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579 |πγFku{FγxpγrρmγntFatFtπγFkmzvFtpkTFJournalnofnInstrumentationRF2008RFYRF{V_VVZS{V_VVZ 1 1276

578
xrγΥρsγFαγtγrmρnatρonFoμFtπγFmassFoμFtπγFpρννsFΞosonFanαFtγstsFoμFΥompatρΞρψρtyFoμFρtsFΥoupψρnνsF
wρtπFtπγFstanαarαFmoαγψFprγαρΥtρonsFusρnνFprotonFΥoψψρsρonsFatF^FanαF_±normuψabFsγγFtγxtℓTFEuropeann
PhysicalnJournalnCRF2015RF^[RFXWX

4.2 399

577 wΞsγrvatρonFanαFstuαργsFoμFτγtFquγnΥπρnνFρnFxΞxΞFΥoψψρsρonsFatFsvveXT^]F|γ~TFPhysicalnReviewnCRF
2011RF_ZRF 2.7 395

576 wΞsγrvatρonFoμFψonνSranνγRFnγarSsραγFanνuψarFΥorrγψatρonsFρnFprotonSprotonFΥoψψρsρonsFatFtπγFtpkTF
JournalnofnHighnEnergynPhysicsRF2010RFXVWVRFW 5.4 389

575 |ransvγrsγSmomγntumFanαFpsγuαorapραρtyFαρstrρΞutρonsFoμFΥπarνγαFπaαronsFρnFppFΥoψψρsρonsFatF
squarγFrootFoμFsFeF^F|γ~TFPhysicalnReviewnLettersRF2010RFWV[RFVXXVVX 7.4 353

574 {tuαyFoμFπρνπSpF|FΥπarνγαFpartρΥψγFsupprγssρonFρnFxΞxΞFΥomparγαFtoFppFΥoψψρsρonsFatF
Nsqrt{s√{matπrm{vv}}}eXT^]~matπrm{|γ~}OTFEuropeannPhysicalnJournalnCRF2012RF^XRFW 4.2 316

573 wΞsγrvatρonFoμFaFnγwFΞosonFwρtπFmassFnγarFWX[Foγ~FρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOFanαF_F|γ~TF
JournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 261

572 {γarΥπFμorFαarχFmattγrRFγxtraFαρmγnsρonsRFanαFunpartρΥψγsFρnFmonoτγtFγvγntsFρnFprotonSprotonF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RFXY[ 4.2 250

571 mvγntFνγnγratorFtunγsFoΞtaρnγαFμromFunαγrψyρnνFγvγntFanαFmuψtρpartonFsΥattγrρnνFmγasurγmγntsTF
EuropeannPhysicalnJournalnCRF2016RF^]RFW[[ 4.2 250

570 wΞsγrvatρonFoμFtπγFαρpπotonFαγΥayFoμFtπγFpρννsFΞosonFanαFmγasurγmγntFoμFρtsFpropγrtργsTF
EuropeannPhysicalnJournalnCRF2014RF^ZRFYV^] 4.2 239

569 {tuαyFoμFtπγFmassFanαFspρnSparρtyFoμFtπγFpρννsFΞosonFΥanαραatγFvρaFρtsFαγΥaysFtoF¯FΞosonFpaρrsTF
PhysicalnReviewnLettersRF2013RFWWVRFV_W_VY 7.4 235

568 uγasurγmγntFoμFtπγFjsNVOSf˛…QF˛…SFΞranΥπρnνFμraΥtρonFanαFsγarΥπFμorFjNVOSf˛…QF˛…SFwρtπFtπγFku{F
γxpγrρmγntTFPhysicalnReviewnLettersRF2013RFWWWRFWVW_VZ 7.4 220

567 |ransvγrsγSmomγntumFanαFpsγuαorapραρtyFαρstrρΞutρonsFoμFΥπarνγαFπaαronsFρnFppFΥoψψρsρonsFatF
Nsqrt{s}FeFVTaFOFanαFXTY]F|γ~TFJournalnofnHighnEnergynPhysicsRF2010RFXVWVRFW 5.4 201

566 {γarΥπFμorFsupγrsymmγtryFatFtπγFtpkFρnFγvγntsFwρtπFτγtsFanαFmρssρnνFtransvγrsγFγnγrνyTFPhysicaln
ReviewnLettersRF2011RFWV^RFXXW_VZ 7.4 188

565 {upprγssρonFoμFnonSpromptFrUˇ�RFpromptFrUˇ�RFanαFNF}psρψonFONW{OFρnFxΞxΞFΥoψψρsρonsFatFNFsqrtF
{{{s√{tγxt{vv}}}}}FeFXT^]FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 184

564 {γarΥπγsFμorFγψγΥtrowγaχFproαuΥtρonFoμFΥπarνρnosRFnγutraψρnosRFanαFsψγptonsFαγΥayρnνFtoFψγptonsF
anαF’RF¯RFanαFpρννsFΞosonsFρnFppFΥoψψρsρonsFatF_´ |γ~TFEuropeannPhysicalnJournalnCRF2014RF^ZRFYVY] 4.2 183

563 wΞsγrvatρonFoμFsγquγntρaψF˛¥FsupprγssρonFρnFxΞxΞFΥoψψρsρonsTFPhysicalnReviewnLettersRF2012RFWVaRFXXXYVW 7.4 172
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562 {γarΥπFμorFtopSsquarχFpaρrFproαuΥtρonFρnFtπγFsρnνψγSψγptonFμρnaψFstatγFρnFppFΥoψψρsρonsFatFNsqrt{s}e_F
matπrm{|γ~}OTFEuropeannPhysicalnJournalnCRF2013RF^YRFW 4.2 162

561 kγntraψρtyFαγpγnαγnΥγFoμFαρπaαronFΥorrγψatρonsFanαFazρmutπaψFanρsotropyFπarmonρΥsFρnFxΞxΞF
ΥoψψρsρonsFatFNsqrt{s√{vv}}eFXT^]FmΞox{|γ~}OTFEuropeannPhysicalnJournalnCRF2012RF^XRFW 4.2 158

560 {γarΥπFμorFαarχFmattγrFanαFψarνγFγxtraFαρmγnsρonsFρnFmonoτγtFγvγntsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF
{^}FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 155

559 komΞρnγαFmγasurγmγntsFoμFpρννsFΞosonFΥoupψρnνsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeann
PhysicalnJournalnCRF2019RF^aRFZXW 4.2 153

558 {γarΥπFμorFπγavyFnγutrρnosFanαF±normuψabFsγγFtγxtℓFΞosonsFwρtπFrρνπtSπanαγαFΥoupψρnνsFρnF
protonSprotonFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2014RF^ZRFYWZa 4.2 149

557 uγasurγmγntFoμFtπγFγψψρptρΥFanρsotropyFoμFΥπarνγαFpartρΥψγsFproαuΥγαFρnFxΞxΞFΥoψψρsρonsFatF
svveXT^]F|γ~TFPhysicalnReviewnCRF2013RF_^RF 2.7 148

556 mvραγnΥγFμorFkoψψγΥtρvγFuuψtρpartρΥψγFkorrγψatρonsFρnFpSxΞFkoψψρsρonsTFPhysicalnReviewnLettersRF2015RF
WW[RFVWXYVW 7.4 145

555 {γarΥπFμorFtπγFstanαarαFmoαγψFpρννsFΞosonFproαuΥγαFρnFassoΥρatρonFwρtπFaF’ForFaF¯FΞosonFanαF
αγΥayρnνFtoFΞottomFquarχsTFPhysicalnReviewnDRF2014RF_aRF 4.9 145

554 uγasurγmγntFoμFpρννsFΞosonFproαuΥtρonFanαFpropγrtργsFρnFtπγF’’FαγΥayFΥπannγψFwρtπFψγptonρΥF
μρnaψFstatγsTFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 144

553 qnαρΥatρonsFoμFsupprγssρonFoμFγxΥρtγαF˛¥FstatγsFρnFxΞSxΞFΥoψψρsρonsFatFâ��NsNvvOOeXT^]F|γ~TFPhysicaln
ReviewnLettersRF2011RFWV^RFV[XYVX 7.4 137

552 {tuαyFoμFtπγFρnΥψusρvγFproαuΥtρonFoμFΥπarνγαFpρonsRFχaonsRFanαFprotonsFρnFppFΥoψψρsρonsFatFNsqrt{s}FeF
VTaRFXT^]RmΞox{FanαF}^~mΞox{|γ~}OTFEuropeannPhysicalnJournalnCRF2012RF^XRFW 4.2 133

551 {γarΥπFμorFρnvρsρΞψγFαγΥaysFoμFpρννsFΞosonsFρnFtπγFvγΥtorFΞosonFμusρonFanαFassoΥρatγαF¯pF
proαuΥtρonFmoαγsTFEuropeannPhysicalnJournalnCRF2014RF^ZRFXa_V 4.2 131

550 uγasurγmγntFoμFtπγFρnΥψusρvγF’FanαF¯FproαuΥtρonFΥrossFsγΥtρonsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF
|γ~FwρtπFtπγFku{FγxpγrρmγntTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 121

549 xromptFanαFnonSpromptFrUˇ�FproαuΥtρonFρnFppFΥoψψρsρonsFatFNsqrt{s}FeF^OF|γ~TFEuropeannPhysicaln
JournalnCRF2011RF^WRFW 4.2 118

548 {γarΥπFμorFαρτγtFrγsonanΥγsFρnF^F|γ~FppFΥoψψρsρonsFatFku{TFPhysicalnReviewnLettersRF2010RFWV[RFXWW_VW 7.4 116

547 {γarΥπFμorFαarχFmattγrFanαFψarνγFγxtraFαρmγnsρonsFρnFppFΥoψψρsρonsFyργψαρnνFaFpπotonFanαFmρssρnνF
transvγrsγFγnγrνyTFPhysicalnReviewnLettersRF2012RFWV_RFX]W_VY 7.4 116

546 iFsγarΥπFμorFaFαouΞψySΥπarνγαFpρννsFΞosonFρnFppFΥoψψρsρonsFatFNsqrt{s}FeF^FmΞox{|γ~}OTFEuropeann
PhysicalnJournalnCRF2012RF^XRFW 4.2 111

545 {γarΥπFμorFnγwFpπysρΥsFρnFtπγFmuψtρτγtFanαFmρssρnνFtransvγrsγFmomγntumFμρnaψFstatγFρnF
protonSprotonFΥoψψρsρonsFatFâ��sFeF^F|γ~TFPhysicalnReviewnLettersRF2012RFWVaRFW^W_VY 7.4 111
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544 uγasurγmγntFoμFπρνπγrSorαγrFπarmonρΥFazρmutπaψFanρsotropyFρnFxΞxΞFΥoψψρsρonsFatFsvveXT^]F|γ~TF
PhysicalnReviewnCRF2014RF_aRF 2.7 109

543 mvραγnΥγFμorFtransvγrsγSmomγntumSFanαFpsγuαorapραρtySαγpγnαγntFγvγntSpψanγFμψuΥtuatρonsFρnF
xΞxΞFanαFpxΞFΥoψψρsρonsTFPhysicalnReviewnCRF2015RFaXRF 2.7 104

542 uγasurγmγntsFoμFρnΥψusρvγF’FanαF¯FΥrossFsγΥtρonsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofn
HighnEnergynPhysicsRF2011RFXVWWRFW 5.4 104

541 uγasurγmγntFoμFαρμμγrγntρaψFtopSquarχSpaρrFproαuΥtρonFΥrossFsγΥtρonsFρnFppFΥoψψρsρonsFatFNsqrt{s}FeF^F
matπrm{|γ~}OTFEuropeannPhysicalnJournalnCRF2013RF^YRFW 4.2 102

540 {γarΥπFμorFaFψρνπtFΥπarνγαFpρννsFΞosonFρnFtopFquarχFαγΥaysFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^c|γ~FOTF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 101

539 ku{FtraΥχρnνFpγrμormanΥγFrγsuψtsFμromFγarψyFtpkFopγratρonTFEuropeannPhysicalnJournalnCRF2010RF^VRFWW][SWWaX4.2 99

538 uγasurγmγntFoμFtπγFαρμμγrγntρaψFΥrossFsγΥtρonFμorFtopFquarχFpaρrFproαuΥtρonFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RF[ZX 4.2 98

537 {γarΥπFμorFvarrowFzγsonanΥγsFlγΥayρnνFtoFlρτγtsFρnFxrotonSxrotonFkoψψρsρonsFatFâ��±sℓeWYFF|γ~TF
PhysicalnReviewnLettersRF2016RFWW]RFV^W_VW 7.4 96

536 wΞsγrvatρonFoμFtt±ovγrF´flℓpFxroαuΥtρonTFPhysicalnReviewnLettersRF2018RFWXVRFXYW_VW 7.4 96

535 {γarΥπγsFμorFψonνSψρvγαFΥπarνγαFpartρΥψγsFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFe^FanαF_F|γ~TFJournalnofnHighn
EnergynPhysicsRF2013RFXVWYRFW 5.4 96

534 izρmutπaψFanρsotropyFoμFΥπarνγαFpartρΥψγsFatFπρνπFtransvγrsγFmomγntaFρnFxΞSxΞFΥoψψρsρonsFatF
sqrt±sNvvOℓFeFXT^]FF|γ~TFPhysicalnReviewnLettersRF2012RFWVaRFVXXYVW 7.4 95

533 uγasurγmγntFoμFtπγFρnΥψusρvγFτγtFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFâ��sFeF^F|γ~TFPhysicalnReviewnLettersRF
2011RFWV^RFWYXVVW 7.4 94

532 {γarΥπFμorFsupγrsymmγtryFρnFπaαronρΥFμρnaψFstatγsFusρnνFuF|XFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 92

531 uγasurγmγntFoμFtonνSzanνγFvγarS{ραγF|woSxartρΥψγFinνuψarFkorrγψatρonsFρnFppFkoψψρsρonsFatF
sqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2016RFWW]RFW^XYVX 7.4 90

530 uγasurγmγntFoμFτγtFμraνmγntatρonFρnFxΞxΞFanαFppFΥoψψρsρonsFatFsvveXT^]F|γ~TFPhysicalnReviewnCRF
2014RFaVRF 2.7 89

529 kπarνγαFpartρΥψγFmuψtρpψρΥρtργsFρnFppFρntγraΥtρonsFatFNFsqrtF{s}FeFVTaFORFXTY]RFanαF^F|γ~TFJournalnofnHighn
EnergynPhysicsRF2011RFXVWWRFW 5.4 89

528 lγpγnαγnΥγFonFpsγuαorapραρtyFanαFonFΥγntraψρtyFoμFΥπarνγαFπaαronFproαuΥtρonFρnFxΞxΞFΥoψψρsρonsF
atFNFsqrtF{{{s√{tγxt{vv}}}}}FeFXT^]FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 87

527 uγasurγmγntsFoμFαρμμγrγntρaψFτγtFΥrossFsγΥtρonsFρnFprotonSprotonFΥoψψρsρonsFatFse^FF|γ~FwρtπFtπγF
ku{FαγtγΥtorTFPhysicalnReviewnDRF2013RF_^RF 4.9 85
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526 {γarΥπFμorFtπγFstanαarαFmoαγψFpρννsFΞosonFρnFtπγFαγΥayFΥπannγψFpSf¯¯SfZâ��FρnFppFΥoψψρsρonsFatFâ��se^F
|γ~TFPhysicalnReviewnLettersRF2012RFWV_RFWWW_VZ 7.4 85

525
{γarΥπFμorFsupγrsymmγtryFρnFπaαronρΥFμρnaψFstatγsFwρtπFmρssρnνFtransvγrsγFγnγrνyFusρnνFtπγF
varρaΞψγsFanαFΞSquarχFmuψtρpψρΥρtyFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF
2013RF^YRFX[]_

4.2 82

524 {γarΥπFμorFnγwFpπysρΥsFρnFtπγFmuψtρτγtFanαFmρssρnνFtransvγrsγFmomγntumFμρnaψFstatγFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}FOFeF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 81

523 wΞsγrvatρonFoμFpρννsFjosonFlγΥayFtoFjottomFyuarχsTFPhysicalnReviewnLettersRF2018RFWXWRFWXW_VW 7.4 79

522 {tranνγFpartρΥψγFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeFVTaFOFanαF^F|γ~TFJournalnofnHighnEnergyn
PhysicsRF2011RFXVWWRFW 5.4 78

521 uγasurγmγntsFoμFpropγrtργsFoμFtπγFpρννsFΞosonFαγΥayρnνFρntoFtπγFμourSψγptonFμρnaψFstatγFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 77

520 uγasurγmγntFoμFtπγFrapραρtyFanαFtransvγrsγFmomγntumFαρstrρΞutρonsFoμF¯FΞosonsFρnFppFΥoψψρsρonsFatF
NsOe^FF|γ~TFPhysicalnReviewnDRF2012RF_[RF 4.9 77

519 }psρψonFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewnDRF2011RF_YRF 4.9 77

518 {γarΥπγsFμorFnγwFpπysρΥsFusρnνFtπγFtt´flFρnvarρantFmassFαρstrρΞutρonFρnFppFΥoψψρsρonsFatFâ��se_F|γ~TF
PhysicalnReviewnLettersRF2013RFWWWRFXWW_VZ 7.4 76

517 {γarΥπFμorFmassρvγFrγsonanΥγsFρnFαρτγtFsystγmsFΥontaρnρnνFτγtsFtaννγαFasF’ForF¯FΞosonFαγΥaysFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}FOFeF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 74

516 {γarΥπγsFμorFρnvρsρΞψγFαγΥaysFoμFtπγFpρννsFΞosonFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF^RF_RFanαFWYF|γ~TF
JournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 74

515 {γarΥπFμorFaFpρννsFΞosonFρnFtπγFmassFranνγFμromFWZ[FtoFWVVVFoγ~FαγΥayρnνFtoFaFpaρrFoμF’ForF¯F
ΞosonsTFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 73

514 uγasurγmγntFoμFτγtFμraνmγntatρonFρntoFΥπarνγαFpartρΥψγsFρnFppFanαFxΞxΞFΥoψψρsρonsFatFNF
sqrt{{{s√{matπrm{vv}}}}}FeFXT^]FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 73

513 wΞsγrvatρonFoμFkπarνγSlγpγnαγntFizρmutπaψFkorrγψatρonsFρnFpSxΞFkoψψρsρonsFanαFqtsFqmpψρΥatρonFμorF
tπγF{γarΥπFμorFtπγFkπρraψFuaνnγtρΥFmμμγΥtTFPhysicalnReviewnLettersRF2017RFWW_RFWXXYVW 7.4 72

512 {tuαyFoμFtπγFproαuΥtρonFoμFΥπarνγαFpρonsRFχaonsRFanαFprotonsFρnFpxΞFΥoψψρsρonsFatF±normuψabFsγγF
tγxtℓ[TVX±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2014RF^ZRFX_Z^ 4.2 71

511 uγasurγmγntFoμFtπγF˛¥W{RF˛¥X{RFanαF˛¥Y{FpoψarρzatρonsFρnFppFΥoψψρsρonsFatFsqrt±sℓFeF^F|γ~TFPhysicaln
ReviewnLettersRF2013RFWWVRFV_W_VX 7.4 71

510 {γarΥπFμorFnγutraψFu{{uFpρννsFΞosonsFαγΥayρnνFtoFaFpaρrFoμFtauFψγptonsFρnFppFΥoψψρsρonsTFJournalnofn
HighnEnergynPhysicsRF2014RFXVWZRFW 5.4 70

509 uγasurγmγntFoμFtπγFsρnνψγStopSquarχFtSΥπannγψFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 70
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508 uγasurγmγntFoμFtπγFunαγrψyρnνFγvγntFaΥtρvρtyFatFtπγFtpkFwρtπFNFsqrtF{s}FeF^FOF|γ~FanαFΥomparρsonF
wρtπFNFsqrtF{s}FeFVTaFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 70

507 {γarΥπFμorFpπysρΥsFΞγyonαFtπγFstanαarαFmoαγψFρnFαρψγptonFmassFspγΥtraFρnFprotonSprotonFΥoψψρsρonsF
atFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 69

