
Kyle Cranmer

ListjofjPublicationsjbyjCitations

Source:jhttps://exaly.com/authorypdf/5157450/kyleycranmerypublicationsybyycitations.pdf

Version:j2024y04y28j

Thisjdocumentjhasjbeenjgeneratedjbasedjonjthejpublicationsjandjcitationsjrecordedjbyjexaly.com.jForj

thejlatestjversionjofjthisjpublicationjlistxjvisitjthejlinkjgivenjabove.

ThejthirdjcolumnjisjthejimpactjfactorjsIFtjofjthejjournalxjandjthejfourthjcolumnjisjthejnumberjofj

citationsjofjthejarticle.

563
papers

21,926
citations

66
h-index

119
g-index

598
ext. papers

26,003
ext. citations

4.8
avg, IF

5.96
L-index



m Paper IF Citations

563 hsymptotψμEρormulaπEρorElψkπlψχooνRγasπνEtπstsEoρEnπwEpχysψμsSEEuropeannPhysicalnJournalnCQE2011QE
]VQEV 4.2 1464

562 {χπEh{shzEzψmulatψonEpnρrastruμturπSEEuropeannPhysicalnJournalnCQE2010QE]UQE^WXR^]Y 4.2 817

561 taμχψnπElπarnψnτEanνEtχπEpχysψμalEsμψπnμπsOSEReviewsnofnModernnPhysicsQE2019QE_VQE 40.5 520

560 zπarμχEρorEnπutralEtzztEoψττsEγosonsEatEslwSEEuropeannPhysicalnJournalnCQE2006QEY]QEZY] 4.2 496

559 pmprovπνElumψnosψtyEνπtπrmψnatψonEψnEμollψsψonsEatE mormulaaEsππEtπxt]EusψnτEtχπEh{shzEνπtπμtorEatE
tχπEsojSEEuropeannPhysicalnJournalnCQE2013QE]XQEWZV^ 4.2 276

558 wπrρormanμπEoρEtχπEh{shzEtrψττπrEsystπmEψnEWUVZSEEuropeannPhysicalnJournalnCQE2017QE]]QEXV] 4.2 272

557 tuonErπμonstruμtψonEpπrρormanμπEoρEtχπEh{shzEνπtπμtorEψnEprotonRprotonEμollψsψonEνataEatE
 mormulaaEsππEtπxt]dVX´ {π~SEEuropeannPhysicalnJournalnCQE2016QE][QEW_W 4.2 263

556 rπrnπlEπstψmatψonEψnEχψτχRπnπrτyEpχysψμsSEComputernPhysicsnCommunicationsQE2001QEVX[QEV_^RWU] 4.2 249

555 wπrρormanμπEoρEtχπEh{shzE{rψττπrEzystπmEψnEWUVUSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 232

554 wπrρormanμπEoρEmψssψnτEtransvπrsπEmomπntumErπμonstruμtψonEψnEprotonRprotonEμollψsψonsEatE
Msqrt{s}EdE]~mγox{{π~}NEwψtχEh{shzSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 217

553 qπtEπnπrτyEmπasurπmπntEwψtχEtχπEh{shzEνπtπμtorEψnEprotonRprotonEμollψsψonsEatE
Msqrt{matχrm{s}}d]Ematχrm{{π~}NSEEuropeannPhysicalnJournalnCQE2013QE]XQEV 4.2 209

552
zπarμχEρorEnπwEpχπnomπnaEψnEρψnalEstatπsEwψtχEanEπnπrτπtψμEjπtEanνElarτπEmψssψnτEtransvπrsπE
momπntumEψnEμollψsψonsEatE mormulaaEsππEtπxt]{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2015QE]ZQEW__

4.2 202

551 llπμtronEpπrρormanμπEmπasurπmπntsEwψtχEtχπEh{shzEνπtπμtorEusψnτEtχπEWUVUEsojEprotonRprotonE
μollψsψonEνataSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 199

550 qπtEπnπrτyEmπasurπmπntEanνEψtsEsystπmatψμEunμπrtaψntyEψnEprotonRprotonEμollψsψonsEatE mormulaaEsππE
tπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEV] 4.2 194

549 sumψnosψtyEνπtπrmψnatψonEψnEμollψsψonsEatE mormulaaEsππEtπxt]EdE^E{π~EusψnτEtχπEh{shzEνπtπμtorEatE
tχπEsojSEEuropeannPhysicalnJournalnCQE2016QE][QE[ZX 4.2 188

548
tπasurπmπntsEoρEtχπEoψττsEγosonEproνuμtψonEanνEνπμayEratπsEanνEμouplψnτEstrπnτtχsEusψnτE
μollψsψonEνataEatE mormulaaEsππEtπxt]EanνE^´ {π~EψnEtχπEh{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnC
QE2016QE][QE[

4.2 185

547 {opoloτψμalEμπllEμlustπrψnτEψnEtχπEh{shzEμalorψmπtπrsEanνEψtsEpπrρormanμπEψnEsojEyunEVSEEuropeann
PhysicalnJournalnCQE2017QE]]QEY_U 4.2 177

KyleuCranmer

2



546 sumψnosψtyEνπtπrmψnatψonEψnEppEμollψsψonsEatEMsqrt{s}EdE]NE{π~EusψnτEtχπEh{shzEνπtπμtorEatEtχπEsojSE
EuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 167

545 tπasurπmπntEoρEtχπEmuonErπμonstruμtψonEpπrρormanμπEoρEtχπEh{shzEνπtπμtorEusψnτEWUVVEanνEWUVWE
sojEprotonRprotonEμollψsψonEνataSEEuropeannPhysicalnJournalnCQE2014QE]YQEXVXU 4.2 166

544 llπμtronErπμonstruμtψonEanνEψνπntψρψμatψonEπρρψμψπnμyEmπasurπmπntsEwψtχEtχπEh{shzEνπtπμtorEusψnτE
tχπEWUVVEsojEprotonRprotonEμollψsψonEνataSEEuropeannPhysicalnJournalnCQE2014QE]YQEW_YV 4.2 160

543 llπμtronEanνEpχotonEπnπrτyEμalψγratψonEwψtχEtχπEh{shzEνπtπμtorEusψnτEsojEyunEVEνataSEEuropeann
PhysicalnJournalnCQE2014QE]YQEV 4.2 160

542 qπtEπnπrτyErπsolutψonEψnEprotonRprotonEμollψsψonsEatE mormulaaEsππEtπxt]ErπμorνπνEψnEWUVUEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2013QE]XQEWXU[ 4.2 153

541
zπarμχEρorEanEaννψtψonalQEχπavyEoψττsEγosonEψnEtχπE mormulaaEsππEtπxt]EνπμayEμχannπlEatE mormulaaE
sππEtπxt]EψnE mormulaaEsππEtπxt]EμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2016QE][QEYZ

4.2 152

540 wπrρormanμπEoρEpψlπRupEmψtψτatψonEtπμχnψquπsEρorEjπtsEψnE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaE
sππEtπxt]´ {π~EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZ^V 4.2 148

539
tπasurπmπntEoρEtχπEνψstrψγutψonsEoρEπvπntRγyRπvπntEρlowEχarmonψμsEψnElπaνRlπaνEμollψsψonsEatEME
sqrt{{{s−{uuE}}}}ENEdEWS][E{π~EwψtχEtχπEh{shzEνπtπμtorEatEtχπEsojSEJournalnofnHighnEnergynPhysicsQE
2013QEWUVXQEV

5.4 143

538 tπasurπmπntEoρEtχπEtopEquarkRpaψrEproνuμtψonEμrossEsπμtψonEwψtχEh{shzEψnEppEμollψsψonsEatE
Msqrt{s}d]NE{π~SEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 138

537 kππpEsπarnψnτEanνEptsEhpplψμatψonEtoEsojEwχysψμsSEAnnualnReviewnofnNuclearnandnParticlenScienceQE
2018QE[^QEV[VRV^V 15.7 127

536
zπarμχEρorEnπwEχψτχRmassEpχπnomπnaEψnEtχπEνψlπptonEρψnalEstatπEusψnτEX[Eργâ��VEoρEprotonRprotonE
μollψsψonEνataEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QE
WUV]QEV

5.4 126

535 zπarμχEρorEνarkEmattπrEμanνψνatπsEanνElarτπEπxtraEνψmπnsψonsEψnEπvπntsEwψtχEaEjπtEanνEmψssψnτE
transvπrsπEmomπntumEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 124

534
zπarμχEρorEνψrπμtEproνuμtψonEoρEμχarτψnosQEnπutralψnosEanνEslπptonsEψnEρψnalEstatπsEwψtχEtwoElπptonsE
anνEmψssψnτEtransvπrsπEmomπntumEψnEppEμollψsψonsEatEMEsqrt{s}ENEdE^{π~EwψtχEtχπEh{shzEνπtπμtorSE
JournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV

5.4 120

533 zπarμχEρorEμχarτπνEoψττsEγosonsEνπμayψnτEvψaEoE´–EReEˇ�˛‰EψnEMEtovπrlψnπEtENEπvπntsEusψnτEppEμollψsψonEνataE
atEMEsqrtE{s}EdE]b{π~ENEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 112

532 h{shzEyunEVEsπarμχπsEρorEνψrπμtEpaψrEproνuμtψonEoρEtχψrνRτπnπratψonEsquarksEatEtχπEsarτπEoaνronE
jollψνπrSEEuropeannPhysicalnJournalnCQE2015QE]ZQEZVU 4.2 109

531
zπarμχEρorEsquarksEanνEτluψnosEwψtχEtχπEh{shzEνπtπμtorEψnEρψnalEstatπsEwψtχEjπtsEanνEmψssψnτE
transvπrsπEmomπntumEusψnτEMEsqrt{s}d^ENE{π~EprotonRprotonEμollψsψonEνataSEJournalnofnHighnEnergyn
PhysicsQE2014QEWUVYQEV

5.4 108

530
tπasurπmπntEoρEtχπE mormulaaEsππEtπxt]EproνuμtψonEμrossRsπμtψonEusψnτE mormulaaEsππEtπxt]EπvπntsE
wψtχE mormulaaEsππEtπxt]RtaττπνEjπtsEψnE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaEsππEtπxt]EanνE
^´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014QE]YQEXVU_

4.2 107

529 ztuνyEoρEtχπEspψnEanνEparψtyEoρEtχπEoψττsEγosonEψnEνψγosonEνπμaysEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2015QE]ZQEY][ 4.2 104

(2015-2011)

3



528 zπarμχEρorEνouγlyEμχarτπνEoψττsEγosonsEψnElψkπRsψτnEνψlπptonEρψnalEstatπsEatEMsqrt{s}EdE]E
matχrm{{π~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 104

527 tπasurπmπntEoρEψnμlusψvπEjπtEanνEνψjπtEμrossEsπμtψonsEψnEprotonRprotonEμollψsψonsEatE]E{π~E
μπntrπRoρRmassEπnπrτyEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 103

526 zπarμχEρorEνarkEmattπrEanνEotχπrEnπwEpχπnomπnaEψnEπvπntsEwψtχEanEπnπrτπtψμEjπtEanνElarτπEmψssψnτE
transvπrsπEmomπntumEusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 101

525 wrospπμtsEρorEtχπEsπarμχEρorEaEstanνarνEmoνπlEoψττsEγosonEψnEh{shzEusψnτEvπμtorEγosonEρusψonSE
EuropeannPhysicalnJournalnCQE2004QEXWQEsV_RsZY 4.2 97

524
zπarμχEρorEtχπEztanνarνEtoνπlEoψττsEγosonEproνuμπνEψnEassoμψatψonEwψtχEtopEquarksEanνEνπμayψnτE
ψntoE mormulaaEsππEtπxt]EψnE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEXY_

4.2 94

523
zπarμχEρorEνψrπμtEtχψrνRτπnπratψonEsquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEmψssψnτEtransvπrsπE
momπntumEanνEtwoEγRjπtsEψnEMEsqrt{s}d^ENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2013QEWUVXQEV

5.4 92

522 jonstraψntsEonEnπwEpχπnomπnaEvψaEoψττsEγosonEμouplψnτsEanνEψnvψsψγlπEνπμaysEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 91

521 waramπtπrψzπνEnπuralEnπtworksEρorEχψτχRπnπrτyEpχysψμsSEEuropeannPhysicalnJournalnCQE2016QE][QEV 4.2 87

520 uaturalEprψorsQEjtzztEρψtsEanνEsojEwπatχπrEρorπμastsSEJournalnofnHighnEnergynPhysicsQE2007QEWUU]QEUWXRUWX5.4 85

519
tπasurπmπntEoρE mormulaaEsππEtπxt]EproνuμtψonEwψtχEaEvπtoEonEaννψtψonalEμπntralEjπtEaμtψvψtyEψnE
μollψsψonsEatE mormulaaEsππEtπxt]E{π~EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2012QE
]WQEWUYX

4.2 82

518
zπarμχEρorEaννψtψonalEχπavyEnπutralEoψττsEanνEτauτπEγosonsEψnEtχπEνψtauEρψnalEstatπEproνuμπνEψnEX[E
ργâ��VEoρEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2018QEWUV^QEV

5.4 81

517 tπasurπmπntEoρEtχπE—T˛‡EOEγosonEtransvπrsπEmomπntumEνψstrψγutψonEψnEppEμollψsψonsEatEMEsqrt{s}d]ENE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 79

516 tπasurπmπntEoρEtχπEμχarτπEasymmπtryEψnEtopEquarkEpaψrEproνuμtψonEψnEμollψsψonsEatE mormulaaEsππE
tπxt]EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2012QE]WQEWUX_ 4.2 78

515 zπarμχEρorEχπavyEnπutrψnosEanνErψτχtRχanνπνEγosonsEψnEπvπntsEwψtχEtwoElπptonsEanνEjπtsEψnE
μollψsψonsEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2012QE]WQEWUZ[ 4.2 78

514
zπarμχEρorEνψrπμtEproνuμtψonEoρEμχarτψnosEanνEnπutralψnosEψnEπvπntsEwψtχEtχrππElπptonsEanνEmψssψnτE
transvπrsπEmomπntumEψnEMEsqrt{s}ENEdE^E{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2014QEWUVYQEV

5.4 76

513
zπarμχEρorEaElψτχtEμχarτπνEoψττsEγosonEψnEtχπEνπμayEμχannπlE mormulaaEsππEtπxt]EψnE mormulaaEsππE
tπxt]EπvπntsEusψnτEμollψsψonsEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2013QE]XQEWY[Z

4.2 76

512 lvψνπnμπEρorEtχπEoψττsRγosonE–ukawaEμouplψnτEtoEtauElπptonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2015QEWUVZQEV 5.4 74

511
zπarμχEρorEproνuμtψonEoρE mormulaaEsππEtπxt]ErπsonanμπsEνπμayψnτEtoEaElπptonQEnπutrψnoEanνEjπtsEψnE
 mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2015QE]ZQEWU_

4.2 73

KyleuCranmer

4



510 {χπEρrontψπrEoρEsψmulatψonRγasπνEψnρπrπnμπSEProceedingsnofnthenNationalnAcademynofnSciencesnofnthen
UnitednStatesnofnAmericaQE2020QEVV]QEXUUZZRXUU[W 11.5 72

509 h{shzEsπarμχEρorEnπwEpχπnomπnaEψnEνψjπtEmassEanνEanτularEνψstrψγutψonsEusψnτEppEμollψsψonsEatEME
sqrt{s}d]EN{π~SEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 72

508
tπasurπmπntEoρEtχπEψnμlusψvπEjπtEμrossRsπμtψonEψnEμollψsψonsEatE mormulaaEsππEtπxt]EanνEμomparψsonE
toEtχπEψnμlusψvπEjπtEμrossRsπμtψonEatE mormulaaEsππEtπxt]EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2013QE]XQEWZU_

4.2 71

507 jonstraψnψnτElρρπμtψvπEmψπlνE{χπorψπsEwψtχEtaμχψnπEsπarnψnτSEPhysicalnReviewnLettersQE2018QEVWVQEVVV^UV 7.4 71

506 yapψνψtyEτapEμrossEsπμtψonsEmπasurπνEwψtχEtχπEh{shzEνπtπμtorEψnEppEμollψsψonsEatEMsqrt{s}EdE]E
mγox{~{π~}NSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 70

505 {χπEh{shzEpnnπrEkπtπμtorEμommψssψonψnτEanνEμalψγratψonSEEuropeannPhysicalnJournalnCQE2010QE]UQE]^]R^WV4.2 70

504 zπarμχπsEρorEsμalarElπptoquarksEψnEμollψsψonsEatE mormulaaEsππEtπxt]EdE^´ {π~EwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2016QE][QEZ 4.2 68

503 zπarμχEρorEnπutralEoψττsEγosonsEoρEtχπEmψnψmalEsupπrsymmπtrψμEstanνarνEmoνπlEψnEppEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 67

502 qπtEmassEanνEsuγstruμturπEoρEψnμlusψvπEjπtsEψnEMEsqrtE{s}EdE]b{tπxt{{π~}}ENEppEμollψsψonsEwψtχEtχπEh{shzE
πxpπrψmπntSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 67

