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cαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

739 hEμ≈₀ηchE≥αηEνh≈E−≈c₀φμEα≥Eμναββ≈−EΣαΩgRΣΔρ≈−Eβ₀ηνΔcΣ≈μE₀νEMEμγηνψΥ₀νhηΥψμ}}ENEdEVXE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 1

738 tπαΩEη≈cαΩμνηπcνΔαΩE₀Ω−EΔ−≈ΩνΔ≥Δc₀νΔαΩE≈≥≥ΔcΔ≈ΩcφEΔΩEh{shzEπμΔΩgEνh≈E≥πΣΣEyπΩEWEββEcαΣΣΔμΔαΩE−₀ν₀Eμ≈νE
₀νEMμγηνψμ}dVXNE{≈}SEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 13

737 t≈₀μπη≈Υ≈ΩνEα≥Eh₀−ηαΩΔcE≈ρ≈ΩνEμh₀β≈μEΔΩEhΔghRβ{EΥπΣνΔΛ≈νE≥ΔΩ₀ΣEμν₀ν≈μE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 3

736
z≈₀ηchE≥αηEμγπ₀ηΞμE₀Ω−EgΣπΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEΛ≈νμE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEπμΔΩgEVX_E
≥ℓâ��VEα≥EMEμγηνψμ}ENEdEVXE{≈}EββEcαΣΣΔμΔαΩE−₀ν₀EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE
2021QEWUWVQEV

5.4 8

735 kΔ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩEΥ≈₀μπη≈Υ≈ΩνμE≥αηEνh≈E≈Σ≈cνηασ≈₀ΞEβηα−πcνΔαΩEα≥E−ΔΛ≈νμEΔΩE₀μμαcΔ₀νΔαΩE
σΔνhE₀E–EℓαμαΩEΔΩEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νEh{shzSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 5

734 t≈₀μπη≈Υ≈ΩνμEα≥E~oE₀Ω−E–oEβηα−πcνΔαΩEΔΩEνh≈EMoEηΔghν₀ηηασEℓℓ₀ηψℓ}NE−≈c₀φEch₀ΩΩ≈ΣEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMVXQν≈τνEψ{≈}ν≈τνEψ}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 7

733 z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀ΩE≈Ω≈ηg≈νΔcEβhαναΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 5

732 z≈₀ηchE≥αηEμγπ₀ηΞμE₀Ω−EgΣπΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEαΩ≈EΔμαΣ₀ν≈−EΣ≈βναΩQEΛ≈νμQE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥE₀νEMμγηνψμ}dVXNE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 0

731 t≈₀μπη≈Υ≈ΩνEα≥EμΔΩgΣ≈EναβRγπ₀ηΞEβηα−πcνΔαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀E~EℓαμαΩEΔΩEνh≈EμΔΩgΣ≈RΣ≈βναΩE
ch₀ΩΩ≈ΣE₀νEMμγηνψμ}EdE^Qν≈τνEψ{≈}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 1

730 q≈νE≈Ω≈ηgφEμc₀Σ≈E₀Ω−Eη≈μαΣπνΔαΩEΥ≈₀μπη≈−EΔΩEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXNE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 11

729
t≈₀μπη≈Υ≈ΩνμEα≥Eνh≈EΔΩcΣπμΔρ≈E₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣEβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩμEα≥E₀EναβRγπ₀ηΞâ��₀ΩνΔγπ₀ηΞE
β₀ΔηEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀E–EℓαμαΩE₀νEMμγηνψμ}EdEVXNE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicall
JournallCQE2021QE^VQEV

4.2 1

728 t≈₀μπη≈Υ≈ΩνEα≥Eℓη₀ΩchΔΩgE≥η₀cνΔαΩμE₀Ω−Eμ≈₀ηchE≥αηEjwEρΔαΣ₀νΔαΩEΔΩEkUEReEˇ�Pˇ�â��˛•QEkUEReErPrâ��˛•QE₀Ω−EkUEReE
f˛•E₀νEi≈ΣΣ≈SEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

Zden˜�kuDole¯¾al
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727 z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηEβηα−πc≈−EΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀EμΔΩgΣ≈EναβEγπ₀ηΞEΔΩEMμγηνψμ}dVXNE{≈}EMββNE
cαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 4

726
t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηEμΔΩgΣ≈RE₀Ω−E−απℓΣ≈R−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEΔΩEνh≈E₀ΣΣRh₀−ηαΩΔcE
ch₀ΩΩ≈ΣEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψΥ₀νhηΥψμ}}ENEdEVXE{≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighl
EnergylPhysicsQE2021QEWUWVQEV

5.4 2

725 z≈₀ηchE≥αηEβh≈ΩαΥ≈Ω₀Eℓ≈φαΩ−Eνh≈Ezν₀Ω−₀η−Etα−≈ΣEΔΩE≈ρ≈ΩνμEσΔνhEΣ₀ηg≈EℓRΛ≈νEΥπΣνΔβΣΔcΔνφEπμΔΩgEνh≈E
h{shzE−≈ν≈cναηE₀νEνh≈EsojSEEuropeanlPhysicallJournallCQE2021QE^VQEV 4.2 1

724
z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηEβηα−πc≈−EΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀Ezν₀Ω−₀η−Etα−≈ΣEoΔggμEℓαμαΩE−≈c₀φΔΩgEΔΩναE
ℓRγπ₀ηΞμEπμΔΩgEνh≈E≥πΣΣEyπΩEWE−₀ν₀μ≈νE≥ηαΥEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QE
WUWVQEV

5.4 0

723 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩEα≥Eβ₀ΔημEα≥EΔμαΣ₀ν≈−EβhαναΩμEΔΩEββEcαΣΣΔμΔαΩμE₀νEVXE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QEWUWVQEV 5.4 0

722
z≈₀ηchE≥αηE≈τανΔcE−≈c₀φμEα≥Eνh≈EoΔggμEℓαμαΩEΔΩναEΣαΩgRΣΔρ≈−Eβ₀ηνΔcΣ≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEIIEμγηνψμ}EIIE
dEVXE{≈}EπμΔΩgE−ΔμβΣ₀c≈−Eρ≈ηνΔc≈μEΔΩEνh≈Eh{shzEΔΩΩ≈ηE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QE
WUWVQEV

5.4 0

721 t≈₀μπη≈Υ≈ΩνEα≥EkΔ≥≥≈η≈ΩνΔ₀ΣEiη₀ΩchΔΩgEmη₀cνΔαΩμEα≥EpΩcΣπμΔρ≈EiRe‘_ψπ}â��±ψP}˛‰_ψâ��}Ek≈c₀φμSSEPhysicall
ReviewlLettersQE2021QEVW]QEW[V^UV 7.4 0

720
z≈₀ηchE≥αηEch₀ηgΔΩαâ��Ω≈πνη₀ΣΔΩαEβ₀ΔηEβηα−πcνΔαΩEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνhη≈≈EΣ≈βναΩμE₀Ω−EΥΔμμΔΩgE
νη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEIIμγηνψμ}EdEVXII´ {≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanl
PhysicallJournallCQE2021QE^VQEV

4.2 1

719 jαΩ≥Δgπη₀νΔαΩE₀Ω−Eβ≈η≥αηΥ₀Ωc≈Eα≥Eνh≈Eh{shzEℓRΛ≈νEνηΔgg≈ημEΔΩEyπΩEWSEEuropeanlPhysicallJournallCQE
2021QE^VQEV 4.2 1

718
t≈₀μπη≈Υ≈ΩνEα≥EℓRγπ₀ηΞE≥η₀gΥ≈Ων₀νΔαΩEβηαβ≈ηνΔ≈μEΔΩEΛ≈νμEπμΔΩgEνh≈E−≈c₀φEi´–EReEqTˇ�r´–EΔΩEββE
cαΣΣΔμΔαΩμE₀νEIIEμγηνψμ}EIIEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2021QE
WUWVQEV

5.4 0

717
z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEΣ₀ηg≈EΛ≈νEΥπΣνΔβΣΔcΔνΔ≈μE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥEπμΔΩgEMEμγηνψμ}ENEdEVXE{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩμEη≈cαη−≈−EℓφEh{shzEΔΩEyπΩEWEα≥Eνh≈E
sojSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV

5.4 7

716 oΔggμEℓαμαΩEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩEΥ≈₀μπη≈Υ≈ΩνμE₀Ω−Eνh≈ΔηElm{EΔΩν≈ηβη≈ν₀νΔαΩEΔΩEνh≈EMY≈ΣΣENE
−≈c₀φEch₀ΩΩ≈ΣE₀νEMμγηνψμ}dNVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 12

715 z≈₀ηchE≥αηEβ₀ΔημEα≥Eμc₀Σ₀ηEΣ≈βναγπ₀ηΞμE−≈c₀φΔΩgEΔΩναEγπ₀ηΞμE₀Ω−E≈Σ≈cνηαΩμEαηEΥπαΩμEΔΩEMEμγηνψμ}ENEdEVXE
{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 8

714 t≈₀μπη≈Υ≈ΩνEα≥EyMkNE₀Ω−EyMk±ψO}NEσΔνhE₀Ez≈ΥΔΣ≈βναΩΔcE{₀ggΔΩgEt≈νhα−SEPhysicallReviewlLettersQE
2020QEVWYQEV[V^UX 7.4 18

713 z≈₀ηchE≥αηEμγπ₀ηΞμE₀Ω−EgΣπΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEμ₀Υ≈RμΔgΩEΣ≈βναΩμE₀Ω−EΛ≈νμEπμΔΩgEVX_E≥ℓâ��VEα≥E−₀ν₀E
cαΣΣ≈cν≈−EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 8

712
z≈₀ηchE≥αηE−ΔΛ≈νEη≈μαΩ₀Ωc≈μEΔΩE≈ρ≈ΩνμEσΔνhE₀ΩEΔμαΣ₀ν≈−Ech₀ηg≈−EΣ≈βναΩEπμΔΩgEMEμγηνψμ}ENEdEVXE{≈}E
βηαναΩRβηαναΩEcαΣΣΔμΔαΩE−₀ν₀EcαΣΣ≈cν≈−EℓφEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QE
WUWUQEV

5.4 3

711 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΔΩν≈gη₀ν≈−EΣπΥΔΩαμΔνφEα≥Eνh≈Ewh₀μ≈EWE−₀ν₀Eα≥Eνh≈Ei≈ΣΣ≈EppE≈τβ≈ηΔΥ≈ΩνSEChinesel
PhysicslCQE2020QEYYQEUWVUUV 2.2 8

710 {h≈Ei≈ΣΣ≈EppEwhφμΔcμEiααΞSEProgressloflTheoreticallandlExperimentallPhysicsQE2020QEWUWUQE 5.4 58

(2020-2021)
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709 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E–MReEâ��Pâ��â��N˛‡Eβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 2

708 z≈₀ηchE≥αηE₀ΩEpΩρΔμΔℓΣφEk≈c₀φΔΩgE–±ψL}EiαμαΩE₀νEi≈ΣΣ≈EppEΔΩE≈±ψP}≈±ψR}Re˛…±ψP}˛…±ψR}M≈±ψ´–}˛…±ψf}NEwΣπμE
tΔμμΔΩgElΩ≈ηgφEmΔΩ₀ΣEzν₀ν≈μSEPhysicallReviewlLettersQE2020QEVWYQEVYV^UV 7.4 10

707 t≈₀μπη≈Υ≈ΩνEα≥EΣαΩgRη₀Ωg≈EνσαRβ₀ηνΔcΣ≈E₀χΔΥπνh₀ΣEcαηη≈Σ₀νΔαΩμEΔΩE–RℓαμαΩEν₀gg≈−EββEcαΣΣΔμΔαΩμE₀νE
Mμγηνψμ}d^NE₀Ω−EVXE{≈}SEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 3

706 {η₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE₀Ω−Eβηαc≈μμE−≈β≈Ω−≈ΩνE₀χΔΥπνh₀ΣE₀ΩΔμανηαβΔ≈μEΔΩEMμγηνψμ_ψΥ₀νhηΥE
ψuu}}}d^SV[NE{≈}EβPwℓEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 7

705 w≈η≥αηΥ₀Ωc≈Eα≥E≈Σ≈cνηαΩE₀Ω−EβhαναΩEνηΔgg≈ημEΔΩEh{shzE−πηΔΩgEsojEyπΩEWSEEuropeanlPhysicallJournall
CQE2020QE^UQEV 4.2 30

704
z≈₀ηchE≥αηE≈Σ≈cνηασ≈₀ΞEβηα−πcνΔαΩEα≥Ech₀ηgΔΩαμE₀Ω−EμΣ≈βναΩμE−≈c₀φΔΩgEΔΩναE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνσαE
Σ≈βναΩμE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEMμγηνψμ}dVXNEMν≈τνEψ{≈}}NEββEcαΣΣΔμΔαΩμEπμΔΩgEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV

4.2 50

703 z≈₀ηchE≥αηEναβEμγπ₀ηΞμEΔΩE≈ρ≈ΩνμEσΔνhE₀EoΔggμEαηE–EℓαμαΩEπμΔΩgEVX_E≥ℓM±ψRV}NEα≥EββEcαΣΣΔμΔαΩE−₀ν₀E₀νE
Mμγηνψμ}dVXNE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 1

702 lρΔ−≈Ωc≈E≥αηEMνℓ₀ηψν}νℓ₀ηψν}NEβηα−πcνΔαΩEΔΩEνh≈EΥπΣνΔΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈EΔΩEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νE
Mμγηνψμ}dVXNEMν≈τνEψ{≈}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 8

701 z≈₀ηchE≥αηEh≈₀ρφE−ΔℓαμαΩEη≈μαΩ₀Ωc≈μEΔΩEμ≈ΥΔΣ≈βναΩΔcE≥ΔΩ₀ΣEμν₀ν≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXNE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 4

700
z≈₀ηchE≥αηEΣΔghνEΣαΩgRΣΔρ≈−EΩ≈πνη₀ΣEβ₀ηνΔcΣ≈μEβηα−πc≈−EΔΩEββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}EdEVX~Υ₀νhηΥEψ{≈}}NE
₀Ω−E−≈c₀φΔΩgEΔΩναEcαΣΣΔΥ₀ν≈−EΣ≈βναΩμEαηEΣΔghνEh₀−ηαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicall
JournallCQE2020QE^UQEV

4.2 8

699
z≈₀ηchE≥αηE₀Eμc₀Σ₀ηEβ₀ηνΩ≈ηEα≥Eνh≈EναβEγπ₀ηΞEΔΩEνh≈E₀ΣΣRh₀−ηαΩΔcEMνψℓ₀ηψν}}NEβΣπμEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥE≥ΔΩ₀ΣEμν₀ν≈E₀νEMμγηνψμ}dVXNE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE
2020QE^UQEV

4.2 17

698 hΣΔgΩΥ≈ΩνEα≥Eνh≈Eh{shzEpΩΩ≈ηEk≈ν≈cναηEΔΩEyπΩEWSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 4

697 k≈ν≈ηΥΔΩ₀νΔαΩEα≥EΛ≈νEc₀ΣΔℓη₀νΔαΩE₀Ω−E≈Ω≈ηgφEη≈μαΣπνΔαΩEΔΩEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}EdE
^~hℓατEψ{≈}}NEπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 3

696 t≈₀μπη≈Υ≈ΩνEα≥EqTˇ�Eβηα−πcνΔαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀E~´–EℓαμαΩEσΔνhEββE−₀ν₀E₀νE^E{≈}SEJournallofl
HighlEnergylPhysicsQE2020QEWUWUQEV 5.4 4

695 z≈₀ηchE≥αηEΩ≈σEη≈μαΩ₀Ωc≈μEΔΩEΥ₀μμE−ΔμνηΔℓπνΔαΩμEα≥EΛ≈νEβ₀ΔημEπμΔΩgEVX_E≥ℓâ��VEα≥EββEcαΣΣΔμΔαΩμE₀νEME
μγηνψΥ₀νhηΥψμ}}ENEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 20