506 rUˇ�FanαFˇ�NX{OFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^{tγxt{|γv}}FOTFJournalnofnHighnEnergynPhysicsRF
2012RFXVWXRFW 5.4 69

505 {tuαργsFoμFαρτγtFtransvγrsγFmomγntumFΞaψanΥγFanαFpsγuαorapραρtyFαρstrρΞutρonsFρnFpxΞFΥoψψρsρonsFatF
Nsqrt{s√{matπrm{vv}}}FeF[TVXOFNRtγxtF{|γ~}OTFEuropeannPhysicalnJournalnCRF2014RF^ZRFW 4.2 67

504 {tuαyFoμF¯FjosonFxroαuΥtρonFρnFxΞxΞFkoψψρsρonsFatFâ��{NvvOeXT^]F|γ~TFPhysicalnReviewnLettersRF2011RF
WV]RFXWXYVW 7.4 66

503 larχFuattγrFΞγnΥπmarχFmoαγψsFμorFγarψyFtpkFzunSXF{γarΥπγsbFzγportFoμFtπγFi|ti{Uku{FlarχF
uattγrFnorumTFPhysicsnofnthenDarknUniverseRF2020RFX^RFWVVY^W 4.4 66

502 {γarΥπFμorFanomaψousFproαuΥtρonFoμFmuψtρψγptonFγvγntsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^R|γ~FOTF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 65

501 uγasurγmγntFoμFtπγFγψγΥtronFΥπarνγFasymmγtryFρnFρnΥψusρvγF’FproαuΥtρonFρnFppFΥoψψρsρonsFatF
sqrt±sℓe^FF|γ~TFPhysicalnReviewnLettersRF2012RFWVaRFWWW_V] 7.4 65

500 kπarνγαSpartρΥψγFnuΥψγarFmoαρμρΥatρonFμaΥtorsFρnFxΞxΞFanαFpxΞFΥoψψρsρonsFatFNF
sqrt{s√{matπrm{v}cmatπrm{v}}}e[TVXFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 64

499 uγasurγmγntFoμFtπγFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFαρψγptonF
ΥπannγψFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 64

498 {γarΥπFμorFnarrowFrγsonanΥγsFusρnνFtπγFαρτγtFmassFspγΥtrumFρnFppFΥoψψρsρonsFatFse_FF|γ~TFPhysicaln
ReviewnDRF2013RF_^RF 4.9 63

497 {γarΥπFμorFnγutraψFmρnρmaψFsupγrsymmγtrρΥFstanαarαFmoαγψFpρννsFΞosonsFαγΥayρnνFtoFtauFpaρrsFρnF
ppFΥoψψρsρonsFatFâ��se^F|γ~TFPhysicalnReviewnLettersRF2011RFWV]RFXYW_VW 7.4 63

496 uγasurγmγntFoμFtπγFtSΥπannγψFsρnνψγFtopFquarχFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatF
â��se^FF|γ~TFPhysicalnReviewnLettersRF2011RFWV^RFVaW_VX 7.4 63

495 {γarΥπFμorFπρνπSmassFrγsonanΥγsFρnFαρψγptonFμρnaψFstatγsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 63

494 {tuαyFoμFvγΥtorFΞosonFsΥattγrρnνFanαFsγarΥπFμorFnγwFpπysρΥsFρnFγvγntsFwρtπFtwoFsamγSsρνnFψγptonsF
anαFtwoFτγtsTFPhysicalnReviewnLettersRF2015RFWWZRFV[W_VW 7.4 62

493 {γarΥπFμorFpγavyFvγutraψFtγptonsFρnFmvγntsFwρtπF|πrγγFkπarνγαFtγptonsFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2018RFWXVRFXXW_VW 7.4 62

492 wΞsγrvatρonFoμFtπγFassoΥρatγαFproαuΥtρonFoμFaFsρnνψγFtopFquarχFanαFaF’FΞosonFρnFppFΥoψψρsρonsFatF
sqrt±sℓFeF_F|γ~TFPhysicalnReviewnLettersRF2014RFWWXRFXYW_VX 7.4 62

491 mvραγnΥγFoμFΞSτγtFquγnΥπρnνFρnFxΞxΞFΥoψψρsρonsFatFâ��NsNvvOOeXT^]FF|γ~TFPhysicalnReviewnLettersRF2014RF
WWYRFWYXYVW 7.4 62
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490 mxtraΥtρonFanαFvaψραatρonFoμFaFnγwFsγtFoμFku{Fpytπρa_FtunγsFμromFunαγrψyρnνSγvγntFmγasurγmγntsTF
EuropeannPhysicalnJournalnCRF2020RF_VRFZ 4.2 61

489 {γarΥπFμorFzγsonantFxroαuΥtρonFoμFpρνπSuassFxπotonFxaρrsFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓe_F
anαFWY´ |γ~TFPhysicalnReviewnLettersRF2016RFWW^RFV[W_VX 7.4 61

488 {tuαyFoμFαouΞψγFpartonFsΥattγrρnνFusρnνF’FQFXSτγtFγvγntsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}FOFeF^F
|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 61

487 {γarΥπFμorFaFΥπarνγαFpρννsFΞosonFρnFppFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2015RFXVW[RFW 5.4 61

486 {tuαργsFoμFazρmutπaψFαρπaαronFΥorrγψatρonsFρnFuψtraSΥγntraψFxΞxΞFΥoψψρsρonsFatFNFsqrt{{{s√{vvF}}}}FOF
eXT^]F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 60

485 {γarΥπFμorFmassρvγFrγsonanΥγsFαγΥayρnνFρntoFpaρrsFoμFΞoostγαFΞosonsFρnFsγmρSψγptonρΥFμρnaψFstatγsF
atFNFsqrt{s}FOFeF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 59

484 uγasurγmγntFoμFtπγFjNQOFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFsqrt±sℓe^FF|γ~TFPhysicalnReviewn
LettersRF2011RFWV]RFWWXVVW 7.4 59

483 {upprγssρonFanαFazρmutπaψFanρsotropyFoμFpromptFanαFnonpromptF±normuψabFsγγFtγxtℓFproαuΥtρonFρnF
xΞxΞFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2017RF^^RFX[X 4.2 58

482 {γarΥπFμorFtopSquarχFpartnγrsFwρtπFΥπarνγF[UYFρnFtπγFsamγSsρνnFαρψγptonFμρnaψFstatγTFPhysicalnReviewn
LettersRF2014RFWWXRFW^W_VW 7.4 58

481 |πrγsπoψαFγμμγΥtsFonFπγavyFquarχFproαuΥtρonFρnFνammaFνammaFρntγraΥtρonsTFPhysicalnReviewnDRF
1993RFZ^RFW__aSW_aa 4.9 58

480 {γarΥπFμorFvarrowFzγsonanΥγsFρnFlρτγtFnρnaψF{tatγsFatFsqrt±sℓe_FF|γ~FwρtπFtπγFvovγψFku{F|γΥπnρquγF
oμFlataF{ΥoutρnνTFPhysicalnReviewnLettersRF2016RFWW^RFVYW_VX 7.4 57

479 {γarΥπFμorFanomaψousFNFtovγrψρnγFtFOFproαuΥtρonFρnFtπγFπρνπψySΞoostγαFaψψSπaαronρΥFμρnaψFstatγTF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 57

478 uγasurγmγntFoμFtπγFρsoψatγαFpromptFpπotonFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFâ��se^FF|γ~TF
PhysicalnReviewnLettersRF2011RFWV]RFV_XVVW 7.4 57

477 wΞsγrvatρonFoμFaFnγwF˛�ΞFΞaryonTFPhysicalnReviewnLettersRF2012RFWV_RFX[XVVX 7.4 57

476 {tuαyFoμFγxΥψusρvγFtwoSpπotonFproαuΥtρonFoμF’Q’â��FρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~FanαF
ΥonstraρntsFonFanomaψousFquartρΥFνauνγFΥoupψρnνsTFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 56

475 uγasurγmγntFoμFtπγF’Q’â��FΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNsqrt{s}FeF^mΞox{F|γ~}OFanαFψρmρtsFonF
anomaψousF’’˛‡FanαF’’¯FΥoupψρnνsTFEuropeannPhysicalnJournalnCRF2013RF^YRFW 4.2 56

474 tonνSranνγFanαFsπortSranνγFαρπaαronFanνuψarFΥorrγψatρonsFρnFΥγntraψFxΞxΞFΥoψψρsρonsFatFNFsqrtF
{{{s√{tγxt{vv}}}}}FOFeFXT^]F|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 56

473 {γarΥπFμorFaFstanαarαFmoαγψFpρννsFΞosonFproαuΥγαFρnFassoΥρatρonFwρtπFaFtopSquarχFpaρrFanαF
αγΥayρnνFtoFΞottomFquarχsFusρnνFaFmatrρxFγψγmγntFmγtπoαTFEuropeannPhysicalnJournalnCRF2015RF^[RFX[W 4.2 55

(2015-2020)
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472 uγasurγmγntFoμFtπγFpsγuαorapραρtyFanαFΥγntraψρtyFαγpγnαγnΥγFoμFtπγFtransvγrsγFγnγrνyFαγnsρtyFρnF
xΞSxΞFΥoψψρsρonsFatFâ��NsNvvOOeXT^]F|γ~TFPhysicalnReviewnLettersRF2012RFWVaRFW[XYVY 7.4 55

471 {γarΥπFμorFnγwFpπγnomγnaFwρtπFtπγFvarρaΞψγFρnFtπγFaψψSπaαronρΥFμρnaψFstatγFproαuΥγαFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2017RF^^RF^WV 4.2 54

470 uγasurγmγntFoμFρnΥψusρvγF’FanαF¯FΞosonFproαuΥtρonFΥrossFsγΥtρonsFρnFppFΥoψψρsρonsFatFsqrt±sℓFeF_F
|γ~TFPhysicalnReviewnLettersRF2014RFWWXRFWaW_VX 7.4 54

469 mvραγnΥγFμorFassoΥρatγαFproαuΥtρonFoμFaFsρnνψγFtopFquarχFanαF’FΞosonFρnFppFΥoψψρsρonsFatF
sqrt±sℓe^FF|γ~TFPhysicalnReviewnLettersRF2013RFWWVRFVXXVVY 7.4 54

468 {γarΥπFμorFsρνnaturγsFoμFγxtraFαρmγnsρonsFρnFtπγFαρpπotonFmassFspγΥtrumFatFtπγFψarνγFπaαronF
ΥoψψραγrTFPhysicalnReviewnLettersRF2012RFWV_RFWWW_VW 7.4 53

467 {γarΥπFμorFaFvγΥtorψρχγFquarχFwρtπFΥπarνγFXUYFρnFtQ¯FγvγntsFμromFppFΥoψψρsρonsFatFâ��se^F|γ~TFPhysicaln
ReviewnLettersRF2011RFWV^RFX^W_VX 7.4 53

466 {γarΥπFμorFNF{tγxt{j}}√{tγxt{s}}−VFOFSfF˛…FQF˛…Fâ��FanαFjVFSfF˛…FQF˛…Fâ��FαγΥaysTFJournalnofnHighnEnergynPhysicsRF
2012RFXVWXRFW 5.4 52

465 qntγrprγtatρonFoμFsγarΥπγsFμorFsupγrsymmγtryFwρtπFsρmpψρμργαFmoαγψsTFPhysicalnReviewnDRF2013RF__RF 4.9 52

464 {γarΥπFμorFaFψρνπtFpsγuαosΥaψarFpρννsFΞosonFρnFtπγFαρmuonFαγΥayFΥπannγψFρnFppFΥoψψρsρonsFatFâ��sFeF^F
|γ~TFPhysicalnReviewnLettersRF2012RFWVaRFWXW_VW 7.4 51

463 uγasurγmγntsFoμFαρμμγrγntρaψFanαFαouΞψγSαρμμγrγntρaψFlrγψψS anFΥrossFsγΥtρonsFρnFprotonSprotonF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RFWZ^ 4.2 50

462
wΞsγrvatρonFoμFmψγΥtrowγaχFxroαuΥtρonFoμF{amγS{ρνnF’FjosonFxaρrsFρnFtπγF|woFrγtFanαF|woF
{amγS{ρνnFtγptonFnρnaψF{tatγFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF
2018RFWXVRFV_W_VW

7.4 50

461
uγasurγmγntFoμFtπγFratρoFoμFtπγFρnΥψusρvγFYSτγtFΥrossFsγΥtρonFtoFtπγFρnΥψusρvγFXSτγtFΥrossFsγΥtρonFρnF
ppFΥoψψρsρonsFatFNsqrt{s}FeF^Fmatπrm{|γ~}OFanαFμρrstFαγtγrmρnatρonFoμFtπγFstronνFΥoupψρnνFΥonstantFρnF
tπγF|γ~FranνγTFEuropeannPhysicalnJournalnCRF2013RF^YRFW

4.2 50

460
{γarΥπFμorFnarrowFanαFΞroaαFαρτγtFrγsonanΥγsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~FanαF
ΥonstraρntsFonFαarχFmattγrFmγαρatorsFanαFotπγrFnγwFpartρΥψγsTFJournalnofnHighnEnergynPhysicsRF2018RF
XVW_RFW

5.4 50

459 {γarΥπFμorFaFstanαarαSmoαγψSψρχγFpρννsFΞosonFwρtπFaFmassFρnFtπγFranνγFWZ[FtoFWVVVFoγ~FatFtπγFtpkTF
EuropeannPhysicalnJournalnCRF2013RF^YRFXZ]a 4.2 49

458 uγasurγmγntsFoμFttFspρnFΥorrγψatρonsFanαFtopSquarχFpoψarρzatρonFusρnνFαρψγptonFμρnaψFstatγsFρnFppF
ΥoψψρsρonsFatFsqrt±sℓe^FF|γ~TFPhysicalnReviewnLettersRF2014RFWWXRFW_XVVW 7.4 49

457 {γarΥπFμorFnγwFpπysρΥsFwρtπFaFmonoτγtFanαFmρssρnνFtransvγrsγFγnγrνyFρnFppFΥoψψρsρonsFatFâ��sFeF^F|γ~TF
PhysicalnReviewnLettersRF2011RFWV^RFXVW_VZ 7.4 49

456 vuΥψγarFγμμγΥtsFonFtπγFtransvγrsγFmomγntumFspγΥtraFoμFΥπarνγαFpartρΥψγsFρnFpxΞFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RFXY^ 4.2 48

455 uγasurγmγntFoμFtπγFtSΥπannγψFsρnνψγStopSquarχFproαuΥtρonFΥrossFsγΥtρonFanαFoμFtπγF|~FtΞ|FksuF
matrρxFγψγmγntFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 48
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454 uγasurγmγntFoμFtπγFNF{{rmFt}Ξar{rmFt}}FOFproαuΥtρonFΥrossFsγΥtρonFanαFtπγFtopFquarχFmassFρnFtπγF
αρψγptonFΥπannγψFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 48

453 uγasurγmγntFoμFtπγFjVFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFsqrt±sℓFeF^F|γ~TFPhysicalnReviewn
LettersRF2011RFWV]RFX[XVVW 7.4 48

452 lρτγtFazρmutπaψFαγΥorrγψatρonsFρnFppFΥoψψρsρonsFatFâ��se^F|γ~TFPhysicalnReviewnLettersRF2011RFWV]RFWXXVVY 7.4 48

451 |ransvγrsγSmomγntumFαρstrρΞutρonFoμFpρννsFΞosonsFatFtπγF{upγrΥonαuΥtρnνF{upγrFkoψψραγrTF
PhysicalnReviewnDRF1988RFY_RFYZ^[SYZ_V 4.9 47

450 {γarΥπFμorFαarχFmattγrFproαuΥγαFwρtπFanFγnγrνγtρΥFτγtForFaFπaαronρΥaψψyFαγΥayρnνF’ForF¯FΞosonFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 46

449 {γarΥπFμorFμψavorSΥπanνρnνFnγutraψFΥurrγntsFρnFtopSquarχFαγΥaysFtFSfF¯qFρnFppFΥoψψρsρonsFatFsqrt±sℓFeF_F
|γ~TFPhysicalnReviewnLettersRF2014RFWWXRFW^W_VX 7.4 46

448 uγasurγmγntFoμFtπγFrγψatρvγFpromptFproαuΥtρonFratγFoμFanαFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTF
EuropeannPhysicalnJournalnCRF2012RF^XRFXX[W 4.2 46

447 {γarΥπFμorFnγwFpπysρΥsFwρtπFsamγSsρνnFρsoψatγαFαρψγptonFγvγntsFwρtπFτγtsFanαFmρssρnνFtransvγrsγF
γnγrνyFatFtπγFtpkTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 46

446 {γarΥπFμorFnγwFpπysρΥsFwρtπFτγtsFanαFmρssρnνFtransvγrsγFmomγntumFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 46

445 {γarΥπFμorFnγwFpπysρΥsFwρtπFsamγSsρνnFρsoψatγαFαρψγptonFγvγntsFwρtπFτγtsFanαFmρssρnνFtransvγrsγF
γnγrνyTFPhysicalnReviewnLettersRF2012RFWVaRFV^W_VY 7.4 46

444 inomaψousFquartρΥFνauνγFΞosonFΥoupψρnνsFatFπaαronFΥoψψραγrsTFPhysicalnReviewnDRF2001RF]YRF 4.9 46

443 komΞρnγαFsγarΥπFμorFγψγΥtrowγaχFproαuΥtρonFoμFΥπarνρnosFanαFnγutraψρnosFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 45

442 mxΥψusρvγF˛‡˛‡FSfF˛…FQF˛…Fâ��FproαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrtF{s}FeF{^}FOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2012RFXVWXRFW 5.4 45

441 {γarΥπFμorFtπγFassoΥρatγαFproαuΥtρonFoμFtπγFpρννsFΞosonFwρtπFaFtopSquarχFpaρrTFJournalnofnHighn
EnergynPhysicsRF2014RFXVWZRFW 5.4 45

440
{γarΥπFμorFγxΥψusρvγForFsγmρSγxΥψusρvγF˛‡˛‡FproαuΥtρonFanαFoΞsγrvatρonFoμFγxΥψusρvγFanαF
sγmρSγxΥψusρvγFγQγâ��FproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2012RFXVWXRFW

5.4 45

439 uγasurγmγntFoμFtπγFsumFoμF’’FanαF’¯FproαuΥtρonFwρtπF’QαρτγtFγvγntsFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2013RF^YRFXX_Y 4.2 45

438 uγasurγmγntFoμFαρτγtFanνuψarFαρstrρΞutρonsFanαFsγarΥπFμorFquarχFΥomposρtγnγssFρnFppFΥoψψρsρonsFatF
â��sFeF^F|γ~TFPhysicalnReviewnLettersRF2011RFWV]RFXVW_VZ 7.4 45

437 uγasurγmγntFoμFtπγFαρμμγrγntρaψFΥrossFsγΥtρonFμorFρsoψatγαFpromptFpπotonFproαuΥtρonFρnFppF
ΥoψψρsρonsFatF^F|γ~TFPhysicalnReviewnDRF2011RF_ZRF 4.9 45
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436 {γarΥπFμorFsupγrsymmγtryFρnFppFΥoψψρsρonsFatFâ��^F|γ~FρnFγvγntsFwρtπFtwoFpπotonsFanαFmρssρnνF
transvγrsγFγnγrνyTFPhysicalnReviewnLettersRF2011RFWV]RFXWW_VX 7.4 45

435 uγasurγmγntFoμFtπγF–NY_^XOFproαuΥtρonFΥrossFsγΥtρonFvρaFαγΥaysFtoFrUˇ�ˇ�FQFˇ�Fâ��FρnFppFΥoψψρsρonsFatFNF
sqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 44

434 {γarΥπFμorFπγavyFΞottomSψρχγFquarχsFρnFZTaFμΞâ��WFoμFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2012RFXVWXRFW 5.4 44

433 kπarνγαFpartρΥψγFtransvγrsγFmomγntumFspγΥtraFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeFVTaFOFanαF^F|γ~TF
JournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 44

