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k Paper IF Citations

617 wγrηorψ∕ω≥γEoηEtνγEh{shzEsγvγχRVEtopoχoμπ≥∕χEtrπμμγrEπωEyuω´ WSEEuropeanpPhysicalpJournalpCQE2022QE
^WQEV 4.2 0

616
zγ∕r≥νEηorEγxotπ≥Edγ≥∕ysEoηEtνγEoπμμsE√osoωEπωtoE√IIEovγrχπωγ{√}EIIE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEIIEsqrt{s}EIIEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

615
v√sγrv∕tπoωEoηEγχγ≥trowγ∕τEprodu≥tπoωEoηEtwoEργtsEπωE∕sso≥π∕tπoωEwπtνE∕ωEπsoχ∕tγdEpνotoωE∕ωdE
ψπssπωμEtr∕ωsvγrsγEψoψγωtuψQE∕ωdEsγ∕r≥νEηorE∕EoπμμsE√osoωEdγ≥∕yπωμEπωtoEπωvπsπ√χγEp∕rtπ≥χγsE∕tE
VX´ IItγxtE{{γ~}IIEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2022QE^WQEV

4.2 0

614
zγ∕r≥νEηorEoπμμsE√osoωsEdγ≥∕yπωμEπωtoEωγwEspπωRUEorEspπωRVEp∕rtπ≥χγsEπωEηourRχγptoωEηπω∕χEst∕tγsEwπtνE
tνγEh{shzEdγtγ≥torEwπtνEVX_Eη√â��VEoηEppE≥oχχπsπoωEd∕t∕E∕tEIIEsqrt{s}EIIEdEVXE{γ~SEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

613 htχm∕stXaE{νγEuγxtEnγωγr∕tπoωEoηEm∕stEzπψuχ∕tπoωEπωEh{shzSEComputingpandpSoftwarepforpBigpScienceQE
2022QE[QEV 6 0

612
tγ∕surγψγωtEoηEtνγEγωγrμyErγspoωsγEoηEtνγEh{shz´ ≥∕χorπψγtγrEtoE≥ν∕rμγd´ pπoωsEηroψEII‘^{pψE
}rπμνt∕rrowEt∕uE^{pψE}Mrπμνt∕rrowEpπE^{pψE}ωuEℓ{t∕uE}NωuEℓ{t∕uE}IIEγvγωtsEπωEyuω´ WEd∕t∕SEEuropeanp
PhysicalpJournalpCQE2022QE^WQEV

4.2 0

611 {νγEh{shzEπωωγrEdγtγ≥torEtrπμμγrEpγrηorψ∕ω≥γEπωEppE≥oχχπsπoωsE∕tEVX´ {γ~EdurπωμEsojEyuωEWSE
EuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2

610 kγtγrψπω∕tπoωEoηEtνγEp∕rtoωEdπstrπ√utπoωEηuω≥tπoωsEoηEtνγEprotoωEusπωμEdπvγrsγEh{shzEd∕t∕EηroψEppE
≥oχχπsπoωsE∕tEIIsqrt{s}EdE]IIQE^E∕ωdEVX´ {γ~SEEuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2 1

609
zγ∕r≥νEηorEyRp∕rπtyRvπoχ∕tπωμEsupγrsyψψγtryEπωE∕Eηπω∕χEst∕tγE≥oωt∕πωπωμEχγptoωsE∕ωdEψ∕ωyEργtsEwπtνE
tνγEh{shzEγxpγrπψγωtEusπωμEMsqrt{s}EdEVXν√oxE{E{γ~}NEprotoωâ��protoωE≥oχχπsπoωEd∕t∕SEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 2

608 tγ∕surγψγωtEoηEtνγEtMEovγrχπωγ{t}ENtMEovγrχπωγ{t}ENEprodu≥tπoωE≥rossEsγ≥tπoωEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

607
zγ∕r≥νEηorEd∕rτEψ∕ttγrEπωEγvγωtsEwπtνEψπssπωμEtr∕ωsvγrsγEψoψγωtuψE∕ωdE∕EoπμμsE√osoωEdγ≥∕yπωμE
πωtoEtwoEpνotoωsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

606 zγ∕r≥νEηorEtypγRpppEsγγs∕wEνγ∕vyEχγptoωsEπωEdπχγptoωEηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}EdEVXQ{tγxtE
{{γ~}}ENEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

605 tγ∕surγψγωtEoηEχπμνtR√yRχπμνtEs≥∕ttγrπωμE∕ωdEsγ∕r≥νEηorE∕xπoωRχπτγEp∕rtπ≥χγsEwπtνEWSWEω√â��VEoηEw√Pw√E
d∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

604
zγ∕r≥νEηorEoπμμsE√osoωEprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνE∕EνπμνRγωγrμyEpνotoωEvπ∕Evγ≥torR√osoωE
ηusπoωEwπtνEdγ≥∕yEπωtoE√ottoψEqu∕rτEp∕πrsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 1

603
zγ∕r≥νEηorEωγwEpνγωoψγω∕EwπtνEtopEqu∕rτEp∕πrsEπωEηπω∕χEst∕tγsEwπtνEoωγEχγptoωQEργtsQE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 6

602
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEγvγωtsEwπtνEtwoEopposπtγR≥ν∕rμγEχγptoωsQEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEMEsqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 8

601
zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEs≥∕χ∕rEχγptoqu∕rτsEdγ≥∕yπωμEπωtoEηπrstREorEsγ≥oωdRμγωγr∕tπoωEχγptoωsE
∕ωdEtopEqu∕rτsEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tEMsqrt{s}NEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV
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600 vptπψπs∕tπoωEoηEχ∕rμγRr∕dπusEργtErγ≥oωstru≥tπoωEηorEtνγEh{shzEdγtγ≥torEπωEVXE{γ~Eprotoωâ��protoωE
≥oχχπsπoωsSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 2

599
zγ∕r≥νEηorEνγ∕vyErγsoω∕ω≥γsEdγ≥∕yπωμEπωtoE∕Ep∕πrEoηE—E√osoωsEπωEtνγEMγχχE^PγχχE^RγχχEL^PγχχEL^RNE∕ωdEMγχχE
^PγχχE^RωuE{{√∕r{ωuE}}}NEηπω∕χEst∕tγsEusπωμEVX_EMψ∕tνrψE{η√}^{RV}NEoηEprotoωâ��protoωE≥oχχπsπoωsE∕tE
Msqrt{s}EdEVXQN{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 8

598
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEηπω∕χEst∕tγsEwπtνE√RργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEME
sqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 6

597
zγ∕r≥νEηorE∕Eνγ∕vyEoπμμsE√osoωEdγ≥∕yπωμEπωtoE∕E—E√osoωE∕ωdE∕ωotνγrEνγ∕vyEoπμμsE√osoωEπωEtνγEMγχχE
γχχE√√NE∕ωdEMγχχEγχχE‘‘NEηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}dVXNEMtγxtE{{γ~}NEwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 7

596
zγ∕r≥νEηorEdou√χyE∕ωdEsπωμχyE≥ν∕rμγdEoπμμsE√osoωsEdγ≥∕yπωμEπωtoEvγ≥torE√osoωsEπωEψuχtπRχγptoωEηπω∕χE
st∕tγsEwπtνEtνγEh{shzEdγtγ≥torEusπωμEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~SE
JournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV

5.4 3

595 tγ∕surγψγωtsEoηE‘P‘â��PEâ�¥EVEργtEprodu≥tπoωE≥rossRsγ≥tπoωsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

594 zγ∕r≥νEηorE≥ν∕rμγdEoπμμsE√osoωsEdγ≥∕yπωμEπωtoE∕EtopEqu∕rτE∕ωdE∕E√ottoψEqu∕rτE∕tEMEsqrt{ψ∕tνrψ{s}}E
NEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 8

593 tγ∕surγψγωtsEoηEoπμμsE√osoωsEdγ≥∕yπωμEtoE√ottoψEqu∕rτsEηroψEvγ≥torE√osoωEηusπoωEprodu≥tπoωE
wπtνEtνγEh{shzEγxpγrπψγωtE∕tEMsqrt{s}dVXQtγxtE{{γ~}NSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

592
zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEtνπrdRμγωγr∕tπoωEs≥∕χ∕rEχγptoqu∕rτsEdγ≥∕yπωμEπωtoE∕EtopEqu∕rτE∕ωdE∕E
ˇ�RχγptoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2021QEWUWVQEV

5.4 6

591 zγ∕r≥νEηorEsupγrsyψψγtryEπωEγvγωtsEwπtνEηourEorEψorγE≥ν∕rμγdEχγptoωsEπωEVX_Eη√â��VEoηEMEsqrt{s}ENEdE
VXE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 2

590
kγtγrψπω∕tπoωEoηEtνγEp∕rtoωEdπstrπ√utπoωEηuω≥tπoωsEoηEtνγEprotoωEηroψEh{shzEψγ∕surγψγωtsEoηE
dπηηγrγωtπ∕χE‘´–E∕ωdE—E√osoωEprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνEργtsSEJournalpofpHighpEnergypPhysicsQE2021
QEWUWVQEV

5.4 1

589 tγ∕surγψγωtsEoηEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEπωEηourRχγptoωEγvγωtsEπωEVXE{γ~EprotoωRprotoωE
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

588 hEsγ∕r≥νEηorEtνγEdγ≥∕ysEoηEstoppγdEχoωμRχπvγdEp∕rtπ≥χγsE∕tEMEsqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 1

587 tuoωErγ≥oωstru≥tπoωE∕ωdEπdγωtπηπ≥∕tπoωEγηηπ≥πγω≥yEπωEh{shzEusπωμEtνγEηuχχEyuωEWEppE≥oχχπsπoωEd∕t∕EsγtE
∕tEMsqrt{s}dVXNE{γ~SEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 13

586 tγ∕surγψγωtEoηEν∕droωπ≥EγvγωtEsν∕pγsEπωEνπμνRp{EψuχtπργtEηπω∕χEst∕tγsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 3

585
zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωEηπω∕χEst∕tγsEwπtνEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEusπωμEVX_E
η√â��VEoηEMEsqrt{s}ENEdEVXE{γ~EppE≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 8

584 kπηηγrγωtπ∕χE≥rossRsγ≥tπoωEψγ∕surγψγωtsEηorEtνγEγχγ≥trowγ∕τEprodu≥tπoωEoηEdπργtsEπωE∕sso≥π∕tπoωE
wπtνE∕E—E√osoωEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tEh{shzSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 5

583 tγ∕surγψγωtsEoηE‘oE∕ωdE—oEprodu≥tπoωEπωEtνγEMoErπμνt∕rrowE√√∕r{√}NEdγ≥∕yE≥ν∕ωωγχEπωEppE
≥oχχπsπoωsE∕tEMVXQtγxtE{{γ}tγxtE{~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7
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582 zγ∕r≥νEηorEd∕rτEψ∕ttγrEπωE∕sso≥π∕tπoωEwπtνE∕ωEγωγrμγtπ≥EpνotoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

581 zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωEηπω∕χEst∕tγsEwπtνEoωγEπsoχ∕tγdEχγptoωQEργtsQE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψE∕tEMsqrt{s}dVXNE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

580 tγ∕surγψγωtEoηEsπωμχγEtopRqu∕rτEprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνE∕E‘E√osoωEπωEtνγEsπωμχγRχγptoωE
≥ν∕ωωγχE∕tEMsqrt{s}EdE^QtγxtE{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

579 qγtEγωγrμyEs≥∕χγE∕ωdErγsoχutπoωEψγ∕surγdEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tEMsqrt{s}dVXNE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 11

578
tγ∕surγψγωtsEoηEtνγEπω≥χusπvγE∕ωdEdπηηγrγωtπ∕χEprodu≥tπoωE≥rossEsγ≥tπoωsEoηE∕EtopRqu∕rτâ��∕ωtπqu∕rτE
p∕πrEπωE∕sso≥π∕tπoωEwπtνE∕E—E√osoωE∕tEMsqrt{s}EdEVXNE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2021QE^VQEV

4.2 1

577 zγ∕r≥νEηorEd∕rτEψ∕ttγrEprodu≥γdEπωE∕sso≥π∕tπoωEwπtνE∕EsπωμχγEtopEqu∕rτEπωEMsqrt{s}dVXNE{γ~EMppNE
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 4

576
tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEsπωμχγRE∕ωdEdou√χγRdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEπωEtνγE∕χχRν∕droωπ≥E
≥ν∕ωωγχEπωEppE≥oχχπsπoωsE∕tEMEsqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~EusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

575 zγ∕r≥νEηorEpνγωoψγω∕E√γyoωdEtνγEzt∕ωd∕rdEtodγχEπωEγvγωtsEwπtνEχ∕rμγE√RργtEψuχtπpχπ≥πtyEusπωμEtνγE
h{shzEdγtγ≥torE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

574
zγ∕r≥νEηorEd∕rτEψ∕ttγrEprodu≥γdEπωE∕sso≥π∕tπoωEwπtνE∕Ezt∕ωd∕rdEtodγχEoπμμsE√osoωEdγ≥∕yπωμEπωtoE
√Rqu∕rτsEusπωμEtνγEηuχχEyuωEWEd∕t∕sγtEηroψEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

573 tγ∕surγψγωtEoηEtνγEprodu≥tπoωE≥rossEsγ≥tπoωEoηEp∕πrsEoηEπsoχ∕tγdEpνotoωsEπωEppE≥oχχπsπoωsE∕tEVXE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

572
zγ∕r≥νEηorEγxotπ≥Edγ≥∕ysEoηEtνγEoπμμsE√osoωEπωtoEχoωμRχπvγdEp∕rtπ≥χγsEπωEppE≥oχχπsπoωsE∕tEIIEsqrt{s}EIIE
dEVXE{γ~EusπωμEdπspχ∕≥γdEvγrtπ≥γsEπωEtνγEh{shzEπωωγrEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

571
zγ∕r≥νEηorE≥ν∕rμπωoâ��ωγutr∕χπωoEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEtνrγγEχγptoωsE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEIIsqrt{s}EdEVXII´ {γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 1

570 joωηπμur∕tπoωE∕ωdEpγrηorψ∕ω≥γEoηEtνγEh{shzE√RργtEtrπμμγrsEπωEyuωEWSEEuropeanpPhysicalpJournalpCQE
2021QE^VQEV 4.2 1

569
tγ∕surγψγωtEoηE√Rqu∕rτEηr∕μψγωt∕tπoωEpropγrtπγsEπωEργtsEusπωμEtνγEdγ≥∕yEi´–EReEqTˇ�r´–EπωEppE
≥oχχπsπoωsE∕tEIIEsqrt{s}EIIEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

568
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEηπω∕χEst∕tγsEwπtνEχ∕rμγEργtEψuχtπpχπ≥πtπγsE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEusπωμEMEsqrt{s}ENEdEVXE{γ~EprotoωRprotoωE≥oχχπsπoωsErγ≥ordγdE√yEh{shzEπωEyuωEWEoηEtνγE
sojSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV

5.4 7

567 oπμμsE√osoωEprodu≥tπoωE≥rossRsγ≥tπoωEψγ∕surγψγωtsE∕ωdEtνγπrElm{Eπωtγrprγt∕tπoωEπωEtνγEMYγχχENE
dγ≥∕yE≥ν∕ωωγχE∕tEMsqrt{s}dNVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 12

566 zγ∕r≥νEηorEp∕πrsEoηEs≥∕χ∕rEχγptoqu∕rτsEdγ≥∕yπωμEπωtoEqu∕rτsE∕ωdEγχγ≥troωsEorEψuoωsEπωEMEsqrt{s}ENEdEVXE
{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

565 zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωEηπω∕χEst∕tγsEwπtνEs∕ψγRsπμωEχγptoωsE∕ωdEργtsEusπωμEVX_Eη√â��VEoηEd∕t∕E
≥oχχγ≥tγdEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8
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564
zγ∕r≥νEηorEdπργtErγsoω∕ω≥γsEπωEγvγωtsEwπtνE∕ωEπsoχ∕tγdE≥ν∕rμγdEχγptoωEusπωμEMEsqrt{s}ENEdEVXE{γ~E
protoωRprotoωE≥oχχπsπoωEd∕t∕E≥oχχγ≥tγdE√yEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QE
WUWUQEV

5.4 3

563 tγ∕surγψγωtEoηEtνγE—MReEâ��Pâ��â��N˛‡Eprodu≥tπoωE≥rossRsγ≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 2

562 tγ∕surγψγωtEoηEχoωμRr∕ωμγEtwoRp∕rtπ≥χγE∕zπψutν∕χE≥orrγχ∕tπoωsEπωE—R√osoωEt∕μμγdEppE≥oχχπsπoωsE∕tE
Msqrt{s}d^NE∕ωdEVXE{γ~SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

561 {r∕ωsvγrsγEψoψγωtuψE∕ωdEpro≥γssEdγpγωdγωtE∕zπψutν∕χE∕ωπsotropπγsEπωEMsqrt{sℓ{ψ∕tνrψE
{uu}}}d^SV[NE{γ~EpPw√E≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 7

560 wγrηorψ∕ω≥γEoηEγχγ≥troωE∕ωdEpνotoωEtrπμμγrsEπωEh{shzEdurπωμEsojEyuωEWSEEuropeanpPhysicalpJournalp
CQE2020QE^UQEV 4.2 30

559
zγ∕r≥νEηorEγχγ≥trowγ∕τEprodu≥tπoωEoηE≥ν∕rμπωosE∕ωdEsχγptoωsEdγ≥∕yπωμEπωtoEηπω∕χEst∕tγsEwπtνEtwoE
χγptoωsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEMsqrt{s}dVXNEMtγxtE{{γ~}NEppE≥oχχπsπoωsEusπωμEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 50

558 zγ∕r≥νEηorEtopEsqu∕rτsEπωEγvγωtsEwπtνE∕EoπμμsEorE—E√osoωEusπωμEVX_Eη√M^{RV}NEoηEppE≥oχχπsπoωEd∕t∕E∕tE
Msqrt{s}dVXNE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 1

557 lvπdγω≥γEηorEMt√∕r{t}t√∕r{t}NEprodu≥tπoωEπωEtνγEψuχtπχγptoωEηπω∕χEst∕tγEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tE
Msqrt{s}dVXNEMtγxtE{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

556 zγ∕r≥νEηorEνγ∕vyEdπ√osoωErγsoω∕ω≥γsEπωEsγψπχγptoωπ≥Eηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}dVXNE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

555
zγ∕r≥νEηorEχπμνtEχoωμRχπvγdEωγutr∕χEp∕rtπ≥χγsEprodu≥γdEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}EdEVX~ψ∕tνrψE{{γ~}NE
∕ωdEdγ≥∕yπωμEπωtoE≥oχχπψ∕tγdEχγptoωsEorEχπμνtEν∕droωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2020QE^UQEV

4.2 8

554
zγ∕r≥νEηorE∕Es≥∕χ∕rEp∕rtωγrEoηEtνγEtopEqu∕rτEπωEtνγE∕χχRν∕droωπ≥EMt{√∕r{t}}NEpχusEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEηπω∕χEst∕tγE∕tEMsqrt{s}dVXNE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2020QE^UQEV

4.2 17

553 hχπμωψγωtEoηEtνγEh{shzEpωωγrEkγtγ≥torEπωEyuωEWSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

552 kγtγrψπω∕tπoωEoηEργtE≥∕χπ√r∕tπoωE∕ωdEγωγrμyErγsoχutπoωEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tEMsqrt{s}EdE
^~ν√oxE{{γ~}NEusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

551 tγ∕surγψγωtEoηEqTˇ�Eprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνE∕E‘´–E√osoωEwπtνEppEd∕t∕E∕tE^E{γ~SEJournalpofp
HighpEnergypPhysicsQE2020QEWUWUQEV 5.4 4

550 zγ∕r≥νEηorEωγwErγsoω∕ω≥γsEπωEψ∕ssEdπstrπ√utπoωsEoηEργtEp∕πrsEusπωμEVX_Eη√â��VEoηEppE≥oχχπsπoωsE∕tEME
sqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 20

549 zγ∕r≥νEηorEMEtovγrχπωγ{t}ENErγsoω∕ω≥γsEπωEηuχχyEν∕droωπ≥Eηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 6

548 yγ≥oωstru≥tπoωE∕ωdEπdγωtπηπ≥∕tπoωEoηE√oostγdEdπRˇ�EsystγψsEπωE∕Esγ∕r≥νEηorEoπμμsE√osoωEp∕πrsEusπωμEVXE
{γ~EprotoωRprotoωE≥oχχπsπoωEd∕t∕EπωEh{shzSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 3

