEχfEπ≥ψtχτEuτγv≥rsaπγtyEγτEMEtχv≥rπγτ≥{t}ENE
≥v≥τtsEusγτΛEψψE−χππγsγχτE√ataEatEMEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEJournalloflHighl
EnergylPhysicsQE2013QEWUVXQEV

5.4 14

258 z≥ar−ΥEfχrEtΥ≥Eτ≥utraπEoγΛΛsEℓχsχτsEχfEtΥ≥EργτγρaπEsuψ≥rsyρρ≥trγ−Estaτ√ar√Eρχ√≥πEγτEψψE−χππγsγχτsE
atEMEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 47

257 t≥asur≥ρ≥τtEχfEsψπγttγτΛEs−aπ≥sEγτEReE≥v≥τtsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2013QE]XQEWYXW 4.2 8

256
z≥ar−ΥEfχrEaEπγΛΥtE−ΥarΛ≥√EoγΛΛsEℓχsχτEγτEtΥ≥E√≥−ayE−Υaττ≥πE”mχrρuπaaEs≥≥Et≥xt—EγτE”mχrρuπaaEs≥≥E
t≥xt—E≥v≥τtsEusγτΛE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2013QE]XQEWY[Z

4.2 76

255
z≥ar−ΥEfχrE√γr≥−tEtΥγr√RΛ≥τ≥ratγχτEsquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEaτ√EtwχEℓRμ≥tsEγτEMEsqrt{s}d^ENE{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighl
EnergylPhysicsQE2013QEWUVXQEV

5.4 92

254
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEfγτaπEstat≥sEwγtΥEπarΛ≥Eμ≥tEρuπtγψπγ−γtγ≥sEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEatEMEsqrt{s}d^ENE{≥}EψrχtχτRψrχtχτE−χππγsγχτsEusγτΛEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEJournallofl
HighlEnergylPhysicsQE2013QEWUVXQEV

5.4 64

253 t≥asur≥ρ≥τtEχfEtΥ≥E√γff≥r≥τtγaπE−rχssRs≥−tγχτEχfEiEPEρ≥sχτEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEME
sqrt{s}d]ENE{≥}EatEh{shzSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 24

252 w≥rfχrρaτ−≥EχfEμ≥tEsuℓstru−tur≥Et≥−Υτγqu≥sEfχrEπarΛ≥RyEμ≥tsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEME
sqrt{s}d]ENE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 43

251 pρψrχv≥√EπuργτχsγtyE√≥t≥rργτatγχτEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrEatE
tΥ≥EsojSEEuropeanlPhysicallJournallCQE2013QE]XQEWZV^ 4.2 276

250
t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eμ≥tE−rχssRs≥−tγχτEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—Eaτ√E−χρψarγsχτE
tχEtΥ≥Eγτ−πusγv≥Eμ≥tE−rχssRs≥−tγχτEatE”mχrρuπaaEs≥≥Et≥xt—EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2013QE]XQEWZU_

4.2 71

(2013-2014)
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249 tuπtγR−Υaττ≥πEs≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEγτE”mχrρuπaaEs≥≥Et≥xt—E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEatEtΥ≥EsojSEEuropeanlPhysicallJournallCQE2013QE]XQEWX[W 4.2 25

248 q≥tE≥τ≥rΛyEρ≥asur≥ρ≥τtEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE
Msqrt{ρatΥrρ{s}}d]EρatΥrρ{{≥}}NSEEuropeanlPhysicallJournallCQE2013QE]XQEV 4.2 209

247 t≥asur≥ρ≥τtEχfEμ≥tEsΥaψ≥sEγτEtχψRquarνEψaγrE≥v≥τtsEatE”mχrρuπaaEs≥≥Et≥xt—EusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2013QE]XQEW[][ 4.2 18

246
t≥asur≥ρ≥τtEχfEtΥ≥E√γstrγℓutγχτsEχfE≥v≥τtRℓyR≥v≥τtEfπχwEΥarρχτγ−sEγτEπ≥a√Rπ≥a√E−χππγsγχτsEatEME
sqrt{{{s¯{uuE}}}}ENEdEWS][E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE
2013QEWUVXQEV

5.4 143

245 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνE−ΥarΛ≥EγτEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
JournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 15

244 h{shzEs≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτE√γμ≥tEρassEaτ√EaτΛuπarE√γstrγℓutγχτsEusγτΛEψψE−χππγsγχτsEatEME
sqrt{s}d]EN{≥}SEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 72

243 t≥asur≥ρ≥τtEχfEγsχπat≥√RψΥχtχτEψaγrEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMEsqrt{s}d]b{≥}ENEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 44

242 z≥ar−ΥEfχrEr≥sχτaτ−≥sE√≥−ayγτΛEγτtχEtχψRquarνEψaγrsEusγτΛEfuππyEΥa√rχτγ−E√≥−aysEγτEψψE−χππγsγχτsEwγtΥE
h{shzEatEMEsqrt{s}d]ENE{≥}SEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV 5.4 55

241
z≥ar−ΥEfχrE√γr≥−tE−ΥarΛγτχEψrχ√u−tγχτEγτEaτχρaπyRρ≥√γat≥√Esuψ≥rsyρρ≥tryEℓr≥aνγτΛEρχ√≥πsEℓas≥√E
χτEaE√γsaψψ≥arγτΛRtra−νEsγΛτatur≥EγτEψψE−χππγsγχτsEatEMEsqrt{s}d]bρatΥrρ{{≥}}ENEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2013QEWUVXQEV

5.4 15

240 t≥asur≥ρ≥τtsEχfEtχψEquarνEψaγrEr≥πatγv≥E√γff≥r≥τtγaπE−rχssRs≥−tγχτsEwγtΥEh{shzEγτEψψE−χππγsγχτsEatE
Msqrt{s}EdE]Eρℓχx{{≥}}NSEEuropeanlPhysicallJournallCQE2013QE]XQEV 4.2 55

239 z≥ar−ΥEfχrEψaγrRψrχ√u−≥√Eρassγv≥E−χπχur≥√Es−aπarsEγτEfχurRμ≥tEfγτaπEstat≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE
γτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEMsqrt{s}EdE]Eρℓχx{{≥}}NSEEuropeanlPhysicallJournallCQE2013QE]XQEV 4.2 44

238 t≥asur≥ρ≥τtEχfEtΥ≥EfπavχurE−χρψχsγtγχτEχfE√γμ≥tE≥v≥τtsEγτEψψE−χππγsγχτsEatEMsqrt{s}d]Eρℓχx{{≥}}NE
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2013QE]XQEV 4.2 12

237 zγτΛπ≥EΥa√rχτEr≥sψχτs≥Eρ≥asur≥ρ≥τtEaτ√E−aπχrγρ≥t≥rEμ≥tE≥τ≥rΛyEs−aπ≥Euτ−≥rtaγτtyEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEatEtΥ≥EsojSEEuropeanlPhysicallJournallCQE2013QE]XQEV 4.2 41

236 q≥tE≥τ≥rΛyEr≥sχπutγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—Er≥−χr√≥√EγτEWUVUEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2013QE]XQEWXU[ 4.2 153