432 nρrstFmγasurγmγntFoμFjosγSmρnstγρnFΥorrγψatρonsFρnFprotonSprotonFΥoψψρsρonsFatFâ��seVTaFanαFXTY]F|γ~F
atFtπγFtpkTFPhysicalnReviewnLettersRF2010RFWV[RFVYXVVW 7.4 44

431 uγasurγmγntFoμFtπγFtt´flFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatF^F|γ~FρnFψγptonQτγtsFγvγntsF
usρnνFΞSquarχFτγtFραγntρμρΥatρonTFPhysicalnReviewnDRF2011RF_ZRF 4.9 44

430 {γarΥπFμorFjNsONVOFSfF˛…QF˛…SFanαFjNVOFSfF˛…QF˛…SFαγΥaysFρnFppFΥoψψρsρonsFatFsqrt±sℓFeF^F|γ~TFPhysicalnReviewn
LettersRF2011RFWV^RFWaW_VX 7.4 44

429 uγasurγmγntFoμFtπγFNFtovγrψρnγ{t}FOFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFαρψγptonFΥπannγψFρnFppFΥoψψρsρonsF
atFNFsqrt{s}FOFeF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 43

428 uγasurγmγntFoμFtπγFαρμμγrγntρaψFanαFαouΞψγSαρμμγrγntρaψFlrγψψS anFΥrossFsγΥtρonsFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}FOFeF^F|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 43

427 {γarΥπFμorFψγptonρΥFαγΥaysFoμF’gFΞosonsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF{^}FOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2012RFXVWXRFW 5.4 43

426 mvγntFaΥtρvρtyFαγpγnαγnΥγFoμFNF FONn{OFproαuΥtρonFρnFNFsqrt{{{s√{vvF}}}}FOFeF[TVXF|γ~FpxΞFanαFNFsqrt{s}FOF
eFXT^]F|γ~FppFΥoψψρsρonsTFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 42

425 {γarΥπFμorFπγavyFnγutrρnosFanαF’NzOFΞosonsFwρtπFrρνπtSπanαγαFΥoupψρnνsFρnFaFψγμtSrρνπtFsymmγtrρΥF
moαγψFρnFppFΥoψψρsρonsFatFsqrt±sℓe^FF|γ~TFPhysicalnReviewnLettersRF2012RFWVaRFX]W_VX 7.4 42

424 uγasurγmγntFoμFtπγFwγaχFmρxρnνFanνψγFwρtπFtπγFlrγψψS anFproΥγssFρnFprotonSprotonFΥoψψρsρonsFatF
tπγFtpkTFPhysicalnReviewnDRF2011RF_ZRF 4.9 42

423 uγasurγmγntFoμFrUˇ�FanαFˇ�NX{OFxromptFlouΞψγSlρμμγrγntρaψFkrossF{γΥtρonsFρnFppFkoψψρsρonsFatF
sqrt±sℓe^F|γ~TFPhysicalnReviewnLettersRF2015RFWWZRFWaW_VX 7.4 41

422
uγasurγmγntFoμFtπγFρnΥψusρvγFYSτγtFproαuΥtρonFαρμμγrγntρaψFΥrossFsγΥtρonFρnFprotonSprotonFΥoψψρsρonsF
atF^F|γ~´ anαFαγtγrmρnatρonFoμFtπγFstronνFΥoupψρnνFΥonstantFρnFtπγF|γ~´ ranνγTFEuropeannPhysicaln
JournalnCRF2015RF^[RFW_]

4.2 41

421 uγasurγmγntFoμFpromptFrUˇ�FpaρrFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF^F|γvTFJournalnofnHighn
EnergynPhysicsRF2014RFXVWZRFW 5.4 41

420 {γarΥπFμorFγψγΥtrowγaχFproαuΥtρonFoμFΥπarνρnosFanαFnγutraψρnosFusρnνFψγptonρΥFμρnaψFstatγsFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 41

419 qnΥψusρvγFsγarΥπFμorFsupγrsymmγtryFusρnνFrazorFvarρaΞψγsFρnFppFΥoψψρsρonsFatFâ��se^F|γ~TFPhysicaln
ReviewnLettersRF2013RFWWWRFV_W_VX 7.4 41
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418 {γarΥπFμorFpaρrSproαuΥγαFαρτγtFrγsonanΥγsFρnFμourSτγtFμρnaψFstatγsFρnFppFΥoψψρsρonsFatFsqrt±sℓFeF^F|γ~TF
PhysicalnReviewnLettersRF2013RFWWVRFWZW_VX 7.4 41

417 uγasurγmγntFoμFtπγFρnγψastρΥFprotonSprotonFΥrossFsγΥtρonFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2018RFXVW_RFW 5.4 41

416 {γarΥπFμorFγψγΥtrowγaχFproαuΥtρonFoμFΥπarνρnosFanαFnγutraψρnosFρnFmuψtρψγptonFμρnaψFstatγsFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 40

415 {γarΥπFμorFpaρrFproαuΥtρonFoμFtπρrαSνγnγratρonFψγptoquarχsFanαFtopFsquarχsFρnFppFΥoψψρsρonsFatF
sqrt±sℓFeF^F|γ~TFPhysicalnReviewnLettersRF2013RFWWVRFV_W_VW 7.4 40

414 qnΥψusρvγFsγarΥπFμorFsquarχsFanαFνψuρnosFρnFppFΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewnDRF2012RF_[RF 4.9 40

413 konstraρntsFonFtπγFΥπρraψFmaνnγtρΥFγμμγΥtFusρnνFΥπarνγSαγpγnαγntFazρmutπaψFΥorrγψatρonsFρnFpxΞF
anαFxΞxΞFΥoψψρsρonsFatFtπγFkmzvFtarνγFpaαronFkoψψραγrTFPhysicalnReviewnCRF2018RFa^RF 2.7 40

412 uγasurγmγntFoμFρnΥψusρvγFτγtFΥrossFsγΥtρonsFρnFppFanαFxΞxΞFΥoψψρsρonsFatFsvveXT^]F|γ~TFPhysicaln
ReviewnCRF2017RFa]RF 2.7 39

411 {γarΥπFμorFαρspψaΥγαFsupγrsymmγtryFρnFγvγntsFwρtπFanFγψγΥtronFanαFaFmuonFwρtπFψarνγFρmpaΥtF
paramγtγrsTFPhysicalnReviewnLettersRF2015RFWWZRFV]W_VW 7.4 39

410 {tuαργsFoμFτγtFmassFρnFαρτγtFanαF’U¯FQFτγtFγvγntsTFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 39

409 {tuαyFoμFtπγFunαγrψyρnνFγvγntFatFμorwarαFrapραρtyFρnFppFΥoψψρsρonsFatFNF
sqrt{s}eVTaRXT^]Rcmatπrm{anα}c^cmatπrm{|γ~}FOTFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 39

408 uγasurγmγntFoμFtπγF¯¯FproαuΥtρonFΥrossFsγΥtρonFanαFsγarΥπFμorFanomaψousFΥoupψρnνsFρnFXâ��Xâ��gFμρnaψF
statγsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 39

407 {γarΥπFμorFsamγSsρνnFtopSquarχFpaρrFproαuΥtρonFatFNFsqrtF{s}FeF^FOF|γ~FanαFψρmρtsFonFμψavourFΥπanνρnνF
nγutraψFΥurrγntsFρnFtπγFtopFsγΥtorTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 39

406 {γarΥπFμorFnaturaψFanαFspψρtFsupγrsymmγtryFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~FρnFμρnaψF
statγsFwρtπFτγtsFanαFmρssρnνFtransvγrsγFmomγntumTFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 39

405 uγasurγmγntFoμFxromptFl−{V}FuγsonFizρmutπaψFinρsotropyFρnFxΞSxΞFkoψψρsρonsFatF
sqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2018RFWXVRFXVXYVW 7.4 39

404 {γarΥπFμorFnγwFpπysρΥsFρnFγvγntsFwρtπFsamγSsρνnFαρψγptonsFanαFτγtsFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF_F
|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 38

403 {γarΥπFμorFmρΥrosΥopρΥFΞψaΥχFπoψγsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysics
RF2013RFXVWYRFW 5.4 38

402 uγasurγmγntFoμFpromptFˇ�NX{OFtoFrUˇ�FyργψαFratρosFρnFxΞSxΞFanαFpSpFΥoψψρsρonsFatF
sqrt±svvℓeXT^]FF|γ~TFPhysicalnReviewnLettersRF2014RFWWYRFX]XYVW 7.4 38

401 {γarΥπFμorFtopFsquarχFanαFpρννsρnoFproαuΥtρonFusρnνFαρpπotonFpρννsFΞosonFαγΥaysTFPhysicalnReviewn
LettersRF2014RFWWXRFW]W_VX 7.4 38
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400 uγasurγmγntFoμFtπγFψγptonFΥπarνγFasymmγtryFρnFρnΥψusρvγF’FproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}F
eF^c{tγxt{|γ~}}FOTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 38

399 {γarΥπFμorFstoppγαFoψuρnosFρnFppFΥoψψρsρonsFatFsquarγFrootFse^F|γ~TFPhysicalnReviewnLettersRF2011RF
WV]RFVWW_VW 7.4 38

398 uγasurγmγntFoμFtπγF±normuψabFsγγFtγxtℓFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓF|γ~anαF
ψρmρtsFonFanomaψousFνauνγFΥoupψρnνsTFEuropeannPhysicalnJournalnCRF2016RF^]RFZVW 4.2 38

397 uγasurγmγntFoμFtπγFj−{´–}FuγsonFvuΥψγarFuoαρμρΥatρonFnaΥtorFρnFxΞSxΞFkoψψρsρonsFatF
sqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2017RFWWaRFW[XYVW 7.4 37

396
konstraρntsFonFpartonFαρstrρΞutρonFμunΥtρonsFanαFγxtraΥtρonFoμFtπγFstronνFΥoupψρnνFΥonstantFμromF
tπγFρnΥψusρvγFτγtFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeann
PhysicalnJournalnCRF2015RF^[RFX__

4.2 37

395 uγasurγmγntFoμFtπγFαρμμγrγntρaψFΥrossFsγΥtρonFanαFΥπarνγFasymmγtryFμorFρnΥψusρvγF±normuψabFsγγF
tγxtℓFproαuΥtρonFatF±normuψabFsγγFtγxtℓF|γ~TFEuropeannPhysicalnJournalnCRF2016RF^]RFZ]a 4.2 37

394 uγasurγmγntFoμFassoΥρatγαF’FQFΥπarmFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF^F|γ~TFJournalnofn
HighnEnergynPhysicsRF2014RFXVWZRFW 5.4 37

393 rγtFproαuΥtρonFratγsFρnFassoΥρatρonFwρtπF’FanαF¯FΞosonsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^F{tγxt{|γ~}}FOTF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 37

392 uγasurγmγntFoμFmassγsFρnFtπγF±normuψabFsγγFtγxtℓFsystγmFΞyFχρnγmatρΥFγnαpoρntsFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2013RF^YRFXZaZ 4.2 37

391 {γarΥπFμorFnarrowFrγsonanΥγsFanαFquantumFΞψaΥχFπoψγsFρnFρnΥψusρvγFanαFΞStaννγαFαρτγtFmassFspγΥtraF
μromFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 37

390 uγasurγmγntFoμFpsγuαorapραρtyFαρstrρΞutρonsFoμFΥπarνγαFpartρΥψγsFρnFprotonâ��protonFΥoψψρsρonsFatF
Nsqrt{s}FeF_OF|γ~FΞyFtπγFku{FanαF|w|muFγxpγrρmγntsTFEuropeannPhysicalnJournalnCRF2014RF^ZRFW 4.2 37

389 uγasurγmγntFoμFtπγFpoψarρzatρonFoμF’FΞosonsFwρtπFψarνγFtransvγrsγFmomγntaFρnF’FQFτγtsFγvγntsFatF
tπγFtpkTFPhysicalnReviewnLettersRF2011RFWV^RFVXW_VX 7.4 37

388 uγasurγmγntsFoμFpρννsFΞosonFpropγrtργsFρnFtπγFαρpπotonFαγΥayFΥπannγψFρnFprotonSprotonFΥoψψρsρonsF
atFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 37

387 uγasurγmγntFoμFpromptFanαFnonpromptFΥπarmonρumFsupprγssρonFρnFΥoψψρsρonsFatF[TVXTFEuropeann
PhysicalnJournalnCRF2018RF^_RF[Va 4.2 37

386 {γarΥπFμorFtπγF–N[[]_OF{tatγFlγΥayρnνFρntoFj√{s}−{V}ˇ�−{´–}FρnFxrotonSxrotonFkoψψρsρonsFatF
sqrt±sℓe_FF|γ~TFPhysicalnReviewnLettersRF2018RFWXVRFXVXVV[ 7.4 36

385 uγasurγmγntFoμFtπγFtopSquarχFmassFρnFNmatπrm{t}ovγrψρnγ{matπrm{t}}OFγvγntsFwρtπFαρψγptonFμρnaψF
statγsFρnFppFΥoψψρsρonsFatFNsqrt{s}e^FmΞox{|γ~}OTFEuropeannPhysicalnJournalnCRF2012RF^XRFW 4.2 36

384 nρrstFmγasurγmγntFoμFtπγFunαγrψyρnνFγvγntFaΥtρvρtyFatFtπγFtpkFwρtπFNsqrt{s}FeFVTaOF|γ~TFEuropeann
PhysicalnJournalnCRF2010RF^VRF[[[S[^X 4.2 36

383 uγasurγmγntFoμFtπγFαouΞψγSαρμμγrγntρaψFρnΥψusρvγFτγtFΥrossFsγΥtρonFρnFprotonSprotonFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFZ[W 4.2 36
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382 komΞρnatρonFoμF{γarΥπγsFμorFpρννsFjosonFxaρrFxroαuΥtρonFρnFxrotonSxrotonFkoψψρsρonsFatF
sqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2019RFWXXRFWXW_VY 7.4 35

381 uγasurγmγntFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFμorFpρννsFΞosonFproαuΥtρonFρnFtπγFαρpπotonFαγΥayF
ΥπannγψFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFWY 4.2 35

380 mψψρptρΥFnψowFoμFkπarmFanαF{tranνγFpaαronsFρnFpρνπSuuψtρpψρΥρtyFpQxΞFkoψψρsρonsFatF
sqrt±s√{vv}ℓe_TW]FF|γ~TFPhysicalnReviewnLettersRF2018RFWXWRFV_XYVW 7.4 35

379 {γarΥπFμorFtπγFstanαarαFmoαγψFpρννsFΞosonFproαuΥγαFρnFassoΥρatρonFwρtπFaFtopSquarχFpaρrFρnFppF
ΥoψψρsρonsFatFtπγFtpkTFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 35

378
{γarΥπFμorFtπρrαSνγnγratρonFsΥaψarFψγptoquarχsFanαFπγavyFrρνπtSπanαγαFnγutrρnosFρnFμρnaψFstatγsFwρtπF
twoFtauFψγptonsFanαFtwoFτγtsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergyn
PhysicsRF2017RFXVW^RFW

5.4 35

377 {γarΥπFμorFtopFsquarχsFρnFzSparρtySvρoψatρnνFsupγrsymmγtryFusρnνFtπrγγForFmorγFψγptonsFanαF
ΞStaννγαFτγtsTFPhysicalnReviewnLettersRF2013RFWWWRFXXW_VW 7.4 35

376
uγasurγmγntFoμFtπγFNmatπrm{{tΞar{t}}}OFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNsqrt{s}e^OF|γ~F
usρnνFtπγFχρnγmatρΥFpropγrtργsFoμFγvγntsFwρtπFψγptonsFanαFτγtsTFEuropeannPhysicalnJournalnCRF2011RF
^WRFW

4.2 35

375 {γarΥπFμorFquarχFΥomposρtγnγssFwρtπFtπγFαρτγtFΥγntraψρtyFratρoFρnFppFΥoψψρsρonsFatFâ��se^F|γ~TFPhysicaln
ReviewnLettersRF2010RFWV[RFX]XVVW 7.4 35

374
uγasurγmγntFanαFyklFanaψysρsFoμFαouΞψγSαρμμγrγntρaψFρnΥψusρvγFτγtFΥrossFsγΥtρonsFρnFppFΥoψψρsρonsFatF
NFsqrt{s}e_FOF|γ~FanαFΥrossFsγΥtρonFratρosFtoFXT^]FanαF^F|γ~TFJournalnofnHighnEnergynPhysicsRF2017RF
XVW^RFW

5.4 34

373 {γarΥπFμorFnγwFpπysρΥsFρnFsamγSsρνnFαρψγptonFγvγntsFρnFprotonSprotonFΥoψψρsρonsFatF±normuψabFsγγF
tγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFZYa 4.2 34

372 {γarΥπFμorFmρΥrosΥopρΥFΞψaΥχFπoψγsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF{tγxt{^|γ~}}FOTFJournalnofnHighn
EnergynPhysicsRF2012RFXVWXRFW 5.4 34

371 uγasurγmγntFoμFassoΥρatγαFproαuΥtρonFoμFvγΥtorFΞosonsFanαFtopFquarχSantρquarχFpaρrsFρnFppF
ΥoψψρsρonsFatFsqrt±sℓe^FF|γ~TFPhysicalnReviewnLettersRF2013RFWWVRFW^XVVX 7.4 34

370 {γarΥπFμorFπγavyFstaΞψγFΥπarνγαFpartρΥψγsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^c{tγxt{|γ~}}FOTFJournalnofn
HighnEnergynPhysicsRF2011RFXVWWRFW 5.4 34

369 {γarΥπFμorFtπrγγSτγtFrγsonanΥγsFρnFppFΥoψψρsρonsFatFsquarγFrootNsOe^FF|γ~TFPhysicalnReviewnLettersRF
2011RFWV^RFWVW_VW 7.4 34

368 kanFtπγFpρννsFΞosonsFoμFtπγFmρnρmaψFsupγrsymmγtrρΥFmoαγψFΞγFαγtγΥtγαFatFaFπaαronFΥoψψραγrFvρaF
twoSpπotonFαγΥaysgTFPhysicalnReviewnDRF1988RFY_RFYZ_WSYZ_^ 4.9 34

367 {γarΥπFμorFαγΥaysFoμFstoppγαFψonνSψρvγαFpartρΥψγsFproαuΥγαFρnFprotonSprotonFΥoψψρsρonsFatF±normuψabF
sγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RFW[W 4.2 33

366 {γarΥπFμorFnγwFpπysρΥsFρnFγvγntsFwρtπFsamγSsρνnFαρψγptonsFanαFΞFτγtsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e_FOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 33

365 {γarΥπγsFμorFtπρrαSνγnγratρonFsquarχFproαuΥtρonFρnFμuψψyFπaαronρΥFμρnaψFstatγsFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 33
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364 {γarΥπFμorFaFψρνπtFΥπarνγαFpρννsFΞosonFαγΥayρnνFtoFNFmatπrm{Υ}ovγrψρnγ{matπrm{s}}FOFρnFppFΥoψψρsρonsF
atFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFWSY^ 5.4 33

363 {γarΥπFμorF¯gFrγsonanΥγsFαγΥayρnνFtoFtt´flFρnFαρψγptonQτγtsFμρnaψFstatγsFρnFppFΥoψψρsρonsFatFse^FF|γ~TF
PhysicalnReviewnDRF2013RF_^RF 4.9 33

362 {upγrsymmγtrρΥFpρννsFΞosonFpaρrFproαuΥtρonFatFπaαronFΥoψψραγrsTFPhysicalnReviewnDRF1999RF]VRF 4.9 33

361 qαγntρμρΥatρonFtγΥπnρquγsFμorFπρνπψyFΞoostγαF’FΞosonsFtπatFαγΥayFρntoFπaαronsTFJournalnofnHighn
EnergynPhysicsRF2014RFXVWZRFW 5.4 32

360 {γarΥπFμorFμraΥtρonaψψyFΥπarνγαFpartρΥψγsFρnFppFΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewnDRF2013RF_^RF 4.9 32

359 {γarΥπFμorFrγsonanΥγsFρnFtπγFαρψγptonFmassFαρstrρΞutρonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournaln
ofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 32

