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607 qψαπΛ≥tπoψFoθFrγ≥ΛtorF˛‰NγOFαπs≥ppγ≥r≥ψΛγFπψFtνγFloubτγFkνoozFγxpγrπχγψtTFPhysicalkReviewkLettersRF
2012RFWV_RFWYW_VW 7.4 792

606 koχbπψγαFχγ≥surγχγψtF≥ψαFyklF≥ψ≥τysπsFoθFtνγFπψΛτusπvγFγF´–FpFsΛ≥ttγrπψμFΛrossFsγΛtπoψsF≥tFpmziTF
JournalkofkHighkEnergykPhysicsRF2010RFXVWVRFW 5.4 370

605 qχprovγαFτuχπψosπtyFαγtγrχπψ≥tπoψFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FusπψμFtνγFi}ti{FαγtγΛtorF≥tF
tνγFtpkTFEuropeankPhysicalkJournalkCRF2013RF^YRFX[W_ 4.2 276

604 xγrθorχ≥ψΛγFoθFtνγFi}ti{FtrπμμγrFsystγχFπψFXVW[TFEuropeankPhysicalkJournalkCRF2017RF^^RFYW^ 4.2 272

603 uuoψFrγΛoψstruΛtπoψFpγrθorχ≥ψΛγFoθFtνγFi}ti{FαγtγΛtorFπψFprotoψSprotoψFΛoττπsπoψFα≥t≥F≥tF
¯norχuτ≥bFsγγFtγxt]eWY´ }γ‘TFEuropeankPhysicalkJournalkCRF2016RF^]RFXaX 4.2 263

602 koχbπψ≥tπoψFoθFχγ≥surγχγψtsFoθFπψΛτusπvγFαγγpFπψγτ≥stπΛFN{γ×{pχF}p}OFsΛ≥ttγrπψμFΛrossFsγΛtπoψsF≥ψαF
yklF≥ψ≥τysπsFoθFpmziFα≥t≥TFEuropeankPhysicalkJournalkCRF2015RF^[RFW 4.2 249

601 zγ≥ΛtorF˛‰´flγFαπs≥ppγ≥r≥ψΛγFπψFtνγFloubτγFkνoozFγxpγrπχγψtTFPhysicalkReviewkDRF2012RF_]RF 4.9 238

600 xγrθorχ≥ψΛγFoθFtνγFi}ti{F}rπμμγrF{ystγχFπψFXVWVTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 232

599
koψstruΛtπoψF≥ψαFbγ≥χFtγstFoθFtνγF m~{Fθorw≥rαF≥ψαFrγ≥rFΛ≥τorπχγtγrTFNuclearkInstrumentskandk
MethodskinkPhysicskResearchwkSectionkA:kAcceleratorswkSpectrometerswkDetectorskandkAssociatedk
EquipmentRF1991RFYVaRFWVWSWZX

1.2 223

598 xγrθorχ≥ψΛγFoθFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFrγΛoψstruΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tF
Nsqrt{s}FeF^~χbox{}γ‘}OFwπtνFi}ti{TFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 217

597 rγtFγψγrμyFχγ≥surγχγψtFwπtνFtνγFi}ti{FαγtγΛtorFπψFprotoψSprotoψFΛoττπsπoψsF≥tF
Nsqrt{χ≥tνrχ{s}}e^Fχ≥tνrχ{}γ‘}OTFEuropeankPhysicalkJournalkCRF2013RF^YRFW 4.2 209

596
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFθπψ≥τFst≥tγsFwπtνF≥ψFγψγrμγtπΛFργtF≥ψαFτ≥rμγFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2015RF^[RFXaa

4.2 202

595 mτγΛtroψFpγrθorχ≥ψΛγFχγ≥surγχγψtsFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFtνγFXVWVFtpkFprotoψSprotoψF
ΛoττπsπoψFα≥t≥TFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 199

594 rγtFγψγrμyFχγ≥surγχγψtF≥ψαFπtsFsystγχ≥tπΛFuψΛγrt≥πψtyFπψFprotoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγF
tγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFW^ 4.2 194

593 tuχπψosπtyFαγtγrχπψ≥tπoψFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FeF_F}γ‘FusπψμFtνγFi}ti{FαγtγΛtorF≥tF
tνγFtpkTFEuropeankPhysicalkJournalkCRF2016RF^]RF][Y 4.2 188

592
uγ≥surγχγψtsFoθFtνγFpπμμsFbosoψFproαuΛtπoψF≥ψαFαγΛ≥yFr≥tγsF≥ψαFΛoupτπψμFstrγψμtνsFusπψμF
ΛoττπsπoψFα≥t≥F≥tF¯norχuτ≥bFsγγFtγxt]F≥ψαF_´ }γ‘FπψFtνγFi}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkC
RF2016RF^]RF]

4.2 185

591 }opoτoμπΛ≥τFΛγττFΛτustγrπψμFπψFtνγFi}ti{FΛ≥τorπχγtγrsF≥ψαFπtsFpγrθorχ≥ψΛγFπψFtpkFzuψFWTFEuropeank
PhysicalkJournalkCRF2017RF^^RFZaV 4.2 177
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590 nkkFxνysπΛsFwpportuψπtπγsTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 174

589 tuχπψosπtyFαγtγrχπψ≥tπoψFπψFppFΛoττπsπoψsF≥tFNsqrt{s}FeF^OF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTF
EuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 167

588 uγ≥surγχγψtFoθFtνγFχuoψFrγΛoψstruΛtπoψFpγrθorχ≥ψΛγFoθFtνγFi}ti{FαγtγΛtorFusπψμFXVWWF≥ψαFXVWXF
tpkFprotoψSprotoψFΛoττπsπoψFα≥t≥TFEuropeankPhysicalkJournalkCRF2014RF^ZRFYWYV 4.2 166

587 mτγΛtroψFrγΛoψstruΛtπoψF≥ψαFπαγψtπθπΛ≥tπoψFγθθπΛπγψΛyFχγ≥surγχγψtsFwπtνFtνγFi}ti{FαγtγΛtorFusπψμF
tνγFXVWWFtpkFprotoψSprotoψFΛoττπsπoψFα≥t≥TFEuropeankPhysicalkJournalkCRF2014RF^ZRFXaZW 4.2 160

586 mτγΛtroψF≥ψαFpνotoψFγψγrμyFΛ≥τπbr≥tπoψFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFtpkFzuψFWFα≥t≥TFEuropeank
PhysicalkJournalkCRF2014RF^ZRFW 4.2 160

585 rγtFγψγrμyFrγsoτutπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FrγΛorαγαFπψFXVWVFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2013RF^YRFXYV] 4.2 153

584
{γ≥rΛνFθorF≥ψF≥ααπtπoψ≥τRFνγ≥vyFpπμμsFbosoψFπψFtνγF¯norχuτ≥bFsγγFtγxt]FαγΛ≥yFΛν≥ψψγτF≥tF¯norχuτ≥bF
sγγFtγxt]FπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2016RF^]RFZ[

4.2 152

583 uγ≥surγχγψtFoθFtνγFprotoψFstruΛturγFθuψΛtπoψFnXF≥tFvγryFτowFyXF≥tFpmziTFPhysicskLetterswkSectionkB:k
NuclearwkElementarykParticlekandkHighxEnergykPhysicsRF2000RFZ_^RF[YS^Y 4.2 149

582 xγrθorχ≥ψΛγFoθFpπτγSupFχπtπμ≥tπoψFtγΛνψπquγsFθorFργtsFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bF
sγγFtγxt]´ }γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[_W 4.2 148

581 qχprovγαFχγ≥surγχγψtsFoθFtνγFψγutrπψoFχπxπψμF≥ψμτγF˛‚FWYFwπtνFtνγFloubτγFkνoozFαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 148

580
uγ≥surγχγψtFoθFtνγFαπstrπbutπoψsFoθFγvγψtSbySγvγψtFθτowFν≥rχoψπΛsFπψFτγ≥αSτγ≥αFΛoττπsπoψsF≥tFNF
sqrt{{{sℓ{vvF}}}}FOFeFXT^]F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF
2013RFXVWYRFW

5.4 143

579 uγ≥surγχγψtFoθFtνγFtopFqu≥rσSp≥πrFproαuΛtπoψFΛrossFsγΛtπoψFwπtνFi}ti{FπψFppFΛoττπsπoψsF≥tF
Nsqrt{s}e^OF}γ‘TFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 138

578 uγ≥surγχγψtFoθFtνγnFXFstruΛturγFθuψΛtπoψFπψFαγγpFπψγτ≥stπΛγFQFpFsΛ≥ttγrπψμFusπψμFWaaZFα≥t≥FθroχF
tνγF m~{FαγtγΛtorF≥tFpmziTFZeitschriftkFˆ…rkPhysikkCxParticleskandkFieldsRF1996RF^XRFYaaSZXZ 132

577
{γ≥rΛνFθorFψγwFνπμνSχ≥ssFpνγψoχγψ≥FπψFtνγFαπτγptoψFθπψ≥τFst≥tγFusπψμFY]Fθbâ��WFoθFprotoψSprotoψF
ΛoττπsπoψFα≥t≥F≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RF
XVW^RFW

5.4 126

576  m~{FψγxtStoSτγ≥απψμSorαγrFyklF≥ψ≥τysπsFoθFα≥t≥FoψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμTFPhysicalkReviewkDRF
2003RF]^RF 4.9 126

575 {γ≥rΛνFθorFα≥rσFχ≥ttγrFΛ≥ψαπα≥tγsF≥ψαFτ≥rμγFγxtr≥FαπχγψsπoψsFπψFγvγψtsFwπtνF≥FργtF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 124

574 uγ≥surγχγψtFoθFtνγFprotoψFstruΛturγFθuψΛtπoψFnXF≥ψαF≥tFτowF≥ψαFvγryFτowFxF≥tFpmziTFPhysicsk
LetterswkSectionkB:kNuclearwkElementarykParticlekandkHighxEnergykPhysicsRF1997RFZV^RFZYXSZZ_ 4.2 123

573
{γ≥rΛνFθorFαπrγΛtFproαuΛtπoψFoθFΛν≥rμπψosRFψγutr≥τπψosF≥ψαFsτγptoψsFπψFθπψ≥τFst≥tγsFwπtνFtwoFτγptoψsF
≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeF_}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW

5.4 120
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572 koχbπψ≥tπoψF≥ψαFyklF≥ψ≥τysπsFoθFΛν≥rχFproαuΛtπoψFΛrossFsγΛtπoψFχγ≥surγχγψtsFπψFαγγpSπψγτ≥stπΛF
γpFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalkJournalkCRF2013RF^YRFW 4.2 114

571 {γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFαγΛ≥yπψμFvπ≥FpF´–FSfFˇ�˛‰FπψFNFtovγrτπψγFtFOFγvγψtsFusπψμFppFΛoττπsπoψFα≥t≥F
≥tFNFsqrtF{s}FeF^c}γ‘FOFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 112

570 i}ti{FzuψFWFsγ≥rΛνγsFθorFαπrγΛtFp≥πrFproαuΛtπoψFoθFtνπrαSμγψγr≥tπoψFsqu≥rσsF≥tFtνγFt≥rμγFp≥αroψF
koττπαγrTFEuropeankPhysicalkJournalkCRF2015RF^[RF[WV 4.2 109

569
{γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFwπtνFtνγFi}ti{FαγtγΛtorFπψFθπψ≥τFst≥tγsFwπtνFργtsF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFusπψμFNFsqrt{s}e_FOF}γ‘FprotoψSprotoψFΛoττπsπoψFα≥t≥TFJournalkofkHighkEnergyk
PhysicsRF2014RFXVWZRFW

5.4 108

568
uγ≥surγχγψtFoθFtνγF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFΛrossSsγΛtπoψFusπψμF¯norχuτ≥bFsγγFtγxt]FγvγψtsF
wπtνF¯norχuτ≥bFsγγFtγxt]St≥μμγαFργtsFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F≥ψαF
_´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014RF^ZRFYWVa

4.2 107

567 {tuαyFoθFtνγFspπψF≥ψαFp≥rπtyFoθFtνγFpπμμsFbosoψFπψFαπbosoψFαγΛ≥ysFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2015RF^[RFZ^] 4.2 104

566 {γ≥rΛνFθorFαoubτyFΛν≥rμγαFpπμμsFbosoψsFπψFτπσγSsπμψFαπτγptoψFθπψ≥τFst≥tγsF≥tFNsqrt{s}FeF^F
χ≥tνrχ{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 104

565 uγ≥surγχγψtFoθFπψΛτusπvγFργtF≥ψαFαπργtFΛrossFsγΛtπoψsFπψFprotoψSprotoψFΛoττπsπoψsF≥tF^F}γ‘F
ΛγψtrγSoθSχ≥ssFγψγrμyFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 103

564 {γ≥rΛνFθorFα≥rσFχ≥ttγrF≥ψαFotνγrFψγwFpνγψoχγψ≥FπψFγvγψtsFwπtνF≥ψFγψγrμγtπΛFργtF≥ψαFτ≥rμγFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 101

563 {γ≥rΛνFθorFkxF‘πoτ≥tπoψFπψFvγutrπψoF≥ψαFiψtπψγutrπψoFwsΛπττ≥tπoψsFbyFtνγF}XsFmxpγrπχγψtFwπtνF
XTXˆ�WV×{XW}FxrotoψsFoψF}≥rμγtTFPhysicalkReviewkLettersRF2018RFWXWRFW^W_VX 7.4 96

562
{γ≥rΛνFθorFtνγF{t≥ψα≥rαFuoαγτFpπμμsFbosoψFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνFtopFqu≥rσsF≥ψαFαγΛ≥yπψμF
πψtoF¯norχuτ≥bFsγγFtγxt]FπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFYZa

4.2 94

561
{γ≥rΛνFθorFαπrγΛtFtνπrαSμγψγr≥tπoψFsqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχF≥ψαFtwoFbSργtsFπψFNFsqrt{s}e_FOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2013RFXVWYRFW

5.4 92

560 koψstr≥πψtsFoψFψγwFpνγψoχγψ≥Fvπ≥FpπμμsFbosoψFΛoupτπψμsF≥ψαFπψvπsπbτγFαγΛ≥ysFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 91

559 proαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFPhysicskLetterswkSectionkB:kNuclearwkElementaryk
ParticlekandkHighxEnergykPhysicsRF1997RFZV^RFZVXSZW_ 4.2 85

558
nπrstFχγ≥surγχγψtFoθF˛‚WYFθroχFαγτ≥yγαFψγutroψFΛ≥pturγFoψFνyαroμγψFπψFtνγFloubτγFkνoozF
γxpγrπχγψtTFPhysicskLetterswkSectionkB:kNuclearwkElementarykParticlekandkHighxEnergykPhysicsRF2013RF
^XYRF]]S^V

4.2 82

557
uγ≥surγχγψtFoθF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFwπtνF≥FvγtoFoψF≥ααπtπoψ≥τFΛγψtr≥τFργtF≥ΛtπvπtyFπψF
ΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2012RF
^XRFXVZY

4.2 82

556
{γ≥rΛνFθorF≥ααπtπoψ≥τFνγ≥vyFψγutr≥τFpπμμsF≥ψαFμ≥uμγFbosoψsFπψFtνγFαπt≥uFθπψ≥τFst≥tγFproαuΛγαFπψFY]F
θbâ��WFoθFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2018RFXVW_RFW

5.4 81

555 uγ≥surγχγψtFoθFtνγF U˛‡FPFbosoψFtr≥ψsvγrsγFχoχγψtuχFαπstrπbutπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 79
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554 uγ≥surγχγψtFoθFtνγFΛν≥rμγF≥syχχγtryFπψFtopFqu≥rσFp≥πrFproαuΛtπoψFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγF
tγxt]FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2012RF^XRFXVYa 4.2 78

553 {γ≥rΛνFθorFνγ≥vyFψγutrπψosF≥ψαFrπμνtSν≥ψαγαFbosoψsFπψFγvγψtsFwπtνFtwoFτγptoψsF≥ψαFργtsFπψF
ΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2012RF^XRFXV[] 4.2 78

552
{γ≥rΛνFθorFαπrγΛtFproαuΛtπoψFoθFΛν≥rμπψosF≥ψαFψγutr≥τπψosFπψFγvγψtsFwπtνFtνrγγFτγptoψsF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFNFsqrt{s}FOFeF_F}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2014RFXVWZRFW

5.4 76

551
{γ≥rΛνFθorF≥FτπμνtFΛν≥rμγαFpπμμsFbosoψFπψFtνγFαγΛ≥yFΛν≥ψψγτF¯norχuτ≥bFsγγFtγxt]FπψF¯norχuτ≥bFsγγF
tγxt]FγvγψtsFusπψμFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2013RF^YRFXZ][

4.2 76

550 itχospνγrπΛFψγutrπψoFosΛπττ≥tπoψF≥ψ≥τysπsFwπtνFγxtγrψ≥τFΛoψstr≥πψtsFπψF{upγrSs≥χπoσ≥ψαγFqSq‘TF
PhysicalkReviewkDRF2018RFa^RF 4.9 75

549 mvπαγψΛγFθorFtνγFpπμμsSbosoψF—uσ≥w≥FΛoupτπψμFtoFt≥uFτγptoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2015RFXVW[RFW 5.4 74

548
{γ≥rΛνFθorFproαuΛtπoψFoθF¯norχuτ≥bFsγγFtγxt]Frγsoψ≥ψΛγsFαγΛ≥yπψμFtoF≥FτγptoψRFψγutrπψoF≥ψαFργtsFπψF
¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2015RF^[RFXVa

4.2 73

547 i}ti{Fsγ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFαπργtFχ≥ssF≥ψαF≥ψμuτ≥rFαπstrπbutπoψsFusπψμFppFΛoττπsπoψsF≥tFNF
sqrt{s}e^FO}γ‘TFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 72

546
uγ≥surγχγψtFoθFtνγFπψΛτusπvγFργtFΛrossSsγΛtπoψFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F≥ψαFΛoχp≥rπsoψF
toFtνγFπψΛτusπvγFργtFΛrossSsγΛtπoψF≥tF¯norχuτ≥bFsγγFtγxt]FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2013RF^YRFX[Va

4.2 71

545 z≥pπαπtyFμ≥pFΛrossFsγΛtπoψsFχγ≥surγαFwπtνFtνγFi}ti{FαγtγΛtorFπψFppFΛoττπsπoψsF≥tFNsqrt{s}FeF^F
χbox{~}γ‘}OTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 70

544 {γ≥rΛνγsFθorFsΛ≥τ≥rFτγptoqu≥rσsFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FeF_´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2016RF^]RF[ 4.2 68

543 {γ≥rΛνFθorFψγutr≥τFpπμμsFbosoψsFoθFtνγFχπψπχ≥τFsupγrsyχχγtrπΛFst≥ψα≥rαFχoαγτFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 67

542 rγtFχ≥ssF≥ψαFsubstruΛturγFoθFπψΛτusπvγFργtsFπψFNFsqrtF{s}FeF^c{tγxt{}γ‘}}FOFppFΛoττπsπoψsFwπtνFtνγFi}ti{F
γxpγrπχγψtTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 67

541 {γ≥rΛνFθorFpπμμsFbosoψFp≥πrFproαuΛtπoψFπψFtνγF¯norχuτ≥bFsγγFtγxt]Fθπψ≥τFst≥tγFθroχFΛoττπsπoψsF≥tF
¯norχuτ≥bFsγγFtγxt]F}γ‘wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFZWX 4.2 66

540 {γ≥rΛνFθorFνπμνSχ≥ssFαπbosoψFrγsoψ≥ψΛγsFwπtνFbosoψSt≥μμγαFργtsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFWSYa 5.4 66

539 xγrθorχ≥ψΛγFoθFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFrγΛoψstruΛtπoψFwπtνFtνγFi}ti{FαγtγΛtorFusπψμF
protoψSprotoψFΛoττπsπoψsF≥tTFEuropeankPhysicalkJournalkCRF2018RF^_RFaVY 4.2 66

538 {γ≥rΛνFθorFνγ≥vyFu≥ρor≥ψ≥FψγutrπψosFwπtνFtνγFi}ti{FαγtγΛtorFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘TF
JournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 65

537 {γ≥rΛνFθorFtνγFNFbovγrτπψγ{b}FOFαγΛ≥yFoθFtνγF{t≥ψα≥rαFuoαγτFpπμμsFbosoψFπψF≥ssoΛπ≥tγαFN’U OpF
proαuΛtπoψFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 64

(2015-2012)
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536
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFθπψ≥τFst≥tγsFwπtνFτ≥rμγFργtFχuτtπpτπΛπtπγsF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχF≥tFNFsqrt{s}e_FOF}γ‘FprotoψSprotoψFΛoττπsπoψsFusπψμFtνγFi}ti{FγxpγrπχγψtTFJournalkofk
HighkEnergykPhysicsRF2013RFXVWYRFW

5.4 64

535
uγ≥surγχγψtFoθFtνγFtr≥ψsvγrsγFχoχγψtuχF≥ψαF¯norχuτ≥bFsγγFtγxt]FαπstrπbutπoψsFoθFlrγττS—≥ψF
τγptoψFp≥πrsFπψFprotoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2016RF^]RFXaW

4.2 63

534
qψΛτusπvγFργtFΛrossFsγΛtπoψsFπψFtνγFjrγπtFθr≥χγFπψFψγutr≥τFΛurrγψtFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziF
≥ψαFαγtγrχπψ≥tπoψFoθF˛–sTFPhysicskLetterswkSectionkB:kNuclearwkElementarykParticlekandkHighxEnergyk
PhysicsRF2002RF[Z^RFW]ZSW_V

4.2 63

533 {γ≥rΛνFθorFrγsoψ≥ψtFαπbosoψFproαuΛtπoψFπψFtνγF¯norχuτ≥bFsγγFtγxt]Fθπψ≥τFst≥tγFπψF¯norχuτ≥bFsγγFtγxt]F
ΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RF]a 4.2 62

532 mτγΛtroψFγθθπΛπγψΛyFχγ≥surγχγψtsFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFXVWXFtpkFprotoψSprotoψFΛoττπsπoψF
α≥t≥TFEuropeankPhysicalkJournalkCRF2017RF^^RFWa[ 4.2 61

531 {γ≥rΛνFθorFα≥rσFχ≥ttγrFπψFγvγψtsFwπtνFνγ≥vyFqu≥rσsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF¯norχuτ≥bF
sγγFtγxt]FΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFaX 4.2 60

530
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFθπψ≥τFst≥tγsFwπtνFτ≥rμγFργtFχuτtπpτπΛπtπγsF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFusπψμFNsqrtF{s}OFeF^F}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2011RFXVWWRFW

5.4 60

529 uγ≥surγχγψtFoθFtνγFSbosoψFχ≥ssFπψFppFΛoττπsπoψsF≥tFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2018RF^_RFWWV 4.2 59