235 t≥asur≥ρ≥τtEχfEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτE−rχssEs≥−tγχτEγτEtΥ≥EtauEPEμ≥tsE−Υaττ≥πEusγτΛEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2013QE]XQEWXW^ 4.2 30

234
z≥ar−ΥEfχr~oψrχ√u−tγχτEwγtΥEaEπγΛΥtEoγΛΛsEℓχsχτE√≥−ayγτΛEtχEψrχρψtE≥π≥−trχτRμ≥tsEγτE
ψrχtχτâ��ψrχtχτE−χππγsγχτsEatEIsqrtE{s}d]IE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSENewlJournalloflPhysicsQE2013QE
VZQEUYXUU_

2.9 15

233 z≥ar−ΥEfχrEaEΥ≥avyEztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥E−Υaττ≥πEoRe““Reâ��Pâ��â��qq´flEusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U]QEW]RYZ4.2 15

232 t≥asur≥ρ≥τtEχfEtΥ≥ESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysics
QE2012QE]U[QEW][RW_Y 4.2 12
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231 t≥asur≥ρ≥τtEχfEtΥ≥E−rχssRs≥−tγχτEfχrEℓRμ≥tsEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaE“EℓχsχτEatESEPhysicsl
LettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U[QEW_ZRXVX 4.2 23

230
t≥asur≥ρ≥τtEχfEtΥ≥E−rχssEs≥−tγχτEfχrEtΥ≥Eψrχ√u−tγχτEχfEaE~EℓχsχτEγτEassχ−γatγχτEwγtΥEℓRμ≥tsEγτEψψE
−χππγsγχτsEatEsd]{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlel
andlHigh-EnergylPhysicsQE2012QE]U]QEYV^RYX]

4.2 30

229
t≥asur≥ρ≥τtsEχfEtΥ≥E≥π≥−trχτEaτ√EρuχτEγτ−πusγv≥E−rχssRs≥−tγχτsEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatE
sd]{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandl
High-EnergylPhysicsQE2012QE]U]QEYX^RYZ^

4.2 42

228
t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνEψaγrEψrχ√u−tγχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEsd]{≥}EγτE√γπ≥ψtχτE
fγτaπEstat≥sEwγtΥEh{shzSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2012QE]U]QEYZ_RY]]

4.2 41

227
t≥asur≥ρ≥τtEχfEtΥ≥Eψs≥u√χraψγ√γtyEaτ√Etraτsv≥rs≥Eρχρ≥τtuρE√≥ψ≥τ√≥τ−≥EχfEtΥ≥E≥ππγψtγ−EfπχwEχfE
−ΥarΛ≥√Eψartγ−π≥sEγτEπ≥a√â��π≥a√E−χππγsγχτsEatEsuudWS][{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersyl
SectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U]QEXXURXY^

4.2 200

226
z≥ar−ΥEfχrEτ≥wEψΥysγ−sEγτEtΥ≥E√γμ≥tEρassE√γstrγℓutγχτEusγτΛEVEfℓâ��VEχfEψψE−χππγsγχτE√ataEatEsd]E{≥}E
−χππ≥−t≥√EℓyEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandl
High-EnergylPhysicsQE2012QE]U^QEX]RZY

4.2 72

225
hEρ≥asur≥ρ≥τtEχfEtΥ≥EratγχEχfEtΥ≥E~Eaτ√E“E−rχssEs≥−tγχτsEwγtΥE≥xa−tπyEχτ≥Eassχ−γat≥√Eμ≥tEγτEψψE
−χππγsγχτsEatEsd]{≥}EwγtΥEh{shzSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandl
High-EnergylPhysicsQE2012QE]U^QEWWVRWYU

4.2 8

224
z≥ar−Υ≥sEfχrEsuψ≥rsyρρ≥tryEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEfγτaπEstat≥sEwγtΥEtwχEπ≥ψtχτsEaτ√E
ργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEsd]{≥}Eψrχtχτâ��ψrχtχτE−χππγsγχτsSEPhysicslLettersylSectionlB:l
NuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U_QEVX]RVZ]

4.2 54

223 z≥ar−ΥEfχrEfγrstEΛ≥τ≥ratγχτEs−aπarEπ≥ψtχquarνsEγτEψψE−χππγsγχτsEatEsd]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
PhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U_QEVZ^RV][ 4.2 40

222
jχρℓγτ≥√Es≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEusγτΛEuψEtχEYS_Efℓâ��VEχfEψψE−χππγsγχτE√ataEatE
sd]{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlel
andlHigh-EnergylPhysicsQE2012QE]VUQEY_R[[

4.2 301

221
t≥asur≥ρ≥τtEχfEtΥ≥E−≥τtraπγtyE√≥ψ≥τ√≥τ−≥EχfEtΥ≥E−ΥarΛ≥√Eψartγ−π≥Eψs≥u√χraψγ√γtyE√γstrγℓutγχτEγτE
π≥a√â��π≥a√E−χππγsγχτsEatESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2012QE]VUQEX[XRX^W

4.2 104

220 z≥ar−ΥEfχrEstrχτΛEΛravγtyEsγΛτatur≥sEγτEsaρ≥RsγΛτE√γρuχτEfγτaπEstat≥sEusγτΛEtΥ≥Eh{shzE√≥t≥−tχrEatE
tΥ≥EsojSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U_QEXWWRXYU4.2 16

219
z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEusγτΛEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrEγτEsd]E{≥}Eψrχtχτâ��ψrχtχτE−χππγsγχτsSEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]VUQE[]R^Z

4.2 142

218
t≥asur≥ρ≥τtEχfEtΥ≥E~´–“Eψrχ√u−tγχτE−rχssEs≥−tγχτEaτ√EπγργtsEχτEaτχρaπχusEtrγψπ≥EΛauΛ≥E−χuψπγτΛsE
γτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEsd]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]U_QEXYVRXZ]

4.2 18

217
z≥ar−ΥEfχrE√γψΥχtχτE≥v≥τtsEwγtΥEπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEVEfℓâ��VEχfE]E{≥}E
ψrχtχτâ��ψrχtχτE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]VUQEZV_RZX]

4.2 18

216
z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥E√≥−ayE−Υaττ≥πEoRe““MfNReYâ��EwγtΥEYS^Efℓâ��VEχfEψψE
−χππγsγχτE√ataEatEsd]E{≥}EwγtΥEh{shzSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandl
High-EnergylPhysicsQE2012QE]VUQEX^XRYUW

4.2 86

215
z≥ar−ΥEfχrE≥xtraE√γρ≥τsγχτsEusγτΛE√γψΥχtχτE≥v≥τtsEγτE]E{≥}Eψrχtχτâ��ψrχtχτE−χππγsγχτsEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE
2012QE]VUQEZX^RZZ[

4.2 35

214
z≥ar−ΥEfχrEΥ≥avyEv≥−tχrRπγν≥EquarνsE−χuψπγτΛEtχEπγΛΥtEquarνsEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEsd]{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2012QE]VWQEWWRX_

4.2 29

(2012-2012)
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213 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνEψaγrEψrχ√u−tγχτE−rχssRs≥−tγχτEwγtΥEh{shzEγτEtΥ≥EsγτΛπ≥Eπ≥ψtχτE
−Υaττ≥πSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]VVQEWYYRW[X4.2 64