358 {γarΥπFμorFsupγrsymmγtryFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~FρnFγvγntsFwρtπFaFsρnνψγFψγptonRFτγtsRF
anαFmρssρnνFtransvγrsγFmomγntumTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 32

357 uγasurγmγntFoμFtπγFlrγψψS anFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2011RFXVWWRFW 5.4 32

356 yuartρΥFanomaψousFΥoupψρnνsFρnFνammaFνammaFΥoψψραγrsTFPhysicalnReviewnDRF1995RF[XRFW[SXW 4.9 32

355 wΞsγrvatρonFoμF|woFmxΥρtγαFj√{Υ}−{Q}F{tatγsFanαFuγasurγmγntFoμFtπγFj√{Υ}−{Q}NX{OFuassFρnFppF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2019RFWXXRFWYXVVW 7.4 31

354 uγasurγmγntFoμFtπγFtt´flFproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFse^FF|γ~FρnFαρψγptonFμρnaψFstatγsF
ΥontaρnρnνFaFˇ�TFPhysicalnReviewnDRF2012RF_[RF 4.9 31

353 uγasurγmγntFoμFtπγFjsVFxroαuΥtρonFkrossF{γΥtρonFwρtπFjsVSfrUˇ�gFlγΥaysFρnFppFkoψψρsρonsFatF
se^FF|γ~TFPhysicalnReviewnDRF2011RF_ZRF 4.9 31

352 qnΥψusρvγF{γarΥπFμorFaFpρνπψyFjoostγαFpρννsFjosonFlγΥayρnνFtoFaFjottomFyuarχSintρquarχFxaρrTF
PhysicalnReviewnLettersRF2018RFWXVRFV^W_VX 7.4 30

351 uγasurγmγntFoμFtπγFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFγ˛…FΥπannγψFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}e^FOFanαF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 30

350 {γarΥπFρnFψγptonρΥFΥπannγψsFμorFπγavyFrγsonanΥγsFαγΥayρnνFtoFψonνSψρvγαFnγutraψFpartρΥψγsTFJournalnofn
HighnEnergynPhysicsRF2013RFXVWYRFW 5.4 30

349 qnΥψusρvγFΞSτγtFproαuΥtρonFρnFppFΥoψψρsρonsFatFNsqrtF{s}FeF^|γ~OTFJournalnofnHighnEnergynPhysicsRF2012RF
XVWXRFW 5.4 30

348 wΞsγrvatρonFoμF¯FαγΥaysFtoFμourFψγptonsFwρtπFtπγFku{FαγtγΥtorFatFtπγFtpkTFJournalnofnHighnEnergyn
PhysicsRF2012RFXVWXRFW 5.4 30

347 uγasurγmγntFoμFtπγFtopSquarχFmassFρnFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFγvγntsFwρtπFψγptonQτγtsF
μρnaψFstatγsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 30
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346 uγasurγmγntFoμFtπγFunαγrψyρnνFγvγntFρnFtπγFlrγψψâ�� anFproΥγssFρnFprotonâ��protonFΥoψψρsρonsFatF
Nsqrt{s}FeF^~mΞox{|γ~}OTFEuropeannPhysicalnJournalnCRF2012RF^XRFW 4.2 30

345 uγasurγmγntsFoμFtπγFproαuΥtρonFΥrossFsγΥtρonFanαFtπγFΞranΥπρnνFμraΥtρonRFanαFΥonstraρntsFonF
anomaψousFtrρpψγFνauνγFΥoupψρnνsFatTFEuropeannPhysicalnJournalnCRF2018RF^_RFW][ 4.2 29

344 {γarΥπFμorFsupγrsymmγtryFρnFμρnaψFstatγsFwρtπFmρssρnνFtransvγrsγFγnγrνyFanαFVRFWRFXRForFâ�¥YFΞSquarχF
τγtsFρnF^F|γ~FppFΥoψψρsρonsFusρnνFtπγFvarρaΞψγF˛–F|TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 29

343 uγasurγmγntFoμFtopFquarχSantρquarχFpaρrFproαuΥtρonFρnFassoΥρatρonFwρtπFaF’ForF¯FΞosonFρnFppF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2014RF^ZRFYV]V 4.2 29

342 uγasurγmγntFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFμorFtπγFproαuΥtρonFoμFaFpaρrFoμFρsoψatγαFpπotonsFρnFppF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2014RF^ZRFYWXa 4.2 29

341 {γarΥπFμorFkπarνγαFpρννsFjosonsFxroαuΥγαFvρaF~γΥtorFjosonFnusρonFanαFlγΥayρnνFρntoFaFxaρrFoμF’F
anαF¯FjosonsF}sρnνFppFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2017RFWWaRFWZW_VX 7.4 28

340 uγasurγmγntFoμFtπγF|opFyuarχFxaρrFxroαuΥtρonFkrossF{γΥtρonFρnFxrotonSxrotonFkoψψρsρonsFatF
â��±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2016RFWW]RFV[XVVX 7.4 28

339 {γarΥπFμorFπγavyFuaτoranaFnγutrρnosFρnFγ´–γ´–QFτγtsFanαFγ´–F˛…F´–QFτγtsFγvγntsFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 28

338 {γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFΞFτγtsFanαFmρssρnνFtransvγrsγFmomγntumFatFtπγFtpkTF
JournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 28

337 {γarΥπFμorFpaρrFproαuΥtρonFoμFμρrstSFanαFsγΥonαSνγnγratρonFsΥaψarFψγptoquarχsFρnFppFΥoψψρsρonsFatF
se^FF|γ~TFPhysicalnReviewnDRF2012RF_]RF 4.9 28

336 {γarΥπFμorFψowFmassFvγΥtorFrγsonanΥγsFαγΥayρnνFρntoFquarχSantρquarχFpaρrsFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 28

335 uγasurγmγntFoμFtπγFproαuΥtρonFΥrossFsγΥtρonRFtπγFtopFquarχFmassRFanαFtπγFstronνFΥoupψρnνF
ΥonstantFusρnνFαρψγptonFγvγntsFρnFppFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFY]_ 4.2 27

334 wΞsγrvatρonFoμFkorrγψatγαFizρmutπaψFinρsotropyFnourργrFparmonρΥsFρnFppFanαFpQxΞFkoψψρsρonsFatFtπγF
tpkTFPhysicalnReviewnLettersRF2018RFWXVRFVaXYVW 7.4 27

333 uγasurγmγntFoμFtπγF{pψρttρnνFnunΥtρonFρnFppFanαFxΞSxΞFkoψψρsρonsFatFsqrt±s√{vv}ℓe[TVXFF|γ~TF
PhysicalnReviewnLettersRF2018RFWXVRFWZXYVX 7.4 27

332 {πapγRFtransvγrsγFsρzγRFanαFΥπarνγαSπaαronFmuψtρpψρΥρtyFoμFτγtsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^c|γ~FOTF
JournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 27

331 uγasurγmγntFoμFNF{tγxt{j}}ovγrψρnγF{tγxt{j}}FOFanνuψarFΥorrγψatρonsFΞasγαFonFsγΥonαaryFvγrtγxF
rγΥonstruΥtρonFatFNFsqrtF{s}FeF^R{tγxt{|γ~}}FOTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 27

330 uγasurγmγntFoμFpromptFanαFnonpromptF±normuψabFsγγFtγxtℓFproαuΥtρonFρnF±normuψabFsγγFtγxtℓFanαF
±normuψabFsγγFtγxtℓFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2017RF^^RFX]a 4.2 26

329 uγasurγmγntFoμFtπγFΥrossFsγΥtρonFanαFanνuψarFΥorrγψatρonsFμorFassoΥρatγαFproαuΥtρonFoμFaF¯FΞosonF
wρtπFΞFπaαronsFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF^F|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 26
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328 {γarΥπFμorFpπysρΥsFΞγyonαFtπγFstanαarαFmoαγψFρnFopposρtγSsρνnFαρψγptonFγvγntsFρnFppFΥoψψρsρonsFatFNF
sqrtF{s}FeF^R{tγxt{|γ~}}FOTFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 26

327 {γarΥπFμorFaF’MForFtγΥπnρSˇ�FαγΥayρnνFρntoF’¯FρnFppFkoψψρsρonsFatFsqrt±sℓFeF^FF|γ~TFPhysicalnReviewn
LettersRF2012RFWVaRFWZW_VW 7.4 26

326 {tronνψyFρntγraΥtρnνFvγΥtorFΞosonsFatFtπγFkmzvFtpkbFyuartρΥFanomaψousFΥoupψρnνsTFPhysicalnReviewn
DRF1998RF[aRF 4.9 26

325 xroαuΥtρonFmγΥπanρsmsFμorFnonmρnρmaψFpρννsFΞosonsFatFanFγQγSFΥoψψραγrTFPhysicalnReviewnDRF1988RF
Y_RFYZZZSYZ]V 4.9 26

324 {γarΥπFμorFmonotopFsρνnaturγsFρnFprotonSprotonFΥoψψρsρonsFatFâ��se_FF|γ~TFPhysicalnReviewnLettersRF
2015RFWWZRFWVW_VW 7.4 25

323
uγasurγmγntFoμFtπγF’SΞosonFπγψρΥρtyFρnFtopSquarχFαγΥaysFμromFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOF
proαuΥtρonFρnFψγptonQτγtsFγvγntsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2013RFXVWYRFW

5.4 25

322 {γarΥπFμorFtopFsquarχFpaρrFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~FusρnνFsρnνψγFψγptonF
γvγntsTFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 25

321
uγasurγmγntsFoμFtπγF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓFproαuΥtρonFΥrossFsγΥtρonsFρnFtπγF
±normuψabFsγγFtγxtℓFΥπannγψFρnFprotonSprotonFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓFanαF±normuψabFsγγF
tγxtℓFanαFΥomΞρnγαFΥonstraρntsFonFtrρpψγFνauνγFΥoupψρnνsTFEuropeannPhysicalnJournalnCRF2015RF^[RF[WW

4.2 25

320 {γarΥπFμorFrγsonantFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFproαuΥtρonFρnFψγptonQτγtsFγvγntsFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 25

319 {γarΥπFμorFπγavyFrγsonanΥγsFαγΥayρnνFtoFtwoFpρννsFΞosonsFρnFμρnaψFstatγsFΥontaρnρnνFμourFΞFquarχsTF
EuropeannPhysicalnJournalnCRF2016RF^]RFY^W 4.2 25

318 uγasurγmγntFoμFtπγFwγaχFmρxρnνFanνψγFusρnνFtπγFμorwarαSΞaΥχwarαFasymmγtryFoμFlrγψψS anF
γvγntsFρnFΥoψψρsρonsFatF_TFEuropeannPhysicalnJournalnCRF2018RF^_RF^VW 4.2 25

317
konstraρntsFonFtπγFpu{{uRFiu{jFmoαγψFanαFonFotπγrFmoαγψsFμromFtπγFsγarΥπFμorFψonνSψρvγαF
ΥπarνγαFpartρΥψγsFρnFprotonSprotonFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF
2015RF^[RFYX[

4.2 24

316 {γarΥπFμorFproαuΥtρonFoμFμourFtopFquarχsFρnFμρnaψFstatγsFwρtπFsamγSsρνnForFmuψtρpψγFψγptonsFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2020RF_VRF^[ 4.2 24

315 uγasurγmγntFoμFρnΥψusρvγFτγtFproαuΥtρonFanαFnuΥψγarFmoαρμρΥatρonsFρnFpxΞFΥoψψρsρonsFatF±normuψabF
sγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFY^X 4.2 24

314 rγtFanαFunαγrψyρnνFγvγntFpropγrtργsFasFaFμunΥtρonFoμFΥπarνγαSpartρΥψγFmuψtρpψρΥρtyFρnFprotonSprotonF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2013RF^YRFX]^Z 4.2 24

313 uγasurγmγntFoμFtπγF¯U˛‡PFQFΞSτγtFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2012RFXVWXRFW 5.4 24

312 {γarΥπFμorFnγwFpπysρΥsFρnFγvγntsFwρtπFsamγSsρνnFαρψγptonsFanαFΞStaννγαFτγtsFρnFppFΥoψψρsρonsFatFNFsqrtF
{s}FeF^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 24

311 {γarΥπFμorFtπγFstanαarαFmoαγψFpρννsFΞosonFρnFtπγFpFSfF¯¯FSfFXâ��X˛‰FΥπannγψFρnFppFΥoψψρsρonsFatFNFsqrtF
{tγxt{s}}FeF{^}c{tγxt{|γ~}}FOTFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 24
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310 pγψρΥρtyFwavγFμunΥtρonsFμorFmassψγssFanαFmassρvγFspρnSXFpartρΥψγsTFPhysicalnReviewnDRF1991RFZZRFYaaVSYaaY4.9 24

309 {γarΥπFμorFlarχFuattγrFanαF{upγrsymmγtryFwρtπFaFkomprγssγαFuassF{pγΥtrumFρnFtπγF~γΥtorFjosonF
nusρonF|opoψoνyFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓe_FF|γ~TFPhysicalnReviewnLettersRF2017RFWW_RFVXW_VX7.4 23

308 {γarΥπFμorF’gFSfFtΞFαγΥaysFρnFtπγFψγptonFQFτγtsFμρnaψFstatγFρnFppFΥoψψρsρonsFatFNFsqrt{s}FOFeF_F|γ~TFJournaln
ofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 23

307 {γarΥπFμorFmvραγnΥγFoμFtπγF|ypγSqqqF{γγsawFuγΥπanρsmFρnFuuψtρψγptonFnρnaψF{tatγsFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2017RFWWaRFXXW_VX 7.4 23

306 komΞρnγαFsγarΥπFμorFtπγFquarχsFoμFaFsγquγntρaψFμourtπFνγnγratρonTFPhysicalnReviewnDRF2012RF_]RF 4.9 23

305 {γarΥπFμorFtπρrαSνγnγratρonFsΥaψarFψγptoquarχsFαγΥayρnνFtoFaFtopFquarχFanαFaFψγptonFatTFEuropeann
PhysicalnJournalnCRF2018RF^_RF^V^ 4.2 23

304
mvραγnΥγFμorFassoΥρatγαFproαuΥtρonFoμFaFpρννsFΞosonFwρtπFaFtopFquarχFpaρrFρnFμρnaψFstatγsFwρtπF
γψγΥtronsRFmuonsRFanαFπaαronρΥaψψyFαγΥayρnνFˇ�FψγptonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergyn
PhysicsRF2018RFXVW_RFW

5.4 23

303 uγasurγmγntFoμFtπγF±normuψabFsγγFtγxtℓFproαuΥtρonFΥrossFsγΥtρonFusρnνFγvγntsFρnFtπγF±normuψabFsγγF
tγxtℓFμρnaψFstatγFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2017RF^^RFW^X 4.2 22

302 {γarΥπFμorFtπγFpρννsFjosonFlγΥayρnνFtoF|woFuuonsFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TF
PhysicalnReviewnLettersRF2019RFWXXRFVXW_VW 7.4 22

301 {tuαyFoμFrγtFyuγnΥπρnνFwρtπF¯QτγtFkorrγψatρonsFρnFxΞSxΞFanαFppFkoψψρsρonsFatF
sqrt±sℓ√{vv}e[TVXFF|γ~TFPhysicalnReviewnLettersRF2017RFWWaRFV_XYVW 7.4 22

300 {γarΥπFμorFαarχFmattγrFproαuΥγαFρnFassoΥρatρonFwρtπFπγavySμψavorFquarχFpaρrsFρnFprotonSprotonF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2017RF^^RF_Z[ 4.2 22

299 uγasurγmγntFoμFjosγSmρnstγρnFΥorrγψatρonsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeFVTaFOFanαF^F|γ~TFJournalnofn
HighnEnergynPhysicsRF2011RFXVWWRFW 5.4 22

298
uγasurγmγntFoμFtπγF’¯FproαuΥtρonFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓFanαF
_±normuψabFsγγFtγxtℓFanαFsγarΥπFμorFanomaψousFtrρpψγFνauνγFΥoupψρnνsFatF±normuψabFsγγFtγxtℓTF
EuropeannPhysicalnJournalnCRF2017RF^^RFXY]

4.2 21

297
iFsγarΥπFμorFnγwFpπγnomγnaFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓFρnFμρnaψFstatγsFwρtπFmρssρnνF
transvγrsγFmomγntumFanαFatFψγastFonγFτγtFusρnνFtπγF±normuψabFsγγFtγxtℓFvarρaΞψγTFEuropeannPhysicaln
JournalnCRF2017RF^^RFXaZ

4.2 21

296 uγasurγmγntFoμFγψγΥtrowγaχFproαuΥtρonFoμFtwoFτγtsFρnFassoΥρatρonFwρtπFaF¯FΞosonFρnFprotonSprotonF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RF]] 4.2 21

295 korrγψatρonsFΞγtwγγnFτγtsFanαFΥπarνγαFpartρΥψγsFρnFxΞxΞFanαFppFΥoψψρsρonsFatFNF
sqrt{s√{matπrm{vv}}}eXT^]FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 21

294 uγasurγmγntFoμFtπγF±normuψabFsγγFtγxtℓFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFaψψSτγtsFμρnaψFstatγFρnFppF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFWX_ 4.2 21

293 uγasurγmγntFoμFtπγFproαuΥtρonFΥrossFsγΥtρonsFμorFaF¯FΞosonFanαFonγForFmorγFΞFτγtsFρnFppFΥoψψρsρonsF
atFNFsqrt{s}FOFeF^F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 21

(2014-1991)

17



292 uγasurγmγntFoμFtπγFtopSquarχFmassFρnFaψψSτγtsF±normuψabFsγγFtγxtℓFγvγntsFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓF|γ~TFEuropeannPhysicalnJournalnCRF2014RF^ZRFX^[_ 4.2 21

291 uγasurγmγntFoμFtπγFNmatπrm{t}Ξar{matπrm{t}}OFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFˇ�QτγtsFΥπannγψFρnFppF
ΥoψψρsρonsFatFNsqrt{s}e^FmΞox{|γ~}OTFEuropeannPhysicalnJournalnCRF2013RF^YRFW 4.2 21

290 {γarΥπFμorFtowFuassF~γΥtorFzγsonanΥγsFlγΥayρnνFtoFyuarχSintρquarχFxaρrsFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2017RFWWaRFWWW_VX 7.4 21

289
{γarΥπFμorFpπysρΥsFΞγyonαFtπγFstanαarαFmoαγψFρnFγvγntsFwρtπFtwoFψγptonsFoμFsamγFsρνnRFmρssρnνF
transvγrsγFmomγntumRFanαFτγtsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2017RF
^^RF[^_

4.2 21

288 {γarΥπFμorFψρνπtFΞosonsFρnFαγΥaysFoμFtπγFWX[Foγ~FpρννsFΞosonFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 21

287 {γarΥπFμorFaFpρννsFΞosonFρnFtπγFαγΥayFΥπannγψFpFSfF¯¯NPOFSfFqNFovγrψρnγF{tγxt{q}}FOFâ��Fâ��Fâ��FQFρnFppFΥoψψρsρonsF
atFNFsqrtF{s}FeF^FO|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 21

286 qnΥψusρvγFΞSπaαronFproαuΥtρonFΥrossFsγΥtρonFwρtπFmuonsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^c{tγxt{|γ~}}FOTF
JournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 21

285 {γarΥπFμorFψarνγFγxtraFαρmγnsρonsFρnFtπγFαρpπotonFμρnaψFstatγFatFtπγFtarνγFpaαronFkoψψραγrTFJournaln
ofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 21

284 uγasurγmγntFoμFtransvγrsγFmomγntumFrγψatρvγFtoFαρτγtFsystγmsFρnFxΞxΞFanαFppFΥoψψρsρonsFatFNF
sqrt{s√{matπrm{vv}}}eXT^]FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 21

283
uγasurγmγntFoμF±normuψabFsγγFtγxtℓFproαuΥtρonFwρtπFaααρtρonaψFτγtFaΥtρvρtyRFρnΥψuαρnνF±normuψabFsγγF
tγxtℓFquarχFτγtsRFρnFtπγFαρψγptonFαγΥayFΥπannγψFusρnνFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeann
PhysicalnJournalnCRF2016RF^]RFY^a