694 mΔημνEμ≈₀ηchE≥αηEνh≈E˛•cWMVkNEΔΩEiE−≈c₀φμE₀νEi≈ΣΣ≈SEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 1

693 z≈₀ηchE≥αηEMEναρ≈ηΣΔΩ≈ψν}ENEη≈μαΩ₀Ωc≈μEΔΩE≥πΣΣφEh₀−ηαΩΔcE≥ΔΩ₀ΣEμν₀ν≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 6

692 y≈cαΩμνηπcνΔαΩE₀Ω−EΔ−≈ΩνΔ≥Δc₀νΔαΩEα≥Eℓααμν≈−E−ΔRˇ�Eμφμν≈ΥμEΔΩE₀Eμ≈₀ηchE≥αηEoΔggμEℓαμαΩEβ₀ΔημEπμΔΩgEVXE
{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩE−₀ν₀EΔΩEh{shzSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 3

Zden˜�kuDole¯¾al
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691
yπΩE₀Ω−EμΣασEcαΩνηαΣEμφμν≈ΥEα≥Eνh≈Ei≈ΣΣ≈EppEμΔΣΔcαΩEρ≈ην≈τE−≈ν≈cναηSENuclearlInstrumentslandlMethodsl
inlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE
2020QE_Z^QEV[W]U[

1.2 1

690
t≈₀μπη≈Υ≈ΩνμEα≥EΔΩcΣπμΔρ≈E₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEα≥EcαΥℓΔΩ≈−EMEναρ≈ηΣΔΩ≈ψν}g₀ΥΥ₀ENE₀Ω−E
ν~˛‡Eβηα−πcνΔαΩEΔΩEνh≈E≈˛…Ech₀ΩΩ≈ΣE₀νEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysics
QE2020QEWUWUQEV

5.4 2

689
lΣ≈cνηΔc₀ΣEch₀η₀cν≈ηΔχ₀νΔαΩEα≥Eμπη≥₀c≈Eβηαβ≈ηνΔ≈μEα≥Eνh≈Eh{shzV]szEμ≈ΩμαημE₀≥ν≈ηEΩ≈πνηαΩQEβηαναΩE
₀Ω−Eg₀ΥΥ₀EΔηη₀−Δ₀νΔαΩSENuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxl
SpectrometersxlDetectorslandlAssociatedlEquipmentQE2020QE_^XQEV[YYZ[

1.2 2

688 z≈₀ηchE≥αηEhτΔαΩΣΔΞ≈Ew₀ηνΔcΣ≈μEwηα−πc≈−EΔΩE≈±ψP}≈±ψR}EjαΣΣΔμΔαΩμE₀νEi≈ΣΣ≈EppSEPhysicallReviewlLettersQE
2020QEVWZQEV[V^U[ 7.4 8

687 w≈η≥αηΥ₀Ωc≈Eα≥Eνh≈EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEνηΔgg≈ημE≥αηEνh≈Eh{shzE−≈ν≈cναηE−πηΔΩgEyπΩRWE
−₀ν₀Eν₀ΞΔΩgSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 8

686 z≈₀ηchE≥αηEΩ≈σEΩαΩRη≈μαΩ₀ΩνEβh≈ΩαΥ≈Ω₀EΔΩEhΔghRΥ₀μμE−ΔΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 9

685 t≈₀μπη≈Υ≈ΩνμEα≥Eνh≈EoΔggμEℓαμαΩEΔΩcΣπμΔρ≈E₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣE≥Δ−πcΔ₀ΣEcηαμμEμ≈cνΔαΩμEΔΩEνh≈EYM≈ΣΣENE
−≈c₀φEch₀ΩΩ≈ΣE₀νEMμγηνψμ}NEdEVXE{≈}SEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 9

684 mΣπcνπ₀νΔαΩμEα≥E₀ΩΔμανηαβΔcE≥ΣασEΔΩEwℓPwℓEcαΣΣΔμΔαΩμE₀νEMEμγηνψψΥ₀νhηΥψμ}}_ψΥ₀νhηΥψuu}}}ENEdEZSUWE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 13

683
z≈₀ηchE≥αηE−Δη≈cνEβηα−πcνΔαΩEα≥E≈Σ≈cνηασ≈₀ΞΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEαΩ≈EΣ≈βναΩQEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥE₀Ω−E₀EoΔggμEℓαμαΩE−≈c₀φΔΩgEΔΩναEνσαEℓRΛ≈νμEΔΩEMββNEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXNE{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV

4.2 13

682 t≈₀μπη≈Υ≈ΩνEα≥E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩμE≥αηEμΔΩgΣ≈E−Δ≥≥η₀cνΔρ≈E−ΔμμαcΔ₀νΔαΩEΔΩEMEμγηνψμ}ENEdE^E{≈}EββE
cαΣΣΔμΔαΩμEπμΔΩgEνh≈Eh{shzEhsmhEμβ≈cνηαΥ≈ν≈ηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 1

681 t≈₀μπη≈Υ≈ΩνEα≥EΔμαΣ₀ν≈−RβhαναΩEβΣπμEνσαRΛ≈νEβηα−πcνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 2

680
t≈₀μπη≈Υ≈ΩνμEα≥Eνh≈Eβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩE≥αηE₀E–EℓαμαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhEℓRΛ≈νμEΔΩE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2020QEWUWUQEV

5.4 5

679
z≈₀ηchE≥αηEνh≈EooEReEMEℓαρ≈ηΣΔΩ≈ψℓ}ℓαρ≈ηΣΔΩ≈ψℓ}ENEβηαc≈μμEρΔ₀Eρ≈cναηRℓαμαΩE≥πμΔαΩEβηα−πcνΔαΩEπμΔΩgE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2020QEWUWUQEV

5.4 5

678 vℓμ≈ηρ₀νΔαΩEα≥Eνh≈E₀μμαcΔ₀ν≈−Eβηα−πcνΔαΩEα≥E₀EναβEγπ₀ηΞE₀Ω−E₀E–EℓαμαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENdE
VXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV 5.4 5

677 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE−ΔμνηΔℓπνΔαΩEα≥Ekη≈ΣΣâ��’₀ΩEΣ≈βναΩEβ₀ΔημEΔΩEβηαναΩâ��βηαναΩE
cαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXQN{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 7

676 vℓμ≈ηρ₀νΔαΩEα≥Eνh≈Ey₀−Δ₀νΔρ≈Ek≈c₀φμEα≥EfMVzNEναEˇ�_ψcV}SEPhysicallReviewlLettersQE2020QEVWYQEVWWUUV 7.4 2

675
z≈₀ηchE≥αηE−Δη≈cνEβηα−πcνΔαΩEα≥E≈Σ≈cνηασ≈₀ΞΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE
₀Ω−E₀EoΔggμEℓαμαΩE−≈c₀φΔΩgEΔΩναEβhαναΩμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2020QEWUWUQEV

5.4 1

674 t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηEμβΔΩEcαηη≈Σ₀νΔαΩμEΔΩEνh≈EM≈ΥπENEch₀ΩΩ≈ΣE₀νEMμγηνψμ}EdEVXNE{≈}EπμΔΩgE
ββEcαΣΣΔμΔαΩμEΔΩEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2020QE^UQEV 4.2 8

(2020-2020)
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673 jαΥΥΔμμΔαΩΔΩgEα≥Eνh≈Ei≈ΣΣ≈EppEzΔΣΔcαΩE}≈ην≈τEk≈ν≈cναηSENuclearlInstrumentslandlMethodslinlPhysicsl
ResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE2020QE_Z^QEV[WV^Y 1.2

672 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EcηαμμRμ≈cνΔαΩE₀Ω−Ech₀ηg≈E₀μφΥΥ≈νηφEα≥E~EℓαμαΩμEβηα−πc≈−EΔΩEβηαναΩâ��βηαναΩE
cαΣΣΔμΔαΩμE₀νEMμγηνψμ}d^~ν≈τνEψ{≈}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 11

671
t≈₀μπη≈Υ≈ΩνEα≥EΛ≈νRμπℓμνηπcνπη≈Eαℓμ≈ηρ₀ℓΣ≈μEΔΩEναβEγπ₀ηΞQE~EℓαμαΩE₀Ω−EΣΔghνEΛ≈νEβηα−πcνΔαΩEΔΩE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2019QEWUV_QEV

5.4 8

670 lΣ≈cνηαΩEη≈cαΩμνηπcνΔαΩE₀Ω−EΔ−≈ΩνΔ≥Δc₀νΔαΩEΔΩEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνEπμΔΩgEνh≈EWUVZE₀Ω−EWUV[EsojE
βηαναΩâ��βηαναΩEcαΣΣΔμΔαΩE−₀ν₀E₀νEMμγηνψμ}EdEVXNEMν≈τνEψ{≈}}NSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 37

669 t≈₀μπη≈Υ≈ΩνEα≥E−ΔμνηΔℓπνΔαΩμEμ≈ΩμΔνΔρ≈EναEνh≈EπΩ−≈ηΣφΔΩgE≈ρ≈ΩνEΔΩEΔΩcΣπμΔρ≈E–EℓαμαΩEβηα−πcνΔαΩEΔΩE
ββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}NEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 2

668 z≈₀ηchE≥αηEμΔΩgΣ≈Eβηα−πcνΔαΩEα≥Eρ≈cναηRΣΔΞ≈Eγπ₀ηΞμE−≈c₀φΔΩgEΔΩναE~ℓEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 14

667 z≈₀ηchE≥αηEναβRγπ₀ηΞE−≈c₀φμEνEReEoγEσΔνhEX[E≥ℓâ��VEα≥EββEcαΣΣΔμΔαΩE−₀ν₀E₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 13

666
t≈₀μπη≈Υ≈ΩνEα≥E}oQEMEΥ₀νhηΥψo}ναEΥ₀νhηΥψℓ}αρ≈ηΣΔΩ≈ψΥ₀νhηΥψℓ}}ENEβηα−πcνΔαΩE₀μE₀E≥πΩcνΔαΩEα≥E
νh≈Eρ≈cναηRℓαμαΩEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEVXE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournallofl
HighlEnergylPhysicsQE2019QEWUV_QEV

5.4 8

665
hμμ≈ΥℓΣφE₀Ω−E≈Σ≈cνηΔc₀ΣEν≈μνμEα≥Eνh≈E≥ΔημνE≥πΣΣRμΔχ≈E≥αησ₀η−EΥα−πΣ≈E≥αηEνh≈Eh{shzEp{ΞEzνηΔβE−≈ν≈cναηSE
NuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxl
DetectorslandlAssociatedlEquipmentQE2019QE_WYQEVVWRVVZ

1.2 1

664 t≈₀μπη≈Υ≈ΩνμEα≥E~E₀Ω−E–EℓαμαΩEβηα−πcνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}dZSUWNE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 12

663 w≈η≥αηΥ₀Ωc≈Eα≥EναβRγπ₀ηΞE₀Ω−EMρ₀ηρ≈cψ~}NRℓαμαΩEν₀ggΔΩgEσΔνhEh{shzEΔΩEyπΩEWEα≥Eνh≈EsojSEEuropeanl
PhysicallJournallCQE2019QE]_QEV 4.2 19

662 t≈₀μπη≈Υ≈ΩνμEα≥EΔΩcΣπμΔρ≈E₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣE≥Δ−πcΔ₀ΣEcηαμμRμ≈cνΔαΩμEα≥EMνℓ₀ηψν}g₀ΥΥ₀ENEβηα−πcνΔαΩEΔΩE
Σ≈βναΩΔcE≥ΔΩ₀ΣEμν₀ν≈μE₀νEMμγηνψμ}dVX~ν≈τνEψ{≈}}NEΔΩEh{shzSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 7

661
mΔημνEℓπΣΞE₀Ω−Eμπη≥₀c≈Eη≈μπΣνμE≥αηEνh≈Eh{shzEp{ΞEzνηΔβEμν≈η≈αE₀ΩΩπΣπμEμ≈ΩμαημSENuclearlInstrumentsl
andlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedl
EquipmentQE2019QE_WYQEVYWRVY[

1.2 2

660 lΣ≈cνηαΩE₀Ω−EβhαναΩE≈Ω≈ηgφEc₀ΣΔℓη₀νΔαΩEσΔνhEνh≈Eh{shzE−≈ν≈cναηEπμΔΩgEWUVZâ��WUV[EsojE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩE−₀ν₀SEJournalloflInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

659 z≈₀ηchE≥αηE−απℓΣφEch₀ηg≈−Eμc₀Σ₀ηEℓαμαΩμE−≈c₀φΔΩgEΔΩναEμ₀Υ≈RμΔgΩEℓαμαΩEβ₀ΔημEσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEZ^ 4.2 20

658
z≈₀ηchE≥αηEh≈₀ρφEt₀Λαη₀Ω₀EαηEkΔη₀cEΩ≈πνηΔΩαμE₀Ω−EηΔghνRh₀Ω−≈−E~Eg₀πg≈EℓαμαΩμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhE
νσαEch₀ηg≈−EΣ≈βναΩμE₀Ω−EνσαEΛ≈νμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighl
EnergylPhysicsQE2019QEWUV_QEV

5.4 21

657 pΩEμΔνπEc₀ΣΔℓη₀νΔαΩEα≥EΣ₀ηg≈Rη₀−ΔπμEΛ≈νE≈Ω≈ηgφE₀Ω−EΥ₀μμEΔΩEVXE{≈}EβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμEσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 16

656 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EβhαναΩEΔ−≈ΩνΔ≥Δc₀νΔαΩE≈≥≥ΔcΔ≈ΩcΔ≈μEσΔνhEνh≈Eh{shzE−≈ν≈cναηEπμΔΩgEsojEyπΩEWE
−₀ν₀EcαΣΣ≈cν≈−EΔΩEWUVZE₀Ω−EWUV[SEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 26

Zden˜�kuDole¯¾al
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655 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eη₀νΔαEα≥EcηαμμEμ≈cνΔαΩμE≥αηEΔΩcΣπμΔρ≈EΔμαΣ₀ν≈−RβhαναΩEβηα−πcνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE
₀νEMEμγηνψμ}ENEdEVXE₀Ω−E^E{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 5

654 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EναβEγπ₀ηΞEΥ₀μμEΔΩEνh≈EMνℓ₀ηψν}ηΔghν₀ηηασENEΣ≈βναΩPΛ≈νμEch₀ΩΩ≈ΣE≥ηαΥEMμγηνψμ}d^NE
{≈}Eh{shzE−₀ν₀E₀Ω−EcαΥℓΔΩ₀νΔαΩEσΔνhEβη≈ρΔαπμEη≈μπΣνμSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 24

653 vℓμ≈ηρ₀νΔαΩEα≥E˛�MV[WUN±ψU}E₀Ω−ElρΔ−≈Ωc≈E≥αηE˛�MV[_UN±ψU}EΔΩE˛�_ψc}±ψP}Re˛�±ψR}ˇ�±ψP}ˇ�±ψP}Ek≈c₀φμSE
PhysicallReviewlLettersQE2019QEVWWQEU]WZUV 7.4 6

652 mΔημνEt≈₀μπη≈Υ≈ΩνμEα≥EhℓμαΣπν≈Eiη₀ΩchΔΩgEmη₀cνΔαΩμEα≥Eνh≈E˛�_ψc}±ψU}Ei₀ηφαΩE₀νEi≈ΣΣ≈SEPhysicall
ReviewlLettersQE2019QEVWWQEU^WUUV 7.4 22

651
z≈₀ηchE≥αηEβ₀ΔηEβηα−πcνΔαΩEα≥EoΔggμEℓαμαΩμEΔΩEνh≈EMEℓαρ≈ηΣΔΩ≈ψℓ}ℓαρ≈ηΣΔΩ≈ψℓ}ENE≥ΔΩ₀ΣEμν₀ν≈EπμΔΩgE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2019QEWUV_QEV