501 xjkRawarπErπμursψvπEnπuralEnπtworksEρorEjπtEpχysψμsSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 66

500 zπarμχEρorEoψττsEγosonEpaψrEproνuμtψonEψnEtχπE mormulaaEsππEtπxt]EρψnalEstatπEρromEμollψsψonsEatE
 mormulaaEsππEtπxt]E{π~wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEYVW 4.2 66

499 zπarμχEρorEχψτχRmassEνψγosonErπsonanμπsEwψtχEγosonRtaττπνEjπtsEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEVRX_ 5.4 66

498 wπrρormanμπEoρEmψssψnτEtransvπrsπEmomπntumErπμonstruμtψonEwψtχEtχπEh{shzEνπtπμtorEusψnτE
protonRprotonEμollψsψonsEatSEEuropeannPhysicalnJournalnCQE2018QE]^QE_UX 4.2 66

497 zπarμχEρorEχπavyEtajoranaEnπutrψnosEwψtχEtχπEh{shzEνπtπμtorEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~SE
JournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 65

496 zπarμχEρorEtχπEMEγovπrlψnπ{γ}ENEνπμayEoρEtχπEztanνarνEtoνπlEoψττsEγosonEψnEassoμψatπνEM‘T—NoE
proνuμtψonEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 64

495
zπarμχEρorEnπwEpχπnomπnaEψnEρψnalEstatπsEwψtχElarτπEjπtEmultψplψμψtψπsEanνEmψssψnτEtransvπrsπE
momπntumEatEMEsqrt{s}d^ENE{π~EprotonRprotonEμollψsψonsEusψnτEtχπEh{shzEπxpπrψmπntSEJournalnofn
HighnEnergynPhysicsQE2013QEWUVXQEV

5.4 64

494
tπasurπmπntEoρEtχπEtransvπrsπEmomπntumEanνE mormulaaEsππEtπxt]EνψstrψγutψonsEoρEkrπllR–anE
lπptonEpaψrsEψnEprotonRprotonEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2016QE][QEW_V

4.2 63

493 zπarμχEρorErπsonantEνψγosonEproνuμtψonEψnEtχπE mormulaaEsππEtπxt]EρψnalEstatπEψnE mormulaaEsππEtπxt]E
μollψsψonsEatE mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQE[_ 4.2 62

(2015-2020)

5



492 llπμtronEπρρψμψπnμyEmπasurπmπntsEwψtχEtχπEh{shzEνπtπμtorEusψnτEWUVWEsojEprotonRprotonEμollψsψonE
νataSEEuropeannPhysicalnJournalnCQE2017QE]]QEV_Z 4.2 61

491 zπarμχEρorEνarkEmattπrEψnEπvπntsEwψtχEχπavyEquarksEanνEmψssψnτEtransvπrsπEmomπntumEψnE mormulaaE
sππEtπxt]EμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQE_W 4.2 60

490
zπarμχEρorEnπwEpχπnomπnaEψnEρψnalEstatπsEwψtχElarτπEjπtEmultψplψμψtψπsEanνEmψssψnτEtransvπrsπE
momπntumEusψnτEMsqrtE{s}NEdE]E{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2011QEWUVVQEV

5.4 60

489 tπasurπmπntEoρEtχπERγosonEmassEψnEppEμollψsψonsEatEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2018QE]^QEVVU 4.2 59

488 zπarμχEρorEaEχψτχRmassEoψττsEγosonEνπμayψnτEtoEaE‘EγosonEpaψrEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 59

487 tπasurπmπntEoρEtχπE‘EReEâ��˛‰EanνE—T˛‡EOEReEâ��â��EproνuμtψonEμrossEsπμtψonsEψnEprotonRprotonEμollψsψonsEatEME
sqrtE{s}EdE]b{tπxt{{π~}}ENEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2010QEWUVUQEV 5.4 58

486 hEsπarμχEρorEMEtovπrlψnπ{t}ENErπsonanμπsEusψnτElπptonRplusRjπtsEπvπntsEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 57

485 jχallπnτπsEoρEproρψlπElψkπlψχooνEπvaluatψonEψnEmultψRνψmπnsψonalEz}z–EsμansSEJournalnofnHighnEnergyn
PhysicsQE2011QEWUVVQEV 5.4 57

484
zπarμχEρorEμχarτπνEoψττsEγosonsEνπμayψnτEvψaEoE´–EReEˇ�E´–E˛‰EψnEρullyEχaνronψμEρψnalEstatπsEusψnτEppE
μollψsψonEνataEatEMEsqrt{s}ENEdE^E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QE
WUVZQEV

5.4 56

483 jonstraψntsEonEtχπEoρρRsχπllEoψττsEγosonEsψτnalEstrπnτtχEψnEtχπEχψτχRmassEanνEρψnalEstatπsEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEXXZ 4.2 56

482 wrπμψsψonEmπasurπmπntEanνEψntπrprπtatψonEoρEψnμlusψvπEQEanνEproνuμtψonEμrossEsπμtψonsEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEX[] 4.2 56

481 vpπnEψsEnotEπnouτχSENaturenPhysicsQE2019QEVZQEVVXRVV_ 16.2 56

480 zπarμχEρorEνouγlyEμχarτπνEoψττsEγosonEproνuμtψonEψnEmultψRlπptonEρψnalEstatπsEwψtχEtχπEh{shzE
νπtπμtorEusψnτEprotonRprotonEμollψsψonsEatSEEuropeannPhysicalnJournalnCQE2018QE]^QEV__ 4.2 55

479 zπarμχEρorErπsonanμπsEνπμayψnτEψntoEtopRquarkEpaψrsEusψnτEρullyEχaνronψμEνπμaysEψnEppEμollψsψonsEwψtχE
h{shzEatEMEsqrt{s}d]ENE{π~SEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 55

478 tπasurπmπntsEoρEtopEquarkEpaψrErπlatψvπEνψρρπrπntψalEμrossRsπμtψonsEwψtχEh{shzEψnEppEμollψsψonsEatE
Msqrt{s}EdE]Emγox{{π~}NSEEuropeannPhysicalnJournalnCQE2013QE]XQEV 4.2 55

477 zummaryEoρEtχπEsπarμχπsEρorEsquarksEanνEτluψnosEusψnτEMEsqrt{s}d^ENE{π~EppEμollψsψonsEwψtχEtχπE
h{shzEπxpπrψmπntEatEtχπEsojSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 55

476 tπasurπmπntsEoρEtχπE mormulaaEsππEtπxt]EproνuμtψonEμrossEsπμtψonsEψnEassoμψatψonEwψtχEjπtsEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQE^W 4.2 54

475
zπarμχEρorEproνuμtψonEoρEvπμtorRlψkπEquarkEpaψrsEanνEoρEρourEtopEquarksEψnEtχπElπptonRplusRjπtsEρψnalE
statπEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2015QEWUVZQEV

5.4 54
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474
zπarμχEρorEtopEsquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEonπEψsolatπνElπptonQEjπtsQEanνEmψssψnτE
transvπrsπEmomπntumEψnEMEsqrt{s}ENEdE^E{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2014QEWUVYQEV

5.4 54

473 tπasurπmπntEoρE‘E´–E—EproνuμtψonEψnEprotonRprotonEμollψsψonsEatEMsqrt{s}d]~mγox{{π~}NEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 54

472 {χπEtaμχψnπEsπarnψnτElanνsμapπEoρEtopEtaττπrsSESciPostnPhysicsQE2019QE]QE 6.1 54

471
zπarμχEρorEsquarksEanνEτluψnosEψnEρψnalEstatπsEwψtχEjπtsEanνEmψssψnτEtransvπrsπEmomπntumEatE
 mormulaaEsππEtπxt]EdVXE mormulaaEsππEtπxt]wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2016QE][QEX_W

4.2 53

470 zπarμχEρorEnπwEpχπnomπnaEψnEπvπntsEwψtχEatElπastEtχrππEpχotonsEμollπμtπνEψnEμollψsψonsEatE mormulaaE
sππEtπxt]EdE^E{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEWVU 4.2 53

469 zπarμχEρorEaEχπavyEtopRquarkEpartnπrEψnEρψnalEstatπsEwψtχEtwoElπptonsEwψtχEtχπEh{shzEνπtπμtorEatE
tχπEsojSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 53

468 tπasurπmπntEoρEtχπEψnμlusψvπEanνEνψjπtEμrossRsπμtψonsEoρEγRjπtsEψnEppEμollψsψonsEatE
Msqrt{s}d]mγox{~{π~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 53

467 tπasurπmπntEoρEtχπEpχotonEψνπntψρψμatψonEπρρψμψπnμψπsEwψtχEtχπEh{shzEνπtπμtorEusψnτEsojEyunRVE
νataSEEuropeannPhysicalnJournalnCQE2016QE][QE[[[ 4.2 53

466 hEτuψνπEtoEμonstraψnψnτEπρρπμtψvπEρψπlνEtχπorψπsEwψtχEmaμχψnπElπarnψnτSEPhysicalnReviewnDQE2018QE_^QE 4.9 53

465 zπarμχEρorEνψrπμtEtopRsquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEtwoElπptonsEψnEppEμollψsψonsEatEME
sqrt{s}ENEdE^E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 52

464 zπarμχEρorElπptonRρlavourRvψolatψnτEνπμaysEoρEtχπEoψττsEanνEγosonsEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2017QE]]QE]U 4.2 52

463
zπarμχEρorEνarkEmattπrEatE mormulaaEsππEtπxt]EψnEρψnalEstatπsEμontaψnψnτEanEπnπrτπtψμEpχotonEanνE
larτπEmψssψnτEtransvπrsπEmomπntumEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE
]]QEX_X

4.2 52

462 tπasurπmπntEoρEρlowEχarmonψμsEwψtχEmultψRpartψμlπEμumulantsEψnEwγPwγEμollψsψonsEatE mormulaaEsππE
tπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014QE]YQEXVZ] 4.2 52

461 tπasurπmπntEoρEtχπE‘EγosonEpolarψzatψonEψnEtopEquarkEνπμaysEwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2012QEWUVWQEV 5.4 52

460 wπrρormanμπEoρEtχπEh{shzEmuonEtrψττπrEψnEppEμollψsψonsEatE mormulaaEsππEtπxt]E{π~SEEuropeann
PhysicalnJournalnCQE2015QE]ZQEVWU 4.2 51

459 tπasurπmπntEoρEtχπEjπtEρraτmπntatψonEρunμtψonEanνEtransvπrsπEproρψlπEψnEprotonâ��protonEμollψsψonsE
atEaEμπntπrRoρRmassEπnπrτyEoρE]E{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 51

458 tπasurπmπntEoρEtχπEproνuμtψonEμrossEsπμtψonEoρEjπtsEψnEassoμψatψonEwψtχEaE—EγosonEψnEppEμollψsψonsEatE
MEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 50

457 lvψνπnμπEρorEtχπEMEotoEγovπrlψnπ{γ}ENEνπμayEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2017QEWUV]QEV 5.4 50

(2017-2014)
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456
zπarμχEρorEνψrπμtEpaψrEproνuμtψonEoρEaEμχarτψnoEanνEaEnπutralψnoEνπμayψnτEtoEtχπEVWZ´ nπ~EoψττsE
γosonEψnE mormulaaEsππEtπxt]´ {π~E mormulaaEsππEtπxt]EμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2015QE]ZQEWU^

4.2 50

455
zπarμχEρorEπlπμtrowπakEproνuμtψonEoρEμχarτψnosEanνEslπptonsEνπμayψnτEψntoEρψnalEstatπsEwψtχEtwoE
lπptonsEanνEmψssψnτEtransvπrsπEmomπntumEψnEMsqrt{s}dVXNEMtπxtE{{π~}NEppEμollψsψonsEusψnτEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV

4.2 50

454
pνπntψρψμatψonEanνEπnπrτyEμalψγratψonEoρEχaνronψμallyEνπμayψnτEtauElπptonsEwψtχEtχπEh{shzE
πxpπrψmπntEψnEμollψsψonsEatE mormulaaEsππEtπxt] mormulaaEsππEtπxt]SEEuropeannPhysicalnJournalnCQE2015
QE]ZQEXUX

4.2 49

453 tπasurπmπntEoρEμχarτπνRpartψμlπEspπμtraEψnEwγPwγEμollψsψonsEatEMEsqrt{s−{matχrm{uu}}}dWS][ENE{π~E
wψtχEtχπEh{shzEνπtπμtorEatEtχπEsojSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 49

452 zπarμχEρorEχψτχRmassErπsonanμπsEνπμayψnτEtoEνψlπptonEρψnalEstatπsEψnEppEμollψsψonsEatEMEsqrt{s}d]ENE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 49

451 zπarμχEρorErπsonanμπsEψnEνψpχotonEπvπntsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2016QEWUV[QEV 5.4 49

450 zπarμχEρorEπlπμtrowπakEproνuμtψonEoρEsupπrsymmπtrψμEpartψμlπsEψnEρψnalEstatπsEwψtχEtwoEorEtχrππE
lπptonsEatEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QE__Z 4.2 49

449 tπasurπmπntsEoρEtopRquarkEpaψrEνψρρπrπntψalEμrossRsπμtψonsEψnEtχπElπptonPjπtsEμχannπlEψnEμollψsψonsE
atE mormulaaEsππEtπxt]EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZX^ 4.2 48

448 zπarμχEρorEsupπrsymmπtryEatE mormulaaEsππEtπxt]´ {π~EψnEρψnalEstatπsEwψtχEjπtsEanνEtwoEsamπRsψτnE
lπptonsEorEtχrππElπptonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEWZ_ 4.2 48

447 tπasurπmπntEoρEmultψRpartψμlπEazψmutχalEμorrπlatψonsEψnEppQEp´ P´ wγEanνElowRmultψplψμψtyEwγ´ P´ wγE
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEYW^ 4.2 48

446
ountEρorEnπwEpχπnomπnaEusψnτElarτπEjπtEmultψplψμψtψπsEanνEmψssψnτEtransvπrsπEmomπntumEwψtχE
h{shzEψnEYS]Eργâ��VEoρEMEsqrtE{s}EdE]b{π~ENEprotonRprotonEμollψsψonsSEJournalnofnHighnEnergynPhysicsQE
2012QEWUVWQEV

5.4 48

445 zπarμχEρorElonτRlψvπνEμχarτψnosEγasπνEonEaEνψsappπarψnτRtraμkEsψτnaturπEψnEppEμollψsψonsEatEME
sqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 48

444 tπasurπmπntEoρEtχπEpromptET mormulaaEsππEtπxt]EpaψrEproνuμtψonEμrossRsπμtψonEψnEμollψsψonsEatE
 mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QE][ 4.2 47

443 zπarμχEρorEχπavyErπsonanμπsEνπμayψnτEψntoEψnEtχπEρψnalEstatπEψnEμollψsψonsEatEwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEWY 4.2 47

442 zπarμχEρorEtχπEnπutralEoψττsEγosonsEoρEtχπEmψnψmalEsupπrsymmπtrψμEstanνarνEmoνπlEψnEppEμollψsψonsE
atEMEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 47

441 zπarμχEρorEaEnπwErπsonanμπEνπμayψnτEtoEaEorEγosonEanνEaEoψττsEγosonEψnEtχπE mormulaaEsππEtπxt]E
ρψnalEstatπsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEW[X 4.2 46

440 sψτχtRquarkEanνEτluonEjπtEνψsμrψmψnatψonEψnE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaEsππEtπxt]EwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014QE]YQEXUWX 4.2 46

439 zπarμχEρorElπptonRρlavourRvψolatψnτEoEReE˛…ˇ�EνπμaysEoρEtχπEoψττsEγosonEwψtχEtχπEh{shzEνπtπμtorSE
JournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 46
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438
zπarμχEρorEanomalousEproνuμtψonEoρEpromptEsamπRsψτnElπptonEpaψrsEanνEpaψrRproνuμπνEνouγlyE
μχarτπνEoψττsEγosonsEwψtχEMEsqrt{s}d^ENE{π~EppEμollψsψonsEusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2015QEWUVZQEV

5.4 45

437 zπarμχEρorEψnvψsψγlπEνπμaysEoρEaEoψττsEγosonEusψnτEvπμtorRγosonEρusψonEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 45

436 tπasurπmπntEoρE——EproνuμtψonEψnEppEμollψsψonsEatEMEsqrt{s}d]ENE{π~EanνElψmψtsEonEanomalousE———EanνE
——˛‡EμouplψnτsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 45

435 tuonErπμonstruμtψonEπρρψμψπnμyEanνEmomπntumErπsolutψonEoρEtχπEh{shzEπxpπrψmπntEψnE
protonRprotonEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~EψnEWUVUSEEuropeannPhysicalnJournalnCQE2014QE]YQEXUXY 4.2 45