4.2 20

282 {γarΥπFμorFstanαarαFmoαγψFproαuΥtρonFoμFμourFtopFquarχsFwρtπFsamγSsρνnFanαFmuψtρψγptonFμρnaψF
statγsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2018RF^_RFWZV 4.2 20

281 {γarΥπFμorFaFπγavyFpsγuαosΥaψarFΞosonFαγΥayρnνFtoFaF¯FanαFaFpρννsFΞosonFatTFEuropeannPhysicaln
JournalnCRF2019RF^aRF[]Z 4.2 20

280 uγasurγmγntFoμFtπγFproαuΥtρonFΥrossFsγΥtρonFμorFpaρrsFoμFρsoψatγαFpπotonsFρnFppFΥoψψρsρonsFatFNFsqrtF
{s}FeF^c|γ~FOTFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 20

279 wΞsγrvatρonFoμFaFαρμμraΥtρvγFΥontrρΞutρonFtoFαρτγtFproαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFse^FF|γ~TF
PhysicalnReviewnDRF2013RF_^RF 4.9 20

278 {γarΥπFμorFπγavyFrγsonanΥγsFtπatFαγΥayFρntoFaFvγΥtorFΞosonFanαFaFpρννsFΞosonFρnFπaαronρΥFμρnaψF
statγsFatTFEuropeannPhysicalnJournalnCRF2017RF^^RF]Y] 4.2 20

277 {γarΥπFμorFtγptoquarχsFkoupψγαFtoF|πρrαSoγnγratρonFyuarχsFρnFxrotonSxrotonFkoψψρsρonsFatF
sqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2018RFWXWRFXZW_VX 7.4 20

276
uγasurγmγntsFoμFtπγF±normuψabFsγγFtγxtℓFproαuΥtρonFΥrossFsγΥtρonFρnFψγptonQτγtsFμρnaψFstatγsFρnFppF
ΥoψψρsρonsFatF_F±normuψabFsγγFtγxtℓFanαFratρoFoμF_FtoF^´ ±normuψabFsγγFtγxtℓFΥrossFsγΥtρonsTFEuropeann
PhysicalnJournalnCRF2017RF^^RFW[

4.2 19

275 uγasurγmγntFoμFtπγF’FΞosonFπγψρΥρtyFρnFγvγntsFwρtπFaFsρnνψγFrγΥonstruΥtγαFtopFquarχFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 19
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274
{γarΥπFμorFrγsonantFanαFnonrγsonantFpρννsFΞosonFpaρrFproαuΥtρonFρnFtπγFNF
matπrm{Ξ}ovγrψρnγ{matπrm{Ξ}}matπρt{γψψFnuFγψψFnuF}FOFμρnaψFstatγFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW

5.4 19

273 {tuαyFoμFjFuγsonFxroαuΥtρonFρnFpQxΞFkoψψρsρonsFatFâ��±{NvvOℓe[TVXF|γ~F}sρnνFmxΥψusρvγFpaαronρΥF
lγΥaysTFPhysicalnReviewnLettersRF2016RFWW]RFVYXYVW 7.4 19

272 {γarΥπFμorFmassρvγF’pFrγsonanΥγsFαγΥayρnνFρntoFtπγF±normuψabFsγγFtγxtℓFμρnaψFstatγFatF±normuψabFsγγF
tγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFXY^ 4.2 19

271 uγasurγmγntFoμFγxΥψusρvγFpπotoproαuΥtρonFμromFprotonsFρnFxΞFΥoψψρsρonsFatTFEuropeannPhysicaln
JournalnCRF2019RF^aRFX^^ 4.2 19

270 {γarΥπFμorFtπρrαSνγnγratρonFsΥaψarFψγptoquarχsFρnFtπγFtˇ�FΥπannγψFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 19

269 uγasurγmγntFoμFγnγrνyFμψowFatFψarνγFpsγuαorapραρtργsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeFVT{a}FOFanαF^F
|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 19

268 uγasurγmγntFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFμorFΞosonFproαuΥtρonFρnFassoΥρatρonFwρtπFτγtsFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2018RF^_RFa][ 4.2 19

267 {γarΥπFμorFnγwFpπysρΥsFρnFαρτγtFanνuψarFαρstrρΞutρonsFusρnνFprotonSprotonFΥoψψρsρonsFatFanαF
ΥonstraρntsFonFαarχFmattγrFanαFotπγrFmoαγψsTFEuropeannPhysicalnJournalnCRF2018RF^_RF^_a 4.2 19

266 {γarΥπFμorFvγΥtorSψρχγFquarχsFρnFγvγntsFwρtπFtwoFopposρtγψyFΥπarνγαFψγptonsFanαFτγtsFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFY]Z 4.2 18

265 {tuαyFoμF¯FproαuΥtρonFρnFxΞxΞFanαFppFΥoψψρsρonsFatFNFsqrt{s√{matπrm{vv}}}eXT^]FOF|γ~FρnFtπγFαρmuonF
anαFαργψγΥtronFαγΥayFΥπannγψsTFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 18

264 TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 18

263 zγψatρvγFuoαρμρΥatρonFoμFxromptFˇ�NX{OFanαFrUˇ�F ργψαsFμromFppFtoFxΞxΞFkoψψρsρonsFatF
sqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2017RFWW_RFW]XYVW 7.4 18

262 {γarΥπFμorFαρrγΥtFproαuΥtρonFoμFsupγrsymmγtrρΥFpartnγrsFoμFtπγFtopFquarχFρnFtπγFaψψSτγtsFμρnaψFstatγF
ρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 18

261
{γarΥπFμorFπγavyFnγutrρnosForFtπρrαSνγnγratρonFψγptoquarχsFρnFμρnaψFstatγsFwρtπFtwoFπaαronρΥaψψyF
αγΥayρnνFˇ�FψγptonsFanαFtwoFτγtsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighn
EnergynPhysicsRF2017RFXVW^RFW

5.4 18

260 {γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFΞSquarχFτγtsFanαFmρssρnνFtransvγrsγFγnγrνyFρnFppFΥoψψρsρonsF
atF^F|γ~TFPhysicalnReviewnDRF2012RF_]RF 4.9 18

259 uγasurγmγntFoμFtπγFΥrossFsγΥtρonFμorFtopFquarχFpaρrFproαuΥtρonFρnFassoΥρatρonFwρtπFaF’ForF¯FΞosonF
ρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 18

258
{γarΥπFμorFNFmatπrm{t}ovγrψρnγ{matπrm{t}}matπrm{p}FOFproαuΥtρonFρnFtπγFNFmatπrm{p}toF
matπrm{Ξ}ovγrψρnγ{matπrm{Ξ}}FOFαγΥayFΥπannγψFwρtπFψγptonρΥFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOF
αγΥaysFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW

5.4 17

257 {γarΥπFμorFnγwFpπysρΥsFρnFγvγntsFwρtπFaFψγptonρΥaψψyFαγΥayρnνF¯FΞosonFanαFaFψarνγFtransvγrsγF
momγntumFρmΞaψanΥγFρnFprotonSprotonFΥoψψρsρonsFatFeFWYTFEuropeannPhysicalnJournalnCRF2018RF^_RFXaW 4.2 17

(2018-2018)

19



256 uγasurγmγntFoμFtπγFρnΥψusρvγFτγtFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNsqrt{s}FeFXT^]RtγxtF{|γ~}OTF
EuropeannPhysicalnJournalnCRF2016RF^]RFW 4.2 17

255 {γarΥπγsFμorFpaρrFproαuΥtρonFoμFtπρrαSνγnγratρonFsquarχsFρnF±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓF
ppFΥoψψρsρonsTFEuropeannPhysicalnJournalnCRF2017RF^^RFYX^ 4.2 17

254 {γarΥπFμorFstoppγαFψonνSψρvγαFpartρΥψγsFproαuΥγαFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF{tγxt{^|γ~}}FOTFJournaln
ofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 17

253
zatρosFoμFαρτγtFproαuΥtρonFΥrossFsγΥtρonsFasFaFμunΥtρonFoμFtπγFaΞsoψutγFαρμμγrγnΥγFρnFrapραρtyF
ΞγtwγγnFτγtsFρnFprotonâ��protonFΥoψψρsρonsFatFNsqrt{s}FeF^Fmatπrm{|γ~}OTFEuropeannPhysicalnJournalnCRF
2012RF^XRFW

4.2 17

252 uγasurγmγntFoμFtπγFazρmutπaψFanρsotropyFoμFnγutraψFpρonsFρnFxΞSxΞFΥoψψρsρonsFatFsqrt±sℓNvvOℓFeFXT^]F
|γ~TFPhysicalnReviewnLettersRF2013RFWWVRFVZXYVW 7.4 17

251 uγasurγmγntFoμFtπγFρnΥψusρvγF¯FΥrossFsγΥtρonFvρaFαγΥaysFtoFtauFpaρrsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 17

250 {γarΥπFμorFpaρrFproαuΥtρonFoμFμρrstSνγnγratρonFsΥaψarFψγptoquarχsFρnFppFΥoψψρsρonsFatFâ��sFeF^F|γ~TF
PhysicalnReviewnLettersRF2011RFWV]RFXVW_VX 7.4 17

249
uγasurγmγntFoμFαouΞψγSαρμμγrγntρaψFΥrossFsγΥtρonsFμorFtopFquarχFpaρrFproαuΥtρonFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓFanαFρmpaΥtFonFpartonFαρstrρΞutρonFμunΥtρonsTFEuropeann
PhysicalnJournalnCRF2017RF^^RFZ[a

4.2 16

248 {γarΥπγsFμorFpπysρΥsFΞγyonαFtπγFstanαarαFmoαγψFwρtπFtπγFvarρaΞψγFρnFπaαronρΥFμρnaψFstatγsFwρtπFanαF
wρtπoutFαρsappγarρnνFtraΥχsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2020RF_VRFY 4.2 16

247
{γarΥπFμorFaFvγryFψρνπtFvu{{uFpρννsFΞosonFproαuΥγαFρnFαγΥaysFoμFtπγFWX[Foγ~FsΥaψarFΞosonFanαF
αγΥayρnνFρntoFˇ�FψγptonsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RF
XVW]RFW

5.4 16

246 uγasurγmγntFoμF’¯FanαF¯¯FproαuΥtρonFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓFρnFμρnaψFstatγsFwρtπF
ΞStaννγαFτγtsTFEuropeannPhysicalnJournalnCRF2014RF^ZRFXa^Y 4.2 16

245 {γarΥπFμorFγxotρΥFrγsonanΥγsFαγΥayρnνFρntoF’¯U¯¯FρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofn
HighnEnergynPhysicsRF2013RFXVWYRFW 5.4 16

244 {γarΥπFμorFvγΥtorSψρχγF|FquarχsFαγΥayρnνFtoFtopFquarχsFanαFpρννsFΞosonsFρnFtπγFaψψSπaαronρΥFΥπannγψF
usρnνFτγtFsuΞstruΥturγTFJournalnofnHighnEnergynPhysicsRF2015RFXVW[RFW 5.4 16

243 {γarΥπFμorFαarχFmattγrFanαFunpartρΥψγsFρnFγvγntsFwρtπFaF¯FΞosonFanαFmρssρnνFtransvγrsγFmomγntumF
ρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 16

242 wΞsγrvatρonFoμFtπγFˇ�√{ΞW}NYxOFanαFˇ�√{ΞX}NYxOFanαFuγasurγmγntFoμFtπγρrFuassγsTFPhysicalnReviewn
LettersRF2018RFWXWRFVaXVVX 7.4 16

241 {γarΥπFμorFαarχFmattγrFρnFγvγntsFwρtπFγnγrνγtρΥRFπaαronρΥaψψyFαγΥayρnνFtopFquarχsFanαFmρssρnνF
transvγrsγFmomγntumFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 16

240
uγasurγmγntsFoμFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFαρμμγrγntρaψFΥrossFsγΥtρonsFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{matπrm{s}}eWYFOF|γ~FusρnνFγvγntsFΥontaρnρnνFtwoFψγptonsTFJournalnofnHighnEnergyn
PhysicsRF2019RFXVWaRFW

5.4 15

239 uγasurγmγntsFoμFtπγFassoΥρatγαFproαuΥtρonFoμFaF¯FΞosonFanαFΞFτγtsFρnFppFΥoψψρsρonsFatTFEuropeann
PhysicalnJournalnCRF2017RF^^RF^[W 4.2 15
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238
uγasurγmγntFoμFαρμμγrγntρaψFanαFρntγνratγαFμραuΥρaψFΥrossFsγΥtρonsFμorFpρννsFΞosonFproαuΥtρonFρnF
tπγFμourSψγptonFαγΥayFΥπannγψFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOFanαF_F|γ~TFJournalnofnHighnEnergyn
PhysicsRF2016RFXVW]RFW

5.4 15

237 josγSmρnstγρnFΥorrγψatρonsFρnFppRFpxΞRFanαFxΞxΞFΥoψψρsρonsFatFsvveVTaâ��^F|γ~TFPhysicalnReviewnCRF
2018RFa^RF 2.7 15

236 uγasurγmγntFoμFtπγFtrρpψγSαρμμγrγntρaψFΥrossFsγΥtρonFμorFpπotonFQFτγtsFproαuΥtρonFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}FOFeF^F|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 15

235 {γarΥπFμorFnγwFpπysρΥsFρnFγvγntsFwρtπFpπotonsRFτγtsRFanαFmρssρnνFtransvγrsγFγnγrνyFρnFppFΥoψψρsρonsF
atFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 15

234 {γarΥπFμorFsupγrsymmγtryFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓF|γ~FρnFγvγntsFwρtπFaFsρnνψγFψγptonRF
τγtsRFanαFmρssρnνFtransvγrsγFmomγntumTFEuropeannPhysicalnJournalnCRF2013RF^YRFXZVZ 4.2 15

233 {γarΥπFμorFstanαarαFmoαγψFproαuΥtρonFoμFμourFtopFquarχsFρnFtπγFψγptonFQFτγtsFΥπannγψFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 15

232 uγasurγmγntsFoμFtt±ovγrF´flℓpFxroαuΥtρonFanαFtπγFkxF{truΥturγFoμFtπγF uχawaFqntγraΥtρonFΞγtwγγnF
tπγFpρννsFjosonFanαF|opFyuarχFρnFtπγFlρpπotonFlγΥayFkπannγψTFPhysicalnReviewnLettersRF2020RFWX[RFV]W_VW7.4 15

231 wΞsγrvatρonFoμFuγαρumSqnαuΥγαFuoαρμρΥatρonsFoμFrγtFnraνmγntatρonFρnFxΞSxΞFkoψψρsρonsFatF
sqrt±s√{vv}ℓe[TVXFF|γ~F}sρnνFqsoψatγαFxπotonS|aννγαFrγtsTFPhysicalnReviewnLettersRF2018RFWXWRFXZXYVW 7.4 15

230 {γarΥπFμorFπρνπSmassFrγsonanΥγsFρnFμρnaψFstatγsFwρtπFaFψγptonFanαFmρssρnνFtransvγrsγFmomγntumFatF
NFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 15

229 uγasurγmγntFoμFtπγFτγtFmassFρnFπρνπψyFΞoostγαF±normuψabFsγγFtγxtℓFγvγntsFμromFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2017RF^^RFZ]^ 4.2 14

228 {γarΥπFμorFαρrγΥtFpaρrFproαuΥtρonFoμFsupγrsymmγtrρΥFtopFquarχsFαγΥayρnνFtoFaψψSπaαronρΥFμρnaψFstatγsF
ρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFZ]V 4.2 14

227 kπarνγαSpartρΥψγFanνuψarFΥorrγψatρonsFρnF–γ–γFΥoψψρsρonsFatFsvve[TZZF|γ~TFPhysicalnReviewnCRF2019RF
WVVRF 2.7 14

226 uγasurγmγntFoμFtπγFNFtamΞαa√{matπrm{Ξ}}−VFOFψρμγtρmγFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournaln
ofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 14

225 uγasurγmγntFoμFtπγFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFaψψSτγtFμρnaψF
statγFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 14

224
uγasurγmγntFoμFtπγFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFproαuΥtρonFΥrossFsγΥtρonFusρnνFγvγntsFwρtπF
onγFψγptonFanαFatFψγastFonγFτγtFρnFppFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2017RFXVW^RFW

5.4 14

223 uγasurγmγntsFoμFtπγFαρμμγrγntρaψFτγtFΥrossFsγΥtρonFasFaFμunΥtρonFoμFtπγFτγtFmassFρnFαρτγtFγvγntsFμromF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 14

222 {γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFaFˇ�FψγptonFpaρrFanαFmρssρnνFtransvγrsγFmomγntumFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 14

221 {γarΥπFμorFrγsonantFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFproαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 13

(2019-2016)
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220
uγasurγmγntFoμFtπγFratρoFoμFtπγFproαuΥtρonFΥrossFsγΥtρonsFtρmγsFΞranΥπρnνFμraΥtρonsFoμFjF´–ΥFFSfFrUˇ�ˇ�F
´–FanαFj´–FSfFrUˇ�sF´–FanαFNFmatπrm{matπΥaψ{j}}ψγμtN{matπrm{j}}√{matπrm{Υ}}−{pm}toFmatπrm{r}UpsρF
{pρ}−{pmF}{pρ}−{pmF}{pρ}−{mp}rρνπtOUmatπrm{matπΥaψ{j}}ψγμtN{matπrm{j}}√{matπrm{Υ}}−{pm}toF
matπrm{r}UpsρF{pρ}−{pm}rρνπtOFOFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2015RFXVW[RFW

5.4 13

219 konstraρntsFonFtπγFαouΞψγSpartonFsΥattγrρnνFΥrossFsγΥtρonFμromFsamγSsρνnF’FΞosonFpaρrFproαuΥtρonF
ρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 13

218 norwarαSΞaΥχwarαFasymmγtryFoμFlrγψψS anFψγptonFpaρrsFρnFppFΥoψψρsρonsFatF±normuψabFsγγF
tγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2016RF^]RFYX[ 4.2 13

217 uγasurγmγntFoμFγxΥψusρvγF´ pπotoproαuΥtρonFρnFuψtrapγrρpπγraψFpxΞFΥoψψρsρonsFatTFEuropeannPhysicaln
JournalnCRF2019RF^aRF^VX 4.2 13

216 uγasurγmγntFoμFtπγFtopFquarχFmassFρnFtπγFaψψSτγtsFμρnaψFstatγFatFanαFΥomΞρnatρonFwρtπFtπγF
ψγptonQτγtsFΥπannγψTFEuropeannPhysicalnJournalnCRF2019RF^aRFYWY 4.2 13

215 xroΞρnνFΥoψorFΥoπγrγnΥγFγμμγΥtsFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF
2014RF^ZRFXaVW 4.2 13

214 {γarΥπFμorFaFμγrmρopπoΞρΥFpρννsFΞosonFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighnEnergyn
PhysicsRF2012RFXVWXRFW 5.4 13

213
uγasurγmγntFoμFtπγFρnΥψusρvγFproαuΥtρonFΥrossFsγΥtρonsFμorFμorwarαFτγtsFanαFμorFαρτγtFγvγntsFwρtπF
onγFμorwarαFanαFonγFΥγntraψFτγtFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2012RFXVWXRFW

5.4 13

212 uγasurγmγntFoμFtπγFmassFαρμμγrγnΥγFΞγtwγγnFtopFanαFantρtopFquarχsTFJournalnofnHighnEnergyn
PhysicsRF2012RFXVWXRFW 5.4 13

211 {γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFopposρtγSsρνnFαρψγptonsFanαFmρssρnνFtransvγrsγFγnγrνyF
usρnνFanFartρμρΥρaψFnγuraψFnγtworχTFPhysicalnReviewnDRF2013RF_^RF 4.9 13

210 {γarΥπFμorFpaρrFproαuΥtρonFoμFsγΥonαSνγnγratρonFsΥaψarFψγptoquarχsFρnFppFΥoψψρsρonsFatFâ��sFeF^F|γ~TF
PhysicalnReviewnLettersRF2011RFWV]RFXVW_VY 7.4 13

209 pγavySψγptonFproαuΥtρonFvρaFvγΥtorSΞosonFμusρonTFPhysicalnReviewnDRF1986RFYZRF^^WS^^^ 4.9 13