547
tγ∕surγψγωtsEoηEπω≥χusπvγE∕ωdEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEoηE≥oψ√πωγdEMEtovγrχπωγ{t}μ∕ψψ∕ENE∕ωdE
t‘˛‡Eprodu≥tπoωEπωEtνγEγ˛…E≥ν∕ωωγχE∕tEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysics
QE2020QEWUWUQEV

5.4 2
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546 wγrηorψ∕ω≥γEoηEtνγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEtrπμμγrsEηorEtνγEh{shzEdγtγ≥torEdurπωμEyuωRWE
d∕t∕Et∕τπωμSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

545 zγ∕r≥νEηorEωγwEωoωRrγsoω∕ωtEpνγωoψγω∕EπωEνπμνRψ∕ssEdπχγptoωEηπω∕χEst∕tγsEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 9

544 tγ∕surγψγωtsEoηEtνγEoπμμsE√osoωEπω≥χusπvγE∕ωdEdπηηγrγωtπ∕χEηπdu≥π∕χE≥rossEsγ≥tπoωsEπωEtνγEYMγχχENE
dγ≥∕yE≥ν∕ωωγχE∕tEMsqrt{s}NEdEVXE{γ~SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 9

543 hEztudyEoηEtνγEy∕dπ∕tπoωE{oχγr∕ω≥γEoηEj~kEkπ∕ψoωdEtoE]UEtγ~EwrotoωsQEm∕stEuγutroωsE∕ωdEWUUE
tγ~EwπoωsSESensorsQE2020QEWUQE 3.8 3

542 mχu≥tu∕tπoωsEoηE∕ωπsotropπ≥EηχowEπωEw√Pw√E≥oχχπsπoωsE∕tEMEsqrt{{ψ∕tνrψ{s}}ℓ{ψ∕tνrψ{uu}}}ENEdEZSUWE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 13

541
zγ∕r≥νEηorEdπrγ≥tEprodu≥tπoωEoηEγχγ≥trowγ∕τπωosEπωEηπω∕χEst∕tγsEwπtνEoωγEχγptoωQEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψE∕ωdE∕EoπμμsE√osoωEdγ≥∕yπωμEπωtoEtwoE√RργtsEπωEMppNE≥oχχπsπoωsE∕tEMsqrt{s}dVXNE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 13

540 tγ∕surγψγωtEoηEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωsEηorEsπωμχγEdπηηr∕≥tπvγEdπsso≥π∕tπoωEπωEMEsqrt{s}ENEdE^E{γ~EppE
≥oχχπsπoωsEusπωμEtνγEh{shzEhsmhEspγ≥troψγtγrSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 1

539 tγ∕surγψγωtEoηEπsoχ∕tγdRpνotoωEpχusEtwoRργtEprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 2

538
tγ∕surγψγωtsEoηEtνγEprodu≥tπoωE≥rossRsγ≥tπoωEηorE∕E—E√osoωEπωE∕sso≥π∕tπoωEwπtνE√RργtsEπωE
protoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

537
zγ∕r≥νEηorEtνγEooEReEME√ovγrχπωγ{√}√ovγrχπωγ{√}ENEpro≥γssEvπ∕Evγ≥torR√osoωEηusπoωEprodu≥tπoωEusπωμE
protoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

536 v√sγrv∕tπoωEoηEtνγE∕sso≥π∕tγdEprodu≥tπoωEoηE∕EtopEqu∕rτE∕ωdE∕E—E√osoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENdE
VXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 5

535 tγ∕surγψγωtEoηEtνγEtr∕ωsvγrsγEψoψγωtuψEdπstrπ√utπoωEoηEkrγχχâ��–∕ωEχγptoωEp∕πrsEπωEprotoωâ��protoωE
≥oχχπsπoωsE∕tEMsqrt{s}dVXQN{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 7

534
zγ∕r≥νEηorEdπrγ≥tEprodu≥tπoωEoηEγχγ≥trowγ∕τπωosEπωEηπω∕χEst∕tγsEwπtνEψπssπωμEtr∕ωsvγrsγEψoψγωtuψE
∕ωdE∕EoπμμsE√osoωEdγ≥∕yπωμEπωtoEpνotoωsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV

5.4 1

533 tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEspπωE≥orrγχ∕tπoωsEπωEtνγEMγψuENE≥ν∕ωωγχE∕tEMsqrt{s}EdEVXNE{γ~EusπωμE
ppE≥oχχπsπoωsEπωEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

532 tγ∕surγψγωtEoηEtνγE≥rossRsγ≥tπoωE∕ωdE≥ν∕rμγE∕syψψγtryEoηE‘E√osoωsEprodu≥γdEπωEprotoωâ��protoωE
≥oχχπsπoωsE∕tEMsqrt{s}d^~tγxtE{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 11

531
tγ∕surγψγωtEoηEργtRsu√stru≥turγEo√sγrv∕√χγsEπωEtopEqu∕rτQE‘E√osoωE∕ωdEχπμνtEργtEprodu≥tπoωEπωE
protoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 8

530 lχγ≥troωErγ≥oωstru≥tπoωE∕ωdEπdγωtπηπ≥∕tπoωEπωEtνγEh{shzEγxpγrπψγωtEusπωμEtνγEWUVZE∕ωdEWUV[EsojE
protoωâ��protoωE≥oχχπsπoωEd∕t∕E∕tEMsqrt{s}EdEVXNEMtγxtE{{γ~}NSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 37

529 tγ∕surγψγωtEoηEdπstrπ√utπoωsEsγωsπtπvγEtoEtνγEuωdγrχyπωμEγvγωtEπωEπω≥χusπvγE—E√osoωEprodu≥tπoωEπωE
ppE≥oχχπsπoωsE∕tEMsqrt{s}NEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2
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528 zγ∕r≥νEηorEsπωμχγEprodu≥tπoωEoηEvγ≥torRχπτγEqu∕rτsEdγ≥∕yπωμEπωtoE‘√EπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 14

527 zγ∕r≥νEηorEtopRqu∕rτEdγ≥∕ysEtEReEoqEwπtνEX[Eη√â��VEoηEppE≥oχχπsπoωEd∕t∕E∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 13

526
tγ∕surγψγωtEoηE~oQEMEψ∕tνrψ{o}toEψ∕tνrψ{√}ovγrχπωγ{ψ∕tνrψ{√}}ENEprodu≥tπoωE∕sE∕Eηuω≥tπoωEoηE
tνγEvγ≥torR√osoωEtr∕ωsvγrsγEψoψγωtuψEπωEVXE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2019QEWUV_QEV

5.4 8

525 tγ∕surγψγωtsEoηE‘E∕ωdE—E√osoωEprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}dZSUWNE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 12

524 wγrηorψ∕ω≥γEoηEtopRqu∕rτE∕ωdEMv∕rvγ≥{‘}NR√osoωEt∕μμπωμEwπtνEh{shzEπωEyuωEWEoηEtνγEsojSEEuropeanp
PhysicalpJournalpCQE2019QE]_QEV 4.2 19

523 tγ∕surγψγωtsEoηEπω≥χusπvγE∕ωdEdπηηγrγωtπ∕χEηπdu≥π∕χE≥rossRsγ≥tπoωsEoηEMt√∕r{t}μ∕ψψ∕ENEprodu≥tπoωEπωE
χγptoωπ≥Eηπω∕χEst∕tγsE∕tEMsqrt{s}dVX~tγxtE{{γ~}NEπωEh{shzSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 7

522
kγvγχopψγωtEoηE∕Er∕dπ∕tπoωEtoχγr∕ωtEηπωγEpπt≥νEpχ∕ω∕rEpπxγχEdγtγ≥torE√yEowrTrlrSENuclearp
InstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandp
AssociatedpEquipmentQE2019QE_WYQE[YR[^

1.2

521 lχγ≥troωE∕ωdEpνotoωEγωγrμyE≥∕χπ√r∕tπoωEwπtνEtνγEh{shzEdγtγ≥torEusπωμEWUVZâ��WUV[EsojE
protoωRprotoωE≥oχχπsπoωEd∕t∕SEJournalpofpInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

520 zγ∕r≥νEηorEdou√χyE≥ν∕rμγdEs≥∕χ∕rE√osoωsEdγ≥∕yπωμEπωtoEs∕ψγRsπμωE√osoωEp∕πrsEwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEZ^ 4.2 20

519
zγ∕r≥νEηorEνγ∕vyEt∕ρor∕ω∕EorEkπr∕≥EωγutrπωosE∕ωdErπμνtRν∕ωdγdE‘Eμ∕uμγE√osoωsEπωEηπω∕χEst∕tγsEwπtνE
twoE≥ν∕rμγdEχγptoωsE∕ωdEtwoEργtsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2019QEWUV_QEV

5.4 21

518 pωEsπtuE≥∕χπ√r∕tπoωEoηEχ∕rμγRr∕dπusEργtEγωγrμyE∕ωdEψ∕ssEπωEVXE{γ~Eprotoωâ��protoωE≥oχχπsπoωsEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

517 tγ∕surγψγωtEoηEtνγEpνotoωEπdγωtπηπ≥∕tπoωEγηηπ≥πγω≥πγsEwπtνEtνγEh{shzEdγtγ≥torEusπωμEsojEyuωEWE
d∕t∕E≥oχχγ≥tγdEπωEWUVZE∕ωdEWUV[SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 26

516 tγ∕surγψγωtEoηEtνγEr∕tπoEoηE≥rossEsγ≥tπoωsEηorEπω≥χusπvγEπsoχ∕tγdRpνotoωEprodu≥tπoωEπωEppE≥oχχπsπoωsE
∕tEMEsqrt{s}ENEdEVXE∕ωdE^E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 5

515 tγ∕surγψγωtEoηEtνγEtopEqu∕rτEψ∕ssEπωEtνγEMt√∕r{t}rπμνt∕rrowENEχγptoωPργtsE≥ν∕ωωγχEηroψEMsqrt{s}d^NE
{γ~Eh{shzEd∕t∕E∕ωdE≥oψ√πω∕tπoωEwπtνEprγvπousErγsuχtsSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 24

514
zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEoπμμsE√osoωsEπωEtνγEME√ovγrχπωγ{√}√ovγrχπωγ{√}ENEηπω∕χEst∕tγEusπωμE
protoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 31

513 joωstr∕πωtsEoωEψγdπ∕torR√∕sγdEd∕rτEψ∕ttγrE∕ωdEs≥∕χ∕rEd∕rτEγωγrμyEψodγχsEusπωμEMEsqrt{s}ENEdEVXE{γ~E
ppE≥oχχπsπoωEd∕t∕E≥oχχγ≥tγdE√yEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 31

512 zγ∕r≥νEηorEχoωμRχπvγdEωγutr∕χEp∕rtπ≥χγsEπωEppE≥oχχπsπoωsE∕tEM{sqrt{s}}EdEVX~{tγxtE{E{γ~}}NEtν∕tEdγ≥∕yEπωtoE
dπspχ∕≥γdEν∕droωπ≥EργtsEπωEtνγEh{shzE≥∕χorπψγtγrSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 18

511 zγ∕r≥νEηorEoπμμsE√osoωEp∕πrEprodu≥tπoωEπωEtνγE‘‘MON‘‘MONEdγ≥∕yE≥ν∕ωωγχEusπωμEh{shzEd∕t∕E
rγ≥ordγdE∕tEMEsqrt{ψ∕tνrψ{s}}ENEdEVXE{γ~SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 12

(2019-2019)
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510 zγ∕r≥νEηorEχ∕rμγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωE∕sso≥π∕tπoωEwπtνEoωγEtopRqu∕rτEπωEprotoωRprotoωE
≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 7

509
tγ∕surγψγωtEoηEM‘^{pψE}—NEprodu≥tπoωE≥rossEsγ≥tπoωsE∕ωdEμ∕uμγE√osoωEpoχ∕rπs∕tπoωEπωEppE
≥oχχπsπoωsE∕tEMsqrt{s}EdEVX~tγxtE{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 20

508 zγ∕r≥νγsEηorEtνπrdRμγωγr∕tπoωEs≥∕χ∕rEχγptoqu∕rτsEπωEMEsqrt{s}ENEdEVXE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 18

507
zγ∕r≥νEηorEs≥∕χ∕rErγsoω∕ω≥γsEdγ≥∕yπωμEπωtoE˛…P˛…â��EπωEγvγωtsEwπtνE∕ωdEwπtνoutE√Rt∕μμγdEργtsEprodu≥γdE
πωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 8

506 zγ∕r≥νEηorEdπ√osoωErγsoω∕ω≥γsEπωEν∕droωπ≥Eηπω∕χEst∕tγsEπωEVX_Eη√â��VEoηEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 10

505 zγ∕r≥νEηorEγx≥πtγdEγχγ≥troωsEsπωμχyEprodu≥γdEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tEIIsqrt{s}E~d~VX~tγxtE
{{γ}tγxtE{~}IIEwπtνEtνγEh{shzEγxpγrπψγωtE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2019QE]_QE 4.2 3

504 pdγωtπηπ≥∕tπoωEoηE√oostγdEoπμμsE√osoωsEdγ≥∕yπωμEπωtoE√Rqu∕rτEp∕πrsEwπtνEtνγEh{shzEdγtγ≥torE∕tE
VX´ IItγxtE{{γ~}IISEEuropeanpPhysicalpJournalpCQE2019QE]_QE 4.2 11

503 tγ∕surγψγωtEoηEIIrℓz^UIIE∕ωdEIIs∕ψ√d∕E^UIIEprodu≥tπoωEπωEIItE√∕r{t}IIEdπχγptoωπ≥EγvγωtsEπωEppE
≥oχχπsπoωsE∕tEIIsqrt{s}EdIIE]E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 3

502 tγ∕surγψγωtEoηEtνγEπω≥χusπvγEπsoχ∕tγdRpνotoωE≥rossEsγ≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdEVXE{γ~E
usπωμEX[Eη√â��VEoηEh{shzEd∕t∕SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 2

501 hEstr∕tγμyEηorE∕Eμγωγr∕χEsγ∕r≥νEηorEωγwEpνγωoψγω∕EusπωμEd∕t∕RdγrπvγdEsπμω∕χErγμπoωsE∕ωdEπtsE
∕ppχπ≥∕tπoωEwπtνπωEtνγEh{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 14

500 tγ∕surγψγωtEoηEtνγEtopRqu∕rτEψ∕ssEπωEMEtovγrχπωγ{t}ENEPEVRργtEγvγωtsE≥oχχγ≥tγdEwπtνEtνγEh{shzE
dγtγ≥torEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdE^E{γ~SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 12

499 tγ∕surγψγωtEoηEηπdu≥π∕χE∕ωdEdπηηγrγωtπ∕χEM‘^P‘^RNEprodu≥tπoωE≥rossRsγ≥tπoωsE∕tEMsqrt{s}dVXNE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

498 tγ∕surγψγωtEoηE——Eprodu≥tπoωEπωEtνγEâ��â�� ˛‰ ˛‰Eηπω∕χEst∕tγEwπtνEtνγEh{shzEdγtγ≥torEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}ENEdEVXE{γ~SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 2

497 tγ∕surγψγωtEoηEM‘^{pψE}NR√osoωE∕ωdE—R√osoωEprodu≥tπoωE≥rossRsγ≥tπoωsEπωEppE≥oχχπsπoωsE∕tE
Msqrt{s}dWS][NE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2

496
tγ∕surγψγωtEoηEtνγEπω≥χusπvγE≥rossRsγ≥tπoωEηorEtνγEprodu≥tπoωEoηEργtsEπωE∕sso≥π∕tπoωEwπtνE∕E—E√osoωE
πωEprotoωâ��protoωE≥oχχπsπoωsE∕tE^E{γ~EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 4

495
zγ∕r≥νEηorEνγ∕vyEωγutr∕χEχγptoωsEπωEdγ≥∕ysEoηE‘E√osoωsEprodu≥γdEπωEVXE{γ~EppE≥oχχπsπoωsEusπωμE
proψptE∕ωdEdπspχ∕≥γdEsπμω∕turγsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2019QE
WUV_QEV

5.4 21

494 tγ∕surγψγωtEoηEM‘^pψENE√osoωEprodu≥tπoωEπωEw√Pw√E≥oχχπsπoωsE∕tEMsqrt{sℓ{ψ∕tνrψ{uu}}}EdE
ZSUW~tγxtE{{γ}tγxtE{~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 7

493 h{shzE√RργtEπdγωtπηπ≥∕tπoωEpγrηorψ∕ω≥γE∕ωdEγηηπ≥πγω≥yEψγ∕surγψγωtEwπtνEMt{√∕r{t}}NEγvγωtsEπωEppE
≥oχχπsπoωsE∕tEMsqrt{s}dVXNE{γ~SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 43

Osamu Jinnouchi
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492
tγ∕surγψγωtEoηEηχowEν∕rψoωπ≥sE≥orrγχ∕tπoωsEwπtνEψγ∕ωEtr∕ωsvγrsγEψoψγωtuψEπωEχγ∕dâ��χγ∕dE∕ωdE
protoωâ��χγ∕dE≥oχχπsπoωsE∕tEMsqrt{sℓ{ψ∕tνrψ{uu}}}EdEZSUW~ν√oxE{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2019QE]_QEV

4.2 16

491
tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEdπηηγrγωtπ∕χE∕ωdEdou√χγRdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEπωEtνγEMγχχENPργtsE
≥ν∕ωωγχEwπtνEppE≥oχχπsπoωsE∕tEMsqrt{s}dVXNE{γ~EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpC
QE2019QE]_QEV

4.2 13

490 zγ∕r≥νEηorE√ottoψRsqu∕rτEp∕πrEprodu≥tπoωEwπtνEtνγEh{shzEdγtγ≥torEπωEηπω∕χEst∕tγsE≥oωt∕πωπωμEoπμμsE
√osoωsQE√RργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 7

489
zγ∕r≥νEηorE∕ddπtπoω∕χEνγ∕vyEωγutr∕χEoπμμsE∕ωdEμ∕uμγE√osoωsEπωEtνγEdπt∕uEηπω∕χEst∕tγEprodu≥γdEπωEX[E
η√â��VEoηEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 81

488 tγ∕surγψγωtEoηEtνγE≥rossRsγ≥tπoωEηorEprodu≥πωμE∕E‘E√osoωEπωE∕sso≥π∕tπoωEwπtνE∕EsπωμχγEtopEqu∕rτEπωE
ppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 10

487 tγ∕surγψγωtEoηEtνγER√osoωEψ∕ssEπωEppE≥oχχπsπoωsE∕tEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2018QE]^QEVVU 4.2 59

486 zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEνπμνRψ∕ssEηπω∕χEst∕tγsEwπtνE∕EpνotoωE∕ωdE∕EργtEηroψE≥oχχπsπoωsE∕tEdE
VX´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUW 4.2 7

485 zγ∕r≥νEηorEtνγEdπrγ≥tEprodu≥tπoωEoηE≥ν∕rμπωosE∕ωdEωγutr∕χπωosEπωEηπω∕χEst∕tγsEwπtνEt∕uEχγptoωsEπωE
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVZY 4.2 23

484 tγ∕surγψγωtEoηEχoωμπtudπω∕χEηχowEdγ≥orrγχ∕tπoωsEπωEw√Pw√E≥oχχπsπoωsE∕tE∕ωdEZSUWE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVYW 4.2 35

483 tγ∕surγψγωtEoηEqu∕rτoωπuψEprodu≥tπoωEπωEprotoωRχγ∕dE∕ωdEprotoωRprotoωE≥oχχπsπoωsE∕tEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV]V 4.2 35

482 tγ∕surγψγωtEoηEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEoηE∕EsπωμχγEtopEqu∕rτEprodu≥γdEπωE∕sso≥π∕tπoωEwπtνE∕E
√osoωE∕tEwπtνEh{shzSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^[ 4.2 5

481 zγ∕r≥νEηorEνγ∕vyErγsoω∕ω≥γsEπωEtνγE∕ωdEηπω∕χEst∕tγsEusπωμEprotoωRprotoωE≥oχχπsπoωsE∕tE´ EwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEW_X 4.2 41

480 hEsγ∕r≥νEηorEp∕πrRprodu≥γdErγsoω∕ω≥γsEπωEηourRργtEηπω∕χEst∕tγsE∕tEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2018QE]^QEWZU 4.2 28

479
zγ∕r≥νEηorEνγ∕vyErγsoω∕ω≥γsEdγ≥∕yπωμEπωtoE∕E‘EorE—E√osoωE∕ωdE∕EoπμμsE√osoωEπωEηπω∕χEst∕tγsEwπtνE
χγptoωsE∕ωdE√RργtsEπωEX[Eη√â��VEoηEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 26