434 zπarμχEρorEpaψrEproνuμtψonEoρEmassψvπEpartψμlπsEνπμayψnτEψntoEtχrππEquarksEwψtχEtχπEh{shzEνπtπμtorE
ψnEMEsqrt{s}d]bmatχrm{{π~}ENEppEμollψsψonsEatEtχπEsojSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 45

433
zπarμχEρorEsupπrsymmπtryEψnEπvπntsEμontaψnψnτEaEsamπRρlavourEopposψtπRsψτnEνψlπptonEpaψrQEjπtsQEanνE
larτπEmψssψnτEtransvπrsπEmomπntumEψnE mormulaaEsππEtπxt]´ {π~EμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2015QE]ZQEXV^

4.2 44

432 pνπntψρψμatψonEoρEγoostπνQEχaνronψμallyEνπμayψnτEγosonsEanνEμomparψsonsEwψtχEh{shzEνataEtakπnEatE
 mormulaaEsππEtπxt]´ {π~SEEuropeannPhysicalnJournalnCQE2016QE][QEVZY 4.2 44

431 tπasurπmπntEoρEψsolatπνRpχotonEpaψrEproνuμtψonEψnEppEμollψsψonsEatEMEsqrt{s}d]b{π~ENEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 44

430 zπarμχEρorEpaψrRproνuμπνEmassψvπEμolourπνEsμalarsEψnEρourRjπtEρψnalEstatπsEwψtχEtχπEh{shzEνπtπμtorE
ψnEprotonâ��protonEμollψsψonsEatEMsqrt{s}EdE]Emγox{{π~}NSEEuropeannPhysicalnJournalnCQE2013QE]XQEV 4.2 44

429 tπasurπmπntEoρEmultψRjπtEμrossEsπμtψonsEψnEprotonâ��protonEμollψsψonsEatEaE]E{π~EμπntπrRoρRmassE
πnπrτySEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 44

428 mπrmψonEpaψrEproνuμtψonEψnEπPπREμollψsψonsEatEV^_â��WU_Enπ~EanνEμonstraψntsEonEpχysψμsEγπyonνEtχπE
stanνarνEmoνπlSEEuropeannPhysicalnJournalnCQE2007QEY_QEYVVRYX] 4.2 44

427 hnτularEanalysψsEoρEiEUEνEEReErO˛…P˛…â��EνπμaysEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 44

426 hEyoaνmapEρorEolwEzoρtwarπEanνEjomputψnτEyKkEρorEtχπEWUWUsSEComputingnandnSoftwarenfornBign
ScienceQE2019QEXQEV 6 43

425 wπrρormanμπEoρEjπtEsuγstruμturπEtπμχnψquπsEρorElarτπRyEjπtsEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}d]ENE{π~EusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 43

424
tπasurπmπntEoρEtχπEμrossEsπμtψonEρorEtopRquarkEpaψrEproνuμtψonEψnEppEμollψsψonsEatEMsqrtE{s}EdE
{]}Q{tπxt{{π~}}NEwψtχEtχπEh{shzEνπtπμtorEusψnτEρψnalEstatπsEwψtχEtwoEχψτχRpE{ElπptonsSEJournalnofn
HighnEnergynPhysicsQE2012QEWUVWQEV

5.4 43

423 zπarμχEρorEnπutralEoψττsEγosonsEνπμayψnτEψntoEρourEtausEatEslwWSEJournalnofnHighnEnergynPhysicsQE
2010QEWUVUQEV 5.4 43

422 {χπEyooztatsEprojπμtE2011QE 43

421 h{shzEγRjπtEψνπntψρψμatψonEpπrρormanμπEanνEπρρψμψπnμyEmπasurπmπntEwψtχEMt{γar{t}}NEπvπntsEψnEppE
μollψsψonsEatEMsqrt{s}dVXNE{π~SEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 43

(2019-2015)
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420 qπtErπμonstruμtψonEanνEpπrρormanμπEusψnτEpartψμlπEρlowEwψtχEtχπEh{shzEkπtπμtorSEEuropeannPhysicaln
JournalnCQE2017QE]]QEY[[ 4.2 42

419
tπasurπmπntEoρEtχπEνψρρπrπntψalEμrossRsπμtψonsEoρEpromptEanνEnonRpromptEproνuμtψonEoρE mormulaaE
sππEtπxt]EanνE mormulaaEsππEtπxt]EψnEμollψsψonsEatE mormulaaEsππEtπxt]EanνE^´ {π~EwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEW^X

4.2 42

418 tπasurπmπntEoρEtχπEtopEquarkEmassEwψtχEtχπEtπmplatπEmπtχoνEψnEtχπE mormulaaEsππEtπxt]EμχannπlE
usψnτEh{shzEνataSEEuropeannPhysicalnJournalnCQE2012QE]WQEWUY[ 4.2 42

417 zummaryEoρEtχπEh{shzEπxpπrψmπntâ��sEsπnsψtψvψtyEtoEsupπrsymmπtryEaρtπrEsojEyunEVEâ��EψntπrprπtπνE
ψnEtχπEpχπnomπnoloτψμalEtzztSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 42

416 zπarμχEρorEχπavyErπsonanμπsEψnEtχπEanνEρψnalEstatπsEusψnτEprotonRprotonEμollψsψonsEatE´ EwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEW_X 4.2 41

415
zπarμχEρorEνψrπμtEtopEsquarkEpaψrEproνuμtψonEψnEπvπntsEwψtχEaE mormulaaEsππEtπxt]EγosonQE mormulaaE
sππEtπxt]RjπtsEanνEmψssψnτEtransvπrsπEmomπntumEψnE mormulaaEsππEtπxt]E{π~E mormulaaEsππEtπxt]E
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014QE]YQEW^^X

4.2 41

414 zψnτlπEχaνronErπsponsπEmπasurπmπntEanνEμalorψmπtπrEjπtEπnπrτyEsμalπEunμπrtaψntyEwψtχEtχπEh{shzE
νπtπμtorEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2013QE]XQEV 4.2 41

413
zπarμχEρorEsupπrsymmπtrψμEpartψμlπsEψnEπvπntsEwψtχElπptonEpaψrsEanνElarτπEmψssψnτEtransvπrsπE
momπntumEψnEMsqrt{s}d]~mγox{{π~}NEprotonâ��protonEμollψsψonsEwψtχEtχπEh{shzEπxpπrψmπntSE
EuropeannPhysicalnJournalnCQE2011QE]VQEV

4.2 41

412 zπarμχEρorEnπwEpartψμlπsEψnEπvπntsEwψtχEonπElπptonEanνEmψssψnτEtransvπrsπEmomπntumEψnEppE
μollψsψonsEatEMEsqrt{s}ENEdE^E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 40

411
tπasurπmπntEoρEtχπEμπntralψtyEνπpπnνπnμπEoρEtχπEμχarτπνRpartψμlπEpsπuνorapψνψtyEνψstrψγutψonEψnE
protonRlπaνEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2016QE][QEV__

4.2 39

410 zπarμχEρorEsupπrsymmπtryEatEMsqrt{s}NEdE^E{π~EψnEρψnalEstatπsEwψtχEjπtsEanνEtwoEsamπRsψτnElπptonsEorE
tχrππElπptonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 39

409
hEsπarμχEρorEMEtovπrlψnπEtENErπsonanμπsEψnElπptonPjπtsEπvπntsEwψtχEχψτχlyEγoostπνEtopEquarksE
μollπμtπνEψnEppEμollψsψonsEatEMEsqrtE{s}EdE]ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2012QEWUVWQEV

5.4 39

408 zπarμχEρorEμχarτπνEoψττsEγosonsEνπμayψnτEψntoEtopEanνEγottomEquarksEatEMEsqrt{s}dVXENE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 39

407 wπrρormanμπEoρEalτorψtχmsEtχatErπμonstruμtEmψssψnτEtransvπrsπEmomπntumEψnE mormulaaEsππEtπxt]dE
^E{π~EprotonRprotonEμollψsψonsEψnEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEWYV 4.2 38

406
vγsπrvatψonEanνEmπasurπmπntsEoρEtχπEproνuμtψonEoρEpromptEanνEnonRpromptE mormulaaEsππEtπxt]E
mπsonsEψnEassoμψatψonEwψtχEaE mormulaaEsππEtπxt]EγosonEψnE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaE
sππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEWW_

4.2 38

405 zπarμχEρorElonτRlψvπνEnπutralEpartψμlπsEνπμayψnτEψntoElπptonEjπtsEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 38

404 llπμtronErπμonstruμtψonEanνEψνπntψρψμatψonEψnEtχπEh{shzEπxpπrψmπntEusψnτEtχπEWUVZEanνEWUV[EsojE
protonâ��protonEμollψsψonEνataEatEMsqrt{s}EdEVXNEMtπxtE{{π~}NSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 37

403 tπasurπmπntEoρEtχπEproνuμtψonEoρEaE‘EγosonEψnEassoμψatψonEwψtχEaEμχarmEquarkEψnEppEμollψsψonsEatEME
sqrt{s}ENEdE]E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 37
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402 zπarμχEρorEsquarksEanνEτluψnosEψnEπvπntsEwψtχEψsolatπνElπptonsQEjπtsEanνEmψssψnτEtransvπrsπE
momπntumEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 37

401 zπarμχEρorEtχπEztanνarνEtoνπlEoψττsEγosonEψnEtχπEoEReEˇ�EPEˇ�Eâ��EνπμayEmoνπEψnEMEsqrtE{s}EdE
]Q{matχrm{{π~}}ENEppEμollψsψonsEwψtχEh{shzSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 37

400 sψmψtsEonEtχπEproνuμtψonEoρEtχπEstanνarνEmoνπlEoψττsEγosonEψnEppEμollψsψonsEatEMsqrt{s}EdE]NE{π~EwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 37

399 zπarμχEρorEmassψvπEμolorπνEsμalarsEψnEρourRjπtEρψnalEstatπsEψnEMsqrt{s}d]~mγox{{π~}NEprotonâ��protonE
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 37

398 yljhz{Eâ��EπxtπnνψnτEtχπEψmpaμtEoρEπxψstψnτEanalysπsSEJournalnofnHighnEnergynPhysicsQE2011QEWUVVQEV 5.4 37

397 jχarτπνRpartψμlπEνψstrψγutψonsEatElowEtransvπrsπEmomπntumEψnE mormulaaEsππEtπxt]´ {π~EψntπraμtψonsE
mπasurπνEwψtχEtχπEh{shzEνπtπμtorEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2016QE][QEZUW 4.2 37

396 tπasurπmπntEoρEtχπEoψττsEγosonEμouplψnτEpropπrtψπsEψnEtχπEoEReE——OEReEYâ��EνπμayEμχannπlEatEME
sqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 36

395 zπarμχEρorEνψrπμtEpaψrEproνuμtψonEoρEtχπEtopEsquarkEψnEallRχaνronψμEρψnalEstatπsEψnEprotonRprotonE
μollψsψonsEatEMEsqrt{s}ENEdE^E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 36

394 tψnψnτEτolνEρromEψmplψμψtEmoνπlsEtoEψmprovπElψkπlψχooνRρrππEψnρπrπnμπSEProceedingsnofnthenNationaln
AcademynofnSciencesnofnthenUnitednStatesnofnAmericaQE2020QEVV]QEZWYWRZWY_ 11.5 35

393 tπasurπmπntEoρElonτψtuνψnalEρlowEνπμorrπlatψonsEψnEwγPwγEμollψsψonsEatEanνEZSUWE{π~EwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEVYW 4.2 35

392 tπasurπmπntEoρEquarkonψumEproνuμtψonEψnEprotonRlπaνEanνEprotonRprotonEμollψsψonsEatEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEV]V 4.2 35

391 tπasurπmπntEoρEtχπEμχarτπνRpartψμlπEmultψplψμψtyEψnsψνπEjπtsEρromE mormulaaEsππEtπxt] mormulaaEsππE
tπxt]´ EμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEXWW 4.2 35

390 tπasurπmπntEoρEjπtEρraτmπntatψonEψnEwγPwγEanνEμollψsψonsEatE{π~EwψtχEtχπEh{shzEνπtπμtorEatEtχπE
sojSEEuropeannPhysicalnJournalnCQE2017QE]]QEX]_ 4.2 35

389 zπarμχEρorEsπμonνEτπnπratψonEsμalarElπptoquarksEψnEppEμollψsψonsEatEMsqrt{s}d]~mγox{{π~}NEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 35

388 tπasurπmπntEoρEtχπEμrossRsπμtψonEρorE‘EγosonEproνuμtψonEψnEassoμψatψonEwψtχEγRjπtsEψnEppEμollψsψonsE
atEMEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 34

387 h{shzEsπarμχEρorEaEχπavyEτauτπEγosonEνπμayψnτEtoEaEμχarτπνElπptonEanνEaEnπutrψnoEψnEppEμollψsψonsE
atEMsqrt{s}EdE]Ematχrm{{π~}NSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 34

386 zπarμχEρorEsamπRsψτnEtopRquarkEproνuμtψonEanνEρourtχRτπnπratψonEνownRtypπEquarksEψnEppEμollψsψonsE
atEMEsqrtE{s}EdE{]}b{tπxt{{π~}}ENEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 34

385 zπarμχEρorEχπavyEpartψμlπsEνπμayψnτEψntoEtopRquarkEpaψrsEusψnτElπptonRplusRjπtsEπvπntsEψnE
protonRprotonEμollψsψonsEatE´ EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEZ[Z 4.2 34
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384 wπrρormanμπEoρEtχπEh{shzEtraμkErπμonstruμtψonEalτorψtχmsEψnEνπnsπEπnvψronmπntsEψnEsojEyunEWSE
EuropeannPhysicalnJournalnCQE2017QE]]QE[]X 4.2 33

383 zπarμχEρorEμχarτπνEoψττsEγosonsEψnEtχπEoE´–EReEtγEνπμayEμχannπlEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~E
usψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 33

382
zπarμχEρorEtopRsquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEonπElπptonQEjπtsQEanνEmψssψnτEtransvπrsπE
momπntumEusψnτEX[Eργâ��VEoρEMEsqrt{s}dVXENE{π~EppEμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2018QEWUV^QEV

5.4 33

381
zπarμχEρorEμχarτπνEoψττsEγosonsEνπμayψnτEvψaEo´–EReEˇ�´–˛‰ˇ�EψnEtχπEˇ�PjπtsEanνEˇ�PlπptonEρψnalEstatπsEwψtχE
X[Eργâ��VEoρEppEμollψsψonEνataErπμorνπνEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEπxpπrψmπntSEJournalnofn
HighnEnergynPhysicsQE2018QEWUV^QEV

5.4 33

380 tπasurπmπntEoρEtχπEtopEquarkEmassEψnEtχπE mormulaaEsππEtπxt]EanνE mormulaaEsππEtπxt]EμχannπlsE
usψnτE mormulaaEsππEtπxt]´  mormulaaEsππEtπxt]Eh{shzEνataSEEuropeannPhysicalnJournalnCQE2015QE]ZQEXXU 4.2 32

379 taνtψnπraEtaμχψnπEsπarnψnτRiasπνEpnρπrπnμπEρorEwartψμlπEwχysψμsSEComputingnandnSoftwarenfornBign
ScienceQE2020QEYQEV 6 32

378 zπarμχEρorEνarkEmattπrEproνuμπνEψnEassoμψatψonEwψtχEγottomEorEtopEquarksEψnE´ {π~EμollψsψonsEwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEV^ 4.2 32

377
zπarμχEρorEpaψrEproνuμtψonEoρEoψττsEγosonsEψnEtχπEMEγovπrlψnπ{γ}γovπrlψnπ{γ}ENEρψnalEstatπEusψnτE
protonRprotonEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2019QEWUV_QEV

5.4 31

376 jonstraψntsEonEmπνψatorRγasπνEνarkEmattπrEanνEsμalarEνarkEπnπrτyEmoνπlsEusψnτEMEsqrt{s}ENEdEVXE{π~E
ppEμollψsψonEνataEμollπμtπνEγyEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 31

375
tπasurπmπntEoρEtχπEpolarψsatψonEoρE‘EγosonsEproνuμπνEwψtχElarτπEtransvπrsπEmomπntumEψnEppE
μollψsψonsEatEMsqrt{s}EdE]Emγox{{π~}NEwψtχEtχπEh{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnCQE2012QE
]WQEV

4.2 31

374
kψρρπrπntψalEtopRantψtopEμrossRsπμtψonEmπasurπmπntsEasEaEρunμtψonEoρEoγsπrvaγlπsEμonstruμtπνEρromE
ρψnalRstatπEpartψμlπsEusψnτEppEμollψsψonsEatEMEsqrt{s}d]ENE{π~EψnEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2015QEWUVZQEV

5.4 31

373
tπasurπmπntEoρEtχπEproνuμtψonEanνElπptonEμχarτπEasymmπtryEoρE mormulaaEsππEtπxt]EγosonsEψnE
wγPwγEμollψsψonsEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE
]ZQEWX