212 z≥ar−ΥEfχrE−χτta−tEγτt≥ra−tγχτsEγτE√γπ≥ψtχτE≥v≥τtsEfrχρEψψE−χππγsγχτsEatESEPhysicslLettersylSectionlB:l
NuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]VWQEYURZ^ 4.2 8

211 t≥asur≥ρ≥τtEχfEtΥ≥E~~E−rχssEs≥−tγχτEγτESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlel
andlHigh-EnergylPhysicsQE2012QE]VWQEW^_RXU^ 4.2 33

210
z≥ar−ΥEfχrEτ≥wEψartγ−π≥sE√≥−ayγτΛEtχE““EusγτΛEfγτaπEstat≥sEwγtΥEπ≥ψtχτsEaτ√Eμ≥tsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEγτEsd]{≥}Eψrχtχτâ��ψrχtχτE−χππγsγχτsSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlel
andlHigh-EnergylPhysicsQE2012QE]VWQEXXVRXZU

4.2 15

209 z≥ar−ΥEfχrEmjujEsγτΛπ≥EtχψRquarνEψrχ√u−tγχτEatEsd]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersyl
SectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2012QE]VWQEXZVRX[_ 4.2 35

208 z≥ar−ΥEfχrE√≥−aysEχfEstχψψ≥√QEπχτΛRπγv≥√Eψartγ−π≥sEfrχρE]E{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 14

207
t≥asur≥ρ≥τtEχfEtΥ≥EψχπarγsatγχτEχfE~EℓχsχτsEψrχ√u−≥√EwγtΥEπarΛ≥Etraτsv≥rs≥Eρχρ≥τtuρEγτEψψE
−χππγsγχτsEatEMsqrt{s}EdE]Eρℓχx{{≥}}NEwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSEEuropeanlPhysicallJournallCQE2012QE
]WQEV

4.2 31

206 t≥asur≥ρ≥τtEχfEtΥ≥E−ΥarΛ≥Easyρρ≥tryEγτEtχψEquarνEψaγrEψrχ√u−tγχτEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥E
t≥xt—EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2012QE]WQEWUX_ 4.2 78

205 z≥ar−ΥEfχrEπ≥ψtχτEfπavχurEvγχπatγχτEγτEtΥ≥E−χτtγτuuρEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτE”mχrρuπaaEs≥≥Et≥xt—E
−χππγsγχτsEatEtΥ≥EsojSEEuropeanlPhysicallJournallCQE2012QE]WQEWUYU 4.2 10

204 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνEρassEwγtΥEtΥ≥Et≥ρψπat≥Eρ≥tΥχ√EγτEtΥ≥E”mχrρuπaaEs≥≥Et≥xt—E−Υaττ≥πE
usγτΛEh{shzE√ataSEEuropeanlPhysicallJournallCQE2012QE]WQEWUY[ 4.2 42

203 z≥ar−ΥEfχrEΥ≥avyEτ≥utrγτχsEaτ√ErγΛΥtRΥaτ√≥√EℓχsχτsEγτE≥v≥τtsEwγtΥEtwχEπ≥ψtχτsEaτ√Eμ≥tsEγτE
−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2012QE]WQEWUZ[ 4.2 78

202 t≥asur≥ρ≥τtEχfEψχπarγzatγχτEγτEReE√≥−aysEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτE−χππγsγχτsEatE”mχrρuπaaEs≥≥E
t≥xt—SEEuropeanlPhysicallJournallCQE2012QE]WQEWU[W 4.2 17

201
t≥asur≥ρ≥τtEχfEtΥ≥E−rχssEs≥−tγχτEfχrEtχψRquarνEψaγrEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEMsqrtE{s}EdE
{]}Q{t≥xt{{≥}}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEfγτaπEstat≥sEwγtΥEtwχEΥγΛΥRψE{Eπ≥ψtχτsSEJournallofl
HighlEnergylPhysicsQE2012QEWUVWQEV

5.4 43

200 q≥tEρassEaτ√Esuℓstru−tur≥EχfEγτ−πusγv≥Eμ≥tsEγτEMEsqrtE{s}EdE]b{t≥xt{{≥}}}ENEψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE
≥xψ≥rγρ≥τtSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 67

199 t≥asur≥ρ≥τtEχfEγτ−πusγv≥EtwχRψartγ−π≥EaτΛuπarE−χrr≥πatγχτsEγτEψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE
atEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 10

198
ouτtEfχrEτ≥wEψΥ≥τχρ≥τaEusγτΛEπarΛ≥Eμ≥tEρuπtγψπγ−γtγ≥sEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEwγtΥE
h{shzEγτEYS]Efℓâ��VEχfEMEsqrtE{s}EdE]b{≥}ENEψrχtχτRψrχtχτE−χππγsγχτsSEJournalloflHighlEnergylPhysicsQE
2012QEWUVWQEV

5.4 48

197
hEs≥ar−ΥEfχrEMEtχv≥rπγτ≥EtENEr≥sχτaτ−≥sEγτEπ≥ψtχτPμ≥tsE≥v≥τtsEwγtΥEΥγΛΥπyEℓχχst≥√EtχψEquarνsE
−χππ≥−t≥√EγτEψψE−χππγsγχτsEatEMEsqrtE{s}EdE]ENE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2012QEWUVWQEV

5.4 39

196 z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥EoEReEˇ�EPEˇ�Eâ��E√≥−ayEρχ√≥EγτEMEsqrtE{s}EdE
]Q{ρatΥrρ{{≥}}}ENEψψE−χππγsγχτsEwγtΥEh{shzSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 37
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195 hEs≥ar−ΥEfχrEfπavχurE−ΥaτΛγτΛEτ≥utraπE−urr≥τtsEγτEtχψRquarνE√≥−aysEγτEψψE−χππγsγχτE√ataE−χππ≥−t≥√E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEMEsqrt{s}d]b{≥}ENSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 31

194 t≥asur≥ρ≥τtsEχfEtΥ≥Eψs≥u√χraψγ√γtyE√≥ψ≥τ√≥τ−≥EχfEtΥ≥EtχtaπEtraτsv≥rs≥E≥τ≥rΛyEγτEψrχtχτRψrχtχτE
−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}EwγtΥEh{shzSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 11

193 z≥ar−ΥEfχrEaEΥ≥avyEtχψRquarνEψartτ≥rEγτEfγτaπEstat≥sEwγtΥEtwχEπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatE
tΥ≥EsojSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 53

192 z≥ar−ΥEfχrEΥγΛΥRρassEr≥sχτaτ−≥sE√≥−ayγτΛEtχE√γπ≥ψtχτEfγτaπEstat≥sEγτEψψE−χππγsγχτsEatEMEsqrt{s}d]ENE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 49

191 z≥ar−ΥEfχrEaτχρaπχusEψrχ√u−tγχτEχfEψrχρψtEπγν≥RsγΛτEπ≥ψtχτEψaγrsEatEMEsqrt{s}d]bρatΥrρ{{≥}}ENEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 16

190 z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEρassγv≥Eψartγ−π≥sE√≥−ayγτΛEγτtχEtΥr≥≥EquarνsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrE
γτEMEsqrt{s}d]bρatΥrρ{{≥}}ENEψψE−χππγsγχτsEatEtΥ≥EsojSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 45