478 zγ∕r≥νEηorEνγ∕vyErγsoω∕ω≥γsEdγ≥∕yπωμEπωtoEπωEtνγEηπω∕χEst∕tγEπωE≥oχχπsπoωsE∕tEwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEWY 4.2 47

477 kπrγ≥tEtopRqu∕rτEdγ≥∕yEwπdtνEψγ∕surγψγωtEπωEtνγEχγptoωPργtsE≥ν∕ωωγχE∕tEwπtνEtνγEh{shzE
γxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVW_ 4.2 11

476 zγ∕r≥νEηorE‘E‘T‘E—Erγsoω∕ω≥γEprodu≥tπoωEπωEâ��˛‰qqEηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

475 tγ∕surγψγωtEoηEtνγEoπμμsE√osoωE≥oupχπωμEpropγrtπγsEπωEtνγEoEReE——OEReEYâ��Edγ≥∕yE≥ν∕ωωγχE∕tEME
sqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 36

(2018-2019)

9



474 tγ∕surγψγωtEoηEπω≥χusπvγEργtE∕ωdEdπργtE≥rossRsγ≥tπoωsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 12

473 zγ∕r≥νEηorEd∕rτEψ∕ttγrEprodu≥γdEπωE∕sso≥π∕tπoωEwπtνE√ottoψEorEtopEqu∕rτsEπωE´ {γ~E≥oχχπsπoωsEwπtνE
tνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^ 4.2 32

472 zγ∕r≥νEηorEdou√χyE≥ν∕rμγdEoπμμsE√osoωEprodu≥tπoωEπωEψuχtπRχγptoωEηπω∕χEst∕tγsEwπtνEtνγEh{shzE
dγtγ≥torEusπωμEprotoωRprotoωE≥oχχπsπoωsE∕tSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV__ 4.2 55

471 tγ∕surγψγωtEoηEpoχ∕rπs∕tπoωEπωEdγ≥∕ysEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE{γ~EwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2018QE]^QEV[X 4.2 3

470 zγ∕r≥νγsEηorEνγ∕vyE——E∕ωdE—‘Erγsoω∕ω≥γsEπωEtνγEâ��â��qqE∕ωdE˛‰˛‰qqEηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 17

469 zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEupRtypγEvγ≥torRχπτγEqu∕rτsE∕ωdEηorEηourRtopRqu∕rτEγvγωtsEπωEηπω∕χE
st∕tγsEwπtνEψuχtπpχγE√RργtsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 23

468
tγ∕surγψγωtEoηEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωsE∕ωdE‘PT‘â��E≥rossRsγ≥tπoωEr∕tπosEηorE‘E√osoωEprodu≥tπoωE
πωE∕sso≥π∕tπoωEwπtνEργtsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 7

467 tγ∕surγψγωtEoηEtνγE‘R√osoωEψ∕ssEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}d]QEν√oxE{{γ~}NEwπtνEtνγEh{shzE
dγtγ≥torE2018QE]^QEV 1

466 zγ∕r≥νEηorEdou√χyE≥ν∕rμγdEoπμμsE√osoωEprodu≥tπoωEπωEψuχtπRχγptoωEηπω∕χEst∕tγsEwπtνEtνγEh{shzE
dγtγ≥torEusπωμEprotoωâ��protoωE≥oχχπsπoωsE∕tEMsqrt{s}dVXQtγxtE{{γ~}NE2018QE]^QEV 1

465 zγ∕r≥νEηorEνγ∕vyErγsoω∕ω≥γsEdγ≥∕yπωμEπωtoE∕E‘EorE—E√osoωE∕ωdE∕EoπμμsE√osoωEπωEηπω∕χEst∕tγsEwπtνE
χγptoωsE∕ωdE√RργtsEπωEX[Eη√â��VEoηEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torE2018QEWUV^QEV 1

464
zγ∕r≥νEηorEtνγEoπμμsE√osoωEprodu≥γdEπωE∕sso≥π∕tπoωEwπtνE∕Evγ≥torE√osoωE∕ωdEdγ≥∕yπωμEπωtoEtwoE
spπωRzγroEp∕rtπ≥χγsEπωEtνγEoEReE∕∕EReEY√E≥ν∕ωωγχEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 14

463
tγ∕surγψγωtEoηEtνγEME—μ∕ψψ∕EtoEωuEovγrχπωγ{ωu}μ∕ψψ∕ENEprodu≥tπoωE≥rossEsγ≥tπoωEπωEppE≥oχχπsπoωsE
∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torE∕ωdEχπψπtsEoωE∕ωoψ∕χousEtrπpχγEμ∕uμγR√osoωE
≥oupχπωμsSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 6

462 wroψptE∕ωdEωoωRproψptEγχχπptπ≥EηχowEπωEw√Pw√E≥oχχπsπoωsE∕tE{γvEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2018QE]^QE]^Y 4.2 8

461 zγ∕r≥νEηorEoπμμsE√osoωEp∕πrEprodu≥tπoωEπωEtνγE≥ν∕ωωγχEusπωμE≥oχχπsπoωEd∕t∕Erγ≥ordγdE∕tE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUU] 4.2 21

460 tγ∕surγψγωtEoηE≥oχourEηχowEusπωμEργtRpuχχEo√sγrv∕√χγsEπωEγvγωtsEwπtνEtνγEh{shzEγxpγrπψγωtE∕tSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE^Y] 4.2 5

459 hωμuχ∕rE∕ω∕χysπsEoηEiEUEdEEReErO˛…P˛…â��Edγ≥∕ysEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 44

458 sowRψoψγωtuψEdπrγ≥tRpνotoωEψγ∕surγψγωtEπωEjuEPEjuE≥oχχπsπoωsE∕tEsuudWUUnγ~SEPhysicalpReviewp
CQE2018QE_^QE 2.7 7

457
zγ∕r≥νEηorE∕EωγwEνγ∕vyEμ∕uμγR√osoωErγsoω∕ω≥γEdγ≥∕yπωμEπωtoE∕EχγptoωE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEπωEX[Eη√EoηE≥oχχπsπoωsE∕tE´ {γ~EwπtνEtνγEh{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE
2018QE]^QEYUV

4.2 23
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456
zγ∕r≥νEηorEd∕rτEψ∕ttγrEπωEγvγωtsEwπtνE∕Eν∕droωπ≥∕χχyEdγ≥∕yπωμEvγ≥torE√osoωE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 15

455
tγ∕surγψγωtsEoηEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωsEoηEtopEqu∕rτEp∕πrEprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνEργtsEπωE
ppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QE
WUV^QEV

5.4 4

454
zγ∕r≥νEηorEoπμμsE√osoωEp∕πrEprodu≥tπoωEπωEtνγEMEupμ∕ψψ∕Eupμ∕ψψ∕E√ovγrχπωγ{√}ENEηπω∕χEst∕tγEwπtνE
VXE{γ~EppE≥oχχπsπoωEd∕t∕E≥oχχγ≥tγdE√yEtνγEh{shzEγxpγrπψγωtSEJournalpofpHighpEnergypPhysicsQE2018QE
WUV^QEV

5.4 23

453 zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEγvγωtsEwπtνEs∕ψγR≥ν∕rμγEχγptoωsE∕ωdE√RργtsEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 21

452 tγ∕surγψγωtEoηEtνγE∕zπψutν∕χE∕ωπsotropyEoηE≥ν∕rμγdEp∕rtπ≥χγsEprodu≥γdEπωEdEZSUW´ {γ~Ew√Pw√E
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__] 4.2 21

451 wγrηorψ∕ω≥γEoηEψπssπωμEtr∕ωsvγrsγEψoψγωtuψErγ≥oωstru≥tπoωEwπtνEtνγEh{shzEdγtγ≥torEusπωμE
protoωRprotoωE≥oχχπsπoωsE∕tSEEuropeanpPhysicalpJournalpCQE2018QE]^QE_UX 4.2 66

450 zγ∕r≥νEηorEγχγ≥trowγ∕τEprodu≥tπoωEoηEsupγrsyψψγtrπ≥Ep∕rtπ≥χγsEπωEηπω∕χEst∕tγsEwπtνEtwoEorEtνrγγE
χγptoωsE∕tEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__Z 4.2 49

449 zγ∕r≥νEηorE≥ν∕rμγdEoπμμsE√osoωsEdγ≥∕yπωμEπωtoEtopE∕ωdE√ottoψEqu∕rτsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 39

448 vpγr∕tπoωE∕ωdEpγrηorψ∕ω≥γEoηEtνγEh{shzE{πχγEj∕χorπψγtγrEπωEyuω´ VSEEuropeanpPhysicalpJournalpCQE
2018QE]^QE_^] 4.2 13

447
zγ∕r≥νEηorEsupγrsyψψγtryEπωEηπω∕χEst∕tγsEwπtνEψπssπωμEtr∕ωsvγrsγEψoψγωtuψE∕ωdEψuχtπpχγE√RργtsEπωE
protoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 28

446 zγ∕r≥νπωμEηorEψγt∕st∕√χγEp∕rtπ≥χγsEwπtνEsu√RψπχχπψγtγrEdπspχ∕≥γdEvγrtπ≥γsE∕tEν∕droωE≥oχχπdγrsSE
JournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 5

445
zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEνγ∕vyEvγ≥torRχπτγEqu∕rτsEdγ≥∕yπωμEπωtoEνπμνRp{E‘E√osoωsE∕ωdEtopE
qu∕rτsEπωEtνγEχγptoωRpχusRργtsEηπω∕χEst∕tγEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 16

444
zγ∕r≥νEηorEtopRsqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEoωγEχγptoωQEργtsQE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEusπωμEX[Eη√â��VEoηEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

443 zγ∕r≥νEηorEχoωμRχπvγdE≥ν∕rμπωosE√∕sγdEoωE∕Edπs∕ppγ∕rπωμRtr∕≥τEsπμω∕turγEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 48

442 zγ∕r≥νEηorEsupγrsyψψγtryEπωEηπω∕χEst∕tγsEwπtνE≥ν∕rψEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEVXE
{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 9

441
zγ∕r≥νEηorE≥ν∕rμγdEoπμμsE√osoωsEdγ≥∕yπωμEvπ∕Eo´–EReEˇ�´–˛‰ˇ�EπωEtνγEˇ�PργtsE∕ωdEˇ�PχγptoωEηπω∕χEst∕tγsEwπtνE
X[Eη√â��VEoηEppE≥oχχπsπoωEd∕t∕Erγ≥ordγdE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEγxpγrπψγωtSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

440 wroψptE∕ωdEωoωRproψptE∕ωdEsupprγssπoωE∕tEνπμνEtr∕ωsvγrsγEψoψγωtuψEπωEw√Pw√E≥oχχπsπoωsEwπtνE
tνγEh{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE2018QE]^QE][W 4.2 23

439 zγ∕r≥νEηorEoπμμsE√osoωEdγ≥∕ysEtoE√γyoωdRtνγRzt∕ωd∕rdRtodγχEχπμνtE√osoωsEπωEηourRχγptoωEγvγωtsE
wπtνEtνγEh{shzEdγtγ≥torE∕tEMEsqrt{s}dVXENE{γ~SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

(2018-2018)
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438 zγ∕r≥νEηorEγx≥χusπvγEoπμμsE∕ωdE—E√osoωEdγ≥∕ysEtoEf˛‡E∕ωdEˇ�˛‡EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV 5.4 6

437 tγ∕surγψγωtsEoηE√RργtEt∕μμπωμEγηηπ≥πγω≥yEwπtνEtνγEh{shzEdγtγ≥torEusπωμEMEtovγrχπωγ{t}ENEγvγωtsE∕tEME
sqrt{s}dVXENE{γ~SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 31

436 zγ∕r≥νEηorEηχ∕vourR≥ν∕ωμπωμEωγutr∕χE≥urrγωtEtopRqu∕rτEdγ≥∕ysEtEReEq—EπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 8

435 tγ∕surγψγωtEoηEtνγEπω≥χusπvγE∕ωdEηπdu≥π∕χEprodu≥tπoωE≥rossRsγ≥tπoωsEπωEtνγEχγptoωPργtsE≥ν∕ωωγχEπωE
≥oχχπsπoωsE∕tEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEY^] 4.2 5

434 zγ∕r≥νEηorEνγ∕vyEp∕rtπ≥χγsEdγ≥∕yπωμEπωtoEtopRqu∕rτEp∕πrsEusπωμEχγptoωRpχusRργtsEγvγωtsEπωE
protoωRprotoωE≥oχχπsπoωsE∕tE´ EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2018QE]^QEZ[Z 4.2 34

433
zγ∕r≥νEηorEωγwEpνγωoψγω∕EusπωμEtνγEπωv∕rπ∕ωtEψ∕ssEdπstrπ√utπoωEoηEs∕ψγRηχ∕vourEopposπtγRsπμωE
dπχγptoωEp∕πrsEπωEγvγωtsEwπtνEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωE´ E≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE[WZ

4.2 15

432 zγ∕r≥νEηorEd∕rτEψ∕ttγrE∕ωdEotνγrEωγwEpνγωoψγω∕EπωEγvγωtsEwπtνE∕ωEγωγrμγtπ≥EργtE∕ωdEχ∕rμγEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 101

431
tγ∕surγψγωtEoηEtνγE morψuχ∕aEsγγEtγxt]E∕ωdE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωE≥rossEsγ≥tπoωsEπωE
ψuχtπχγptoωEηπω∕χEst∕tγsEusπωμEXSWEη√ morψuχ∕aEsγγEtγxt]EoηE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsE∕tE morψuχ∕aE
sγγEtγxt]EdEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYU

4.2 14

430
hEψγ∕surγψγωtEoηEtνγE≥∕χorπψγtγrErγspoωsγEtoEsπωμχγEν∕droωsE∕ωdEdγtγrψπω∕tπoωEoηEtνγEργtEγωγrμyE
s≥∕χγEuω≥γrt∕πωtyEusπωμEsojEyuωRVER≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEW[

4.2 22

429
tγ∕surγψγωtEoηEtνγEπω≥χusπvγE≥rossRsγ≥tπoωsEoηEsπωμχγEtopRqu∕rτE∕ωdEtopR∕ωtπqu∕rτEtR≥ν∕ωωγχE
produ≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2017QEWUV]QEV

5.4 22

428
tγ∕surγψγωtEoηEργtE∕≥tπvπtyEprodu≥γdEπωEtopRqu∕rτEγvγωtsEwπtνE∕ωEγχγ≥troωQE∕EψuoωE∕ωdEtwoE
Rt∕μμγdEργtsEπωEtνγEηπω∕χEst∕tγEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E{γ~EwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEWWU

4.2 5

427 tγ∕surγψγωtEoηEtνγE√osoωEpoχ∕rπs∕tπoωEπωE morψuχ∕aEsγγEtγxt]EγvγωtsEηroψE≥oχχπsπoωsE∕tE morψuχ∕aE
sγγEtγxt]EdE^E{γ~EπωEtνγEχγptoω´ P´ ργtsE≥ν∕ωωγχEwπtνEh{shzSEEuropeanpPhysicalpJournalpCQE2017QE]]QEW[Y 4.2 19

426 lχγ≥troωEγηηπ≥πγω≥yEψγ∕surγψγωtsEwπtνEtνγEh{shzEdγtγ≥torEusπωμEWUVWEsojEprotoωRprotoωE≥oχχπsπoωE
d∕t∕SEEuropeanpPhysicalpJournalpCQE2017QE]]QEV_Z 4.2 61

425
tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEπωEtνγE morψuχ∕aEsγγEtγxt]E≥ν∕ωωγχEπωE
≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEW_W

4.2 13

424 wγrηorψ∕ω≥γEoηE∕χμorπtνψsEtν∕tErγ≥oωstru≥tEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωE morψuχ∕aEsγγEtγxt]dE
^E{γ~EprotoωRprotoωE≥oχχπsπoωsEπωEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEWYV 4.2 38

423 tγ∕surγψγωtEoηEtνγEproψptET morψuχ∕aEsγγEtγxt]Ep∕πrEprodu≥tπoωE≥rossRsγ≥tπoωEπωE≥oχχπsπoωsE∕tE
 morψuχ∕aEsγγEtγxt]´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QE][ 4.2 47

422 zγ∕r≥νEηorEtrπ√osoωE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´  morψuχ∕aEsγγE
tγxt]EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYV 4.2 13

421 {opoχoμπ≥∕χE≥γχχE≥χustγrπωμEπωEtνγEh{shzE≥∕χorπψγtγrsE∕ωdEπtsEpγrηorψ∕ω≥γEπωEsojEyuωEVSEEuropeanp
PhysicalpJournalpCQE2017QE]]QEY_U 4.2 177
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420
mπdu≥π∕χQEtot∕χE∕ωdEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωEψγ∕surγψγωtsEoηER≥ν∕ωωγχEsπωμχγEtopRqu∕rτEprodu≥tπoωE
πωE≥oχχπsπoωsE∕tE^´ {γ~EusπωμEd∕t∕E≥oχχγ≥tγdE√yEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEZXV

4.2 27

419 tγ∕surγψγωtsEoηEγχγ≥trowγ∕τE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωE∕ωdE≥oωstr∕πωtsEoωE∕ωoψ∕χousEμ∕uμγE
≥oupχπωμsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEY]Y 4.2 14

418 qγtErγ≥oωstru≥tπoωE∕ωdEpγrηorψ∕ω≥γEusπωμEp∕rtπ≥χγEηχowEwπtνEtνγEh{shzEkγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEY[[ 4.2 42

417 tγ∕surγψγωtEoηEψuχtπRp∕rtπ≥χγE∕zπψutν∕χE≥orrγχ∕tπoωsEπωEppQEp´ P´ w√E∕ωdEχowRψuχtπpχπ≥πtyEw√´ P´ w√E
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYW^ 4.2 48

416 tγ∕surγψγωtEoηEπω≥χusπvγE∕ωdEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωsEπωEtνγEoEReE——EOEReEYâ��Edγ≥∕yE≥ν∕ωωγχEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 25

415 tγ∕surγψγωtEoηEχγptoωEdπηηγrγωtπ∕χEdπstrπ√utπoωsE∕ωdEtνγEtopEqu∕rτEψ∕ssEπωEprodu≥tπoωEπωE≥oχχπsπoωsE
∕tE´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^UY 4.2 11

414 tγ∕surγψγωtEoηEtνγEMEtovγrχπωγ{t}μ∕ψψ∕ENEprodu≥tπoωE≥rossEsγ≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

413
tγ∕surγψγωtsEoηE≥ν∕rμγE∕ωdEjwE∕syψψγtrπγsEπωE√Rν∕droωEdγ≥∕ysEusπωμEtopRqu∕rτEγvγωtsE≥oχχγ≥tγdE
√yEtνγEh{shzEdγtγ≥torEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~SEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 6

412 wγrηorψ∕ω≥γEoηEtνγEh{shzEtr∕≥τErγ≥oωstru≥tπoωE∕χμorπtνψsEπωEdγωsγEγωvπroωψγωtsEπωEsojEyuωEWSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE[]X 4.2 33

411
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEγvγωtsE≥oωt∕πωπωμE∕Es∕ψγRηχ∕vourEopposπtγRsπμωEdπχγptoωEp∕πrQEργtsQE
∕ωdEχ∕rμγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωE morψuχ∕aEsγγEtγxt]´  morψuχ∕aEsγγEtγxt] morψuχ∕aEsγγE
tγxt]E≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYY

4.2 8

410
tγ∕surγψγωtEoηEtνγE——Eprodu≥tπoωE≥rossEsγ≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~E
usπωμEtνγE——EReEâ��â�� â��Pâ��fâ��â��fPE∕ωdEME——toE{γχχ}^{R}{γχχ}^{P}ωuEovγrχπωγ{ωu}ENEdγ≥∕yE≥ν∕ωωγχsEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 9

409 wro√πωμEtνγE‘Et√EvγrtγxEstru≥turγEπωEtR≥ν∕ωωγχEsπωμχγRtopRqu∕rτEprodu≥tπoωE∕ωdEdγ≥∕yEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 11

408 tγ∕surγψγωtsEoηEˇ�MWzNE∕ωdE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��Eprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 15

407 tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEtoE—R√osoωE≥rossRsγ≥tπoωEr∕tπosE∕tEMEsqrt{s}dVXENEQE^QE]E{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

406 zγ∕r≥νEηorEχγptoωRηχ∕vourRvπoχ∕tπωμEdγ≥∕ysEoηEtνγEoπμμsE∕ωdE√osoωsEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE]U 4.2 52

405 wγrηorψ∕ω≥γEoηEtνγEh{shzEtrπμμγrEsystγψEπωEWUVZSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXV] 4.2 272