5.4 31

650 jαΩμνη₀ΔΩνμEαΩEΥ≈−Δ₀ναηRℓ₀μ≈−E−₀ηΞEΥ₀νν≈ηE₀Ω−Eμc₀Σ₀ηE−₀ηΞE≈Ω≈ηgφEΥα−≈ΣμEπμΔΩgEMEμγηνψμ}ENEdEVXE{≈}E
ββEcαΣΣΔμΔαΩE−₀ν₀EcαΣΣ≈cν≈−EℓφEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 31

649 z≈₀ηchE≥αηEΣαΩgRΣΔρ≈−EΩ≈πνη₀ΣEβ₀ηνΔcΣ≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEMψμγηνψμ}}EdEVX~ψν≈τνEψE{≈}}}NEνh₀νE−≈c₀φEΔΩναE
−ΔμβΣ₀c≈−Eh₀−ηαΩΔcEΛ≈νμEΔΩEνh≈Eh{shzEc₀ΣαηΔΥ≈ν≈ηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 18

648 z≈₀ηchE≥αηEoΔggμEℓαμαΩEβ₀ΔηEβηα−πcνΔαΩEΔΩEνh≈E~~MON~~MONE−≈c₀φEch₀ΩΩ≈ΣEπμΔΩgEh{shzE−₀ν₀E
η≈cαη−≈−E₀νEMEμγηνψΥ₀νhηΥψμ}}ENEdEVXE{≈}SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 12

647 z≈₀ηchE≥αηEΣ₀ηg≈EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩE₀μμαcΔ₀νΔαΩEσΔνhEαΩ≈EναβRγπ₀ηΞEΔΩEβηαναΩRβηαναΩE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 7

646
t≈₀μπη≈Υ≈ΩνEα≥EM~±ψβΥE}–NEβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩμE₀Ω−Eg₀πg≈EℓαμαΩEβαΣ₀ηΔμ₀νΔαΩEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMμγηνψμ}EdEVX~ν≈τνEψ{≈}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE
]_QEV

4.2 20

645 z≈₀ηch≈μE≥αηEνhΔη−Rg≈Ω≈η₀νΔαΩEμc₀Σ₀ηEΣ≈βναγπ₀ηΞμEΔΩEMEμγηνψμ}ENEdEVXE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 18

644
z≈₀ηchE≥αηEμc₀Σ₀ηEη≈μαΩ₀Ωc≈μE−≈c₀φΔΩgEΔΩναE˛…P˛…â��EΔΩE≈ρ≈ΩνμEσΔνhE₀Ω−EσΔνhαπνEℓRν₀gg≈−EΛ≈νμEβηα−πc≈−E
ΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2019QEWUV_QEV

5.4 8

643 vℓμ≈ηρ₀νΔαΩEα≥E₀EΩ≈σEμνηπcνπη≈EΩ≈₀ηEVUS]ZEn≈}EΔΩEνh≈E≈Ω≈ηgφE−≈β≈Ω−≈Ωc≈Eα≥Eνh≈E≈P≈â��ReEfEMΩzNˇ�Pˇ�â��E
MΩEdEVQEWQEXNEcηαμμEμ≈cνΔαΩμSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 12

642 z≈₀ηchE≥αηE−ΔℓαμαΩEη≈μαΩ₀Ωc≈μEΔΩEh₀−ηαΩΔcE≥ΔΩ₀ΣEμν₀ν≈μEΔΩEVX_E≥ℓâ��VEα≥EββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 10

641 z≈₀ηchE≥αηE≈τcΔν≈−E≈Σ≈cνηαΩμEμΔΩgΣφEβηα−πc≈−EΔΩEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νEIIμγηνψμ}E~d~VX~ν≈τνE
ψ{≈}ν≈τνEψ}}IIEσΔνhEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνE₀νEνh≈EsojSEEuropeanlPhysicallJournallCQE2019QE]_QE 4.2 3

640 p−≈ΩνΔ≥Δc₀νΔαΩEα≥Eℓααμν≈−EoΔggμEℓαμαΩμE−≈c₀φΔΩgEΔΩναEℓRγπ₀ηΞEβ₀ΔημEσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νE
VX´ IIν≈τνEψ{≈}}IISEEuropeanlPhysicallJournallCQE2019QE]_QE 4.2 11

639 t≈₀μπη≈Υ≈ΩνEα≥EIIr_z±UIIE₀Ω−EIIs₀Υℓ−₀E±UIIEβηα−πcνΔαΩEΔΩEIIνEℓ₀ηψν}IIE−ΔΣ≈βναΩΔcE≈ρ≈ΩνμEΔΩEββE
cαΣΣΔμΔαΩμE₀νEIIμγηνψμ}EdIIE]E{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 3

638 mΔημνEΥ≈₀μπη≈Υ≈ΩνEα≥Eνh≈EjrtE₀ΩgΣ≈EfXEσΔνhEi´–ReEkMMEψr}_ψΥ₀νhηΥψz}}±UENˇ�Pˇ�â��ˇ�UNEr´–E−≈c₀φμSEJournall
oflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 3

(2019-2019)
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637 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΔΩcΣπμΔρ≈EΔμαΣ₀ν≈−RβhαναΩEcηαμμEμ≈cνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdEVXE{≈}E
πμΔΩgEX[E≥ℓâ��VEα≥Eh{shzE−₀ν₀SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 2

636 hEμνη₀ν≈gφE≥αηE₀Eg≈Ω≈η₀ΣEμ≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EπμΔΩgE−₀ν₀R−≈ηΔρ≈−EμΔgΩ₀ΣEη≈gΔαΩμE₀Ω−EΔνμE
₀ββΣΔc₀νΔαΩEσΔνhΔΩEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 14

635 vℓμ≈ηρ₀νΔαΩEα≥E{η₀Ωμρ≈ημ≈E˛�T˛�—αρ≈ηE´fl¯Eoφβ≈ηαΩEwαΣ₀ηΔχ₀νΔαΩEΔΩE≈±ψP}≈±ψR}EhΩΩΔhΔΣ₀νΔαΩE₀νEi≈ΣΣ≈SE
PhysicallReviewlLettersQE2019QEVWWQEUYWUUV 7.4 8

634 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EναβRγπ₀ηΞEΥ₀μμEΔΩEMEναρ≈ηΣΔΩ≈ψν}ENEPEVRΛ≈νE≈ρ≈ΩνμEcαΣΣ≈cν≈−EσΔνhEνh≈Eh{shzE
−≈ν≈cναηEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}ENEdE^E{≈}SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 12

633 t≈₀μπη≈Υ≈ΩνEα≥E≥Δ−πcΔ₀ΣE₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣEM~±P~±RNEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩμE₀νEMμγηνψμ}dVXNE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 16

632 t≈₀μπη≈Υ≈ΩνEα≥E––Eβηα−πcνΔαΩEΔΩEνh≈Eâ��â�� ˛‰ ˛‰E≥ΔΩ₀ΣEμν₀ν≈EσΔνhEνh≈Eh{shzE−≈ν≈cναηEΔΩEββEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}ENEdEVXE{≈}SEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 2

631 t≈₀μπη≈Υ≈ΩνEα≥EM~±ψβΥE}NRℓαμαΩE₀Ω−E–RℓαμαΩEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩμEΔΩEββEcαΣΣΔμΔαΩμE₀νE
Mμγηνψμ}dWS][NE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 2

630
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΔΩcΣπμΔρ≈EcηαμμRμ≈cνΔαΩE≥αηEνh≈Eβηα−πcνΔαΩEα≥EΛ≈νμEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀E–EℓαμαΩE
ΔΩEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νE^E{≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE
]_QEV

4.2 4

629
z≈₀ηchE≥αηEh≈₀ρφEΩ≈πνη₀ΣEΣ≈βναΩμEΔΩE−≈c₀φμEα≥E~EℓαμαΩμEβηα−πc≈−EΔΩEVXE{≈}EββEcαΣΣΔμΔαΩμEπμΔΩgE
βηαΥβνE₀Ω−E−ΔμβΣ₀c≈−EμΔgΩ₀νπη≈μEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2019QE
WUV_QEV

5.4 21

628 t≈₀μπη≈Υ≈ΩνEα≥EM~±βΥENEℓαμαΩEβηα−πcνΔαΩEΔΩEwℓPwℓEcαΣΣΔμΔαΩμE₀νEMμγηνψμ_ψΥ₀νhηΥψuu}}}EdE
ZSUW~ν≈τνEψ{≈}ν≈τνEψ}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 7

627 h{shzEℓRΛ≈νEΔ−≈ΩνΔ≥Δc₀νΔαΩEβ≈η≥αηΥ₀Ωc≈E₀Ω−E≈≥≥ΔcΔ≈ΩcφEΥ≈₀μπη≈Υ≈ΩνEσΔνhEMνψℓ₀ηψν}}NE≈ρ≈ΩνμEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXNE{≈}SEEuropeanlPhysicallJournallCQE2019QE]_QEV 4.2 43

626
t≈₀μπη≈Υ≈ΩνEα≥E≥ΣασEh₀ηΥαΩΔcμEcαηη≈Σ₀νΔαΩμEσΔνhEΥ≈₀ΩEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEΣ≈₀−â��Σ≈₀−E₀Ω−E
βηαναΩâ��Σ≈₀−EcαΣΣΔμΔαΩμE₀νEMμγηνψμ_ψΥ₀νhηΥψuu}}}EdEZSUW~hℓατEψ{≈}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2019QE]_QEV

4.2 16

625
t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηE−Δ≥≥≈η≈ΩνΔ₀ΣE₀Ω−E−απℓΣ≈R−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEΔΩEνh≈EM≈ΣΣENPΛ≈νμE
ch₀ΩΩ≈ΣEσΔνhEββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXNE{≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallC
QE2019QE]_QEV

4.2 13

624 {h≈Ei≈ΣΣ≈EppEwhφμΔcμEiααΞSEProgressloflTheoreticallandlExperimentallPhysicsQE2019QEWUV_QE 5.4 163

623 z≈₀ηchE≥αηEℓανναΥRμγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEσΔνhEνh≈Eh{shzE−≈ν≈cναηEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEcαΩν₀ΔΩΔΩgEoΔggμE
ℓαμαΩμQEℓRΛ≈νμE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥSEJournalloflHighlEnergylPhysicsQE2019QEWUV_QEV 5.4 7

622
z≈₀ηchE≥αηE₀−−ΔνΔαΩ₀ΣEh≈₀ρφEΩ≈πνη₀ΣEoΔggμE₀Ω−Eg₀πg≈EℓαμαΩμEΔΩEνh≈E−Δν₀πE≥ΔΩ₀ΣEμν₀ν≈Eβηα−πc≈−EΔΩEX[E
≥ℓâ��VEα≥EββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE
2018QEWUV^QEV

5.4 81

621 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EcηαμμRμ≈cνΔαΩE≥αηEβηα−πcΔΩgE₀E~EℓαμαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀EμΔΩgΣ≈EναβEγπ₀ηΞEΔΩE
ββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEh{shzSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 10

620 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈ERℓαμαΩEΥ₀μμEΔΩEββEcαΣΣΔμΔαΩμE₀νEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicall
JournallCQE2018QE]^QEVVU 4.2 59

Zden˜�kuDole¯¾al
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619 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eˇ�EΣ≈βναΩEβαΣ₀ηΔχ₀νΔαΩE₀Ω−EyMkONEΔΩEνh≈E−≈c₀φEi´flRekOˇ�â��˛‰ ´flˇ�EσΔνhEαΩ≈RβηαΩgE
h₀−ηαΩΔcEˇ�E−≈c₀φμE₀νEi≈ΣΣ≈SEPhysicallReviewlDQE2018QE_]QE 4.9 64

618 z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩEhΔghRΥ₀μμE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhE₀EβhαναΩE₀Ω−E₀EΛ≈νE≥ηαΥEcαΣΣΔμΔαΩμE₀νEdE
VX´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEVUW 4.2 7

617 z≈₀ηchE≥αηEνh≈E−Δη≈cνEβηα−πcνΔαΩEα≥Ech₀ηgΔΩαμE₀Ω−EΩ≈πνη₀ΣΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEν₀πEΣ≈βναΩμEΔΩE
cαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEVZY 4.2 23

616 t≈₀μπη≈Υ≈ΩνEα≥EΣαΩgΔνπ−ΔΩ₀ΣE≥ΣασE−≈cαηη≈Σ₀νΔαΩμEΔΩEwℓPwℓEcαΣΣΔμΔαΩμE₀νE₀Ω−EZSUWE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEVYW 4.2 35

615 t≈₀μπη≈Υ≈ΩνEα≥Eγπ₀ηΞαΩΔπΥEβηα−πcνΔαΩEΔΩEβηαναΩRΣ≈₀−E₀Ω−EβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEV]V 4.2 35

614 t≈₀μπη≈Υ≈ΩνEα≥E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEα≥E₀EμΔΩgΣ≈EναβEγπ₀ηΞEβηα−πc≈−EΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀E
ℓαμαΩE₀νEσΔνhEh{shzSEEuropeanlPhysicallJournallCQE2018QE]^QEV^[ 4.2 5

613 z≈₀ηchE≥αηEh≈₀ρφEη≈μαΩ₀Ωc≈μEΔΩEνh≈E₀Ω−E≥ΔΩ₀ΣEμν₀ν≈μEπμΔΩgEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE´ EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEW_X 4.2 41

612 hEμ≈₀ηchE≥αηEβ₀ΔηRβηα−πc≈−Eη≈μαΩ₀Ωc≈μEΔΩE≥απηRΛ≈νE≥ΔΩ₀ΣEμν₀ν≈μE₀νEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanl
PhysicallJournallCQE2018QE]^QEWZU 4.2 28

611
z≈₀ηchE≥αηEh≈₀ρφEη≈μαΩ₀Ωc≈μE−≈c₀φΔΩgEΔΩναE₀E~EαηE–EℓαμαΩE₀Ω−E₀EoΔggμEℓαμαΩEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhE
Σ≈βναΩμE₀Ω−EℓRΛ≈νμEΔΩEX[E≥ℓâ��VEα≥EMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV

5.4 26

610 z≈₀ηchE≥αηEh≈₀ρφEη≈μαΩ₀Ωc≈μE−≈c₀φΔΩgEΔΩναEΔΩEνh≈E≥ΔΩ₀ΣEμν₀ν≈EΔΩEcαΣΣΔμΔαΩμE₀νEσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEWY 4.2 47

609 kΔη≈cνEναβRγπ₀ηΞE−≈c₀φEσΔ−νhEΥ≈₀μπη≈Υ≈ΩνEΔΩEνh≈EΣ≈βναΩPΛ≈νμEch₀ΩΩ≈ΣE₀νEσΔνhEνh≈Eh{shzE
≈τβ≈ηΔΥ≈ΩνSEEuropeanlPhysicallJournallCQE2018QE]^QEVW_ 4.2 11

608 vℓμ≈ηρ₀νΔαΩEα≥EM‘ΔE_ψc}MW_XUN±UNE₀Ω−Eπβ−₀ν≈−EΥ≈₀μπη≈Υ≈ΩνEα≥EMi±ψR}EηΔghν₀ηηασEr±ψR}Es₀Υℓ−₀E
_ψc}±ψP}Eℓ₀ηψs₀Υℓ−₀E}_ψc}±ψR}NE₀νEi≈ΣΣ≈SEEuropeanlPhysicallJournallCQE2018QE]^QEV 4.2 15

607 z≈₀ηchE≥αηE~E~T~E–Eη≈μαΩ₀Ωc≈Eβηα−πcνΔαΩEΔΩEâ��˛‰γγE≥ΔΩ₀ΣEμν₀ν≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 22