528 {γ≥rΛνFθorF≥FνπμνSχ≥ssFpπμμsFbosoψFαγΛ≥yπψμFtoF≥F’FbosoψFp≥πrFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 59

527 iFsγ≥rΛνFθorFNFtovγrτπψγ{t}FOFrγsoψ≥ψΛγsFusπψμFτγptoψSpτusSργtsFγvγψtsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 57

526
{γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFαγΛ≥yπψμFvπ≥FpF´–FSfFˇ�F´–F˛‰FπψFθuττyFν≥αroψπΛFθπψ≥τFst≥tγsFusπψμFppF
ΛoττπsπoψFα≥t≥F≥tFNFsqrt{s}FOFeF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RF
XVW[RFW

5.4 56

525 koψstr≥πψtsFoψFtνγFoθθSsνγττFpπμμsFbosoψFsπμψ≥τFstrγψμtνFπψFtνγFνπμνSχ≥ssF≥ψαFθπψ≥τFst≥tγsFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFYY[ 4.2 56

524 xrγΛπsπoψFχγ≥surγχγψtF≥ψαFπψtγrprγt≥tπoψFoθFπψΛτusπvγFRF≥ψαFproαuΛtπoψFΛrossFsγΛtπoψsFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFY]^ 4.2 56

523 {γ≥rΛνFθorFαoubτyFΛν≥rμγαFpπμμsFbosoψFproαuΛtπoψFπψFχuτtπSτγptoψFθπψ≥τFst≥tγsFwπtνFtνγFi}ti{F
αγtγΛtorFusπψμFprotoψSprotoψFΛoττπsπoψsF≥tTFEuropeankPhysicalkJournalkCRF2018RF^_RFWaa 4.2 55

522 {γ≥rΛνFθorFrγsoψ≥ψΛγsFαγΛ≥yπψμFπψtoFtopSqu≥rσFp≥πrsFusπψμFθuττyFν≥αroψπΛFαγΛ≥ysFπψFppFΛoττπsπoψsFwπtνF
i}ti{F≥tFNFsqrt{s}e^FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 55

521 uγ≥surγχγψtsFoθFtopFqu≥rσFp≥πrFrγτ≥tπvγFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFwπtνFi}ti{FπψFppFΛoττπsπoψsF≥tF
Nsqrt{s}FeF^Fχbox{}γ‘}OTFEuropeankPhysicalkJournalkCRF2013RF^YRFW 4.2 55

520 {uχχ≥ryFoθFtνγFsγ≥rΛνγsFθorFsqu≥rσsF≥ψαFμτuπψosFusπψμFNFsqrt{s}e_FOF}γ‘FppFΛoττπsπoψsFwπtνFtνγF
i}ti{FγxpγrπχγψtF≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 55

519 uγ≥surγχγψtFoθFtνγFαπθθr≥ΛtπvγFstruΛturγFθuψΛtπoψnFXFlNZOF≥tFpmziTFEuropeankPhysicalkJournalkCRF
1998RFWRF_WSa] 4.2 55

MasahirouKuze
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518 uγ≥surγχγψtsFoθFtνγF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFΛrossFsγΛtπoψsFπψF≥ssoΛπ≥tπoψFwπtνFργtsFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RF_X 4.2 54

517
{γ≥rΛνFθorFproαuΛtπoψFoθFvγΛtorSτπσγFqu≥rσFp≥πrsF≥ψαFoθFθourFtopFqu≥rσsFπψFtνγFτγptoψSpτusSργtsFθπψ≥τF
st≥tγFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2015RFXVW[RFW

5.4 54

516
{γ≥rΛνFθorFtopFsqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFoψγFπsoτ≥tγαFτγptoψRFργtsRF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFNFsqrt{s}FOFeF_F}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2014RFXVWZRFW

5.4 54

515 uγ≥surγχγψtFoθF’F´–F FproαuΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNsqrt{s}e^~χbox{}γ‘}OFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 54

514
{γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψFθπψ≥τFst≥tγsFwπtνFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχF≥tF
¯norχuτ≥bFsγγFtγxt]FeWYF¯norχuτ≥bFsγγFtγxt]wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2016RF^]RFYaX

4.2 53

513 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFγvγψtsFwπtνF≥tFτγ≥stFtνrγγFpνotoψsFΛoττγΛtγαFπψFΛoττπsπoψsF≥tF¯norχuτ≥bF
sγγFtγxt]FeF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFXWV 4.2 53

512 {γ≥rΛνFθorF≥Fνγ≥vyFtopSqu≥rσFp≥rtψγrFπψFθπψ≥τFst≥tγsFwπtνFtwoFτγptoψsFwπtνFtνγFi}ti{FαγtγΛtorF≥tF
tνγFtpkTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 53

511 uγ≥surγχγψtFoθFtνγFπψΛτusπvγF≥ψαFαπργtFΛrossSsγΛtπoψsFoθFbSργtsFπψFppFΛoττπsπoψsF≥tF
Nsqrt{s}e^χbox{~}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 53

510 uγ≥surγχγψtFoθFtνγFpνotoψFπαγψtπθπΛ≥tπoψFγθθπΛπγψΛπγsFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFtpkFzuψSWF
α≥t≥TFEuropeankPhysicalkJournalkCRF2016RF^]RF]]] 4.2 53

509 {γ≥rΛνFθorFαπrγΛtFtopSsqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFtwoFτγptoψsFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}FOFeF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 52

508 {γ≥rΛνFθorFτγptoψSθτ≥vourSvπoτ≥tπψμFαγΛ≥ysFoθFtνγFpπμμsF≥ψαFbosoψsFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2017RF^^RF^V 4.2 52

507
{γ≥rΛνFθorFα≥rσFχ≥ttγrF≥tF¯norχuτ≥bFsγγFtγxt]FπψFθπψ≥τFst≥tγsFΛoψt≥πψπψμF≥ψFγψγrμγtπΛFpνotoψF≥ψαF
τ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF
^^RFYaY

4.2 52

506 uγ≥surγχγψtFoθFθτowFν≥rχoψπΛsFwπtνFχuτtπSp≥rtπΛτγFΛuχuτ≥ψtsFπψFxbQxbFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγF
tγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014RF^ZRFYW[^ 4.2 52

505 uγ≥surγχγψtFoθFtνγF’FbosoψFpoτ≥rπz≥tπoψFπψFtopFqu≥rσFαγΛ≥ysFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2012RFXVWXRFW 5.4 52

504 xγrθorχ≥ψΛγFoθFtνγFi}ti{FχuoψFtrπμμγrFπψFppFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F}γ‘TFEuropeank
PhysicalkJournalkCRF2015RF^[RFWXV 4.2 51

503 uγ≥surγχγψtFoθFtνγFργtFθr≥μχγψt≥tπoψFθuψΛtπoψF≥ψαFtr≥ψsvγrsγFproθπτγFπψFprotoψâ��protoψFΛoττπsπoψsF
≥tF≥FΛγψtγrSoθSχ≥ssFγψγrμyFoθF^F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 51

502 uγ≥surγχγψtFoθFtνγFproαuΛtπoψFΛrossFsγΛtπoψFoθFργtsFπψF≥ssoΛπ≥tπoψFwπtνF≥F FbosoψFπψFppFΛoττπsπoψsF≥tF
NFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 50

501 mvπαγψΛγFθorFtνγFNFptoFbovγrτπψγ{b}FOFαγΛ≥yFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2017RFXVW^RFW 5.4 50

(2017-2015)
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500
{γ≥rΛνFθorFαπrγΛtFp≥πrFproαuΛtπoψFoθF≥FΛν≥rμπψoF≥ψαF≥Fψγutr≥τπψoFαγΛ≥yπψμFtoFtνγFWX[´ oγ‘FpπμμsF
bosoψFπψF¯norχuτ≥bFsγγFtγxt]´ }γ‘F¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2015RF^[RFXV_

4.2 50

499
{γ≥rΛνFθorFγτγΛtrowγ≥σFproαuΛtπoψFoθFΛν≥rμπψosF≥ψαFsτγptoψsFαγΛ≥yπψμFπψtoFθπψ≥τFst≥tγsFwπtνFtwoF
τγptoψsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFNsqrt{s}eWYOFNtγxtF{}γ‘}OFppFΛoττπsπoψsFusπψμFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW

4.2 50

498
qαγψtπθπΛ≥tπoψF≥ψαFγψγrμyFΛ≥τπbr≥tπoψFoθFν≥αroψπΛ≥ττyFαγΛ≥yπψμFt≥uFτγptoψsFwπtνFtνγFi}ti{F
γxpγrπχγψtFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]¯norχuτ≥bFsγγFtγxt]TFEuropeankPhysicalkJournalkCRF2015
RF^[RFYVY

4.2 49

497 uγ≥surγχγψtFoθFΛν≥rμγαSp≥rtπΛτγFspγΛtr≥FπψFxbQxbFΛoττπsπoψsF≥tFNFsqrt{sℓ{χ≥tνrχ{vv}}}eXT^]FOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 49

496 {γ≥rΛνFθorFνπμνSχ≥ssFrγsoψ≥ψΛγsFαγΛ≥yπψμFtoFαπτγptoψFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 49

495 {γ≥rΛνFθorFrγsoψ≥ψΛγsFπψFαπpνotoψFγvγψtsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2016RFXVW]RFW 5.4 49

494 {γ≥rΛνFθorFγτγΛtrowγ≥σFproαuΛtπoψFoθFsupγrsyχχγtrπΛFp≥rtπΛτγsFπψFθπψ≥τFst≥tγsFwπtνFtwoForFtνrγγF
τγptoψsF≥tFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFaa[ 4.2 49

493 uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFπψFtνγFτγptoψQργtsFΛν≥ψψγτFπψFΛoττπsπoψsF
≥tF¯norχuτ≥bFsγγFtγxt]FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[Y_ 4.2 48

492 {γ≥rΛνFθorFsupγrsyχχγtryF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FπψFθπψ≥τFst≥tγsFwπtνFργtsF≥ψαFtwoFs≥χγSsπμψF
τγptoψsForFtνrγγFτγptoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFX[a 4.2 48

491 uγ≥surγχγψtFoθFχuτtπSp≥rtπΛτγF≥zπχutν≥τFΛorrγτ≥tπoψsFπψFppRFp´ Q´ xbF≥ψαFτowSχuτtπpτπΛπtyFxb´ Q´ xbF
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFZX_ 4.2 48

490
puψtFθorFψγwFpνγψoχγψ≥FusπψμFτ≥rμγFργtFχuτtπpτπΛπtπγsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFwπtνF
i}ti{FπψFZT^Fθbâ��WFoθFNFsqrtF{s}FeF^c}γ‘FOFprotoψSprotoψFΛoττπsπoψsTFJournalkofkHighkEnergykPhysicsRF
2012RFXVWXRFW

5.4 48

489 {γ≥rΛνFθorFτoψμSτπvγαFΛν≥rμπψosFb≥sγαFoψF≥Fαπs≥ppγ≥rπψμStr≥ΛσFsπμψ≥turγFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 48

488 uγ≥surγχγψtFoθFtνγFproχptFU¯norχuτ≥bFsγγFtγxt]Fp≥πrFproαuΛtπoψFΛrossSsγΛtπoψFπψFΛoττπsπoψsF≥tF
¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RF^] 4.2 47

487 {γ≥rΛνFθorFνγ≥vyFrγsoψ≥ψΛγsFαγΛ≥yπψμFπψtoFπψFtνγFθπψ≥τFst≥tγFπψFΛoττπsπoψsF≥tFwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFXZ 4.2 47

486 {γ≥rΛνFθorFtνγFψγutr≥τFpπμμsFbosoψsFoθFtνγFχπψπχ≥τFsupγrsyχχγtrπΛFst≥ψα≥rαFχoαγτFπψFppFΛoττπsπoψsF
≥tFNFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 47

485 {γ≥rΛνFθorF≥FψγwFrγsoψ≥ψΛγFαγΛ≥yπψμFtoF≥ForFbosoψF≥ψαF≥FpπμμsFbosoψFπψFtνγF¯norχuτ≥bFsγγFtγxt]F
θπψ≥τFst≥tγsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFX]Y 4.2 46

484 tπμνtSqu≥rσF≥ψαFμτuoψFργtFαπsΛrπχπψ≥tπoψFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014RF^ZRFYVXY 4.2 46

483 {γ≥rΛνFθorFτγptoψSθτ≥vourSvπoτ≥tπψμFpFSfF˛…ˇ�FαγΛ≥ysFoθFtνγFpπμμsFbosoψFwπtνFtνγFi}ti{FαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 46
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482
{γ≥rΛνFθorF≥ψoχ≥τousFproαuΛtπoψFoθFproχptFs≥χγSsπμψFτγptoψFp≥πrsF≥ψαFp≥πrSproαuΛγαFαoubτyF
Λν≥rμγαFpπμμsFbosoψsFwπtνFNFsqrt{s}e_FOF}γ‘FppFΛoττπsπoψsFusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2015RFXVW[RFW

5.4 45

481 {γ≥rΛνFθorFπψvπsπbτγFαγΛ≥ysFoθF≥FpπμμsFbosoψFusπψμFvγΛtorSbosoψFθusπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 45

480 uγ≥surγχγψtFoθF  FproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘F≥ψαFτπχπtsFoψF≥ψoχ≥τousF   F≥ψαF
  ˛‡FΛoupτπψμsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 45

479 uuoψFrγΛoψstruΛtπoψFγθθπΛπγψΛyF≥ψαFχoχγψtuχFrγsoτutπoψFoθFtνγFi}ti{FγxpγrπχγψtFπψF
protoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FπψFXVWVTFEuropeankPhysicalkJournalkCRF2014RF^ZRFYVYZ 4.2 45

478 {γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFχ≥ssπvγFp≥rtπΛτγsFαγΛ≥yπψμFπψtoFtνrγγFqu≥rσsFwπtνFtνγFi}ti{FαγtγΛtorF
πψFNFsqrt{s}e^cχ≥tνrχ{}γ‘}FOFppFΛoττπsπoψsF≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 45

477
{γ≥rΛνFθorFsupγrsyχχγtryFπψFγvγψtsFΛoψt≥πψπψμF≥Fs≥χγSθτ≥vourFopposπtγSsπμψFαπτγptoψFp≥πrRFργtsRF≥ψαF
τ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF¯norχuτ≥bFsγγFtγxt]´ }γ‘FΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2015RF^[RFYW_

4.2 44

476 qαγψtπθπΛ≥tπoψFoθFboostγαRFν≥αroψπΛ≥ττyFαγΛ≥yπψμFbosoψsF≥ψαFΛoχp≥rπsoψsFwπtνFi}ti{Fα≥t≥Ft≥σγψF≥tF
¯norχuτ≥bFsγγFtγxt]´ }γ‘TFEuropeankPhysicalkJournalkCRF2016RF^]RFW[Z 4.2 44

475 uγ≥surγχγψtFoθFπsoτ≥tγαSpνotoψFp≥πrFproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^c}γ‘FOFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 44

474 {γ≥rΛνFθorFp≥πrSproαuΛγαFχ≥ssπvγFΛoτourγαFsΛ≥τ≥rsFπψFθourSργtFθπψ≥τFst≥tγsFwπtνFtνγFi}ti{FαγtγΛtorF
πψFprotoψâ��protoψFΛoττπsπoψsF≥tFNsqrt{s}FeF^Fχbox{}γ‘}OTFEuropeankPhysicalkJournalkCRF2013RF^YRFW 4.2 44

473 uγ≥surγχγψtFoθFχuτtπSργtFΛrossFsγΛtπoψsFπψFprotoψâ��protoψFΛoττπsπoψsF≥tF≥F^F}γ‘FΛγψtγrSoθSχ≥ssF
γψγrμyTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 44

472 iψμuτ≥rF≥ψ≥τysπsFoθFjFVFαFFSfFsP˛…Q˛…â��FαγΛ≥ysFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 44

471 xγrθorχ≥ψΛγFoθFργtFsubstruΛturγFtγΛνψπquγsFθorFτ≥rμγSzFργtsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}e^FOF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 43

470
uγ≥surγχγψtFoθFtνγFΛrossFsγΛtπoψFθorFtopSqu≥rσFp≥πrFproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNsqrtF{s}FeF
{^}R{tγxt{}γ‘}}OFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFθπψ≥τFst≥tγsFwπtνFtwoFνπμνSpF}FτγptoψsTFJournalkofk
HighkEnergykPhysicsRF2012RFXVWXRFW

5.4 43

469 i}ti{FbSργtFπαγψtπθπΛ≥tπoψFpγrθorχ≥ψΛγF≥ψαFγθθπΛπγψΛyFχγ≥surγχγψtFwπtνFNt{b≥r{t}}OFγvγψtsFπψFppF
ΛoττπsπoψsF≥tFNsqrt{s}eWYOF}γ‘TFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 43

468 rγtFrγΛoψstruΛtπoψF≥ψαFpγrθorχ≥ψΛγFusπψμFp≥rtπΛτγFθτowFwπtνFtνγFi}ti{FlγtγΛtorTFEuropeankPhysicalk
JournalkCRF2017RF^^RFZ]] 4.2 42

467
uγ≥surγχγψtFoθFtνγFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFoθFproχptF≥ψαFψoψSproχptFproαuΛtπoψFoθF¯norχuτ≥bF
sγγFtγxt]F≥ψαF¯norχuτ≥bFsγγFtγxt]FπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F≥ψαF_´ }γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFX_Y

4.2 42

466 uγ≥surγχγψtFoθFtνγFtopFqu≥rσFχ≥ssFwπtνFtνγFtγχpτ≥tγFχγtνoαFπψFtνγF¯norχuτ≥bFsγγFtγxt]FΛν≥ψψγτF
usπψμFi}ti{Fα≥t≥TFEuropeankPhysicalkJournalkCRF2012RF^XRFXVZ] 4.2 42

465 {uχχ≥ryFoθFtνγFi}ti{Fγxpγrπχγψtâ��sFsγψsπtπvπtyFtoFsupγrsyχχγtryF≥θtγrFtpkFzuψFWFâ��FπψtγrprγtγαF
πψFtνγFpνγψoχγψoτoμπΛ≥τFu{{uTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 42
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464 uγ≥surγχγψtFoθFΛν≥rχF≥ψαFbγ≥utyFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFγpFsΛ≥ttγrπψμFθroχFαγΛ≥ysFπψtoF
χuoψsF≥tFpmziTFEuropeankPhysicalkJournalkCRF2010RF][RF][S^a 4.2 42

463 {γ≥rΛνFθorFνγ≥vyFrγsoψ≥ψΛγsFπψFtνγF≥ψαFθπψ≥τFst≥tγsFusπψμFprotoψSprotoψFΛoττπsπoψsF≥tF´ FwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFXaY 4.2 41

462
{γ≥rΛνFθorFαπrγΛtFtopFsqu≥rσFp≥πrFproαuΛtπoψFπψFγvγψtsFwπtνF≥F¯norχuτ≥bFsγγFtγxt]FbosoψRF¯norχuτ≥bF
sγγFtγxt]SργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF¯norχuτ≥bFsγγFtγxt]F}γ‘F¯norχuτ≥bFsγγFtγxt]F
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014RF^ZRFX__Y

4.2 41

461 {πψμτγFν≥αroψFrγspoψsγFχγ≥surγχγψtF≥ψαFΛ≥τorπχγtγrFργtFγψγrμyFsΛ≥τγFuψΛγrt≥πψtyFwπtνFtνγFi}ti{F
αγtγΛtorF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2013RF^YRFW 4.2 41

460
{γ≥rΛνFθorFsupγrsyχχγtrπΛFp≥rtπΛτγsFπψFγvγψtsFwπtνFτγptoψFp≥πrsF≥ψαFτ≥rμγFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFNsqrt{s}e^~χbox{}γ‘}OFprotoψâ��protoψFΛoττπsπoψsFwπtνFtνγFi}ti{FγxpγrπχγψtTF
EuropeankPhysicalkJournalkCRF2011RF^WRFW

4.2 41

459 xνysπΛsFpotγψtπ≥τsFwπtνFtνγFsγΛoψαFpypγrSs≥χπoσ≥ψαγFαγtγΛtorFπψFsorγ≥TFProgresskofkTheoreticalk
andkExperimentalkPhysicsRF2018RFXVW_RF 5.4 41

458 {γ≥rΛνFθorFψγwFp≥rtπΛτγsFπψFγvγψtsFwπtνFoψγFτγptoψF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}FOFeF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 40

457 uγ≥surγχγψtFoθFνπμνSyXFΛν≥rμγαFΛurrγψtFΛrossFsγΛtπoψsFπψFγâ��pFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTF
PhysicskLetterswkSectionkB:kNuclearwkElementarykParticlekandkHighxEnergykPhysicsRF2002RF[YaRFWa^SXW^ 4.2 40

456
uγ≥surγχγψtFoθFtνγFΛγψtr≥τπtyFαγpγψαγψΛγFoθFtνγFΛν≥rμγαSp≥rtπΛτγFpsγuαor≥pπαπtyFαπstrπbutπoψFπψF
protoψSτγ≥αFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2016RF^]RFWaa

4.2 39

455 {γ≥rΛνFθorFsupγrsyχχγtryF≥tFNsqrt{s}OFeF_F}γ‘FπψFθπψ≥τFst≥tγsFwπtνFργtsF≥ψαFtwoFs≥χγSsπμψFτγptoψsForF
tνrγγFτγptoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 39

454
iFsγ≥rΛνFθorFNFtovγrτπψγFtFOFrγsoψ≥ψΛγsFπψFτγptoψQργtsFγvγψtsFwπtνFνπμντyFboostγαFtopFqu≥rσsF
ΛoττγΛtγαFπψFppFΛoττπsπoψsF≥tFNFsqrtF{s}FeF^FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2012RFXVWXRFW

5.4 39

453 {γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFαγΛ≥yπψμFπψtoFtopF≥ψαFbottoχFqu≥rσsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 39

452 xγrθorχ≥ψΛγFoθF≥τμorπtνχsFtν≥tFrγΛoψstruΛtFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF¯norχuτ≥bFsγγFtγxt]eF
_F}γ‘FprotoψSprotoψFΛoττπsπoψsFπψFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFXZW 4.2 38

451
wbsγrv≥tπoψF≥ψαFχγ≥surγχγψtsFoθFtνγFproαuΛtπoψFoθFproχptF≥ψαFψoψSproχptF¯norχuτ≥bFsγγFtγxt]F
χγsoψsFπψF≥ssoΛπ≥tπoψFwπtνF≥F¯norχuτ≥bFsγγFtγxt]FbosoψFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bF
sγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFXXa

4.2 38

450 {γ≥rΛνFθorFτoψμSτπvγαFψγutr≥τFp≥rtπΛτγsFαγΛ≥yπψμFπψtoFτγptoψFργtsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 38