404 yγ≥oωstru≥tπoωEoηEprπψ∕ryEvγrtπ≥γsE∕tEtνγEh{shzEγxpγrπψγωtEπωEyuωEVEprotoωRprotoωE≥oχχπsπoωsE∕tE
tνγEsojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXXW 4.2 29

403
tγ∕surγψγωtsEoηEtνγEprodu≥tπoωE≥rossEsγ≥tπoωEoηE∕E morψuχ∕aEsγγEtγxt]E√osoωEπωE∕sso≥π∕tπoωEwπtνE
ργtsEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2017QE]]QEX[V

4.2 26

(2017-2017)
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402 wrγ≥πsπoωEψγ∕surγψγωtE∕ωdEπωtγrprγt∕tπoωEoηEπω≥χusπvγEQE∕ωdEprodu≥tπoωE≥rossEsγ≥tπoωsEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX[] 4.2 56

401 tγ∕surγψγωtEoηEργtEηr∕μψγωt∕tπoωEπωEw√Pw√E∕ωdE≥oχχπsπoωsE∕tE{γ~EwπtνEtνγEh{shzEdγtγ≥torE∕tEtνγE
sojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX]_ 4.2 35

400
zγ∕r≥νEηorEd∕rτEψ∕ttγrE∕tE morψuχ∕aEsγγEtγxt]EπωEηπω∕χEst∕tγsE≥oωt∕πωπωμE∕ωEγωγrμγtπ≥EpνotoωE∕ωdE
χ∕rμγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEX_X

4.2 52

399
tγ∕surγψγωtEoηE≥ν∕rμγdRp∕rtπ≥χγEdπstrπ√utπoωsEsγωsπtπvγEtoEtνγEuωdγrχyπωμEγvγωtEπωEMEsqrt{s}dVXENE
{γ~EprotoωRprotoωE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torE∕tEtνγEsojSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 9

398 zγ∕r≥νEηorEdπrγ≥tEtopEsqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEtwoEχγptoωsEπωE{γ~E≥oχχπsπoωsEwπtνE
tνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^_^ 4.2 19

397
zγ∕r≥νEηorEdπrγ≥tEtopEsqu∕rτEp∕πrEprodu≥tπoωEπωEγvγωtsEwπtνE∕EoπμμsEorE—E√osoωQE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 7

396
tγ∕surγψγωtEoηEdγtγ≥torR≥orrγ≥tγdEo√sγrv∕√χγsEsγωsπtπvγEtoEtνγE∕ωoψ∕χousEprodu≥tπoωEoηEγvγωtsE
wπtνEργtsE∕ωdEχ∕rμγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωE≥oχχπsπoωsE∕tE´ {γ~EusπωμEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE][Z

4.2 10

395 tγ∕surγψγωtEoηE√Rν∕droωEp∕πrEprodu≥tπoωEwπtνEtνγEh{shzEdγtγ≥torEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrt{s}d^ENE{γ~SEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 5

394 zγ∕r≥νEηorEsupγrsyψψγtryEπωEγvγωtsEwπtνE√Rt∕μμγdEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 13

393 tγ∕surγψγωtEoηEtνγEπω≥χusπvγEργtE≥rossRsγ≥tπoωsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

392
zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEvγ≥torRχπτγEtopEqu∕rτsEπωEγvγωtsEwπtνEoωγEχγptoωQEργtsQE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 27

391 pdγωtπηπ≥∕tπoωE∕ωdErγργ≥tπoωEoηEpπχγRupEργtsE∕tEνπμνEpsγudor∕pπdπtyEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEZ^U 4.2 16

390
tγ∕surγψγωtEoηEprodu≥tπoωEwπtνEtνγEν∕droωπ≥∕χχyEdγ≥∕yπωμE√osoωErγ≥oωstru≥tγdE∕sEoωγEorEtwoEργtsE
πωE≥oχχπsπoωsE∕tEwπtνEh{shzQE∕ωdE≥oωstr∕πωtsEoωE∕ωoψ∕χousEμ∕uμγE≥oupχπωμsSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEZ[X

4.2 15

389
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωE∕EχγptoωEpχusEνπμνEργtEψuχtπpχπ≥πtyEηπω∕χEst∕tγEwπtνEtνγEh{shzE
γxpγrπψγωtEusπωμEMEsqrt{s}dVXENE{γ~EprotoωRprotoωE≥oχχπsπoωEd∕t∕SEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 7

388 zγ∕r≥νγsEηorEtνγE—˛‡Edγ≥∕yEψodγEoηEtνγEoπμμsE√osoωE∕ωdEηorEωγwEνπμνRψ∕ssErγsoω∕ω≥γsEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 20

387 ztudπγsEoηE—˛‡Eprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνE∕EνπμνRψ∕ssEdπργtEsystγψEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

386 tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEπωEtνγEχγptoωPργtsE≥ν∕ωωγχEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

385 zγ∕r≥νEηorEtopEqu∕rτEdγ≥∕ysEtEReEqoQEwπtνEoEReE˛‡˛‡QEπωEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωsEusπωμEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

Osamu Jinnouchi
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384 ztudyEoηE∕ωdEprodu≥tπoωEπωE≥oχχπsπoωsE∕tE∕ωdEsγ∕r≥νEηorE∕ωoψ∕χousEqu∕rtπ≥Eμ∕uμγE≥oupχπωμsEwπtνEtνγE
h{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE2017QE]]QE[Y[ 4.2 11

383 tγ∕surγψγωtsEoηEtopEqu∕rτEspπωEo√sγrv∕√χγsEπωEMEtovγrχπωγ{t}ENEγvγωtsEusπωμEdπχγptoωEηπω∕χEst∕tγsEπωEME
sqrt{s}d^ENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

382
zγ∕r≥νEηorEωγwEpνγωoψγω∕EwπtνEχ∕rμγEργtEψuχtπpχπ≥πtπγsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEusπωμE
χ∕rμγRr∕dπusEργtsE∕ωdEηχ∕vourRt∕μμπωμE∕tEh{shzEπωEVXE{γ~EppE≥oχχπsπoωsSEJournalpofpHighpEnergypPhysics
QE2017QEWUV]QEV

5.4 8

381 {opRqu∕rτEψ∕ssEψγ∕surγψγωtEπωEtνγE∕χχRν∕droωπ≥EMEtovγrχπωγ{t}ENEdγ≥∕yE≥ν∕ωωγχE∕tEMEsqrt{s}d^ENE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 6

380 tγ∕surγψγωtEoηEtνγEkrγχχR–∕ωEtrπpχγRdπηηγrγωtπ∕χE≥rossEsγ≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~SE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 16

379 zγ∕r≥νEηorE∕Es≥∕χ∕rEp∕rtωγrEoηEtνγEtopEqu∕rτEπωEtνγEργtsEpχusEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEηπω∕χE
st∕tγE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 30

378
zγ∕r≥νEηorEsupγrsyψψγtryEπωEηπω∕χEst∕tγsEwπtνEtwoEs∕ψγRsπμωEorEtνrγγEχγptoωsE∕ωdEργtsEusπωμEX[Eη√â��VE
oηEMEsqrt{s}dVXENE{γ~EppE≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 22

377
zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEνγ∕vyEvγ≥torRχπτγEqu∕rτsEdγ≥∕yπωμEtoEνπμνRpE{E‘E√osoωsE∕ωdE√Equ∕rτsE
πωEtνγEχγptoωRpχusRργtsEηπω∕χEst∕tγEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 29

376 tγ∕surγψγωtEoηEtνγEτEtEspχπttπωμEs≥∕χγsEπωE—EReEâ��â��EγvγωtsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 3

375
hω∕χysπsEoηEtνγE‘t√EvγrtγxEηroψEtνγEψγ∕surγψγωtEoηEtrπpχγRdπηηγrγωtπ∕χE∕ωμuχ∕rEdγ≥∕yEr∕tγsEoηE
sπωμχγEtopEqu∕rτsEprodu≥γdEπωEtνγEtR≥ν∕ωωγχE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2017QEWUV]QEV

5.4 7

374 lvπdγω≥γEηorEtνγEMEotoE√ovγrχπωγ{√}ENEdγ≥∕yEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV 5.4 50

373
zγ∕r≥νEηorEωγwEνπμνRψ∕ssEpνγωoψγω∕EπωEtνγEdπχγptoωEηπω∕χEst∕tγEusπωμEX[Eη√â��VEoηEprotoωRprotoωE
≥oχχπsπoωEd∕t∕E∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 126

372 kγtγrψπω∕tπoωEoηEtνγEstroωμE≥oupχπωμE≥oωst∕ωtEηroψEtr∕ωsvγrsγEγωγrμyRγωγrμyE≥orrγχ∕tπoωsEπωE
ψuχtπργtEγvγωtsE∕tEusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^]W 4.2 19

371 z≥∕χπωμEpropγrtπγsEoηEηr∕≥tπoω∕χEψoψγωtuψEχossEoηEνπμνRp{Eν∕droωsEπωEωu≥χγusRωu≥χγusE≥oχχπsπoωsE∕tE
suuEηroψE[WSYEnγ~EtoEWS][E{γ~SEPhysicalpReviewpCQE2016QE_XQE 2.7 13

370 yγ≥oωstru≥tπoωEoηEν∕droωπ≥Edγ≥∕yEprodu≥tsEoηEt∕uEχγptoωsEwπtνEtνγEh{shzEγxpγrπψγωtSEEuropeanp
PhysicalpJournalpCQE2016QE][QEW_Z 4.2 28

369 wγrηorψ∕ω≥γEoηEpπχγRupEψπtπμ∕tπoωEtγ≥νωπquγsEηorEργtsEπωE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsE∕tE morψuχ∕aE
sγγEtγxt]´ {γ~EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^V 4.2 148

368 tγ∕surγψγωtEoηEtνγE≥ν∕rμγdRp∕rtπ≥χγEψuχtπpχπ≥πtyEπωsπdγEργtsEηroψE morψuχ∕aEsγγEtγxt] morψuχ∕aEsγγE
tγxt]´ E≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEXWW 4.2 35

367 tγ∕surγψγωtEoηEργtE∕≥tπvπtyEπωEtopEqu∕rτEγvγωtsEusπωμEtνγEγ˛…Eηπω∕χEst∕tγEwπtνEtwoE√Rt∕μμγdEργtsEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 4

(2016-2017)
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366
tγ∕surγψγωtEoηEtνγEtr∕ωsvγrsγEψoψγωtuψE∕ωdE morψuχ∕aEsγγEtγxt]Edπstrπ√utπoωsEoηEkrγχχR–∕ωE
χγptoωEp∕πrsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2016QE][QEW_V

4.2 63

365
tγ∕surγψγωtEoηEηπdu≥π∕χEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωsEoηEμχuoωRηusπoωEprodu≥tπoωEoηEoπμμsE√osoωsE
dγ≥∕yπωμEtoE‘‘EOReγ˛‰˛…˛‰EwπtνEtνγEh{shzEdγtγ≥torE∕tEMEsqrt{s}d^ENE{γ~SEJournalpofpHighpEnergypPhysicsQE
2016QEWUV[QEV

5.4 13

364 zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEγvγωtsEwπtνE∕EpνotoωE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

363 hEsγ∕r≥νEηorEtopEsqu∕rτsEwπtνEyRp∕rπtyRvπoχ∕tπωμEdγ≥∕ysEtoE∕χχRν∕droωπ≥Eηπω∕χEst∕tγsEwπtνEtνγEh{shzE
dγtγ≥torEπωEMEsqrt{s}d^ENE{γ~EprotoωRprotoωE≥oχχπsπoωsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

362 pdγωtπηπ≥∕tπoωEoηEνπμνEtr∕ωsvγrsγEψoψγωtuψEtopEqu∕rτsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

361 hEsγ∕r≥νEηorE∕ωEγx≥πtγdEψuoωEdγ≥∕yπωμEtoE∕EψuoωE∕ωdEtwoEργtsEπωpp≥oχχπsπoωsE∕tE
Isqrt{s}bdb^b{rψ{{γ~}}IEwπtνEtνγEh{shzEdγtγ≥torSENewpJournalpofpPhysicsQE2016QEV^QEU]XUWV 2.9 1

360 iγ∕ψRπωdu≥γdE∕ωdE≥osψπ≥Rr∕yE√∕≥τμrouωdsEo√sγrvγdEπωEtνγEh{shzEdγtγ≥torEdurπωμEtνγEsojEWUVWE
protoωRprotoωEruωωπωμEpγrπodSEJournalpofpInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

359 tγ∕surγψγωtsEoηEtopRqu∕rτEp∕πrEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEπωEtνγEχγptoωPργtsE≥ν∕ωωγχEπωE≥oχχπsπoωsE
∕tE morψuχ∕aEsγγEtγxt]EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZX^ 4.2 48

358
tγ∕surγψγωtEoηEtνγEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEoηEproψptE∕ωdEωoωRproψptEprodu≥tπoωEoηE morψuχ∕aE
sγγEtγxt]E∕ωdE morψuχ∕aEsγγEtγxt]EπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E∕ωdE^´ {γ~EwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEW^X

4.2 42

357 suψπωosπtyEdγtγrψπω∕tπoωEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EdE^E{γ~EusπωμEtνγEh{shzEdγtγ≥torE∕tE
tνγEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QE[ZX 4.2 188

356
zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωEγvγωtsEwπtνEν∕droωπ≥∕χχyEdγ≥∕yπωμEt∕uEχγptoωsQEργtsE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~Erγ≥ordγdEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QE[^X

4.2 7

355
hddγωduψEtoEâ��tγ∕surγψγωtEoηEtνγEMt√∕r{t}NEprodu≥tπoωE≥rossRsγ≥tπoωEusπωμEMγψuENEγvγωtsEwπtνE
√Rt∕μμγdEργtsEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}NEdE]E∕ωdE^EMQψ∕tνrψ{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torâ��SE
EuropeanpPhysicalpJournalpCQE2016QE][QEV

4.2 13

354 tγ∕surγψγωtEoηEtνγE∕ωμuχ∕rE≥oγηηπ≥πγωtsEπωE—R√osoωEγvγωtsEusπωμEγχγ≥troωE∕ωdEψuoωEp∕πrsEηroψE
d∕t∕Et∕τγωE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

353 zγ∕r≥νγsEηorEνγ∕vyEdπ√osoωErγsoω∕ω≥γsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

352 k∕rτEψ∕ttγrEπωtγrprγt∕tπoωsEoηEh{shzEsγ∕r≥νγsEηorEtνγEγχγ≥trowγ∕τEprodu≥tπoωEoηEsupγrsyψψγtrπ≥E
p∕rtπ≥χγsEπωEMEsqrt{s}d^ENE{γ~EprotoωRprotoωE≥oχχπsπoωsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 16

351
zγ∕r≥νEηorEtνγEzt∕ωd∕rdEtodγχEoπμμsE√osoωEdγ≥∕yπωμEπωtoEME√ovγrχπωγ{√}ENEprodu≥γdEπωE∕sso≥π∕tπoωE
wπtνEtopEqu∕rτsEdγ≥∕yπωμEν∕droωπ≥∕χχyEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV

5.4 16

350 tγ∕surγψγωtEoηEtνγEjwRvπoχ∕tπωμEpν∕sγEfEsE∕ωdEtνγEiEUEsEψγsoωEdγ≥∕yEwπdtνEdπηηγrγω≥γEwπtνEiEUEsE
EReEqTˇ�fEdγ≥∕ysEπωEh{shzSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

349
zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωEηπω∕χEst∕tγsEwπtνEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψE∕tE
 morψuχ∕aEsγγEtγxt]EdVXE morψuχ∕aEsγγEtγxt]wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2016QE][QEX_W

4.2 53
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348 tγ∕surγψγωtEoηEtνγEdou√χγRdπηηγrγωtπ∕χEνπμνRψ∕ssEkrγχχR–∕ωE≥rossEsγ≥tπoωEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 24

347 hEsγ∕r≥νEηorEproψptEχγptoωRργtsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{ψ∕tνrψ{s}}d^ENE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 22

346 zγ∕r≥νEηorEωγwEpνγωoψγω∕EwπtνEpνotoωPργtEγvγωtsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

345
tγ∕surγψγωtEoηEtνγE≥γωtr∕χπtyEdγpγωdγω≥γEoηEtνγE≥ν∕rμγdRp∕rtπ≥χγEpsγudor∕pπdπtyEdπstrπ√utπoωEπωE
protoωRχγ∕dE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2016QE][QEV__

4.2 39

344 tγ∕surγψγωtEoηEtνγEprodu≥tπoωE≥rossRsγ≥tπoωEoηE∕EsπωμχγEtopEqu∕rτEπωE∕sso≥π∕tπoωEwπtνE∕E‘E√osoωE∕tE
^E{γ~EwπtνEtνγEh{shzEγxpγrπψγωtSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

343 zγ∕r≥νEηorEtνγEprodu≥tπoωEoηEsπωμχγEvγ≥torRχπτγE∕ωdEγx≥πtγdEqu∕rτsEπωEtνγE‘tEηπω∕χEst∕tγEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 14

342 zγ∕r≥νEηorEstroωμEμr∕vπtyEπωEψuχtπργtEηπω∕χEst∕tγsEprodu≥γdEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}dVXENE{γ~EusπωμE
tνγEh{shzEdγtγ≥torE∕tEtνγEsojSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

341
ztudyEoηEsurη∕≥γEpropγrtπγsEoηEh{shzVWEstrπpEsγωsorsE∕ωdEtνγπrEr∕dπ∕tπoωErγsπst∕ω≥γSENuclearp
InstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandp
AssociatedpEquipmentQE2016QE^XVQEV_]RWU[

1.2 11

340
lv∕χu∕tπoωEoηEtνγEpγrηorψ∕ω≥γEoηEπrr∕dπ∕tγdEsπχπ≥oωEstrπpEsγωsorsEηorEtνγEηorw∕rdEdγtγ≥torEoηEtνγE
h{shzEpωωγrE{r∕≥τγrE}pμr∕dγSENuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionpA:p
Accelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2016QE^XVQEWU]RWVW

1.2 9

339 pdγωtπηπ≥∕tπoωEoηE√oostγdQEν∕droωπ≥∕χχyEdγ≥∕yπωμE√osoωsE∕ωdE≥oψp∕rπsoωsEwπtνEh{shzEd∕t∕Et∕τγωE∕tE
 morψuχ∕aEsγγEtγxt]´ {γ~SEEuropeanpPhysicalpJournalpCQE2016QE][QEVZY 4.2 44

338 zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEγvγωtsEwπtνE∕tEχγ∕stEtνrγγEpνotoωsE≥oχχγ≥tγdEπωE≥oχχπsπoωsE∕tE morψuχ∕aE
sγγEtγxt]EdE^E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEWVU 4.2 53

337 wro√πωμEχγptoωEηχ∕vourEvπoχ∕tπoωEvπ∕EωγutrπωoχγssE morψuχ∕aEsγγEtγxt]Edγ≥∕ysEwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEWXW 4.2 12

336 hEωγwEψγtνodEtoEdπstπωμuπsνEν∕droωπ≥∕χχyEdγ≥∕yπωμE√oostγdE√osoωsEηroψE√osoωsEusπωμEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEWX^ 4.2 6

335 zγ∕r≥νEηorEsupγrsyψψγtryE∕tE morψuχ∕aEsγγEtγxt]´ {γ~EπωEηπω∕χEst∕tγsEwπtνEργtsE∕ωdEtwoEs∕ψγRsπμωE
χγptoωsEorEtνrγγEχγptoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEWZ_ 4.2 48

334 zγ∕r≥νEηorEπωvπsπ√χγEdγ≥∕ysEoηE∕EoπμμsE√osoωEusπωμEvγ≥torR√osoωEηusπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 45

333
zγ∕r≥νEηorE∕ωoψ∕χousE≥oupχπωμsEπωEtνγE‘Et√EvγrtγxEηroψEtνγEψγ∕surγψγωtEoηEdou√χγEdπηηγrγωtπ∕χE
∕ωμuχ∕rEdγ≥∕yEr∕tγsEoηEsπωμχγEtopEqu∕rτsEprodu≥γdEπωEtνγEtR≥ν∕ωωγχEwπtνEtνγEh{shzEdγtγ≥torSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEVRY[

5.4 12

332 zγ∕r≥νγsEηorEs≥∕χ∕rEχγptoqu∕rτsEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EdE^´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2016QE][QEZ 4.2 68

331
tγ∕surγψγωtsEoηEtνγEoπμμsE√osoωEprodu≥tπoωE∕ωdEdγ≥∕yEr∕tγsE∕ωdE≥oupχπωμEstrγωμtνsEusπωμE
≥oχχπsπoωEd∕t∕E∕tE morψuχ∕aEsγγEtγxt]E∕ωdE^´ {γ~EπωEtνγEh{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpC
QE2016QE][QE[