606 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EoΔggμEℓαμαΩEcαπβΣΔΩgEβηαβ≈ηνΔ≈μEΔΩEνh≈EoEReE––OEReEYâ��E−≈c₀φEch₀ΩΩ≈ΣE₀νEME
μγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 36

605 vℓμ≈ηρ₀νΔαΩEα≥E₀ΩElτcΔν≈−E˛'±ψR}Ei₀ηφαΩSEPhysicallReviewlLettersQE2018QEVWVQEUZWUUX 7.4 14

604 t≈₀μπη≈Υ≈ΩνEα≥EΔΩcΣπμΔρ≈EΛ≈νE₀Ω−E−ΔΛ≈νEcηαμμRμ≈cνΔαΩμEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 12

603 z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηEβηα−πc≈−EΔΩE₀μμαcΔ₀νΔαΩEσΔνhEℓανναΥEαηEναβEγπ₀ηΞμEΔΩE´ {≈}EcαΣΣΔμΔαΩμEσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEV^ 4.2 32

602 z≈₀ηchE≥αηE−απℓΣφEch₀ηg≈−EoΔggμEℓαμαΩEβηα−πcνΔαΩEΔΩEΥπΣνΔRΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνh≈Eh{shzE
−≈ν≈cναηEπμΔΩgEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νSEEuropeanlPhysicallJournallCQE2018QE]^QEV__ 4.2 55

(2018-2018)
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601 t≈₀μπη≈Υ≈ΩνEα≥EβαΣ₀ηΔμ₀νΔαΩEΔΩE−≈c₀φμEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2018QE]^QEV[X 4.2 3

600 z≈₀ηch≈μE≥αηEh≈₀ρφE––E₀Ω−E–~Eη≈μαΩ₀Ωc≈μEΔΩEνh≈Eâ��â��γγE₀Ω−E˛‰˛‰γγE≥ΔΩ₀ΣEμν₀ν≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 17

599 vℓμ≈ηρ₀νΔαΩEα≥EfMYzNRe˛•±ψL}fMVzNSEPhysicallReviewlLettersQE2018QEVWVQEU[WUUV 7.4 5

598 z≈₀ηchE≥αηEβ₀ΔηEβηα−πcνΔαΩEα≥EπβRνφβ≈Eρ≈cναηRΣΔΞ≈Eγπ₀ηΞμE₀Ω−E≥αηE≥απηRναβRγπ₀ηΞE≈ρ≈ΩνμEΔΩE≥ΔΩ₀ΣE
μν₀ν≈μEσΔνhEΥπΣνΔβΣ≈EℓRΛ≈νμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 23

597 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eℓη₀ΩchΔΩgE≥η₀cνΔαΩEα≥EiRekMONˇ�â��˛‰E₀νEi≈ΣΣ≈EπμΔΩgEh₀−ηαΩΔcEν₀ggΔΩgEΔΩE≥πΣΣφE
η≈cαΩμνηπcν≈−E≈ρ≈ΩνμSEPhysicallReviewlDQE2018QE_^QE 4.9 2

596
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eˇ�EtΔch≈ΣEβ₀η₀Υ≈ν≈ημEIℓ₀ηψ≈ν₀}IE₀Ω−EIτΔΞ₀ββ₀IEΔΩEνh≈Eη₀−Δ₀νΔρ≈EΣ≈βναΩΔcE−≈c₀φE
Iν₀π±REηΔghν₀ηηασE≈ΣΣ±REΩπ_ψν₀π}Eℓ₀ηψΩπ}_ψ≈ΣΣ}g₀ΥΥ₀ISEProgressloflTheoreticallandlExperimentall
PhysicsQE2018QEWUV^QE

5.4 2

595
t≈₀μπη≈Υ≈ΩνEα≥E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩμE₀Ω−E~PT~â��EcηαμμRμ≈cνΔαΩEη₀νΔαμE≥αηE~EℓαμαΩEβηα−πcνΔαΩE
ΔΩE₀μμαcΔ₀νΔαΩEσΔνhEΛ≈νμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE
2018QEWUV^QEV

5.4 7

594 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E~RℓαμαΩEΥ₀μμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}d]QEhℓατEψ{≈}}NEσΔνhEνh≈Eh{shzE
−≈ν≈cναηE2018QE]^QEV 1

593 z≈₀ηchE≥αηE−απℓΣφEch₀ηg≈−EoΔggμEℓαμαΩEβηα−πcνΔαΩEΔΩEΥπΣνΔRΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνh≈Eh{shzE
−≈ν≈cναηEπμΔΩgEβηαναΩâ��βηαναΩEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}dVXQν≈τνEψ{≈}}NE2018QE]^QEV 1

592 z≈₀ηchE≥αηEh≈₀ρφEη≈μαΩ₀Ωc≈μE−≈c₀φΔΩgEΔΩναE₀E~EαηE–EℓαμαΩE₀Ω−E₀EoΔggμEℓαμαΩEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhE
Σ≈βναΩμE₀Ω−EℓRΛ≈νμEΔΩEX[E≥ℓâ��VEα≥EMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηE2018QEWUV^QEV 1

591
z≈₀ηchE≥αηEνh≈EoΔggμEℓαμαΩEβηα−πc≈−EΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀Eρ≈cναηEℓαμαΩE₀Ω−E−≈c₀φΔΩgEΔΩναEνσαE
μβΔΩRχ≈ηαEβ₀ηνΔcΣ≈μEΔΩEνh≈EoEReE₀₀EReEYℓEch₀ΩΩ≈ΣEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV

5.4 14

590
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EME–g₀ΥΥ₀EναEΩπEαρ≈ηΣΔΩ≈ψΩπ}g₀ΥΥ₀ENEβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE
₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀Ω−EΣΔΥΔνμEαΩE₀ΩαΥ₀ΣαπμEνηΔβΣ≈Eg₀πg≈RℓαμαΩE
cαπβΣΔΩgμSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV

5.4 6

589 wηαΥβνE₀Ω−EΩαΩRβηαΥβνE≈ΣΣΔβνΔcE≥ΣασEΔΩEwℓPwℓEcαΣΣΔμΔαΩμE₀νE{≈ρEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanl
PhysicallJournallCQE2018QE]^QE]^Y 4.2 8

588 z≈₀ηchE≥αηEoΔggμEℓαμαΩEβ₀ΔηEβηα−πcνΔαΩEΔΩEνh≈Ech₀ΩΩ≈ΣEπμΔΩgEcαΣΣΔμΔαΩE−₀ν₀Eη≈cαη−≈−E₀νE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEVUU] 4.2 21

587 t≈₀μπη≈Υ≈ΩνEα≥EcαΣαπηE≥ΣασEπμΔΩgEΛ≈νRβπΣΣEαℓμ≈ηρ₀ℓΣ≈μEΔΩE≈ρ≈ΩνμEσΔνhEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνE₀νSE
EuropeanlPhysicallJournallCQE2018QE]^QE^Y] 4.2 5

586 hΩgπΣ₀ηE₀Ω₀ΣφμΔμEα≥EiEUE−EEReErO˛…P˛…â��E−≈c₀φμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 44

585
z≈₀ηchE≥αηE₀EΩ≈σEh≈₀ρφEg₀πg≈RℓαμαΩEη≈μαΩ₀Ωc≈E−≈c₀φΔΩgEΔΩναE₀EΣ≈βναΩE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥEΔΩEX[E≥ℓEα≥EcαΣΣΔμΔαΩμE₀νE´ {≈}EσΔνhEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEEuropeanlPhysicallJournallCQE
2018QE]^QEYUV

4.2 23

584
z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηEΔΩE≈ρ≈ΩνμEσΔνhE₀Eh₀−ηαΩΔc₀ΣΣφE−≈c₀φΔΩgEρ≈cναηEℓαμαΩE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2018QEWUV^QEV

5.4 15

Zden˜�kuDole¯¾al
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583
t≈₀μπη≈Υ≈ΩνμEα≥E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩμEα≥EναβEγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhEΛ≈νμEΔΩE
ββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QE
WUV^QEV

5.4 4

582
z≈₀ηchE≥αηEoΔggμEℓαμαΩEβ₀ΔηEβηα−πcνΔαΩEΔΩEνh≈EMEπβg₀ΥΥ₀Eπβg₀ΥΥ₀Eℓαρ≈ηΣΔΩ≈ψℓ}ENE≥ΔΩ₀ΣEμν₀ν≈EσΔνhE
VXE{≈}EββEcαΣΣΔμΔαΩE−₀ν₀EcαΣΣ≈cν≈−EℓφEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEJournalloflHighlEnergylPhysicsQE2018QE
WUV^QEV

5.4 23

581 z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE≈ρ≈ΩνμEσΔνhEμ₀Υ≈Rch₀ηg≈EΣ≈βναΩμE₀Ω−EℓRΛ≈νμEΔΩEββEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 21

580 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E₀χΔΥπνh₀ΣE₀ΩΔμανηαβφEα≥Ech₀ηg≈−Eβ₀ηνΔcΣ≈μEβηα−πc≈−EΔΩEdEZSUW´ {≈}EwℓPwℓE
cαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QE__] 4.2 21

579 w≈η≥αηΥ₀Ωc≈Eα≥EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEη≈cαΩμνηπcνΔαΩEσΔνhEνh≈Eh{shzE−≈ν≈cναηEπμΔΩgE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νSEEuropeanlPhysicallJournallCQE2018QE]^QE_UX 4.2 66

578 mΔημνElρΔ−≈Ωc≈E≥αηEcαμW˛†eUE₀Ω−Ey≈μαΣπνΔαΩEα≥Eνh≈Ej₀ℓΔℓℓαRrαℓ₀φ₀μhΔRt₀μΞ₀σ₀Exπ₀ηΞRtΔτΔΩgE
|ΩΔν₀ηΔνφE{ηΔ₀ΩgΣ≈EhΥℓΔgπΔνφSEPhysicallReviewlLettersQE2018QEVWVQEW[V^UV 7.4 4

577 z≈₀ηchE≥αηE≈Σ≈cνηασ≈₀ΞEβηα−πcνΔαΩEα≥Eμπβ≈ημφΥΥ≈νηΔcEβ₀ηνΔcΣ≈μEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνσαEαηEνhη≈≈E
Σ≈βναΩμE₀νEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QE__Z 4.2 49

576 z≈₀ηchE≥αηEch₀ηg≈−EoΔggμEℓαμαΩμE−≈c₀φΔΩgEΔΩναEναβE₀Ω−EℓανναΥEγπ₀ηΞμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 39

575 vℓμ≈ηρ₀νΔαΩEα≥EfMWzNRe˛‡˛•_ψℓ}MVzNEk≈c₀φSEPhysicallReviewlLettersQE2018QEVWVQEWXWUUV 7.4 3

574 vβ≈η₀νΔαΩE₀Ω−Eβ≈η≥αηΥ₀Ωc≈Eα≥Eνh≈Eh{shzE{ΔΣ≈Ej₀ΣαηΔΥ≈ν≈ηEΔΩEyπΩ´ VSEEuropeanlPhysicallJournallCQE
2018QE]^QE_^] 4.2 13

573
lρΔ−≈Ωc≈Eα≥E₀Eμνηπcνπη≈EΔΩEMℓ₀ηψr}±ψU}Es₀Υℓ−₀E_ψc}±ψP}NEcαΩμΔμν≈ΩνEσΔνhE₀Ech₀ηg≈−EM‘ΔE_cMW_XUN±ψP}NQE
₀Ω−Eπβ−₀ν≈−EΥ≈₀μπη≈Υ≈ΩνEα≥EMℓ₀ηψi}±ψU}EηΔghν₀ηηασEℓ₀ηψr}±ψU}Es₀Υℓ−₀E_ψc}±ψP}Eℓ₀ηψs₀Υℓ−₀E
}_ψc}±ψR}NE₀νEi≈ΣΣ≈SEEuropeanlPhysicallJournallCQE2018QE]^QEV

4.2 10

572
z≈₀ηchE≥αηEμπβ≈ημφΥΥ≈νηφEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE₀Ω−EΥπΣνΔβΣ≈EℓRΛ≈νμEΔΩE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2018QEWUV^QEV

5.4 28

571
z≈₀ηchE≥αηEβ₀ΔηEβηα−πcνΔαΩEα≥Eh≈₀ρφEρ≈cναηRΣΔΞ≈Eγπ₀ηΞμE−≈c₀φΔΩgEΔΩναEhΔghRβ{E~EℓαμαΩμE₀Ω−EναβE
γπ₀ηΞμEΔΩEνh≈EΣ≈βναΩRβΣπμRΛ≈νμE≥ΔΩ₀ΣEμν₀ν≈EΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV

5.4 16

570
z≈₀ηchE≥αηEναβRμγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEαΩ≈EΣ≈βναΩQEΛ≈νμQE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈E
ΥαΥ≈ΩνπΥEπμΔΩgEX[E≥ℓâ��VEα≥EMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩE−₀ν₀EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV

5.4 33

569 z≈₀ηchE≥αηEΣαΩgRΣΔρ≈−Ech₀ηgΔΩαμEℓ₀μ≈−EαΩE₀E−Δμ₀ββ≈₀ηΔΩgRνη₀cΞEμΔgΩ₀νπη≈EΔΩEββEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 48

568 z≈₀ηchE≥αηEμπβ≈ημφΥΥ≈νηφEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEch₀ηΥEΛ≈νμE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEVXE
{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 9

567
z≈₀ηchE≥αηEch₀ηg≈−EoΔggμEℓαμαΩμE−≈c₀φΔΩgEρΔ₀Eo´–EReEˇ�´–˛‰ˇ�EΔΩEνh≈Eˇ�PΛ≈νμE₀Ω−Eˇ�PΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhE
X[E≥ℓâ��VEα≥EββEcαΣΣΔμΔαΩE−₀ν₀Eη≈cαη−≈−E₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV

5.4 33

566 wηαΥβνE₀Ω−EΩαΩRβηαΥβνE₀Ω−Eμπββη≈μμΔαΩE₀νEhΔghEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEwℓPwℓEcαΣΣΔμΔαΩμEσΔνhE
νh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEEuropeanlPhysicallJournallCQE2018QE]^QE][W 4.2 23

(2018-2018)
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565 z≈₀ηchE≥αηEoΔggμEℓαμαΩE−≈c₀φμEναEℓ≈φαΩ−Rνh≈Rzν₀Ω−₀η−Rtα−≈ΣEΣΔghνEℓαμαΩμEΔΩE≥απηRΣ≈βναΩE≈ρ≈ΩνμE
σΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νEMEμγηνψμ}dVXENE{≈}SEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 22

564 z≈₀ηchE≥αηE≈τcΣπμΔρ≈EoΔggμE₀Ω−E–EℓαμαΩE−≈c₀φμEναEf˛‡E₀Ω−Eˇ�˛‡EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournallofl
HighlEnergylPhysicsQE2018QEWUV^QEV 5.4 6

563 t≈₀μπη≈Υ≈ΩνμEα≥EℓRΛ≈νEν₀ggΔΩgE≈≥≥ΔcΔ≈ΩcφEσΔνhEνh≈Eh{shzE−≈ν≈cναηEπμΔΩgEMEναρ≈ηΣΔΩ≈ψν}ENE≈ρ≈ΩνμE₀νEME
μγηνψμ}dVXENE{≈}SEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 31

562 z≈₀ηchE≥αηE≥Σ₀ραπηRch₀ΩgΔΩgEΩ≈πνη₀ΣEcπηη≈ΩνEναβRγπ₀ηΞE−≈c₀φμEνEReEγ–EΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 8

561 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΔΩcΣπμΔρ≈E₀Ω−E≥Δ−πcΔ₀ΣEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩμEΔΩEνh≈EΣ≈βναΩPΛ≈νμEch₀ΩΩ≈ΣEΔΩE
cαΣΣΔμΔαΩμE₀νEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEY^] 4.2 5