208
uγasurγmγntFoμFNπΞoxF{t}{Ξar{πΞoxF{t}}}OFnormaψρsγαFmuψtρSαρμμγrγntρaψFΥrossFsγΥtρonsFρnFN{tγxtF
{p}}{tγxtF{p}}FOFΥoψψρsρonsFatFNsqrt{s}eWYR{tγxtF{|γ~}}FORFanαFsρmuψtanγousFαγtγrmρnatρonFoμFtπγFstronνF
ΥoupψρnνFstrγnνtπRFtopFquarχFpoψγFmassRFanαFpartonFαρstrρΞutρonFμunΥtρonsTFEuropeannPhysicaln
JournalnCRF2020RF_VRFW

4.2 13

207 lγΥomposρnνFtransvγrsγFmomγntumFΞaψanΥγFΥontrρΞutρonsFμorFquγnΥπγαFτγtsFρnFxΞxΞFΥoψψρsρonsFatFNF
sqrt{s√{matπrm{v}cmatπrm{v}}}eXT^]FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 13

206 {γarΥπFμorFNFmatπrm{t}ovγrψρnγ{matπrm{t}}matπrm{p}FOFproαuΥtρonFρnFtπγFaψψSτγtFμρnaψFstatγFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 13

205 uγasurγmγntFoμFtπγFtopFquarχFmassFwρtπFψγptonQτγtsFμρnaψFstatγsFusρnνFΥoψψρsρonsFatTFEuropeann
PhysicalnJournalnCRF2018RF^_RF_aW 4.2 13

204 {γarΥπFμorFvarrowFzγsonanΥγsFρnFtπγFΞS|aννγαFlρτγtFuassF{pγΥtrumFρnFxrotonSxrotonFkoψψρsρonsFatF
sqrt±sℓe_FF|γ~TFPhysicalnReviewnLettersRF2018RFWXVRFXVW_VW 7.4 13

203 {γarΥπFμorFαarχFmattγrFproαuΥγαFρnFassoΥρatρonFwρtπFaFpρννsFΞosonFαγΥayρnνFtoFaFpaρrFoμFΞottomF
quarχsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFX_V 4.2 12
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202 {γarΥπFμorFαρrγΥtFtopFsquarχFpaρrFproαuΥtρonFρnFγvγntsFwρtπFonγFψγptonRFτγtsRFanαFmρssρnνFtransvγrsγF
momγntumFatFWYF|γ~FwρtπFtπγFku{FγxpγrρmγntTFJournalnofnHighnEnergynPhysicsRF2020RFXVXVRFW 5.4 12

201 {γarΥπFμorFaFvarrowFzγsonanΥγFtρνπtγrFtπanFXVV´ oγ~FlγΥayρnνFtoFaFxaρrFoμFuuonsFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2020RFWXZRFWYW_VX 7.4 12

200 {upprγssρonFoμFmxΥρtγαFgF{tatγsFzγψatρvγFtoFtπγForounαF{tatγFρnFxΞSxΞFkoψψρsρonsFatF
sqrt±sℓ√{vv}e[TVXFF|γ~TFPhysicalnReviewnLettersRF2018RFWXVRFWZXYVW 7.4 12

199 uγasurγmγntFoμFnormaψρzγαFαρμμγrγntρaψFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFΥrossFsγΥtρonsFρnFtπγF
αρψγptonFΥπannγψFμromFppFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 12

198
uγasurγmγntFoμFtπγFproαuΥtρonFΥrossFsγΥtρonFμorFNFmatπrm{¯}νammaFtoFnuFovγrψρnγ{nu}νammaFOFρnF
ppFΥoψψρsρonsFatFNFsqrt{s}FeF^FOF|γ~FanαFψρmρtsFonF¯¯˛‡FanαF¯˛‡˛‡FtrρpψγFνauνγFΞosonFΥoupψρnνsTFJournalnofn
HighnEnergynPhysicsRF2013RFXVWYRFW

5.4 12

197 {γarΥπFμorFπγavyFquarχsFαγΥayρnνFρntoFaFtopFquarχFanαFaF’ForF¯FΞosonFusρnνFψγptonFQFτγtsFγvγntsFρnF
ppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW 5.4 12

196 xrρnΥρpaψSΥomponγntFanaψysρsFoμFtwoSpartρΥψγFazρmutπaψFΥorrγψatρonsFρnFxΞxΞFanαFpxΞFΥoψψρsρonsFatF
ku{TFPhysicalnReviewnCRF2017RFa]RF 2.7 12

195 {γarΥπFμorFquarχFΥomposρtγnγssFρnFαρτγtFanνuψarFαρstrρΞutρonsFμromFppFΥoψψρsρonsFatFNFsqrtF{s}FeF^{F}FOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 12

194 {γarΥπFμorFtπρrαSνγnγratρonFψγptoquarχsFanαFsΥaψarFΞottomFquarχsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^c|γ~F
OTFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 12

193 {γarΥπFμorFψρνπtFrγsonanΥγsFαγΥayρnνFρntoFpaρrsFoμFmuonsFasFaFsρνnaψFoμFnγwFpπysρΥsTFJournalnofnHighn
EnergynPhysicsRF2011RFXVWWRFW 5.4 12

192 {tuαyFoμFtπγFlρτγtFmassFspγΥtrumFρnFppFSfF’QτγtsFγvγntsFatFsqrt±sℓFeF^F|γ~TFPhysicalnReviewnLettersRF
2012RFWVaRFX[W_VW 7.4 12

191 mxΥρtγαFψγptonρΥFstatγsFρnFpoψarρzγαFγSFνammaFanαFγQγSFΥoψψρsρonsTFPhysicalnReviewnDRF1996RF[YRFWX[YSWX]Y4.9 12

190 qαγntρμyρnνFtπγFpρννsFΞosonFρnFγψγΥtronSpπotonFΥoψψρsρonsTFPhysicalnReviewnDRF1994RFZaRFaWSa[ 4.9 12

189 {tuαργsFoμFanαFmγsonsFρnΥψuαρnνFtπγFoΞsγrvatρonFoμFtπγFαγΥayFρnFprotonSprotonFΥoψψρsρonsFatTF
EuropeannPhysicalnJournalnCRF2018RF^_RFaYa 4.2 12

188 mψγΥtrowγaχFproαuΥtρonFoμFtwoFτγtsFρnFassoΥρatρonFwρtπFaF¯FΞosonFρnFprotonâ��protonFΥoψψρsρonsFatF
Nsqrt{s}eFOFWYNRtγxtF{|γ~}OTFEuropeannPhysicalnJournalnCRF2018RF^_RFW 4.2 12

187 uγasurγmγntFoμFassoΥρatγαF¯FQFΥπarmFproαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicaln
JournalnCRF2018RF^_RFX_^ 4.2 11

186 uγasurγmγntFoμFτγtFmuψtρpψρΥρtyFαρstrρΞutρonsFρnF±normuψabFsγγFtγxtℓFproαuΥtρonFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2014RF^ZRFYVWZ 4.2 11

185 wΞsγrvatρonFoμF|opFyuarχFxroαuΥtρonFρnFxrotonSvuΥψγusFkoψψρsρonsTFPhysicalnReviewnLettersRF2017RF
WWaRFXZXVVW 7.4 11

(2017-2020)
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184 uγasurγmγntsFoμFαρμμγrγntρaψFproαuΥtρonFΥrossFsγΥtρonsFμorFaF¯FΞosonFρnFassoΥρatρonFwρtπFτγtsFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 11

183 {γarΥπFμorFnγwFpπysρΥsFwρtπFαρτγtFanνuψarFαρstrρΞutρonsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 11

182 uγasurγmγntFoμFtπγFunαγrψyρnνFγvγntFaΥtρvρtyFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeFVTaFOFanαF^F|γ~FwρtπFtπγF
novγψFτγtSarγaUmγαρanFapproaΥπTFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 11

181 norwarαFγnγrνyFμψowRFΥγntraψFΥπarνγαSpartρΥψγFmuψtρpψρΥρtργsRFanαFpsγuαorapραρtyFνapsFρnF’FanαF¯F
ΞosonFγvγntsFμromFppFΥoψψρsρonsFatFNsqrt{s}eF^OF|γ~TFEuropeannPhysicalnJournalnCRF2012RF^XRFW 4.2 11

180 {γarΥπFμorFtπγFstanαarαFmoαγψFpρννsFΞosonFρnFtπγFpFSfF¯¯FSfFâ��Qâ��â�� ˇ�Qˇ�â��FαγΥayFΥπannγψFρnFppFΥoψψρsρonsFatF
NFsqrtF{s}FeF{^}c{tγxt{|γ~}}FOTFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 11

179 zapραρtyFαρstrρΞutρonsFρnFγxΥψusρvγF¯QτγtFanαF˛‡QτγtFγvγntsFρnFppFΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewn
DRF2013RF__RF 4.9 11

178 uγasurγmγntsFoμFαρμμγrγntρaψF¯FΞosonFproαuΥtρonFΥrossFsγΥtρonsFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 11

177 kπarνγαSpartρΥψγFnuΥψγarFmoαρμρΥatρonFμaΥtorsFρnF–γ–γFΥoψψρsρonsFatFNFsqrt{s√{matπrm{vv}}}FeF[TZZFOF
|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 11

176 {γarΥπFμorF¯˛‡FrγsonanΥγsFusρnνFψγptonρΥFanαFπaαronρΥFμρnaψFstatγsFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 11

175
uγasurγmγntsFoμFtπγFppFSfF’¯FρnΥψusρvγFanαFαρμμγrγntρaψFproαuΥtρonFΥrossFsγΥtρonsFanαFΥonstraρntsF
onFΥπarνγαFanomaψousFtrρpψγFνauνγFΥoupψρnνsFatFNFsqrt{s}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF
2019RFXVWaRFW

5.4 10

174 iFmuψtρSαρmγnsρonaψFsγarΥπFμorFnγwFπγavyFrγsonanΥγsFαγΥayρnνFtoFΞoostγαFRFRForFΞosonFpaρrsFρnFtπγF
αρτγtFμρnaψFstatγFatFWY´ TFEuropeannPhysicalnJournalnCRF2020RF_VRFXY^ 4.2 10

173
uγasurγmγntFoμFtπγFπaαronρΥFaΥtρvρtyFρnFγvγntsFwρtπFaF¯FanαFtwoFτγtsFanαFγxtraΥtρonFoμFtπγFΥrossF
sγΥtρonFμorFtπγFγψγΥtrowγaχFproαuΥtρonFoμFaF¯FwρtπFtwoFτγtsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TF
JournalnofnHighnEnergynPhysicsRF2013RFXVWYRFW

5.4 10

172 {γarΥπFμorFpπysρΥsFΞγyonαFtπγFstanαarαFmoαγψFρnFγvγntsFwρtπFψγptonsRFτγtsRFanαFψarνγFtransvγrsγF
momγntumFρmΞaψanΥγFρnFppFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2013RF^YRFXZaY4.2 10

171 {γarΥπFμorFnγwFpπysρΥsFwρtπFψonνSψρvγαFpartρΥψγsFαγΥayρnνFtoFpπotonsFanαFmρssρnνFγnγrνyFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 10

170 {γarΥπFμorFnγwFpπysρΥsFρnFμρnaψFstatγsFwρtπFaFψγptonFanαFmρssρnνFtransvγrsγFγnγrνyFρnFppFΥoψψρsρonsFatF
tπγFtpkTFPhysicalnReviewnDRF2013RF_^RF 4.9 10

169 {γarΥπFμorFΥontaΥtFρntγraΥtρonsFusρnνFtπγFρnΥψusρvγFτγtFp|FspγΥtrumFρnFppFΥoψψρsρonsFatFse^FF|γ~TF
PhysicalnReviewnDRF2013RF_^RF 4.9 10

168 {γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFaFψγptonRFaFpπotonRFanαFψarνγFmρssρnνFtransvγrsγFγnγrνyFρnF
ppFΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2011RFXVWWRFW 5.4 10

167 {γarΥπFμorFtπγFassoΥρatγαFproαuΥtρonFoμFaFpρννsFΞosonFwρtπFaFsρnνψγFtopFquarχFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 10
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166 {γarΥπFμorFrγsonantFpaρrFproαuΥtρonFoμFpρννsFΞosonsFαγΥayρnνFtoFΞottomFquarχSantρquarχFpaρrsFρnF
protonSprotonFΥoψψρsρonsFatFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 10

165
uγasurγmγntsFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFoμFtopFquarχFpaρrFproαuΥtρonFasFaFμunΥtρonFoμFχρnγmatρΥF
γvγntFvarρaΞψγsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018
RFXVW_RFW

5.4 10

164 uγasurγmγntFoμFassoΥρatγαFproαuΥtρonFoμFaFΞosonFanαFaFΥπarmFquarχFρnFprotonSprotonFΥoψψρsρonsFatTF
EuropeannPhysicalnJournalnCRF2019RF^aRFX]a 4.2 9

163 komΞρnatρonFoμFzunSWFγxotρΥFsγarΥπγsFρnFαρΞosonFμρnaψFstatγsFatFtπγFtpkTFJournalnofnHighnEnergyn
PhysicsRF2016RFXVW]RFWSY_ 5.4 9

162 uγasurγmγntFoμFΞFπaαronFψρμγtρmγsFρnFppFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2018RF^_RFZ[^ 4.2 9

161
{γarΥπFμorFxπysρΥsFjγyonαFtπγF{tanαarαFuoαγψFρnFmvγntsFwρtπFpρνπSuomγntumFpρννsFjosonsFanαF
uρssρnνF|ransvγrsγFuomγntumFρnFxrotonSxrotonFkoψψρsρonsFatFWY´ |γ~TFPhysicalnReviewnLettersRF2018RF
WXVRFXZW_VW

7.4 9

160
uγasurγmγntFoμFγψγΥtrowγaχSρnαuΥγαFproαuΥtρonFoμF’˛‡FwρtπFtwoFτγtsFρnFppFΥoψψρsρonsFatFNFsqrt{s}e_FOF
|γ~FanαFΥonstraρntsFonFanomaψousFquartρΥFνauνγFΥoupψρnνsTFJournalnofnHighnEnergynPhysicsRF2017RF
XVW^RFW

5.4 9

159 {γarΥπFμorFsupγrsymmγtryFρnFμρnaψFstatγsFwρtπFaFsρnνψγFψγptonRFΞSquarχFτγtsRFanαFmρssρnνFtransvγrsγF
γnγrνyFρnFprotonSprotonFΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewnDRF2013RF_^RF 4.9 9

158 xuΞψρsπγrâ��sFvotγbF{γarΥπFμorFlρτγtFzγsonanΥγsFρnF^F|γ~FppFkoψψρsρonsFatFku{F±xπysTFzγvTFtγttTFWV[RF
XWW_VWFNXVWVOℓTFPhysicalnReviewnLettersRF2011RFWV]RF 7.4 9

157 nγrmρonFπγψρΥρtyFμψρpFρnFwγaχFνravρtatρonaψFμργψαsTFPhysicalnReviewnDRF1994RF[VRFX]Z[SX]Z^ 4.9 9

156 {γarΥπFμorFanomaψousFtrρpψγFνauνγFΥoupψρnνsFρnF’’FanαF’¯FproαuΥtρonFρnFψγptonFQFτγtFγvγntsFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 9

155
{γarΥπFμorFψγptonFμψavourFvρoψatρnνFαγΥaysFoμFπγavyFrγsonanΥγsFanαFquantumFΞψaΥχFπoψγsFtoFanF
±normuψabFsγγFtγxtℓFpaρrFρnFprotonSprotonFΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournaln
CRF2016RF^]RFYW^

4.2 9

154 {γarΥπFμorFΞψaΥχFπoψγsFanαFspπaψγronsFρnFπρνπSmuψtρpψρΥρtyFμρnaψFstatγsFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 9

153 uγasurγmγntFoμFΥπarνγαFpartρΥψγFspγΥtraFρnFmρnρmumSΞρasFγvγntsFμromFprotonSprotonFΥoψψρsρonsFatTF
EuropeannPhysicalnJournalnCRF2018RF^_RF]a^ 4.2 9

152 rγtF{πapγsFoμFqsoψatγαFxπotonS|aννγαFrγtsFρnFxΞSxΞFanαFppFkoψψρsρonsFatFsqrt±s√{vv}ℓe[TVXFF|γ~TF
PhysicalnReviewnLettersRF2019RFWXXRFW[XVVW 7.4 8

151 uγasurγmγntFoμFtopFquarχFpaρrFproαuΥtρonFρnFassoΥρatρonFwρtπFaF¯FΞosonFρnFprotonSprotonFΥoψψρsρonsF
atFNFsqrt{matπrm{s}}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2020RFXVXVRFW 5.4 8

150 komparρnνFtransvγrsγFmomγntumFΞaψanΥγFoμFΞFτγtFpaρrsFρnFppFanαFxΞxΞFΥoψψρsρonsFatFNF
sqrt{s√{matπrm{vv}}}e[TVXFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 8

149 {γarΥπFμorFsFΥπannγψFsρnνψγFtopFquarχFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}e^FOFanαF_F|γ~TFJournalnofn
HighnEnergynPhysicsRF2016RFXVW]RFW 5.4 8
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148 konstraρnρnνFoψuonFlρstrρΞutρonsFρnFvuΥψγρF}sρnνFlρτγtsFρnFxrotonSxrotonFanαFxrotonStγaαFkoψψρsρonsF
atFsqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2018RFWXWRFV]XVVX 7.4 8

147 {γarΥπFμorFαarχFmattγrFproαuΥγαFρnFassoΥρatρonFwρtπFaFsρnνψγFtopFquarχForFaFtopFquarχFpaρrFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 8

146 uγasurγmγntFoμFtπγFtopFquarχFmassFusρnνFsρnνψγFtopFquarχFγvγntsFρnFprotonSprotonFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓ´ |γ~TFEuropeannPhysicalnJournalnCRF2017RF^^RFY[Z 4.2 8

145 uγasurγmγntFoμFtπγFtrρpψγSαρμμγrγntρaψFαρτγtFΥrossFsγΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFanαF
ΥonstraρntsFonFpartonFαρstrρΞutρonFμunΥtρonsTFEuropeannPhysicalnJournalnCRF2017RF^^RF^Z] 4.2 8

144 inomaψousFpρννsFΞosonFΥontrρΞutρonFtoFγQγSSSfΞΞSΞarFνammaFatFkmzvFtmxFXTFPhysicalnReviewnDRF
1996RF[ZRFYX]]SYX^V 4.9 8

143 pγψρΥρtyFampψρtuαγsFμorFmattγrSΥoupψγαFνravρtyTFGeneralnRelativitynandnGravitationRF1994RFX]RFZVaSZX[ 2.3 8

142 uγasurγmγntFoμFtπγFunαγrψyρnνFγvγntFaΥtρvρtyFρnFρnΥψusρvγF¯FΞosonFproαuΥtρonFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 8

141 {γarΥπFμorFγψγΥtrowγaχFproαuΥtρonFoμFΥπarνρnosFρnFμρnaψFstatγsFwρtπFtwoFˇ�FψγptonsFρnFppFΥoψψρsρonsFatFNF
sqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 7

140 uγasurγmγntFoμFtπγFproαuΥtρonFΥrossFsγΥtρonFoμFaF’´ ΞosonFρnFassoΥρatρonFwρtπFtwoFΞFτγtsFρnFppF
ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2017RF^^RFaX 4.2 7

139 {γarΥπFμorF{upγrsymmγtryFρnFppFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~FρnFtπγF{ρnνψγStγptonFnρnaψF{tatγF}sρnνF
tπγF{umFoμFuassγsFoμFtarνγSzaαρusFrγtsTFPhysicalnReviewnLettersRF2017RFWWaRFW[W_VX 7.4 7

138 {tuαργsFoμFjγautyF{upprγssρonFvρaFvonpromptFl−{V}FuγsonsFρnFxΞSxΞFkoψψρsρonsFatF
sqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2019RFWXYRFVXXVVW 7.4 7