4.2 185
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330
tγ∕surγψγωtsEoηEηπdu≥π∕χE≥rossRsγ≥tπoωsEηorE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωEwπtνEoωγEorEtwoE
∕ddπtπoω∕χERργtsEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]d^E{γ~´ usπωμEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2016QE][QEVV

4.2 21

329 ztudyEoηEtνγE morψuχ∕aEsγγEtγxt]E∕ωdE morψuχ∕aEsγγEtγxt]Edγ≥∕ysEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2016QE][QEY 4.2 13

328
zγ∕r≥νEηorE∕ωE∕ddπtπoω∕χQEνγ∕vyEoπμμsE√osoωEπωEtνγE morψuχ∕aEsγγEtγxt]Edγ≥∕yE≥ν∕ωωγχE∕tE morψuχ∕aE
sγγEtγxt]EπωE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2016QE][QEYZ

4.2 152

327 zγ∕r≥νEηorEsπωμχγEtopRqu∕rτEprodu≥tπoωEvπ∕Eηχ∕vourR≥ν∕ωμπωμEωγutr∕χE≥urrγωtsE∕tE^´ {γ~EwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZZ 4.2 28

326 tγ∕surγψγωtEoηEtνγE≥ν∕rμγE∕syψψγtryEπωEtopRqu∕rτEp∕πrEprodu≥tπoωEπωEtνγEχγptoωRpχusRργtsEηπω∕χE
st∕tγEπωEppE≥oχχπsπoωEd∕t∕E∕tEMsqrt{s}d^Qψ∕tνrψE{γ~{}NEwπtνEtνγEh{shzEdγtγ≥torE2016QE][QEV 1

325 ztudyEoηEν∕rdEdou√χγRp∕rtoωEs≥∕ttγrπωμEπωEηourRργtEγvγωtsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~EwπtνE
tνγEh{shzEγxpγrπψγωtSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 21

324
zγ∕r≥νEηorEtνγEzt∕ωd∕rdEtodγχEoπμμsE√osoωEprodu≥γdE√yEvγ≥torR√osoωEηusπoωE∕ωdEdγ≥∕yπωμEtoE
√ottoψEqu∕rτsEπωEMEsqrt{s}d^ENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2016QEWUV[QEV

5.4 8

323
tγ∕surγψγωtEoηEγvγωtRsν∕pγEo√sγrv∕√χγsEπωE morψuχ∕aEsγγEtγxt]EγvγωtsEπωE≥oχχπsπoωsE∕tE morψuχ∕aE
sγγEtγxt]´  morψuχ∕aEsγγEtγxt]EwπtνEtνγEh{shzEdγtγ≥torE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2016QE
][QEX]Z

4.2 5

322 jν∕rμγdRp∕rtπ≥χγEdπstrπ√utπoωsEπωEπωtγr∕≥tπoωsE∕tE morψuχ∕aEsγγEtγxt]Eψγ∕surγdEwπtνEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEYUX 4.2 19

321 jν∕rμγdRp∕rtπ≥χγEdπstrπ√utπoωsE∕tEχowEtr∕ωsvγrsγEψoψγωtuψEπωE morψuχ∕aEsγγEtγxt]´ {γ~Eπωtγr∕≥tπoωsE
ψγ∕surγdEwπtνEtνγEh{shzEdγtγ≥torE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QEZUW 4.2 37

320 zγ∕r≥νEηorE√ottoψEsqu∕rτEp∕πrEprodu≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~E
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZY] 4.2 25

319
zγ∕r≥νEηorEψπωπψ∕χEsupγrsyψψγtrπ≥Est∕ωd∕rdEψodγχEoπμμsEiosoωsE´ T´ E∕ωdEηorE∕E morψuχ∕aEsγγEtγxt]E
√osoωEπωEtνγE morψuχ∕aEsγγEtγxt]Eηπω∕χEst∕tγEprodu≥γdEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^Z

4.2 28

318 tγ∕surγψγωtEoηEtνγEpνotoωEπdγωtπηπ≥∕tπoωEγηηπ≥πγω≥πγsEwπtνEtνγEh{shzEdγtγ≥torEusπωμEsojEyuωRVE
d∕t∕SEEuropeanpPhysicalpJournalpCQE2016QE][QE[[[ 4.2 53

317 tγ∕surγψγωtEoηEtνγE morψuχ∕aEsγγEtγxt]EdπργtE≥rossEsγ≥tπoωEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~E
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QE[]U 4.2 7

316 {νγEpγrηorψ∕ω≥γEoηEtνγEργtEtrπμμγrEηorEtνγEh{shzEdγtγ≥torEdurπωμEWUVVEd∕t∕Et∕τπωμSEEuropeanp
PhysicalpJournalpCQE2016QE][QEZW[ 4.2 16

315 zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEdπηηγrγωtRηχ∕vourEνπμνRψ∕ssEdπχγptoωEηπω∕χEst∕tγsEπωE≥oχχπsπoωsE∕tE
 morψuχ∕aEsγγEtγxt]´ {γvEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZYV 4.2 7

314
zγ∕r≥νEηorEtνγEoπμμsE√osoωEprodu≥γdEπωE∕sso≥π∕tπoωEwπtνE∕E√osoωE∕ωdEdγ≥∕yπωμEtoEηourERqu∕rτsEvπ∕E
twoEspπωRzγroEp∕rtπ≥χγsEπωE≥oχχπsπoωsE∕tEVXE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2016QE][QE[UZ

4.2 16

313 tuoωErγ≥oωstru≥tπoωEpγrηorψ∕ω≥γEoηEtνγEh{shzEdγtγ≥torEπωEprotoωRprotoωE≥oχχπsπoωEd∕t∕E∕tE
 morψuχ∕aEsγγEtγxt]dVX´ {γ~SEEuropeanpPhysicalpJournalpCQE2016QE][QEW_W 4.2 263
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312 {γstEoηEjwEπωv∕rπ∕ω≥γEπωEvγ≥torR√osoωEηusπoωEprodu≥tπoωEoηEtνγEoπμμsE√osoωEusπωμEtνγEψγtνodEπωEtνγE
dπt∕uEdγ≥∕yE≥ν∕ωωγχEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QE[Z^ 4.2 26

311 zγ∕r≥νEηorEμχuπωosEπωEγvγωtsEwπtνE∕ωEπsoχ∕tγdEχγptoωQEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψE∕tE
 morψuχ∕aEsγγEtγxt]EdEVXE{γE~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ[Z 4.2 20

310 tγ∕surγψγωtEoηEtνγEπω≥χusπvγEπsoχ∕tγdEproψptEpνotoωE≥rossEsγ≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 25

309
uoπsγEγv∕χu∕tπoωEoηEsπχπ≥oωEstrπpEsupγrRψoduχγEwπtνEhijuWZUErγ∕doutE≥νπpsEηorEtνγEh{shzEdγtγ≥torE
upμr∕dγE∕tEtνγEoπμνEsuψπωosπtyEsojSENuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionp
A:pAccelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2016QE^XVQEWW_RWXY

1.2

308 zγ∕r≥νEηorE∕EνπμνRψ∕ssEoπμμsE√osoωEdγ≥∕yπωμEtoE∕E‘E√osoωEp∕πrEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 59

307
zγ∕r≥νEηorEηχ∕vourR≥ν∕ωμπωμEωγutr∕χE≥urrγωtEtopRqu∕rτEdγ≥∕ysEtoE morψuχ∕aEsγγEtγxt]EπωE morψuχ∕aE
sγγEtγxt]E≥oχχπsπoωEd∕t∕E≥oχχγ≥tγdEwπtνEtνγEh{shzEdγtγ≥torE∕tE morψuχ∕aEsγγEtγxt]´ {γ~SEEuropeanp
PhysicalpJournalpCQE2016QE][QEVW

4.2 16

306
tγ∕surγψγωtEoηEtνγE≥ν∕rμγE∕syψψγtryEπωEtopRqu∕rτEp∕πrEprodu≥tπoωEπωEtνγEχγptoωRpχusRργtsEηπω∕χE
st∕tγEπωE≥oχχπsπoωEd∕t∕E∕tE morψuχ∕aEsγγEtγxt]EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2016QE][QE^]

4.2 18

305 zγ∕r≥νEηorEdπrγ≥tEtopEsqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEtwoEt∕uEχγptoωsEπωE≥oχχπsπoωsE∕tE
 morψuχ∕aEsγγEtγxt]´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QE^V 4.2 7

304 zγ∕r≥νEηorE≥ν∕rμγdEoπμμsE√osoωsEπωEtνγEoE´–EReEt√Edγ≥∕yE≥ν∕ωωγχEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~E
usπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 33

303 ztudyEoηEtνγEr∕rγEdγ≥∕ysEoηE morψuχ∕aEsγγEtγxt]E∕ωdE morψuχ∕aEsγγEtγxt]EπωtoEψuoωEp∕πrsEηroψEd∕t∕E
≥oχχγ≥tγdEdurπωμEtνγEsojEyuωEVEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2016QE][QEZVX 4.2 27

302
zγ∕r≥νEηorEsupγrsyψψγtryEπωE∕Eηπω∕χEst∕tγE≥oωt∕πωπωμEtwoEpνotoωsE∕ωdEψπssπωμEtr∕ωsvγrsγE
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248 zγ∕r≥νEηorEηχ∕vourR≥ν∕ωμπωμEωγutr∕χE≥urrγωtEtopEqu∕rτEdγ≥∕ysEtEReEoqEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR[Z 5.4 18

247 zγ∕r≥νEηorEνγ∕vyEχγptoωErγsoω∕ω≥γsEdγ≥∕yπωμEtoE∕E—E√osoωE∕ωdE∕EχγptoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^E
NE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

246 zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωEγvγωtsEwπtνEπsoχ∕tγdEχγptoωsQEργtsE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 37

245 lvπdγω≥γEηorEtνγEoπμμsR√osoωE–uτ∕w∕E≥oupχπωμEtoEt∕uEχγptoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2015QEWUVZQEV 5.4 74

244 tγ∕surγψγωtEoηEtνγE≥ν∕rμγE∕syψψγtryEπωEdπχγptoωπ≥Edγ≥∕ysEoηEtopEqu∕rτEp∕πrsEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}d]ENE{γ~EusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

243 zγ∕r≥νEηorE morψuχ∕aEsγγEtγxt]Edγ≥∕ysEπωE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ d´ ^´ {γ~E
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV[Z 4.2 25

242 tγ∕surγψγωtEoηEtνγEtopRqu∕rτEψ∕ssEπωEtνγEηuχχyEν∕droωπ≥Edγ≥∕yE≥ν∕ωωγχEηroψEh{shzEd∕t∕E∕tE
 morψuχ∕aEsγγEtγxt]SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEVZ^ 4.2 8

241
zγ∕r≥νEηorEdπrγ≥tEp∕πrEprodu≥tπoωEoηE∕E≥ν∕rμπωoE∕ωdE∕Eωγutr∕χπωoEdγ≥∕yπωμEtoEtνγEVWZ´ nγ~EoπμμsE
√osoωEπωE morψuχ∕aEsγγEtγxt]´ {γ~E morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEWU^
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240 ztudyEoηEM‘T—NoEprodu≥tπoωE∕ωdEoπμμsE√osoωE≥oupχπωμsEusπωμEoReE‘E‘EOEdγ≥∕ysEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 14

239 zγ∕r≥νEηorEψγt∕st∕√χγEνγ∕vyE≥ν∕rμγdEp∕rtπ≥χγsEwπtνEχ∕rμγEπoωπs∕tπoωEγωγrμyEχossEπωE≥oχχπsπoωsE∕tE
 morψuχ∕aEsγγEtγxt]´ {γ~EusπωμEtνγEh{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYU] 4.2 18

238
tγ∕surγψγωtEoηEtνγEprodu≥tπoωE∕ωdEχγptoωE≥ν∕rμγE∕syψψγtryEoηE morψuχ∕aEsγγEtγxt]E√osoωsEπωE
w√Pw√E≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2015QE
]ZQEWX

4.2 31

237 zγ∕r≥νEηorEprodu≥tπoωEoηEM‘‘T‘—NErγsoω∕ω≥γsEdγ≥∕yπωμEtoE∕EχγptoωQEωγutrπωoE∕ωdEργtsEπωEMppNE
≥oχχπsπoωsE∕tEMsqrt{s}d^NE{γ~EwπtνEtνγEh{shzEdγtγ≥torE2015QE]ZQEV 1

236 zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEηπω∕χEst∕tγsEwπtνE∕ωEγωγrμγtπ≥EργtE∕ωdEχ∕rμγEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}d^~N{γ~EwπtνEtνγEh{shzEdγtγ≥torE2015QE]ZQEV 2

235 tγ∕surγψγωtEoηEtνγEπω≥χusπvγEργtE≥rossRsγ≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~EusπωμE
YSZEη√â��VEoηEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torE2015QEWUVZQEV 3

234 tγ∕surγψγωtEoηEtνγEtopEqu∕rτEp∕πrEprodu≥tπoωE≥ν∕rμγE∕syψψγtryEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrt{s}ENEdE]E{γ~EusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 24

233
zγ∕r≥νEηorEtνγEdπrγ≥tEprodu≥tπoωEoηE≥ν∕rμπωosQEωγutr∕χπωosE∕ωdEst∕usEπωEηπω∕χEst∕tγsEwπtνE∕tEχγ∕stEtwoE
ν∕droωπ≥∕χχyEdγ≥∕yπωμEt∕usE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 29

232
kγvγχopψγωtEoηEωPRπωRpEχ∕rμγR∕rγ∕Esπχπ≥oωEψπ≥rostrπpEsγωsorsEηorEvγryEνπμνEr∕dπ∕tπoωEγωvπroωψγωtsEâ��E
h{shzVWEdγsπμωE∕ωdEπωπtπ∕χErγsuχtsSENuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionpA:p
Accelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentQE2014QE][ZQE^UR_U

1.2 29

231
{νγEdπηηγrγωtπ∕χEprodu≥tπoωE≥rossEsγ≥tπoωEoηEtνγE morψuχ∕aEsγγEtγxt]MVUWUNEψγsoωEπωE morψuχ∕aEsγγE
tγxt]EdE]´ {γ~E morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsEψγ∕surγdEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEW^_Z

4.2 12

230 lχγ≥troωErγ≥oωstru≥tπoωE∕ωdEπdγωtπηπ≥∕tπoωEγηηπ≥πγω≥yEψγ∕surγψγωtsEwπtνEtνγEh{shzEdγtγ≥torEusπωμE
tνγEWUVVEsojEprotoωRprotoωE≥oχχπsπoωEd∕t∕SEEuropeanpPhysicalpJournalpCQE2014QE]YQEW_YV 4.2 160

229 tγ∕surγψγωtEoηEtνγEuωdγrχyπωμEγvγωtEπωEργtEγvγωtsEηroψE]EMtγxtE{{γ~}NEprotoωâ��protoωE≥oχχπsπoωsE
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014QE]YQEV 4.2 18

228
tγ∕surγψγωtEoηEtνγE≥γωtr∕χπtyE∕ωdEpsγudor∕pπdπtyEdγpγωdγω≥γEoηEtνγEπωtγμr∕tγdEγχχπptπ≥EηχowEπωE
χγ∕dRχγ∕dE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~´ wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2014QE]YQEW_^W

4.2 18

227 sπμνtRqu∕rτE∕ωdEμχuoωEργtEdπs≥rπψπω∕tπoωEπωE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EwπtνE
tνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUWX 4.2 46

226
tγ∕surγψγωtEoηEtνγEγχγ≥trowγ∕τEprodu≥tπoωEoηEdπργtsEπωE∕sso≥π∕tπoωEwπtνE∕E—R√osoωE∕ωdE
dπstrπ√utπoωsEsγωsπtπvγEtoEvγ≥torE√osoωEηusπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdE^E{γ~EusπωμE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 14

225
zγ∕r≥νEηorEdπrγ≥tEprodu≥tπoωEoηE≥ν∕rμπωosE∕ωdEωγutr∕χπωosEπωEγvγωtsEwπtνEtνrγγEχγptoωsE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEMEsqrt{s}ENEdE^E{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 76

224
tγ∕surγψγωtEoηEtνγEprodu≥tπoωE≥rossEsγ≥tπoωEoηEproψptEqTˇ�EψγsoωsEπωE∕sso≥π∕tπoωEwπtνE∕E‘E´–E
√osoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdE]E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE
2014QEWUVYQEV

5.4 24

223 tγ∕surγψγωtEoηEdπργtE≥rossRsγ≥tπoωsEπωEppE≥oχχπsπoωsE∕tE]E{γ~E≥γωtrγRoηRψ∕ssEγωγrμyEusπωμEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 17
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222 tγ∕surγψγωtEoηEtνγEprodu≥tπoωEoηE∕E‘E√osoωEπωE∕sso≥π∕tπoωEwπtνE∕E≥ν∕rψEqu∕rτEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}ENEdE]E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 37

221
zγ∕r≥νEηorEdπrγ≥tEprodu≥tπoωEoηE≥ν∕rμπωosQEωγutr∕χπωosE∕ωdEsχγptoωsEπωEηπω∕χEst∕tγsEwπtνEtwoEχγptoωsE
∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}ENEdE^{γ~EwπtνEtνγEh{shzEdγtγ≥torSE
JournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 120

220 zγ∕r≥νEηorEsupγrsyψψγtryE∕tEMsqrt{s}NEdE^E{γ~EπωEηπω∕χEst∕tγsEwπtνEργtsE∕ωdEtwoEs∕ψγRsπμωEχγptoωsEorE
tνrγγEχγptoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 39

219 tγ∕surγψγωtEoηEtνγEχowRψ∕ssEkrγχχR–∕ωEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωE∕tEMEsqrt{s}ENEdE]E{γ~EusπωμEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 18

218 zγ∕r≥νEηorEdπrγ≥tEtopRsqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEtwoEχγptoωsEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}ENEdE^E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 52

217 tγ∕surγψγωtEoηEˇ�E≥VE∕ωdEˇ�E≥WEprodu≥tπoωEwπtνEMEsqrt{s}ENEdE]E{γ~EppE≥oχχπsπoωsE∕tEh{shzSEJournalpofp
HighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

216 zγ∕r≥νEηorEψπ≥ros≥opπ≥E√χ∕≥τEνoχγsE∕ωdEstrπωμE√∕χχsEπωEηπω∕χEst∕tγsEwπtνEχγptoωsE∕ωdEργtsEwπtνEtνγE
h{shzEdγtγ≥torE∕tEMEsqrt{s}ENEdE^E{γ~SEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 6

215 zγ∕r≥νEηorEωγwEp∕rtπ≥χγsEπωEγvγωtsEwπtνEoωγEχγptoωE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωEppE
≥oχχπsπoωsE∕tEMEsqrt{s}ENEdE^E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 40

214
zγ∕r≥νEηorEdπrγ≥tEtopEsqu∕rτEp∕πrEprodu≥tπoωEπωEγvγωtsEwπtνE∕E morψuχ∕aEsγγEtγxt]E√osoωQE morψuχ∕aE
sγγEtγxt]RργtsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEπωE morψuχ∕aEsγγEtγxt]E{γ~E morψuχ∕aEsγγEtγxt]E
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014QE]YQEW^^X

4.2 41

213
kou√χγRsπdγdEsupγrRψoduχγEyKkEηorEtνγEh{shzEtr∕≥τγrE∕tEosRsojEâ��EhEsuψψ∕rySENuclearpInstrumentsp
andpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandpAssociatedp
EquipmentQE2014QE][ZQE_VR_^

1.2

212 tγ≥ν∕ωπ≥∕χEstudπγsEtow∕rdsE∕Esπχπ≥oωEψπ≥roRstrπpEsupγrEψoduχγEηorEtνγEh{shzEπωωγrEdγtγ≥torE
upμr∕dγE∕tEtνγEνπμνEχuψπωosπtyEsojSEJournalpofpInstrumentationQE2014QE_QEwUYUV^RwUYUV^ 1 1

211 zγ∕r≥νEηorEωγutr∕χEoπμμsE√osoωsEoηEtνγEψπωπψ∕χEsupγrsyψψγtrπ≥Est∕ωd∕rdEψodγχEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 67

210 tγ∕surγψγωtEoηEtνγEψuoωErγ≥oωstru≥tπoωEpγrηorψ∕ω≥γEoηEtνγEh{shzEdγtγ≥torEusπωμEWUVVE∕ωdEWUVWE
sojEprotoωRprotoωE≥oχχπsπoωEd∕t∕SEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVXU 4.2 166