4.2 31

372
zπarμχEρorEμontaμtEψntπraμtψonsEanνElarτπEπxtraEνψmπnsψonsEψnEtχπEνψlπptonEμχannπlEusψnτE
protonRprotonEμollψsψonsEatE mormulaaEsππEtπxt]´ ^´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2014QE]YQEXVXY

4.2 31

371
zπarμχEρorEstronτEproνuμtψonEoρEsupπrsymmπtrψμEpartψμlπsEψnEρψnalEstatπsEwψtχEmψssψnτEtransvπrsπE
momπntumEanνEatElπastEtχrππEγRjπtsEatEMEsqrt{s}EdE^ENE{π~EprotonRprotonEμollψsψonsEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV

5.4 31

370 hEsπarμχEρorEρlavourEμχanτψnτEnπutralEμurrπntsEψnEtopRquarkEνπμaysEψnEppEμollψsψonEνataEμollπμtπνE
wψtχEtχπEh{shzEνπtπμtorEatEMEsqrt{s}d]b{π~ENSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 31

369
zπarμχEρorElψτχtEsμalarEtopRquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEtwoElπptonsEwψtχEtχπEh{shzE
νπtπμtorEψnEMsqrt{s}d]Ematχrm{{π~}NEprotonâ��protonEμollψsψonsSEEuropeannPhysicalnJournalnCQE2012QE
]WQEV

4.2 31

368 pnμlusψvπEsπarμχEρorEsamπRsψτnEνψlπptonEsψτnaturπsEψnEppEμollψsψonsEatEMEsqrtE{s}EdE]ENE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2011QEWUVVQEV 5.4 31

367 tπasurπmπntEoρEtχπE‘EγosonEmassEanνEwψνtχEψnEπPπREμollψsψonsEatEslwSEEuropeannPhysicalnJournalnCQE
2006QEY]QEXU_RXXZ 4.2 31
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366 hsymptotψμEρormulaπEρorElψkπlψχooνRγasπνEtπstsEoρEnπwEpχysψμsE2011QE]VQEV 31

365 tπasurπmπntsEoρEγRjπtEtaττψnτEπρρψμψπnμyEwψtχEtχπEh{shzEνπtπμtorEusψnτEMEtovπrlψnπ{t}ENEπvπntsEatEME
sqrt{s}dVXENE{π~SEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 31

364 zπarμχEρorEtχψrνEτπnπratψonEsμalarElπptoquarksEψnEppEμollψsψonsEatEMEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 30

363 zπarμχEρorEaEsμalarEpartnπrEoρEtχπEtopEquarkEψnEtχπEjπtsEplusEmψssψnτEtransvπrsπEmomπntumEρψnalE
statπEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 30

362 tπasurπmπntsEoρEρψνuμψalEanνEνψρρπrπntψalEμrossEsπμtψonsEρorEoψττsEγosonEproνuμtψonEψnEtχπE
νψpχotonEνπμayEμχannπlEatEMEsqrt{s}d^ENE{π~EwψtχEh{shzSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 30

361 tπasurπmπntEoρEtχπE mormulaaEsππEtπxt]EproνuμtψonEμrossEsπμtψonEψnEtχπEtauEPEjπtsEμχannπlEusψnτEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2013QE]XQEWXW^ 4.2 30

360
tπasurπmπntsEoρEunνπrlyψnτRπvπntEpropπrtψπsEusψnτEnπutralEanνEμχarτπνEpartψμlπsEψnEppEμollψsψonsE
atEMsqrt{s}d_UUNEnπ~EanνEMsqrt{s}d]NE{π~EwψtχEtχπEh{shzEνπtπμtorEatEtχπEsojSEEuropeannPhysicaln
JournalnCQE2011QE]VQEV

4.2 30

359 wπrρormanμπEoρEπlπμtronEanνEpχotonEtrψττπrsEψnEh{shzEνurψnτEsojEyunEWSEEuropeannPhysicalnJournaln
CQE2020QE^UQEV 4.2 30

358 zπarμχπsEρorEχπavyElonτRlψvπνEμχarτπνEpartψμlπsEwψtχEtχπEh{shzEνπtπμtorEψnEprotonRprotonEμollψsψonsE
atEMEsqrt{s}d^ENE{π~SEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 29

357
zπarμχEρorEtχπEνψrπμtEproνuμtψonEoρEμχarτψnosQEnπutralψnosEanνEstausEψnEρψnalEstatπsEwψtχEatElπastEtwoE
χaνronψμallyEνπμayψnτEtausEanνEmψssψnτEtransvπrsπEmomπntumEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV

5.4 29

356 yπμonstruμtψonEoρEprψmaryEvπrtψμπsEatEtχπEh{shzEπxpπrψmπntEψnEyunEVEprotonRprotonEμollψsψonsEatE
tχπEsojSEEuropeannPhysicalnJournalnCQE2017QE]]QEXXW 4.2 29

355
zπarμχEρorEpaψrEproνuμtψonEoρEχπavyEvπμtorRlψkπEquarksEνπμayψnτEtoEχψτχRpE{E‘EγosonsEanνEγEquarksE
ψnEtχπElπptonRplusRjπtsEρψnalEstatπEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSE
JournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV

5.4 29

354
zπarμχEρorEpaψrEanνEsψnτlπEproνuμtψonEoρEnπwEχπavyEquarksEtχatEνπμayEtoEaE—EγosonEanνEaE
tχψrνRτπnπratψonEquarkEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2014QEWUVYQEV

5.4 29

353 taxψmumEsψτnψρψμanμπEatEtχπEsojEanνEoψττsEνπμaysEtoEmuonsSEEuropeannPhysicalnJournalnCQE2007QEZVQEYVZRYWU4.2 29

352 lquψvarψantEmlowRiasπνEzamplψnτEρorEsattψμπEnauτπE{χπorySEPhysicalnReviewnLettersQE2020QEVWZQEVWV[UV 7.4 29

351 {woRpartψμlπEiosπRlψnstπψnEμorrπlatψonsEψnEμollψsψonsEatE mormulaaEsππEtπxt]EUS_EanνE]E{π~EmπasurπνE
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEY[[ 4.2 28

350 hEsπarμχEρorEpaψrRproνuμπνErπsonanμπsEψnEρourRjπtEρψnalEstatπsEatEwψtχEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2018QE]^QEWZU 4.2 28

349 yπμonstruμtψonEoρEχaνronψμEνπμayEproνuμtsEoρEtauElπptonsEwψtχEtχπEh{shzEπxpπrψmπntSEEuropeann
PhysicalnJournalnCQE2016QE][QEW_Z 4.2 28

(2016-2011)
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348 zπarμχEρorEsψnτlπEtopRquarkEproνuμtψonEvψaEρlavourRμχanτψnτEnπutralEμurrπntsEatE^´ {π~EwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZZ 4.2 28

347 zπarμχπsEρorEnπwEpχysψμsaEsπsEoouμχπsErπμommπnνatψonsEρorEtχπEprπsπntatψonEoρEsojErπsultsSE
EuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 28

346
zπarμχEρorEmψnψmalEsupπrsymmπtrψμEstanνarνEmoνπlEoψττsEiosonsE´ T´ EanνEρorEaE mormulaaEsππEtπxt]E
γosonEψnEtχπE mormulaaEsππEtπxt]EρψnalEstatπEproνuμπνEψnEμollψsψonsEatE mormulaaEsππEtπxt]E{π~EwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZ^Z

4.2 28

345
zπarμχEρorEsupπrsymmπtryEψnEρψnalEstatπsEwψtχEmψssψnτEtransvπrsπEmomπntumEanνEmultψplπEγRjπtsEψnE
protonRprotonEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2018QEWUV^QEV

5.4 28

344
mψνuμψalQEtotalEanνEνψρρπrπntψalEμrossRsπμtψonEmπasurπmπntsEoρERμχannπlEsψnτlπEtopRquarkEproνuμtψonE
ψnEμollψsψonsEatE^´ {π~EusψnτEνataEμollπμtπνEγyEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE
]]QEZXV

4.2 27

343 tπasurπmπntEoρEtχπEψnμlusψvπEjπtEμrossRsπμtψonEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}d]ENE{π~EusψnτE
YSZEργâ��VEoρEνataEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 27

342
zπarμχEρorEpaψrEproνuμtψonEoρEvπμtorRlψkπEtopEquarksEψnEπvπntsEwψtχEonπElπptonQEjπtsQEanνEmψssψnτE
transvπrsπEmomπntumEψnEMEsqrt{s}dVXENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2017QEWUV]QEV

5.4 27

341 ztuνyEoρEtχπErarπEνπμaysEoρE mormulaaEsππEtπxt]EanνE mormulaaEsππEtπxt]EψntoEmuonEpaψrsEρromEνataE
μollπμtπνEνurψnτEtχπEsojEyunEVEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZVX 4.2 27

340 tπasurπmπntEoρEtχπEpχotonEψνπntψρψμatψonEπρρψμψπnμψπsEwψtχEtχπEh{shzEνπtπμtorEusψnτEsojEyunEWE
νataEμollπμtπνEψnEWUVZEanνEWUV[SEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 26

339
zπarμχEρorEχπavyErπsonanμπsEνπμayψnτEψntoEaE‘EorE—EγosonEanνEaEoψττsEγosonEψnEρψnalEstatπsEwψtχE
lπptonsEanνEγRjπtsEψnEX[Eργâ��VEoρEMEsqrt{s}dVXENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2018QEWUV^QEV

5.4 26

338 tπasurπmπntEoρEˇ�EμVEanνEˇ�EμWEproνuμtψonEwψtχEMEsqrt{s}ENEdE]E{π~EppEμollψsψonsEatEh{shzSEJournalnofn
HighnEnergynPhysicsQE2014QEWUVYQEV 5.4 26

337
tπasurπmπntsEoρEtχπEproνuμtψonEμrossEsπμtψonEoρEaE mormulaaEsππEtπxt]EγosonEψnEassoμψatψonEwψtχE
jπtsEψnEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2017QE]]QEX[V

4.2 26

336 hnalysψsEoρEπvπntsEwψtχEγRjπtsEanνEaEpaψrEoρElπptonsEoρEtχπEsamπEμχarτπEψnEppEμollψsψonsEatEMEsqrt{s}d^E
NE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 26

335 tπasurπmπntEoρEνψρρπrπntψalEproνuμtψonEμrossRsπμtψonsEρorEaE—EγosonEψnEassoμψatψonEwψtχEγRjπtsEψnE]E
{π~EprotonRprotonEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 26

334 hEμovπraτπEstuνyEoρEtχπEjtzztEγasπνEonEh{shzEsπnsψtψvψtyEusψnτEρastEnπuralEnπtworksEtπμχnψquπsSE
JournalnofnHighnEnergynPhysicsQE2011QEWUVVQEV 5.4 26

333 {πstEoρEjwEψnvarψanμπEψnEvπμtorRγosonEρusψonEproνuμtψonEoρEtχπEoψττsEγosonEusψnτEtχπEmπtχoνEψnEtχπE
νψtauEνπμayEμχannπlEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QE[Z^ 4.2 26

332 llπμtronEanνEpχotonEπnπrτyEμalψγratψonEwψtχEtχπEh{shzEνπtπμtorEusψnτEWUVZâ��WUV[EsojE
protonRprotonEμollψsψonEνataSEJournalnofnInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

331 tultψRμχannπlEsπarμχEρorEsquarksEanνEτluψnosEψnE mormulaaEsππEtπxt]EμollψsψonsEwψtχEtχπEh{shzE
νπtπμtorEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2013QE]XQEWX[W 4.2 25

KyleuCranmer
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330 tπasurπmπntEoρEψnμlusψvπEanνEνψρρπrπntψalEμrossEsπμtψonsEψnEtχπEoEReE——EOEReEYâ��EνπμayEμχannπlEψnEppE
μollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 25

329 iπttπrEoψττsEγosonEmπasurπmπntsEtχrouτχEψnρormatψonEτπomπtrySEPhysicalnReviewnDQE2017QE_ZQE 4.9 25

328 zπarμχEρorE mormulaaEsππEtπxt]EνπμaysEψnE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaEsππEtπxt]´ d´ ^´ {π~E
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEV[Z 4.2 25

327 zπarμχEρorEγottomEsquarkEpaψrEproνuμtψonEψnEprotonRprotonEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~E
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZY] 4.2 25

326 tπasurπmπntEoρEtχπEψnμlusψvπEψsolatπνEpromptEpχotonEμrossEsπμtψonEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 25

325 tπasurπmπntEoρEtχπEtopEquarkEmassEψnEtχπEMtγar{t}rψτχtarrowENElπptonPjπtsEμχannπlEρromEMsqrt{s}d^NE
{π~Eh{shzEνataEanνEμomγψnatψonEwψtχEprπvψousErπsultsSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 24

324 tπasurπmπntEoρEtχπEνouγlπRνψρρπrπntψalEχψτχRmassEkrπllR–anEμrossEsπμtψonEψnEppEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 24

323 tπasurπmπntEoρEtχπEtopEquarkEpaψrEproνuμtψonEμχarτπEasymmπtryEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}ENEdE]E{π~EusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 24

322
tπasurπmπntEoρEtχπEproνuμtψonEμrossEsπμtψonEoρEpromptEqTˇ�EmπsonsEψnEassoμψatψonEwψtχEaE‘E´–E
γosonEψnEppEμollψsψonsEatEMEsqrt{s}ENEdE]E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2014QEWUVYQEV

5.4 24

321 tπasurπmπntEoρEtχπEνψρρπrπntψalEμrossRsπμtψonEoρEiEPEmπsonEproνuμtψonEψnEppEμollψsψonsEatEME
sqrt{s}d]ENE{π~EatEh{shzSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 24

320
zπarμχEρorEtopEanνEγottomEsquarksEρromEτluψnoEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEmψssψnτE
transvπrsπEπnπrτyEanνEatElπastEtχrππEγRjπtsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2012QE]WQEV

4.2 24

319 zπarμχEρorEsψnτlπEproνuμtψonEoρEvπμtorRlψkπEquarksEνπμayψnτEψntoEψnEμollψsψonsEatE mormulaaEsππE
tπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEYYW 4.2 24

318 zπarμχEρorEtχπEνψrπμtEproνuμtψonEoρEμχarτψnosEanνEnπutralψnosEψnEρψnalEstatπsEwψtχEtauElπptonsEψnE
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEVZY 4.2 23

317 zπarμχEρorEpaψrEproνuμtψonEoρEupRtypπEvπμtorRlψkπEquarksEanνEρorEρourRtopRquarkEπvπntsEψnEρψnalE
statπsEwψtχEmultψplπEγRjπtsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 23

316 morwarνRγaμkwarνEμorrπlatψonsEanνEμχarτπνRpartψμlπEazψmutχalEνψstrψγutψonsEψnEppEψntπraμtψonsE
usψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 23

315 tψnψnτEρorEkarkEtattπrEzuγstruμturπaEpnρπrrψnτEzuγχaloEwopulatψonEwropπrtψπsEρromEztronτEsπnsπsE
wψtχEtaμχψnπEsπarnψnτSEAstrophysicalnJournalQE2019QE^^[QEY_ 4.7 23

314
zπarμχEρorEaEnπwEχπavyEτauτπRγosonErπsonanμπEνπμayψnτEψntoEaElπptonEanνEmψssψnτEtransvπrsπE
momπntumEψnEX[EργEoρEμollψsψonsEatE´ {π~EwψtχEtχπEh{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnCQE
2018QE]^QEYUV

4.2 23

313
zπarμχEρorEoψττsEγosonEpaψrEproνuμtψonEψnEtχπEMEupτammaEupτammaEγovπrlψnπ{γ}ENEρψnalEstatπEwψtχE
VXE{π~EppEμollψsψonEνataEμollπμtπνEγyEtχπEh{shzEπxpπrψmπntSEJournalnofnHighnEnergynPhysicsQE2018QE
WUV^QEV

5.4 23

(2018-2017)
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312 wromptEanνEnonRpromptEanνEsupprπssψonEatEχψτχEtransvπrsπEmomπntumEψnEwγPwγEμollψsψonsEwψtχE
tχπEh{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnCQE2018QE]^QE][W 4.2 23

311
hEmπasurπmπntEoρEtχπEμalorψmπtπrErπsponsπEtoEsψnτlπEχaνronsEanνEνπtπrmψnatψonEoρEtχπEjπtEπnπrτyE
sμalπEunμπrtaψntyEusψnτEsojEyunRVERμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2017QE]]QEW[

4.2 22

310
tπasurπmπntEoρEtχπEψnμlusψvπEμrossRsπμtψonsEoρEsψnτlπEtopRquarkEanνEtopRantψquarkEtRμχannπlE
proνuμtψonEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2017QEWUV]QEV

5.4 22

309 zπarμχEρorEχπavyElonτRlψvπνEmultψRμχarτπνEpartψμlπsEψnEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~EusψnτEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEX[W 4.2 22

308 zπarμχEρorE‘E‘T‘E—ErπsonanμπEproνuμtψonEψnEâ��˛‰qqEρψnalEstatπsEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 22