560 z≈₀ηchE≥αηEh≈₀ρφEβ₀ηνΔcΣ≈μE−≈c₀φΔΩgEΔΩναEναβRγπ₀ηΞEβ₀ΔημEπμΔΩgEΣ≈βναΩRβΣπμRΛ≈νμE≈ρ≈ΩνμEΔΩE
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE´ EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2018QE]^QEZ[Z 4.2 34

559 z≈₀ηchE≥αηEi±ψR}Re˛…±ψR}˛‰—αρ≈ηE´fl¯_ψ˛…}Ek≈c₀φμE₀νEνh≈Ei≈ΣΣ≈Elτβ≈ηΔΥ≈ΩνSEPhysicallReviewlLettersQE2018QE
VWVQEUXV^UV 7.4 10

558
z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EπμΔΩgEνh≈EΔΩρ₀ηΔ₀ΩνEΥ₀μμE−ΔμνηΔℓπνΔαΩEα≥Eμ₀Υ≈R≥Σ₀ραπηEαββαμΔν≈RμΔgΩE
−ΔΣ≈βναΩEβ₀ΔημEΔΩE≈ρ≈ΩνμEσΔνhEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩE´ EcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2018QE]^QE[WZ

4.2 15

557 pΩcΣπμΔρ≈Eμνπ−φEα≥EℓανναΥαΩΔπΥEβηα−πcνΔαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀ΩEM≈ν₀ENEΥ≈μαΩEΔΩEM≈±P≈±RNE
₀ΩΩΔhΔΣ₀νΔαΩμEΩ≈₀ηEMρ₀η|βμΔΣαΩEMZzNNSEEuropeanlPhysicallJournallCQE2018QE]^QEV 4.2 4

556 z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηE₀Ω−Eανh≈ηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE≈ρ≈ΩνμEσΔνhE₀ΩE≈Ω≈ηg≈νΔcEΛ≈νE₀Ω−EΣ₀ηg≈EΥΔμμΔΩgE
νη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2018QEWUV^QEV 5.4 101

555
{h≈Ei≈ΣΣ≈EppEμΔΣΔcαΩEρ≈ην≈τE−≈ν≈cναηE₀μμ≈ΥℓΣφE₀Ω−EΥ≈ch₀ΩΔcμSENuclearlInstrumentslandlMethodslinl
PhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE2017QE
^YZQEX^RYW

1.2 1

554
z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀EoΔggμEℓαμαΩE−≈c₀φΔΩgEναEℓRγπ₀ηΞμEΔΩEββEcαΣΣΔμΔαΩμE₀νE
μdVX{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsQE2017QE][ZQEVVRXV

4.2 23

553
z≈₀ηchE≥αηEΩ≈σEη≈μαΩ₀Ωc≈μE−≈c₀φΔΩgEναE₀E~EαηE–EℓαμαΩE₀Ω−E₀EoΔggμEℓαμαΩEΔΩEνh≈Eâ��Pâ��â��ℓℓ´flQEâ��˛‰ℓℓ´flQE₀Ω−E
˛‰˛‰´flℓℓ´flEch₀ΩΩ≈ΣμEσΔνhEββEcαΣΣΔμΔαΩμE₀νEμdVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicslLettersxlSectionlB:l
NuclearxlElementarylParticlelandlHighyEnergylPhysicsQE2017QE][ZQEXWRZW

4.2 17

552
t≈₀μπη≈Υ≈ΩνEα≥E~EℓαμαΩE₀ΩgπΣ₀ηE−ΔμνηΔℓπνΔαΩμEΔΩE≈ρ≈ΩνμEσΔνhEhΔghEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΛ≈νμE₀νE
μd^´ {≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsQE2017QE][ZQEVXWRVZX

4.2 8

551
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E₀Ω−E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Eβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩμEΔΩE
ΥπΣνΔΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈μEπμΔΩgEXSWE≥ℓ—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Eα≥E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯EdEVXE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEYU

4.2 14

550
hEΥ≈₀μπη≈Υ≈ΩνEα≥Eνh≈Ec₀ΣαηΔΥ≈ν≈ηEη≈μβαΩμ≈EναEμΔΩgΣ≈Eh₀−ηαΩμE₀Ω−E−≈ν≈ηΥΔΩ₀νΔαΩEα≥Eνh≈EΛ≈νE≈Ω≈ηgφE
μc₀Σ≈EπΩc≈ην₀ΔΩνφEπμΔΩgEsojEyπΩRVERcαΣΣΔμΔαΩE−₀ν₀EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicall
JournallCQE2017QE]]QEW[

4.2 22

549 vℓμ≈ηρ₀νΔαΩEα≥Ek±ψU}Reˇ�±ψU}˛‡E₀Ω−Ez≈₀ηchE≥αηEjwE}ΔαΣ₀νΔαΩEΔΩEy₀−Δ₀νΔρ≈Ejh₀ηΥEk≈c₀φμSEPhysicallReviewl
LettersQE2017QEVV^QEUZV^UV 7.4 9

548
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΔΩcΣπμΔρ≈EcηαμμRμ≈cνΔαΩμEα≥EμΔΩgΣ≈EναβRγπ₀ηΞE₀Ω−EναβR₀ΩνΔγπ₀ηΞEνRch₀ΩΩ≈ΣE
βηα−πcνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2017QEWUV]QEV

5.4 22
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547
t≈₀μπη≈Υ≈ΩνEα≥EΛ≈νE₀cνΔρΔνφEβηα−πc≈−EΔΩEναβRγπ₀ηΞE≈ρ≈ΩνμEσΔνhE₀ΩE≈Σ≈cνηαΩQE₀EΥπαΩE₀Ω−EνσαE
Rν₀gg≈−EΛ≈νμEΔΩEνh≈E≥ΔΩ₀ΣEμν₀ν≈EΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2017QE]]QEWWU

4.2 5

546 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EℓαμαΩEβαΣ₀ηΔμ₀νΔαΩEΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E≈ρ≈ΩνμE≥ηαΥEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯EdE^E{≈}EΔΩEνh≈EΣ≈βναΩ´ P´ Λ≈νμEch₀ΩΩ≈ΣEσΔνhEh{shzSEEuropeanlPhysicallJournallCQE2017QE]]QEW[Y 4.2 19

545 lΣ≈cνηαΩE≈≥≥ΔcΔ≈ΩcφEΥ≈₀μπη≈Υ≈ΩνμEσΔνhEνh≈Eh{shzE−≈ν≈cναηEπμΔΩgEWUVWEsojEβηαναΩRβηαναΩEcαΣΣΔμΔαΩE
−₀ν₀SEEuropeanlPhysicallJournallCQE2017QE]]QEV_Z 4.2 61

544
t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηE−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEΔΩEνh≈E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Ech₀ΩΩ≈ΣEΔΩE
cαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE
]]QEW_W

4.2 13

543 w≈η≥αηΥ₀Ωc≈Eα≥E₀ΣgαηΔνhΥμEνh₀νEη≈cαΩμνηπcνEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯dE
^E{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩμEΔΩEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEWYV 4.2 38

542 oΔghRl{EΔμαΣ₀ν≈−RβhαναΩEβΣπμEΛ≈νμEβηα−πcνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEμd^´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
NuclearlPhysicslBQE2017QE_V^QEWZ]RXV[ 2.8 13

541 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EβηαΥβνET—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Eβ₀ΔηEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩEΔΩEcαΣΣΔμΔαΩμE₀νE
—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QE][ 4.2 47

540 z≈₀ηchE≥αηEνηΔℓαμαΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Eβηα−πcνΔαΩEΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ —mαηΥπΣ₀aEμ≈≈E
ν≈τν¯EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEVYV 4.2 13

539 {αβαΣαgΔc₀ΣEc≈ΣΣEcΣπμν≈ηΔΩgEΔΩEνh≈Eh{shzEc₀ΣαηΔΥ≈ν≈ημE₀Ω−EΔνμEβ≈η≥αηΥ₀Ωc≈EΔΩEsojEyπΩEVSEEuropeanl
PhysicallJournallCQE2017QE]]QEY_U 4.2 177

538
mΔ−πcΔ₀ΣQEναν₀ΣE₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩEΥ≈₀μπη≈Υ≈ΩνμEα≥ERch₀ΩΩ≈ΣEμΔΩgΣ≈EναβRγπ₀ηΞEβηα−πcνΔαΩE
ΔΩEcαΣΣΔμΔαΩμE₀νE^´ {≈}EπμΔΩgE−₀ν₀EcαΣΣ≈cν≈−EℓφEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE
]]QEZXV

4.2 27

537 t≈₀μπη≈Υ≈ΩνμEα≥E≈Σ≈cνηασ≈₀ΞE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Eβηα−πcνΔαΩE₀Ω−EcαΩμνη₀ΔΩνμEαΩE₀ΩαΥ₀ΣαπμEg₀πg≈E
cαπβΣΔΩgμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEY]Y 4.2 14

536 z≈₀ηchE≥αηEkUE−≈c₀φμEναEΔΩρΔμΔℓΣ≈E≥ΔΩ₀ΣEμν₀ν≈μE₀νEi≈ΣΣ≈SEPhysicallReviewlDQE2017QE_ZQE 4.9 4

535 z≈₀ηchE≥αηEνh≈EUâ��â��EgΣπ≈ℓ₀ΣΣEΔΩEfMVzNE₀Ω−EfMWzNE−≈c₀φμSEPhysicallReviewlDQE2017QE_ZQE 4.9 8

534 z≈₀ηchE≥αηE₀ΩαΥ₀ΣαπμE≈Σ≈cνηασ≈₀ΞEβηα−πcνΔαΩEα≥E~~T~–EΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀EhΔghRΥ₀μμE−ΔΛ≈νE
μφμν≈ΥEΔΩEββEcαΣΣΔμΔαΩμE₀νEμd^EE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicallReviewlDQE2017QE_ZQE 4.9 17

533 q≈νEη≈cαΩμνηπcνΔαΩE₀Ω−Eβ≈η≥αηΥ₀Ωc≈EπμΔΩgEβ₀ηνΔcΣ≈E≥ΣασEσΔνhEνh≈Eh{shzEk≈ν≈cναηSEEuropeanlPhysicall
JournallCQE2017QE]]QEY[[ 4.2 42

532 t≈₀μπη≈Υ≈ΩνμEα≥EΔΩν≈gη₀ν≈−E₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩμE≥αηEΔμαΣ₀ν≈−EβhαναΩEβ₀ΔηEβηα−πcνΔαΩEΔΩE
ββEcαΣΣΔμΔαΩμE₀νEμd^EE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicallReviewlDQE2017QE_ZQE 4.9 10

531 t≈₀μπη≈Υ≈ΩνEα≥E~´–~´–Eρ≈cναηRℓαμαΩEμc₀νν≈ηΔΩgE₀Ω−EΣΔΥΔνμEαΩE₀ΩαΥ₀ΣαπμEγπ₀ηνΔcEg₀πg≈EcαπβΣΔΩgμE
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicallReviewlDQE2017QE_[QE 4.9 13

530 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eνν´flEβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩEΔΩEνh≈Eˇ�PΛ≈νμE≥ΔΩ₀ΣEμν₀ν≈EΔΩEββEcαΣΣΔμΔαΩμE₀νEμd^EE{≈}E
πμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEPhysicallReviewlDQE2017QE_ZQE 4.9 1

(2017-2017)
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529 pΩρ₀ηΔ₀ΩνRΥ₀μμE₀Ω−E≥η₀cνΔαΩ₀ΣR≈Ω≈ηgφE−≈β≈Ω−≈Ωc≈Eα≥EΔΩcΣπμΔρ≈Eβηα−πcνΔαΩEα≥E−Δh₀−ηαΩμEΔΩE≈P≈â��E
₀ΩΩΔhΔΣ₀νΔαΩE₀νEμdVUSZ^EEn≈}SEPhysicallReviewlDQE2017QE_[QE 4.9 5

528 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eℓη₀ΩchΔΩgE≥η₀cνΔαΩE₀Ω−EjwE₀μφΥΥ≈νηφEΔΩEiUReˇ�Uˇ�UE−≈c₀φμQE₀Ω−E₀ΩEΔΥβηαρ≈−E
cαΩμνη₀ΔΩνEαΩEfWSEPhysicallReviewlDQE2017QE_[QE 4.9 1

527 t≈₀μπη≈Υ≈ΩνEα≥Eℓη₀ΩchΔΩgE≥η₀cνΔαΩE₀Ω−E−Δη≈cνEjwE₀μφΥΥ≈νηφEΔΩEch₀ηΥΣ≈μμEiPRerPrâ��ˇ�PE−≈c₀φμE₀νE
i≈ΣΣ≈SEPhysicallReviewlDQE2017QE_[QE 4.9 10

526 vℓμ≈ηρ₀νΔαΩEα≥E₀ΩE₀Σν≈ηΩ₀νΔρ≈Eˇ�cUMWwNEc₀Ω−Δ−₀ν≈EΔΩE≈P≈â��ReqTˇ�kk´flSEPhysicallReviewlDQE2017QE_ZQE 4.9 33

525 mΔημνEΥ≈₀μπη≈Υ≈ΩνEα≥E{Rα−−EΥαΥ≈ΩνμEΔΩEkURerzUˇ�Pˇ�â��ˇ�UE−≈c₀φμSEPhysicallReviewlDQE2017QE_ZQE 4.9 4

524 t≈₀μπη≈Υ≈ΩνEα≥EΥπΣνΔRβ₀ηνΔcΣ≈E₀χΔΥπνh₀ΣEcαηη≈Σ₀νΔαΩμEΔΩEββQEβ´ P´ wℓE₀Ω−EΣασRΥπΣνΔβΣΔcΔνφEwℓ´ P´ wℓE
cαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEYW^ 4.2 48

523 s≈βναΩRmΣ₀ραηRk≈β≈Ω−≈ΩνEhΩgπΣ₀ηEhΩ₀ΣφμΔμEα≥EiRer±ψO}â��±ψP}â��±ψR}SEPhysicallReviewlLettersQE2017QEVV^QEVVV^UV7.4 131

522 t≈₀μπη≈Υ≈ΩνEα≥E≥αησ₀η−Rℓ₀cΞσ₀η−EΥπΣνΔβΣΔcΔνφEcαηη≈Σ₀νΔαΩμEΔΩEΣ≈₀−RΣ≈₀−QEβηαναΩRΣ≈₀−QE₀Ω−E
βηαναΩRβηαναΩEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicallReviewlCQE2017QE_ZQE 2.7 13

521 z≈₀ηchE≥αηEνh≈EkΔΥπαΩEk≈c₀φEα≥Eνh≈EoΔggμEiαμαΩEΔΩEββEjαΣΣΔμΔαΩμE₀νEμγην—μ¯dVXEE{≈}EσΔνhEνh≈Eh{shzE
k≈ν≈cναηSEPhysicallReviewlLettersQE2017QEVV_QEUZV^UW 7.4 29

520 z≈₀ηchE≥αηEiReh˛‰˛‰´flE−≈c₀φμEσΔνhEμ≈ΥΔΣ≈βναΩΔcEν₀ggΔΩgE₀νEi≈ΣΣ≈SEPhysicallReviewlDQE2017QE_[QE 4.9 45

519 z≈₀ηchE≥αηEΣΔghνEν≈νη₀γπ₀ηΞEμν₀ν≈μEΔΩEfMVzNE₀Ω−EfMWzNE−≈c₀φμSEPhysicallReviewlDQE2017QE_[QE 4.9 1

518 lρΔ−≈Ωc≈E≥αηEpμαμβΔΩE}ΔαΣ₀νΔαΩE₀Ω−Et≈₀μπη≈Υ≈ΩνEα≥EjwEhμφΥΥ≈νηΔ≈μEΔΩEiRer±ψO}M^_WN˛‡SEPhysicall
ReviewlLettersQE2017QEVV_QEV_V^UW 7.4 10