209
tγ∕surγψγωtsEoηEργtEvγtoγsE∕ωdE∕zπψutν∕χEdγ≥orrγχ∕tπoωsEπωEdπργtEγvγωtsEprodu≥γdEπωE morψuχ∕aEsγγE
tγxt]E≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014QE
]YQEXVV]

4.2 17

208
hEψγ∕surγψγωtEoηEtνγEr∕tπoEoηEtνγEprodu≥tπoωE≥rossEsγ≥tπoωsEηorE morψuχ∕aEsγγEtγxt]E∕ωdE morψuχ∕aE
sγγEtγxt]E√osoωsEπωE∕sso≥π∕tπoωEwπtνEργtsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014
QE]YQEXV[^

4.2 16

207 tγ∕surγψγωtsEoηEηπdu≥π∕χE∕ωdEdπηηγrγωtπ∕χE≥rossEsγ≥tπoωsEηorEoπμμsE√osoωEprodu≥tπoωEπωEtνγE
dπpνotoωEdγ≥∕yE≥ν∕ωωγχE∕tEMEsqrt{s}d^ENE{γ~EwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 30

206
zγ∕r≥νEηorEsupγrsyψψγtryEπωEγvγωtsEwπtνEχ∕rμγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψQEργtsQE∕ωdE∕tEχγ∕stE
oωγEt∕uEχγptoωEπωEWUEη√â��VEoηEMEsqrt{s}ENEdE^E{γ~EprotoωRprotoωE≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 9

205
zγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEwπtνEtνγEh{shzEdγtγ≥torEπωEηπω∕χEst∕tγsEwπtνEργtsE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEusπωμEMEsqrt{s}d^ENE{γ~EprotoωRprotoωE≥oχχπsπoωEd∕t∕SEJournalpofpHighpEnergyp
PhysicsQE2014QEWUVYQEV

5.4 108
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204
tγ∕surγψγωtEoηEtνγE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωE≥rossRsγ≥tπoωEusπωμE morψuχ∕aEsγγEtγxt]EγvγωtsE
wπtνE morψuχ∕aEsγγEtγxt]Rt∕μμγdEργtsEπωE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E∕ωdE
^´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVU_

4.2 107

203 tγ∕surγψγωtEoηErzUE∕ωdErOUEπωEpPpQdPhuQE∕ωdEjuEPEjuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewp
CQE2014QE_UQE 2.7 17

202 {r∕ωsvγrsγRγωγrμyEdπstrπ√utπoωsE∕tEψπdr∕pπdπtyEπωEpPpQEdPhuQE∕ωdEhuPhuE≥oχχπsπoωsE∕tEsuud[WSYâ��WUUE
nγ~E∕ωdEπψpχπ≥∕tπoωsEηorEp∕rtπ≥χγRprodu≥tπoωEψodγχsSEPhysicalpReviewpCQE2014QE^_QE 2.7 61

201 zystγψRsπzγEdγpγωdγω≥γEoηEopγωRνγ∕vyRηχ∕vorEprodu≥tπoωEπωEωu≥χγusRωu≥χγusE≥oχχπsπoωsE∕tEsuudWUUE
nγ~SEPhysicalpReviewpCQE2014QE_UQE 2.7 10

200
zγ∕r≥νEηorEtopEsqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEoωγEπsoχ∕tγdEχγptoωQEργtsQE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEMEsqrt{s}ENEdE^E{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 54

199 tuoωErγ≥oωstru≥tπoωEγηηπ≥πγω≥yE∕ωdEψoψγωtuψErγsoχutπoωEoηEtνγEh{shzEγxpγrπψγωtEπωE
protoωRprotoωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ {γ~EπωEWUVUSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUXY 4.2 45

198 lχγ≥troωE∕ωdEpνotoωEγωγrμyE≥∕χπ√r∕tπoωEwπtνEtνγEh{shzEdγtγ≥torEusπωμEsojEyuωEVEd∕t∕SEEuropeanp
PhysicalpJournalpCQE2014QE]YQEV 4.2 160

197
zγ∕r≥νEηorE≥oωt∕≥tEπωtγr∕≥tπoωsE∕ωdEχ∕rμγEγxtr∕EdπψγωsπoωsEπωEtνγEdπχγptoωE≥ν∕ωωγχEusπωμE
protoωRprotoωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]´ ^´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXVXY

4.2 31

196 tγ∕surγψγωtEoηEηχowEν∕rψoωπ≥sEwπtνEψuχtπRp∕rtπ≥χγE≥uψuχ∕ωtsEπωEw√Pw√E≥oχχπsπoωsE∕tE morψuχ∕aEsγγE
tγxt]´ {γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVZ] 4.2 52

195
tγ∕surγψγωtEoηEdπstrπ√utπoωsEsγωsπtπvγEtoEtνγEuωdγrχyπωμEγvγωtEπωEπω≥χusπvγE—R√osoωEprodu≥tπoωEπωE
 morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXV_Z

4.2 21

194 zγ∕r≥νEηorEdπrγ≥tEp∕πrEprodu≥tπoωEoηEtνγEtopEsqu∕rτEπωE∕χχRν∕droωπ≥Eηπω∕χEst∕tγsEπωEprotoωRprotoωE
≥oχχπsπoωsE∕tEMEsqrt{s}ENEdE^E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 36

193 tγ∕surγψγωtEoηEtνγEprodu≥tπoωE≥rossRsγ≥tπoωEoηEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}ENEdE]E{γ~E∕tEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 16

192 tγ∕surγψγωtEoηEtνγE—T˛‡EOE√osoωEtr∕ωsvγrsγEψoψγωtuψEdπstrπ√utπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE
{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 79

191
zγ∕r≥νEηorEstroωμEprodu≥tπoωEoηEsupγrsyψψγtrπ≥Ep∕rtπ≥χγsEπωEηπω∕χEst∕tγsEwπtνEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψE∕ωdE∕tEχγ∕stEtνrγγE√RργtsE∕tEMEsqrt{s}EdE^ENE{γ~EprotoωRprotoωE≥oχχπsπoωsEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 31

190 tγ∕surγψγωtEoηEdπηηγrγωtπ∕χEprodu≥tπoωE≥rossRsγ≥tπoωsEηorE∕E—E√osoωEπωE∕sso≥π∕tπoωEwπtνE√RργtsEπωE]E
{γ~EprotoωRprotoωE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

189 zγ∕r≥νEηorEχoωμRχπvγdEωγutr∕χEp∕rtπ≥χγsEdγ≥∕yπωμEπωtoEχγptoωEργtsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 38

188
zγ∕r≥νEηorEp∕πrE∕ωdEsπωμχγEprodu≥tπoωEoηEωγwEνγ∕vyEqu∕rτsEtν∕tEdγ≥∕yEtoE∕E—E√osoωE∕ωdE∕E
tνπrdRμγωγr∕tπoωEqu∕rτEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d^ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 29

187 tγ∕surγψγωtEoηEtνγEMtovγrχπωγ{t}NEprodu≥tπoωE≥rossRsγ≥tπoωEusπωμEMγψuENEγvγωtsEwπtνEM√NRt∕μμγdEργtsE
πωEMppNE≥oχχπsπoωsE∕tEMsqrt{s}d]NE∕ωdE^E{γ~EwπtνEtνγEh{shzEdγtγ≥torE2014QE]YQEV 2

(2014-2014)
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186 tγ∕surγψγωtEoηEtνγEprodu≥tπoωE≥rossEsγ≥tπoωEoηEργtsEπωE∕sso≥π∕tπoωEwπtνE∕E—E√osoωEπωEppE≥oχχπsπoωsE∕tE
MEsqrt{s}d]ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 50

185 tγ∕surγψγωtEoηEtνγE≥rossRsγ≥tπoωEηorE‘E√osoωEprodu≥tπoωEπωE∕sso≥π∕tπoωEwπtνE√RργtsEπωEppE≥oχχπsπoωsE
∕tEMEsqrt{s}d]ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 34

184 zγ∕r≥νEηorEtνπrdEμγωγr∕tπoωEs≥∕χ∕rEχγptoqu∕rτsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~EwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 30

183 zγ∕r≥νEηorEd∕rτEψ∕ttγrE≥∕ωdπd∕tγsE∕ωdEχ∕rμγEγxtr∕EdπψγωsπoωsEπωEγvγωtsEwπtνE∕EργtE∕ωdEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 124

182 tγ∕surγψγωtEoηE——Eprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~E∕ωdEχπψπtsEoωE∕ωoψ∕χousE———E∕ωdE
——˛‡E≥oupχπωμsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 45

181
zγ∕r≥νEηorE≥ν∕rμγdEoπμμsE√osoωsEtνrouμνEtνγEvπoχ∕tπoωEoηEχγptoωEuωπvγrs∕χπtyEπωEMEtovγrχπωγ{t}ENE
γvγωtsEusπωμEppE≥oχχπsπoωEd∕t∕E∕tEMEsqrt{s}d]ENE{γ~EwπtνEtνγEh{shzEγxpγrπψγωtSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 14

180 zγ∕r≥νEηorEtνγEωγutr∕χEoπμμsE√osoωsEoηEtνγEψπωπψ∕χEsupγrsyψψγtrπ≥Est∕ωd∕rdEψodγχEπωEppE≥oχχπsπoωsE
∕tEMEsqrt{s}d]ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 47

179 tγ∕surγψγωtEoηEspχπttπωμEs≥∕χγsEπωEReEγvγωtsE∕tE morψuχ∕aEsγγEtγxt]EwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2013QE]XQEWYXW 4.2 8

178
zγ∕r≥νEηorE∕EχπμνtE≥ν∕rμγdEoπμμsE√osoωEπωEtνγEdγ≥∕yE≥ν∕ωωγχE morψuχ∕aEsγγEtγxt]EπωE morψuχ∕aEsγγE
tγxt]EγvγωtsEusπωμE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWY[Z

4.2 76

177
zγ∕r≥νEηorEdπrγ≥tEtνπrdRμγωγr∕tπoωEsqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψE∕ωdEtwoE√RργtsEπωEMEsqrt{s}d^ENE{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 92

176
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEηπω∕χEst∕tγsEwπtνEχ∕rμγEργtEψuχtπpχπ≥πtπγsE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψE∕tEMEsqrt{s}d^ENE{γ~EprotoωRprotoωE≥oχχπsπoωsEusπωμEtνγEh{shzEγxpγrπψγωtSEJournalpofp
HighpEnergypPhysicsQE2013QEWUVXQEV

5.4 64

175 tγ∕surγψγωtEoηEtνγEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωEoηEiEPEψγsoωEprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEME
sqrt{s}d]ENE{γ~E∕tEh{shzSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 24

174 wγrηorψ∕ω≥γEoηEργtEsu√stru≥turγEtγ≥νωπquγsEηorEχ∕rμγRyEργtsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrt{s}d]ENE{γ~EusπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 43

173 pψprovγdEχuψπωosπtyEdγtγrψπω∕tπoωEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EusπωμEtνγEh{shzEdγtγ≥torE∕tE
tνγEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWZV^ 4.2 276

172
tγ∕surγψγωtEoηEtνγEπω≥χusπvγEργtE≥rossRsγ≥tπoωEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E∕ωdE≥oψp∕rπsoωE
toEtνγEπω≥χusπvγEργtE≥rossRsγ≥tπoωE∕tE morψuχ∕aEsγγEtγxt]EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWZU_

4.2 71

171 tuχtπR≥ν∕ωωγχEsγ∕r≥νEηorEsqu∕rτsE∕ωdEμχuπωosEπωE morψuχ∕aEsγγEtγxt]E≥oχχπsπoωsEwπtνEtνγEh{shzE
dγtγ≥torE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWX[W 4.2 25

170 qγtEγωγrμyEψγ∕surγψγωtEwπtνEtνγEh{shzEdγtγ≥torEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE
Msqrt{ψ∕tνrψ{s}}d]Eψ∕tνrψ{{γ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 209

169 tγ∕surγψγωtEoηEργtEsν∕pγsEπωEtopRqu∕rτEp∕πrEγvγωtsE∕tE morψuχ∕aEsγγEtγxt]EusπωμEtνγEh{shzE
dγtγ≥torSEEuropeanpPhysicalpJournalpCQE2013QE]XQEW[][ 4.2 18

Osamu Jinnouchi
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168
tγ∕surγψγωtEoηEtνγEdπstrπ√utπoωsEoηEγvγωtR√yRγvγωtEηχowEν∕rψoωπ≥sEπωEχγ∕dRχγ∕dE≥oχχπsπoωsE∕tEME
sqrt{{{sℓ{uuE}}}}ENEdEWS][E{γ~EwπtνEtνγEh{shzEdγtγ≥torE∕tEtνγEsojSEJournalpofpHighpEnergypPhysicsQE
2013QEWUVXQEV

5.4 143

167 tγ∕surγψγωtEoηEtνγEtopEqu∕rτE≥ν∕rμγEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSE
JournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 15

166 h{shzEsγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEdπργtEψ∕ssE∕ωdE∕ωμuχ∕rEdπstrπ√utπoωsEusπωμEppE≥oχχπsπoωsE∕tEME
sqrt{s}d]EN{γ~SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 72

165 tγ∕surγψγωtEoηEπsoχ∕tγdRpνotoωEp∕πrEprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]b{γ~ENEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 44

164 zγ∕r≥νEηorErγsoω∕ω≥γsEdγ≥∕yπωμEπωtoEtopRqu∕rτEp∕πrsEusπωμEηuχχyEν∕droωπ≥Edγ≥∕ysEπωEppE≥oχχπsπoωsEwπtνE
h{shzE∕tEMEsqrt{s}d]ENE{γ~SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 55

163
zγ∕r≥νEηorEdπrγ≥tE≥ν∕rμπωoEprodu≥tπoωEπωE∕ωoψ∕χyRψγdπ∕tγdEsupγrsyψψγtryE√rγ∕τπωμEψodγχsE√∕sγdE
oωE∕Edπs∕ppγ∕rπωμRtr∕≥τEsπμω∕turγEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]bψ∕tνrψ{{γ~}ENEwπtνEtνγEh{shzE
dγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV

5.4 15

162 tγ∕surγψγωtsEoηEtopEqu∕rτEp∕πrErγχ∕tπvγEdπηηγrγωtπ∕χE≥rossRsγ≥tπoωsEwπtνEh{shzEπωEppE≥oχχπsπoωsE∕tE
Msqrt{s}EdE]Eψ√ox{{γ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 55

161 zγ∕r≥νEηorEp∕πrRprodu≥γdEψ∕ssπvγE≥oχourγdEs≥∕χ∕rsEπωEηourRργtEηπω∕χEst∕tγsEwπtνEtνγEh{shzEdγtγ≥torE
πωEprotoωâ��protoωE≥oχχπsπoωsE∕tEMsqrt{s}EdE]Eψ√ox{{γ~}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 44

160
lv∕χu∕tπoωEoηEωovγχErlrTowrEωRπωRpEpπxγχEsγωsorsEηorEh{shzEupμr∕dγEwπtνEtγst√γ∕ψSENuclearp
InstrumentspandpMethodspinpPhysicspResearch,pSectionpA:pAccelerators,pSpectrometers,pDetectorspandp
AssociatedpEquipmentQE2013QE[__QE]^R^X

1.2 11

159 tγ∕surγψγωtEoηEtνγEηχ∕vourE≥oψposπtπoωEoηEdπργtEγvγωtsEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}d]Eψ√ox{{γ~}NE
wπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 12

158 zπωμχγEν∕droωErγspoωsγEψγ∕surγψγωtE∕ωdE≥∕χorπψγtγrEργtEγωγrμyEs≥∕χγEuω≥γrt∕πωtyEwπtνEtνγEh{shzE
dγtγ≥torE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 41

157 qγtEγωγrμyErγsoχutπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]Erγ≥ordγdEπωEWUVUEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXU[ 4.2 153

156 tγ∕surγψγωtEoηEtνγE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωE≥rossEsγ≥tπoωEπωEtνγEt∕uEPEργtsE≥ν∕ωωγχEusπωμEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXW^ 4.2 30

155
zγ∕r≥νEηor‘oprodu≥tπoωEwπtνE∕EχπμνtEoπμμsE√osoωEdγ≥∕yπωμEtoEproψptEγχγ≥troωRργtsEπωE
protoωâ��protoωE≥oχχπsπoωsE∕tEIsqrtE{s}d]IE{γ~EwπtνEtνγEh{shzEdγtγ≥torSENewpJournalpofpPhysicsQE2013QE
VZQEUYXUU_

2.9 15

154 tγdπuψEψodπηπ≥∕tπoωEoηEργtEηr∕μψγωt∕tπoωEπωEhuPhuE≥oχχπsπoωsE∕tEâ�� sMuuN]dWUUEnγ~Eψγ∕surγdEπωE
dπrγ≥tEpνotoωRν∕droωE≥orrγχ∕tπoωsSEPhysicalpReviewpLettersQE2013QEVVVQEUXWXUV 7.4 37

153 kπrγ≥tEpνotoωEprodu≥tπoωEπωEdPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE2013QE^]QE 2.7 30

152 zγ∕r≥νEηorEdγ≥∕ysEoηEstoppγdQEχoωμRχπvγdEp∕rtπ≥χγsEηroψE]E{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 14

151
tγ∕surγψγωtEoηEtνγEpoχ∕rπs∕tπoωEoηE‘E√osoωsEprodu≥γdEwπtνEχ∕rμγEtr∕ωsvγrsγEψoψγωtuψEπωEppE
≥oχχπsπoωsE∕tEMsqrt{s}EdE]Eψ√ox{{γ~}NEwπtνEtνγEh{shzEγxpγrπψγωtSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

(2012-2013)
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150 tγ∕surγψγωtEoηEtνγE≥ν∕rμγE∕syψψγtryEπωEtopEqu∕rτEp∕πrEprodu≥tπoωEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγE
tγxt]EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUX_ 4.2 78

149 zγ∕r≥νEηorEχγptoωEηχ∕vourEvπoχ∕tπoωEπωEtνγE≥oωtπωuuψEwπtνEtνγEh{shzEdγtγ≥torEπωE morψuχ∕aEsγγEtγxt]E
≥oχχπsπoωsE∕tEtνγEsojSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUYU 4.2 10

148 tγ∕surγψγωtEoηEtνγEtopEqu∕rτEψ∕ssEwπtνEtνγEtγψpχ∕tγEψγtνodEπωEtνγE morψuχ∕aEsγγEtγxt]E≥ν∕ωωγχE
usπωμEh{shzEd∕t∕SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUY[ 4.2 42

147 zγ∕r≥νEηorEνγ∕vyEωγutrπωosE∕ωdErπμνtRν∕ωdγdE√osoωsEπωEγvγωtsEwπtνEtwoEχγptoωsE∕ωdEργtsEπωE
≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUZ[ 4.2 78

146 tγ∕surγψγωtEoηEpoχ∕rπz∕tπoωEπωEReEdγ≥∕ysEwπtνEtνγEh{shzEdγtγ≥torEπωE≥oχχπsπoωsE∕tE morψuχ∕aEsγγE
tγxt]SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU[W 4.2 17

145
tγ∕surγψγωtEoηEtνγE≥rossEsγ≥tπoωEηorEtopRqu∕rτEp∕πrEprodu≥tπoωEπωEppE≥oχχπsπoωsE∕tEMsqrtE{s}EdE
{]}Q{tγxt{{γ~}}NEwπtνEtνγEh{shzEdγtγ≥torEusπωμEηπω∕χEst∕tγsEwπtνEtwoEνπμνRpE{EχγptoωsSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV

5.4 43

144 qγtEψ∕ssE∕ωdEsu√stru≥turγEoηEπω≥χusπvγEργtsEπωEMEsqrtE{s}EdE]b{tγxt{{γ~}}ENEppE≥oχχπsπoωsEwπtνEtνγEh{shzE
γxpγrπψγωtSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 67

143 tγ∕surγψγωtEoηEπω≥χusπvγEtwoRp∕rtπ≥χγE∕ωμuχ∕rE≥orrγχ∕tπoωsEπωEppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torE
∕tEtνγEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 10

142
ouωtEηorEωγwEpνγωoψγω∕EusπωμEχ∕rμγEργtEψuχtπpχπ≥πtπγsE∕ωdEψπssπωμEtr∕ωsvγrsγEψoψγωtuψEwπtνE
h{shzEπωEYS]Eη√â��VEoηEMEsqrtE{s}EdE]b{γ~ENEprotoωRprotoωE≥oχχπsπoωsSEJournalpofpHighpEnergypPhysicsQE
2012QEWUVWQEV