307 hEsπarμχEρorEpromptElπptonRjπtsEψnEppEμollψsψonsEatEMEsqrt{matχrm{s}}d^ENE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 22

306
zπarμχEρorEsupπrsymmπtryEψnEρψnalEstatπsEwψtχEtwoEsamπRsψτnEorEtχrππElπptonsEanνEjπtsEusψnτEX[Eργâ��VE
oρEMEsqrt{s}dVXENE{π~EppEμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QE
WUV]QEV

5.4 22

305 hEsπarμχEρorEχψτχRmassErπsonanμπsEνπμayψnτEtoEˇ�Pˇ�â��EψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 22

304 zπarμχEρorEχπavyElπptonErπsonanμπsEνπμayψnτEtoEaE—EγosonEanνEaElπptonEψnEppEμollψsψonsEatEMEsqrt{s}d^E
NE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 22

303 zπarμχEρorEoψττsEγosonEνπμaysEtoEγπyonνRtχπRztanνarνRtoνπlElψτχtEγosonsEψnEρourRlπptonEπvπntsE
wψtχEtχπEh{shzEνπtπμtorEatEMEsqrt{s}dVXENE{π~SEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 22

302
zπarμχEρorEχπavyEtajoranaEorEkψraμEnπutrψnosEanνErψτχtRχanνπνE‘EτauτπEγosonsEψnEρψnalEstatπsEwψtχE
twoEμχarτπνElπptonsEanνEtwoEjπtsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2019QEWUV_QEV

5.4 21

301 zπarμχEρorEψnvψsψγlπEpartψμlπsEproνuμπνEψnEassoμψatψonEwψtχEsψnτlπRtopRquarksEψnEprotonRprotonE
μollψsψonsEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQE]_ 4.2 21

300
tπasurπmπntsEoρEρψνuμψalEμrossRsπμtψonsEρorE mormulaaEsππEtπxt]EproνuμtψonEwψtχEonπEorEtwoE
aννψtψonalERjπtsEψnEμollψsψonsEatE mormulaaEsππEtπxt]d^E{π~´ usψnτEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2016QE][QEVV

4.2 21

299
tπasurπmπntEoρEνψstrψγutψonsEsπnsψtψvπEtoEtχπEunνπrlyψnτEπvπntEψnEψnμlusψvπE—RγosonEproνuμtψonEψnE
 mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaEsππEtπxt]E{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2014QE]YQEXV_Z

4.2 21

298 ztuνyEoρEχarνEνouγlπRpartonEsμattπrψnτEψnEρourRjπtEπvπntsEψnEppEμollψsψonsEatEMEsqrt{s}d]ENE{π~EwψtχE
tχπEh{shzEπxpπrψmπntSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 21

297
zπarμχEρorEχπavyEnπutralElπptonsEψnEνπμaysEoρE‘EγosonsEproνuμπνEψnEVXE{π~EppEμollψsψonsEusψnτE
promptEanνEνψsplaμπνEsψτnaturπsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QE
WUV_QEV

5.4 21

296 zπarμχEρorEoψττsEγosonEpaψrEproνuμtψonEψnEtχπEμχannπlEusψnτEμollψsψonEνataErπμorνπνEatE{π~EwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEVUU] 4.2 21

295 zπarμχEρorEnπwEpχπnomπnaEψnEπvπntsEwψtχEsamπRμχarτπElπptonsEanνEγRjπtsEψnEppEμollψsψonsEatEME
sqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 21

KyleuCranmer
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294 tπasurπmπntEoρEtχπEazψmutχalEanψsotropyEoρEμχarτπνEpartψμlπsEproνuμπνEψnEdEZSUW´ {π~EwγPwγE
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QE__] 4.2 21

293 zπarμχEρorEνouγlyEμχarτπνEsμalarEγosonsEνπμayψnτEψntoEsamπRsψτnEγosonEpaψrsEwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEZ^ 4.2 20

292 tπasurπmπntEoρEtχπEanτularEμoπρρψμψπntsEψnE—RγosonEπvπntsEusψnτEπlπμtronEanνEmuonEpaψrsEρromE
νataEtakπnEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 20

291 zπarμχπsEρorEχπavyEνψγosonErπsonanμπsEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 20

290
tπasurπmπntEoρEM‘ℓ{pmE}—NEproνuμtψonEμrossEsπμtψonsEanνEτauτπEγosonEpolarψsatψonEψnEppE
μollψsψonsEatEMsqrt{s}EdEVX~tπxtE{{π~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE
]_QEV

4.2 20

289 zπarμχπsEρorEtχπE—˛‡EνπμayEmoνπEoρEtχπEoψττsEγosonEanνEρorEnπwEχψτχRmassErπsonanμπsEψnEppE
μollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 20

288 zπarμχEρorEnπwErπsonanμπsEψnEmassEνψstrψγutψonsEoρEjπtEpaψrsEusψnτEVX_Eργâ��VEoρEppEμollψsψonsEatEME
sqrt{matχrm{s}}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 20

287 zπarμχEρorEτluψnosEψnEπvπntsEwψtχEanEψsolatπνElπptonQEjπtsEanνEmψssψnτEtransvπrsπEmomπntumEatE
 mormulaaEsππEtπxt]EdEVXE{πE~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZ[Z 4.2 20

286 tπasurπmπntEoρEtχπEγosonEpolarψsatψonEψnE mormulaaEsππEtπxt]EπvπntsEρromEμollψsψonsEatE mormulaaE
sππEtπxt]EdE^E{π~EψnEtχπElπpton´ P´ jπtsEμχannπlEwψtχEh{shzSEEuropeannPhysicalnJournalnCQE2017QE]]QEW[Y 4.2 19

285 wπrρormanμπEoρEtopRquarkEanνEMvarvπμ{‘}NRγosonEtaττψnτEwψtχEh{shzEψnEyunEWEoρEtχπEsojSEEuropeann
PhysicalnJournalnCQE2019QE]_QEV 4.2 19

284 zπarμχEρorEνψrπμtEtopEsquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEtwoElπptonsEψnE{π~EμollψsψonsEwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QE^_^ 4.2 19

283 kπtπrmψnatψonEoρEtχπEstronτEμouplψnτEμonstantEρromEtransvπrsπEπnπrτyRπnπrτyEμorrπlatψonsEψnE
multψjπtEπvπntsEatEusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QE^]W 4.2 19

282 jχarτπνRpartψμlπEνψstrψγutψonsEψnEψntπraμtψonsEatE mormulaaEsππEtπxt]EmπasurπνEwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEYUX 4.2 19

281 tπasurπmπntEoρEtχrππRjπtEproνuμtψonEμrossRsπμtψonsEψnE mormulaaEsππEtπxt]EμollψsψonsEatE]´  mormulaaE
sππEtπxt]EμπntrπRoρRmassEπnπrτyEusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEWW^ 4.2 18

280 zπarμχEρorElonτRlψvπνEnπutralEpartψμlπsEψnEppEμollψsψonsEatEM{sqrt{s}}EdEVX~{tπxtE{E{π~}}NEtχatEνπμayEψntoE
νψsplaμπνEχaνronψμEjπtsEψnEtχπEh{shzEμalorψmπtπrSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 18

279 zπarμχπsEρorEtχψrνRτπnπratψonEsμalarElπptoquarksEψnEMEsqrt{s}ENEdEVXE{π~EppEμollψsψonsEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 18

278 tπasurπmπntEoρEtχπEunνπrlyψnτEπvπntEψnEjπtEπvπntsEρromE]EMtπxtE{{π~}NEprotonâ��protonEμollψsψonsE
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014QE]YQEV 4.2 18

277
tπasurπmπntEoρEtχπEμπntralψtyEanνEpsπuνorapψνψtyEνπpπnνπnμπEoρEtχπEψntπτratπνEπllψptψμEρlowEψnE
lπaνRlπaνEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~´ wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2014QE]YQEW_^W

4.2 18

(2014-2018)
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276 tπasurπmπntEoρEtχπElowRmassEkrπllR–anEνψρρπrπntψalEμrossEsπμtψonEatEMEsqrt{s}ENEdE]E{π~EusψnτEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 18

275 tπasurπmπntEoρEjπtEsχapπsEψnEtopRquarkEpaψrEπvπntsEatE mormulaaEsππEtπxt]EusψnτEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2013QE]XQEW[][ 4.2 18

274 tπasurπmπntEoρEtχπEρorwarνRγaμkwarνEasymmπtryEoρEπlπμtronEanνEmuonEpaψrRproνuμtψonEψnEppE
μollψsψonsEatEMEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 18

273 zπarμχEρorEρlavourRμχanτψnτEnπutralEμurrπntEtopEquarkEνπμaysEtEReEoqEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEVR[Z 5.4 18

272 zπarμχEρorEmπtastaγlπEχπavyEμχarτπνEpartψμlπsEwψtχElarτπEψonψsatψonEπnπrτyElossEψnEμollψsψonsEatE
 mormulaaEsππEtπxt]´ {π~EusψnτEtχπEh{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnCQE2015QE]ZQEYU] 4.2 18

271 tπasurπmπntEoρEπvπntEsχapπsEatElarτπEmomπntumEtransρπrEwψtχEtχπEh{shzEνπtπμtorEψnEppE
μollψsψonsEatEMsqrt{matχγρ{s}}d]Ematχrm{{π~}NSEEuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 18

270
zπarμχEρorEanEπxμπssEoρEπvπntsEwψtχEanEψνπntψμalEρlavourElπptonEpaψrEanνEsψτnψρψμantEmψssψnτE
transvπrsπEmomπntumEψnEMsqrt{s}d]NE{π~Eprotonâ��protonEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2011QE]VQEV

4.2 18

269
tπasurπmπntEoρEtχπEμχarτπEasymmπtryEψnEtopRquarkEpaψrEproνuμtψonEψnEtχπElπptonRplusRjπtsEρψnalE
statπEψnEμollψsψonEνataEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2016QE][QE^]

4.2 18

268 zπarμχπsEρorEχπavyE——EanνE—‘ErπsonanμπsEψnEtχπEâ��â��qqEanνE˛‰˛‰qqEρψnalEstatπsEψnEppEμollψsψonsEatEME
sqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 17

267 tπasurπmπntEoρEνψjπtEμrossRsπμtψonsEψnEppEμollψsψonsEatE]E{π~EμπntrπRoρRmassEπnπrτyEusψnτEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 17

266 tπasurπmπntEoρEpolarψzatψonEψnEReEνπμaysEwψtχEtχπEh{shzEνπtπμtorEψnEμollψsψonsEatE mormulaaEsππE
tπxt]SEEuropeannPhysicalnJournalnCQE2012QE]WQEWU[W 4.2 17

265
tπasurπmπntsEoρEjπtEvπtoπsEanνEazψmutχalEνπμorrπlatψonsEψnEνψjπtEπvπntsEproνuμπνEψnE mormulaaEsππE
tπxt]EμollψsψonsEatE mormulaaEsππEtπxt]EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014QE
]YQEXVV]

4.2 17

264
zπarμχEρorEaEsμalarEpartnπrEoρEtχπEtopEquarkEψnEtχπEallRχaνronψμEMt{γar{t}}NEplusEmψssψnτEtransvπrsπE
momπntumEρψnalEstatπEatEMsqrt{s}dVXNE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2020QE^UQEV

4.2 17

263
zπarμχEρorEsupπrsymmπtryEψnEaEρψnalEstatπEμontaψnψnτEtwoEpχotonsEanνEmψssψnτEtransvπrsπE
momπntumEψnE mormulaaEsππEtπxt]´ d´ VX´ {π~E mormulaaEsππEtπxt]EμollψsψonsEatEtχπEsojEusψnτEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZV]

4.2 17

262 pnEsψtuEμalψγratψonEoρElarτπRraνψusEjπtEπnπrτyEanνEmassEψnEVXE{π~Eprotonâ��protonEμollψsψonsEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 16

261 karkEmattπrEψntπrprπtatψonsEoρEh{shzEsπarμχπsEρorEtχπEπlπμtrowπakEproνuμtψonEoρEsupπrsymmπtrψμE
partψμlπsEψnEMEsqrt{s}d^ENE{π~EprotonRprotonEμollψsψonsSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 16

260
zπarμχEρorEtχπEztanνarνEtoνπlEoψττsEγosonEνπμayψnτEψntoEMEγovπrlψnπ{γ}ENEproνuμπνEψnEassoμψatψonE
wψtχEtopEquarksEνπμayψnτEχaνronψμallyEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSE
JournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV

5.4 16

259 pνπntψρψμatψonEanνErπjπμtψonEoρEpψlπRupEjπtsEatEχψτχEpsπuνorapψνψtyEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2017QE]]QEZ^U 4.2 16

KyleuCranmer
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258 tπasurπmπntEoρEtχπEkrπllR–anEtrψplπRνψρρπrπntψalEμrossEsπμtψonEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~SE
JournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 16

257 zπarμχEρorEnπwEpχπnomπnaEψnEπvπntsEwψtχEtχrππEorEmorπEμχarτπνElπptonsEψnEppEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 16

256 tπasurπmπntEoρEtχπEMEtovπrlψnπ{t}‘ENEanνEMEtovπrlψnπ{t}—ENEproνuμtψonEμrossEsπμtψonsEψnEppEμollψsψonsE
atEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 16

255 tπasurπmπntEoρEtχπEμχarτπEasymmπtryEψnEνψlπptonψμEνπμaysEoρEtopEquarkEpaψrsEψnEppEμollψsψonsEatEME
sqrt{s}d]ENE{π~EusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 16

254
hEmπasurπmπntEoρEtχπEratψoEoρEtχπEproνuμtψonEμrossEsπμtψonsEρorE mormulaaEsππEtπxt]EanνE mormulaaE
sππEtπxt]EγosonsEψnEassoμψatψonEwψtχEjπtsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2014
QE]YQEXV[^

4.2 16

253 tπasurπmπntEoρEtχπEproνuμtψonEμrossRsπμtψonEoρEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EψnEppEμollψsψonsEatEME
sqrt{s}ENEdE]E{π~EatEh{shzSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 16

252 zπarμχEρorEanomalousEproνuμtψonEoρEpromptElψkπRsψτnElπptonEpaψrsEatEMEsqrt{s}d]bmatχrm{{π~}ENEwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 16

251 ztuνψπsEoρEtχπEpπrρormanμπEoρEtχπEh{shzEνπtπμtorEusψnτEμosmψμRrayEmuonsSEEuropeannPhysicaln
JournalnCQE2011QE]VQEV 4.2 16

250 z{h{pz{pjhsEjohsslunlzEmvyEzlhyjolzEmvyEul‘Ewo–zpjzEh{E{olEsojE2006QE 16

249 {χπEpπrρormanμπEoρEtχπEjπtEtrψττπrEρorEtχπEh{shzEνπtπμtorEνurψnτEWUVVEνataEtakψnτSEEuropeann
PhysicalnJournalnCQE2016QE][QEZW[ 4.2 16

248
zπarμχEρorEtχπEoψττsEγosonEproνuμπνEψnEassoμψatψonEwψtχEaEγosonEanνEνπμayψnτEtoEρourERquarksEvψaE
twoEspψnRzπroEpartψμlπsEψnEμollψsψonsEatEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE
2016QE][QE[UZ

4.2 16

247
zπarμχEρorEρlavourRμχanτψnτEnπutralEμurrπntEtopRquarkEνπμaysEtoE mormulaaEsππEtπxt]EψnE mormulaaE
sππEtπxt]EμollψsψonEνataEμollπμtπνEwψtχEtχπEh{shzEνπtπμtorEatE mormulaaEsππEtπxt]´ {π~SEEuropeann
PhysicalnJournalnCQE2016QE][QEVW

4.2 16

246 tπasurπmπntEoρEρψνuμψalEanνEνψρρπrπntψalEM‘ℓP‘ℓRNEproνuμtψonEμrossRsπμtψonsEatEMsqrt{s}dVXNE{π~E
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 16

245
tπasurπmπntEoρEρlowEχarmonψμsEμorrπlatψonsEwψtχEmπanEtransvπrsπEmomπntumEψnElπaνâ��lπaνEanνE
protonâ��lπaνEμollψsψonsEatEMsqrt{s−{matχrm{uu}}}EdEZSUW~χγoxE{{π~}NEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2019QE]_QEV

4.2 16

244
zπarμχEρorEpaψrEproνuμtψonEoρEχπavyEvπμtorRlψkπEquarksEνπμayψnτEψntoEχψτχRp{E‘EγosonsEanνEtopE
quarksEψnEtχπElπptonRplusRjπtsEρψnalEstatπEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV

5.4 16

243 kπtπrmψnatψonEoρEspψnEanνEparψtyEoρEtχπEoψττsEγosonEψnEtχπE mormulaaEsππEtπxt]EνπμayEμχannπlEwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2015QE]ZQEWXV 4.2 15

242 zπarμχψnτEρorEultraRχψτχEπnπrτyEμosmψμEraysEwψtχEsmartpχonπsSEAstroparticlenPhysicsQE2016QE]_QEVR_ 2.4 15