189
z≥ar−ΥEfχrEyRψarγtyRvγχπatγτΛEsuψ≥rsyρρ≥tryEγτE≥v≥τtsEwγtΥEfχurEχrEρχr≥Eπ≥ψtχτsEγτEME
sqrt{s}d]bρatΥrρ{{≥}}ENEψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2012QE
WUVWQEV

5.4 13

188 z≥ar−ΥEfχrE≥x−γt≥√Eπ≥ψtχτsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicall
ReviewlDQE2012QE^ZQE 4.9 13

187 t≥asur≥ρ≥τtEχfEtΥ≥Eγsχπat≥√E√γψΥχtχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 35

186 rsUEaτ√E˛�Eψrχ√u−tγχτEγτEψψEγτt≥ra−tγχτsEatEsdUS_Eaτ√E]E{≥}Eρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatE
tΥ≥EsojSEPhysicallReviewlDQE2012QE^ZQE 4.9 20

185 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEfχrE“T˛‡OEγτEassχ−γatγχτEwγtΥEμ≥tsEγτEψψE−χππγsγχτsEatE
sd]EE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 28

184 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥E~´–Eaτ√E“T˛‡OE−rχssEs≥−tγχτsEγτEtΥ≥E≥Eaτ√E˛…E√≥−ayE−Υaττ≥πsEγτEψψE
−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 117

183 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEψψE−χππγsγχτsEatEsd]EE{≥}EγτEfγτaπEstat≥sEwγtΥEργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEaτ√EℓRμ≥tsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 29

182 t≥asur≥ρ≥τtEχfEtΥ≥Etraτsv≥rs≥Eρχρ≥τtuρE√γstrγℓutγχτEχfE~EℓχsχτsEγτEψψE−χππγsγχτsEatEsd]EE{≥}E
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 34

181 z≥ar−ΥEfχrEtΥ≥Estaτ√ar√Eρχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥E√γψΥχtχτE√≥−ayE−Υaττ≥πEwγtΥEYS_EfℓMRVNEχfEψψE
−χππγsγχτE√ataEatEâ��sd]E{≥}EwγtΥEh{shzSEPhysicallReviewlLettersQE2012QEVU^QEVVV^UX 7.4 157

180 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEfγτaπEstat≥sEwγtΥEμ≥tsQEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEaτ√Eχτ≥Eγsχπat≥√E
π≥ψtχτEγτEsd]EE{≥}EψψE−χππγsγχτsEusγτΛEVEEfℓâ��VEχfEh{shzE√ataSEPhysicallReviewlDQE2012QE^ZQE 4.9 53

179 lπ≥−trχτEψ≥rfχrρaτ−≥Eρ≥asur≥ρ≥τtsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛEtΥ≥EWUVUEsojEψrχtχτRψrχtχτE
−χππγsγχτE√ataSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 199

178 yaψγ√γtyEΛaψE−rχssEs≥−tγχτsEρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatEMsqrt{s}EdE]E
ρℓχx{~{≥}}NSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 70
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177
z≥ar−ΥEfχrEaτχρaπyRρ≥√γat≥√Esuψ≥rsyρρ≥tryEℓr≥aνγτΛEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEℓas≥√EχτEaE
√γsaψψ≥arγτΛRtra−νEsγΛτatur≥EγτEψψE−χππγsγχτsEatEMsqrt{s}EdE]~ρatΥrρ{{≥}}NSEEuropeanlPhysicall
JournallCQE2012QE]WQEV

4.2 13

176
t≥asur≥ρ≥τtEχfE”mχrρuπaaEs≥≥Et≥xt—Eψrχ√u−tγχτEwγtΥEaEv≥tχEχτEa√√γtγχτaπE−≥τtraπEμ≥tEa−tγvγtyEγτE
−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—E{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2012QE
]WQEWUYX

4.2 82

175 hEs≥ar−ΥEfχrE”mχrρuπaaEs≥≥Et≥xt—Er≥sχτaτ−≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEWSUZEfℓEχfEψrχtχτRψrχtχτE
−χππγsγχτsEatE”mχrρuπaaEs≥≥Et≥xt—SEEuropeanlPhysicallJournallCQE2012QE]WQEWU^X 4.2 14

174 z≥ar−ΥEfχrEs≥−χτ√EΛ≥τ≥ratγχτEs−aπarEπ≥ψtχquarνsEγτEψψE−χππγsγχτsEatEMsqrt{s}d]~ρℓχx{{≥}}NEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 35

173 z≥ar−ΥEfχrEaEf≥rργχψΥχℓγ−EoγΛΛsEℓχsχτEγτEtΥ≥E√γψΥχtχτE√≥−ayE−Υaττ≥πEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 13

172 t≥asur≥ρ≥τtEχfE~E´–E“Eψrχ√u−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMsqrt{s}d]~ρℓχx{{≥}}NEwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 54

171
z≥ar−ΥEfχrEtχψEaτ√EℓχttχρEsquarνsEfrχρEΛπuγτχEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEργssγτΛE
traτsv≥rs≥E≥τ≥rΛyEaτ√EatEπ≥astEtΥr≥≥EℓRμ≥tsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE
2012QE]WQEV

4.2 24

170 t≥asur≥ρ≥τtEχfE≥v≥τtEsΥaψ≥sEatEπarΛ≥Eρχρ≥τtuρEtraτsf≥rEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE
−χππγsγχτsEatEMsqrt{ρatΥℓf{s}}d]EρatΥrρ{{≥}}NSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 18

169
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτE≥v≥τtsEwγtΥEπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρQEμ≥tsQEaτ√EatEπ≥astE
χτ≥EtauEπ≥ψtχτEγτE]E{≥}EψrχtχτRψrχtχτE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicall
JournallCQE2012QE]WQEV

4.2 11

168
z≥ar−ΥEfχrEπγΛΥtEs−aπarEtχψRquarνEψaγrEψrχ√u−tγχτEγτEfγτaπEstat≥sEwγtΥEtwχEπ≥ψtχτsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEγτEMsqrt{s}d]EρatΥrρ{{≥}}NEψrχtχτâ��ψrχtχτE−χππγsγχτsSEEuropeanlPhysicallJournallCQE2012QE
]WQEV

4.2 31

167 h{shzEs≥ar−ΥEfχrEaEΥ≥avyEΛauΛ≥EℓχsχτE√≥−ayγτΛEtχEaE−ΥarΛ≥√Eπ≥ψtχτEaτ√EaEτ≥utrγτχEγτEψψE−χππγsγχτsE
atEMsqrt{s}EdE]EρatΥrρ{{≥}}NSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 34

166 z≥ar−ΥEfχrE√χuℓπyE−ΥarΛ≥√EoγΛΛsEℓχsχτsEγτEπγν≥RsγΛτE√γπ≥ψtχτEfγτaπEstat≥sEatEMsqrt{s}EdE]E
ρatΥrρ{{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 104

165 jχρℓγτ≥√Es≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEψψE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlDQE2012QE^[QE 4.9 96