5.4 48

141
hEsγ∕r≥νEηorEMEtovγrχπωγEtENErγsoω∕ω≥γsEπωEχγptoωPργtsEγvγωtsEwπtνEνπμνχyE√oostγdEtopEqu∕rτsE
≥oχχγ≥tγdEπωEppE≥oχχπsπoωsE∕tEMEsqrtE{s}EdE]ENE{γ~EwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2012QEWUVWQEV

5.4 39

140 zγ∕r≥νEηorEtνγEzt∕ωd∕rdEtodγχEoπμμsE√osoωEπωEtνγEoEReEˇ�EPEˇ�Eâ��Edγ≥∕yEψodγEπωEMEsqrtE{s}EdE
]Q{ψ∕tνrψ{{γ~}}ENEppE≥oχχπsπoωsEwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 37

139 hEsγ∕r≥νEηorEηχ∕vourE≥ν∕ωμπωμEωγutr∕χE≥urrγωtsEπωEtopRqu∕rτEdγ≥∕ysEπωEppE≥oχχπsπoωEd∕t∕E≥oχχγ≥tγdE
wπtνEtνγEh{shzEdγtγ≥torE∕tEMEsqrt{s}d]b{γ~ENSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 31

138 tγ∕surγψγωtsEoηEtνγEpsγudor∕pπdπtyEdγpγωdγω≥γEoηEtνγEtot∕χEtr∕ωsvγrsγEγωγrμyEπωEprotoωRprotoωE
≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~EwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 11

137 zγ∕r≥νEηorE∕Eνγ∕vyEtopRqu∕rτEp∕rtωγrEπωEηπω∕χEst∕tγsEwπtνEtwoEχγptoωsEwπtνEtνγEh{shzEdγtγ≥torE∕tE
tνγEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 53

136 zγ∕r≥νEηorEνπμνRψ∕ssErγsoω∕ω≥γsEdγ≥∕yπωμEtoEdπχγptoωEηπω∕χEst∕tγsEπωEppE≥oχχπsπoωsE∕tEMEsqrt{s}d]ENE{γ~E
wπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 49

135 zγ∕r≥νEηorE∕ωoψ∕χousEprodu≥tπoωEoηEproψptEχπτγRsπμωEχγptoωEp∕πrsE∕tEMEsqrt{s}d]bψ∕tνrψ{{γ~}ENEwπtνE
tνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 16

134 zγ∕r≥νEηorEp∕πrEprodu≥tπoωEoηEψ∕ssπvγEp∕rtπ≥χγsEdγ≥∕yπωμEπωtoEtνrγγEqu∕rτsEwπtνEtνγEh{shzEdγtγ≥torE
πωEMEsqrt{s}d]bψ∕tνrψ{{γ~}ENEppE≥oχχπsπoωsE∕tEtνγEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 45

133
zγ∕r≥νEηorEyRp∕rπtyRvπoχ∕tπωμEsupγrsyψψγtryEπωEγvγωtsEwπtνEηourEorEψorγEχγptoωsEπωEME
sqrt{s}d]bψ∕tνrψ{{γ~}ENEppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2012QE
WUVWQEV

5.4 13
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132 lχγ≥troωEpγrηorψ∕ω≥γEψγ∕surγψγωtsEwπtνEtνγEh{shzEdγtγ≥torEusπωμEtνγEWUVUEsojEprotoωRprotoωE
≥oχχπsπoωEd∕t∕SEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 199

131 y∕pπdπtyEμ∕pE≥rossEsγ≥tπoωsEψγ∕surγdEwπtνEtνγEh{shzEdγtγ≥torEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}EdE]E
ψ√ox{~{γ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 70

130
zγ∕r≥νEηorE∕ωoψ∕χyRψγdπ∕tγdEsupγrsyψψγtryE√rγ∕τπωμEwπtνEtνγEh{shzEdγtγ≥torE√∕sγdEoωE∕E
dπs∕ppγ∕rπωμRtr∕≥τEsπμω∕turγEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}EdE]~ψ∕tνrψ{{γ~}NSEEuropeanpPhysicalp
JournalpCQE2012QE]WQEV

4.2 13

129
tγ∕surγψγωtEoηE morψuχ∕aEsγγEtγxt]Eprodu≥tπoωEwπtνE∕EvγtoEoωE∕ddπtπoω∕χE≥γωtr∕χEργtE∕≥tπvπtyEπωE
≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]E{γ~EusπωμEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEWUYX

4.2 82

128 hEsγ∕r≥νEηorE morψuχ∕aEsγγEtγxt]Erγsoω∕ω≥γsEwπtνEtνγEh{shzEdγtγ≥torEπωEWSUZEη√EoηEprotoωRprotoωE
≥oχχπsπoωsE∕tE morψuχ∕aEsγγEtγxt]SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU^X 4.2 14

127 zγ∕r≥νEηorEsγ≥oωdEμγωγr∕tπoωEs≥∕χ∕rEχγptoqu∕rτsEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}d]~ψ√ox{{γ~}NEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 35

126 zγ∕r≥νEηorE∕Eηγrψπopνo√π≥EoπμμsE√osoωEπωEtνγEdπpνotoωEdγ≥∕yE≥ν∕ωωγχEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 13

125 tγ∕surγψγωtEoηE‘E´–E—Eprodu≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMsqrt{s}d]~ψ√ox{{γ~}NEwπtνEtνγE
h{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 54

124
zγ∕r≥νEηorEtopE∕ωdE√ottoψEsqu∕rτsEηroψEμχuπωoEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEψπssπωμE
tr∕ωsvγrsγEγωγrμyE∕ωdE∕tEχγ∕stEtνrγγE√RργtsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE
2012QE]WQEV

4.2 24

123 tγ∕surγψγωtEoηEγvγωtEsν∕pγsE∕tEχ∕rμγEψoψγωtuψEtr∕ωsηγrEwπtνEtνγEh{shzEdγtγ≥torEπωEppE
≥oχχπsπoωsE∕tEMsqrt{ψ∕tν√η{s}}d]Eψ∕tνrψ{{γ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 18

122
zγ∕r≥νEηorEsupγrsyψψγtryEπωEγvγωtsEwπtνEχ∕rμγEψπssπωμEtr∕ωsvγrsγEψoψγωtuψQEργtsQE∕ωdE∕tEχγ∕stE
oωγEt∕uEχγptoωEπωE]E{γ~EprotoωRprotoωE≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalp
JournalpCQE2012QE]WQEV

4.2 11

121
zγ∕r≥νEηorEχπμνtEs≥∕χ∕rEtopRqu∕rτEp∕πrEprodu≥tπoωEπωEηπω∕χEst∕tγsEwπtνEtwoEχγptoωsEwπtνEtνγEh{shzE
dγtγ≥torEπωEMsqrt{s}d]Eψ∕tνrψ{{γ~}NEprotoωâ��protoωE≥oχχπsπoωsSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

120 h{shzEsγ∕r≥νEηorE∕Eνγ∕vyEμ∕uμγE√osoωEdγ≥∕yπωμEtoE∕E≥ν∕rμγdEχγptoωE∕ωdE∕EωγutrπωoEπωEppE≥oχχπsπoωsE
∕tEMsqrt{s}EdE]Eψ∕tνrψ{{γ~}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 34

119 zγ∕r≥νEηorEdou√χyE≥ν∕rμγdEoπμμsE√osoωsEπωEχπτγRsπμωEdπχγptoωEηπω∕χEst∕tγsE∕tEMsqrt{s}EdE]E
ψ∕tνrψ{{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 104

118 wγrηorψ∕ω≥γEoηEψπssπωμEtr∕ωsvγrsγEψoψγωtuψErγ≥oωstru≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE
Msqrt{s}EdE]~ψ√ox{{γ~}NEwπtνEh{shzSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 217

117 wγrηorψ∕ω≥γEoηEtνγEh{shzE{rπμμγrEzystγψEπωEWUVUSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 232

116 zγ∕r≥νEηorEs∕ψγRsπμωEtopRqu∕rτEprodu≥tπoωE∕ωdEηourtνRμγωγr∕tπoωEdowωRtypγEqu∕rτsEπωEppE≥oχχπsπoωsE
∕tEMEsqrtE{s}EdE{]}b{tγxt{{γ~}}ENEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 34

115 zγ∕r≥νEηorE≥ν∕rμγdEoπμμsE√osoωsEdγ≥∕yπωμEvπ∕EoE´–EReEˇ�˛‰EπωEMEtovγrχπωγEtENEγvγωtsEusπωμEppE≥oχχπsπoωEd∕t∕E
∕tEMEsqrtE{s}EdE]b{γ~ENEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 112
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114 tγ∕surγψγωtEoηEtνγE‘E√osoωEpoχ∕rπz∕tπoωEπωEtopEqu∕rτEdγ≥∕ysEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV 5.4 52

113 morw∕rdR√∕≥τw∕rdE≥orrγχ∕tπoωsE∕ωdE≥ν∕rμγdRp∕rtπ≥χγE∕zπψutν∕χEdπstrπ√utπoωsEπωEppEπωtγr∕≥tπoωsE
usπωμEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 23

112 uu≥χγ∕rRψodπηπ≥∕tπoωEη∕≥torEηorEopγωRνγ∕vyRηχ∕vorEprodu≥tπoωE∕tEηorw∕rdEr∕pπdπtyEπωEjuPjuE
≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE2012QE^[QE 2.7 26

111 tγ∕surγψγωtEoηEdπrγ≥tEpνotoωsEπωEhuPhuE≥oχχπsπoωsE∕tEâ��MsMuuNNdWUUEnγ~SEPhysicalpReviewpLettersQE
2012QEVU_QEVZWXUW 7.4 72

110 zγ∕r≥νγsEηorEiztE∕ωdEoπμμsE√osoωE∕tEsojE2012QE 1

109 tγ∕surγψγωtEoηEπω≥χusπvγEργtE∕ωdEdπργtE≥rossEsγ≥tπoωsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tE]E{γ~E
≥γωtrγRoηRψ∕ssEγωγrμyEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 103

108 tγ∕surγψγωtEoηEtνγEtopEqu∕rτRp∕πrEprodu≥tπoωE≥rossEsγ≥tπoωEwπtνEh{shzEπωEppE≥oχχπsπoωsE∕tE
Msqrt{s}d]NE{γ~SEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 138

107 ztudπγsEoηEtνγEpγrηorψ∕ω≥γEoηEtνγEh{shzEdγtγ≥torEusπωμE≥osψπ≥Rr∕yEψuoωsSEEuropeanpPhysicalp
JournalpCQE2011QE]VQEV 4.2 16

106 suψπωosπtyEdγtγrψπω∕tπoωEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}EdE]NE{γ~EusπωμEtνγEh{shzEdγtγ≥torE∕tEtνγEsojSE
EuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 167

105
tγ∕surγψγωtsEoηEuωdγrχyπωμRγvγωtEpropγrtπγsEusπωμEωγutr∕χE∕ωdE≥ν∕rμγdEp∕rtπ≥χγsEπωEppE≥oχχπsπoωsE
∕tEMsqrt{s}d_UUNEnγ~E∕ωdEMsqrt{s}d]NE{γ~EwπtνEtνγEh{shzEdγtγ≥torE∕tEtνγEsojSEEuropeanpPhysicalp
JournalpCQE2011QE]VQEV

4.2 30

104
zγ∕r≥νEηorE∕ωEγx≥γssEoηEγvγωtsEwπtνE∕ωEπdγωtπ≥∕χEηχ∕vourEχγptoωEp∕πrE∕ωdEsπμωπηπ≥∕ωtEψπssπωμE
tr∕ωsvγrsγEψoψγωtuψEπωEMsqrt{s}d]NE{γ~Eprotoωâ��protoωE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSE
EuropeanpPhysicalpJournalpCQE2011QE]VQEV

4.2 18

103
zγ∕r≥νEηorEsupγrsyψψγtrπ≥Ep∕rtπ≥χγsEπωEγvγωtsEwπtνEχγptoωEp∕πrsE∕ωdEχ∕rμγEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEπωEMsqrt{s}d]~ψ√ox{{γ~}NEprotoωâ��protoωE≥oχχπsπoωsEwπtνEtνγEh{shzEγxpγrπψγωtSE
EuropeanpPhysicalpJournalpCQE2011QE]VQEV

4.2 41

102 sπψπtsEoωEtνγEprodu≥tπoωEoηEtνγEst∕ωd∕rdEψodγχEoπμμsE√osoωEπωEppE≥oχχπsπoωsE∕tEMsqrt{s}EdE]NE{γ~EwπtνE
tνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 37

101 zγ∕r≥νEηorEdπpνotoωEγvγωtsEwπtνEχ∕rμγEψπssπωμEtr∕ωsvγrsγEγωγrμyEwπtνEX[Ep√â��VEoηE]E{γ~E
protoωâ��protoωE≥oχχπsπoωEd∕t∕EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 15

100 tγ∕surγψγωtEoηEψuχtπRργtE≥rossEsγ≥tπoωsEπωEprotoωâ��protoωE≥oχχπsπoωsE∕tE∕E]E{γ~E≥γωtγrRoηRψ∕ssE
γωγrμySEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 44

99 tγ∕surγψγωtEoηEtνγEργtEηr∕μψγωt∕tπoωEηuω≥tπoωE∕ωdEtr∕ωsvγrsγEproηπχγEπωEprotoωâ��protoωE≥oχχπsπoωsE
∕tE∕E≥γωtγrRoηRψ∕ssEγωγrμyEoηE]E{γ~EwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 51

98 zγ∕r≥νEηorE∕Eνγ∕vyEωγutr∕χEp∕rtπ≥χγEdγ≥∕yπωμEπωtoE∕ωEγχγ≥troωE∕ωdE∕EψuoωEusπωμEVEη√â��VEoηEh{shzE
d∕t∕SEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 13

97 zγ∕r≥νEηorEψ∕ssπvγE≥oχorγdEs≥∕χ∕rsEπωEηourRργtEηπω∕χEst∕tγsEπωEMsqrt{s}d]~ψ√ox{{γ~}NEprotoωâ��protoωE
≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 37
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96 tγ∕surγψγωtEoηEtνγEπω≥χusπvγE∕ωdEdπργtE≥rossRsγ≥tπoωsEoηE√RργtsEπωEppE≥oχχπsπoωsE∕tE
Msqrt{s}d]ψ√ox{~{γ~}NEwπtνEtνγEh{shzEdγtγ≥torSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 53

95 tγ∕surγψγωtEoηE‘˛‡E∕ωdE—˛‡Eprodu≥tπoωEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEMEsqrtE{s}EdE]ENE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2011QEWUVVQEV 5.4 11

94 pω≥χusπvγEsγ∕r≥νEηorEs∕ψγRsπμωEdπχγptoωEsπμω∕turγsEπωEppE≥oχχπsπoωsE∕tEMEsqrtE{s}EdE]ENE{γ~EwπtνEtνγE
h{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2011QEWUVVQEV 5.4 31

93
zγ∕r≥νEηorEωγwEpνγωoψγω∕EπωEηπω∕χEst∕tγsEwπtνEχ∕rμγEργtEψuχtπpχπ≥πtπγsE∕ωdEψπssπωμEtr∕ωsvγrsγE
ψoψγωtuψEusπωμEMsqrtE{s}NEdE]E{γ~EppE≥oχχπsπoωsEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergyp
PhysicsQE2011QEWUVVQEV

5.4 60

92 tγ∕surγψγωtEoηEωγutr∕χEψγsoωsEπωEpPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~E∕ωdEs≥∕χπωμEpropγrtπγsEoηEν∕droωE
produ≥tπoωSEPhysicalpReviewpDQE2011QE^XQE 4.9 162

91 lvγωtEstru≥turγE∕ωdEdou√χγEνγχπ≥πtyE∕syψψγtryEπωEργtEprodu≥tπoωEηroψEpoχ∕rπzγdEpPpE≥oχχπsπoωsE∕tE
sdWUUEEnγ~SEPhysicalpReviewpDQE2011QE^YQE 4.9 17

90 wrodu≥tπoωEoηEˇ�EψγsoωsEπωEpEPEpQEdEPEhuQEjuEPEjuQE∕ωdEhuEPEhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalp
ReviewpCQE2011QE^YQE 2.7 35

89 jrossEsγ≥tπoωE∕ωdEdou√χγEνγχπ≥πtyE∕syψψγtryEηorE˛•EψγsoωsE∕ωdEtνγπrE≥oψp∕rπsoωEtoEˇ�UEprodu≥tπoωEπωE
pPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~SEPhysicalpReviewpDQE2011QE^XQE 4.9 34

88 pdγωtπηπγdE≥ν∕rμγdEν∕droωEprodu≥tπoωEπωEpPpE≥oχχπsπoωsE∕tEsdWUUE∕ωdE[WSYEnγ~SEPhysicalpReviewpCQE
2011QE^XQE 2.7 146

87 oγ∕vyRqu∕rτEprodu≥tπoωEπωEpEPEpE∕ωdEγωγrμyEχossE∕ωdEηχowEoηEνγ∕vyEqu∕rτsEπωEhuEPEhuE≥oχχπsπoωsE∕tE
suudWUUEnγ~SEPhysicalpReviewpCQE2011QE^YQE 2.7 182

86 uu≥χγ∕rEψodπηπ≥∕tπoωEη∕≥torsEoηEfEψγsoωsEπωEdPhuQEjuPjuQE∕ωdEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SE
PhysicalpReviewpCQE2011QE^XQE 2.7 58

85 kou√χγRνγχπ≥πtyEdγpγωdγω≥γEoηEργtEpropγrtπγsEηroψEdπν∕droωsEπωEχoωμπtudπω∕χχyEpoχ∕rπzγdEpPpE
≥oχχπsπoωsE∕tEsdWUUEEnγ~SEPhysicalpReviewpDQE2010QE^VQE 4.9 6

84 lων∕ω≥γdEprodu≥tπoωEoηEdπrγ≥tEpνotoωsEπωEhuEPEhuE≥oχχπsπoωsE∕tEsqu∕rγErootMzMuuNNEdEWUUEnγ~E∕ωdE
πψpχπ≥∕tπoωsEηorEtνγEπωπtπ∕χEtγψpγr∕turγSEPhysicalpReviewpLettersQE2010QEVUYQEVXWXUV 7.4 274

83 oπμνEp{Edπrγ≥tEpνotoωE∕ωdEˇ�UEtrπμμγrγdE∕zπψutν∕χEργtE≥orrγχ∕tπoωsE∕ωdEψγ∕surγψγωtEoηEτ{EηorE
πsoχ∕tγdEdπrγ≥tEpνotoωsEπωEpPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~SEPhysicalpReviewpDQE2010QE^WQE 4.9 25

82 kγt∕πχγdEψγ∕surγψγωtEoηEtνγEγPγâ��Ep∕πrE≥oωtπωuuψEπωEpPpE∕ωdEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~E
∕ωdEπψpχπ≥∕tπoωsEηorEdπrγ≥tEpνotoωEprodu≥tπoωSEPhysicalpReviewpCQE2010QE^VQE 2.7 237

81 toωtγEj∕rχoEμγωγr∕torsEπωEh{shzEsoηtw∕rγSEJournalpofpPhysics:pConferencepSeriesQE2010QEWV_QEUXWUUV 0.3 2

80 yγ∕dπωγssEoηEtνγEh{shzEχπquπdE∕rμoωE≥∕χorπψγtγrEηorEsojE≥oχχπsπoωsSEEuropeanpPhysicalpJournalpCQE
2010QE]UQE]WXR]ZX 4.2 41

79 {νγEh{shzEpωωγrEkγtγ≥torE≥oψψπssπoωπωμE∕ωdE≥∕χπ√r∕tπoωSEEuropeanpPhysicalpJournalpCQE2010QE]UQE]^]R^WV4.2 70
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78 krπηtE{πψγEtγ∕surγψγωtEπωEtνγEh{shzEsπquπdEhrμoωElχγ≥troψ∕μωγtπ≥Ej∕χorπψγtγrEusπωμEjosψπ≥E
tuoωsSEEuropeanpPhysicalpJournalpCQE2010QE]UQE]ZZR]^Z 4.2 12

77 joψψπssπoωπωμEoηEtνγEh{shzEtuoωEzpγ≥troψγtγrEwπtνE≥osψπ≥Er∕ysSEEuropeanpPhysicalpJournalpCQE
2010QE]UQE^]ZR_V[ 4.2 14

76 {νγEh{shzEzπψuχ∕tπoωEpωηr∕stru≥turγSEEuropeanpPhysicalpJournalpCQE2010QE]UQE^WXR^]Y 4.2 817