241 tπasurπmπntEoρEtχπEtopEquarkEμχarτπEψnEppEμollψsψonsEatEMEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzEνπtπμtorSE
JournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV 5.4 15

(2013-2017)
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240
zπarμχEρorEνψrπμtEμχarτψnoEproνuμtψonEψnEanomalyRmπνψatπνEsupπrsymmπtryEγrπakψnτEmoνπlsEγasπνE
onEaEνψsappπarψnτRtraμkEsψτnaturπEψnEppEμollψsψonsEatEMEsqrt{s}d]bmatχrm{{π~}ENEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2013QEWUVXQEV

5.4 15

239 tπasurπmπntsEoρEˇ�MWzNEanνE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproνuμtψonEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 15

238
tπasurπmπntEoρEproνuμtψonEwψtχEtχπEχaνronψμallyEνπμayψnτEγosonErπμonstruμtπνEasEonπEorEtwoEjπtsE
ψnEμollψsψonsEatEwψtχEh{shzQEanνEμonstraψntsEonEanomalousEτauτπEμouplψnτsSEEuropeannPhysicaln
JournalnCQE2017QE]]QEZ[X

4.2 15

237 kπtπrmψnatψonEoρEtχπEtopRquarkEpolπEmassEusψnτEMEtovπrlψnπ{t}ENEPEVRjπtEπvπntsEμollπμtπνEwψtχEtχπE
h{shzEπxpπrψmπntEψnE]E{π~EppEμollψsψonsSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 15

236
zπarμχEρor‘oproνuμtψonEwψtχEaElψτχtEoψττsEγosonEνπμayψnτEtoEpromptEπlπμtronRjπtsEψnE
protonâ��protonEμollψsψonsEatEIsqrtE{s}d]IE{π~EwψtχEtχπEh{shzEνπtπμtorSENewnJournalnofnPhysicsQE2013QE
VZQEUYXUU_

2.9 15

235 zπarμχEρorEνψpχotonEπvπntsEwψtχElarτπEmψssψnτEtransvπrsπEπnπrτyEwψtχEX[Epγâ��VEoρE]E{π~E
protonâ��protonEμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 15

234
zπarμχEρorEνarkEmattπrEψnEπvπntsEwψtχEaEχaνronψμallyEνπμayψnτEvπμtorEγosonEanνEmψssψnτEtransvπrsπE
momπntumEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2018QEWUV^QEV

5.4 15

233
zπarμχEρorEnπwEpχπnomπnaEusψnτEtχπEψnvarψantEmassEνψstrψγutψonEoρEsamπRρlavourEopposψtπRsψτnE
νψlπptonEpaψrsEψnEπvπntsEwψtχEmψssψnτEtransvπrsπEmomπntumEψnE´ EμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2018QE]^QE[WZ

4.2 15

232
tπasurπmπntEoρEtχπE mormulaaEsππEtπxt]EanνE mormulaaEsππEtπxt]EproνuμtψonEμrossEsπμtψonsEψnE
multψlπptonEρψnalEstatπsEusψnτEXSWEργ mormulaaEsππEtπxt]EoρE mormulaaEsππEtπxt]EμollψsψonsEatE mormulaaE
sππEtπxt]EdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEYU

4.2 14

231 tπasurπmπntsEoρEπlπμtrowπakE mormulaaEsππEtπxt]EproνuμtψonEanνEμonstraψntsEonEanomalousEτauτπE
μouplψnτsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEY]Y 4.2 14

230 zπarμχEρorEsψnτlπEproνuμtψonEoρEvπμtorRlψkπEquarksEνπμayψnτEψntoE‘γEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 14

229 kπμouplψnτEtχπorπtψμalEunμπrtaψntψπsEρromEmπasurπmπntsEoρEtχπEoψττsEγosonSEPhysicalnReviewnDQE
2015QE_VQE 4.9 14

228
tπasurπmπntEoρEtχπEMEtovπrlψnπ{t}ENEproνuμtψonEμrossRsπμtψonEasEaEρunμtψonEoρEjπtEmultψplψμψtyEanνEjπtE
transvπrsπEmomπntumEψnE]E{π~EprotonRprotonEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2015QEWUVZQEV

5.4 14

227 zπarμχEρorEtχπEproνuμtψonEoρEsψnτlπEvπμtorRlψkπEanνEπxμψtπνEquarksEψnEtχπE‘tEρψnalEstatπEψnEppE
μollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 14

226
tπasurπmπntEoρEtχπEπlπμtrowπakEproνuμtψonEoρEνψjπtsEψnEassoμψatψonEwψtχEaE—RγosonEanνE
νψstrψγutψonsEsπnsψtψvπEtoEvπμtorEγosonEρusψonEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}ENEdE^E{π~EusψnτE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV

5.4 14

225 zπarμχEρorEνπμaysEoρEstoppπνQElonτRlψvπνEpartψμlπsEρromE]E{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 14

224
zπarμχEρorEμχarτπνEoψττsEγosonsEtχrouτχEtχπEvψolatψonEoρElπptonEunψvπrsalψtyEψnEMEtovπrlψnπ{t}ENE
πvπntsEusψnτEppEμollψsψonEνataEatEMEsqrt{s}d]ENE{π~EwψtχEtχπEh{shzEπxpπrψmπntSEJournalnofnHighn
EnergynPhysicsQE2013QEWUVXQEV

5.4 14

223 ztuνyEoρEM‘T—NoEproνuμtψonEanνEoψττsEγosonEμouplψnτsEusψnτEoReE‘E‘EOEνπμaysEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 14
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222 hEsπarμχEρorE mormulaaEsππEtπxt]ErπsonanμπsEwψtχEtχπEh{shzEνπtπμtorEψnEWSUZEργEoρEprotonRprotonE
μollψsψonsEatE mormulaaEsππEtπxt]SEEuropeannPhysicalnJournalnCQE2012QE]WQEWU^X 4.2 14

221 wπrρormanμπEoρEtχπEh{shzEνπtπμtorEusψnτEρψrstEμollψsψonEνataSEJournalnofnHighnEnergynPhysicsQE2010QE
WUVUQEV 5.4 14

220 hEstratπτyEρorEaEτπnπralEsπarμχEρorEnπwEpχπnomπnaEusψnτEνataRνπrψvπνEsψτnalErπτψonsEanνEψtsE
applψμatψonEwψtχψnEtχπEh{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 14

219
zπarμχEρorEtχπEoψττsEγosonEproνuμπνEψnEassoμψatψonEwψtχEaEvπμtorEγosonEanνEνπμayψnτEψntoEtwoE
spψnRzπroEpartψμlπsEψnEtχπEoEReEaaEReEYγEμχannπlEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV

5.4 14

218
tπasurπmπntsEoρEtopRquarkEpaψrEνψρρπrπntψalEμrossRsπμtψonsEψnEtχπE mormulaaEsππEtπxt]EμχannπlEψnE
μollψsψonsEatE mormulaaEsππEtπxt]´ {π~EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE
]]QEW_W

4.2 13

217 zπarμχEρorEtrψγosonE mormulaaEsππEtπxt]EproνuμtψonEψnEμollψsψonsEatE mormulaaEsππEtπxt]´  mormulaaEsππE
tπxt]EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEVYV 4.2 13

216 zπarμχEρorEtopRquarkEνπμaysEtEReEoqEwψtχEX[Eργâ��VEoρEppEμollψsψonEνataEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 13

215
tπasurπmπntEoρEρψνuμψalEνψρρπrπntψalEμrossEsπμtψonsEoρEτluonRρusψonEproνuμtψonEoρEoψττsEγosonsE
νπμayψnτEtoE‘‘EOReπ˛‰˛…˛‰EwψtχEtχπEh{shzEνπtπμtorEatEMEsqrt{s}d^ENE{π~SEJournalnofnHighnEnergynPhysicsQE
2016QEWUV[QEV

5.4 13

214 zπarμχEρorEnπwEpχπnomπnaEψnEπvπntsEwψtχEaEpχotonEanνEmψssψnτEtransvπrsπEmomπntumEψnEppE
μollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 13

213 pνπntψρψμatψonEoρEχψτχEtransvπrsπEmomπntumEtopEquarksEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 13

212
hννπnνumEtoEâ��tπasurπmπntEoρEtχπEMtγar{t}NEproνuμtψonEμrossRsπμtψonEusψnτEMπmuENEπvπntsEwψtχE
γRtaττπνEjπtsEψnEppEμollψsψonsEatEMsqrt{s}NEdE]EanνE^EMQmatχrm{{π~}NEwψtχEtχπEh{shzEνπtπμtorâ��SE
EuropeannPhysicalnJournalnCQE2016QE][QEV

4.2 13

211 ztuνyEoρEtχπE mormulaaEsππEtπxt]EanνE mormulaaEsππEtπxt]EνπμaysEwψtχEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2016QE][QEY 4.2 13

210 zπarμχEρorEsupπrsymmπtryEψnEπvπntsEwψtχEγRtaττπνEjπtsEanνEmψssψnτEtransvπrsπEmomπntumEψnEppE
μollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 13

209
zπarμχEρorEyRparψtyRvψolatψnτEsupπrsymmπtryEψnEπvπntsEwψtχEρourEorEmorπElπptonsEψnEME
sqrt{s}d]bmatχrm{{π~}ENEppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2012QE
WUVWQEV

5.4 13

208
zπarμχEρorEanomalyRmπνψatπνEsupπrsymmπtryEγrπakψnτEwψtχEtχπEh{shzEνπtπμtorEγasπνEonEaE
νψsappπarψnτRtraμkEsψτnaturπEψnEppEμollψsψonsEatEMsqrt{s}EdE]~matχrm{{π~}NSEEuropeannPhysicaln
JournalnCQE2012QE]WQEV

4.2 13

207 zπarμχEρorEaEρπrmψopχoγψμEoψττsEγosonEψnEtχπEνψpχotonEνπμayEμχannπlEwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2012QE]WQEV 4.2 13

206 zπarμχEρorEaEχπavyEnπutralEpartψμlπEνπμayψnτEψntoEanEπlπμtronEanνEaEmuonEusψnτEVEργâ��VEoρEh{shzE
νataSEEuropeannPhysicalnJournalnCQE2011QE]VQEV 4.2 13

205 mluμtuatψonsEoρEanψsotropψμEρlowEψnEwγPwγEμollψsψonsEatEMEsqrt{{matχrm{s}}−{matχrm{uu}}}ENEdEZSUWE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 13

(2020-2012)
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204
zπarμχEρorEνψrπμtEproνuμtψonEoρEπlπμtrowπakψnosEψnEρψnalEstatπsEwψtχEonπElπptonQEmψssψnτEtransvπrsπE
momπntumEanνEaEoψττsEγosonEνπμayψnτEψntoEtwoEγRjπtsEψnEMppNEμollψsψonsEatEMsqrt{s}dVXNE{π~EwψtχE
tχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV

4.2 13

203 zamplψnτEusψnτEz}MuNEτauτπEπquψvarψantEρlowsSEPhysicalnReviewnDQE2021QEVUXQE 4.9 13

202 tuonErπμonstruμtψonEanνEψνπntψρψμatψonEπρρψμψπnμyEψnEh{shzEusψnτEtχπEρullEyunEWEppEμollψsψonEνataEsπtE
atEMsqrt{s}dVXNE{π~SEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 13

201
tπasurπmπntsEoρEtopRquarkEpaψrEνψρρπrπntψalEanνEνouγlπRνψρρπrπntψalEμrossRsπμtψonsEψnEtχπEMπllENPjπtsE
μχannπlEwψtχEppEμollψsψonsEatEMsqrt{s}dVXNE{π~EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnC
QE2019QE]_QEV

4.2 13

200 pyχρaEpurπRwytχonEψmplπmπntatψonEoρEoψstmaμtoryEstatψstψμalEmoνπlsSEJournalnofnOpennSourcen
SoftwareQE2021QE[QEW^WX 5.2 13

199 vpπratψonEanνEpπrρormanμπEoρEtχπEh{shzE{ψlπEjalorψmπtπrEψnEyun´ VSEEuropeannPhysicalnJournalnCQE
2018QE]^QE_^] 4.2 13

198 tπasurπmπntsEoρE‘EanνE—EγosonEproνuμtψonEψnEppEμollψsψonsEatEMsqrt{s}dZSUWNE{π~EwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 12

197
tπasurπmπntEoρEtχπE‘E‘EPE‘E—EμrossEsπμtψonEanνElψmψtsEonEanomalousEtrψplπEτauτπEμouplψnτsEusψnτE
ρψnalEstatπsEwψtχEonπElπptonQEmψssψnτEtransvπrsπEmomπntumQEanνEtwoEjπtsEwψtχEtχπEh{shzEνπtπμtorE
atEMEsqrt{s}d]ENE{π~SEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV

5.4 12

196 oψττsEγosonEproνuμtψonEμrossRsπμtψonEmπasurπmπntsEanνEtχπψrElm{EψntπrprπtatψonEψnEtχπEMYπllENE
νπμayEμχannπlEatEMsqrt{s}dNVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 12

195 zπarμχEρorEnπwEpχπnomπnaEwψtχEpχotonPjπtEπvπntsEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}dVXENE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 12

194 tπasurπmπntEoρEtχπEproνuμtψonEμrossRsπμtψonEoρEaEsψnτlπEtopEquarkEψnEassoμψatψonEwψtχEaE‘EγosonEatE
^E{π~EwψtχEtχπEh{shzEπxpπrψmπntSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 12

193 zπarμχEρorEstronτEτravψtyEψnEmultψjπtEρψnalEstatπsEproνuμπνEψnEppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EusψnτE
tχπEh{shzEνπtπμtorEatEtχπEsojSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 12

192 wroγψnτElπptonEρlavourEvψolatψonEvψaEnπutrψnolπssE mormulaaEsππEtπxt]EνπμaysEwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEWXW 4.2 12

191
zπarμχEρorEanomalousEμouplψnτsEψnEtχπE‘EtγEvπrtπxEρromEtχπEmπasurπmπntEoρEνouγlπEνψρρπrπntψalE
anτularEνπμayEratπsEoρEsψnτlπEtopEquarksEproνuμπνEψnEtχπEtRμχannπlEwψtχEtχπEh{shzEνπtπμtorSE
JournalnofnHighnEnergynPhysicsQE2016QEWUV[QEVRY[

5.4 12

190 tπasurπmπntEoρEψnμlusψvπEjπtEanνEνψjπtEμrossRsπμtψonsEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}dVXENE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 12

189 zπarμχEρorEoψττsEγosonEpaψrEproνuμtψonEψnEtχπE‘‘MON‘‘MONEνπμayEμχannπlEusψnτEh{shzEνataE
rπμorνπνEatEMEsqrt{matχrm{s}}ENEdEVXE{π~SEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 12

188
{χπEνψρρπrπntψalEproνuμtψonEμrossEsπμtψonEoρEtχπE mormulaaEsππEtπxt]MVUWUNEmπsonEψnE mormulaaEsππE
tπxt]EdE]´ {π~E mormulaaEsππEtπxt]EμollψsψonsEmπasurπνEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2014QE]YQEW^_Z

4.2 12

187 tπasurπmπntEoρEtχπEψnμlusψvπEjπtEμrossRsπμtψonsEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 12

KyleuCranmer
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186 tπasurπmπntsEoρEtopRquarkEpaψrEνψρρπrπntψalEμrossRsπμtψonsEψnEtχπElπptonPjπtsEμχannπlEψnEppE
μollψsψonsEatEMEsqrt{s}dVXENE{π~EusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 12

185 zπarμχEρorEtopEquarkEνπμaysEtEReEqoQEwψtχEoEReE˛‡˛‡QEψnEMEsqrt{s}dVXENE{π~EppEμollψsψonsEusψnτEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 12

184 tπasurπmπntsEoρEtopEquarkEspψnEoγsπrvaγlπsEψnEMEtovπrlψnπ{t}ENEπvπntsEusψnτEνψlπptonEρψnalEstatπsEψnEME
sqrt{s}d^ENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 12

183 tπasurπmπntEoρEtχπEρlavourEμomposψtψonEoρEνψjπtEπvπntsEψnEppEμollψsψonsEatEMsqrt{s}d]Emγox{{π~}NE
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2013QE]XQEV 4.2 12

182 tπasurπmπntEoρEtχπEtopRquarkEmassEψnEMEtovπrlψnπ{t}ENEPEVRjπtEπvπntsEμollπμtπνEwψtχEtχπEh{shzE
νπtπμtorEψnEppEμollψsψonsEatEMEsqrt{s}ENEdE^E{π~SEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 12

181 tπasurπmπntEoρEtχπEμrossRsπμtψonEanνEμχarτπEasymmπtryEoρE‘EγosonsEproνuμπνEψnEprotonâ��protonE
μollψsψonsEatEMsqrt{s}d^~tπxtE{{π~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 11

180 kψrπμtEtopRquarkEνπμayEwψνtχEmπasurπmπntEψnEtχπElπptonPjπtsEμχannπlEatEwψtχEtχπEh{shzE
πxpπrψmπntSEEuropeannPhysicalnJournalnCQE2018QE]^QEVW_ 4.2 11