164 w≥rfχrρaτ−≥EχfEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEr≥−χτstru−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE
Msqrt{s}EdE]~ρℓχx{{≥}}NEwγtΥEh{shzSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 217

163 w≥rfχrρaτ−≥EχfEtΥ≥Eh{shzE{rγΛΛ≥rEzyst≥ρEγτEWUVUSEEuropeanlPhysicallJournallCQE2012QE]WQEV 4.2 232

162 z≥ar−ΥEfχrEsaρ≥RsγΛτEtχψRquarνEψrχ√u−tγχτEaτ√EfχurtΥRΛ≥τ≥ratγχτE√χwτRtyψ≥EquarνsEγτEψψE−χππγsγχτsE
atEMEsqrtE{s}EdE{]}b{t≥xt{{≥}}}ENEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 34

161 z≥ar−ΥEfχrE−ΥarΛ≥√EoγΛΛsEℓχsχτsE√≥−ayγτΛEvγaEoE´–EReEˇ�˛‰EγτEMEtχv≥rπγτ≥EtENE≥v≥τtsEusγτΛEψψE−χππγsγχτE√ataE
atEMEsqrtE{s}EdE]b{≥}ENEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 112

160 t≥asur≥ρ≥τtEχfEtΥ≥E~EℓχsχτEψχπarγzatγχτEγτEtχψEquarνE√≥−aysEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournallofl
HighlEnergylPhysicsQE2012QEWUVWQEV 5.4 52

KurashigetHisaya
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159 mχrwar√Rℓa−νwar√E−χrr≥πatγχτsEaτ√E−ΥarΛ≥√Rψartγ−π≥EazγρutΥaπE√γstrγℓutγχτsEγτEψψEγτt≥ra−tγχτsE
usγτΛEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2012QEWUVWQEV 5.4 23

158 z≥ar−ΥEfχrEΛπuγτχsEγτE≥v≥τtsEwγtΥEtwχEsaρ≥RsγΛτEπ≥ψtχτsQEμ≥tsQEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρE
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatEsqrt”s—d]EE{≥}SEPhysicallReviewlLettersQE2012QEVU^QEWYV^UW 7.4 35

157 z≥ar−ΥEfχrEs−aπarEℓχttχρEquarνEψaγrEψrχ√u−tγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatE
sqrt”s—d]EE{≥}SEPhysicallReviewlLettersQE2012QEVU^QEV^V^UW 7.4 54

156 z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEttE≥v≥τtsEwγtΥEπarΛ≥EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψrχtχτRψrχtχτE
−χππγsγχτsEatEsqrt”s—EdE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlLettersQE2012QEVU^QEUYV^UZ 7.4 46

155 vℓs≥rvatγχτEχfEsψγτE−χrr≥πatγχτEγτEtt´flE≥v≥τtsEfrχρEψψE−χππγsγχτsEatEâ��sd]E{≥}EusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlLettersQE2012QEVU^QEWVWUUV 7.4 67

154 t≥asur≥ρ≥τtEχfEγτ−πusγv≥Eμ≥tEaτ√E√γμ≥tEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEsd]EE{≥}EusγτΛEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlDQE2012QE^[QE 4.9 107

153 vℓs≥rvatγχτEχfEaEτ≥wEˇ�MℓNEstat≥EγτEra√γatγv≥EtraτsγtγχτsEtχE˛¥MVzNEaτ√E˛¥MWzNEatEh{shzSEPhysicallReviewl
LettersQE2012QEVU^QEVZWUUV 7.4 77

152 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEχfEaτEγsχπat≥√EψΥχtχτEassχ−γat≥√EwγtΥEμ≥tsEγτE
ψrχtχτRψrχtχτE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 30

151 t≥asur≥ρ≥τtEχfEtΥ≥EazγρutΥaπEaτγsχtrχψyEfχrE−ΥarΛ≥√Eψartγ−π≥Eψrχ√u−tγχτEγτEsuudWS][E{≥}E
π≥a√Rπ≥a√E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlCQE2012QE^[QE 2.7 313

150 z≥ar−ΥEfχrEtΥ≥EoγΛΛsEℓχsχτEγτEtΥ≥EoRe~~MONReâ��MPN˛‰â��MRN˛‰E√≥−ayE−Υaττ≥πEγτEψψE−χππγsγχτsEatEâ��sd]E{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlLettersQE2012QEVU^QEVVV^UW 7.4 32

149 z≥ar−ΥEfχrEaEπγΛΥtEoγΛΛsEℓχsχτE√≥−ayγτΛEtχEπχτΛRπγv≥√Ew≥aνπyEγτt≥ra−tγτΛEψartγ−π≥sEγτEψrχtχτRψrχtχτE
−χππγsγχτsEatEsqrt”s—EdE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlLettersQE2012QEVU^QEWZV^UV 7.4 48

148 z≥ar−ΥEfχrEaτχρaπχusEψrχ√u−tγχτEχfEψrχρψtEπγν≥RsγΛτEρuχτEψaγrsEaτ√E−χτstraγτtsEχτEψΥysγ−sEℓ≥yχτ√E
tΥ≥Estaτ√ar√Eρχ√≥πEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 24

147 t≥asur≥ρ≥τtEχfEkO´–Eρ≥sχτEψrχ√u−tγχτEγτEμ≥tsEfrχρEψψE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 19

146 z≥ar−ΥEfχrEψrχ√u−tγχτEχfEr≥sχτaτtEstat≥sEγτEtΥ≥EψΥχtχτRμ≥tEρassE√γstrγℓutγχτEusγτΛEψψE−χππγsγχτsEatE
â��sd]E{≥}E−χππ≥−t≥√EℓyEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlLettersQE2012QEVU^QEWVV^UW 7.4 11

145
t≥asur≥ρ≥τtEχfEtΥ≥E““Eψrχ√u−tγχτE−rχssEs≥−tγχτEaτ√EπγργtsEχτEaτχρaπχusEτ≥utraπEtrγψπ≥EΛauΛ≥E
−χuψπγτΛsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEsqrt”s—EdE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewl
LettersQE2012QEVU^QEUYV^UY

7.4 29

144 z≥ar−ΥEfχrEψaγrRψrχ√u−≥√EΥ≥avyEquarνsE√≥−ayγτΛEtχE~qEγτEtΥ≥EtwχRπ≥ψtχτE−Υaττ≥πEatEMsNd]EE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2012QE^[QE 4.9 21

143 z≥ar−ΥEfχrE√χwτRtyψ≥EfχurtΥEΛ≥τ≥ratγχτEquarνsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτE≥v≥τtsEwγtΥEχτ≥Eπ≥ψtχτE
aτ√EΥa√rχτγ−aππyE√≥−ayγτΛE~EℓχsχτsSEPhysicallReviewlLettersQE2012QEVU_QEUXWUUV 7.4 35

142 ztu√yEχfEμ≥tsEψrχ√u−≥√EγτEassχ−γatγχτEwγtΥEaE~EℓχsχτEγτEψψE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlDQE2012QE^ZQE 4.9 41
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141 hEstu√yEχfEtΥ≥Eρat≥rγaπEγτEtΥ≥Eh{shzEγττ≥rE√≥t≥−tχrEusγτΛEs≥−χτ√aryEΥa√rχτγ−Eγτt≥ra−tγχτsSEJournall
oflInstrumentationQE2012QE]QEwUVUVXRwUVUVX 1 20