517 z≈₀ηchE≥αηEjwE}ΔαΣ₀νΔαΩE₀Ω−Et≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eiη₀ΩchΔΩgEmη₀cνΔαΩEΔΩEνh≈Ek≈c₀φE
k±ψU}Rer_ψz}±ψU}r_ψz}±ψU}SEPhysicallReviewlLettersQE2017QEVV_QEV]V^UV 7.4 14

516 t≈₀μπη≈Υ≈ΩνEα≥EΔΩcΣπμΔρ≈E₀Ω−E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩμEΔΩEνh≈EoEReE––EOEReEYâ��E−≈c₀φEch₀ΩΩ≈ΣEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 25

515 t≈₀μπη≈Υ≈ΩνEα≥EΣ≈βναΩE−Δ≥≥≈η≈ΩνΔ₀ΣE−ΔμνηΔℓπνΔαΩμE₀Ω−Eνh≈EναβEγπ₀ηΞEΥ₀μμEΔΩEβηα−πcνΔαΩEΔΩEcαΣΣΔμΔαΩμE
₀νE´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QE^UY 4.2 11

514 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EMEναρ≈ηΣΔΩ≈ψν}g₀ΥΥ₀ENEβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 7

513
t≈₀μπη≈Υ≈ΩνμEα≥Ech₀ηg≈E₀Ω−EjwE₀μφΥΥ≈νηΔ≈μEΔΩEℓRh₀−ηαΩE−≈c₀φμEπμΔΩgEναβRγπ₀ηΞE≈ρ≈ΩνμEcαΣΣ≈cν≈−E
ℓφEνh≈Eh{shzE−≈ν≈cναηEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}SEJournalloflHighlEnergylPhysicsQE2017QE
WUV]QEV

5.4 6

512 w≈η≥αηΥ₀Ωc≈Eα≥Eνh≈Eh{shzEνη₀cΞEη≈cαΩμνηπcνΔαΩE₀ΣgαηΔνhΥμEΔΩE−≈Ωμ≈E≈ΩρΔηαΩΥ≈ΩνμEΔΩEsojEyπΩEWSE
EuropeanlPhysicallJournallCQE2017QE]]QE[]X 4.2 33
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511
z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE≈ρ≈ΩνμEcαΩν₀ΔΩΔΩgE₀Eμ₀Υ≈R≥Σ₀ραπηEαββαμΔν≈RμΔgΩE−ΔΣ≈βναΩEβ₀ΔηQEΛ≈νμQE
₀Ω−EΣ₀ηg≈EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ —mαηΥπΣ₀aEμ≈≈Eν≈τν¯—mαηΥπΣ₀aEμ≈≈E
ν≈τν¯EcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEVYY

4.2 8

510
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E––Eβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}E
πμΔΩgEνh≈E––EReEâ��â�� â��Pâ��fâ��â��fPE₀Ω−EME––ναEψ≈ΣΣ}±ψR}ψ≈ΣΣ}±ψP}ΩπEαρ≈ηΣΔΩ≈ψΩπ}ENE−≈c₀φEch₀ΩΩ≈ΣμEσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV

5.4 9

509 wηαℓΔΩgEνh≈E~EνℓEρ≈ην≈τEμνηπcνπη≈EΔΩEνRch₀ΩΩ≈ΣEμΔΩgΣ≈RναβRγπ₀ηΞEβηα−πcνΔαΩE₀Ω−E−≈c₀φEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 11

508 t≈₀μπη≈Υ≈ΩνμEα≥Eˇ�MWzNE₀Ω−E‘MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��Eβηα−πcνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 15

507 t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηEναE–RℓαμαΩEcηαμμRμ≈cνΔαΩEη₀νΔαμE₀νEMEμγηνψμ}dVXENEQE^QE]E{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 7

506 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eˇ�Es≈βναΩEwαΣ₀ηΔχ₀νΔαΩE₀Ω−EyMk±ψO}NEΔΩEνh≈Ek≈c₀φEi—αρ≈ηE´fl¯Rek±ψO}ˇ�±ψR}˛‰—αρ≈ηE
´fl¯_ψˇ�}SEPhysicallReviewlLettersQE2017QEVV^QEWVV^UV 7.4 229

505 z≈₀ηchE≥αηEΣ≈βναΩR≥Σ₀ραπηRρΔαΣ₀νΔΩgE−≈c₀φμEα≥Eνh≈EoΔggμE₀Ω−EℓαμαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2017QE]]QE]U 4.2 52

504 w≈η≥αηΥ₀Ωc≈Eα≥Eνh≈Eh{shzEνηΔgg≈ηEμφμν≈ΥEΔΩEWUVZSEEuropeanlPhysicallJournallCQE2017QE]]QEXV] 4.2 272

503 y≈cαΩμνηπcνΔαΩEα≥EβηΔΥ₀ηφEρ≈ηνΔc≈μE₀νEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνEΔΩEyπΩEVEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE
νh≈EsojSEEuropeanlPhysicallJournallCQE2017QE]]QEXXW 4.2 29

502
t≈₀μπη≈Υ≈ΩνμEα≥Eνh≈Eβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩEα≥E₀E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EℓαμαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE
Λ≈νμEΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE
2017QE]]QEX[V

4.2 26

501 wη≈cΔμΔαΩEΥ≈₀μπη≈Υ≈ΩνE₀Ω−EΔΩν≈ηβη≈ν₀νΔαΩEα≥EΔΩcΣπμΔρ≈EQE₀Ω−Eβηα−πcνΔαΩEcηαμμEμ≈cνΔαΩμEσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QEX[] 4.2 56

500 t≈₀μπη≈Υ≈ΩνEα≥EΛ≈νE≥η₀gΥ≈Ων₀νΔαΩEΔΩEwℓPwℓE₀Ω−EcαΣΣΔμΔαΩμE₀νE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νEνh≈E
sojSEEuropeanlPhysicallJournallCQE2017QE]]QEX]_ 4.2 35

499
z≈₀ηchE≥αηE−₀ηΞEΥ₀νν≈ηE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EΔΩE≥ΔΩ₀ΣEμν₀ν≈μEcαΩν₀ΔΩΔΩgE₀ΩE≈Ω≈ηg≈νΔcEβhαναΩE₀Ω−E
Σ₀ηg≈EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE
]]QEX_X

4.2 52

498
t≈₀μπη≈Υ≈ΩνEα≥Ech₀ηg≈−Rβ₀ηνΔcΣ≈E−ΔμνηΔℓπνΔαΩμEμ≈ΩμΔνΔρ≈EναEνh≈EπΩ−≈ηΣφΔΩgE≈ρ≈ΩνEΔΩEMEμγηνψμ}dVXENE
{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νEνh≈EsojSEJournalloflHighlEnergylPhysicsQE
2017QEWUV]QEV

5.4 9

497 {h≈Ei≈ΣΣ≈EppEz}kE−₀ν₀Eη≈₀−απνEμφμν≈ΥSENuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionl
A:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE2017QE^YZQE[XXR[X^ 1.2 8

496 z≈₀ηchE≥αηE−Δη≈cνEναβEμγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνσαEΣ≈βναΩμEΔΩE{≈}EcαΣΣΔμΔαΩμEσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QE^_^ 4.2 19

495
z≈₀ηchE≥αηE−Δη≈cνEναβEμγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEΔΩE≈ρ≈ΩνμEσΔνhE₀EoΔggμEαηE–EℓαμαΩQE₀Ω−EΥΔμμΔΩgE
νη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighl
EnergylPhysicsQE2017QEWUV]QEV

5.4 7

494
t≈₀μπη≈Υ≈ΩνEα≥E−≈ν≈cναηRcαηη≈cν≈−Eαℓμ≈ηρ₀ℓΣ≈μEμ≈ΩμΔνΔρ≈EναEνh≈E₀ΩαΥ₀ΣαπμEβηα−πcνΔαΩEα≥E≈ρ≈ΩνμE
σΔνhEΛ≈νμE₀Ω−EΣ₀ηg≈EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEcαΣΣΔμΔαΩμE₀νE´ {≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2017QE]]QE][Z

4.2 10
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493 i≈ΣΣ≈EppEzΔΣΔcαΩE}≈ην≈τEk≈ν≈cναηSEJournalloflInstrumentationQE2017QEVWQEjUWU]YRjUWU]Y 1 3

492 t≈₀μπη≈Υ≈ΩνEα≥EℓRh₀−ηαΩEβ₀ΔηEβηα−πcνΔαΩEσΔνhEνh≈Eh{shzE−≈ν≈cναηEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}d^ENE{≈}SEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 5

491 z≈₀ηchE≥αηEμπβ≈ημφΥΥ≈νηφEΔΩE≈ρ≈ΩνμEσΔνhEℓRν₀gg≈−EΛ≈νμE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 13

490 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΔΩcΣπμΔρ≈EΛ≈νEcηαμμRμ≈cνΔαΩμEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

489
z≈₀ηchE≥αηEβ₀ΔηEβηα−πcνΔαΩEα≥Eρ≈cναηRΣΔΞ≈EναβEγπ₀ηΞμEΔΩE≈ρ≈ΩνμEσΔνhEαΩ≈EΣ≈βναΩQEΛ≈νμQE₀Ω−EΥΔμμΔΩgE
νη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighl
EnergylPhysicsQE2017QEWUV]QEV

5.4 27

488 p−≈ΩνΔ≥Δc₀νΔαΩE₀Ω−Eη≈Λ≈cνΔαΩEα≥EβΔΣ≈RπβEΛ≈νμE₀νEhΔghEβμ≈π−αη₀βΔ−ΔνφEσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2017QE]]QEZ^U 4.2 16

487
t≈₀μπη≈Υ≈ΩνEα≥Eβηα−πcνΔαΩEσΔνhEνh≈Eh₀−ηαΩΔc₀ΣΣφE−≈c₀φΔΩgEℓαμαΩEη≈cαΩμνηπcν≈−E₀μEαΩ≈EαηEνσαEΛ≈νμE
ΔΩEcαΣΣΔμΔαΩμE₀νEσΔνhEh{shzQE₀Ω−EcαΩμνη₀ΔΩνμEαΩE₀ΩαΥ₀ΣαπμEg₀πg≈EcαπβΣΔΩgμSEEuropeanlPhysicall
JournallCQE2017QE]]QEZ[X

4.2 15

486
z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE₀EΣ≈βναΩEβΣπμEhΔghEΛ≈νEΥπΣνΔβΣΔcΔνφE≥ΔΩ₀ΣEμν₀ν≈EσΔνhEνh≈Eh{shzE
≈τβ≈ηΔΥ≈ΩνEπμΔΩgEMEμγηνψμ}dVXENE{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩE−₀ν₀SEJournalloflHighlEnergylPhysicsQE
2017QEWUV]QEV

5.4 7

485 z≈₀ηch≈μE≥αηEνh≈E–˛‡E−≈c₀φEΥα−≈Eα≥Eνh≈EoΔggμEℓαμαΩE₀Ω−E≥αηEΩ≈σEhΔghRΥ₀μμEη≈μαΩ₀Ωc≈μEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 20

484 zνπ−Δ≈μEα≥E–˛‡Eβηα−πcνΔαΩEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀EhΔghRΥ₀μμE−ΔΛ≈νEμφμν≈ΥEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 7

483 t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηE−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEΔΩEνh≈EΣ≈βναΩPΛ≈νμEch₀ΩΩ≈ΣEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

482 z≈₀ηchE≥αηEναβEγπ₀ηΞE−≈c₀φμEνEReEγoQEσΔνhEoEReE˛‡˛‡QEΔΩEMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩμEπμΔΩgEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

481 zνπ−φEα≥E₀Ω−Eβηα−πcνΔαΩEΔΩEcαΣΣΔμΔαΩμE₀νE₀Ω−Eμ≈₀ηchE≥αηE₀ΩαΥ₀ΣαπμEγπ₀ηνΔcEg₀πg≈EcαπβΣΔΩgμEσΔνhEνh≈E
h{shzE≈τβ≈ηΔΥ≈ΩνSEEuropeanlPhysicallJournallCQE2017QE]]QE[Y[ 4.2 11

480 t≈₀μπη≈Υ≈ΩνμEα≥EναβEγπ₀ηΞEμβΔΩEαℓμ≈ηρ₀ℓΣ≈μEΔΩEMEναρ≈ηΣΔΩ≈ψν}ENE≈ρ≈ΩνμEπμΔΩgE−ΔΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈μEΔΩEME
μγηνψμ}d^ENE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 12

479
z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EσΔνhEΣ₀ηg≈EΛ≈νEΥπΣνΔβΣΔcΔνΔ≈μE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEπμΔΩgE
Σ₀ηg≈Rη₀−ΔπμEΛ≈νμE₀Ω−E≥Σ₀ραπηRν₀ggΔΩgE₀νEh{shzEΔΩEVXE{≈}EββEcαΣΣΔμΔαΩμSEJournalloflHighlEnergylPhysics
QE2017QEWUV]QEV

5.4 8

478 {αβRγπ₀ηΞEΥ₀μμEΥ≈₀μπη≈Υ≈ΩνEΔΩEνh≈E₀ΣΣRh₀−ηαΩΔcEMEναρ≈ηΣΔΩ≈ψν}ENE−≈c₀φEch₀ΩΩ≈ΣE₀νEMEμγηνψμ}d^ENE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 6

477 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Ekη≈ΣΣR’₀ΩEνηΔβΣ≈R−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}SE
JournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 16

476 z≈₀ηchE≥αηE₀Eμc₀Σ₀ηEβ₀ηνΩ≈ηEα≥Eνh≈EναβEγπ₀ηΞEΔΩEνh≈EΛ≈νμEβΣπμEΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE≥ΔΩ₀ΣE
μν₀ν≈E₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 30
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475
z≈₀ηchE≥αηEμπβ≈ημφΥΥ≈νηφEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνσαEμ₀Υ≈RμΔgΩEαηEνhη≈≈EΣ≈βναΩμE₀Ω−EΛ≈νμEπμΔΩgEX[E≥ℓâ��VE
α≥EMEμγηνψμ}dVXENE{≈}EββEcαΣΣΔμΔαΩE−₀ν₀EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QE
WUV]QEV

5.4 22

474
z≈₀ηchE≥αηEβ₀ΔηEβηα−πcνΔαΩEα≥Eh≈₀ρφEρ≈cναηRΣΔΞ≈Eγπ₀ηΞμE−≈c₀φΔΩgEναEhΔghRβE{E~EℓαμαΩμE₀Ω−EℓEγπ₀ηΞμE
ΔΩEνh≈EΣ≈βναΩRβΣπμRΛ≈νμE≥ΔΩ₀ΣEμν₀ν≈EΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
JournalloflHighlEnergylPhysicsQE2017QEWUV]QEV

5.4 29

473 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EΞEνEμβΣΔννΔΩgEμc₀Σ≈μEΔΩE–EReEâ��â��E≈ρ≈ΩνμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QEWUV]QEV 5.4 3

472
hΩ₀ΣφμΔμEα≥Eνh≈E~νℓEρ≈ην≈τE≥ηαΥEνh≈EΥ≈₀μπη≈Υ≈ΩνEα≥EνηΔβΣ≈R−Δ≥≥≈η≈ΩνΔ₀ΣE₀ΩgπΣ₀ηE−≈c₀φEη₀ν≈μEα≥E
μΔΩgΣ≈EναβEγπ₀ηΞμEβηα−πc≈−EΔΩEνh≈EνRch₀ΩΩ≈ΣE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournallofl
HighlEnergylPhysicsQE2017QEWUV]QEV

5.4 7

471 lρΔ−≈Ωc≈E≥αηEνh≈EMEoναEℓαρ≈ηΣΔΩ≈ψℓ}ENE−≈c₀φEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE
2017QEWUV]QEV 5.4 50