179 pνπntψρψμatψonEoρEγoostπνEoψττsEγosonsEνπμayψnτEψntoEγRquarkEpaψrsEwψtχEtχπEh{shzEνπtπμtorEatE
VX´ IItπxtE{{π~}IISEEuropeannPhysicalnJournalnCQE2019QE]_QE 4.2 11

178 tπasurπmπntEoρElπptonEνψρρπrπntψalEνψstrψγutψonsEanνEtχπEtopEquarkEmassEψnEproνuμtψonEψnEμollψsψonsE
atE´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QE^UY 4.2 11

177 wroγψnτEtχπE‘EtγEvπrtπxEstruμturπEψnEtRμχannπlEsψnτlπRtopRquarkEproνuμtψonEanνEνπμayEψnEppE
μollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 11

176 ztuνyEoρEanνEproνuμtψonEψnEμollψsψonsEatEanνEsπarμχEρorEanomalousEquartψμEτauτπEμouplψnτsEwψtχEtχπE
h{shzEπxpπrψmπntSEEuropeannPhysicalnJournalnCQE2017QE]]QE[Y[ 4.2 11

175 tπasurπmπntsEoρEtχπEpsπuνorapψνψtyEνπpπnνπnμπEoρEtχπEtotalEtransvπrsπEπnπrτyEψnEprotonRprotonE
μollψsψonsEatEMEsqrt{s}d]ENE{π~EwψtχEh{shzSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 11

174
zπarμχEρorEsupπrsymmπtryEψnEπvπntsEwψtχElarτπEmψssψnτEtransvπrsπEmomπntumQEjπtsQEanνEatElπastE
onπEtauElπptonEψnE]E{π~EprotonRprotonEμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2012QE]WQEV

4.2 11

173 tπasurπmπntEoρE‘˛‡EanνE—˛‡EproνuμtψonEψnEprotonRprotonEμollψsψonsEatEMEsqrtE{s}EdE]ENE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2011QEWUVVQEV 5.4 11

172 qπtEπnπrτyEsμalπEanνErπsolutψonEmπasurπνEψnEprotonâ��protonEμollψsψonsEatEMsqrt{s}dVXNE{π~EwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 11

171 tπasurπmπntEoρEtχπEμrossRsπμtψonEρorEproνuμψnτEaE‘EγosonEψnEassoμψatψonEwψtχEaEsψnτlπEtopEquarkEψnE
ppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEh{shzSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 10

170 hEsπarμχEρorEtopEsquarksEwψtχEyRparψtyRvψolatψnτEνπμaysEtoEallRχaνronψμEρψnalEstatπsEwψtχEtχπEh{shzE
νπtπμtorEψnEMEsqrt{s}d^ENE{π~EprotonRprotonEμollψsψonsSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 10

169 tπasurπmπntEoρEtχπEjwRvψolatψnτEpχasπEfEsEanνEtχπEiEUEsEmπsonEνπμayEwψνtχEνψρρπrπnμπEwψtχEiEUEsE
EReEqTˇ�fEνπμaysEψnEh{shzSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 10

(2016-2017)
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168 zπarμχEρorEνψγosonErπsonanμπsEψnEχaνronψμEρψnalEstatπsEψnEVX_Eργâ��VEoρEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 10

167 zπarμχEρorElπptonEρlavourEvψolatψonEψnEtχπEμontψnuumEwψtχEtχπEh{shzEνπtπμtorEψnE mormulaaEsππEtπxt]E
μollψsψonsEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2012QE]WQEWUYU 4.2 10

166
tπasurπmπntEoρEνπtπμtorRμorrπμtπνEoγsπrvaγlπsEsπnsψtψvπEtoEtχπEanomalousEproνuμtψonEoρEπvπntsE
wψtχEjπtsEanνElarτπEmψssψnτEtransvπrsπEmomπntumEψnEμollψsψonsEatE´ {π~EusψnτEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2017QE]]QE][Z

4.2 10

165 tπasurπmπntEoρEψnμlusψvπEtwoRpartψμlπEanτularEμorrπlatψonsEψnEppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorE
atEtχπEsojSEJournalnofnHighnEnergynPhysicsQE2012QEWUVWQEV 5.4 10

164
tπasurπmπntEoρEtχπE——EproνuμtψonEμrossEsπμtψonEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}d^ENE{π~E
usψnτEtχπE——EReEâ��â�� â��Pâ��fâ��â��fPEanνEME——toE{πll}ℓ{R}{πll}ℓ{P}nuEovπrlψnπ{nu}ENEνπμayEμχannπlsEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV

5.4 9

163
tπasurπmπntEoρEμχarτπνRpartψμlπEνψstrψγutψonsEsπnsψtψvπEtoEtχπEunνπrlyψnτEπvπntEψnEMEsqrt{s}dVXENE
{π~EprotonRprotonEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorEatEtχπEsojSEJournalnofnHighnEnergynPhysicsQE
2017QEWUV]QEV

5.4 9

162 –aνaτπEanνEwaμktψvψtyEâ��EanalysψsEprπsπrvatψonEusψnτEparamπtrψzπνEworkρlowsSEJournalnofnPhysics:n
ConferencenSeriesQE2017QE^_^QEVUWUV_ 0.3 9

161
zπarμχEρorEsupπrsymmπtryEψnEπvπntsEwψtχElarτπEmψssψnτEtransvπrsπEmomπntumQEjπtsQEanνEatElπastE
onπEtauElπptonEψnEWUEργâ��VEoρEMEsqrt{s}ENEdE^E{π~EprotonRprotonEμollψsψonEνataEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV

5.4 9

160 wχysψμsnwaEhEnπnπtψμEwroτrammψnτEapproaμχEtoEπvπntEsπlπμtψonSEComputernPhysicsnCommunicationsQE
2005QEV[]QEV[ZRV][ 4.2 9

159 ltalumψsE2019QE 9

158 zπarμχEρorEnπwEnonRrπsonantEpχπnomπnaEψnEχψτχRmassEνψlπptonEρψnalEstatπsEwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 9

157 tπasurπmπntsEoρEtχπEoψττsEγosonEψnμlusψvπEanνEνψρρπrπntψalEρψνuμψalEμrossEsπμtψonsEψnEtχπEYMπllENE
νπμayEμχannπlEatEMsqrt{s}NEdEVXE{π~SEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 9

156 zπarμχEρorEsupπrsymmπtryEψnEρψnalEstatπsEwψtχEμχarmEjπtsEanνEmψssψnτEtransvπrsπEmomπntumEψnEVXE
{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 9

155
tπasurπmπntEoρEjπtRsuγstruμturπEoγsπrvaγlπsEψnEtopEquarkQE‘EγosonEanνElψτχtEjπtEproνuμtψonEψnE
protonRprotonEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2019QEWUV_QEV

5.4 8

154
tπasurπmπntEoρE~oQEMEmatχrm{o}toEmatχrm{γ}ovπrlψnπ{matχrm{γ}}ENEproνuμtψonEasEaEρunμtψonEoρE
tχπEvπμtorRγosonEtransvπrsπEmomπntumEψnEVXE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2019QEWUV_QEV

5.4 8

153 zπarμχEρorEpaψrsEoρEsμalarElπptoquarksEνπμayψnτEψntoEquarksEanνEπlπμtronsEorEmuonsEψnEMEsqrt{s}ENEdEVXE
{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 8

152 zπarμχEρorEsquarksEanνEτluψnosEψnEρψnalEstatπsEwψtχEsamπRsψτnElπptonsEanνEjπtsEusψnτEVX_Eργâ��VEoρEνataE
μollπμtπνEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 8

151 iπamRψnνuμπνEanνEμosmψμRrayEγaμkτrounνsEoγsπrvπνEψnEtχπEh{shzEνπtπμtorEνurψnτEtχπEsojEWUVWE
protonRprotonErunnψnτEpπrψoνSEJournalnofnInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

KyleuCranmer
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150
zπarμχEρorEsμalarErπsonanμπsEνπμayψnτEψntoE˛…P˛…â��EψnEπvπntsEwψtχEanνEwψtχoutEγRtaττπνEjπtsEproνuμπνE
ψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2019QEWUV_QEV

5.4 8

149 tπasurπmπntEoρEsplψttψnτEsμalπsEψnEReEπvπntsEatE mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2013QE]XQEWYXW 4.2 8

148
zπarμχEρorEnπwEpχπnomπnaEψnEπvπntsEμontaψnψnτEaEsamπRρlavourEopposψtπRsψτnEνψlπptonEpaψrQEjπtsQE
anνElarτπEmψssψnτEtransvπrsπEmomπntumEψnE mormulaaEsππEtπxt]´  mormulaaEsππEtπxt] mormulaaEsππE
tπxt]EμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2017QE]]QEVYY

4.2 8

147
zπarμχEρorEnπwEpχπnomπnaEwψtχElarτπEjπtEmultψplψμψtψπsEanνEmψssψnτEtransvπrsπEmomπntumEusψnτE
larτπRraνψusEjπtsEanνEρlavourRtaττψnτEatEh{shzEψnEVXE{π~EppEμollψsψonsSEJournalnofnHighnEnergynPhysics
QE2017QEWUV]QEV

5.4 8

146 tπasurπmπntEoρEtχπEtopRquarkEmassEψnEtχπEρullyEχaνronψμEνπμayEμχannπlEρromEh{shzEνataEatE
 mormulaaEsππEtπxt]SEEuropeannPhysicalnJournalnCQE2015QE]ZQEVZ^ 4.2 8

145 lvψνπnμπEρorEMtγar{t}tγar{t}NEproνuμtψonEψnEtχπEmultψlπptonEρψnalEstatπEψnEprotonâ��protonEμollψsψonsEatE
Msqrt{s}dVXNEMtπxtE{{π~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 8

144
zπarμχEρorElψτχtElonτRlψvπνEnπutralEpartψμlπsEproνuμπνEψnEppEμollψsψonsEatEMsqrt{s}EdEVX~matχrmE{{π~}NE
anνEνπμayψnτEψntoEμollψmatπνElπptonsEorElψτχtEχaνronsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2020QE^UQEV

4.2 8

143 wπrρormanμπEoρEtχπEmψssψnτEtransvπrsπEmomπntumEtrψττπrsEρorEtχπEh{shzEνπtπμtorEνurψnτEyunRWE
νataEtakψnτSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 8

142 tπasurπmπntsEoρEtopRquarkEpaψrEspψnEμorrπlatψonsEψnEtχπEMπmuENEμχannπlEatEMsqrt{s}EdEVXNE{π~EusψnτE
ppEμollψsψonsEψnEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 8

141
zπarμχEρorEnπwEpχπnomπnaEψnEπvπntsEwψtχEtwoEopposψtπRμχarτπElπptonsQEjπtsEanνEmψssψnτEtransvπrsπE
momπntumEψnEppEμollψsψonsEatEMEsqrt{matχrm{s}}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2021QEWUWVQEV

5.4 8

140
zπarμχEρorEχπavyErπsonanμπsEνπμayψnτEψntoEaEpaψrEoρE—EγosonsEψnEtχπEMπllEℓPπllEℓRπllELℓPπllELℓRNEanνEMπllE
ℓPπllEℓRnuE{{γar{nuE}}}NEρψnalEstatπsEusψnτEVX_EMmatχrmE{ργ}ℓ{RV}NEoρEprotonâ��protonEμollψsψonsEatE
Msqrt{s}EdEVXQN{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV

4.2 8

139 zπarμχEρorEμχarτπνEoψττsEγosonsEνπμayψnτEψntoEaEtopEquarkEanνEaEγottomEquarkEatEMEsqrt{matχrm{s}}E
NEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 8

138
zπarμχEρorEtχπEztanνarνEtoνπlEoψττsEγosonEproνuμπνEγyEvπμtorRγosonEρusψonEanνEνπμayψnτEtoE
γottomEquarksEψnEMEsqrt{s}d^ENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2016QEWUV[QEV

5.4 8

137
zπarμχEρorEsquarksEanνEτluψnosEψnEρψnalEstatπsEwψtχEjπtsEanνEmψssψnτEtransvπrsπEmomπntumEusψnτEVX_E
ργâ��VEoρEMEsqrt{s}ENEdEVXE{π~EppEμollψsψonEνataEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2021QEWUWVQEV

5.4 8

136 wromptEanνEnonRpromptEπllψptψμEρlowEψnEwγPwγEμollψsψonsEatE{πvEwψtχEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2018QE]^QE]^Y 4.2 8

135 zπarμχEρorEρlavourRμχanτψnτEnπutralEμurrπntEtopRquarkEνπμaysEtEReEq—EψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV 5.4 8

134 tπasurπmπntsEoρEψnμlusψvπEanνEνψρρπrπntψalEρψνuμψalEμrossRsπμtψonsEoρEMtγar{t}τammaENEproνuμtψonEψnE
lπptonψμEρψnalEstatπsEatEMsqrt{s}dVX~tπxtE{{π~}NEψnEh{shzSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 7

133 lρρπμtψvπEsojEmπasurπmπntsEwψtχEmatrψxEπlπmπntsEanνEmaμχψnπElπarnψnτSEJournalnofnPhysics:n
ConferencenSeriesQE2020QEVZWZQEUVWUWW 0.3 7

(2020-2019)
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132
zπarμχEρorEnπwEpχπnomπnaEψnEρψnalEstatπsEwψtχElarτπEjπtEmultψplψμψtψπsEanνEmψssψnτEtransvπrsπE
momπntumEusψnτEMEsqrt{s}ENEdEVXE{π~EprotonRprotonEμollψsψonsErπμorνπνEγyEh{shzEψnEyunEWEoρEtχπE
sojSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV

5.4 7

131 {ransvπrsπEmomπntumEanνEproμπssEνπpπnνπntEazψmutχalEanψsotropψπsEψnEMsqrt{s−{matχrmE
{uu}}}d^SV[NE{π~EpPwγEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 7

130 zπarμχEρorEnπwEpχπnomπnaEψnEχψτχRmassEρψnalEstatπsEwψtχEaEpχotonEanνEaEjπtEρromEμollψsψonsEatEdE
VX´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEVUW 4.2 7

129
zπarμχEρorEsquarksEanνEτluψnosEψnEπvπntsEwψtχEχaνronψμallyEνπμayψnτEtauElπptonsQEjπtsEanνEmψssψnτE
transvπrsπEmomπntumEψnEprotonRprotonEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~ErπμorνπνEwψtχEtχπE
h{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QE[^X

4.2 7

128
tπasurπmπntEoρEνψρρπrπntψalEμrossEsπμtψonsEanνE‘PT‘â��EμrossRsπμtψonEratψosEρorE‘EγosonEproνuμtψonE
ψnEassoμψatψonEwψtχEjπtsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2018QEWUV^QEV

5.4 7

127 zπarμχEρorElarτπEmψssψnτEtransvπrsπEmomπntumEψnEassoμψatψonEwψtχEonπEtopRquarkEψnEprotonRprotonE
μollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 7

126 tπasurπmπntEoρEtχπEMEtovπrlψnπ{t}τammaENEproνuμtψonEμrossEsπμtψonEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 7

125 tπasurπmπntsEoρEtopRquarkEpaψrEtoE—RγosonEμrossRsπμtψonEratψosEatEMEsqrt{s}dVXENEQE^QE]E{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 7

124
zπarμχEρorEνψrπμtEtopEsquarkEpaψrEproνuμtψonEψnEπvπntsEwψtχEaEoψττsEorE—EγosonQEanνEmψssψnτE
transvπrsπEmomπntumEψnEMEsqrt{s}dVXENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2017QEWUV]QEV

5.4 7

123
zπarμχEρorEnπwEpχπnomπnaEψnEaElπptonEplusEχψτχEjπtEmultψplψμψtyEρψnalEstatπEwψtχEtχπEh{shzE
πxpπrψmπntEusψnτEMEsqrt{s}dVXENE{π~EprotonRprotonEμollψsψonEνataSEJournalnofnHighnEnergynPhysicsQE
2017QEWUV]QEV

5.4 7

122 ztuνψπsEoρE—˛‡EproνuμtψonEψnEassoμψatψonEwψtχEaEχψτχRmassEνψjπtEsystπmEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 7

121
hnalysψsEoρEtχπE‘tγEvπrtπxEρromEtχπEmπasurπmπntEoρEtrψplπRνψρρπrπntψalEanτularEνπμayEratπsEoρE
sψnτlπEtopEquarksEproνuμπνEψnEtχπEtRμχannπlEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2017QEWUV]QEV

5.4 7

120 {πstEoρEμolourErπμonnπμtψonEmoνπlsEusψnτEtχrππRjπtEπvπntsEψnEχaνronψμE—EνπμaysSEEuropeannPhysicaln
JournalnCQE2006QEY^QE[^Z 4.2 7

119 μarlaEaElψkπlψχooνRρrππEψnρπrπnμπEtoolγoxSEJournalnofnOpennSourcenSoftwareQE2016QEVQEVV 5.2 7