140 t≥asur≥ρ≥τtEχfEtΥ≥E√γff≥r≥τtγaπE−rχssRs≥−tγχτsEχfEγτ−πusγv≥QEψrχρψtEaτ√EτχτRψrχρψtEqTˇ�E
ψrχ√u−tγχτEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEsd]E{≥}SENuclearlPhysicslBQE2011QE^ZUQEX^]RYYY 2.8 130

139 z≥ar−ΥEfχrEΥ≥avyEπχτΛRπγv≥√E−ΥarΛ≥√Eψartγ−π≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEψψE−χππγsγχτsEatEsd]E{≥}SE
PhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2011QE]UXQEYW^RYY[ 4.2 40

138 t≥asur≥ρ≥τtEχfEtΥ≥ESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysics
QE2011QE]UZQE_RW] 4.2 17

137
z≥ar−ΥEfχrEaEΥ≥avyEΛauΛ≥EℓχsχτE√≥−ayγτΛEtχEaE−ΥarΛ≥√Eπ≥ψtχτEaτ√EaEτ≥utrγτχEγτEVEfℓâ��VEχfEψψE
−χππγsγχτsEatESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2011QE
]UZQEW^RY[

4.2 43

136 z≥ar−ΥEfχrEτ≥utraπEtzztEoγΛΛsEℓχsχτsE√≥−ayγτΛEtχESEPhysicslLettersylSectionlB:lNuclearylElementaryl
ParticlelandlHigh-EnergylPhysicsQE2011QE]UZQEV]YRV_W 4.2 40

135
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEwγtΥEtΥ≥Eρχτχμ≥tEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEsγΛτatur≥EusγτΛE
tΥ≥Eh{shzE√≥t≥−tχrEγτESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2011QE]UZQEW_YRXVW

4.2 52

134 t≥asur≥ρ≥τtEχfEtΥ≥Etraτsv≥rs≥Eρχρ≥τtuρE√γstrγℓutγχτEχfESEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2011QE]UZQEYVZRYXY 4.2 55

133 z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥E√≥−ayE−Υaττ≥πESEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2011QE]UZQEYXZRYZV 4.2 18

132
z≥ar−ΥEfχrEtΥ≥Eztaτ√ar√Etχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥EtwχEψΥχtχτE√≥−ayE−Υaττ≥πEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEatEtΥ≥EsojSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE
2011QE]UZQEYZWRY]U

4.2 20

131
t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eγsχπat≥√EψrχρψtEψΥχtχτE−rχssRs≥−tγχτEγτEψψE−χππγsγχτsEatEsd]E{≥}E
usγτΛEXZEψℓâ��VEχfEh{shzE√ataSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2011QE]U[QEVZURV[]

4.2 42

130 t≥asur≥ρ≥τtEχfEγτ−πusγv≥Eμ≥tEaτ√E√γμ≥tE−rχssEs≥−tγχτsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE]E{≥}E
−≥τtr≥RχfRρassE≥τ≥rΛyEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 103

129 t≥asur≥ρ≥τtEχfEtΥ≥EtχψEquarνRψaγrEψrχ√u−tγχτE−rχssEs≥−tγχτEwγtΥEh{shzEγτEψψE−χππγsγχτsEatE
Msqrt{s}d]NE{≥}SEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 138

128 ztu√γ≥sEχfEtΥ≥Eψ≥rfχrρaτ−≥EχfEtΥ≥Eh{shzE√≥t≥−tχrEusγτΛE−χsργ−RrayEρuχτsSEEuropeanlPhysicall
JournallCQE2011QE]VQEV 4.2 16

127 suργτχsγtyE√≥t≥rργτatγχτEγτEψψE−χππγsγχτsEatEMsqrt{s}EdE]NE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSE
EuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 167

126
t≥asur≥ρ≥τtsEχfEuτ√≥rπyγτΛR≥v≥τtEψrχψ≥rtγ≥sEusγτΛEτ≥utraπEaτ√E−ΥarΛ≥√Eψartγ−π≥sEγτEψψE−χππγsγχτsE
atEMsqrt{s}d_UUNEn≥}Eaτ√EMsqrt{s}d]NE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEEuropeanlPhysicall
JournallCQE2011QE]VQEV

4.2 30

125
z≥ar−ΥEfχrEaτE≥x−≥ssEχfE≥v≥τtsEwγtΥEaτEγ√≥τtγ−aπEfπavχurEπ≥ψtχτEψaγrEaτ√EsγΛτγfγ−aτtEργssγτΛE
traτsv≥rs≥Eρχρ≥τtuρEγτEMsqrt{s}d]NE{≥}Eψrχtχτâ��ψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
EuropeanlPhysicallJournallCQE2011QE]VQEV

4.2 18

124
z≥ar−ΥEfχrEsuψ≥rsyρρ≥trγ−Eψartγ−π≥sEγτE≥v≥τtsEwγtΥEπ≥ψtχτEψaγrsEaτ√EπarΛ≥EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEγτEMsqrt{s}d]~ρℓχx{{≥}}NEψrχtχτâ��ψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtSE
EuropeanlPhysicallJournallCQE2011QE]VQEV

4.2 41
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123 sγργtsEχτEtΥ≥Eψrχ√u−tγχτEχfEtΥ≥Estaτ√ar√Eρχ√≥πEoγΛΛsEℓχsχτEγτEψψE−χππγsγχτsEatEMsqrt{s}EdE]NE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 37

122 z≥ar−ΥEfχrE√γψΥχtχτE≥v≥τtsEwγtΥEπarΛ≥EργssγτΛEtraτsv≥rs≥E≥τ≥rΛyEwγtΥEX[Eψℓâ��VEχfE]E{≥}E
ψrχtχτâ��ψrχtχτE−χππγsγχτE√ataEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 15

121 t≥asur≥ρ≥τtEχfEρuπtγRμ≥tE−rχssEs≥−tγχτsEγτEψrχtχτâ��ψrχtχτE−χππγsγχτsEatEaE]E{≥}E−≥τt≥rRχfRρassE
≥τ≥rΛySEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 44

120 t≥asur≥ρ≥τtEχfEtΥ≥Eμ≥tEfraΛρ≥τtatγχτEfuτ−tγχτEaτ√Etraτsv≥rs≥Eψrχfγπ≥EγτEψrχtχτâ��ψrχtχτE−χππγsγχτsE
atEaE−≥τt≥rRχfRρassE≥τ≥rΛyEχfE]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 51

119 z≥ar−ΥEfχrEaEΥ≥avyEτ≥utraπEψartγ−π≥E√≥−ayγτΛEγτtχEaτE≥π≥−trχτEaτ√EaEρuχτEusγτΛEVEfℓâ��VEχfEh{shzE
√ataSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 13

118 z≥ar−ΥEfχrEρassγv≥E−χπχr≥√Es−aπarsEγτEfχurRμ≥tEfγτaπEstat≥sEγτEMsqrt{s}d]~ρℓχx{{≥}}NEψrχtχτâ��ψrχtχτE
−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 37