470
z≈₀ηchE≥αηEΩ≈σEhΔghRΥ₀μμEβh≈ΩαΥ≈Ω₀EΔΩEνh≈E−ΔΣ≈βναΩE≥ΔΩ₀ΣEμν₀ν≈EπμΔΩgEX[E≥ℓâ��VEα≥EβηαναΩRβηαναΩE
cαΣΣΔμΔαΩE−₀ν₀E₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2017QE
WUV]QEV

5.4 126

469 k≈ν≈ηΥΔΩ₀νΔαΩEα≥Eνh≈EμνηαΩgEcαπβΣΔΩgEcαΩμν₀ΩνE≥ηαΥEνη₀Ωμρ≈ημ≈E≈Ω≈ηgφR≈Ω≈ηgφEcαηη≈Σ₀νΔαΩμEΔΩE
ΥπΣνΔΛ≈νE≈ρ≈ΩνμE₀νEπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2017QE]]QE^]W 4.2 19

468 w≈η≥αηΥ₀Ωc≈Eα≥Eνh≈Eh{shzE{η₀ΩμΔνΔαΩEy₀−Δ₀νΔαΩE{η₀cΞ≈ηEΔΩEyπΩEVEα≥Eνh≈EsojaEνη₀cΞ≈ηEβηαβ≈ηνΔ≈μSE
JournalloflInstrumentationQE2017QEVWQEwUZUUWRwUZUUW 1 7

467
i≈ΣΣ≈RppE}‘kEη₀−Δ₀νΔαΩEΥαΩΔναηΔΩgE₀Ω−Eℓ≈₀ΥE₀ℓαηνEσΔνhEμj}kE−Δ₀ΥαΩ−Eμ≈ΩμαημSENuclearlInstrumentsl
andlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedl
EquipmentQE2016QE^WYQEY^URY^W

1.2

466 hEΥ≈₀μπη≈Υ≈ΩνEα≥EΥ₀ν≈ηΔ₀ΣEΔΩEνh≈Eh{shzEνη₀cΞ≈ηEπμΔΩgEμ≈cαΩ−₀ηφEh₀−ηαΩΔcEΔΩν≈η₀cνΔαΩμEΔΩE]E
{≈}ββcαΣΣΔμΔαΩμSEJournalloflInstrumentationQE2016QEVVQEwVVUWURwVVUWU 1 7

465 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EjrtE₀ΩgΣ≈Eˇ�VEΔΩEiURek´flMONUhUQEk´flURerzUˇ�Pˇ�â��E−≈c₀φμEσΔνhEνΔΥ≈R−≈β≈Ω−≈ΩνE
ℓΔΩΩ≈−Ek₀ΣΔνχEβΣανE₀Ω₀ΣφμΔμSEPhysicallReviewlDQE2016QE_YQE 4.9 8

464 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E−≈c₀φEiRekâ��˛‰â��EΔΩE≥πΣΣφEη≈cαΩμνηπcν≈−E≈ρ≈ΩνμE₀Ω−E−≈ν≈ηΥΔΩ₀νΔαΩEα≥Eνh≈E
j₀ℓΔℓℓαRrαℓ₀φ₀μhΔRt₀μΞ₀σ₀EΥ₀νηΔτE≈Σ≈Υ≈ΩνEω}cℓωSEPhysicallReviewlDQE2016QE_XQE 4.9 47

463 z≈₀ηchE≥αηEνh≈Eη₀η≈E−≈c₀φEkURe˛‡˛‡E₀νEi≈ΣΣ≈SEPhysicallReviewlDQE2016QE_XQE 4.9 6

462 z≈₀ηchE≥αηEνh≈E−≈c₀φEiURef˛‡SEPhysicallReviewlDQE2016QE_XQE 4.9 6

461 z≈₀ηchE≥αηE‘’–Eμν₀ν≈μEΔΩEfMVzNEΔΩcΣπμΔρ≈E−≈c₀φμSEPhysicallReviewlDQE2016QE_XQE 4.9 4

460 mΔημνEαℓμ≈ηρ₀νΔαΩEα≥E˛‡˛‡Reββ´flrPrâ��E₀Ω−Eμ≈₀ηchE≥αηE≈τανΔcEℓ₀ηφαΩμEΔΩEβrEμφμν≈ΥμSEPhysicallReviewlDQE
2016QE_XQE 4.9 3

459 vℓμ≈ηρ₀νΔαΩEα≥Eνh≈Ek≈c₀φEi_ψμ}±ψU}Rer±ψU}r—αρ≈ηE´fl¯±ψU}SEPhysicallReviewlLettersQE2016QEVV[QEV[V^UV 7.4 10

458 vℓμ≈ηρ₀νΔαΩEα≥E–_ψℓ}MVU[VUNE₀Ω−E–_ψℓ}MVU[ZUNEk≈c₀φΔΩgEναEiEt≈μαΩμSEPhysicallReviewlLettersQE2016QE
VV[QEWVWUUV 7.4 55
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457 mΔημνEvℓμ≈ηρ₀νΔαΩEα≥Eνh≈EkαπℓΣφEj₀ℓΔℓℓαRzπββη≈μμ≈−Ek≈c₀φEα≥E₀Ejh₀ηΥ≈−Ei₀ηφαΩaE
˛�_ψc}±ψP}Reβr±ψP}ˇ�±ψR}SEPhysicallReviewlLettersQE2016QEVV]QEUVV^UV 7.4 17

456
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eνν´flEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩEπμΔΩgE≈˛…E≈ρ≈ΩνμEσΔνhEℓRν₀gg≈−EΛ≈νμEΔΩEββEcαΣΣΔμΔαΩμE
₀νEμdVX{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsQE2016QE][VQEVX[RVZ]

4.2 47

455 y≈cαΩμνηπcνΔαΩEα≥Eh₀−ηαΩΔcE−≈c₀φEβηα−πcνμEα≥Eν₀πEΣ≈βναΩμEσΔνhEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEEuropeanl
PhysicallJournallCQE2016QE][QEW_Z 4.2 28

454 w≈η≥αηΥ₀Ωc≈Eα≥EβΔΣ≈RπβEΥΔνΔg₀νΔαΩEν≈chΩΔγπ≈μE≥αηEΛ≈νμEΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯´ {≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEZ^V 4.2 148

453 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EpΩ≈Σ₀μνΔcEwηαναΩRwηαναΩEjηαμμEz≈cνΔαΩE₀νEμγην—μ¯dVXEE{≈}EσΔνhEνh≈Eh{shzE
k≈ν≈cναηE₀νEνh≈EsojSEPhysicallReviewlLettersQE2016QEVV]QEV^WUUW 7.4 92

452 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Ech₀ηg≈−Rβ₀ηνΔcΣ≈EΥπΣνΔβΣΔcΔνφEΔΩμΔ−≈EΛ≈νμE≥ηαΥE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯—mαηΥπΣ₀aEμ≈≈E
ν≈τν¯´ EcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEXWW 4.2 35

451 t≈₀μπη≈Υ≈ΩνEα≥EΛ≈νE₀cνΔρΔνφEΔΩEναβEγπ₀ηΞE≈ρ≈ΩνμEπμΔΩgEνh≈E≈˛…E≥ΔΩ₀ΣEμν₀ν≈EσΔνhEνσαEℓRν₀gg≈−EΛ≈νμEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 4

450
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE₀Ω−E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E−ΔμνηΔℓπνΔαΩμEα≥Ekη≈ΣΣR’₀ΩE
Σ≈βναΩEβ₀ΔημEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2016QE][QEW_V

4.2 63

449
t≈₀μπη≈Υ≈ΩνEα≥E≥Δ−πcΔ₀ΣE−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμEμ≈cνΔαΩμEα≥EgΣπαΩR≥πμΔαΩEβηα−πcνΔαΩEα≥EoΔggμEℓαμαΩμE
−≈c₀φΔΩgEναE~~EORe≈˛‰˛…˛‰EσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νEMEμγηνψμ}d^ENE{≈}SEJournalloflHighlEnergylPhysicsQE
2016QEWUV[QEV

5.4 13

448 zνπ−Δ≈μEα≥Ech₀ηΥ≈−Eμνη₀Ωg≈Eℓ₀ηφαΩμEΔΩEνh≈E˛�kE≥ΔΩ₀ΣEμν₀ν≈E₀νEi≈ΣΣ≈SEPhysicallReviewlDQE2016QE_YQE 4.9 28

447 z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE≈ρ≈ΩνμEσΔνhE₀EβhαναΩE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 13

446 hEμ≈₀ηchE≥αηEναβEμγπ₀ηΞμEσΔνhEyRβ₀ηΔνφRρΔαΣ₀νΔΩgE−≈c₀φμEναE₀ΣΣRh₀−ηαΩΔcE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEνh≈Eh{shzE
−≈ν≈cναηEΔΩEMEμγηνψμ}d^ENE{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩμSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 10

445 p−≈ΩνΔ≥Δc₀νΔαΩEα≥EhΔghEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEναβEγπ₀ηΞμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 13

444 hEμ≈₀ηchE≥αηE₀ΩE≈τcΔν≈−EΥπαΩE−≈c₀φΔΩgEναE₀EΥπαΩE₀Ω−EνσαEΛ≈νμEΔΩββcαΣΣΔμΔαΩμE₀νE
Iμγηνψμ}bdb^bψηΥψ{≈}}}IEσΔνhEνh≈Eh{shzE−≈ν≈cναηSENewlJournalloflPhysicsQE2016QEV^QEU]XUWV 2.9 1

443 i≈₀ΥRΔΩ−πc≈−E₀Ω−EcαμΥΔcRη₀φEℓ₀cΞgηαπΩ−μEαℓμ≈ηρ≈−EΔΩEνh≈Eh{shzE−≈ν≈cναηE−πηΔΩgEνh≈EsojEWUVWE
βηαναΩRβηαναΩEηπΩΩΔΩgEβ≈ηΔα−SEJournalloflInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

442 z≈₀ηchE≥αηE₀EΥ₀μμΔρ≈EΔΩρΔμΔℓΣ≈Eβ₀ηνΔcΣ≈E‘UEΔΩEiPRe≈P‘UE₀Ω−EiPRe˛…P‘UE−≈c₀φμSEPhysicallReviewlDQE2016QE
_YQE 4.9 3

441 t≈₀μπη≈Υ≈ΩνμEα≥EναβRγπ₀ηΞEβ₀ΔηE−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEΔΩEνh≈EΣ≈βναΩPΛ≈νμEch₀ΩΩ≈ΣEΔΩEcαΣΣΔμΔαΩμE
₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEZX^ 4.2 48

440 z≈₀ηchE≥αηE₀E−₀ηΞEρ≈cναηEg₀πg≈EℓαμαΩE−≈c₀φΔΩgEναEˇ�Pˇ�â��EπμΔΩgE˛•Reˇ�Pˇ�â��˛‡E−≈c₀φμSEPhysicallReviewlDQE
2016QE_YQE 4.9 5
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439 jαΩμνηπcνΔαΩE₀Ω−Eν≈μνEα≥Eνh≈E≥ΔημνEi≈ΣΣ≈EppEz}kEΣ₀−−≈ηEΔΥβΣ≈Υ≈ΩνΔΩgEνh≈EαηΔg₀ΥΔEchΔβRαΩRμ≈ΩμαηE
−≈μΔgΩSEJournalloflInstrumentationQE2016QEVVQEjUVU^]RjUVU^] 1 5

438
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E−Δ≥≥≈η≈ΩνΔ₀ΣEcηαμμRμ≈cνΔαΩμEα≥EβηαΥβνE₀Ω−EΩαΩRβηαΥβνEβηα−πcνΔαΩEα≥E—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯E₀Ω−E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E₀Ω−E^´ {≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEW^X

4.2 42

437 sπΥΔΩαμΔνφE−≈ν≈ηΥΔΩ₀νΔαΩEΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EdE^E{≈}EπμΔΩgEνh≈Eh{shzE−≈ν≈cναηE₀νE
νh≈EsojSEEuropeanlPhysicallJournallCQE2016QE][QE[ZX 4.2 188

436
z≈₀ηchE≥αηEμγπ₀ηΞμE₀Ω−EgΣπΔΩαμEΔΩE≈ρ≈ΩνμEσΔνhEh₀−ηαΩΔc₀ΣΣφE−≈c₀φΔΩgEν₀πEΣ≈βναΩμQEΛ≈νμE₀Ω−EΥΔμμΔΩgE
νη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}Eη≈cαη−≈−EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QE[^X

4.2 7

435
h−−≈Ω−πΥEναEâ��t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EMνℓ₀ηψν}NEβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩEπμΔΩgEM≈ΥπENE≈ρ≈ΩνμEσΔνhE
ℓRν₀gg≈−EΛ≈νμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMμγηνψμ}NEdE]E₀Ω−E^EMQΥ₀νhηΥψ{≈}}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηâ��SE
EuropeanlPhysicallJournallCQE2016QE][QEV

4.2 13

434 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E₀ΩgπΣ₀ηEcα≈≥≥ΔcΔ≈ΩνμEΔΩE–RℓαμαΩE≈ρ≈ΩνμEπμΔΩgE≈Σ≈cνηαΩE₀Ω−EΥπαΩEβ₀ΔημE≥ηαΥE
−₀ν₀Eν₀Ξ≈ΩE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 20

433 z≈₀ηch≈μE≥αηEh≈₀ρφE−ΔℓαμαΩEη≈μαΩ₀Ωc≈μEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 20

432 k₀ηΞEΥ₀νν≈ηEΔΩν≈ηβη≈ν₀νΔαΩμEα≥Eh{shzEμ≈₀ηch≈μE≥αηEνh≈E≈Σ≈cνηασ≈₀ΞEβηα−πcνΔαΩEα≥Eμπβ≈ημφΥΥ≈νηΔcE
β₀ηνΔcΣ≈μEΔΩEMEμγηνψμ}d^ENE{≈}EβηαναΩRβηαναΩEcαΣΣΔμΔαΩμSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 16

431
z≈₀ηchE≥αηEνh≈Ezν₀Ω−₀η−Etα−≈ΣEoΔggμEℓαμαΩE−≈c₀φΔΩgEΔΩναEMEℓαρ≈ηΣΔΩ≈ψℓ}ENEβηα−πc≈−EΔΩE₀μμαcΔ₀νΔαΩE
σΔνhEναβEγπ₀ηΞμE−≈c₀φΔΩgEh₀−ηαΩΔc₀ΣΣφEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
JournalloflHighlEnergylPhysicsQE2016QEWUV[QEV

5.4 16

430 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EjwRρΔαΣ₀νΔΩgEβh₀μ≈EfEμE₀Ω−Eνh≈EiEUEμEΥ≈μαΩE−≈c₀φEσΔ−νhE−Δ≥≥≈η≈Ωc≈EσΔνhEiEUEμE
EReEqTˇ�fE−≈c₀φμEΔΩEh{shzSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 10

429
z≈₀ηchE≥αηEμγπ₀ηΞμE₀Ω−EgΣπΔΩαμEΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEΛ≈νμE₀Ω−EΥΔμμΔΩgEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥE₀νE
—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EdVXE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯σΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE
2016QE][QEX_W

4.2 53

428 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈E−απℓΣ≈R−Δ≥≥≈η≈ΩνΔ₀ΣEhΔghRΥ₀μμEkη≈ΣΣR’₀ΩEcηαμμEμ≈cνΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEME
μγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 24

427 hEμ≈₀ηchE≥αηEβηαΥβνEΣ≈βναΩRΛ≈νμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψΥ₀νhηΥψμ}}d^ENE{≈}EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 22

426 z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EσΔνhEβhαναΩPΛ≈νE≈ρ≈ΩνμEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 12