137 {γarΥπFμorFlarχFuattγrFxartρΥψγsFxroαuΥγαFρnFissoΥρatρonFwρtπFaF|opFyuarχFxaρrFatFsqrt±sℓeWYFF|γ~TF
PhysicalnReviewnLettersRF2019RFWXXRFVWW_VY 7.4 7

136 uγasurγmγntFoμFtπγFγnγrνyFαγnsρtyFasFaFμunΥtρonFoμFpsγuαorapραρtyFρnFprotonâ��protonFΥoψψρsρonsFatF
Nsqrt{s}FeWYRtγxtF{|γ~}FOTFEuropeannPhysicalnJournalnCRF2019RF^aRFW 4.2 7

135 {γarΥπFμorFrarγFαγΥaysFoμFanαFpρννsFΞosonsFtoFanαFaFpπotonFρnFprotonSprotonFΥoψψρsρonsFatFeFWYTF
EuropeannPhysicalnJournalnCRF2019RF^aRFaZ 4.2 7

134 {γarΥπFμorFproαuΥtρonFoμFpρννsFΞosonFpaρrsFρnFtπγFμourFΞFquarχFμρnaψFstatγFusρnνFψarνγSarγaFτγtsFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 7

133 {γarΥπFμorFπγavyFrγsonanΥγsFαγΥayρnνFρntoFtwoFpρννsFΞosonsForFρntoFaFpρννsFΞosonFanαFaF’ForF¯F
ΞosonFρnFprotonSprotonFΥoψψρsρonsFatFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 7

132
uγasurγmγntFoμFtπγFΥrossFsγΥtρonFμorFγψγΥtrowγaχFproαuΥtρonFoμFaF¯FΞosonRFaFpπotonFanαFtwoFτγtsF
ρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{matπrm{s}}FOFeFWYF|γ~FanαFΥonstraρntsFonFanomaψousFquartρΥF
ΥoupψρnνsTFJournalnofnHighnEnergynPhysicsRF2020RFXVXVRFW

5.4 7

131 {γarΥπFμorFαarχFmattγrFpartρΥψγsFproαuΥγαFρnFassoΥρatρonFwρtπFaFpρννsFΞosonFρnFprotonSprotonF
ΥoψψρsρonsFatFNFsqrt{matπrm{s}}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2020RFXVXVRFW 5.4 7
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130 rγtFpropγrtργsFρnFxΞxΞFanαFppFΥoψψρsρonsFatFNFsqrt{s√{matπrm{v}cmatπrm{v}}}e[TVXFOF|γ~TFJournalnofn
HighnEnergynPhysicsRF2018RFXVW_RFW 5.4 7

129 uγasurγmγntFoμFtπγFsγmρψγptonρΥFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFQF˛‡FproαuΥtρonFΥrossFsγΥtρonFρnF
ppFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2017RFXVW^RFW 5.4 7

128 {γarΥπFμorFtowSuassFyuarχSintρquarχFzγsonanΥγsFxroαuΥγαFρnFissoΥρatρonFwρtπFaFxπotonFatF
sqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2019RFWXYRFXYW_VY 7.4 7

127 {γarΥπFμorFαarχFmattγrFproαuΥγαFρnFassoΥρatρonFwρtπFaFψγptonρΥaψψyFαγΥayρnνFΞosonFρnFprotonSprotonF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2021RF_WRFWY 4.2 7

126
{γarΥπFμorFπγavyFrγsonanΥγsFαγΥayρnνFρntoFaFvγΥtorFΞosonFanαFaFpρννsFΞosonFρnFμρnaψFstatγsFwρtπF
ΥπarνγαFψγptonsRFnγutrρnosFanαFΞFquarχsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RF
XVW_RFW

5.4 7

125 {γarΥπFμorFaFπγavyFrγsonanΥγFαγΥayρnνFρntoFaF¯FΞosonFanαFaF¯ForF’FΞosonFρnFXâ��XqFμρnaψFstatγsFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 7

124 {γarΥπFμorFαarχFmattγrFproαuΥγαFρnFassoΥρatρonFwρtπFaFpρννsFΞosonFαγΥayρnνFtoF˛‡˛‡ForFˇ�FQˇ�Fâ��FatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 7

123 {γarΥπFμorFaFπγavyFrγsonanΥγFαγΥayρnνFtoFaFpaρrFoμFvγΥtorFΞosonsFρnFtπγFψγptonFpψusFmγrνγαFτγtFμρnaψF
statγFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 7

122 xrγΥρsρonFψumρnosρtyFmγasurγmγntFρnFprotonSprotonFΥoψψρsρonsFatFρnFXVW[FanαFXVW]FatFku{TF
EuropeannPhysicalnJournalnCRF2021RF_WRF_VV 4.2 7

121
{γarΥπFμorFaFtρνπtFkπarνγαFpρννsFjosonFlγΥayρnνFtoFaF’FjosonFanαFaFkxSwααFpρννsFjosonFρnFnρnaψF
{tatγsFwρtπFγ˛…˛…ForF˛…˛…˛…FρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2019RF
WXYRFWYW_VX

7.4 6

120 {γarΥπFμorFsρnνψγFproαuΥtρonFoμFvγΥtorSψρχγFquarχsFαγΥayρnνFtoFaFtopFquarχFanαFaFΞosonFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFaV 4.2 6

119 wΞsγrvatρonFoμF{ρnνψγF|opFyuarχFxroαuΥtρonFρnFissoΥρatρonFwρtπFaF¯FjosonFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2019RFWXXRFWYXVVY 7.4 6

118 uρxγαFπρνπγrSorαγrFanρsotropρΥFμψowFanαFnonψρnγarFrγsponsγFΥoγμμρΥργntsFoμFΥπarνγαFpartρΥψγsFρnF
ΥoψψρsρonsFatFanαF[TVXTFEuropeannPhysicalnJournalnCRF2020RF_VRF[YZ 4.2 6

117 uγasurγmγntFoμFγψγΥtrowγaχFproαuΥtρonFoμFaFΞosonFρnFassoΥρatρonFwρtπFtwoFτγtsFρnFprotonSprotonF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2020RF_VRFZY 4.2 6

116 konstraρntsFonFtπγFˇ�√{ΥW}FvγrsusFˇ�√{ΥX}FxoψarρzatρonsFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓe_FF|γ~TF
PhysicalnReviewnLettersRF2020RFWXZRFW]XVVX 7.4 6

115 uγasurγmγntFoμFαρτγtFazρmutπaψFαγΥorrγψatρonFρnFpp´ ΥoψψρsρonsFatF±normuψabFsγγFtγxtℓTFEuropeann
PhysicalnJournalnCRF2016RF^]RF[Y] 4.2 6

114 {γarΥπFμorFaFπγavyFrγsonanΥγFαγΥayρnνFtoFaFtopFquarχFanαFaFvγΥtorSψρχγFtopFquarχFρnFtπγFψγptonFQF
τγtsFμρnaψFstatγFρnFppFΥoψψρsρonsFatFNsqrt{s}FeFWYRtγxtF{|γ~}FOTFEuropeannPhysicalnJournalnCRF2019RF^aRFW 4.2 6

113 {γarΥπFμorFtπγFstanαarαFmoαγψFpρννsFΞosonFproαuΥγαFρnFassoΥρatρonFwρtπF’FanαF¯FΞosonsFρnFppF
ΥoψψρsρonsFatFNFsqrt{s}e^FO|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 6
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112 konstraρntsFonFμourSμγrmρonFΥontaΥtFρntγraΥtρonsFμromFprγΥρsγFγψγΥtrowγaχFmγasurγmγntsTFJournaln
ofnPhysicsnG:nNuclearnandnParticlenPhysicsRF1998RFXZRFXXWYSXXXW 2.9 6

111 |rρpψγSvγΥtorSΞosonFproΥγssγsFρnFνammaFνammaFΥoψψραγrsTFPhysicalnReviewnDRF1994RF[VRF[[aWS[]VW 4.9 6

110 vonstanαarαFνammaFνammaFSSfψQψSFproΥγssγsFρnFrγψatρvρstρΥFπγavySρonFΥoψψρsρonsTFPhysicalnReviewnDRF
1991RFZZRFWW_SWX] 4.9 6

109 pγavySψγptonFproαuΥtρonFρnFtπγFmρnρmaψFsupγrsymmγtrρΥFstanαarαFmoαγψTFPhysicalnReviewnDRF1992RF
Z]RFW_WSW_] 4.9 6

108 {γarΥπFμorFtπγFassoΥρatγαFproαuΥtρonFoμFtπγFpρννsFΞosonFwρtπFaFtopSquarχFpaρrF2014RFXVWZRFW 6

107 {γarΥπFμorFαρrγΥtFpaρrFproαuΥtρonFoμFsΥaψarFtopFquarχsFρnFtπγFsρnνψγSFanαFαρψγptonFΥπannγψsFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2016RFXVW]RFW 5.4 6

106 uγasurγmγntFoμFtπγFαρμμγrγntρaψFlrγψψS anFΥrossFsγΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{matπrm{s}}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 6

105 uγasurγmγntFoμFtπγFavγraνγFvγryFμorwarαFγnγrνyFasFaFμunΥtρonFoμFtπγFtraΥχFmuψtρpψρΥρtyFatFΥγntraψF
psγuαorapραρtργsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRF_aY 4.2 6

104 {γarΥπFμorFnγwFpπysρΥsFρnFtopFquarχFproαuΥtρonFρnFαρψγptonFμρnaψFstatγsFρnFprotonSprotonFΥoψψρsρonsF
atTFEuropeannPhysicalnJournalnCRF2019RF^aRF__] 4.2 6

103 xsγuαorapραρtyFanαFtransvγrsγFmomγntumFαγpγnαγnΥγFoμFμψowFπarmonρΥsFρnFpxΞFanαFxΞxΞF
ΥoψψρsρonsTFPhysicalnReviewnCRF2018RFa_RF 2.7 6

102 {γarΥπFμorFαγΥaysFoμFstoppγαFγxotρΥFψonνSψρvγαFpartρΥψγsFproαuΥγαFρnFprotonSprotonFΥoψψρsρonsFatFNF
sqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 6

101 mvραγnΥγFμorFtπγFissoΥρatγαFxroαuΥtρonFoμFaF{ρnνψγF|opFyuarχFanαFaFxπotonFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2018RFWXWRFXXW_VX 7.4 6

100 {γarΥπFμorFaFπγavyFrγsonanΥγFαγΥayρnνFρntoFaF¯FΞosonFanαFaFvγΥtorFΞosonFρnFtπγFNFnuF
ovγrψρnγ{nu}matπrm{q}ovγrψρnγ{matπrm{q}}FOFμρnaψFstatγTFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 6

99 xsγuαorapραρtyFαγpγnαγnΥγFoμFψonνSranνγFtwoSpartρΥψγFΥorrγψatρonsFρnFpxΞFΥoψψρsρonsFatFsvve[TVXF
|γ~TFPhysicalnReviewnCRF2017RFa]RF 2.7 5

98 uγasurγmγntFoμFnγutraψFstranνγFpartρΥψγFproαuΥtρonFρnFtπγFunαγrψyρnνFγvγntFρnFprotonSprotonF
ΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewnDRF2013RF__RF 4.9 5

97 {γarΥπFμorFΥontaΥtFρntγraΥtρonsFρnF˛…Q˛…â��FγvγntsFρnFppFΥoψψρsρonsFatFse^FF|γ~TFPhysicalnReviewnDRF2013RF
_^RF 4.9 5

96 tooχρnνFμorFspρnSNYUXFψγptonsFρnFπaαronρΥFΥoψψρsρonsTFPhysicalnReviewnDRF1987RFY]RFWY[_SWY]X 4.9 5

95 uγasurγmγntFoμFγnγrνyFμψowFatFψarνγFpsγuαorapραρtργsFρnFppFΥoψψρsρonsFatFNFsqrtF{s}FeFVT{a}FOFanαF^F
|γ~F2011RFXVWWRFW 5
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94 uγasurγmγntsFoμFproαuΥtρonFΥrossFsγΥtρonsFanαFΥonstraρntsFonFanomaψousFtrρpψγFνauνγFΥoupψρnνsF
atTFEuropeannPhysicalnJournalnCRF2021RF_WRFXVV 4.2 5

93 uγasurγmγntFoμFtπγFpρννsFΞosonFproαuΥtρonFratγFρnFassoΥρatρonFwρtπFtopFquarχsFρnFμρnaψFstatγsFwρtπF
γψγΥtronsRFmuonsRFanαFπaαronρΥaψψyFαγΥayρnνFtauFψγptonsFatTFEuropeannPhysicalnJournalnCRF2021RF_WRFY^_ 4.2 5

92 uγasurγmγntsFoμFproαuΥtρonFΥrossFsγΥtρonsFoμFtπγFpρννsFΞosonFρnFtπγFμourSψγptonFμρnaψFstatγFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2021RF_WRFZ__ 4.2 5

91 xroΞρnνFtπγFΥπρraψFmaνnγtρΥFwavγFρnFpxΞFanαFxΞxΞFΥoψψρsρonsFatFsvve[TVX|γ~FusρnνF
ΥπarνγSαγpγnαγntFazρmutπaψFanρsotropργsTFPhysicalnReviewnCRF2019RFWVVRF 2.7 5

90 {γarΥπFμorFtopFsquarχFpaρrFproαuΥtρonFusρnνFαρψγptonFμρnaψFstatγsFρnFΥoψψρsρonFαataFΥoψψγΥtγαFatTF
EuropeannPhysicalnJournalnCRF2021RF_WRFY 4.2 5

89 uγasurγmγntFoμFtπγFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFanαFvaψραatρonFoμFψγptonFanaψysρsFtγΥπnρquγsTF
EuropeannPhysicalnJournalnCRF2018RF^_RF^V_ 4.2 5

88 {γarΥπFμorFtπγFpaρrFproαuΥtρonFoμFψρνπtFtopFsquarχsFρnFtπγFγ´–˛…gFμρnaψFstatγFρnFprotonSprotonFΥoψψρsρonsF
atFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 4

87 {tuαyFoμFtπγFunαγrψyρnνFγvγntFρnFtopFquarχFpaρrFproαuΥtρonFρnFΥoψψρsρonsFatFWYTFEuropeannPhysicaln
JournalnCRF2019RF^aRFWXY 4.2 4

86 uγasurγmγntFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFμorFρnΥψusρvγFρsoψatγαSpπotonFanαFpπotonQτγtF
proαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFXV 4.2 4

85 lρstrρΞutρonsFoμFtopoψoνρΥaψFoΞsγrvaΞψγsFρnFρnΥψusρvγFtπrγγSFanαFμourSτγtFγvγntsFρnFppFΥoψψρsρonsFatF
±normuψabFsγγFtγxtℓ±normuψabFsγγFtγxtℓTFEuropeannPhysicalnJournalnCRF2015RF^[RFYVX 4.2 4

84 mvραγnΥγFμorFNtγxtF{’}tγxtF{’}OFproαuΥtρonFμromFαouΞψγSpartonFρntγraΥtρonsFρnFprotonâ��protonF
ΥoψψρsρonsFatFNsqrt{s}FeFWYFRtγxtF{|γ~}FOTFEuropeannPhysicalnJournalnCRF2020RF_VRFW 4.2 4

83 {tuαyFoμFαρτγtFγvγntsFwρtπFaFψarνγFrapραρtyFνapFΞγtwγγnFtπγFtwoFψγaαρnνFτγtsFρnFppFΥoψψρsρonsFatTF
EuropeannPhysicalnJournalnCRF2018RF^_RFXZX 4.2 4

82 xsγuαorapραρtyFαρstrρΞutρonsFoμFΥπarνγαFπaαronsFρnFprotonSψγaαFΥoψψρsρonsFatFNF
sqrt{s√{matπrm{vv}}}e[TVXFOFanαF_TW]F|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 4

81
{γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFatFψγastFtπrγγFγψγΥtronsForFmuonsRFτγtsRFanαFmρssρnνF
transvγrsγFmomγntumFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergyn
PhysicsRF2018RFXVW_RFW

5.4 4

80 inomaψousFΥoupψρnνsFρnFγQγâ��Sf’Q’â��˛‡FatFkmzvFtmxFXFanαFvtkTFPhysicalnReviewnDRF1997RF[]RFZY_ZSZYaW 4.9 4

79 xroαuΥtρonFoμF¯SpρννsFΞosonFpaρrsFatFpπotonFψρnγarFΥoψψραγrsTFPhysicalnReviewnDRF1994RF[VRFY[Z]SY[Z_ 4.9 4

78 pρννsSΞosonFproαuΥtρonFρnFpâ��p´flFΥoψψρsρonsFatFΥoψψραγrFγnγrνργsTFPhysicalnReviewnDRF1983RFX^RFXXWWSXXWY 4.9 4

77 uγasurγmγntFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFanαFΥπarνγFratρosFμorFSΥπannγψFsρnνψγFtopFquarχF
proαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2020RF_VRFY^V 4.2 4
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76 wΞsγrvatρonFoμFtπγFj√{s}−{V}Sf–NY_^XOgFlγΥayTFPhysicalnReviewnLettersRF2020RFWX[RFW[XVVW 7.4 4

75 izρmutπaψFΥorrγψatρonsFμorFρnΥψusρvγFXSτγtRFYSτγtRFanαFZSτγtFγvγntsFρnFppFΥoψψρsρonsFatFNsqrt{s}eFWY~πΞoxF
{|γ~}OTFEuropeannPhysicalnJournalnCRF2018RF^_RFW 4.2 4

74 u}{ρkbFaFmoαγψSunspγΥρμρΥFsγarΥπFμorFnγwFpπysρΥsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicaln
JournalnCRF2021RF_WRF]Xa 4.2 4

73 {γarΥπFμorFαρrγΥtFpaρrFproαuΥtρonFoμFsupγrsymmγtrρΥFpartnγrsFtoFtπγFψγptonFρnFprotonSprotonF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2020RF_VRFW_a 4.2 3

72
{γarΥπFμorF{upγrsymmγtryFwρtπFaFkomprγssγαFuassF{pγΥtrumFρnFmvγntsFwρtπFaF{oμtFˇ�FtγptonRFaF
pρνπψyFmnγrνγtρΥFrγtRFanαFtarνγFuρssρnνF|ransvγrsγFuomγntumFρnFxrotonSxrotonFkoψψρsρonsFatF
sqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2020RFWXZRFVZW_VY

7.4 3

71
uγasurγmγntFoμFtπγFρnΥψusρvγFNFmatπrm{t}ovγrψρnγ{matπrm{t}}FOFΥrossFsγΥtρonFρnFppFΥoψψρsρonsFatFNF
sqrt{s}e[TVXFOF|γ~FusρnνFμρnaψFstatγsFwρtπFatFψγastFonγFΥπarνγαFψγptonTFJournalnofnHighnEnergynPhysicsRF
2018RFXVW_RFW

5.4 3

70 {γarΥπFμorF¯¯FrγsonanΥγsFρnFtπγFXâ��X˛‰FμρnaψFstatγFρnFprotonSprotonFΥoψψρsρonsFatFWYF|γ~TFJournalnofn
HighnEnergynPhysicsRF2018RFXVW_RFW 5.4 3

69 {γarΥπFμorFpaρrFproαuΥtρonFoμFγxΥρtγαFtopFquarχsFρnFtπγFψγptonFQFτγtsFμρnaψFstatγTFJournalnofnHighn
EnergynPhysicsRF2014RFXVWZRFW 5.4 3

68 {tuαyFoμFπaαronρΥFγvγntSsπapγFvarρaΞψγsFρnFmuψtρτγtFμρnaψFstatγsFρnFppFΥoψψρsρonsFatFNFsqrt{s}FeF^FOF|γ~TF
JournalnofnHighnEnergynPhysicsRF2014RFXVWZRFW 5.4 3

67 uγasurγmγntFoμFtπγFΥrossFsγΥtρonFμorFproαuΥtρonFoμFNFΞovγrψρnγFΞF–FOFαγΥayρnνFtoFmuonsFρnFppF
ΥoψψρsρonsFatFNFsqrtF{s}FeF^FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2012RFXVWXRFW 5.4 3