449 mτγΛtroψFrγΛoψstruΛtπoψF≥ψαFπαγψtπθπΛ≥tπoψFπψFtνγFi}ti{FγxpγrπχγψtFusπψμFtνγFXVW[F≥ψαFXVW]FtpkF
protoψâ��protoψFΛoττπsπoψFα≥t≥F≥tFNsqrt{s}FeFWYOFNtγxtF{}γ‘}OTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 37

448 uγ≥surγχγψtFoθFtνγFproαuΛtπoψFoθF≥F’FbosoψFπψF≥ssoΛπ≥tπoψFwπtνF≥FΛν≥rχFqu≥rσFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}FOFeF^F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 37

447 {γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψFγvγψtsFwπtνFπsoτ≥tγαFτγptoψsRFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 37
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446 {γ≥rΛνFθorFtνγF{t≥ψα≥rαFuoαγτFpπμμsFbosoψFπψFtνγFpFSfFˇ�FQFˇ�Fâ��FαγΛ≥yFχoαγFπψFNFsqrtF{s}FeF
^R{χ≥tνrχ{}γ‘}}FOFppFΛoττπsπoψsFwπtνFi}ti{TFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 37

445 tπχπtsFoψFtνγFproαuΛtπoψFoθFtνγFst≥ψα≥rαFχoαγτFpπμμsFbosoψFπψFppFΛoττπsπoψsF≥tFNsqrt{s}FeF^OF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 37

444 {γ≥rΛνFθorFχ≥ssπvγFΛoτorγαFsΛ≥τ≥rsFπψFθourSργtFθπψ≥τFst≥tγsFπψFNsqrt{s}e^~χbox{}γ‘}OFprotoψâ��protoψF
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 37

443 kν≥rμγαSp≥rtπΛτγFαπstrπbutπoψsF≥tFτowFtr≥ψsvγrsγFχoχγψtuχFπψF¯norχuτ≥bFsγγFtγxt]´ }γ‘Fπψtγr≥ΛtπoψsF
χγ≥surγαFwπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2016RF^]RF[VX 4.2 37

442 uγ≥surγχγψtFoθFtνγFpπμμsFbosoψFΛoupτπψμFpropγrtπγsFπψFtνγFpFSfF  PFSfFZâ��FαγΛ≥yFΛν≥ψψγτF≥tFNF
sqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 36

441 {γ≥rΛνFθorFαπrγΛtFp≥πrFproαuΛtπoψFoθFtνγFtopFsqu≥rσFπψF≥ττSν≥αroψπΛFθπψ≥τFst≥tγsFπψFprotoψSprotoψF
ΛoττπsπoψsF≥tFNFsqrt{s}FOFeF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 36

440 uγ≥surγχγψtFoθFτoψμπtuαπψ≥τFθτowFαγΛorrγτ≥tπoψsFπψFxbQxbFΛoττπsπoψsF≥tF≥ψαF[TVXF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFWZX 4.2 35

439 uγ≥surγχγψtFoθFqu≥rσoψπuχFproαuΛtπoψFπψFprotoψSτγ≥αF≥ψαFprotoψSprotoψFΛoττπsπoψsF≥tFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFW^W 4.2 35

438 uγ≥surγχγψtFoθFtνγFΛν≥rμγαSp≥rtπΛτγFχuτtπpτπΛπtyFπψsπαγFργtsFθroχF¯norχuτ≥bFsγγFtγxt]¯norχuτ≥bFsγγF
tγxt]´ FΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFYXX 4.2 35

437 uγ≥surγχγψtFoθF˛‚FWYFπψFloubτγFkνoozFusπψμFψγutroψFΛ≥pturγsFoψFνyαroμγψFwπtνFψovγτFb≥ΛσμrouψαF
rγργΛtπoψFtγΛνψπquγsTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 35

436 uγ≥surγχγψtFoθFργtFθr≥μχγψt≥tπoψFπψFxbQxbF≥ψαFΛoττπsπoψsF≥tF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγF
tpkTFEuropeankPhysicalkJournalkCRF2017RF^^RFY^a 4.2 35

435 {γ≥rΛνFθorFsγΛoψαFμγψγr≥tπoψFsΛ≥τ≥rFτγptoqu≥rσsFπψFppFΛoττπsπoψsF≥tFNsqrt{s}e^~χbox{}γ‘}OFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 35

434 uγ≥surγχγψtFoθFtνγFΛrossSsγΛtπoψFθorF’FbosoψFproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνFbSργtsFπψFppFΛoττπsπoψsF
≥tFNFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 34

433 i}ti{Fsγ≥rΛνFθorF≥Fνγ≥vyFμ≥uμγFbosoψFαγΛ≥yπψμFtoF≥FΛν≥rμγαFτγptoψF≥ψαF≥FψγutrπψoFπψFppFΛoττπsπoψsF
≥tFNsqrt{s}FeF^Fχ≥tνrχ{}γ‘}OTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 34

432 {γ≥rΛνFθorFs≥χγSsπμψFtopSqu≥rσFproαuΛtπoψF≥ψαFθourtνSμγψγr≥tπoψFαowψStypγFqu≥rσsFπψFppFΛoττπsπoψsF
≥tFNFsqrtF{s}FeF{^}c{tγxt{}γ‘}}FOFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 34

431 {γ≥rΛνFθorFνγ≥vyFp≥rtπΛτγsFαγΛ≥yπψμFπψtoFtopSqu≥rσFp≥πrsFusπψμFτγptoψSpτusSργtsFγvγψtsFπψF
protoψSprotoψFΛoττπsπoψsF≥tF´ FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RF[][ 4.2 34

430 xγrθorχ≥ψΛγFoθFtνγFi}ti{Ftr≥ΛσFrγΛoψstruΛtπoψF≥τμorπtνχsFπψFαγψsγFγψvπroψχγψtsFπψFtpkFzuψFXTF
EuropeankPhysicalkJournalkCRF2017RF^^RF]^Y 4.2 33

429 uγ≥surγχγψtFoθFπψΛτusπvγFNls´–OFpνotoproαuΛtπoψF≥tFpmziTFPhysicskLetterswkSectionkB:kNuclearwk
ElementarykParticlekandkHighxEnergykPhysicsRF2000RFZ_WRFXWYSXX^ 4.2 33

(2000-2012)
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428 {γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFπψFtνγFpF´–FSfFtbFαγΛ≥yFΛν≥ψψγτFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘F
usπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 33

427
{γ≥rΛνFθorFtopSsqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFoψγFτγptoψRFργtsRF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFusπψμFY]Fθbâ��WFoθFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2018RFXVW_RFW

5.4 33

426
{γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFαγΛ≥yπψμFvπ≥Fp´–FSfFˇ�´–˛‰ˇ�FπψFtνγFˇ�QργtsF≥ψαFˇ�QτγptoψFθπψ≥τFst≥tγsFwπtνF
Y]Fθbâ��WFoθFppFΛoττπsπoψFα≥t≥FrγΛorαγαF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FγxpγrπχγψtTFJournalkofk
HighkEnergykPhysicsRF2018RFXVW_RFW

5.4 33

425 uγ≥surγχγψtFoθFtνγFtopFqu≥rσFχ≥ssFπψFtνγF¯norχuτ≥bFsγγFtγxt]F≥ψαF¯norχuτ≥bFsγγFtγxt]FΛν≥ψψγτsF
usπψμF¯norχuτ≥bFsγγFtγxt]´ ¯norχuτ≥bFsγγFtγxt]Fi}ti{Fα≥t≥TFEuropeankPhysicalkJournalkCRF2015RF^[RFYYV 4.2 32

424 {γ≥rΛνFθorFα≥rσFχ≥ttγrFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνFbottoχForFtopFqu≥rσsFπψF´ }γ‘FΛoττπsπoψsFwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFW_ 4.2 32

423 lπθθr≥ΛtπvγFpνotoproαuΛtπoψFoθFαπργtsFπψFγpFΛoττπsπoψsF≥tFpmziTFEuropeankPhysicalkJournalkCRF2008RF[[RFW^^SWaW4.2 32

422
{γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFpπμμsFbosoψsFπψFtνγFNFbovγrτπψγ{b}bovγrτπψγ{b}FOFθπψ≥τFst≥tγFusπψμF
protoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2019RFXVWaRFW

5.4 31

421 koψstr≥πψtsFoψFχγαπ≥torSb≥sγαFα≥rσFχ≥ttγrF≥ψαFsΛ≥τ≥rFα≥rσFγψγrμyFχoαγτsFusπψμFNFsqrt{s}FOFeFWYF}γ‘F
ppFΛoττπsπoψFα≥t≥FΛoττγΛtγαFbyFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 31

420
uγ≥surγχγψtFoθFtνγFpoτ≥rπs≥tπoψFoθF’FbosoψsFproαuΛγαFwπtνFτ≥rμγFtr≥ψsvγrsγFχoχγψtuχFπψFppF
ΛoττπsπoψsF≥tFNsqrt{s}FeF^Fχbox{}γ‘}OFwπtνFtνγFi}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkCRF2012RF
^XRFW

4.2 31

419
lπθθγrγψtπ≥τFtopS≥ψtπtopFΛrossSsγΛtπoψFχγ≥surγχγψtsF≥sF≥FθuψΛtπoψFoθFobsγrv≥bτγsFΛoψstruΛtγαFθroχF
θπψ≥τSst≥tγFp≥rtπΛτγsFusπψμFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FπψFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2015RFXVW[RFW

5.4 31

418
uγ≥surγχγψtFoθFtνγFproαuΛtπoψF≥ψαFτγptoψFΛν≥rμγF≥syχχγtryFoθF¯norχuτ≥bFsγγFtγxt]FbosoψsFπψF
xbQxbFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF
^[RFXY

4.2 31

417
{γ≥rΛνFθorFΛoψt≥ΛtFπψtγr≥ΛtπoψsF≥ψαFτ≥rμγFγxtr≥FαπχγψsπoψsFπψFtνγFαπτγptoψFΛν≥ψψγτFusπψμF
protoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ _´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2014RF^ZRFYWYZ

4.2 31

416
{γ≥rΛνFθorFstroψμFproαuΛtπoψFoθFsupγrsyχχγtrπΛFp≥rtπΛτγsFπψFθπψ≥τFst≥tγsFwπtνFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχF≥ψαF≥tFτγ≥stFtνrγγFbSργtsF≥tFNFsqrt{s}FeF_FOF}γ‘FprotoψSprotoψFΛoττπsπoψsFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW

5.4 31

415 iFsγ≥rΛνFθorFθτ≥vourFΛν≥ψμπψμFψγutr≥τFΛurrγψtsFπψFtopSqu≥rσFαγΛ≥ysFπψFppFΛoττπsπoψFα≥t≥FΛoττγΛtγαF
wπtνFtνγFi}ti{FαγtγΛtorF≥tFNFsqrt{s}e^c}γ‘FOTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 31

414
{γ≥rΛνFθorFτπμνtFsΛ≥τ≥rFtopSqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFtwoFτγptoψsFwπtνFtνγFi}ti{F
αγtγΛtorFπψFNsqrt{s}e^Fχ≥tνrχ{}γ‘}OFprotoψâ��protoψFΛoττπsπoψsTFEuropeankPhysicalkJournalkCRF2012RF
^XRFW

4.2 31

413 qψΛτusπvγFsγ≥rΛνFθorFs≥χγSsπμψFαπτγptoψFsπμψ≥turγsFπψFppFΛoττπsπoψsF≥tFNFsqrtF{s}FeF^FOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2011RFXVWWRFW 5.4 31

412 uγ≥surγχγψtsFoθFbSργtFt≥μμπψμFγθθπΛπγψΛyFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFNFtovγrτπψγ{t}FOFγvγψtsF≥tFNF
sqrt{s}eWYFOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 31

411 {γ≥rΛνFθorFtνπrαFμγψγr≥tπoψFsΛ≥τ≥rFτγptoqu≥rσsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 30

MasahirouKuze
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410 {γ≥rΛνFθorF≥FsΛ≥τ≥rFp≥rtψγrFoθFtνγFtopFqu≥rσFπψFtνγFργtsFpτusFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFθπψ≥τF
st≥tγF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 30

409 uγ≥surγχγψtsFoθFθπαuΛπ≥τF≥ψαFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsFθorFpπμμsFbosoψFproαuΛtπoψFπψFtνγF
απpνotoψFαγΛ≥yFΛν≥ψψγτF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFi}ti{TFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 30

408 uγ≥surγχγψtFoθFtνγF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFΛrossFsγΛtπoψFπψFtνγFt≥uFQFργtsFΛν≥ψψγτFusπψμFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2013RF^YRFXYX_ 4.2 30

407
uγ≥surγχγψtsFoθFuψαγrτyπψμSγvγψtFpropγrtπγsFusπψμFψγutr≥τF≥ψαFΛν≥rμγαFp≥rtπΛτγsFπψFppFΛoττπsπoψsF
≥tFNsqrt{s}eaVVOFoγ‘F≥ψαFNsqrt{s}e^OF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFEuropeankPhysicalk
JournalkCRF2011RF^WRFW

4.2 30

406 xγrθorχ≥ψΛγFoθFγτγΛtroψF≥ψαFpνotoψFtrπμμγrsFπψFi}ti{FαurπψμFtpkFzuψFXTFEuropeankPhysicalkJournalk
CRF2020RF_VRFW 4.2 30

405 {γ≥rΛνγsFθorFνγ≥vyFτoψμSτπvγαFΛν≥rμγαFp≥rtπΛτγsFwπtνFtνγFi}ti{FαγtγΛtorFπψFprotoψSprotoψFΛoττπsπoψsF
≥tFNFsqrt{s}e_FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 29

404
{γ≥rΛνFθorFtνγFαπrγΛtFproαuΛtπoψFoθFΛν≥rμπψosRFψγutr≥τπψosF≥ψαFst≥usFπψFθπψ≥τFst≥tγsFwπtνF≥tFτγ≥stFtwoF
ν≥αroψπΛ≥ττyFαγΛ≥yπψμFt≥usF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW

5.4 29

403 zγΛoψstruΛtπoψFoθFprπχ≥ryFvγrtπΛγsF≥tFtνγFi}ti{FγxpγrπχγψtFπψFzuψFWFprotoψSprotoψFΛoττπsπoψsF≥tF
tνγFtpkTFEuropeankPhysicalkJournalkCRF2017RF^^RFYYX 4.2 29

402
{γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFνγ≥vyFvγΛtorSτπσγFqu≥rσsFαγΛ≥yπψμFtoFνπμνSpF}F’FbosoψsF≥ψαFbFqu≥rσsF
πψFtνγFτγptoψSpτusSργtsFθπψ≥τFst≥tγFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW

5.4 29

401
{γ≥rΛνFθorFp≥πrF≥ψαFsπψμτγFproαuΛtπoψFoθFψγwFνγ≥vyFqu≥rσsFtν≥tFαγΛ≥yFtoF≥F FbosoψF≥ψαF≥F
tνπrαSμγψγr≥tπoψFqu≥rσFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2014RFXVWZRFW

5.4 29

400 }woSp≥rtπΛτγFjosγSmπψstγπψFΛorrγτ≥tπoψsFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FVTaF≥ψαF^F}γ‘Fχγ≥surγαF
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFZ]] 4.2 28

399 iFsγ≥rΛνFθorFp≥πrSproαuΛγαFrγsoψ≥ψΛγsFπψFθourSργtFθπψ≥τFst≥tγsF≥tFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2018RF^_RFX[V 4.2 28

398 zγΛoψstruΛtπoψFoθFν≥αroψπΛFαγΛ≥yFproαuΛtsFoθFt≥uFτγptoψsFwπtνFtνγFi}ti{FγxpγrπχγψtTFEuropeank
PhysicalkJournalkCRF2016RF^]RFXa[ 4.2 28

397 {γ≥rΛνFθorFsπψμτγFtopSqu≥rσFproαuΛtπoψFvπ≥Fθτ≥vourSΛν≥ψμπψμFψγutr≥τFΛurrγψtsF≥tF_´ }γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[[ 4.2 28

396 lπργtFproαuΛtπoψFπψFαπθθr≥ΛtπvγFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalkJournalkCRF2007RF
[XRF_WYS_YX 4.2 28

395
{γ≥rΛνFθorFχπψπχ≥τFsupγrsyχχγtrπΛFst≥ψα≥rαFχoαγτFpπμμsFjosoψsF´ U´ F≥ψαFθorF≥F¯norχuτ≥bFsγγFtγxt]F
bosoψFπψFtνγF¯norχuτ≥bFsγγFtγxt]Fθπψ≥τFst≥tγFproαuΛγαFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[_[

4.2 28

394
{γ≥rΛνFθorFsupγrsyχχγtryFπψFθπψ≥τFst≥tγsFwπtνFχπssπψμFtr≥ψsvγrsγFχoχγψtuχF≥ψαFχuτtπpτγFbSργtsFπψF
protoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2018RFXVW_RFW

5.4 28

393
nπαuΛπ≥τRFtot≥τF≥ψαFαπθθγrγψtπ≥τFΛrossSsγΛtπoψFχγ≥surγχγψtsFoθFSΛν≥ψψγτFsπψμτγFtopSqu≥rσFproαuΛtπoψF
πψFΛoττπsπoψsF≥tF_´ }γ‘FusπψμFα≥t≥FΛoττγΛtγαFbyFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF
^^RF[YW

4.2 27

(2017-2017)
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392 uγ≥surγχγψtFoθFtνγFπψΛτusπvγFργtFΛrossSsγΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FusπψμF
ZT[Fθbâ��WFoθFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 27

391
{γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFvγΛtorSτπσγFtopFqu≥rσsFπψFγvγψtsFwπtνFoψγFτγptoψRFργtsRF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2017RFXVW^RFW

5.4 27

390 uγ≥surγχγψtFoθFνπμνSyFXFψγutr≥τFΛurrγψtFαγγpFπψγτ≥stπΛFγFâ��FpFsΛ≥ttγrπψμFΛrossFsγΛtπoψsFwπtνF≥F
τoψμπtuαπψ≥ττyFpoτ≥rπsγαFγτγΛtroψFbγ≥χF≥tFpmziTFEuropeankPhysicalkJournalkCRF2009RF]XRF]X[S][_ 4.2 27

389 uγ≥surγχγψtFoθFlF´–F≥ψαFlFVFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμFusπψμF≥FτπθγtπχγFt≥μF≥tFpmziTF
EuropeankPhysicalkJournalkCRF2009RF]YRFW^WSW__ 4.2 27

388 {tuαyFoθFtνγFr≥rγFαγΛ≥ysFoθF¯norχuτ≥bFsγγFtγxt]F≥ψαF¯norχuτ≥bFsγγFtγxt]FπψtoFχuoψFp≥πrsFθroχFα≥t≥F
ΛoττγΛtγαFαurπψμFtνγFtpkFzuψFWFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[WY 4.2 27

387 uγ≥surγχγψtFoθFtνγFpνotoψFπαγψtπθπΛ≥tπoψFγθθπΛπγψΛπγsFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFtpkFzuψFXF
α≥t≥FΛoττγΛtγαFπψFXVW[F≥ψαFXVW]TFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 26

386
{γ≥rΛνFθorFνγ≥vyFrγsoψ≥ψΛγsFαγΛ≥yπψμFπψtoF≥F’ForF FbosoψF≥ψαF≥FpπμμsFbosoψFπψFθπψ≥τFst≥tγsFwπtνF
τγptoψsF≥ψαFbSργtsFπψFY]Fθbâ��WFoθFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2018RFXVW_RFW

5.4 26

385 uγ≥surγχγψtFoθFˇ�FΛWF≥ψαFˇ�FΛXFproαuΛtπoψFwπtνFNFsqrt{s}FOFeF^F}γ‘FppFΛoττπsπoψsF≥tFi}ti{TFJournalkofk
HighkEnergykPhysicsRF2014RFXVWZRFW 5.4 26

384
uγ≥surγχγψtsFoθFtνγFproαuΛtπoψFΛrossFsγΛtπoψFoθF≥F¯norχuτ≥bFsγγFtγxt]FbosoψFπψF≥ssoΛπ≥tπoψFwπtνF
ργtsFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2017RF^^RFY]W

4.2 26

383 iψ≥τysπsFoθFγvγψtsFwπtνFbSργtsF≥ψαF≥Fp≥πrFoθFτγptoψsFoθFtνγFs≥χγFΛν≥rμγFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_F
OF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 26

382 uγ≥surγχγψtFoθFαπθθγrγψtπ≥τFproαuΛtπoψFΛrossSsγΛtπoψsFθorF≥F FbosoψFπψF≥ssoΛπ≥tπoψFwπtνFbSργtsFπψF^F
}γ‘FprotoψSprotoψFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 26

381 uγ≥surγχγψtFoθFΛν≥rμγαFΛurrγψtFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμFΛrossFsγΛtπoψsFwπtνF≥Fτoψμπtuαπψ≥ττyF
poτ≥rπsγαFγτγΛtroψFbγ≥χF≥tFpmziTFEuropeankPhysicalkJournalkCRF2009RF]WRFXXYSXY[ 4.2 26

380 }γstFoθFkxFπψv≥rπ≥ψΛγFπψFvγΛtorSbosoψFθusπoψFproαuΛtπoψFoθFtνγFpπμμsFbosoψFusπψμFtνγFχγtνoαFπψFtνγF
απt≥uFαγΛ≥yFΛν≥ψψγτFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF][_ 4.2 26

379 mτγΛtroψF≥ψαFpνotoψFγψγrμyFΛ≥τπbr≥tπoψFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFXVW[â��XVW]FtpkF
protoψSprotoψFΛoττπsπoψFα≥t≥TFJournalkofkInstrumentationRF2019RFWZRFxVYVW^SxVYVW^ 1 25

378 uuτtπSΛν≥ψψγτFsγ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsFwπtνFtνγFi}ti{F
αγtγΛtorF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2013RF^YRFXY]X 4.2 25

377 uγ≥surγχγψtFoθFπψΛτusπvγF≥ψαFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsFπψFtνγFpFSfF  FPFSfFZâ��FαγΛ≥yFΛν≥ψψγτFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 25

376 {γ≥rΛνFθorF¯norχuτ≥bFsγγFtγxt]FαγΛ≥ysFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ e´ _´ }γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFW][ 4.2 25

375 koχbπψγαFπψΛτusπvγFαπθθr≥ΛtπvγFΛrossFsγΛtπoψsFχγ≥surγαFwπtνFθorw≥rαFprotoψFspγΛtroχγtγrsFπψFαγγpF
πψγτ≥stπΛFγpFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 25
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374 {γ≥rΛνFθorFbottoχFsqu≥rσFp≥πrFproαuΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[Z^ 4.2 25

373 uγ≥surγχγψtFoθFtνγFπψΛτusπvγFπsoτ≥tγαFproχptFpνotoψFΛrossFsγΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 25