117 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eaτ√E√γμ≥tE−rχssRs≥−tγχτsEχfEℓRμ≥tsEγτEψψE−χππγsγχτsEatE
Msqrt{s}d]ρℓχx{~{≥}}NEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEEuropeanlPhysicallJournallCQE2011QE]VQEV 4.2 53

116 SEJournalloflHighlEnergylPhysicsQE2011QEWUVVQEV 5.4 22

115 t≥asur≥ρ≥τtEχfE~˛‡Eaτ√E“˛‡Eψrχ√u−tγχτEγτEψrχtχτRψrχtχτE−χππγsγχτsEatEMEsqrtE{s}EdE]ENE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2011QEWUVVQEV 5.4 11

114 pτ−πusγv≥Es≥ar−ΥEfχrEsaρ≥RsγΛτE√γπ≥ψtχτEsγΛτatur≥sEγτEψψE−χππγsγχτsEatEMEsqrtE{s}EdE]ENE{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEJournalloflHighlEnergylPhysicsQE2011QEWUVVQEV 5.4 31

113
z≥ar−ΥEfχrEτ≥wEψΥ≥τχρ≥τaEγτEfγτaπEstat≥sEwγtΥEπarΛ≥Eμ≥tEρuπtγψπγ−γtγ≥sEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEusγτΛEMsqrtE{s}NEdE]E{≥}EψψE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEJournalloflHighlEnergyl
PhysicsQE2011QEWUVVQEV

5.4 60

112 z≥ar−ΥEfχrE−χτta−tEγτt≥ra−tγχτsEγτE√γρuχτE≥v≥τtsEfrχρEψψE−χππγsγχτsEatEsd]EE{≥}EwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlDQE2011QE^YQE 4.9 6

111 z≥ar−ΥEfχrEψaγrEψrχ√u−tγχτEχfEfγrstEχrEs≥−χτ√EΛ≥τ≥ratγχτEπ≥ψtχquarνsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE
sd]EE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEPhysicallReviewlDQE2011QE^XQE 4.9 16

110 ztu√yEχfEμ≥tEsΥaψ≥sEγτEγτ−πusγv≥Eμ≥tEψrχ√u−tγχτEγτEψψE−χππγsγχτsEatEsd]EE{≥}EusγτΛEtΥ≥Eh{shzE√≥t≥−tχrSE
PhysicallReviewlDQE2011QE^XQE 4.9 50

109 t≥asur≥ρ≥τtEχfEtΥ≥E~PE~RE−rχssEs≥−tγχτEγτEsqrtMsNEdE]EE{≥}EψψE−χππγsγχτsEwγtΥEh{shzSEPhysicall
ReviewlLettersQE2011QEVU]QEUYV^UW 7.4 23

108 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ−πusγv≥Eγsχπat≥√EψrχρψtEψΥχtχτE−rχssEs≥−tγχτEγτEψψE−χππγsγχτsEatEsd]EE{≥}EwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2011QE^XQE 4.9 112

107 wrχψ≥rtγ≥sEχfEμ≥tsEρ≥asur≥√EfrχρEtra−νsEγτEψrχtχτRψrχtχτE−χππγsγχτsEatE−≥τt≥rRχfRρassE≥τ≥rΛyE
sd]EE{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2011QE^YQE 4.9 24

106 t≥asur≥ρ≥τtEχfEtΥ≥E“Reˇ�ˇ�E−rχssEs≥−tγχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2011QE^YQE 4.9 18
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105 t≥asur≥ρ≥τtEχfEuτ√≥rπyγτΛE≥v≥τtE−Υara−t≥rγstγ−sEusγτΛE−ΥarΛ≥√Eψartγ−π≥sEγτEψψE−χππγsγχτsEatE
sd_UUEEn≥}Eaτ√E]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlDQE2011QE^XQE 4.9 44

104
z≥ar−ΥEfχrEquarνE−χτta−tEγτt≥ra−tγχτsEγτE√γμ≥tEaτΛuπarE√γstrγℓutγχτsEγτEψψE−χππγsγχτsEatEsd]E{≥}E
ρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandl
High-EnergylPhysicsQE2011QE[_YQEXW]RXYZ

4.2 53

103
t≥asur≥ρ≥τtEχfEtΥ≥E−≥τtraπγtyE√≥ψ≥τ√≥τ−≥EχfEqTˇ�Eyγ≥π√sEaτ√Eχℓs≥rvatγχτEχfE“Eψrχ√u−tγχτEγτE
π≥a√â��π≥a√E−χππγsγχτsEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2011QE[_]QEW_YRXVW

4.2 97

102 t≥asur≥ρ≥τtEχfEtΥ≥Eψrχ√u−tγχτE−rχssEs≥−tγχτEfχrE~RℓχsχτsEγτEassχ−γatγχτEwγtΥEμ≥tsEγτEψψE−χππγsγχτsE
atESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2011QE[_^QEXWZRXYZ 4.2 35

101 z≥ar−ΥEfχrEρassγv≥EπχτΛRπγv≥√EΥγΛΥπyEγχτγsγτΛEψartγ−π≥sEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEPhysicsl
LettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2011QE[_^QEXZXRX]U 4.2 28

100 z≥ar−ΥEfχrEΥγΛΥEρassE√γπ≥ψtχτEr≥sχτaτ−≥sEγτEψψE−χππγsγχτsEatESEPhysicslLettersylSectionlB:lNuclearyl
ElementarylParticlelandlHigh-EnergylPhysicsQE2011QE]UUQEV[XRV^U 4.2 30

99 z≥ar−ΥEfχrEstaℓπ≥EΥa√rχτγsγτΛEsquarνsEaτ√EΛπuγτχsEwγtΥEtΥ≥Eh{shzE≥xψ≥rγρ≥τtEatEtΥ≥EsojSEPhysicsl
LettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2011QE]UVQEVRV_ 4.2 52

98 t≥asur≥ρ≥τtEχfEtΥ≥E~E−ΥarΛ≥Easyρρ≥tryEγτEtΥ≥ESEPhysicslLettersylSectionlB:lNuclearylElementaryl
ParticlelandlHigh-EnergylPhysicsQE2011QE]UVQEXVRY_ 4.2 33

97
z≥ar−ΥEfχrEΥγΛΥRρassEstat≥sEwγtΥEχτ≥Eπ≥ψtχτEψπusEργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEγτEψrχtχτâ��ψrχtχτE
−χππγsγχτsEatESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-EnergylPhysicsQE2011QE
]UVQEZUR[_

4.2 20

96
z≥ar−ΥEfχrEsquarνsEaτ√EΛπuγτχsEusγτΛEfγτaπEstat≥sEwγtΥEμ≥tsEaτ√EργssγτΛEtraτsv≥rs≥Eρχρ≥τtuρEwγtΥE
tΥ≥Eh{shzE√≥t≥−tχrEγτESEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2011QE]UVQEV^[RWUX

4.2 108

95
z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEγτEψψE−χππγsγχτsEatEsd]E{≥}EγτEfγτaπEstat≥sEwγtΥEργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEaτ√EℓRμ≥tsSEPhysicslLettersylSectionlB:lNuclearylElementarylParticlelandlHigh-Energyl
PhysicsQE2011QE]UVQEX_^RYV[