425
t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Ec≈Ωνη₀ΣΔνφE−≈β≈Ω−≈Ωc≈Eα≥Eνh≈Ech₀ηg≈−Rβ₀ηνΔcΣ≈Eβμ≈π−αη₀βΔ−ΔνφE−ΔμνηΔℓπνΔαΩEΔΩE
βηαναΩRΣ≈₀−EcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicall
JournallCQE2016QE][QEV__

4.2 39

424 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eβηα−πcνΔαΩEcηαμμRμ≈cνΔαΩEα≥E₀EμΔΩgΣ≈EναβEγπ₀ηΞEΔΩE₀μμαcΔ₀νΔαΩEσΔνhE₀E~EℓαμαΩE₀νE
^E{≈}EσΔνhEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 12

423 z≈₀ηchE≥αηEνh≈Eβηα−πcνΔαΩEα≥EμΔΩgΣ≈Eρ≈cναηRΣΔΞ≈E₀Ω−E≈τcΔν≈−Eγπ₀ηΞμEΔΩEνh≈E~νE≥ΔΩ₀ΣEμν₀ν≈EΔΩEββE
cαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 14

422 z≈₀ηchE≥αηEμνηαΩgEgη₀ρΔνφEΔΩEΥπΣνΔΛ≈νE≥ΔΩ₀ΣEμν₀ν≈μEβηα−πc≈−EΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}dVXENE{≈}EπμΔΩgE
νh≈Eh{shzE−≈ν≈cναηE₀νEνh≈EsojSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 12
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421 i≈ΣΣ≈EppEμΔΣΔcαΩEρ≈ην≈τE−≈ν≈cναηSENuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:l
AcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE2016QE^XVQE^UR^Y 1.2 2

420
i≈ΣΣ≈EppEz}kEΣ₀−−≈ηE₀μμ≈ΥℓΣφEβηαc≈−πη≈E₀Ω−E≈Σ≈cνηΔc₀ΣEγπ₀ΣΔ≥Δc₀νΔαΩSENuclearlInstrumentslandl
MethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedl
EquipmentQE2016QE^WYQEX^VRX^X

1.2

419
lΥℓ≈−−≈−EβΔνchE₀−₀βν≈ημaEhEhΔghRφΔ≈Σ−EΔΩν≈ηcαΩΩ≈cνΔαΩEμαΣπνΔαΩE≥αηEμνηΔβEμ≈ΩμαημSENuclearl
InstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandl
AssociatedlEquipmentQE2016QE^XVQEWWVRWW^

1.2 6

418 {h≈EμΔΣΔcαΩEρ≈ην≈τE−≈ν≈cναηEα≥Eνh≈Ei≈ΣΣ≈EppE≈τβ≈ηΔΥ≈ΩνSENuclearlInstrumentslandlMethodslinlPhysicsl
ResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE2016QE^WYQEYU[RYVU1.2 7

417
zνπ−φEα≥Eμπη≥₀c≈Eβηαβ≈ηνΔ≈μEα≥Eh{shzVWEμνηΔβEμ≈ΩμαημE₀Ω−Eνh≈ΔηEη₀−Δ₀νΔαΩEη≈μΔμν₀Ωc≈SENuclearl
InstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandl
AssociatedlEquipmentQE2016QE^XVQEV_]RWU[

1.2 11

416
jh₀ηg≈EcαΣΣ≈cνΔαΩE₀Ω−E≥Δ≈Σ−Eβηα≥ΔΣ≈Eμνπ−Δ≈μEα≥Eh≈₀ρΔΣφEΔηη₀−Δ₀ν≈−EμνηΔβEμ≈ΩμαημE≥αηEνh≈Eh{shzEΔΩΩ≈ηE
νη₀cΞ≈ηEπβgη₀−≈SENuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxl
SpectrometersxlDetectorslandlAssociatedlEquipmentQE2016QE^XVQEV^VRV^^

1.2 14

415
lρ₀Σπ₀νΔαΩEα≥Eνh≈Eβ≈η≥αηΥ₀Ωc≈Eα≥EΔηη₀−Δ₀ν≈−EμΔΣΔcαΩEμνηΔβEμ≈ΩμαημE≥αηEνh≈E≥αησ₀η−E−≈ν≈cναηEα≥Eνh≈E
h{shzEpΩΩ≈ηE{η₀cΞ≈ηE|βgη₀−≈SENuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:l
AcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentQE2016QE^XVQEWU]RWVW

1.2 9

414 p−≈ΩνΔ≥Δc₀νΔαΩEα≥Eℓααμν≈−QEh₀−ηαΩΔc₀ΣΣφE−≈c₀φΔΩgEℓαμαΩμE₀Ω−EcαΥβ₀ηΔμαΩμEσΔνhEh{shzE−₀ν₀Eν₀Ξ≈ΩE₀νE
—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}SEEuropeanlPhysicallJournallCQE2016QE][QEVZY 4.2 44

413 z≈₀ηchE≥αηEΩ≈σEβh≈ΩαΥ≈Ω₀EΔΩE≈ρ≈ΩνμEσΔνhE₀νEΣ≈₀μνEνhη≈≈EβhαναΩμEcαΣΣ≈cν≈−EΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯EdE^E{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEWVU 4.2 53

412 wηαℓΔΩgEΣ≈βναΩE≥Σ₀ραπηEρΔαΣ₀νΔαΩEρΔ₀EΩ≈πνηΔΩαΣ≈μμE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E−≈c₀φμEσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEWXW 4.2 12

411 hEΩ≈σEΥ≈νhα−EναE−ΔμνΔΩgπΔμhEh₀−ηαΩΔc₀ΣΣφE−≈c₀φΔΩgEℓααμν≈−EℓαμαΩμE≥ηαΥEℓαμαΩμEπμΔΩgEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEWX^ 4.2 6

410 z≈₀ηchE≥αηEμπβ≈ημφΥΥ≈νηφE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EΔΩE≥ΔΩ₀ΣEμν₀ν≈μEσΔνhEΛ≈νμE₀Ω−EνσαEμ₀Υ≈RμΔgΩE
Σ≈βναΩμEαηEνhη≈≈EΣ≈βναΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEWZ_ 4.2 48

409 mΔημνEΥα−≈ΣRΔΩ−≈β≈Ω−≈ΩνEk₀ΣΔνχE₀Ω₀ΣφμΔμEα≥EiURekrOUQEkRerzUˇ�Pˇ�â��E−≈c₀φSEProgressloflTheoreticallandl
ExperimentallPhysicsQE2016QEWUV[QEUYXjUV 5.4 6

408 z≈₀ηchE≥αηEΔΩρΔμΔℓΣ≈E−≈c₀φμEα≥E₀EoΔggμEℓαμαΩEπμΔΩgEρ≈cναηRℓαμαΩE≥πμΔαΩEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d^ENE
{≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 45

407
z≈₀ηchE≥αηE₀ΩαΥ₀ΣαπμEcαπβΣΔΩgμEΔΩEνh≈E~EνℓEρ≈ην≈τE≥ηαΥEνh≈EΥ≈₀μπη≈Υ≈ΩνEα≥E−απℓΣ≈E−Δ≥≥≈η≈ΩνΔ₀ΣE
₀ΩgπΣ₀ηE−≈c₀φEη₀ν≈μEα≥EμΔΩgΣ≈EναβEγπ₀ηΞμEβηα−πc≈−EΔΩEνh≈EνRch₀ΩΩ≈ΣEσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
JournalloflHighlEnergylPhysicsQE2016QEWUV[QEVRY[

5.4 12

406 z≈₀ηch≈μE≥αηEμc₀Σ₀ηEΣ≈βναγπ₀ηΞμEΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EdE^´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSE
EuropeanlPhysicallJournallCQE2016QE][QEZ 4.2 68

405
t≈₀μπη≈Υ≈ΩνμEα≥Eνh≈EoΔggμEℓαμαΩEβηα−πcνΔαΩE₀Ω−E−≈c₀φEη₀ν≈μE₀Ω−EcαπβΣΔΩgEμνη≈ΩgνhμEπμΔΩgE
cαΣΣΔμΔαΩE−₀ν₀E₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E₀Ω−E^´ {≈}EΔΩEνh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEEuropeanlPhysicallJournallC
QE2016QE][QE[

4.2 185

404
t≈₀μπη≈Υ≈ΩνμEα≥E≥Δ−πcΔ₀ΣEcηαμμRμ≈cνΔαΩμE≥αηE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯Eβηα−πcνΔαΩEσΔνhEαΩ≈EαηEνσαE
₀−−ΔνΔαΩ₀ΣERΛ≈νμEΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯d^E{≈}´ πμΔΩgEνh≈Eh{shzE−≈ν≈cναηSEEuropeanl
PhysicallJournallCQE2016QE][QEVV

4.2 21

Zden˜�kuDole¯¾al
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403 zνπ−φEα≥Eνh≈E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E₀Ω−E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E−≈c₀φμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanl
PhysicallJournallCQE2016QE][QEY 4.2 13

402
z≈₀ηchE≥αηE₀ΩE₀−−ΔνΔαΩ₀ΣQEh≈₀ρφEoΔggμEℓαμαΩEΔΩEνh≈E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E−≈c₀φEch₀ΩΩ≈ΣE₀νE—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯EΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EcαΣΣΔμΔαΩE−₀ν₀EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE
2016QE][QEYZ

4.2 152

401 z≈₀ηchE≥αηEμΔΩgΣ≈EναβRγπ₀ηΞEβηα−πcνΔαΩEρΔ₀E≥Σ₀ραπηRch₀ΩgΔΩgEΩ≈πνη₀ΣEcπηη≈ΩνμE₀νE^´ {≈}EσΔνhEνh≈E
h{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEZZ 4.2 28

400 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Ech₀ηg≈E₀μφΥΥ≈νηφEΔΩEναβRγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEΔΩEνh≈EΣ≈βναΩRβΣπμRΛ≈νμE≥ΔΩ₀ΣE
μν₀ν≈EΔΩEββEcαΣΣΔμΔαΩE−₀ν₀E₀νEMμγηνψμ}d^QΥ₀νhηΥE{≈}ψ}NEσΔνhEνh≈Eh{shzE−≈ν≈cναηE2016QE][QEV 1

399 zνπ−φEα≥Eh₀η−E−απℓΣ≈Rβ₀ηναΩEμc₀νν≈ηΔΩgEΔΩE≥απηRΛ≈νE≈ρ≈ΩνμEΔΩEββEcαΣΣΔμΔαΩμE₀νEMEμγηνψμ}d]ENE{≈}EσΔνhE
νh≈Eh{shzE≈τβ≈ηΔΥ≈ΩνSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 21

398
z≈₀ηchE≥αηEνh≈Ezν₀Ω−₀η−Etα−≈ΣEoΔggμEℓαμαΩEβηα−πc≈−EℓφEρ≈cναηRℓαμαΩE≥πμΔαΩE₀Ω−E−≈c₀φΔΩgEναE
ℓανναΥEγπ₀ηΞμEΔΩEMEμγηνψμ}d^ENE{≈}EββEcαΣΣΔμΔαΩμEσΔνhEνh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergyl
PhysicsQE2016QEWUV[QEV

5.4 8

397
t≈₀μπη≈Υ≈ΩνEα≥E≈ρ≈ΩνRμh₀β≈Eαℓμ≈ηρ₀ℓΣ≈μEΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E≈ρ≈ΩνμEΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aE
μ≈≈Eν≈τν¯´ —mαηΥπΣ₀aEμ≈≈Eν≈τν¯EσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νEνh≈EsojSEEuropeanlPhysicallJournallCQE2016QE
][QEX]Z

4.2 5

396 jh₀ηg≈−Rβ₀ηνΔcΣ≈E−ΔμνηΔℓπνΔαΩμEΔΩEΔΩν≈η₀cνΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EΥ≈₀μπη≈−EσΔνhEνh≈Eh{shzE
−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEYUX 4.2 19

395 jh₀ηg≈−Rβ₀ηνΔcΣ≈E−ΔμνηΔℓπνΔαΩμE₀νEΣασEνη₀Ωμρ≈ημ≈EΥαΥ≈ΩνπΥEΔΩE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}EΔΩν≈η₀cνΔαΩμE
Υ≈₀μπη≈−EσΔνhEνh≈Eh{shzE−≈ν≈cναηE₀νEνh≈EsojSEEuropeanlPhysicallJournallCQE2016QE][QEZUW 4.2 37

394 z≈₀ηchE≥αηEℓανναΥEμγπ₀ηΞEβ₀ΔηEβηα−πcνΔαΩEΔΩEβηαναΩRβηαναΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯´ {≈}E
σΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEZY] 4.2 25

393
z≈₀ηchE≥αηEΥΔΩΔΥ₀ΣEμπβ≈ημφΥΥ≈νηΔcEμν₀Ω−₀η−EΥα−≈ΣEoΔggμEiαμαΩμE´ T´ E₀Ω−E≥αηE₀E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E
ℓαμαΩEΔΩEνh≈E—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E≥ΔΩ₀ΣEμν₀ν≈Eβηα−πc≈−EΔΩEcαΣΣΔμΔαΩμE₀νE—mαηΥπΣ₀aEμ≈≈Eν≈τν¯E{≈}EσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEZ^Z

4.2 28

392 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EβhαναΩEΔ−≈ΩνΔ≥Δc₀νΔαΩE≈≥≥ΔcΔ≈ΩcΔ≈μEσΔνhEνh≈Eh{shzE−≈ν≈cναηEπμΔΩgEsojEyπΩRVE
−₀ν₀SEEuropeanlPhysicallJournallCQE2016QE][QE[[[ 4.2 53
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—mαηΥπΣ₀aEμ≈≈Eν≈τν¯EdEVXE{≈E}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEZ[Z 4.2 20
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ν≈τν¯´ {≈}EσΔνhEνh≈Eh{shzE−≈ν≈cναηSEEuropeanlPhysicallJournallCQE2016QE][QEYYW 4.2 24

364 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EναβEγπ₀ηΞEΥ₀μμEΔΩEνh≈Eνν´flRe−ΔΣ≈βναΩEch₀ΩΩ≈ΣE≥ηαΥEμd^E{≈}Eh{shzE−₀ν₀SEPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsQE2016QE][VQEXZURX]V 4.2 42

363 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈Eη≈Σ₀νΔρ≈EσΔ−νhE−Δ≥≥≈η≈Ωc≈Eα≥Eνh≈EMEψi}±UhℓατψR}Eψαρ≈ηΣΔΩ≈ψi}}±UENEμφμν≈ΥEσΔνhE
νh≈Eh{shzE−≈ν≈cναηSEJournalloflHighlEnergylPhysicsQE2016QEWUV[QEV 5.4 5

362 z≈₀ηchE≥αηEνh≈E−₀ηΞEβhαναΩE₀Ω−Eνh≈E−₀ηΞEoΔggμEℓαμαΩE₀νEℓ≈ΣΣ≈SEPhysicallReviewlLettersQE2015QEVVYQEWVV^UV7.4 25

361 t≈₀μπη≈Υ≈ΩνEα≥Eνh≈EkΔη≈cνEjwEhμφΥΥ≈νηφEΔΩEi´flRe‘MμP−˛‡NEk≈c₀φμEσΔνhE₀Es≈βναΩE{₀gSEPhysicallReviewl
LettersQE2015QEVVYQEVZV[UV 7.4 3

360 z≈₀ηchE≥αηEiPRe≈P˛‰≈E₀Ω−EiPRe˛…P˛‰˛…E−≈c₀φμEπμΔΩgEh₀−ηαΩΔcEν₀ggΔΩgSEPhysicallReviewlDQE2015QE_VQE 4.9 7

359 vℓμ≈ηρ₀νΔαΩEα≥E‘MX^]WNEΔΩEiRe‘MX^]WNrˇ�E−≈c₀φμSEPhysicallReviewlDQE2015QE_VQE 4.9 15
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