372 uγ≥surγχγψtFoθFtνγFtopFqu≥rσFχ≥ssFπψFtνγFNtb≥r{t}rπμνt≥rrowFOFτγptoψQργtsFΛν≥ψψγτFθroχFNsqrt{s}e_OF
}γ‘Fi}ti{Fα≥t≥F≥ψαFΛoχbπψ≥tπoψFwπtνFprγvπousFrγsuτtsTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 24

371 uγ≥surγχγψtFoθFtνγFαoubτγSαπθθγrγψtπ≥τFνπμνSχ≥ssFlrγττS—≥ψFΛrossFsγΛtπoψFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 24

370 uγ≥surγχγψtFoθFtνγFtopFqu≥rσFp≥πrFproαuΛtπoψFΛν≥rμγF≥syχχγtryFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}FOFeF^F}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 24

369
uγ≥surγχγψtFoθFtνγFproαuΛtπoψFΛrossFsγΛtπoψFoθFproχptFrUˇ�FχγsoψsFπψF≥ssoΛπ≥tπoψFwπtνF≥F’F´–F
bosoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeF^F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2014RFXVWZRFW

5.4 24

368 {γ≥rΛνFθorFsπψμτγStopFproαuΛtπoψFπψFγpFΛoττπsπoψsF≥tFpmziTFPhysicskLetterswkSectionkB:kNuclearwk
ElementarykParticlekandkHighxEnergykPhysicsRF2012RF^V_RFX^SY] 4.2 24

367 uγ≥surγχγψtFoθFtνγFαπθθγrγψtπ≥τFΛrossSsγΛtπoψFoθFjFQFχγsoψFproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}e^FOF}γ‘F≥tFi}ti{TFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 24

366 uγ≥surγχγψtFoθFbγ≥utyF≥ψαFΛν≥rχFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziF≥ψαF
χγ≥surγχγψtFoθFtνγFbγ≥utySqu≥rσFχ≥ssTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 24

365 lγγpFπψγτ≥stπΛFΛrossSsγΛtπoψFχγ≥surγχγψtsF≥tFτ≥rμγFyFwπtνFtνγF m~{FαγtγΛtorF≥tFpmziTFPhysicalk
ReviewkDRF2014RFaVRF 4.9 24

364
{γ≥rΛνFθorFtopF≥ψαFbottoχFsqu≥rσsFθroχFμτuπψoFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFχπssπψμF
tr≥ψsvγrsγFγψγrμyF≥ψαF≥tFτγ≥stFtνrγγFbSργtsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2012RF^XRFW

4.2 24

363 {γ≥rΛνFθorFsπψμτγFproαuΛtπoψFoθFvγΛtorSτπσγFqu≥rσsFαγΛ≥yπψμFπψtoFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγF
tγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFZZX 4.2 24

362 koχbπψ≥tπoψF≥ψαFyklF≥ψ≥τysπsFoθFΛν≥rχF≥ψαFbγ≥utyFproαuΛtπoψFΛrossSsγΛtπoψFχγ≥surγχγψtsFπψF
αγγpFπψγτ≥stπΛFγpFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalkJournalkCRF2018RF^_RFW 4.2 24

361 {γ≥rΛνFθorFtνγFαπrγΛtFproαuΛtπoψFoθFΛν≥rμπψosF≥ψαFψγutr≥τπψosFπψFθπψ≥τFst≥tγsFwπtνFt≥uFτγptoψsFπψF
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFW[Z 4.2 23

360 {γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFupStypγFvγΛtorSτπσγFqu≥rσsF≥ψαFθorFθourStopSqu≥rσFγvγψtsFπψFθπψ≥τF
st≥tγsFwπtνFχuτtπpτγFbSργtsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 23

359 norw≥rαSb≥Λσw≥rαFΛorrγτ≥tπoψsF≥ψαFΛν≥rμγαSp≥rtπΛτγF≥zπχutν≥τFαπstrπbutπoψsFπψFppFπψtγr≥ΛtπoψsF
usπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 23

358
{γ≥rΛνFθorF≥FψγwFνγ≥vyFμ≥uμγSbosoψFrγsoψ≥ψΛγFαγΛ≥yπψμFπψtoF≥FτγptoψF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFY]FθbFoθFΛoττπsπoψsF≥tF´ }γ‘FwπtνFtνγFi}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkCRF
2018RF^_RFZVW

4.2 23

357
{γ≥rΛνFθorFpπμμsFbosoψFp≥πrFproαuΛtπoψFπψFtνγFNFupμ≥χχ≥Fupμ≥χχ≥Fbovγrτπψγ{b}FOFθπψ≥τFst≥tγFwπtνF
WYF}γ‘FppFΛoττπsπoψFα≥t≥FΛoττγΛtγαFbyFtνγFi}ti{FγxpγrπχγψtTFJournalkofkHighkEnergykPhysicsRF2018RF
XVW_RFW

5.4 23
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356 xroχptF≥ψαFψoψSproχptF≥ψαFsupprγssπoψF≥tFνπμνFtr≥ψsvγrsγFχoχγψtuχFπψFxbQxbFΛoττπsπoψsFwπtνF
tνγFi}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkCRF2018RF^_RF^]X 4.2 23

355
iFχγ≥surγχγψtFoθFtνγFΛ≥τorπχγtγrFrγspoψsγFtoFsπψμτγFν≥αroψsF≥ψαFαγtγrχπψ≥tπoψFoθFtνγFργtFγψγrμyF
sΛ≥τγFuψΛγrt≥πψtyFusπψμFtpkFzuψSWFSΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2017RF^^RFX]

4.2 22

354
uγ≥surγχγψtFoθFtνγFπψΛτusπvγFΛrossSsγΛtπoψsFoθFsπψμτγFtopSqu≥rσF≥ψαFtopS≥ψtπqu≥rσFtSΛν≥ψψγτF
proαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2017RFXVW^RFW

5.4 22

353 {γ≥rΛνFθorFνγ≥vyFτoψμSτπvγαFχuτtπSΛν≥rμγαFp≥rtπΛτγsFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FusπψμFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFY]X 4.2 22

352 {γ≥rΛνFθorF’F’U’F Frγsoψ≥ψΛγFproαuΛtπoψFπψFâ��˛‰qqFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 22

351 iFsγ≥rΛνFθorFproχptFτγptoψSργtsFπψFppFΛoττπsπoψsF≥tFNFsqrt{χ≥tνrχ{s}}e_FOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 22

350
{γ≥rΛνFθorFsupγrsyχχγtryFπψFθπψ≥τFst≥tγsFwπtνFtwoFs≥χγSsπμψForFtνrγγFτγptoψsF≥ψαFργtsFusπψμFY]Fθbâ��WF
oθFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RF
XVW^RFW

5.4 22

349 iFsγ≥rΛνFθorFνπμνSχ≥ssFrγsoψ≥ψΛγsFαγΛ≥yπψμFtoFˇ�Qˇ�â��FπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 22

348 {γ≥rΛνFθorFνγ≥vyFτγptoψFrγsoψ≥ψΛγsFαγΛ≥yπψμFtoF≥F FbosoψF≥ψαF≥FτγptoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_F
OF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 22

347 uγ≥surγχγψtFoθFνπμνSyFXFΛν≥rμγαFΛurrγψtFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμFΛrossFsγΛtπoψsFwπtνF≥F
τoψμπtuαπψ≥ττyFpoτ≥rπsγαFposπtroψFbγ≥χF≥tFpmziTFEuropeankPhysicalkJournalkCRF2010RF^VRFaZ[Sa]Y 4.2 22

346 uγ≥surγχγψtFoθFproχptFpνotoψsFwπtνF≥ssoΛπ≥tγαFργtsFπψFpνotoproαuΛtπoψF≥tFpmziTFEuropeank
PhysicalkJournalkCRF2007RFZaRF[WWS[XX 4.2 22

345 {γ≥rΛνFθorFpπμμsFbosoψFαγΛ≥ysFtoFbγyoψαStνγS{t≥ψα≥rαSuoαγτFτπμνtFbosoψsFπψFθourSτγptoψFγvγψtsF
wπtνFtνγFi}ti{FαγtγΛtorF≥tFNFsqrt{s}eWYFOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 22

344
{γ≥rΛνFθorFνγ≥vyFu≥ρor≥ψ≥ForFlπr≥ΛFψγutrπψosF≥ψαFrπμνtSν≥ψαγαF’Fμ≥uμγFbosoψsFπψFθπψ≥τFst≥tγsFwπtνF
twoFΛν≥rμγαFτγptoψsF≥ψαFtwoFργtsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2019RFXVWaRFW

5.4 21

343 {γ≥rΛνFθorFπψvπsπbτγFp≥rtπΛτγsFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνFsπψμτγStopSqu≥rσsFπψFprotoψSprotoψF
ΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RF^a 4.2 21

342
uγ≥surγχγψtsFoθFθπαuΛπ≥τFΛrossSsγΛtπoψsFθorF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFwπtνFoψγForFtwoF
≥ααπtπoψ≥τFSργtsFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]e_F}γ‘´ usπψμFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2016RF^]RFWW

4.2 21

341
uγ≥surγχγψtFoθFαπstrπbutπoψsFsγψsπtπvγFtoFtνγFuψαγrτyπψμFγvγψtFπψFπψΛτusπvγF SbosoψFproαuΛtπoψFπψF
¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2014RF^ZRFYWa[

4.2 21

340 xroαuΛtπoψFoθFγxΛπtγαFΛν≥rχF≥ψαFΛν≥rχSstr≥ψμγFχγsoψsF≥tFpmziTFEuropeankPhysicalkJournalkCRF2009
RF]VRFX[SZ[ 4.2 21

339 {tuαyFoθFν≥rαFαoubτγSp≥rtoψFsΛ≥ttγrπψμFπψFθourSργtFγvγψtsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FwπtνF
tνγFi}ti{FγxpγrπχγψtTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 21
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338
{γ≥rΛνFθorFνγ≥vyFψγutr≥τFτγptoψsFπψFαγΛ≥ysFoθF’FbosoψsFproαuΛγαFπψFWYF}γ‘FppFΛoττπsπoψsFusπψμF
proχptF≥ψαFαπspτ≥ΛγαFsπμψ≥turγsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RF
XVWaRFW

5.4 21

337 {γ≥rΛνFθorFpπμμsFbosoψFp≥πrFproαuΛtπoψFπψFtνγFΛν≥ψψγτFusπψμFΛoττπsπoψFα≥t≥FrγΛorαγαF≥tF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFWVV^ 4.2 21

336 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFγvγψtsFwπtνFs≥χγSΛν≥rμγFτγptoψsF≥ψαFbSργtsFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 21

335 uγ≥surγχγψtFoθFtνγF≥zπχutν≥τF≥ψπsotropyFoθFΛν≥rμγαFp≥rtπΛτγsFproαuΛγαFπψFeF[TVX´ }γ‘FxbQxbF
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFaa^ 4.2 21

334 {γ≥rΛνFθorFαoubτyFΛν≥rμγαFsΛ≥τ≥rFbosoψsFαγΛ≥yπψμFπψtoFs≥χγSsπμψFbosoψFp≥πrsFwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRF[_ 4.2 20

333 uγ≥surγχγψtFoθFtνγF≥ψμuτ≥rFΛoγθθπΛπγψtsFπψF SbosoψFγvγψtsFusπψμFγτγΛtroψF≥ψαFχuoψFp≥πrsFθroχF
α≥t≥Ft≥σγψF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 20

332 {γ≥rΛνγsFθorFνγ≥vyFαπbosoψFrγsoψ≥ψΛγsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 20

331
uγ≥surγχγψtFoθFN’×{pχF} OFproαuΛtπoψFΛrossFsγΛtπoψsF≥ψαFμ≥uμγFbosoψFpoτ≥rπs≥tπoψFπψFppF
ΛoττπsπoψsF≥tFNsqrt{s}FeFWY~tγxtF{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF
^aRFW

4.2 20

330 uγ≥surγχγψtFoθFΛν≥rχFθr≥μχγψt≥tπoψFθr≥ΛtπoψsFπψFpνotoproαuΛtπoψF≥tFpmziTFJournalkofkHighk
EnergykPhysicsRF2013RFXVWYRFW 5.4 20

329 {γ≥rΛνγsFθorFtνγF ˛‡FαγΛ≥yFχoαγFoθFtνγFpπμμsFbosoψF≥ψαFθorFψγwFνπμνSχ≥ssFrγsoψ≥ψΛγsFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 20

328 {γ≥rΛνFθorFψγwFrγsoψ≥ψΛγsFπψFχ≥ssFαπstrπbutπoψsFoθFργtFp≥πrsFusπψμFWYaFθbâ��WFoθFppFΛoττπsπoψsF≥tFNF
sqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 20

327 {γ≥rΛνFθorFμτuπψosFπψFγvγψtsFwπtνF≥ψFπsoτ≥tγαFτγptoψRFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχF≥tF
¯norχuτ≥bFsγγFtγxt]FeFWYF}γF‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[][ 4.2 20

326 uγ≥surγχγψtFoθFtνγFbosoψFpoτ≥rπs≥tπoψFπψF¯norχuτ≥bFsγγFtγxt]FγvγψtsFθroχFΛoττπsπoψsF≥tF¯norχuτ≥bF
sγγFtγxt]FeF_F}γ‘FπψFtνγFτγptoψ´ Q´ ργtsFΛν≥ψψγτFwπtνFi}ti{TFEuropeankPhysicalkJournalkCRF2017RF^^RFX]Z 4.2 19

325 xγrθorχ≥ψΛγFoθFtopSqu≥rσF≥ψαFNv≥rvγΛ{’}OSbosoψFt≥μμπψμFwπtνFi}ti{FπψFzuψFXFoθFtνγFtpkTFEuropeank
PhysicalkJournalkCRF2019RF^aRFW 4.2 19

324 {γ≥rΛνFθorFαπrγΛtFtopFsqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFtwoFτγptoψsFπψF}γ‘FΛoττπsπoψsFwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RF_a_ 4.2 19

323 lγtγrχπψ≥tπoψFoθFtνγFstroψμFΛoupτπψμFΛoψst≥ψtFθroχFtr≥ψsvγrsγFγψγrμySγψγrμyFΛorrγτ≥tπoψsFπψF
χuτtπργtFγvγψtsF≥tFusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RF_^X 4.2 19

322 kν≥rμγαSp≥rtπΛτγFαπstrπbutπoψsFπψFπψtγr≥ΛtπoψsF≥tF¯norχuτ≥bFsγγFtγxt]Fχγ≥surγαFwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFZVY 4.2 19

321 uγ≥surγχγψtFoθFtνrγγSργtFproαuΛtπoψFΛrossSsγΛtπoψsFπψF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF^´ ¯norχuτ≥bF
sγγFtγxt]FΛγψtrγSoθSχ≥ssFγψγrμyFusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFXX_ 4.2 18

(2015-2019)
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320 {γ≥rΛνFθorFτoψμSτπvγαFψγutr≥τFp≥rtπΛτγsFπψFppFΛoττπsπoψsF≥tFN{sqrt{s}}FeFWY~{tγxtF{F}γ‘}}OFtν≥tFαγΛ≥yFπψtoF
απspτ≥ΛγαFν≥αroψπΛFργtsFπψFtνγFi}ti{FΛ≥τorπχγtγrTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 18

319 {γ≥rΛνγsFθorFtνπrαSμγψγr≥tπoψFsΛ≥τ≥rFτγptoqu≥rσsFπψFNFsqrt{s}FOFeFWYF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 18

318 uγ≥surγχγψtFoθFtνγFuψαγrτyπψμFγvγψtFπψFργtFγvγψtsFθroχF^FNtγxtF{}γ‘}OFprotoψâ��protoψFΛoττπsπoψsF
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014RF^ZRFW 4.2 18

317
uγ≥surγχγψtFoθFtνγFΛγψtr≥τπtyF≥ψαFpsγuαor≥pπαπtyFαγpγψαγψΛγFoθFtνγFπψtγμr≥tγαFγττπptπΛFθτowFπψF
τγ≥αSτγ≥αFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘´ wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2014RF^ZRFXa_X

4.2 18

316 uγ≥surγχγψtFoθFtνγFτowSχ≥ssFlrγττS—≥ψFαπθθγrγψtπ≥τFΛrossFsγΛtπoψF≥tFNFsqrt{s}FOFeF^F}γ‘FusπψμFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 18

315 uγ≥surγχγψtFoθFργtFsν≥pγsFπψFtopSqu≥rσFp≥πrFγvγψtsF≥tF¯norχuτ≥bFsγγFtγxt]FusπψμFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2013RF^YRFX]^] 4.2 18

314 uγ≥surγχγψtFoθFtνγFθorw≥rαSb≥Λσw≥rαF≥syχχγtryFoθFγτγΛtroψF≥ψαFχuoψFp≥πrSproαuΛtπoψFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 18

313 {γ≥rΛνFθorFθτ≥vourSΛν≥ψμπψμFψγutr≥τFΛurrγψtFtopFqu≥rσFαγΛ≥ysFtFSfFpqFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFWS][ 5.4 18

312 {γ≥rΛνFθorFχγt≥st≥bτγFνγ≥vyFΛν≥rμγαFp≥rtπΛτγsFwπtνFτ≥rμγFπoψπs≥tπoψFγψγrμyFτossFπψFΛoττπsπoψsF≥tF
¯norχuτ≥bFsγγFtγxt]´ }γ‘FusπψμFtνγFi}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkCRF2015RF^[RFZV^ 4.2 18

311 uγ≥surγχγψtFoθFγvγψtFsν≥pγsF≥tFτ≥rμγFχoχγψtuχFtr≥ψsθγrFwπtνFtνγFi}ti{FαγtγΛtorFπψFppF
ΛoττπsπoψsF≥tFNsqrt{χ≥tνbθ{s}}e^Fχ≥tνrχ{}γ‘}OTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 18

310
{γ≥rΛνFθorF≥ψFγxΛγssFoθFγvγψtsFwπtνF≥ψFπαγψtπΛ≥τFθτ≥vourFτγptoψFp≥πrF≥ψαFsπμψπθπΛ≥ψtFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFNsqrt{s}e^OF}γ‘Fprotoψâ��protoψFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2011RF^WRFW

4.2 18

309
uγ≥surγχγψtFoθFtνγFΛν≥rμγF≥syχχγtryFπψFtopSqu≥rσFp≥πrFproαuΛtπoψFπψFtνγFτγptoψSpτusSργtsFθπψ≥τF
st≥tγFπψFΛoττπsπoψFα≥t≥F≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2016RF^]RF_^

4.2 18

308 {γ≥rΛνFθorFjoostγαFl≥rσFu≥ttγrFqψtγr≥ΛtπψμFwπtνFmτγΛtroψsFπψF{upγrSs≥χπoσ≥ψαγTFPhysicalkReviewk
LettersRF2018RFWXVRFXXWYVW 7.4 18

307 {γ≥rΛνFθorFvγutrπψosFπψF{upγrSs≥χπoσ≥ψαγFissoΛπ≥tγαFwπtνFtνγFo’W^V_W^FvγutroψSst≥rFuγrμγrTF
AstrophysicalkJournalkLettersRF2018RF_[^RFtZ 7.9 17

306 {γ≥rΛνγsFθorFνγ≥vyF  F≥ψαF ’Frγsoψ≥ψΛγsFπψFtνγFâ��â��qqF≥ψαF˛‰˛‰qqFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 17

305 itχospνγrπΛFψγutrπψoFosΛπττ≥tπoψF≥ψ≥τysπsFwπtνFπχprovγαFγvγψtFrγΛoψstruΛtπoψFπψF{upγrSs≥χπoσ≥ψαγF
q‘TFProgresskofkTheoreticalkandkExperimentalkPhysicsRF2019RFXVWaRF 5.4 17

304 uγ≥surγχγψtFoθFαπργtFΛrossSsγΛtπoψsFπψFppFΛoττπsπoψsF≥tF^F}γ‘FΛγψtrγSoθSχ≥ssFγψγrμyFusπψμFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 17

303
mv≥τu≥tπoψFoθFZVVFτowFb≥ΛσμrouψαFWVSπψTFpνotoSχuτtπpτπγrFtubγsFθorFtνγFloubτγFkνoozFγxpγrπχγψtTF
NuclearkInstrumentskandkMethodskinkPhysicskResearchwkSectionkA:kAcceleratorswkSpectrometerswk
DetectorskandkAssociatedkEquipmentRF2012RF]]WRFW]SX[

1.2 17

MasahirouKuze
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302 uγ≥surγχγψtFoθFpoτ≥rπz≥tπoψFπψFSfFαγΛ≥ysFwπtνFtνγFi}ti{FαγtγΛtorFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγF
tγxt]TFEuropeankPhysicalkJournalkCRF2012RF^XRFXV]X 4.2 17

301
uγ≥surγχγψtsFoθFργtFvγtoγsF≥ψαF≥zπχutν≥τFαγΛorrγτ≥tπoψsFπψFαπργtFγvγψtsFproαuΛγαFπψF¯norχuτ≥bFsγγF
tγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014RF
^ZRFYWW^

4.2 17

300 uγ≥surγχγψtFoθFopγψFbγ≥utyFproαuΛtπoψF≥tFpmziFπψFtνγFlP˛…Fθπψ≥τFst≥tγTFEuropeankPhysicalkJournalk
CRF2007RF[VRFXaaSYWZ 4.2 17

299 uγ≥surγχγψtFoθFsVF{RF˛�F≥ψαF˛�FFproαuΛtπoψF≥tFpmziTFEuropeankPhysicalkJournalkCRF2007RF[WRFWSXY 4.2 17

298
{γ≥rΛνFθorF≥FsΛ≥τ≥rFp≥rtψγrFoθFtνγFtopFqu≥rσFπψFtνγF≥ττSν≥αroψπΛFNt{b≥r{t}}OFpτusFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFθπψ≥τFst≥tγF≥tFNsqrt{s}eWYOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2020RF_VRFW

4.2 17

297
{γ≥rΛνFθorFsupγrsyχχγtryFπψF≥Fθπψ≥τFst≥tγFΛoψt≥πψπψμFtwoFpνotoψsF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψF¯norχuτ≥bFsγγFtγxt]´ e´ WY´ }γ‘F¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tFtνγFtpkFusπψμFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[W^

4.2 17

296 qψFsπtuFΛ≥τπbr≥tπoψFoθFτ≥rμγSr≥απusFργtFγψγrμyF≥ψαFχ≥ssFπψFWYF}γ‘Fprotoψâ��protoψFΛoττπsπoψsFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 16

295 l≥rσFχ≥ttγrFπψtγrprγt≥tπoψsFoθFi}ti{Fsγ≥rΛνγsFθorFtνγFγτγΛtrowγ≥σFproαuΛtπoψFoθFsupγrsyχχγtrπΛF
p≥rtπΛτγsFπψFNFsqrt{s}e_FOF}γ‘FprotoψSprotoψFΛoττπsπoψsTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 16