66 oravρtatρonaψFψasγrFΞaΥχsΥattγrρnνTFPhysicalnReviewnDRF1993RFZ^RFXZYXSXZYZ 4.9 3

65
uγasurγmγntsFoμFtπγFNmatπrmF{p}matπrmF{p}rρνπtarrowFmatπrm{¯}matπrm{¯}OFproαuΥtρonFΥrossF
sγΥtρonFanαFtπγFNmatπrm{¯}rρνπtarrowFZγψψFOFΞranΥπρnνFμraΥtρonRFanαFΥonstraρntsFonFanomaψousFtrρpψγF
νauνγFΥoupψρnνsFatFNsqrt{s}FeFWYRtγxtF{|γ~}FOF2018RF^_RFW

3

64 komΞρnγαFsγarΥπγsFμorFtπγFproαuΥtρonFoμFsupγrsymmγtrρΥFtopFquarχFpartnγrsFρnFprotonSprotonF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2021RF_WRFa^V 4.2 3

63 uγasurγmγntFoμFtπγFNFtovγrψρnγ{t}FOFproαuΥtρonFΥrossFsγΥtρonFρnFtπγFαρψγptonFΥπannγψFρnFppFΥoψψρsρonsF
atFNFsqrt{s}FOFeF_F|γ~F2014RFXVWZRFW 3

62 iFlγγpFvγuraψFvγtworχFμorF{ρmuψtanγousFmstρmatρonFoμFΞFrγtFmnγrνyFanαFzγsoψutρonTFComputingn
andnSoftwarenfornBignScienceRF2020RFZRFWV 6 3

61 {tuαργsFoμFkπarmFyuarχFlρμμusρonFρnsραγFrγtsF}sρnνFxΞSxΞFanαFppFkoψψρsρonsFatF
sqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2020RFWX[RFWVXVVW 7.4 3

60 uγasurγmγntsFoμFpρννsFΞosonFproαuΥtρonFΥrossFsγΥtρonsFanαFΥoupψρnνsFρnFtπγFαρpπotonFαγΥayF
ΥπannγψFatFNFsqrt{matπrm{s}}FOFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2021RFXVXWRFW 5.4 3

59 {γarΥπFμorFψγptonSμψavorFvρoψatρnνFαγΥaysFoμFπγavyFrγsonanΥγsFanαFquantumFΞψaΥχFπoψγsFtoFγ˛…FμρnaψF
statγsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 3
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58 {γarΥπFμorFΥπarνγαFpρννsFΞosonsFproαuΥγαFρnFvγΥtorFΞosonFμusρonFproΥγssγsFanαFαγΥayρnνFρntoF
vγΥtorFΞosonFpaρrsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2021RF_WRF^XY 4.2 3

57 {γarΥπFμorFrγsonantFproαuΥtρonFoμFsγΥonαSνγnγratρonFsψγptonsFwρtπFsamγSsρνnFαρmuonFγvγntsFρnF
protonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFYV[ 4.2 2

56 uuψtρpartρΥψγFΥorrγψatρonFstuαργsFρnFpxΞFΥoψψρsρonsFatFsvve_TW]F|γ~TFPhysicalnReviewnCRF2020RFWVWRF 2.7 2

55
lγtγrmρnatρonFoμFtπγFstronνFΥoupψρnνFΥonstantF˛–{Nm¯OFμromFmγasurγmγntsFoμFρnΥψusρvγF’´–FanαF¯F
ΞosonFproαuΥtρonFΥrossFsγΥtρonsFρnFprotonSprotonFΥoψψρsρonsFatFNFsqrt{matπrm{s}}FOFeF^FanαF_F|γ~TF
JournalnofnHighnEnergynPhysicsRF2020RFXVXVRFW

5.4 2

54
{γarΥπFμorFnγwFpπγnomγnaFρnFμρnaψFstatγsFwρtπFtwoFopposρtγSΥπarνγRFsamγSμψavorFψγptonsRFτγtsRFanαF
mρssρnνFtransvγrsγFmomγntumFρnFppFΥoψψρsρonsFatFNFsqrt{s}eWYFOF|γ~TFJournalnofnHighnEnergynPhysicsRF
2018RFXVW_RFW

5.4 2

53 uγasurγmγntFoμFαρμμγrγntρaψFΥrossFsγΥtρonsFρnFtπγFχρnγmatρΥFanνuψarFvarρaΞψγFgPFμorFρnΥψusρvγF¯F
ΞosonFproαuΥtρonFρnFppFΥoψψρsρonsFatFNFsqrt{s}e_FOF|γ~TFJournalnofnHighnEnergynPhysicsRF2018RFXVW_RFW 5.4 2

52 uγasurγmγntFoμFtπγFαρμμγrγntρaψFΥrossFsγΥtρonsFμorFtopFquarχFpaρrFproαuΥtρonFasFaFμunΥtρonFoμF
χρnγmatρΥFγvγntFvarρaΞψγsFρnFppFΥoψψρsρonsFatFse^FanαF_F|γ~TFPhysicalnReviewnDRF2016RFaZRF 4.9 2

51 kγntraψρtyFanαFpsγuαorapραρtyFαγpγnαγnΥγFoμFtπγFtransvγrsγFγnγrνyFαγnsρtyFρnFpxΞFΥoψψρsρonsFatF
svve[TVXF|γ~TFPhysicalnReviewnCRF2019RFWVVRF 2.7 2

50 {γarΥπFμorFnγwFpπγnomγnaFwρtπFmuψtρpψγFΥπarνγαFψγptonsFρnFprotonâ��protonFΥoψψρsρonsFatFNsqrt{s}eF
WYOFNRtγxtF{|γ~}OTFEuropeannPhysicalnJournalnCRF2017RF^^RFW 4.2 2

49 kanFwγFmγasurγFtπγFzFpπρXFΥoupψρnνFparamγtγrFatFtrγγSψγvγψFsΥattγrρnνgTFPhysicalnReviewnDRF1995RF
[WRFaYWSaYY 4.9 2

48 wΞsγrvatρonFoμFtπγFxroαuΥtρonFoμF|πrγγFuassρvγFoauνγFjosonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewn
LettersRF2020RFWX[RFW[W_VX 7.4 2

47 uγasurγmγntFoμFtπγFrγtFuassFlρstrρΞutρonFanαF|opFyuarχFuassFρnFpaαronρΥFlγΥaysFoμFjoostγαF|opF
yuarχsFρnFppFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2020RFWXZRFXVXVVW 7.4 2

46 {tuαyFoμFΥγntraψFγxΥψusρvγFproαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFanαFWY|γ~TFEuropeannPhysicaln
JournalnCRF2020RF_VRF^W_ 4.2 2

45 {γarΥπFμorFpπysρΥsFΞγyonαFtπγFstanαarαFmoαγψFρnFγvγntsFwρtπFτγtsFanαFtwoFsamγSsρνnForFatFψγastF
tπrγγFΥπarνγαFψγptonsFρnFprotonSprotonFΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2020RF_VRF^[X 4.2 2

44 nρrstFmγasurγmγntFoμFψarνγFarγaFτγtFtransvγrsγFmomγntumFspγΥtraFρnFπγavySρonFΥoψψρsρonsTFJournaln
ofnHighnEnergynPhysicsRF2021RFXVXWRFW 5.4 2

43 {γarΥπFμorFsupγrsymmγtryFρnFγvγntsFwρtπFaFpπotonRFτγtsRFSτγtsRFanαFmρssρnνFtransvγrsγFmomγntumFρnF
protonSprotonFΥoψψρsρonsFatFWYTFEuropeannPhysicalnJournalnCRF2019RF^aRFZZZ 4.2 1

42 {γarΥπFμorF’FjosonFlγΥaysFtoF|πrγγFkπarνγαFxρonsTFPhysicalnReviewnLettersRF2019RFWXXRFW[W_VX 7.4 1

41 {γarΥπFμorFvarrowFp˛‡FzγsonanΥγsFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewn
LettersRF2019RFWXXRFV_W_VZ 7.4 1
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40 mvραγnΥγFμorF|opFyuarχFxroαuΥtρonFρnFvuΥψγusSvuΥψγusFkoψψρsρonsTFPhysicalnReviewnLettersRF2020RF
WX[RFXXXVVW 7.4 1

39 wnFtπγFtonνF{tanαρnνFqssuγFoμFanFz´ XFkoupψρnνFΞγtwγγnForavρtyFanαFaFuassψγssFnrγγF{ΥaψarFnργψαF
1997RFa^RFWXWSWX_ 1

38 zγmarχsFonFtπγFproΥγssFνammaFνammaFSSfFnuFnuFSΞarFρnFastropπysρΥsTFPhysicalnReviewnDRF1995RF[WRFZ[_^SZ[aV4.9 1

37 {upγrsymmγtrρΥSΥπarνγαSpρννsSΞosonFproαuΥtρonFatFtπγF{upγrΥonαuΥtρnνF{upγrFkoψψραγrTFPhysicaln
ReviewnDRF1988RFY^RF_Y^S_Ya 4.9 1

36 mvραγnΥγFμorF–NY_^XOFρnFxΞSxΞFkoψψρsρonsFanαF{tuαργsFoμFρtsFxromptFxroαuΥtρonFatF
sqrt±s√{vv}ℓe[TVXFF|γ~TTFPhysicalnReviewnLettersRF2022RFWX_RFVYXVVW 7.4 1

35 uγasurγmγntFoμFΞFπaαronFψρμγtρmγsFρnFppFΥoψψρsρonsFatFNsqrt{s}FeF_OFNRtγxtF{|γ}tγxtF{~}OF2018RF^_RFW 1

34 {tuαyFoμFtπγFNF{matπrm{j}}−{Q}toFmatπrm{r}UuppsρFovγrψρnγ{tamΞαa}matπrm{p}FOFαγΥayFρnF
protonSprotonFΥoψψρsρonsFatFNFsqrt{s}FOFeF_F|γ~TFJournalnofnHighnEnergynPhysicsRF2019RFXVWaRFW 5.4 1

33 {tranνγFπaαronFproαuΥtρonFρnFppFanαFpxΞFΥoψψρsρonsFatFsvve[TVXF|γ~TFPhysicalnReviewnCRF2020RFWVWRF 2.7 1

32 lγvγψopmγntFanαFvaψραatρonFoμFpmz’qo´ ^FtunγsFμromFku{FunαγrψyρnνSγvγntFmγasurγmγntsTF
EuropeannPhysicalnJournalnCRF2021RF_WRFYWX 4.2 1

31 wΞsγrvatρonFoμFaFvγwFmxΥρtγαFjγautyF{tranνγFjaryonFlγΥayρnνFtoF˛�√{Ξ}−{S}ˇ�−{Q}ˇ�−{S}TFPhysicaln
ReviewnLettersRF2021RFWX]RFX[XVVY 7.4 1

30 uγasurγmγntsFoμFtrρpψγSαρμμγrγntρaψFΥrossFsγΥtρonsFμorFρnΥψusρvγFρsoψatγαSpπotonQτγtFγvγntsFρnF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRFa]a 4.2 1

29 wΞsγrvatρonFoμFtπγF¯Sfˇ�â��−{Q}â��−{S}FlγΥayFρnFppFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF
2018RFWXWRFWZW_VW 7.4 1

28 {γarΥπFμorFxaρrSxroαuΥγαFzγsonanΥγsFmaΥπFlγΥayρnνFρntoFatFtγastFnourFyuarχsFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TFPhysicalnReviewnLettersRF2018RFWXWRFWZW_VX 7.4 1

27 konstraρntsFonFtπγFqnρtρaψF{tatγFoμFxΞSxΞFkoψψρsρonsFvρaFuγasurγmγntsFoμF¯SjosonF ργψαsFanαF
izρmutπaψFinρsotropyFatFsqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2021RFWX^RFWVXVVX 7.4 1

26 wΞsγrvatρonFoμFnorwarαFvγutronFuuψtρpψρΥρtyFlγpγnαγnΥγFoμFlρmuonFiΥopψanarρtyFρnF
}ψtrapγrρpπγraψFxΞSxΞFkoψψρsρonsFatFsqrt±s√{vv}ℓe[TVXFF|γ~TFPhysicalnReviewnLettersRF2021RFWX^RFWXXVVW 7.4 1

25
{γarΥπFμorFμψavorSΥπanνρnνFnγutraψFΥurrγntFρntγraΥtρonsFoμFtπγFtopFquarχFanαFtπγFpρννsFΞosonF
αγΥayρnνFtoFaFΞottomFquarχSantρquarχFpaρrFatFJJFsqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF
2022RFXVXXRFW

5.4 1

24 izρmutπaψFsγparatρonFρnFnγarψyFΞaΥχStoSΞaΥχFτγtFtopoψoνργsFρnFρnΥψusρvγFXSFanαFYSτγtFγvγntsFρnF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2019RF^aRF^^Y 4.2 0

23 uγasurγmγntFoμFsρnνψγSαρμμraΥtρvγFαρτγtFproαuΥtρonFρnFprotonSprotonFΥoψψρsρonsFatFwρtπFtπγFku{FanαF
|w|muFγxpγrρmγntsTFEuropeannPhysicalnJournalnCRF2020RF_VRFWW]Z 4.2 0
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22 uγasurγmγntsFoμFtπγFmψγΥtrowγaχFlρΞosonFxroαuΥtρonFkrossF{γΥtρonsFρnFxrotonSxrotonFkoψψρsρonsF
atFsqrt±sℓe[TVXFF|γ~F}sρnνFtγptonρΥFlγΥaysTFPhysicalnReviewnLettersRF2021RFWX^RFWaW_VW 7.4 0

21 uγasurγmγntFoμFtπγF’˛‡FxroαuΥtρonFkrossF{γΥtρonFρnFxrotonSxrotonFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~F
anαFkonstraρntsFonFmμμγΥtρvγFnργψαF|πγoryFkoγμμρΥργntsTFPhysicalnReviewnLettersRF2021RFWX]RFX[XVVX 7.4 0

20 {γarΥπFμorFaFπγavyFvγΥtorFrγsonanΥγFαγΥayρnνFtoFaF´ ΞosonFanαFaFpρννsFΞosonFρnFprotonSprotonF
ΥoψψρsρonsFatTFEuropeannPhysicalnJournalnCRF2021RF_WRF]__ 4.2 0

19 uγasurγmγntsFoμFanνuψarFαρstanΥγFanαFmomγntumFratρoFαρstrρΞutρonsFρnFtπrγγSτγtFanαFQFtwoSτγtF
μρnaψFstatγsFρnFΥoψψρsρonsTFEuropeannPhysicalnJournalnCRF2021RF_WRF_[X 4.2 0

18 uγasurγmγntFoμFtπγFqnΥψusρvγFanαFlρμμγrγntρaψFpρννsFjosonFxroαuΥtρonFkrossF{γΥtρonsFρnFtπγFlγΥayF
uoαγFtoFaFxaρrFoμFˇ�FtγptonsFρnFppFkoψψρsρonsFatFsqrt±sℓeWYFF|γ~TTFPhysicalnReviewnLettersRF2022RFWX_RFV_W_V[7.4 0

17
qnΥψusρvγFanαFαρμμγrγntρaψFΥrossFsγΥtρonFmγasurγmγntsFoμFsρnνψγFtopFquarχFproαuΥtρonFρnFassoΥρatρonF
wρtπFaF¯FΞosonFρnFprotonSprotonFΥoψψρsρonsFatFJJFsqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF
2022RFXVXXRFW

5.4 0

16 {γarΥπFμorFψonνSψρvγαFpartρΥψγsFαγΥayρnνFtoFψγptonsFwρtπFψarνγFρmpaΥtFparamγtγrFρnFprotonSprotonF
ΥoψψρsρonsFatFTTFEuropeannPhysicalnJournalnCRF2022RF_XRFW[Y 4.2 0

15 }sρnνF¯FjosonFmvγntsFtoF{tuαyFxartonSuγαρumFqntγraΥtρonsFρnFxΞSxΞFkoψψρsρonsTTFPhysicalnReviewn
LettersRF2022RFWX_RFWXXYVW 7.4 0

14 iFnγwFΥaψρΞratρonFmγtπoαFμorFΥπarmFτγtFραγntρμρΥatρonFvaψραatγαFwρtπFprotonSprotonFΥoψψρsρonFγvγntsF
atFâ��sFeFWYF|γ~TFJournalnofnInstrumentationRF2022RFW^RFxVYVWZ 1 0

13 {γarΥπFμorFstronνψyFρntγraΥtρnνFmassρvγFpartρΥψγsFνγnγratρnνFtraΥχψγssFτγtsFρnFprotonSprotonF
ΥoψψρsρonsFatFTTFEuropeannPhysicalnJournalnCRF2022RF_XRFXWY 4.2 0

12 {γarΥπFμorFψowSmassFαρψγptonFrγsonanΥγsFρnFpρννsFΞosonFαγΥaysFtoFμourSψγptonFμρnaψFstatγsFρnF
protonSprotonFΥoψψρsρonsFatFTTFEuropeannPhysicalnJournalnCRF2022RF_XRFXaV 4.2 0

11 {γarΥπFμorFtonνStρvγαFxartρΥψγsFlγΥayρnνFρnFtπγFku{FmnαFkapFuuonFlγtγΥtorsFρnFxrotonSxrotonF
koψψρsρonsFatFsqrt±sℓeWYFF|γ~TTFPhysicalnReviewnLettersRF2021RFWX^RFX]W_VZ 7.4 0

10
{γarΥπFμorFsupγrsymmγtryFρnFμρnaψFstatγsFwρtπFtwoForFtπrγγFsoμtFψγptonsFanαFmρssρnνFtransvγrsγF
momγntumFρnFprotonSprotonFΥoψψρsρonsFatFJJFsqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF
2022RFXVXXRFW

5.4 0

9 {γarΥπFμorFaFrρνπtSπanαγαF’FΞosonFanαFaFπγavyFnγutrρnoFρnFprotonSprotonFΥoψψρsρonsFatFJJFsqrt{s}FJJF
eFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4 0

8 {γarΥπFμorFaFπγavyFrγsonanΥγFαγΥayρnνFρntoFaFtopFquarχFanαFaF’FΞosonFρnFtπγFψγptonQτγtsFμρnaψFstatγF
atFJJFsqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4 0

7 {γarΥπFμorFπγavyFrγsonanΥγsFαγΥayρnνFtoF¯¯ForF¯’FanαFaxρonSψρχγFpartρΥψγsFmγαρatρnνFnonrγsonantF
¯¯ForF¯pFproαuΥtρonFatFJJFsqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4 0

6 uγasurγmγntFanαFyklFanaψysρsFoμFαouΞψγSαρμμγrγntρaψFρnΥψusρvγFτγtFΥrossFsγΥtρonsFρnFprotonSprotonF
ΥoψψρsρonsFatFJJFsqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4 0

5 {γarΥπFμorFγψγΥtrowγaχFproαuΥtρonFoμFΥπarνρnosFanαFnγutraψρnosFρnFprotonSprotonFΥoψψρsρonsFatFJJF
sqrt{s}FJJFeFWYF|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4 0
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4 inomaψousFΥontrρΞutρonsFtoFa[SWa[SWa[SWatFπρνπFγnγrνργsTFZeitschriftnFˆ…rnPhysiknC-Particlesnandn
FieldsRF1992RF[ZRFa[SWVV

3 {γarΥπFμorFxπysρΥsFΞγyonαFtπγF{tanαarαFuoαγψFρnFmvγntsFwρtπFwvγrψappρnνFxπotonsFanαFrγtsTF
PhysicalnReviewnLettersRF2019RFWXYRFXZW_VW 7.4

2 {tuαyFoμFαρτγtFγvγntsFwρtπFψarνγFrapραρtyFsγparatρonFρnFprotonSprotonFΥoψψρsρonsFatFJJFsqrt{s}FJJFeF
XT^]F|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4

1 uγasurγmγntFoμFtπγFρnΥψusρvγFJJFmatπrm{t}ovγrψρnγ{matπrm{t}}FJJFproαuΥtρonFΥrossFsγΥtρonFρnF
protonSprotonFΥoψψρsρonsFatFJJFsqrt{s}FJJFeF[TVXF|γ~TFJournalnofnHighnEnergynPhysicsRF2022RFXVXXRFW 5.4
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