4.2 54

94 hEs≥ar−ΥEfχrEτ≥wEψΥysγ−sEγτE√γμ≥tEρassEaτ√EaτΛuπarE√γstrγℓutγχτsEγτψψ−χππγsγχτsEatEsqrt{s}d]E{≥}E
ρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSENewlJournalloflPhysicsQE2011QEVXQEUZXUYY 2.9 108

93 jΥarΛ≥√Rψartγ−π≥Eρuπtγψπγ−γtγ≥sEγτψψγτt≥ra−tγχτsEρ≥asur≥√EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSENewl
JournalloflPhysicsQE2011QEVXQEUZXUXX 2.9 259

92 t≥asur≥ρ≥τtEχfEtΥ≥Eγτ≥πastγ−EψrχtχτRψrχtχτE−rχssRs≥−tγχτEatEâ��sd]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSE
NaturelCommunicationsQE2011QEWQEY[X 17.4 127

91 z≥ar−ΥEfχrEtΥ≥EoγΛΛsEℓχsχτEγτEtΥ≥EoRe~~Reπ˛‰μμE√≥−ayE−Υaττ≥πEγτEψψE−χππγsγχτsEatEâ��sd]E{≥}EwγtΥEtΥ≥E
h{shzE√≥t≥−tχrSEPhysicallReviewlLettersQE2011QEVU]QEWXV^UV 7.4 22

90 z≥ar−ΥEfχrEaEΥ≥avyEψartγ−π≥E√≥−ayγτΛEγτtχEaτE≥π≥−trχτEaτ√EaEρuχτEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEsqrt”s—E
dE]E{≥}EψψE−χππγsγχτsEatEtΥ≥EsojSEPhysicallReviewlLettersQE2011QEVU[QEWZV^UV 7.4 14

89 z≥ar−ΥEfχrEsuψ≥rsyρρ≥tryEusγτΛEfγτaπEstat≥sEwγtΥEχτ≥Eπ≥ψtχτQEμ≥tsQEaτ√EργssγτΛEtraτsv≥rs≥E
ρχρ≥τtuρEwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEγτEâ��sd]E{≥}EψψE−χππγsγχτsSEPhysicallReviewlLettersQE2011QEVU[QEVXV^UW7.4 125

88 z≥ar−ΥEfχrE√γπ≥ψtχτEr≥sχτaτ−≥sEγτEψψE−χππγsγχτsEatEâ��sd]E{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicall
ReviewlLettersQE2011QEVU]QEW]WUUW 7.4 74
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87 t≥asur≥ρ≥τtEχfE√γμ≥tEazγρutΥaπE√≥−χrr≥πatγχτsEγτEψψE−χππγsγχτsEatEsqrtMsNd]EE{≥}SEPhysicallReviewl
LettersQE2011QEVU[QEV]WUUW 7.4 46

86 z≥ar−ΥEfχrEaEstaτ√ar√Eρχ√≥πEoγΛΛsEℓχsχτEγτEtΥ≥EoRe““Reâ��MPNâ��MRN˛‰˛‰E√≥−ayE−Υaττ≥πEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrSEPhysicallReviewlLettersQE2011QEVU]QEWWV^UW 7.4 27

85 z≥ar−ΥEfχrE√γψΥχtχτE≥v≥τtsEwγtΥEπarΛ≥EργssγτΛEtraτsv≥rs≥E≥τ≥rΛyEγτE]E{≥}EψrχtχτRψrχtχτE−χππγsγχτsE
wγtΥEtΥ≥Eh{shzE√≥t≥−tχrSEPhysicallReviewlLettersQE2011QEVU[QEVWV^UX 7.4 17

84 z≥ar−ΥEfχrEτ≥wEψartγ−π≥sEγτEtwχRμ≥tEfγτaπEstat≥sEγτE]E{≥}EψrχtχτRψrχtχτE−χππγsγχτsEwγtΥEtΥ≥Eh{shzE
√≥t≥−tχrEatEtΥ≥EsojSEPhysicallReviewlLettersQE2010QEVUZQEV[V^UV 7.4 97

83 vℓs≥rvatγχτEχfEaE−≥τtraπγtyR√≥ψ≥τ√≥τtE√γμ≥tEasyρρ≥tryEγτEπ≥a√Rπ≥a√E−χππγsγχτsEatEsqrt”zMuuN—EdWS][E
{≥}EwγtΥEtΥ≥Eh{shzE√≥t≥−tχrEatEtΥ≥EsojSEPhysicallReviewlLettersQE2010QEVUZQEWZWXUX 7.4 458

82 k≥sγΛτEstu√γ≥sEχfEtΥ≥Eh{shzEρuχτEs≥v≥πRVEtrγΛΛ≥rEℓas≥√EχτEtΥ≥Etk{E√≥t≥−tχrEfχrEtΥ≥EsojEuψΛra√≥SE
JournalloflInstrumentationQE2010QEZQEjVWUWVRjVWUWV 1 1

81 y≥a√γτ≥ssEχfEtΥ≥Eh{shzEπγquγ√EarΛχτE−aπχrγρ≥t≥rEfχrEsojE−χππγsγχτsSEEuropeanlPhysicallJournallCQE
2010QE]UQE]WXR]ZX 4.2 41

80 {Υ≥Eh{shzEpττ≥rEk≥t≥−tχrE−χρργssγχτγτΛEaτ√E−aπγℓratγχτSEEuropeanlPhysicallJournallCQE2010QE]UQE]^]R^WV4.2 70

79 krγftE{γρ≥Et≥asur≥ρ≥τtEγτEtΥ≥Eh{shzEsγquγ√EhrΛχτElπ≥−trχρaΛτ≥tγ−Ejaπχrγρ≥t≥rEusγτΛEjχsργ−E
tuχτsSEEuropeanlPhysicallJournallCQE2010QE]UQE]ZZR]^Z 4.2 12

78 jχρργssγχτγτΛEχfEtΥ≥Eh{shzEtuχτEzψ≥−trχρ≥t≥rEwγtΥE−χsργ−EraysSEEuropeanlPhysicallJournallCQE
2010QE]UQE^]ZR_V[ 4.2 14

77 {Υ≥Eh{shzEzγρuπatγχτEpτfrastru−tur≥SEEuropeanlPhysicallJournallCQE2010QE]UQE^WXR^]Y 4.2 817

76 y≥a√γτ≥ssEχfEtΥ≥Eh{shzE{γπ≥Ejaπχrγρ≥t≥rEfχrEsojE−χππγsγχτsSEEuropeanlPhysicallJournallCQE2010QE]UQEVV_XRVWX[4.2 82
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jχsργ−RyayEkataE2007QE 1

64
{Υ≥Eh{shzEπ≥v≥πRVEtrγΛΛ≥raEztatusEχfEtΥ≥Esyst≥ρEaτ√EfγrstEr≥suπtsEfrχρE−χsργ−RrayE√ataSENuclearl
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stu√γ≥sEγτEaEψΥχtχρuπtγψπγ≥rEtuℓ≥SENuclearlInstrumentslandlMethodslinlPhysicslResearchylSectionlA:l
AcceleratorsylSpectrometersylDetectorslandlAssociatedlEquipmentQE1999QEYXUQEYY]RYZY

1.2 1
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