294
{γ≥rΛνFθorFtνγF{t≥ψα≥rαFuoαγτFpπμμsFbosoψFαγΛ≥yπψμFπψtoFNFbovγrτπψγ{b}FOFproαuΛγαFπψF≥ssoΛπ≥tπoψF
wπtνFtopFqu≥rσsFαγΛ≥yπψμFν≥αroψπΛ≥ττyFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW

5.4 16

293 qαγψtπθπΛ≥tπoψF≥ψαFrγργΛtπoψFoθFpπτγSupFργtsF≥tFνπμνFpsγuαor≥pπαπtyFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2017RF^^RF[_V 4.2 16

292 uγ≥surγχγψtFoθFtνγFlrγττS—≥ψFtrπpτγSαπθθγrγψtπ≥τFΛrossFsγΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘TF
JournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 16

291 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFγvγψtsFwπtνFtνrγγForFχorγFΛν≥rμγαFτγptoψsFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 16

290 uγ≥surγχγψtFoθFtνγFNFtovγrτπψγ{t}’FOF≥ψαFNFtovγrτπψγ{t} FOFproαuΛtπoψFΛrossFsγΛtπoψsFπψFppFΛoττπsπoψsF
≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 16

289 uγ≥surγχγψtFoθFtνγFΛν≥rμγF≥syχχγtryFπψFαπτγptoψπΛFαγΛ≥ysFoθFtopFqu≥rσFp≥πrsFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}e^FOF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 16

288
iFχγ≥surγχγψtFoθFtνγFr≥tπoFoθFtνγFproαuΛtπoψFΛrossFsγΛtπoψsFθorF¯norχuτ≥bFsγγFtγxt]F≥ψαF¯norχuτ≥bF
sγγFtγxt]FbosoψsFπψF≥ssoΛπ≥tπoψFwπtνFργtsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2014
RF^ZRFYW]_

4.2 16

287 uγ≥surγχγψtFoθFtνγFproαuΛtπoψFΛrossSsγΛtπoψFoθFˇ�NX{OFSfFrUˇ�NSf˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}FOFeF^F}γ‘F≥tFi}ti{TFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 16

286 {γ≥rΛνFθorF≥ψoχ≥τousFproαuΛtπoψFoθFproχptFτπσγSsπμψFτγptoψFp≥πrsF≥tFNFsqrt{s}e^cχ≥tνrχ{}γ‘}FOFwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 16

285 uγ≥surγχγψtFoθFνπμνSyXFψγutr≥τFΛurrγψtFαγγpFπψγτ≥stπΛFγQpFsΛ≥ttγrπψμFΛrossFsγΛtπoψsFwπtνF≥F
τoψμπtuαπψ≥ττyFpoτ≥rπzγαFposπtroψFbγ≥χF≥tFpmziTFPhysicalkReviewkDRF2013RF_^RF 4.9 16

(2013-2012)
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284 lπθθr≥ΛtπvγFpνotoproαuΛtπoψFoθFlP´–NXVWVOF≥tFpmziTFEuropeankPhysicalkJournalkCRF2007RF[WRFYVWSYW[ 4.2 16

283 }νγFpγrθorχ≥ψΛγFoθFtνγFργtFtrπμμγrFθorFtνγFi}ti{FαγtγΛtorFαurπψμFXVWWFα≥t≥Ft≥σπψμTFEuropeank
PhysicalkJournalkCRF2016RF^]RF[X] 4.2 16

282
{γ≥rΛνFθorFtνγFpπμμsFbosoψFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνF≥FbosoψF≥ψαFαγΛ≥yπψμFtoFθourFSqu≥rσsFvπ≥F
twoFspπψSzγroFp≥rtπΛτγsFπψFΛoττπsπoψsF≥tFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF
2016RF^]RF]V[

4.2 16

281
{γ≥rΛνFθorFθτ≥vourSΛν≥ψμπψμFψγutr≥τFΛurrγψtFtopSqu≥rσFαγΛ≥ysFtoF¯norχuτ≥bFsγγFtγxt]FπψF¯norχuτ≥bF
sγγFtγxt]FΛoττπsπoψFα≥t≥FΛoττγΛtγαFwπtνFtνγFi}ti{FαγtγΛtorF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘TFEuropeank
PhysicalkJournalkCRF2016RF^]RFWX

4.2 16

280 uγ≥surγχγψtFoθFθπαuΛπ≥τF≥ψαFαπθθγrγψtπ≥τFN’×Q’×SOFproαuΛtπoψFΛrossSsγΛtπoψsF≥tFNsqrt{s}eWYOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 16

279
uγ≥surγχγψtFoθFθτowFν≥rχoψπΛsFΛorrγτ≥tπoψsFwπtνFχγ≥ψFtr≥ψsvγrsγFχoχγψtuχFπψFτγ≥αâ��τγ≥αF≥ψαF
protoψâ��τγ≥αFΛoττπsπoψsF≥tFNsqrt{sℓ{χ≥tνrχ{vv}}}FeF[TVX~νboxF{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2019RF^aRFW

4.2 16

278
{γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFνγ≥vyFvγΛtorSτπσγFqu≥rσsFαγΛ≥yπψμFπψtoFνπμνSp}F’FbosoψsF≥ψαFtopF
qu≥rσsFπψFtνγFτγptoψSpτusSργtsFθπψ≥τFst≥tγFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW

5.4 16

277 lγtγrχπψ≥tπoψFoθFspπψF≥ψαFp≥rπtyFoθFtνγFpπμμsFbosoψFπψFtνγF¯norχuτ≥bFsγγFtγxt]FαγΛ≥yFΛν≥ψψγτFwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2015RF^[RFXYW 4.2 15

276 uγ≥surγχγψtFoθFtνγFtopFqu≥rσFΛν≥rμγFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 15

275
{γ≥rΛνFθorFαπrγΛtFΛν≥rμπψoFproαuΛtπoψFπψF≥ψoχ≥τySχγαπ≥tγαFsupγrsyχχγtryFbrγ≥σπψμFχoαγτsFb≥sγαF
oψF≥Fαπs≥ppγ≥rπψμStr≥ΛσFsπμψ≥turγFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e^cχ≥tνrχ{}γ‘}FOFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW

5.4 15

274 uγ≥surγχγψtsFoθFˇ�NX{OF≥ψαF–NY_^XOFSfFrUˇ�ˇ�FQFˇ�Fâ��FproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 15

273
uγ≥surγχγψtFoθFproαuΛtπoψFwπtνFtνγFν≥αroψπΛ≥ττyFαγΛ≥yπψμFbosoψFrγΛoψstruΛtγαF≥sFoψγForFtwoFργtsF
πψFΛoττπsπoψsF≥tFwπtνFi}ti{RF≥ψαFΛoψstr≥πψtsFoψF≥ψoχ≥τousFμ≥uμγFΛoupτπψμsTFEuropeankPhysicalk
JournalkCRF2017RF^^RF[]Y

4.2 15

272 lγtγrχπψ≥tπoψFoθFtνγFtopSqu≥rσFpoτγFχ≥ssFusπψμFNFtovγrτπψγ{t}FOFQFWSργtFγvγψtsFΛoττγΛtγαFwπtνFtνγF
i}ti{FγxpγrπχγψtFπψF^F}γ‘FppFΛoττπsπoψsTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 15

271
{γ≥rΛνFθor’pproαuΛtπoψFwπtνF≥FτπμνtFpπμμsFbosoψFαγΛ≥yπψμFtoFproχptFγτγΛtroψSργtsFπψF
protoψâ��protoψFΛoττπsπoψsF≥tFJsqrtF{s}e^JF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFNewkJournalkofkPhysicsRF2013RF
W[RFVZYVVa

2.9 15

270 {γ≥rΛνFθorFαπpνotoψFγvγψtsFwπtνFτ≥rμγFχπssπψμFtr≥ψsvγrsγFγψγrμyFwπtνFY]Fpbâ��WFoθF^F}γ‘F
protoψâ��protoψFΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 15

269
{γ≥rΛνFθorFα≥rσFχ≥ttγrFπψFγvγψtsFwπtνF≥Fν≥αroψπΛ≥ττyFαγΛ≥yπψμFvγΛtorFbosoψF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2018RFXVW_RFW

5.4 15

268
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FusπψμFtνγFπψv≥rπ≥ψtFχ≥ssFαπstrπbutπoψFoθFs≥χγSθτ≥vourFopposπtγSsπμψF
απτγptoψFp≥πrsFπψFγvγψtsFwπtνFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF´ FΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2018RF^_RF]X[

4.2 15

267
uγ≥surγχγψtFoθFtνγF¯norχuτ≥bFsγγFtγxt]F≥ψαF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFΛrossFsγΛtπoψsFπψF
χuτtπτγptoψFθπψ≥τFst≥tγsFusπψμFYTXFθb¯norχuτ≥bFsγγFtγxt]FoθF¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsF≥tF¯norχuτ≥bF
sγγFtγxt]FeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFZV

4.2 14
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266 uγ≥surγχγψtsFoθFγτγΛtrowγ≥σF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψF≥ψαFΛoψstr≥πψtsFoψF≥ψoχ≥τousFμ≥uμγF
ΛoupτπψμsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFZ^Z 4.2 14

265 {γ≥rΛνFθorFsπψμτγFproαuΛtπoψFoθFvγΛtorSτπσγFqu≥rσsFαγΛ≥yπψμFπψtoF’bFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 14

264
uγ≥surγχγψtFoθFtνγFNFtovγrτπψγ{t}FOFproαuΛtπoψFΛrossSsγΛtπoψF≥sF≥FθuψΛtπoψFoθFργtFχuτtπpτπΛπtyF≥ψαFργtF
tr≥ψsvγrsγFχoχγψtuχFπψF^F}γ‘FprotoψSprotoψFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2015RFXVW[RFW

5.4 14

263 {γ≥rΛνFθorFtνγFproαuΛtπoψFoθFsπψμτγFvγΛtorSτπσγF≥ψαFγxΛπtγαFqu≥rσsFπψFtνγF’tFθπψ≥τFst≥tγFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 14

262
uγ≥surγχγψtFoθFtνγFγτγΛtrowγ≥σFproαuΛtπoψFoθFαπργtsFπψF≥ssoΛπ≥tπoψFwπtνF≥F SbosoψF≥ψαF
απstrπbutπoψsFsγψsπtπvγFtoFvγΛtorFbosoψFθusπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}FOFeF_F}γ‘FusπψμF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW

5.4 14

261 {γ≥rΛνFθorFαγΛ≥ysFoθFstoppγαRFτoψμSτπvγαFp≥rtπΛτγsFθroχF^F}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 14

260
{γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFtνrouμνFtνγFvπoτ≥tπoψFoθFτγptoψFuψπvγrs≥τπtyFπψFNFtovγrτπψγ{t}FOF
γvγψtsFusπψμFppFΛoττπsπoψFα≥t≥F≥tFNFsqrt{s}e^FOF}γ‘FwπtνFtνγFi}ti{FγxpγrπχγψtTFJournalkofkHighk
EnergykPhysicsRF2013RFXVWYRFW

5.4 14

259 {tuαyFoθFN’U OpFproαuΛtπoψF≥ψαFpπμμsFbosoψFΛoupτπψμsFusπψμFpSfF’F’FPFαγΛ≥ysFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 14

258 iFsγ≥rΛνFθorF¯norχuτ≥bFsγγFtγxt]Frγsoψ≥ψΛγsFwπtνFtνγFi}ti{FαγtγΛtorFπψFXTV[FθbFoθFprotoψSprotoψF
ΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]TFEuropeankPhysicalkJournalkCRF2012RF^XRFXV_Y 4.2 14

257 xγrθorχ≥ψΛγFoθFtνγFi}ti{FαγtγΛtorFusπψμFθπrstFΛoττπsπoψFα≥t≥TFJournalkofkHighkEnergykPhysicsRF2010RF
XVWVRFW 5.4 14

256 {γ≥rΛνFθorFstopFproαuΛtπoψFπψFzSp≥rπtySvπoτ≥tπψμFsupγrsyχχγtryF≥tFpmziTFEuropeankPhysicalkJournalk
CRF2007RF[VRFX]a 4.2 14

255 iFstr≥tγμyFθorF≥Fμγψγr≥τFsγ≥rΛνFθorFψγwFpνγψoχγψ≥FusπψμFα≥t≥SαγrπvγαFsπμψ≥τFrγμπoψsF≥ψαFπtsF
≥ppτπΛ≥tπoψFwπtνπψFtνγFi}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 14

254
{γ≥rΛνFθorFtνγFpπμμsFbosoψFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνF≥FvγΛtorFbosoψF≥ψαFαγΛ≥yπψμFπψtoFtwoF
spπψSzγroFp≥rtπΛτγsFπψFtνγFpFSfF≥≥FSfFZbFΛν≥ψψγτFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW

5.4 14

253
uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFπψFtνγF¯norχuτ≥bFsγγFtγxt]FΛν≥ψψγτFπψF
ΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF
^^RFXaX

4.2 13

252 {γ≥rΛνFθorFtrπbosoψF¯norχuτ≥bFsγγFtγxt]FproαuΛtπoψFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ ¯norχuτ≥bFsγγF
tγxt]FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFWZW 4.2 13

251 {γ≥rΛνFθorFtopSqu≥rσFαγΛ≥ysFtFSfFpqFwπtνFY]Fθbâ��WFoθFppFΛoττπsπoψFα≥t≥F≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 13

250
uγ≥surγχγψtFoθFθπαuΛπ≥τFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsFoθFμτuoψSθusπoψFproαuΛtπoψFoθFpπμμsFbosoψsF
αγΛ≥yπψμFtoF’’FPSfγ˛‰˛…˛‰FwπtνFtνγFi}ti{FαγtγΛtorF≥tFNFsqrt{s}e_FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF
2016RFXVW]RFW

5.4 13

249 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFγvγψtsFwπtνF≥FpνotoψF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 13

(2016-2017)
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248 qαγψtπθπΛ≥tπoψFoθFνπμνFtr≥ψsvγrsγFχoχγψtuχFtopFqu≥rσsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 13

247
iααγψαuχFtoFâ��uγ≥surγχγψtFoθFtνγFNtb≥r{t}OFproαuΛtπoψFΛrossSsγΛtπoψFusπψμFNγχuFOFγvγψtsFwπtνF
bSt≥μμγαFργtsFπψFppFΛoττπsπoψsF≥tFNsqrt{s}OFeF^F≥ψαF_FNRχ≥tνrχ{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorâ��TF
EuropeankPhysicalkJournalkCRF2016RF^]RFW

4.2 13

246 {tuαyFoθFtνγF¯norχuτ≥bFsγγFtγxt]F≥ψαF¯norχuτ≥bFsγγFtγxt]FαγΛ≥ysFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2016RF^]RFZ 4.2 13

245 {γ≥rΛνFθorFsupγrsyχχγtryFπψFγvγψtsFwπtνFbSt≥μμγαFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 13

244 uγ≥surγχγψtFoθFbγ≥utyF≥ψαFΛν≥rχFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziF≥ψαF
χγ≥surγχγψtFoθFtνγFbγ≥utySqu≥rσFχ≥ssTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 13

243
{γ≥rΛνFθorFzSp≥rπtySvπoτ≥tπψμFsupγrsyχχγtryFπψFγvγψtsFwπtνFθourForFχorγFτγptoψsFπψFNF
sqrt{s}e^cχ≥tνrχ{}γ‘}FOFppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2012RF
XVWXRFW

5.4 13

242
{γ≥rΛνFθorF≥ψoχ≥τySχγαπ≥tγαFsupγrsyχχγtryFbrγ≥σπψμFwπtνFtνγFi}ti{FαγtγΛtorFb≥sγαFoψF≥F
απs≥ppγ≥rπψμStr≥ΛσFsπμψ≥turγFπψFppFΛoττπsπoψsF≥tFNsqrt{s}FeF^~χ≥tνrχ{}γ‘}OTFEuropeankPhysicalk
JournalkCRF2012RF^XRFW

4.2 13

241 {γ≥rΛνFθorF≥FθγrχπopνobπΛFpπμμsFbosoψFπψFtνγFαπpνotoψFαγΛ≥yFΛν≥ψψγτFwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 13

240 uγ≥surγχγψtFoθFbγ≥utyFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziFusπψμFαγΛ≥ysFπψtoF
γτγΛtroψsTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 13

239 {γ≥rΛνFθorF≥Fνγ≥vyFψγutr≥τFp≥rtπΛτγFαγΛ≥yπψμFπψtoF≥ψFγτγΛtroψF≥ψαF≥FχuoψFusπψμFWFθbâ��WFoθFi}ti{F
α≥t≥TFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 13

238 uγ≥surγχγψtFoθFbγ≥utyFproαuΛtπoψFπψFlq{F≥ψαFγxtr≥ΛtπoψF≥tF m~{TFEuropeankPhysicalkJournalkCRF
2010RF]aRFYZ^SY]V 4.2 13

237 qψΛτusπvγFαπργtFΛrossFsγΛtπoψsFπψFψγutr≥τFΛurrγψtFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalk
JournalkCRF2010RF^VRFa][Sa_X 4.2 13

236 nτuΛtu≥tπoψsFoθF≥ψπsotropπΛFθτowFπψFxbQxbFΛoττπsπoψsF≥tFNFsqrt{{χ≥tνrχ{s}}ℓ{χ≥tνrχ{vv}}}FOFeF[TVXF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 13

235
{γ≥rΛνFθorFαπrγΛtFproαuΛtπoψFoθFγτγΛtrowγ≥σπψosFπψFθπψ≥τFst≥tγsFwπtνFoψγFτγptoψRFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχF≥ψαF≥FpπμμsFbosoψFαγΛ≥yπψμFπψtoFtwoFbSργtsFπψFNppOFΛoττπsπoψsF≥tFNsqrt{s}eWYOF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW

4.2 13

234 uuoψFrγΛoψstruΛtπoψF≥ψαFπαγψtπθπΛ≥tπoψFγθθπΛπγψΛyFπψFi}ti{FusπψμFtνγFθuττFzuψFXFppFΛoττπsπoψFα≥t≥FsγtF
≥tFNsqrt{s}eWYOF}γ‘TFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 13

233
uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFαπθθγrγψtπ≥τF≥ψαFαoubτγSαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFπψFtνγFNγττFOQργtsF
Λν≥ψψγτFwπtνFppFΛoττπsπoψsF≥tFNsqrt{s}eWYOF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkC
RF2019RF^aRFW

4.2 13

232 wpγr≥tπoψF≥ψαFpγrθorχ≥ψΛγFoθFtνγFi}ti{F}πτγFk≥τorπχγtγrFπψFzuψ´ WTFEuropeankPhysicalkJournalkCRF
2018RF^_RFa_^ 4.2 13

231 uγ≥surγχγψtsFoθF’F≥ψαF FbosoψFproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNsqrt{s}e[TVXOF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 12
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230
uγ≥surγχγψtFoθFtνγF’F’FQF’F FΛrossFsγΛtπoψF≥ψαFτπχπtsFoψF≥ψoχ≥τousFtrπpτγFμ≥uμγFΛoupτπψμsFusπψμF
θπψ≥τFst≥tγsFwπtνFoψγFτγptoψRFχπssπψμFtr≥ψsvγrsγFχoχγψtuχRF≥ψαFtwoFργtsFwπtνFtνγFi}ti{FαγtγΛtorF
≥tFNFsqrt{s}e^FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW

5.4 12

229 pπμμsFbosoψFproαuΛtπoψFΛrossSsγΛtπoψFχγ≥surγχγψtsF≥ψαFtνγπrFmn}Fπψtγrprγt≥tπoψFπψFtνγFNZγττFOF
αγΛ≥yFΛν≥ψψγτF≥tFNsqrt{s}eOWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 12

228 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FwπtνFpνotoψQργtFγvγψtsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 12

227 uγ≥surγχγψtFoθFtνγFproαuΛtπoψFΛrossSsγΛtπoψFoθF≥FsπψμτγFtopFqu≥rσFπψF≥ssoΛπ≥tπoψFwπtνF≥F’FbosoψF≥tF
_F}γ‘FwπtνFtνγFi}ti{FγxpγrπχγψtTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 12

226 {γ≥rΛνFθorFstroψμFμr≥vπtyFπψFχuτtπργtFθπψ≥τFst≥tγsFproαuΛγαFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FusπψμF
tνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 12

225 xrobπψμFτγptoψFθτ≥vourFvπoτ≥tπoψFvπ≥FψγutrπψoτγssF¯norχuτ≥bFsγγFtγxt]FαγΛ≥ysFwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFXYX 4.2 12

224
{γ≥rΛνFθorF≥ψoχ≥τousFΛoupτπψμsFπψFtνγF’FtbFvγrtγxFθroχFtνγFχγ≥surγχγψtFoθFαoubτγFαπθθγrγψtπ≥τF
≥ψμuτ≥rFαγΛ≥yFr≥tγsFoθFsπψμτγFtopFqu≥rσsFproαuΛγαFπψFtνγFtSΛν≥ψψγτFwπtνFtνγFi}ti{FαγtγΛtorTF
JournalkofkHighkEnergykPhysicsRF2016RFXVW]RFWSZ]

5.4 12

223 uγ≥surγχγψtFoθFπψΛτusπvγFργtF≥ψαFαπργtFΛrossSsγΛtπoψsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 12

222 {γ≥rΛνFθorFpπμμsFbosoψFp≥πrFproαuΛtπoψFπψFtνγF’’NPO’’NPOFαγΛ≥yFΛν≥ψψγτFusπψμFi}ti{Fα≥t≥F
rγΛorαγαF≥tFNFsqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘TFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 12

221
}νγFαπθθγrγψtπ≥τFproαuΛtπoψFΛrossFsγΛtπoψFoθFtνγF¯norχuτ≥bFsγγFtγxt]NWVXVOFχγsoψFπψF¯norχuτ≥bFsγγF
tγxt]FeF^´ }γ‘F¯norχuτ≥bFsγγFtγxt]FΛoττπsπoψsFχγ≥surγαFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2014RF^ZRFX_a[

4.2 12

220 uγ≥surγχγψtFoθFtνγFπψΛτusπvγFργtFΛrossSsγΛtπoψsFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 12

219 uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFπψFtνγFτγptoψQργtsFΛν≥ψψγτFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 12

218 {γ≥rΛνFθorFtopFqu≥rσFαγΛ≥ysFtFSfFqpRFwπtνFpFSfF˛‡˛‡RFπψFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψsFusπψμFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 12

217 uγ≥surγχγψtsFoθFtopFqu≥rσFspπψFobsγrv≥bτγsFπψFNFtovγrτπψγ{t}FOFγvγψtsFusπψμFαπτγptoψFθπψ≥τFst≥tγsFπψFNF
sqrt{s}e_FOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 12