75 yγ∕dπωγssEoηEtνγEh{shzE{πχγEj∕χorπψγtγrEηorEsojE≥oχχπsπoωsSEEuropeanpPhysicalpJournalpCQE2010QE]UQEVV_XRVWX[4.2 82

74 wγrηorψ∕ω≥γEoηEtνγEh{shzEdγtγ≥torEusπωμEηπrstE≥oχχπsπoωEd∕t∕SEJournalpofpHighpEnergypPhysicsQE2010QE
WUVUQEV 5.4 14

73 tγ∕surγψγωtEoηEtνγE‘EReEâ��˛‰E∕ωdE—T˛‡EOEReEâ��â��Eprodu≥tπoωE≥rossEsγ≥tπoωsEπωEprotoωRprotoωE≥oχχπsπoωsE∕tEME
sqrtE{s}EdE]b{tγxt{{γ~}}ENEwπtνEtνγEh{shzEdγtγ≥torSEJournalpofpHighpEnergypPhysicsQE2010QEWUVUQEV 5.4 58

72 jν∕rμγdEr∕oωEπωtγrηγroψγtrπ≥Epro√γsEoηEsp∕≥γRtπψγEγvoχutπoωEπωEhuPhuE≥oχχπsπoωsE∕tE
sqrt zMuuN]dWUUEnγ~SEPhysicalpReviewpLettersQE2009QEVUXQEVYWXUV 7.4 28

71 tγ∕surγψγωtEoηE√ottoψEvγrsusE≥ν∕rψE∕sE∕Eηuω≥tπoωEoηEtr∕ωsvγrsγEψoψγωtuψEwπtνEγχγ≥troωRν∕droωE
≥orrγχ∕tπoωsEπωEpEPEpE≥oχχπsπoωsE∕tEsqu∕rγErootEoηEsEdEWUUEnγ~SEPhysicalpReviewpLettersQE2009QEVUXQEU^WUUW 7.4 64

70 wνotoωRν∕droωEργtE≥orrγχ∕tπoωsEπωEpPpE∕ωdEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE
2009QE^UQE 2.7 57

69 oπμνRp{Eˇ�UEprodu≥tπoωEwπtνErγspγ≥tEtoEtνγErγ∕≥tπoωEpχ∕ωγEπωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SE
PhysicalpReviewpCQE2009QE^UQE 2.7 50

68 zystγψ∕tπ≥EstudπγsEoηEγχχπptπ≥EηχowEψγ∕surγψγωtsEπωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalp
ReviewpCQE2009QE^UQE 2.7 76

67 kπχγptoωEψ∕ssEspγ≥tr∕EπωESEPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsQE2009QE[]UQEXVXRXWU 4.2 72

66 wνotoprodu≥tπoωEoηEqTˇ�E∕ωdEoηEνπμνEψ∕ssEγPγâ��EπωEuχtr∕Rpγrπpνγr∕χEhuEPEhuE≥oχχπsπoωsE∕tEsuudWUUE
nγ~SEPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsQE2009QE[]_QEXWVRXW_ 4.2 84

65
xu∕ωtπt∕tπvγE≥oωstr∕πωtsEoωEtνγEtr∕ωsportEpropγrtπγsEoηEνotEp∕rtoωπ≥Eψ∕ttγrEηroψEsγψπRπω≥χusπvγE
sπωμχγEνπμνEtr∕ωsvγrsγEψoψγωtuψEpπoωEsupprγssπoωEπωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalp
ReviewpCQE2008QE]]QE

2.7 83

64 joχdEωu≥χγ∕rEψ∕ttγrEγηηγ≥tsEoωEqTˇ�Eprodu≥tπoωE∕sE≥oωstr∕πωγdE√yEdγutγroωRμoχdEψγ∕surγψγωtsE∕tE
suudWUUEnγ~SEPhysicalpReviewpCQE2008QE]]QE 2.7 90

63 {r∕ωsvγrsγEψoψγωtuψE∕ωdE≥γωtr∕χπtyEdγpγωdγω≥γEoηEdπν∕droωE≥orrγχ∕tπoωsEπωEhuPhuE≥oχχπsπoωsE∕tE
suudWUUEnγ~aEqγtEquγω≥νπωμE∕ωdEtνγErγspoωsγEoηEp∕rtoωπ≥Eψ∕ttγrSEPhysicalpReviewpCQE2008QE]]QE 2.7 54

62 jν∕rμγdEν∕droωEψuχtπpχπ≥πtyEηχu≥tu∕tπoωsEπωEhuPhuE∕ωdEjuPjuE≥oχχπsπoωsEηroψEsuudWWSZEtoEWUUEnγ~SE
PhysicalpReviewpCQE2008QE]^QE 2.7 56

61 kπν∕droωE∕zπψutν∕χE≥orrγχ∕tπoωsEπωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE2008QE]^QE 2.7 228
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60 vωsγtEoηEpπMUNEsupprγssπoωEstudπγdEπωEjuPjuE≥oχχπsπoωsE∕tEsqrtEzEuudWWSYQE[WSYQE∕ωdEWUUEnγ~SE
PhysicalpReviewpLettersQE2008QEVUVQEV[WXUV 7.4 61

59 jγωtr∕χπtyEdγpγωdγω≥γEoηE≥ν∕rμγdEν∕droωEprodu≥tπoωEπωEdγutγroωPμoχdE∕ωdEωu≥χγoωPμoχdE
≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE2008QE]]QE 2.7 20

58 qTpsπEprodu≥tπoωEπωEsqrtEsℓuudWUUEnγ~EjuPjuE≥oχχπsπoωsSEPhysicalpReviewpLettersQE2008QEVUVQEVWWXUV 7.4 97

57 w∕rtπ≥χγRspγ≥πγsEdγpγωdγωtEψodπηπ≥∕tπoωEoηEργtRπωdu≥γdE≥orrγχ∕tπoωsEπωEhuPhuE≥oχχπsπoωsE∕tE
sqrt sℓ{uu}]dWUUEnγ~SEPhysicalpReviewpLettersQE2008QEVUVQEU^WXUV 7.4 8

56
zupprγssπoωEp∕ttγrωEoηEωγutr∕χEpπoωsE∕tEνπμνEtr∕ωsvγrsγEψoψγωtuψEπωEhuEPEhuE≥oχχπsπoωsE∕tE
sqrt suu]dWUUEnγ~E∕ωdE≥oωstr∕πωtsEoωEψγdπuψEtr∕ωsportE≥oγηηπ≥πγωtsSEPhysicalpReviewpLettersQE2008
QEVUVQEWXWXUV

7.4 224

55 zour≥γE√rγ∕τupEdyω∕ψπ≥sEπωEhuEPEhuE≥oχχπsπoωsE∕tEsqrt sMuuN]dWUUEnγ~Evπ∕EtνrγγRdπψγωsπoω∕χE
twoRpπoωEsour≥γEπψ∕μπωμSEPhysicalpReviewpLettersQE2008QEVUUQEWXWXUV 7.4 29

54 tγ∕surγψγωtEoηEsπωμχγEψuoωsE∕tEηorw∕rdEr∕pπdπtyEπωEpPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~E∕ωdEπψpχπ≥∕tπoωsE
ηorE≥ν∕rψEprodu≥tπoωSEPhysicalpReviewpDQE2007QE][QE 4.9 27

53
pω≥χusπvγE≥rossEsγ≥tπoωE∕ωdEdou√χγEνγχπ≥πtyE∕syψψγtryEηorEˇ�UEprodu≥tπoωEπωEpPpE≥oχχπsπoωsE∕tE
sdWUUEEnγ~aEpψpχπ≥∕tπoωsEηorEtνγEpoχ∕rπzγdEμχuoωEdπstrπ√utπoωEπωEtνγEprotoωSEPhysicalpReviewpDQE2007QE
][QE

4.9 147

52 lωγrμyEsossE∕ωdEmχowEoηEoγ∕vyExu∕rτsEπωEhuPhuEjoχχπsπoωsE∕tEsuudWUUEEnγ~SEPhysicalpReviewpLetters
QE2007QE_^QE 7.4 448

51 jorrγχ∕tγdEprodu≥tπoωEoηEpE∕ωdESEPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsQE2007QE[Y_QEXZ_RX[_ 4.2 11

50 wrodu≥tπoωEoηEˇ�EψγsoωsE∕tEχ∕rμγEtr∕ωsvγrsγEψoψγωt∕EπωEpPpE∕ωdEdPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SE
PhysicalpReviewpCQE2007QE]ZQE 2.7 24

49 tγ∕surγψγωtEoηEdγωsπtyE≥orrγχ∕tπoωsEπωEpsγudor∕pπdπtyEvπ∕E≥ν∕rμγdEp∕rtπ≥χγEψuχtπpχπ≥πtyEηχu≥tu∕tπoωsE
πωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE2007QE][QE 2.7 26

48 oπμνEtr∕ωsvγrsγEψoψγωtuψE˛•EψγsoωEprodu≥tπoωEπωEpPpQdPhuQE∕ωdEhuPhuE≥oχχπsπoωsE∕tEsuudWUUE
nγ~SEPhysicalpReviewpCQE2007QE]ZQE 2.7 73

47 kγt∕πχγdEstudyEoηEνπμνRp{Eωγutr∕χEpπoωEsupprγssπoωE∕ωdE∕zπψutν∕χE∕ωπsotropyEπωEhuPhuE≥oχχπsπoωsE∕tE
suudWUUEnγ~SEPhysicalpReviewpCQE2007QE][QE 2.7 81

46 lχχπptπ≥EηχowEηorEpνπEψγsoωsE∕ωdEM∕ωtπNdγutγroωsEπωEhuPhuE≥oχχπsπoωsE∕tEsqu∕rγErootEoηEsuudWUUEnγ~SE
PhysicalpReviewpLettersQE2007QE__QEUZWXUV 7.4 94

45 z≥∕χπωμEpropγrtπγsEoηE∕zπψutν∕χE∕ωπsotropyEπωEhuPhuE∕ωdEjuPjuEjoχχπsπoωsE∕tEsqrt sEuu]dWUUEnγ~SE
PhysicalpReviewpLettersQE2007QE_^QEV[WXUV 7.4 272

44 tγ∕surγψγωtEoηEdπrγ≥tEpνotoωEprodu≥tπoωEπωEpPpE≥oχχπsπoωsE∕tEsqrt s]EdEWUUEnγ~SEPhysicalpReviewp
LettersQE2007QE_^QEUVWUUW 7.4 111

43 jγωtr∕χπtyEkγpγωdγω≥γEoηEˇ�UE∕ωdE˛•Ewrodu≥tπoωE∕tEs∕rμγE{r∕ωsvγrsγEtoψγωtuψEπωEsuudWUUEEnγ~E
dPhuEjoχχπsπoωsSEPhysicalpReviewpLettersQE2007QE_^QE 7.4 128
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42 lvπdγω≥γEηorE∕EχoωμRr∕ωμγE≥oψpoωγωtEπωEtνγEpπoωEγψπssπoωEsour≥γEπωEhuPhuE≥oχχπsπoωsE∕tEsqrtE
suudWUUEnγ~SEPhysicalpReviewpLettersQE2007QE_^QEVXWXUV 7.4 32

41 qTpsπEprodu≥tπoωEvγrsusEtr∕ωsvγrsγEψoψγωtuψE∕ωdEr∕pπdπtyEπωEpPpE≥oχχπsπoωsE∕tEsqu∕rγErootEsdWUUE
nγ~SEPhysicalpReviewpLettersQE2007QE_^QEWXWUUW 7.4 143

40 zystγψEsπzγE∕ωdEγωγrμyEdγpγωdγω≥γEoηEργtRπωdu≥γdEν∕droωEp∕πrE≥orrγχ∕tπoωEsν∕pγsEπωEjuPjuE∕ωdE
huPhuE≥oχχπsπoωsE∕tEsqu∕rγErootEsuudWUUE∕ωdE[WSYEnγ~SEPhysicalpReviewpLettersQE2007QE_^QEWXWXUW 7.4 53

39 qTpsπEprodu≥tπoωEvγrsusE≥γωtr∕χπtyQEtr∕ωsvγrsγEψoψγωtuψQE∕ωdEr∕pπdπtyEπωEhuPhuE≥oχχπsπoωsE∕tEsqu∕rγE
rootEsuudWUUEnγ~SEPhysicalpReviewpLettersQE2007QE_^QEWXWXUV 7.4 386

38 qγtEstru≥turγEηroψEdπν∕droωE≥orrγχ∕tπoωsEπωEdPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalpReviewpCQE
2006QE]XQE 2.7 50

37 kγωsγRψγdπuψEψodπηπ≥∕tπoωsEtoEργtRπωdu≥γdEν∕droωEp∕πrEdπstrπ√utπoωsEπωEhuPhuE≥oχχπsπoωsE∕tEsqrtEsE
uudWUUEnγ~SEPhysicalpReviewpLettersQE2006QE_]QEUZWXUV 7.4 250

36 qTpsπEprodu≥tπoωE∕ωdEωu≥χγ∕rEγηηγ≥tsEηorEdEPEhuE∕ωdEpEPEpE≥oχχπsπoωsE∕tEsqu∕rγErootEoηEzMuuNEdEWUUE
nγ~SEPhysicalpReviewpLettersQE2006QE_[QEUVWXUY 7.4 109

35 joψψoωEsupprγssπoωEp∕ttγrωEoηEγt∕E∕ωdEpπUEψγsoωsE∕tEνπμνEtr∕ωsvγrsγEψoψγωtuψEπωEhuEPEhuE
≥oχχπsπoωsE∕tEsqu∕rγErootEzMuuNEdEWUUEnγ~SEPhysicalpReviewpLettersQE2006QE_[QEWUWXUV 7.4 108

34 tγ∕surγψγωtEoηEνπμνRp{EsπωμχγEγχγ≥troωsEηroψEνγ∕vyRηχ∕vorEdγ≥∕ysEπωEpEPEpE≥oχχπsπoωsE∕tEsqu∕rγErootE
oηEsEdEWUUEnγ~SEPhysicalpReviewpLettersQE2006QE_]QEWZWUUW 7.4 177

33 zπωμχγEγχγ≥troωsEηroψEνγ∕vyRηχ∕vorEdγ≥∕ysEπωE≥oχχπsπoωsE∕tSEPhysicalpReviewpLettersQE2006QE_[QEUXWUUV 7.4 45

32 uu≥χγ∕rEψodπηπ≥∕tπoωEoηEγχγ≥troωEspγ≥tr∕E∕ωdEπψpχπ≥∕tπoωsEηorEνγ∕vyEqu∕rτEγωγrμyEχossEπωEhuPhuE
≥oχχπsπoωsE∕tE mvyt}shaEzllE{l’{]SEPhysicalpReviewpLettersQE2006QE_[QEUXWXUV 7.4 234

31 hzπψutν∕χE∕ωμχγE≥orrγχ∕tπoωsEηorEr∕pπdπtyEsγp∕r∕tγdEo∕droωEp∕πrsEπωEdPhuE≥oχχπsπoωsE∕tEsqu∕rγErootE
oηEsuudWUUEnγ~SEPhysicalpReviewpLettersQE2006QE_[QEWWWXUV 7.4 27

30 uu≥χγ∕rEγηηγ≥tsEoωEν∕droωEprodu≥tπoωEπωEdPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~Erγvγ∕χγdE√yE≥oψp∕rπsoωE
wπtνEpPpEd∕t∕SEPhysicalpReviewpCQE2006QE]YQE 2.7 83

29 qγtEpropγrtπγsEηroψEdπν∕droωE≥orrγχ∕tπoωsEπωEpPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~SEPhysicalpReviewpDQE2006QE
]YQE 4.9 74

28 pψprovγdEψγ∕surγψγωtEoηEdou√χγEνγχπ≥πtyE∕syψψγtryEπωEπω≥χuχsπvγEψπdr∕pπdπtyEˇ�UEprodu≥tπoωEηorE
poχ∕rπzγdEpPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~SEPhysicalpReviewpDQE2006QE]XQE 4.9 24

27 tγ∕surγψγωtEoηEπdγωtπηπγdE∕ωdEπω≥χusπvγEpνotoωEsγ≥oωdRν∕rψoωπ≥Ep∕r∕ψγtγrE∕ωdEπψpχπ≥∕tπoωsEηorE
dπrγ≥tEpνotoωEprodu≥tπoωEπωE mvyt}shaEzllE{l’{]EhuPhuSEPhysicalpReviewpLettersQE2006QE_[QEUXWXUW 7.4 44

26 tπdr∕pπdπtyEdπrγ≥tRpνotoωEprodu≥tπoωEπωEpPpE≥oχχπsπoωsE∕tEsdWUUEEnγ~SEPhysicalpReviewpDQE2005QE]VQE 4.9 36

25 morψ∕tπoωEoηEdγωsγEp∕rtoωπ≥Eψ∕ttγrEπωErγχ∕tπvπstπ≥Eωu≥χγusâ��ωu≥χγusE≥oχχπsπoωsE∕tEyopjaElxpγrπψγωt∕χE
γv∕χu∕tπoωE√yEtνγEwolup’Ejoχχ∕√or∕tπoωSENuclearpPhysicspAQE2005QE]Z]QEV^YRW^X 1.3 2088
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24 tγ∕surγψγωtEoηEsπωμχγEγχγ≥troωEγvγωtE∕ωπsotropyEπωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUEnγ~SEPhysicalp
ReviewpCQE2005QE]WQE 2.7 58

23 qγtEstru≥turγEoηE√∕ryoωEγx≥γssEπωEhuPhuE≥oχχπsπoωsE∕tEsuudWUUnγ~SEPhysicalpReviewpCQE2005QE]VQE 2.7 57

22 zystγψ∕tπ≥EstudπγsEoηEtνγE≥γωtr∕χπtyE∕ωdEsuuEdγpγωdγω≥γEoηEtνγEdl{Td˛•E∕ωdEdu≥νTd˛•EπωEνγ∕vyEπoωE
≥oχχπsπoωsE∕tEψπdr∕pπdπtySEPhysicalpReviewpCQE2005QE]VQE 2.7 193

21
tγ∕surγψγωtEoηEtr∕ωsvγrsγEsπωμχγRspπωE∕syψψγtrπγsEηorEψπdr∕pπdπtyEprodu≥tπoωEoηEωγutr∕χEpπoωsE
∕ωdE≥ν∕rμγdEν∕droωsEπωEpoχ∕rπzγdEpEPEpE≥oχχπsπoωsE∕tEsqu∕rγErootMsNEdEWUUEnγ~SEPhysicalpReviewp
LettersQE2005QE_ZQEWUWUUV

7.4 127

20 jγωtr∕χπtyEdγpγωdγω≥γEoηE≥ν∕rψEprodu≥tπoωEηroψE∕Eψγ∕surγψγωtEoηEsπωμχγEγχγ≥troωsEπωEhuPhuE
≥oχχπsπoωsE∕tEsqrt sMuuN]dWUUEnγ~SEPhysicalpReviewpLettersQE2005QE_YQEU^WXUV 7.4 116

19 z∕tur∕tπoωEoηE∕zπψutν∕χE∕ωπsotropyEπωEhuEPEhuE≥oχχπsπoωsE∕tEMsqu∕rγErootNsMuuNEdE[WRWUUEnγ~SE
PhysicalpReviewpLettersQE2005QE_YQEWXWXUW 7.4 50

18 jγωtr∕χπtyEdγpγωdγω≥γEoηEdπrγ≥tEpνotoωEprodu≥tπoωEπωEMsqu∕rγErootNzMuuNEdEWUUEnγ~EhuEPEhuE
≥oχχπsπoωsSEPhysicalpReviewpLettersQE2005QE_YQEWXWXUV 7.4 200

17 wrodu≥tπoωEoηEfEψγsoωsE∕tEψπdr∕pπdπtyEπωEsuudWUUnγ~huPhuE≥oχχπsπoωsE∕tErγχ∕tπvπstπ≥EγωγrμπγsSE
PhysicalpReviewpCQE2005QE]WQE 2.7 88

16 kγutγroωE∕ωdE∕ωtπdγutγroωEprodu≥tπoωEπωEhuPhuE≥oχχπsπoωsE∕tEsqu∕rγErootEoηEsMuuNdWUUEnγ~SE
PhysicalpReviewpLettersQE2005QE_YQEVWWXUW 7.4 51

15 uu≥χγ∕rEψodπηπ≥∕tπoωEη∕≥torsEηorEν∕droωsE∕tEηorw∕rdE∕ωdE√∕≥τw∕rdEr∕pπdπtπγsEπωEdγutγroωRμoχdE
≥oχχπsπoωsE∕tEsqrt sMuuN]dWUUEnγ~SEPhysicalpReviewpLettersQE2005QE_YQEU^WXUW 7.4 67
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