216 uγ≥surγχγψtFoθFtνγFθτ≥vourFΛoχposπtπoψFoθFαπργtFγvγψtsFπψFppFΛoττπsπoψsF≥tFNsqrt{s}e^Fχbox{}γ‘}OF
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2013RF^YRFW 4.2 12

215 uγ≥surγχγψtFoθFνγ≥vySqu≥rσFργtFpνotoproαuΛtπoψF≥tFpmziTFEuropeankPhysicalkJournalkCRF2011RF^WRFW 4.2 12

214 uγ≥surγχγψtFoθF≥zπχutν≥τF≥syχχγtrπγsFπψFψγutr≥τFΛurrγψtFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTF
EuropeankPhysicalkJournalkCRF2007RF[WRFX_aSXaa 4.2 12

213 uγ≥surγχγψtFoθFtνγFtopSqu≥rσFχ≥ssFπψFNFtovγrτπψγ{t}FOFQFWSργtFγvγψtsFΛoττγΛtγαFwπtνFtνγFi}ti{F
αγtγΛtorFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeF_F}γ‘TFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 12

(2019-2015)
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212 kosχπΛSχuoψFΛν≥r≥Λtγrπz≥tπoψF≥ψαF≥ψψu≥τFχoαuτ≥tπoψFχγ≥surγχγψtFwπtνFloubτγFkνoozFαγtγΛtorsTF
JournalkofkCosmologykandkAstroparticlekPhysicsRF2017RFXVW^RFVW^SVW^ 6.4 11

211 uγ≥surγχγψtFoθFtνγFΛrossSsγΛtπoψF≥ψαFΛν≥rμγF≥syχχγtryFoθF’FbosoψsFproαuΛγαFπψFprotoψâ��protoψF
ΛoττπsπoψsF≥tFNsqrt{s}e_~tγxtF{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 11

210 lπrγΛtFtopSqu≥rσFαγΛ≥yFwπαtνFχγ≥surγχγψtFπψFtνγFτγptoψQργtsFΛν≥ψψγτF≥tFwπtνFtνγFi}ti{F
γxpγrπχγψtTFEuropeankPhysicalkJournalkCRF2018RF^_RFWXa 4.2 11

209 qαγψtπθπΛ≥tπoψFoθFboostγαFpπμμsFbosoψsFαγΛ≥yπψμFπψtoFbSqu≥rσFp≥πrsFwπtνFtνγFi}ti{FαγtγΛtorF≥tF
WY´ JJtγxtF{}γ‘}JJTFEuropeankPhysicalkJournalkCRF2019RF^aRF 4.2 11

208 uγ≥surγχγψtFoθFτγptoψFαπθθγrγψtπ≥τFαπstrπbutπoψsF≥ψαFtνγFtopFqu≥rσFχ≥ssFπψFproαuΛtπoψFπψFΛoττπsπoψsF
≥tF´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RF_VZ 4.2 11

207 xrobπψμFtνγF’FtbFvγrtγxFstruΛturγFπψFtSΛν≥ψψγτFsπψμτγStopSqu≥rσFproαuΛtπoψF≥ψαFαγΛ≥yFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 11

206 {tuαyFoθF≥ψαFproαuΛtπoψFπψFΛoττπsπoψsF≥tF≥ψαFsγ≥rΛνFθorF≥ψoχ≥τousFqu≥rtπΛFμ≥uμγFΛoupτπψμsFwπtνFtνγF
i}ti{FγxpγrπχγψtTFEuropeankPhysicalkJournalkCRF2017RF^^RF]Z] 4.2 11

205 uγ≥surγχγψtsFoθFtνγFpsγuαor≥pπαπtyFαγpγψαγψΛγFoθFtνγFtot≥τFtr≥ψsvγrsγFγψγrμyFπψFprotoψSprotoψF
ΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FwπtνFi}ti{TFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 11

204
{γ≥rΛνFθorFsupγrsyχχγtryFπψFγvγψtsFwπtνFτ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχRFργtsRF≥ψαF≥tFτγ≥stF
oψγFt≥uFτγptoψFπψF^F}γ‘FprotoψSprotoψFΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2012RF^XRFW

4.2 11

203 uγ≥surγχγψtFoθF’˛‡F≥ψαF ˛‡FproαuΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrtF{s}FeF^FOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2011RFXVWWRFW 5.4 11

202 norw≥rαSργtFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFγpFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalkJournalkCRF2007RF
[XRF[W[S[YV 4.2 11

201 qχprovγαFΛoψstr≥πψtsFoψFψγutrπψoFχπxπψμFθroχFtνγF}XsFγxpγrπχγψtFwπtνFYTWYˆ�WVXWFprotoψsFoψF
t≥rμγtTFPhysicalkReviewkDRF2021RFWVYRF 4.9 11

200 rγtFγψγrμyFsΛ≥τγF≥ψαFrγsoτutπoψFχγ≥surγαFπψFprotoψâ��protoψFΛoττπsπoψsF≥tFNsqrt{s}eWYOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 11

199 uγ≥surγχγψtFoθFtνγFΛrossSsγΛtπoψFθorFproαuΛπψμF≥F’FbosoψFπψF≥ssoΛπ≥tπoψFwπtνF≥FsπψμτγFtopFqu≥rσFπψF
ppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFi}ti{TFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 10

198 koχbπψγαFyklF≥ψαFγτγΛtrowγ≥σF≥ψ≥τysπsFoθFpmziFα≥t≥TFPhysicalkReviewkDRF2016RFaYRF 4.9 10

197 iFsγ≥rΛνFθorFtopFsqu≥rσsFwπtνFzSp≥rπtySvπoτ≥tπψμFαγΛ≥ysFtoF≥ττSν≥αroψπΛFθπψ≥τFst≥tγsFwπtνFtνγFi}ti{F
αγtγΛtorFπψFNFsqrt{s}e_FOF}γ‘FprotoψSprotoψFΛoττπsπoψsTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 10

196 uγ≥surγχγψtFoθFtνγFkxSvπoτ≥tπψμFpν≥sγFgFsF≥ψαFtνγFjFVFsFχγsoψFαγΛ≥yFwπαtνFαπθθγrγψΛγFwπtνFjFVFsF
FSfFrUˇ�gFαγΛ≥ysFπψFi}ti{TFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 10

195 {γ≥rΛνFθorFαπbosoψFrγsoψ≥ψΛγsFπψFν≥αroψπΛFθπψ≥τFst≥tγsFπψFWYaFθbâ��WFoθFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 10

MasahirouKuze
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194 {γ≥rΛνFθorFτγptoψFθτ≥vourFvπoτ≥tπoψFπψFtνγFΛoψtπψuuχFwπtνFtνγFi}ti{FαγtγΛtorFπψF¯norχuτ≥bFsγγFtγxt]F
ΛoττπsπoψsF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2012RF^XRFXVZV 4.2 10

193
uγ≥surγχγψtFoθFαγtγΛtorSΛorrγΛtγαFobsγrv≥bτγsFsγψsπtπvγFtoFtνγF≥ψoχ≥τousFproαuΛtπoψFoθFγvγψtsF
wπtνFργtsF≥ψαFτ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFΛoττπsπoψsF≥tF´ }γ‘FusπψμFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2017RF^^RF^][

4.2 10

192 uγ≥surγχγψtFoθFπψΛτusπvγFtwoSp≥rtπΛτγF≥ψμuτ≥rFΛorrγτ≥tπoψsFπψFppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorF
≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 10

191 xνotoproαuΛtπoψFoθFπsoτ≥tγαFpνotoψsRFπψΛτusπvγτyF≥ψαFwπtνF≥FργtRF≥tFpmziTFPhysicskLetterswkSectionkB:k
NuclearwkElementarykParticlekandkHighxEnergykPhysicsRF2014RF^YVRFXaYSYVW 4.2 9

190
uγ≥surγχγψtFoθFtνγF  FproαuΛtπoψFΛrossFsγΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘F
usπψμFtνγF  FSfFâ��â�� â��Qâ��gâ��â��gQF≥ψαFNF  toF{γττ}×{S}{γττ}×{Q}ψuFovγrτπψγ{ψu}FOFαγΛ≥yFΛν≥ψψγτsFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW

5.4 9

189
uγ≥surγχγψtFoθFΛν≥rμγαSp≥rtπΛτγFαπstrπbutπoψsFsγψsπtπvγFtoFtνγFuψαγrτyπψμFγvγψtFπψFNFsqrt{s}eWYFOF
}γ‘FprotoψSprotoψFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFJournalkofkHighkEnergykPhysicsRF
2017RFXVW^RFW

5.4 9

188
{γ≥rΛνFθorFsupγrsyχχγtryFπψFγvγψtsFwπtνFτ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχRFργtsRF≥ψαF≥tFτγ≥stF
oψγFt≥uFτγptoψFπψFXVFθbâ��WFoθFNFsqrt{s}FOFeF_F}γ‘FprotoψSprotoψFΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW

5.4 9

187 {γ≥rΛνFθorFψγwFψoψSrγsoψ≥ψtFpνγψoχγψ≥FπψFνπμνSχ≥ssFαπτγptoψFθπψ≥τFst≥tγsFwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 9

186 uγ≥surγχγψtsFoθFtνγFpπμμsFbosoψFπψΛτusπvγF≥ψαFαπθθγrγψtπ≥τFθπαuΛπ≥τFΛrossFsγΛtπoψsFπψFtνγFZNγττFOF
αγΛ≥yFΛν≥ψψγτF≥tFNsqrt{s}OFeFWYF}γ‘TFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 9

185 uγ≥surγχγψtFoθFtνγFΛrossSsγΛtπoψFr≥tπoFˇ�Fˇ�NX{OFUFˇ�FrUˇ�NW{OFπψFαγγpFπψγτ≥stπΛFγxΛτusπvγFγpFsΛ≥ttγrπψμF
≥tFpmziTFNuclearkPhysicskBRF2016RFaVaRFaYZSa[Y 2.8 9

184 {γ≥rΛνFθorFsupγrsyχχγtryFπψFθπψ≥τFst≥tγsFwπtνFΛν≥rχFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFWYF
}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 9

183
uγ≥surγχγψtFoθFργtSsubstruΛturγFobsγrv≥bτγsFπψFtopFqu≥rσRF’FbosoψF≥ψαFτπμνtFργtFproαuΛtπoψFπψF
protoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2019RFXVWaRFW

5.4 8

182
uγ≥surγχγψtFoθF‘pRFNFχ≥tνrχ{p}toFχ≥tνrχ{b}ovγrτπψγ{χ≥tνrχ{b}}FOFproαuΛtπoψF≥sF≥FθuψΛtπoψFoθF
tνγFvγΛtorSbosoψFtr≥ψsvγrsγFχoχγψtuχFπψFWYF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2019RFXVWaRFW

5.4 8

181 {γ≥rΛνFθorFp≥πrsFoθFsΛ≥τ≥rFτγptoqu≥rσsFαγΛ≥yπψμFπψtoFqu≥rσsF≥ψαFγτγΛtroψsForFχuoψsFπψFNFsqrt{s}FOFeFWYF
}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 8

180 {γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψFθπψ≥τFst≥tγsFwπtνFs≥χγSsπμψFτγptoψsF≥ψαFργtsFusπψμFWYaFθbâ��WFoθFα≥t≥F
ΛoττγΛtγαFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 8

179 jγ≥χSπψαuΛγαF≥ψαFΛosχπΛSr≥yFb≥ΛσμrouψαsFobsγrvγαFπψFtνγFi}ti{FαγtγΛtorFαurπψμFtνγFtpkFXVWXF
protoψSprotoψFruψψπψμFpγrπoαTFJournalkofkInstrumentationRF2016RFWWRFxV[VWYSxV[VWY 1 8

178 xroαuΛtπoψFoθFγxΛτusπvγFαπργtsFπψFαπθθr≥ΛtπvγFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalk
JournalkCRF2016RF^]RFW 4.2 8

177
{γ≥rΛνFθorFsΛ≥τ≥rFrγsoψ≥ψΛγsFαγΛ≥yπψμFπψtoF˛…Q˛…â��FπψFγvγψtsFwπtνF≥ψαFwπtνoutFbSt≥μμγαFργtsFproαuΛγαF
πψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2019RFXVWaRFW

5.4 8

(2019-2012)
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176 xrγΛπsπoψFχuoψFrγΛoψstruΛtπoψFπψFloubτγFkνoozTFNuclearkInstrumentskandkMethodskinkPhysicsk
ResearchwkSectionkA:kAcceleratorswkSpectrometerswkDetectorskandkAssociatedkEquipmentRF2014RF^]ZRFYYVSYYa1.2 8

175 uγ≥surγχγψtFoθFspτπttπψμFsΛ≥τγsFπψFSfFγvγψtsF≥tF¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2013RF^YRFXZYX 4.2 8

174
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFγvγψtsFΛoψt≥πψπψμF≥Fs≥χγSθτ≥vourFopposπtγSsπμψFαπτγptoψFp≥πrRFργtsRF
≥ψαFτ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF¯norχuτ≥bFsγγFtγxt]´ ¯norχuτ≥bFsγγFtγxt]¯norχuτ≥bFsγγF
tγxt]FΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2017RF^^RFWZZ

4.2 8

173
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FwπtνFτ≥rμγFργtFχuτtπpτπΛπtπγsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFusπψμF
τ≥rμγSr≥απusFργtsF≥ψαFθτ≥vourSt≥μμπψμF≥tFi}ti{FπψFWYF}γ‘FppFΛoττπsπoψsTFJournalkofkHighkEnergykPhysics
RF2017RFXVW^RFW

5.4 8

172 uγ≥surγχγψtFoθFtνγFtopSqu≥rσFχ≥ssFπψFtνγFθuττyFν≥αroψπΛFαγΛ≥yFΛν≥ψψγτFθroχFi}ti{Fα≥t≥F≥tF
¯norχuτ≥bFsγγFtγxt]TFEuropeankPhysicalkJournalkCRF2015RF^[RFW[_ 4.2 8

171 mvπαγψΛγFθorFNtb≥r{t}tb≥r{t}OFproαuΛtπoψFπψFtνγFχuτtπτγptoψFθπψ≥τFst≥tγFπψFprotoψâ��protoψFΛoττπsπoψsF≥tF
Nsqrt{s}eWYOFNtγxtF{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 8

170
{γ≥rΛνFθorFτπμνtFτoψμSτπvγαFψγutr≥τFp≥rtπΛτγsFproαuΛγαFπψFppFΛoττπsπoψsF≥tFNsqrt{s}FeFWY~χ≥tνrχF{}γ‘}OF
≥ψαFαγΛ≥yπψμFπψtoFΛoττπχ≥tγαFτγptoψsForFτπμνtFν≥αroψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2020RF_VRFW

4.2 8

169 xγrθorχ≥ψΛγFoθFtνγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFtrπμμγrsFθorFtνγFi}ti{FαγtγΛtorFαurπψμFzuψSXF
α≥t≥Ft≥σπψμTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 8

168 uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFspπψFΛorrγτ≥tπoψsFπψFtνγFNγχuFOFΛν≥ψψγτF≥tFNsqrt{s}FeFWYOF}γ‘FusπψμF
ppFΛoττπsπoψsFπψFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 8

167
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFγvγψtsFwπtνFtwoFopposπtγSΛν≥rμγFτγptoψsRFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFppFΛoττπsπoψsF≥tFNFsqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2021RFXVXWRFW

5.4 8

166
{γ≥rΛνFθorFνγ≥vyFrγsoψ≥ψΛγsFαγΛ≥yπψμFπψtoF≥Fp≥πrFoθF FbosoψsFπψFtνγFNγττF×QγττF×SγττFM×QγττFM×SOF≥ψαFNγττF
×QγττF×SψuF{{b≥r{ψuF}}}OFθπψ≥τFst≥tγsFusπψμFWYaFNχ≥tνrχF{θb}×{SW}OFoθFprotoψâ��protoψFΛoττπsπoψsF≥tF
Nsqrt{s}FeFWYRO}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW

4.2 8

165 {γ≥rΛνFθorFΛν≥rμγαFpπμμsFbosoψsFαγΛ≥yπψμFπψtoF≥FtopFqu≥rσF≥ψαF≥FbottoχFqu≥rσF≥tFNFsqrt{χ≥tνrχ{s}}F
OFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 8

164
{γ≥rΛνFθorFtνγF{t≥ψα≥rαFuoαγτFpπμμsFbosoψFproαuΛγαFbyFvγΛtorSbosoψFθusπoψF≥ψαFαγΛ≥yπψμFtoF
bottoχFqu≥rσsFπψFNFsqrt{s}e_FOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2016RFXVW]RFW

5.4 8

163
{γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψFθπψ≥τFst≥tγsFwπtνFργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFusπψμFWYaF
θbâ��WFoθFNFsqrt{s}FOFeFWYF}γ‘FppFΛoττπsπoψFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2021RFXVXWRFW

5.4 8

162 xroχptF≥ψαFψoψSproχptFγττπptπΛFθτowFπψFxbQxbFΛoττπsπoψsF≥tF}γvFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2018RF^_RF^_Z 4.2 8

161 —πγταsF≥ψαFproαuΛtπoψFr≥tγsFoθFΛosχoμγψπΛFatπF≥ψαF_pγFχγ≥surγαFwπtνFtνγFloubτγFkνoozFψγ≥rF≥ψαF
θ≥rFαγtγΛtorsTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 8

160 {γ≥rΛνFθorFθτ≥vourSΛν≥ψμπψμFψγutr≥τFΛurrγψtFtopSqu≥rσFαγΛ≥ysFtFSfFq FπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 8

159 uγ≥surγχγψtsFoθFπψΛτusπvγF≥ψαFαπθθγrγψtπ≥τFθπαuΛπ≥τFΛrossSsγΛtπoψsFoθFNtb≥r{t}μ≥χχ≥FOFproαuΛtπoψFπψF
τγptoψπΛFθπψ≥τFst≥tγsF≥tFNsqrt{s}eWY~tγxtF{}γ‘}OFπψFi}ti{TFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 7
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158
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFθπψ≥τFst≥tγsFwπtνFτ≥rμγFργtFχuτtπpτπΛπtπγsF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFusπψμFNFsqrt{s}FOFeFWYF}γ‘FprotoψSprotoψFΛoττπsπoψsFrγΛorαγαFbyFi}ti{FπψFzuψFXFoθFtνγF
tpkTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW

5.4 7

157 }r≥ψsvγrsγFχoχγψtuχF≥ψαFproΛγssFαγpγψαγψtF≥zπχutν≥τF≥ψπsotropπγsFπψFNsqrt{sℓ{χ≥tνrχF
{vv}}}e_TW]OF}γ‘FpQxbFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 7

156 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFνπμνSχ≥ssFθπψ≥τFst≥tγsFwπtνF≥FpνotoψF≥ψαF≥FργtFθroχFΛoττπsπoψsF≥tFeF
WY´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFWVX 4.2 7

155
{γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψFγvγψtsFwπtνFν≥αroψπΛ≥ττyFαγΛ≥yπψμFt≥uFτγptoψsRFργtsF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFprotoψSprotoψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘FrγΛorαγαFwπtνFtνγF
i}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF]_Y

4.2 7

154 tπχπtsFoψFtνγFγθθγΛtπvγFqu≥rσFr≥απusFθroχFπψΛτusπvγFγpFsΛ≥ttγrπψμF≥tFpmziTFPhysicskLetterswkSectionkB:k
NuclearwkElementarykParticlekandkHighxEnergykPhysicsRF2016RF^[^RFZ]_SZ^X 4.2 7

153
uγ≥surγχγψtFoθFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsF≥ψαF’QU’â��FΛrossSsγΛtπoψFr≥tπosFθorF’FbosoψFproαuΛtπoψF
πψF≥ssoΛπ≥tπoψFwπtνFργtsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2018RFXVW_RFW

5.4 7

152 {γ≥rΛνFθorFτ≥rμγFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψF≥ssoΛπ≥tπoψFwπtνFoψγFtopSqu≥rσFπψFprotoψSprotoψF
ΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 7

151 uγ≥surγχγψtFoθFlP´–FproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFJournalkofkHighkEnergykPhysics
RF2013RFXVWYRFW 5.4 7

150 uγ≥surγχγψtFoθFlF´–FproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFγpFsΛ≥ttγrπψμFwπtνFtνγF m~{FαγtγΛtorF≥tFpmziTF
JournalkofkHighkEnergykPhysicsRF2013RFXVWYRFW 5.4 7

149 uγ≥surγχγψtFoθFtνγFNFtovγrτπψγ{t}μ≥χχ≥FOFproαuΛtπoψFΛrossFsγΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 7

148 uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFtoF SbosoψFΛrossSsγΛtπoψFr≥tπosF≥tFNFsqrt{s}eWYFOFRF_RF^F}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 7

147
{γ≥rΛνFθorFαπrγΛtFtopFsqu≥rσFp≥πrFproαuΛtπoψFπψFγvγψtsFwπtνF≥FpπμμsForF FbosoψRF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2017RFXVW^RFW

5.4 7

146
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψF≥FτγptoψFpτusFνπμνFργtFχuτtπpτπΛπtyFθπψ≥τFst≥tγFwπtνFtνγFi}ti{F
γxpγrπχγψtFusπψμFNFsqrt{s}eWYFOF}γ‘FprotoψSprotoψFΛoττπsπoψFα≥t≥TFJournalkofkHighkEnergykPhysicsRF
2017RFXVW^RFW

5.4 7

145 {tuαπγsFoθF ˛‡FproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνF≥FνπμνSχ≥ssFαπργtFsystγχFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 7

144
iψ≥τysπsFoθFtνγF’tbFvγrtγxFθroχFtνγFχγ≥surγχγψtFoθFtrπpτγSαπθθγrγψtπ≥τF≥ψμuτ≥rFαγΛ≥yFr≥tγsFoθF
sπψμτγFtopFqu≥rσsFproαuΛγαFπψFtνγFtSΛν≥ψψγτF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2017RFXVW^RFW

5.4 7

143 mxΛτusπvγFγτγΛtroproαuΛtπoψFoθFtwoFpπoψsF≥tFpmziTFEuropeankPhysicalkJournalkCRF2012RF^XRFW 4.2 7

142 {ubργtFαπstrπbutπoψsFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFEuropeankPhysicalkJournalkCRF2009RF]YRF[X^S[Z_ 4.2 7

141 mvγψtsFwπtνF≥ψFπsoτ≥tγαFτγptoψF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχF≥ψαFχγ≥surγχγψtFoθF’F
proαuΛtπoψF≥tFpmziTFJournalkofkHighkEnergykPhysicsRF2010RFXVWVRFW 5.4 7
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140 uγ≥surγχγψtFoθFtνγFtr≥ψsvγrsγFχoχγψtuχFαπstrπbutπoψFoθFlrγττâ��—≥ψFτγptoψFp≥πrsFπψFprotoψâ��protoψF
ΛoττπsπoψsF≥tFNsqrt{s}eWYRO}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 7

139 {γ≥rΛνFθorFtypγSqqqFsγγs≥wFνγ≥vyFτγptoψsFπψFαπτγptoψFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FeFWYR{tγxtF
{}γ‘}}FOFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 7

138
{γ≥rΛνFθorF≥Fνγ≥vyFpπμμsFbosoψFαγΛ≥yπψμFπψtoF≥F FbosoψF≥ψαF≥ψotνγrFνγ≥vyFpπμμsFbosoψFπψFtνγFNγττF
γττFbbOF≥ψαFNγττFγττF’’OFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNsqrt{s}eWYOFNtγxtF{}γ‘}OFwπtνFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW

4.2 7

137 uγ≥surγχγψtFoθFtνγF¯norχuτ≥bFsγγFtγxt]FαπργtFΛrossFsγΛtπoψFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]´ }γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF]^V 4.2 7

136 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFαπθθγrγψtSθτ≥vourFνπμνSχ≥ssFαπτγptoψFθπψ≥τFst≥tγsFπψFΛoττπsπoψsF≥tF
¯norχuτ≥bFsγγFtγxt]´ }γvFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF[ZW 4.2 7

135 {γ≥rΛνFθorFαπrγΛtFtopFsqu≥rσFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFtwoFt≥uFτγptoψsFπψFΛoττπsπoψsF≥tF
¯norχuτ≥bFsγγFtγxt]´ }γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RF_W 4.2 7

134 uγ≥surγχγψtFoθFN’×pχFOFbosoψFproαuΛtπoψFπψFxbQxbFΛoττπsπoψsF≥tFNsqrt{sℓ{χ≥tνrχ{vv}}}FeF
[TVX~tγxtF{}γ}tγxtF{‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 7

133 {γ≥rΛνFθorFbottoχSsqu≥rσFp≥πrFproαuΛtπoψFwπtνFtνγFi}ti{FαγtγΛtorFπψFθπψ≥τFst≥tγsFΛoψt≥πψπψμFpπμμsF
bosoψsRFbSργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 7

132 uγ≥surγχγψtsFoθF’pF≥ψαF pFproαuΛtπoψFπψFtνγFNpFrπμνt≥rrowFbb≥r{b}OFαγΛ≥yFΛν≥ψψγτFπψFppF
ΛoττπsπoψsF≥tFNWYRtγxtF{}γ}tγxtF{‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 7

131 iFψγwFχγtνoαFtoFαπstπψμuπsνFν≥αroψπΛ≥ττyFαγΛ≥yπψμFboostγαFbosoψsFθroχFbosoψsFusπψμFtνγFi}ti{F
αγtγΛtorTFEuropeankPhysicalkJournalkCRF2016RF^]RFXY_ 4.2 6

130
uγ≥surγχγψtFoθFtνγFχuoψFψγutrπψoFΛν≥rμγαSΛurrγψtFΛrossFsγΛtπoψsFoψFw≥tγrRFνyαroΛ≥rboψF≥ψαF
πroψRF≥ψαFtνγπrFr≥tπosRFwπtνFtνγF}XsFoψS≥xπsFαγtγΛtorsTFProgresskofkTheoreticalkandkExperimentalk
PhysicsRF2019RFXVWaRF

5.4 6

129 {γ≥rΛνFθorFχπΛrosΛopπΛFbτ≥ΛσFνoτγsF≥ψαFstrπψμFb≥ττsFπψFθπψ≥τFst≥tγsFwπtνFτγptoψsF≥ψαFργtsFwπtνFtνγF
i}ti{FαγtγΛtorF≥tFNFsqrt{s}FOFeF_F}γ‘TFJournalkofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 6

128
uγ≥surγχγψtsFoθFΛν≥rμγF≥ψαFkxF≥syχχγtrπγsFπψFbSν≥αroψFαγΛ≥ysFusπψμFtopSqu≥rσFγvγψtsFΛoττγΛtγαF
byFtνγFi}ti{FαγtγΛtorFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2017RF
XVW^RFW

5.4 6

127 }opSqu≥rσFχ≥ssFχγ≥surγχγψtFπψFtνγF≥ττSν≥αroψπΛFNFtovγrτπψγ{t}FOFαγΛ≥yFΛν≥ψψγτF≥tFNFsqrt{s}e_FOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 6

126 wrtνoSposπtroψπuχFobsγrv≥tπoψFπψFtνγFloubτγFkνoozFγxpγrπχγψtTFJournalkofkHighkEnergykPhysicsRF
2014RFXVWZRFW 5.4 6

125 uγ≥surγχγψtFoθFrUˇ�FpνotoproαuΛtπoψF≥tFτ≥rμγFχoχγψtuχFtr≥ψsθγrF≥tFpmziTFJournalkofkHighkEnergyk
PhysicsRF2010RFXVWVRFW 5.4 6

124 xνotoproαuΛtπoψFoθFγvγψtsFwπtνFr≥pπαπtyFμ≥psFbγtwγγψFργtsF≥tFpmziTFEuropeankPhysicalkJournalkCRF
2007RF[VRFX_YSXa^ 4.2 6

123 }woSp≥rtπΛτγF≥zπχutν≥τFΛorrγτ≥tπoψsF≥sF≥FprobγFoθFΛoττγΛtπvγFbγν≥vπourFπψFαγγpFπψγτ≥stπΛFγpF
sΛ≥ttγrπψμF≥tFpmziTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 6
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122 {γ≥rΛνFθorFNFtovγrτπψγ{t}FOFrγsoψ≥ψΛγsFπψFθuττyFν≥αroψπΛFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF
}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 6

121
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FwπtνFtopFqu≥rσFp≥πrsFπψFθπψ≥τFst≥tγsFwπtνFoψγFτγptoψRFργtsRF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2021RFXVXWRFW

5.4 6

120
{γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFθπψ≥τFst≥tγsFwπtνFbSργtsF≥ψαFχπssπψμFtr≥ψsvγrsγFχoχγψtuχFπψFNF
sqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF
2021RFXVXWRFW

5.4 6

119
{γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFtνπrαSμγψγr≥tπoψFsΛ≥τ≥rFτγptoqu≥rσsFαγΛ≥yπψμFπψtoF≥FtopFqu≥rσF≥ψαF≥F
ˇ�SτγptoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2021RFXVXWRFW

5.4 6

118
uγ≥surγχγψtFoθFtνγFNF μ≥χχ≥FtoFψuFovγrτπψγ{ψu}μ≥χχ≥FOFproαuΛtπoψFΛrossFsγΛtπoψFπψFppFΛoττπsπoψsF
≥tFNFsqrt{s}eWYFOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF≥ψαFτπχπtsFoψF≥ψoχ≥τousFtrπpτγFμ≥uμγSbosoψF
ΛoupτπψμsTFJournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW

5.4 6

117 {γ≥rΛνFθorFγxΛτusπvγFpπμμsF≥ψαF FbosoψFαγΛ≥ysFtoFg˛‡F≥ψαFˇ�˛‡FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2018RFXVW_RFW 5.4 6

116
uγ≥surγχγψtFoθFργtF≥ΛtπvπtyFproαuΛγαFπψFtopSqu≥rσFγvγψtsFwπtνF≥ψFγτγΛtroψRF≥FχuoψF≥ψαFtwoF
St≥μμγαFργtsFπψFtνγFθπψ≥τFst≥tγFπψFΛoττπsπoψsF≥tF¯norχuτ≥bFsγγFtγxt]F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2017RF^^RFXXV

4.2 5

115 tπχπtsFoψFΛoψt≥ΛtFπψtγr≥ΛtπoψsF≥ψαFτγptoqu≥rσsF≥tFpmziTFPhysicalkReviewkDRF2019RFaaRF 4.9 5

114 uγ≥surγχγψtFoθFtνγFr≥tπoFoθFΛrossFsγΛtπoψsFθorFπψΛτusπvγFπsoτ≥tγαSpνotoψFproαuΛtπoψFπψFppFΛoττπsπoψsF
≥tFNFsqrt{s}FOFeFWYF≥ψαF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 5

113 uγ≥surγχγψtFoθFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFoθF≥FsπψμτγFtopFqu≥rσFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνF≥F
bosoψF≥tFwπtνFi}ti{TFEuropeankPhysicalkJournalkCRF2018RF^_RFW_] 4.2 5

112 uγ≥surγχγψtFoθFπψγτ≥stπΛFrUˇ�F≥ψαFˇ�gFpνotoproαuΛtπoψF≥tFpmziTFJournalkofkHighkEnergykPhysicsRF
2013RFXVWYRFW 5.4 5

111 uγ≥surγχγψtFoθFbSν≥αroψFp≥πrFproαuΛtπoψFwπtνFtνγFi}ti{FαγtγΛtorFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNF
sqrt{s}e_FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 5

110 uγ≥surγχγψtFoθFθourSργtFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsFπψFNFsqrt{s}e_FOF}γ‘FprotoψSprotoψFΛoττπsπoψsF
usπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFWS^] 5.4 5

109
uγ≥surγχγψtsFoθFtνγFproαuΛtπoψFΛrossSsγΛtπoψFθorF≥F FbosoψFπψF≥ssoΛπ≥tπoψFwπtνFbSργtsFπψF
protoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2020RFXVXVRFW

5.4 5

108
{γ≥rΛνFθorFtνγFppFSfFNFbovγrτπψγ{b}bovγrτπψγ{b}FOFproΛγssFvπ≥FvγΛtorSbosoψFθusπoψFproαuΛtπoψFusπψμF
protoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergyk
PhysicsRF2020RFXVXVRFW

5.4 5

107 wbsγrv≥tπoψFoθFtνγF≥ssoΛπ≥tγαFproαuΛtπoψFoθF≥FtopFqu≥rσF≥ψαF≥F FbosoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOeF
WYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 5

106 uγ≥surγχγψtFoθFτπμνtSbySτπμνtFsΛ≥ttγrπψμF≥ψαFsγ≥rΛνFθorF≥xπoψSτπσγFp≥rtπΛτγsFwπtνFXTXFψbâ��WFoθFxbQxbF
α≥t≥FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 5

105
{γ≥rΛνFθorFp≥πrFproαuΛtπoψFoθFsΛ≥τ≥rFτγptoqu≥rσsFαγΛ≥yπψμFπψtoFθπrstSForFsγΛoψαSμγψγr≥tπoψFτγptoψsF
≥ψαFtopFqu≥rσsFπψFprotoψâ��protoψFΛoττπsπoψsF≥tFNsqrt{s}OFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2021RF_WRFW

4.2 5

(2021-2020)
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104
uγ≥surγχγψtFoθFγvγψtSsν≥pγFobsγrv≥bτγsFπψF¯norχuτ≥bFsγγFtγxt]FγvγψtsFπψFΛoττπsπoψsF≥tF¯norχuτ≥bF
sγγFtγxt]´ ¯norχuτ≥bFsγγFtγxt]FwπtνFtνγFi}ti{FαγtγΛtorF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2016RF
^]RFY^[

4.2 5

103 uγ≥surγχγψtFoθFtνγFrγτ≥tπvγFwπαtνFαπθθγrγψΛγFoθFtνγFNF{j}×Vνbox{S}F{ovγrτπψγ{j}}×VFOFsystγχFwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 5

102 lπθθγrγψtπ≥τFΛrossSsγΛtπoψFχγ≥surγχγψtsFθorFtνγFγτγΛtrowγ≥σFproαuΛtπoψFoθFαπργtsFπψF≥ssoΛπ≥tπoψF
wπtνF≥F FbosoψFπψFprotoψâ��protoψFΛoττπsπoψsF≥tFi}ti{TFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 5

101 {γ≥rΛνFθorFα≥rσFχ≥ttγrFπψF≥ssoΛπ≥tπoψFwπtνF≥ψFγψγrμγtπΛFpνotoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 5

100 uγ≥surγχγψtFoθFΛoτourFθτowFusπψμFργtSpuττFobsγrv≥bτγsFπψFγvγψtsFwπtνFtνγFi}ti{FγxpγrπχγψtF≥tTF
EuropeankPhysicalkJournalkCRF2018RF^_RF_Z^ 4.2 5

99 mψγrμySnroψtπγrFtγptoψSp≥αroψFkoττπsπoψsF≥tFkmzvbF}νγFtpγkF≥ψαFtνγFnkkSγνTFInternationalkJournalk
ofkModernkPhysicskConferencekSeriesRF2018RFZ]RFW_]VV_W 0.7 5

98 uγ≥surγχγψtFoθFtνγFπψΛτusπvγF≥ψαFθπαuΛπ≥τFproαuΛtπoψFΛrossSsγΛtπoψsFπψFtνγFτγptoψQργtsFΛν≥ψψγτFπψF
ΛoττπsπoψsF≥tFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2018RF^_RFZ_^ 4.2 5

97 uγ≥surγχγψtFoθFtνγFΛν≥rμγαSΛurrγψtFγτγΛtroψFN≥ψtπSOψγutrπψoFπψΛτusπvγFΛrossSsγΛtπoψsF≥tFtνγF}XsF
oθθS≥xπsFψγ≥rFαγtγΛtorFvlX_VTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 4

96 {γ≥rΛνFθorFmτγΛtroψFiψtπψγutrπψoFippγ≥r≥ψΛγFπψF≥FtoψμSj≥sγτπψγFuuoψFiψtπψγutrπψoFjγ≥χTFPhysicalk
ReviewkLettersRF2020RFWXZRFW]W_VX 7.4 4

95 uuoψFΛ≥pturγFoψFτπμνtFπsotopγsFχγ≥surγαFwπtνFtνγFloubτγFkνoozFαγtγΛtorTFPhysicalkReviewkCRF2016RF
aYRF 2.7 4

94 uγ≥surγχγψtFoθFργtF≥ΛtπvπtyFπψFtopFqu≥rσFγvγψtsFusπψμFtνγFγ˛…Fθπψ≥τFst≥tγFwπtνFtwoFbSt≥μμγαFργtsFπψFppF
ΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2016RFXVW]RFW 5.4 4

93 {γ≥rΛνFθorF≥ψFmxΛγssFoθFmvγψtsFπψFtνγF{upγrSs≥χπoσ≥ψαγFlγtγΛtorFπψFtνγFlπrγΛtπoψsFoθFtνγF
istropνysπΛ≥τFvγutrπψosFzγportγαFbyFtνγFqΛγkubγFkoττ≥bor≥tπoψTFAstrophysicalkJournalRF2017RF_[VRFW]] 4.7 4

92 koχbπψ≥tπoψFoθFαπθθγrγψtπ≥τFlP´–FΛrossSsγΛtπoψFχγ≥surγχγψtsFπψFαγγpSπψγτ≥stπΛFγpFsΛ≥ttγrπψμF≥tF
pmziTFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 4

91 uγ≥surγχγψtFoθFψγutr≥τFΛurrγψtFΛrossFsγΛtπoψsF≥tFνπμνFjρorσγψSxFwπtνFtνγF m~{FαγtγΛtorF≥tFpmziTF
EuropeankPhysicalkJournalkCRF2007RFZaRF[XYS[ZZ 4.2 4

90 {γ≥rΛνFθorFνγ≥vyFαπbosoψFrγsoψ≥ψΛγsFπψFsγχπτγptoψπΛFθπψ≥τFst≥tγsFπψFppFΛoττπsπoψsF≥tFNsqrt{s}eWYOF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 4

89 iτπμψχγψtFoθFtνγFi}ti{FqψψγrFlγtγΛtorFπψFzuψFXTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 4

88 uγ≥surγχγψtFoθFrUˇ�FproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνF≥F’´–FbosoψFwπtνFppFα≥t≥F≥tF_F}γ‘TFJournalkofk
HighkEnergykPhysicsRF2020RFXVXVRFW 5.4 4

87 kν≥r≥Λtγrπz≥tπoψFoθFtνγFspoψt≥ψγousFτπμνtFγχπssπoψFoθFtνγFxu}sFusγαFπψFtνγFloubτγFkνoozF
γxpγrπχγψtTFJournalkofkInstrumentationRF2016RFWWRFxV_VVWSxV_VVW 1 4

MasahirouKuze
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86
uγ≥surγχγψtFoθFtνγFπψΛτusπvγFΛrossSsγΛtπoψFθorFtνγFproαuΛtπoψFoθFργtsFπψF≥ssoΛπ≥tπoψFwπtνF≥F FbosoψF
πψFprotoψâ��protoψFΛoττπsπoψsF≥tF_F}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF
^aRFW

4.2 4

85
uγ≥surγχγψtsFoθFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsFoθFtopFqu≥rσFp≥πrFproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνFργtsFπψF
ppFΛoττπsπoψsF≥tFNFsqrt{s}eWYFOF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2018RF
XVW_RFW

5.4 4

84 {γ≥rΛνFθorFα≥rσFχ≥ttγrFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνF≥FsπψμτγFtopFqu≥rσFπψFNsqrt{s}eWYOF}γ‘FNppOF
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 4

83
{γ≥rΛνFθorFαπργtFrγsoψ≥ψΛγsFπψFγvγψtsFwπtνF≥ψFπsoτ≥tγαFΛν≥rμγαFτγptoψFusπψμFNFsqrt{s}FOFeFWYF}γ‘F
protoψSprotoψFΛoττπsπoψFα≥t≥FΛoττγΛtγαFbyFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RF
XVXVRFW

5.4 3

82 uγ≥surγχγψtFoθFτoψμSr≥ψμγFtwoSp≥rtπΛτγF≥zπχutν≥τFΛorrγτ≥tπoψsFπψF SbosoψFt≥μμγαFppFΛoττπsπoψsF≥tF
Nsqrt{s}e_OF≥ψαFWYF}γ‘TFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 3

81 uγ≥surγχγψtFoθFpoτ≥rπs≥tπoψFπψFαγΛ≥ysFπψFprotoψSprotoψFΛoττπsπoψsF≥tF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTF
EuropeankPhysicalkJournalkCRF2018RF^_RFW]Y 4.2 3

80 {γ≥rΛνFθorFγxΛπtγαFγτγΛtroψsFsπψμτyFproαuΛγαFπψFprotoψâ��protoψFΛoττπsπoψsF≥tFJJsqrt{s}F~e~WY~tγxtF
{}γ}tγxtF{‘}JJFwπtνFtνγFi}ti{FγxpγrπχγψtF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2019RF^aRF 4.2 3

79 uγ≥surγχγψtFoθFtνγFσFtFspτπttπψμFsΛ≥τγsFπψF FSfFâ��â��FγvγψtsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}e_FOF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2017RFXVW^RFW 5.4 3

78 t≥tγstFψγwsFθroχFloubτγFkνoozFrγ≥ΛtorFψγutrπψoFγxpγrπχγψtF2012RF 3

77 uγ≥surγχγψtFoθFlFQF≥ψαF˛�FΛFQFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFJournalkofkHighk
EnergykPhysicsRF2010RFXVWVRFW 5.4 3

76 }νγFt≥rμγFp≥αroψâ��mτγΛtroψFkoττπαγrF≥tFtνγFptStpkTFJournalkofkPhysicskG:kNuclearkandkParticlekPhysicsRF
2021RFZ_RFWWV[VW 2.9 3

75 uγ≥surγχγψtFoθFJJsℓ{×VJJF≥ψαFJJt≥χbα≥F×VJJFproαuΛtπoψFπψFJJtFb≥r{t}JJFαπτγptoψπΛFγvγψtsFπψFppF
ΛoττπsπoψsF≥tFJJsqrt{s}FeJJF^F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 3

74 lγtγrχπψ≥tπoψFoθFργtFΛ≥τπbr≥tπoψF≥ψαFγψγrμyFrγsoτutπoψFπψFprotoψâ��protoψFΛoττπsπoψsF≥tFNsqrt{s}FeF
_~νboxF{}γ‘}OFusπψμFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 3

73 uγ≥surγχγψtFoθFtνγFπψΛτusπvγFργtFΛrossSsγΛtπoψFπψFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{s}e^FOF}γ‘FusπψμF
ZT[Fθbâ��WFoθFα≥t≥FwπtνFtνγFi}ti{FαγtγΛtorF2015RFXVW[RFW 3

72 zγΛoψstruΛtπoψF≥ψαFπαγψtπθπΛ≥tπoψFoθFboostγαFαπSˇ�FsystγχsFπψF≥Fsγ≥rΛνFθorFpπμμsFbosoψFp≥πrsFusπψμFWYF
}γ‘FprotoψSprotoψFΛoττπsπoψFα≥t≥FπψFi}ti{TFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 3

71
{γ≥rΛνFθorFαoubτyF≥ψαFsπψμτyFΛν≥rμγαFpπμμsFbosoψsFαγΛ≥yπψμFπψtoFvγΛtorFbosoψsFπψFχuτtπSτγptoψFθπψ≥τF
st≥tγsFwπtνFtνγFi}ti{FαγtγΛtorFusπψμFprotoψSprotoψFΛoττπsπoψsF≥tFNFsqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘TF
JournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW

5.4 3

70 uγ≥surγχγψtFoθFν≥αroψπΛFγvγψtFsν≥pγsFπψFνπμνSp}FχuτtπργtFθπψ≥τFst≥tγsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 3

69 uγ≥surγχγψtFoθFαπstrπbutπoψsFsγψsπtπvγFtoFtνγFuψαγrτyπψμFγvγψtFπψFπψΛτusπvγF FbosoψFproαuΛtπoψFπψF
ppFΛoττπsπoψsF≥tFNsqrt{s}OFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 2

(2019-2019)
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68 kν≥rχFproαuΛtπoψFπψFΛν≥rμγαFΛurrγψtFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFJournalkofkHighkEnergyk
PhysicsRF2019RFXVWaRFW 5.4 2

67 uγ≥surγχγψtFoθFtνγF NSfFâ��Qâ��â��O˛‡FproαuΛtπoψFΛrossSsγΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 2

66 {tuαπγsFoθFtνγFαπθθr≥ΛtπvγFpνotoproαuΛtπoψFoθFπsoτ≥tγαFpνotoψsF≥tFpmziTFPhysicalkReviewkDRF2017RF
a]RF 4.9 2

65 {γ≥rΛνFθorFτowSsΛ≥τγFμr≥vπtyFsπμψ≥turγsFπψFχuτtπSργtFθπψ≥τFst≥tγsFwπtνFtνγFi}ti{FαγtγΛtorF≥tFNF
sqrt{s}e_FOF}γ‘TFJournalkofkHighkEnergykPhysicsRF2015RFXVW[RFW 5.4 2

64 uγ≥surγχγψtFoθFtνγFNtovγrτπψγ{t}OFproαuΛtπoψFΛrossSsγΛtπoψFusπψμFNγχuFOFγvγψtsFwπtνFNbOSt≥μμγαFργtsF
πψFNppOFΛoττπsπoψsF≥tFNsqrt{s}e^OF≥ψαF_F}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF2014RF^ZRFW 2

63 {γ≥rΛνFθorFψγwFpνγψoχγψ≥FπψFθπψ≥τFst≥tγsFwπtνF≥ψFγψγrμγtπΛFργtF≥ψαFτ≥rμγFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFppFΛoττπsπoψsF≥tFNsqrt{s}e_~O}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF2015RF^[RFW 2

62
{γ≥rΛνFθorFzSp≥rπtySvπoτ≥tπψμFsupγrsyχχγtryFπψF≥Fθπψ≥τFst≥tγFΛoψt≥πψπψμFτγptoψsF≥ψαFχ≥ψyFργtsFwπtνF
tνγFi}ti{FγxpγrπχγψtFusπψμFNsqrt{s}FeFWYνboxF{F}γ‘}OFprotoψâ��protoψFΛoττπsπoψFα≥t≥TFEuropeank
PhysicalkJournalkCRF2021RF_WRFW

4.2 2

61
{γ≥rΛνFθorFα≥rσFχ≥ttγrFπψFγvγψtsFwπtνFχπssπψμFtr≥ψsvγrsγFχoχγψtuχF≥ψαF≥FpπμμsFbosoψFαγΛ≥yπψμF
πψtoFtwoFpνotoψsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2021RFXVXWRFW

5.4 2

60 uγ≥surγχγψtFoθFbγ≥utyF≥ψαFΛν≥rχFproαuΛtπoψFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziF≥ψαF
χγ≥surγχγψtFoθFtνγFbγ≥utySqu≥rσFχ≥ssF2014RFXVWZRFW 2

59 uγ≥surγχγψtFoθFtνγFπψΛτusπvγFπsoτ≥tγαSpνotoψFΛrossFsγΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘F
usπψμFY]Fθbâ��WFoθFi}ti{Fα≥t≥TFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 2

58
uγ≥surγχγψtsFoθFπψΛτusπvγF≥ψαFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFoθFΛoχbπψγαFNFtovγrτπψγ{t}μ≥χχ≥FOF≥ψαF
t’˛‡FproαuΛtπoψFπψFtνγFγ˛…FΛν≥ψψγτF≥tFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysics
RF2020RFXVXVRFW

5.4 2

57 uγ≥surγχγψtFoθFπsoτ≥tγαSpνotoψFpτusFtwoSργtFproαuΛtπoψFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνF
tνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 2

56 wptπχπs≥tπoψFoθFτ≥rμγSr≥απusFργtFrγΛoψstruΛtπoψFθorFtνγFi}ti{FαγtγΛtorFπψFWYF}γ‘Fprotoψâ��protoψF
ΛoττπsπoψsTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 2

55 {γ≥rΛνFθorFsupγrsyχχγtryFπψFγvγψtsFwπtνFθourForFχorγFΛν≥rμγαFτγptoψsFπψFWYaFθbâ��WFoθFNFsqrt{s}FOFeF
WYF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 2

54 uγ≥surγχγψtFoθF  FproαuΛtπoψFπψFtνγFâ��â�� ˛‰ ˛‰Fθπψ≥τFst≥tγFwπtνFtνγFi}ti{FαγtγΛtorFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}FOFeFWYF}γ‘TFJournalkofkHighkEnergykPhysicsRF2019RFXVWaRFW 5.4 2

53 uγ≥surγχγψtFoθFN’×{pχF}OSbosoψF≥ψαF SbosoψFproαuΛtπoψFΛrossSsγΛtπoψsFπψFppFΛoττπsπoψsF≥tF
Nsqrt{s}eXT^]OF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2019RF^aRFW 4.2 2

52 nurtνγrFstuαπγsFoθFπsoτ≥tγαFpνotoψFproαuΛtπoψFwπtνF≥FργtFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTF
JournalkofkHighkEnergykPhysicsRF2018RFXVW_RFW 5.4 2

51 vovγτFγvγψtFΛτ≥ssπθπΛ≥tπoψFb≥sγαFoψFspγΛtr≥τF≥ψ≥τysπsFoθFsΛπψtπττ≥tπoψFw≥vγθorχsFπψFloubτγFkνoozTF
JournalkofkInstrumentationRF2018RFWYRFxVWVYWSxVWVYW 1 2
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50 {γ≥rΛνFθorFvγutrπψosFπψFkoπψΛπαγψΛγFwπtνFor≥vπt≥tπoψ≥τF’≥vγFmvγψtsFθroχFtνγFtqowâ��‘πrμoFwY≥F
wbsγrvπψμFzuψFwπtνFtνγF{upγrSs≥χπoσ≥ψαγFlγtγΛtorTFAstrophysicalkJournalRF2021RFaW_RF^_ 4.7 2

49
uγ≥surγχγψtsFoθFtopSqu≥rσFp≥πrFsπψμτγSF≥ψαFαoubτγSαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFπψFtνγF≥ττSν≥αroψπΛF
Λν≥ψψγτFπψFppFΛoττπsπoψsF≥tFNFsqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘FusπψμFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2021RFXVXWRFW

5.4 2

48 {tuαyFoθFprotoψFp≥rtoψFαπstrπbutπoψFθuψΛtπoψsF≥tFνπμνFxFusπψμF m~{Fα≥t≥TFPhysicalkReviewkDRF2020RF
WVWRF 4.9 1

47 {γ≥rΛνFθorF≥Fψ≥rrowFb≥ryoψπΛFst≥tγFαγΛ≥yπψμFtoFps{VF≥ψαFpgs{VFπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTF
PhysicskLetterswkSectionkB:kNuclearwkElementarykParticlekandkHighxEnergykPhysicsRF2016RF^[aRFZZ]SZ[Y 4.2 1

46 iFsγ≥rΛνFθorF≥ψFγxΛπtγαFχuoψFαγΛ≥yπψμFtoF≥FχuoψF≥ψαFtwoFργtsFπψppΛoττπsπoψsF≥tF
Jsqrt{s}cec_c{rχ{}γ‘}}JFwπtνFtνγFi}ti{FαγtγΛtorTFNewkJournalkofkPhysicsRF2016RFW_RFV^YVXW 2.9 1

45 nurtνγrFstuαπγsFoθFtνγFpνotoproαuΛtπoψFoθFπsoτ≥tγαFpνotoψsFwπtνF≥FργtF≥tFpmziTFJournalkofkHighk
EnergykPhysicsRF2014RFXVWZRFW 5.4 1

44 uγ≥surγχγψtFoθFlFPFpνotoproαuΛtπoψF≥tFtνrγγFαπθθγrγψtFΛγψtrγSoθSχ≥ssFγψγrμπγsF≥tFpmziTFJournalk
ofkHighkEnergykPhysicsRF2014RFXVWZRFW 5.4 1

43 {Λ≥τγαFχoχγψtuχFαπstrπbutπoψsFθorFNFsℓ{×VFOs{F≥ψαFNFt≥χbα≥FUb≥r{t≥χbα≥F}FOFπψFlq{F≥tFpmziTF
JournalkofkHighkEnergykPhysicsRF2012RFXVWXRFW 5.4 1

42 {tuαyFoθFt≥up≥πrFproαuΛtπoψF≥tFpmziTFJournalkofkHighkEnergykPhysicsRF2011RFXVWWRFW 5.4 1

41 {Λ≥τγαFχoχγψtuχFspγΛtr≥FπψFαγγpFπψγτ≥stπΛFsΛ≥ttγrπψμF≥tFpmziTFJournalkofkHighkEnergykPhysicsRF2010
RFXVWVRFW 5.4 1

40 {γ≥rΛνFθorFproαuΛtπoψFoθFN’’U’ OFrγsoψ≥ψΛγsFαγΛ≥yπψμFtoF≥FτγptoψRFψγutrπψoF≥ψαFργtsFπψFNppOF
ΛoττπsπoψsF≥tFNsqrt{s}e_OF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorF2015RF^[RFW 1

39 uγ≥surγχγψtFoθFtνγFΛν≥rμγF≥syχχγtryFπψFtopSqu≥rσFp≥πrFproαuΛtπoψFπψFtνγFτγptoψSpτusSργtsFθπψ≥τF
st≥tγFπψFppFΛoττπsπoψFα≥t≥F≥tFNsqrt{s}e_Rχ≥tνrχF}γ‘{}OFwπtνFtνγFi}ti{FαγtγΛtorF2016RF^]RFW 1

38 uγ≥surγχγψtFoθFtνγF’SbosoψFχ≥ssFπψFppFΛoττπsπoψsF≥tFNsqrt{s}e^RFνboxF{}γ‘}OFwπtνFtνγFi}ti{F
αγtγΛtorF2018RF^_RFW 1

37 {γ≥rΛνFθorFαoubτyFΛν≥rμγαFpπμμsFbosoψFproαuΛtπoψFπψFχuτtπSτγptoψFθπψ≥τFst≥tγsFwπtνFtνγFi}ti{F
αγtγΛtorFusπψμFprotoψâ��protoψFΛoττπsπoψsF≥tFNsqrt{s}eWYRtγxtF{}γ‘}OF2018RF^_RFW 1

36 {γ≥rΛνFθorFtopFsqu≥rσsFπψFγvγψtsFwπtνF≥FpπμμsForF FbosoψFusπψμFWYaFθbN×{SW}OFoθFppFΛoττπsπoψFα≥t≥F≥tF
Nsqrt{s}eWYOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2020RF_VRFW 4.2 1

35 {γ≥rΛνFθorFνγ≥vyFrγsoψ≥ψΛγsFαγΛ≥yπψμFπψtoF≥F’ForF FbosoψF≥ψαF≥FpπμμsFbosoψFπψFθπψ≥τFst≥tγsFwπtνF
τγptoψsF≥ψαFbSργtsFπψFY]Fθbâ��WFoθFNFsqrt{s}eWYFOF}γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorF2018RFXVW_RFW 1

34 uγ≥surγχγψtFoθFαπθθγrγψtπ≥τFΛrossFsγΛtπoψsFθorFsπψμτγFαπθθr≥ΛtπvγFαπssoΛπ≥tπoψFπψFNFsqrt{s}FOFeF_F}γ‘FppF
ΛoττπsπoψsFusπψμFtνγFi}ti{FitniFspγΛtroχγtγrTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW 5.4 1

33
{γ≥rΛνFθorFαπrγΛtFproαuΛtπoψFoθFγτγΛtrowγ≥σπψosFπψFθπψ≥τFst≥tγsFwπtνFχπssπψμFtr≥ψsvγrsγFχoχγψtuχF
≥ψαF≥FpπμμsFbosoψFαγΛ≥yπψμFπψtoFpνotoψsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{F
αγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2020RFXVXVRFW

5.4 1
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32
uγ≥surγχγψtsFoθF˛‰F˛…F≥ψαF˛‰F˛…FQF˛‰˛…FΛν≥rμγαSΛurrγψtFΛrossSsγΛtπoψsFwπtνoutFαγtγΛtγαFpπoψsForF
protoψsFoψFw≥tγrF≥ψαFνyαroΛ≥rboψF≥tF≥Fχγ≥ψF≥ψtπSψγutrπψoFγψγrμyFoθFVT_]Foγ‘TFProgresskofk
TheoreticalkandkExperimentalkPhysicsRF2021RFXVXWRF

5.4 1

31
{γ≥rΛνFθorFpπμμsFbosoψFproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνF≥FνπμνSγψγrμyFpνotoψFvπ≥FvγΛtorSbosoψF
θusπoψFwπtνFαγΛ≥yFπψtoFbottoχFqu≥rσFp≥πrsF≥tFNFsqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofk
HighkEnergykPhysicsRF2021RFXVXWRFW

5.4 1

30
lγtγrχπψ≥tπoψFoθFtνγFp≥rtoψFαπstrπbutπoψFθuψΛtπoψsFoθFtνγFprotoψFθroχFi}ti{Fχγ≥surγχγψtsFoθF
απθθγrγψtπ≥τF’´–F≥ψαF FbosoψFproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνFργtsTFJournalkofkHighkEnergykPhysicsRF2021
RFXVXWRFW

5.4 1

29 iFsγ≥rΛνFθorFtνγFαγΛ≥ysFoθFstoppγαFτoψμSτπvγαFp≥rtπΛτγsF≥tFNFsqrt{χ≥tνrχ{s}}FOFeFWYF}γ‘FwπtνFtνγF
i}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 1

28 {γ≥rΛνFθorFtγψsFoθFuγ‘FψγutrπψosF≥ssoΛπ≥tγαFwπtνFμ≥χχ≥Sr≥yFburstsFπψF{upγrSs≥χπoσ≥ψαγTFProgressk
ofkTheoreticalkandkExperimentalkPhysicsR 5.4 1

27 uγ≥surγχγψtFoθFsπψμτγFtopSqu≥rσFproαuΛtπoψFπψF≥ssoΛπ≥tπoψFwπtνF≥F’FbosoψFπψFtνγFsπψμτγSτγptoψF
Λν≥ψψγτF≥tFNsqrt{s}FeF_RtγxtF{}γ‘}OFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 1

26 {γ≥rΛνFθorFsπμψ≥turγsFoθFstγrπτγFψγutrπψosFwπtνFloubτγFkνoozTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 1

25
uγ≥surγχγψtsFoθFtνγFπψΛτusπvγF≥ψαFαπθθγrγψtπ≥τFproαuΛtπoψFΛrossFsγΛtπoψsFoθF≥FtopSqu≥rσâ��≥ψtπqu≥rσF
p≥πrFπψF≥ssoΛπ≥tπoψFwπtνF≥F FbosoψF≥tFNsqrt{s}FeFWYOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalk
JournalkCRF2021RF_WRFW

4.2 1

24 {γ≥rΛνFθorFpνγψoχγψ≥FbγyoψαFtνγF{t≥ψα≥rαFuoαγτFπψFγvγψtsFwπtνFτ≥rμγFbSργtFχuτtπpτπΛπtyFusπψμFtνγF
i}ti{FαγtγΛtorF≥tFtνγFtpkTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 1

23
{γ≥rΛνFθorFΛν≥rμπψoâ��ψγutr≥τπψoFp≥πrFproαuΛtπoψFπψFθπψ≥τFst≥tγsFwπtνFtνrγγFτγptoψsF≥ψαFχπssπψμF
tr≥ψsvγrsγFχoχγψtuχFπψFJJsqrt{s}FeFWYJJ´ }γ‘FppFΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeank
PhysicalkJournalkCRF2021RF_WRFW

4.2 1

22 koψθπμur≥tπoψF≥ψαFpγrθorχ≥ψΛγFoθFtνγFi}ti{FbSργtFtrπμμγrsFπψFzuψFXTFEuropeankPhysicalkJournalkCRF
2021RF_WRFW 4.2 1

21 lγtγrχπψ≥tπoψFoθFtνγFp≥rtoψFαπstrπbutπoψFθuψΛtπoψsFoθFtνγFprotoψFusπψμFαπvγrsγFi}ti{Fα≥t≥FθroχFppF
ΛoττπsπoψsF≥tFJJsqrt{s}FeF^JJRF_F≥ψαFWY´ }γ‘TFEuropeankPhysicalkJournalkCRF2022RF_XRFW 4.2 1

20 xγrθorχ≥ψΛγFoθFtνγFi}ti{FtγvγτSWFtopoτoμπΛ≥τFtrπμμγrFπψFzuψ´ XTFEuropeankPhysicalkJournalkCRF2022RF
_XRFW 4.2 0

19
{γ≥rΛνFθorFγxotπΛFαγΛ≥ysFoθFtνγFpπμμsFbosoψFπψtoFbJJFovγrτπψγ{b}FJJF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχFπψFppFΛoττπsπoψsF≥tFJJFsqrt{s}FJJFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighk
EnergykPhysicsRF2022RFXVXXRFW

5.4 0

18
wbsγrv≥tπoψFoθFγτγΛtrowγ≥σFproαuΛtπoψFoθFtwoFργtsFπψF≥ssoΛπ≥tπoψFwπtνF≥ψFπsoτ≥tγαFpνotoψF≥ψαF
χπssπψμFtr≥ψsvγrsγFχoχγψtuχRF≥ψαFsγ≥rΛνFθorF≥FpπμμsFbosoψFαγΛ≥yπψμFπψtoFπψvπsπbτγFp≥rtπΛτγsF≥tF
WY´ JJtγxtF{}γ‘}JJFwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2022RF_XRFW

4.2 0

17 uγ≥surγχγψtFoθFtνγFtNFovγrτπψγ{t}FOtNFovγrτπψγ{t}FOFproαuΛtπoψFΛrossFsγΛtπoψFπψFppFΛoττπsπoψsF≥tFNF
sqrt{s}FOFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 0

16 uγ≥surγχγψtsFoθF’Q’â��QFâ�¥FWFργtFproαuΛtπoψFΛrossSsγΛtπoψsFπψFppFΛoττπsπoψsF≥tFNFsqrt{s}FOFeFWYF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 0

15 uγ≥surγχγψtsFoθFpπμμsFbosoψsFαγΛ≥yπψμFtoFbottoχFqu≥rσsFθroχFvγΛtorFbosoψFθusπoψFproαuΛtπoψF
wπtνFtνγFi}ti{FγxpγrπχγψtF≥tFNsqrt{s}eWYRtγxtF{}γ‘}OTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 0
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14 uγ≥surγχγψtsFoθFαπθθγrγψtπ≥τFΛrossSsγΛtπoψsFπψFθourSτγptoψFγvγψtsFπψFWYF}γ‘FprotoψSprotoψF
ΛoττπsπoψsFwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 0

13 zγ≥ΛtorFr≥tγFχoαuτ≥tπoψFosΛπττ≥tπoψF≥ψ≥τysπsFwπtνFtwoFαγtγΛtorsFπψFloubτγFkνoozTFJournalkofkHighk
EnergykPhysicsRF2021RFXVXWRFW 5.4 0

12 {γ≥rΛνFθorFsqu≥rσsF≥ψαFμτuπψosFπψFθπψ≥τFst≥tγsFwπtνFoψγFπsoτ≥tγαFτγptoψRFργtsRF≥ψαFχπssπψμFtr≥ψsvγrsγF
χoχγψtuχF≥tFNsqrt{s}eWYOF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFEuropeankPhysicalkJournalkCRF2021RF_WRFW 4.2 0

11
{γ≥rΛνFθorFpπμμsFbosoψsFαγΛ≥yπψμFπψtoFψγwFspπψSVForFspπψSWFp≥rtπΛτγsFπψFθourSτγptoψFθπψ≥τFst≥tγsFwπtνF
tνγFi}ti{FαγtγΛtorFwπtνFWYaFθbâ��WFoθFppFΛoττπsπoψFα≥t≥F≥tFJJFsqrt{s}FJJFeFWYF}γ‘TFJournalkofkHighk
EnergykPhysicsRF2022RFXVXXRFW

5.4 0

10 itτn≥stYbF}νγFvγxtFoγψγr≥tπoψFoθFn≥stF{πχuτ≥tπoψFπψFi}ti{TFComputingkandkSoftwarekforkBigkScienceRF
2022RF]RFW 6 0

9
uγ≥surγχγψtFoθFtνγFγψγrμyFrγspoψsγFoθFtνγFi}ti{´ Λ≥τorπχγtγrFtoFΛν≥rμγα´ pπoψsFθroχFJJ’×{pχF
}rπμνt≥rrowFt≥uF×{pχF}Nrπμνt≥rrowFpπF×{pχF}ψuFℓ{t≥uF}OψuFℓ{t≥uF}JJFγvγψtsFπψFzuψ´ XFα≥t≥TFEuropeank
PhysicalkJournalkCRF2022RF_XRFW

4.2 0

8 qχp≥ΛtFoθFργtSproαuΛtπoψFα≥t≥FoψFtνγFψγxtStoSψγxtStoSτγ≥απψμSorαγrFαγtγrχπψ≥tπoψFoθFpmzixlnXTVF
p≥rtoψFαπstrπbutπoψsTFEuropeankPhysicalkJournalkCRF2022RF_XRFW 4.2 0

7 {γ≥rΛνFθorFsoτ≥rFγτγΛtroψF≥ψtπSψγutrπψosFαuγFtoFspπψSθτ≥vorFprγΛγssπoψFπψFtνγF{uψFwπtνF
{upγrSs≥χπoσ≥ψαγSq‘TFAstroparticlekPhysicsRF2022RFWYaRFWVX^VX 2.4 0

6
{γ≥rΛνFθorFα≥rσFχ≥ttγrFproαuΛγαFπψF≥ssoΛπ≥tπoψFwπtνF≥F{t≥ψα≥rαFuoαγτFpπμμsFbosoψFαγΛ≥yπψμFπψtoF
bSqu≥rσsFusπψμFtνγFθuττFzuψFXFα≥t≥sγtFθroχFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RF
XVXWRFW

5.4 0

5 uγ≥surγχγψtFoθFtνγFproαuΛtπoψFΛrossFsγΛtπoψFoθFp≥πrsFoθFπsoτ≥tγαFpνotoψsFπψFppFΛoττπsπoψsF≥tFWYF}γ‘F
wπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RFXVXWRFW 5.4 0

4
{γ≥rΛνFθorFγxotπΛFαγΛ≥ysFoθFtνγFpπμμsFbosoψFπψtoFτoψμSτπvγαFp≥rtπΛτγsFπψFppFΛoττπsπoψsF≥tFJJFsqrt{s}FJJF
eFWYF}γ‘FusπψμFαπspτ≥ΛγαFvγrtπΛγsFπψFtνγFi}ti{FπψψγrFαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RF
XVXWRFW

5.4 0

3 izπχutν≥τFΛorrγτ≥tπoψsFπψFpνotoproαuΛtπoψF≥ψαFαγγpFπψγτ≥stπΛFγpFsΛ≥ttγrπψμF≥tFpmziTFJournalkofk
HighkEnergykPhysicsRF2021RFXVXWRFW 5.4 0

2
uγ≥surγχγψtFoθFbSqu≥rσFθr≥μχγψt≥tπoψFpropγrtπγsFπψFργtsFusπψμFtνγFαγΛ≥yFj´–FSfFrUˇ�s´–FπψFppF
ΛoττπsπoψsF≥tFJJFsqrt{s}FJJFeFWYF}γ‘FwπtνFtνγFi}ti{FαγtγΛtorTFJournalkofkHighkEnergykPhysicsRF2021RF
XVXWRFW

5.4 0

1 }νγFi}ti{FπψψγrFαγtγΛtorFtrπμμγrFpγrθorχ≥ψΛγFπψFppFΛoττπsπoψsF≥tFWY´ }γ‘FαurπψμFtpkFzuψFXTF
EuropeankPhysicalkJournalkCRF2022RF_XRFW 4.2
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