118 tπasurπmπntEoρEtχπEtransvπrsπEmomπntumEνψstrψγutψonEoρEkrπllâ��–anElπptonEpaψrsEψnEprotonâ��protonE
μollψsψonsEatEMsqrt{s}dVXQN{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 7

117 zπarμχEρorEtypπRpppEsππsawEχπavyElπptonsEψnEνψlπptonEρψnalEstatπsEψnEppEμollψsψonsEatEMEsqrt{s}EdEVXQ{tπxtE
{{π~}}ENEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 7

116
zπarμχEρorEaEχπavyEoψττsEγosonEνπμayψnτEψntoEaE—EγosonEanνEanotχπrEχπavyEoψττsEγosonEψnEtχπEMπllE
πllEγγNEanνEMπllEπllE‘‘NEρψnalEstatπsEψnEppEμollψsψonsEatEMsqrt{s}dVXNEMtπxtE{{π~}NEwψtχEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV

4.2 7

115 tπasurπmπntEoρEtχπE mormulaaEsππEtπxt]EνψjπtEμrossEsπμtψonEψnEμollψsψonsEatE mormulaaEsππEtπxt]´ {π~E
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QE[]U 4.2 7
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114 zπarμχEρorEnπwEpχπnomπnaEψnEνψρρπrπntRρlavourEχψτχRmassEνψlπptonEρψnalEstatπsEψnEμollψsψonsEatE
 mormulaaEsππEtπxt]´ {πvEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEZYV 4.2 7

113 zπarμχEρorEνψrπμtEtopEsquarkEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEtwoEtauElπptonsEψnEμollψsψonsEatE
 mormulaaEsππEtπxt]´ {π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QE^V 4.2 7

112 tπasurπmπntEoρEM‘ℓpmENEγosonEproνuμtψonEψnEwγPwγEμollψsψonsEatEMsqrt{s−{matχrm{uu}}}EdE
ZSUW~tπxtE{{π}tπxtE{~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 7

111 zπarμχEρorEγottomRsquarkEpaψrEproνuμtψonEwψtχEtχπEh{shzEνπtπμtorEψnEρψnalEstatπsEμontaψnψnτEoψττsE
γosonsQEγRjπtsEanνEmψssψnτEtransvπrsπEmomπntumSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 7

110 tπasurπmπntsEoρE‘oEanνE—oEproνuμtψonEψnEtχπEMoErψτχtarrowEγγar{γ}NEνπμayEμχannπlEψnEppE
μollψsψonsEatEMVXQtπxtE{{π}tπxtE{~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 7

109 hEnπwEmπtχoνEtoEνψstψnτuψsχEχaνronψμallyEνπμayψnτEγoostπνEγosonsEρromEγosonsEusψnτEtχπEh{shzE
νπtπμtorSEEuropeannPhysicalnJournalnCQE2016QE][QEWX^ 4.2 6

108 zπarμχEρorEmψμrosμopψμEγlaμkEχolπsEanνEstrψnτEγallsEψnEρψnalEstatπsEwψtχElπptonsEanνEjπtsEwψtχEtχπE
h{shzEνπtπμtorEatEMEsqrt{s}ENEdE^E{π~SEJournalnofnHighnEnergynPhysicsQE2014QEWUVYQEV 5.4 6

107
tπasurπmπntsEoρEμχarτπEanνEjwEasymmπtrψπsEψnEγRχaνronEνπμaysEusψnτEtopRquarkEπvπntsEμollπμtπνE
γyEtχπEh{shzEνπtπμtorEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~SEJournalnofnHighnEnergynPhysicsQE2017QE
WUV]QEV

5.4 6

106 {opRquarkEmassEmπasurπmπntEψnEtχπEallRχaνronψμEMEtovπrlψnπ{t}ENEνπμayEμχannπlEatEMEsqrt{s}d^ENE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 6

105 zπarμχEρorEMEtovπrlψnπ{t}ENErπsonanμπsEψnEρullyEχaνronψμEρψnalEstatπsEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE
{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 6

104
zπarμχEρorEnπwEpχπnomπnaEwψtχEtopEquarkEpaψrsEψnEρψnalEstatπsEwψtχEonπElπptonQEjπtsQEanνEmψssψnτE
transvπrsπEmomπntumEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2021QEWUWVQEV

5.4 6

103
zπarμχEρorEnπwEpχπnomπnaEψnEρψnalEstatπsEwψtχEγRjπtsEanνEmψssψnτEtransvπrsπEmomπntumEψnEME
sqrt{matχrm{s}}ENEdEVXE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE
2021QEWUWVQEV

5.4 6

102
zπarμχEρorEpaψrEproνuμtψonEoρEtχψrνRτπnπratψonEsμalarElπptoquarksEνπμayψnτEψntoEaEtopEquarkEanνEaE
ˇ�RlπptonEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2021QEWUWVQEV

5.4 6

101
tπasurπmπntEoρEtχπEME—τammaEtoEnuEovπrlψnπ{nu}τammaENEproνuμtψonEμrossEsπμtψonEψnEppEμollψsψonsE
atEMEsqrt{s}dVXENE{π~EwψtχEtχπEh{shzEνπtπμtorEanνElψmψtsEonEanomalousEtrψplπEτauτπRγosonE
μouplψnτsSEJournalnofnHighnEnergynPhysicsQE2018QEWUV^QEV

5.4 6

100 zπarμχEρorEπxμlusψvπEoψττsEanνE—EγosonEνπμaysEtoEf˛‡EanνEˇ�˛‡EwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2018QEWUV^QEV 5.4 6

99
tπasurπmπntEoρEjπtEaμtψvψtyEproνuμπνEψnEtopRquarkEπvπntsEwψtχEanEπlπμtronQEaEmuonEanνEtwoE
RtaττπνEjπtsEψnEtχπEρψnalEstatπEψnEμollψsψonsEatE mormulaaEsππEtπxt]E{π~EwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2017QE]]QEWWU

4.2 5

98 tπasurπmπntEoρEtχπEratψoEoρEμrossEsπμtψonsEρorEψnμlusψvπEψsolatπνRpχotonEproνuμtψonEψnEppEμollψsψonsE
atEMEsqrt{s}ENEdEVXEanνE^E{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 5

97 tπasurπmπntEoρEνψρρπrπntψalEμrossRsπμtψonsEoρEaEsψnτlπEtopEquarkEproνuμπνEψnEassoμψatψonEwψtχEaE
γosonEatEwψtχEh{shzSEEuropeannPhysicalnJournalnCQE2018QE]^QEV^[ 4.2 5

(2018-2016)
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96 tπasurπmπntEoρEγRχaνronEpaψrEproνuμtψonEwψtχEtχπEh{shzEνπtπμtorEψnEprotonRprotonEμollψsψonsEatEME
sqrt{s}d^ENE{π~SEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 5

95 tπasurπmπntEoρEρourRjπtEνψρρπrπntψalEμrossEsπμtψonsEψnEMEsqrt{s}d^ENE{π~EprotonRprotonEμollψsψonsE
usψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEVR][ 5.4 5

94 wuγlψsχψnτEstatψstψμalEmoνπlsaEnπttψnτEtχπEmostEoutEoρEpartψμlπEpχysψμsEπxpπrψmπntsSESciPostnPhysicsQE
2022QEVWQE 6.1 5

93
tπasurπmπntsEoρEtχπEproνuμtψonEμrossRsπμtψonEρorEaE—EγosonEψnEassoμψatψonEwψtχEγRjπtsEψnE
protonRprotonEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2020QEWUWUQEV

5.4 5

92
zπarμχEρorEtχπEooEReEMEγovπrlψnπ{γ}γovπrlψnπ{γ}ENEproμπssEvψaEvπμtorRγosonEρusψonEproνuμtψonEusψnτE
protonRprotonEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergyn
PhysicsQE2020QEWUWUQEV

5.4 5

91 vγsπrvatψonEoρEtχπEassoμψatπνEproνuμtψonEoρEaEtopEquarkEanνEaE—EγosonEψnEppEμollψsψonsEatEMEsqrt{s}ENdE
VXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 5

90 tπasurπmπntEoρElψτχtRγyRlψτχtEsμattπrψnτEanνEsπarμχEρorEaxψonRlψkπEpartψμlπsEwψtχEWSWEnγâ��VEoρEwγPwγE
νataEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 5

89
zπarμχEρorEpaψrEproνuμtψonEoρEsμalarElπptoquarksEνπμayψnτEψntoEρψrstREorEsπμonνRτπnπratψonElπptonsE
anνEtopEquarksEψnEprotonâ��protonEμollψsψonsEatEMsqrt{s}NEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2021QE^VQEV

4.2 5

88
tπasurπmπntEoρEπvπntRsχapπEoγsπrvaγlπsEψnE mormulaaEsππEtπxt]EπvπntsEψnEμollψsψonsEatE mormulaaE
sππEtπxt]´  mormulaaEsππEtπxt]EwψtχEtχπEh{shzEνπtπμtorEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2016QE
][QEX]Z

4.2 5

87 tπasurπmπntEoρEtχπErπlatψvπEwψνtχEνψρρπrπnμπEoρEtχπEME{i}ℓUχγox{R}E{ovπrlψnπ{i}}ℓUENEsystπmEwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 5

86 kψρρπrπntψalEμrossRsπμtψonEmπasurπmπntsEρorEtχπEπlπμtrowπakEproνuμtψonEoρEνψjπtsEψnEassoμψatψonE
wψtχEaE—EγosonEψnEprotonâ��protonEμollψsψonsEatEh{shzSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 5

85 zπarμχEρorEνarkEmattπrEψnEassoμψatψonEwψtχEanEπnπrτπtψμEpχotonEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 5

84 tπasurπmπntEoρEμolourEρlowEusψnτEjπtRpullEoγsπrvaγlπsEψnEπvπntsEwψtχEtχπEh{shzEπxpπrψmπntEatSE
EuropeannPhysicalnJournalnCQE2018QE]^QE^Y] 4.2 5

83 tπasurπmπntEoρEtχπEψnμlusψvπEanνEρψνuμψalEproνuμtψonEμrossRsπμtψonsEψnEtχπElπptonPjπtsEμχannπlEψnE
μollψsψonsEatEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2018QE]^QEY^] 4.2 5

82 tπasurπmπntEoρEjπtEaμtψvψtyEψnEtopEquarkEπvπntsEusψnτEtχπEπ˛…EρψnalEstatπEwψtχEtwoEγRtaττπνEjπtsEψnEppE
μollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2016QEWUV[QEV 5.4 4

81 zπarμχEρorEoψττsEγosonsEνπμayψnτEtoE‘‘EψnEπPπREμollψsψonsEatEslwSEEuropeannPhysicalnJournalnCQE2007
QEY_QEYX_ 4.2 4

80 zπarμχEρorEχπavyEνψγosonErπsonanμπsEψnEsπmψlπptonψμEρψnalEstatπsEψnEppEμollψsψonsEatEMsqrt{s}dVXNE{π~E
wψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 4

79 hlψτnmπntEoρEtχπEh{shzEpnnπrEkπtπμtorEψnEyunEWSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 4
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78 tπasurπmπntEoρEqTˇ�EproνuμtψonEψnEassoμψatψonEwψtχEaE‘´–EγosonEwψtχEppEνataEatE^E{π~SEJournalnofn
HighnEnergynPhysicsQE2020QEWUWUQEV 5.4 4

77
tπasurπmπntEoρEtχπEψnμlusψvπEμrossRsπμtψonEρorEtχπEproνuμtψonEoρEjπtsEψnEassoμψatψonEwψtχEaE—EγosonE
ψnEprotonâ��protonEμollψsψonsEatE^E{π~EusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE
]_QEV

4.2 4

76 {owarνEtaμχψnπEsπarnψnτEvptψmψzatψonEoρElxpπrψmπntalEkπsψτnSENuclearnPhysicsnNewsQE2021QEXVQEWZRW^ 0.7 4

75
tπasurπmπntsEoρEνψρρπrπntψalEμrossEsπμtψonsEoρEtopEquarkEpaψrEproνuμtψonEψnEassoμψatψonEwψtχEjπtsEψnE
ppEμollψsψonsEatEMEsqrt{s}dVXENE{π~EusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2018QE
WUV^QEV

5.4 4

74 zπarμχEρorEνarkEmattπrEproνuμπνEψnEassoμψatψonEwψtχEaEsψnτlπEtopEquarkEψnEMsqrt{s}dVXNE{π~EMppNE
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 4

73 pmprovψnτEψnρπrπnμπEwψtχEmatrψxEπlπmπntsEanνEmaμχψnπElπarnψnτSEInternationalnJournalnofnModernn
PhysicsnAQE2020QEXZQEWUYVUU^ 1.2 3

72
zπarμχEρorEνψjπtErπsonanμπsEψnEπvπntsEwψtχEanEψsolatπνEμχarτπνElπptonEusψnτEMEsqrt{s}ENEdEVXE{π~E
protonRprotonEμollψsψonEνataEμollπμtπνEγyEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QE
WUWUQEV

5.4 3

71 tπasurπmπntEoρElonτRranτπEtwoRpartψμlπEazψmutχalEμorrπlatψonsEψnE—RγosonEtaττπνEppEμollψsψonsEatE
Msqrt{s}d^NEanνEVXE{π~SEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 3

70 tπasurπmπntEoρEpolarψsatψonEψnEνπμaysEψnEprotonRprotonEμollψsψonsEatE{π~EwψtχEtχπEh{shzEνπtπμtorSE
EuropeannPhysicalnJournalnCQE2018QE]^QEV[X 4.2 3

69 zπarμχEρorEπxμψtπνEπlπμtronsEsψnτlyEproνuμπνEψnEprotonâ��protonEμollψsψonsEatEIIsqrt{s}E~d~VX~tπxtE
{{π}tπxtE{~}IIEwψtχEtχπEh{shzEπxpπrψmπntEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2019QE]_QE 4.2 3

68 tπasurπmπntEoρEtχπEkEtEsplψttψnτEsμalπsEψnE—EReEâ��â��EπvπntsEψnEppEμollψsψonsEatEMEsqrt{s}d^ENE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2017QEWUV]QEV 5.4 3

67 ztuνyEoρEtχπEspψnEanνEparψtyEoρEtχπEoψττsEγosonEψnEνψγosonEνπμaysEwψtχEtχπEh{shzEνπtπμtorE2015QE
]ZQEV 3

66 h{shzEyunEVEsπarμχπsEρorEνψrπμtEpaψrEproνuμtψonEoρEtχψrνRτπnπratψonEsquarksEatEtχπEsarτπEoaνronE
jollψνπrE2015QE]ZQEV 3

65 tπasurπmπntEoρEIIr−zℓUIIEanνEIIsamγνaEℓUIIEproνuμtψonEψnEIItEγar{t}IIEνψlπptonψμEπvπntsEψnEppE
μollψsψonsEatEIIsqrt{s}EdIIE]E{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 3

64 kπtπrmψnatψonEoρEjπtEμalψγratψonEanνEπnπrτyErπsolutψonEψnEprotonâ��protonEμollψsψonsEatEMsqrt{s}EdE
^~χγoxE{{π~}NEusψnτEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 3

63 tπasurπmπntEoρEtχπEψnμlusψvπEjπtEμrossRsπμtψonEψnEprotonRprotonEμollψsψonsEatEMEsqrt{s}d]ENE{π~EusψnτE
YSZEργâ��VEoρEνataEwψtχEtχπEh{shzEνπtπμtorE2015QEWUVZQEV 3

62 yπμonstruμtψonEanνEψνπntψρψμatψonEoρEγoostπνEνψRˇ�EsystπmsEψnEaEsπarμχEρorEoψττsEγosonEpaψrsEusψnτEVXE
{π~EprotonRprotonEμollψsψonEνataEψnEh{shzSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 3

61
zπarμχEρorEνouγlyEanνEsψnτlyEμχarτπνEoψττsEγosonsEνπμayψnτEψntoEvπμtorEγosonsEψnEmultψRlπptonEρψnalE
statπsEwψtχEtχπEh{shzEνπtπμtorEusψnτEprotonRprotonEμollψsψonsEatEMEsqrt{matχrm{s}}ENEdEVXE{π~SE
JournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV

5.4 3

(2021-2020)
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60 lxpπrψmπntsEusψnτEmaμχψnπElπarnψnτEtoEapproxψmatπElψkπlψχooνEratψosEρorEmψxturπEmoνπlsSEJournaln
ofnPhysics:nConferencenSeriesQE2016QE][WQEUVWUXY 0.3 3

59 tπasurπmπntEoρEχaνronψμEπvπntEsχapπsEψnEχψτχRp{EmultψjπtEρψnalEstatπsEatEMEsqrt{s}ENEdEVXE{π~EwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 3

58 kππpEzπarμχEρorEkπμayψnτEkarkEtattπrEwψtχE’ttRuπwtonEilankRzkyEvγsπrvatψonsSEPhysicalnReviewn
LettersQE2021QEVW]QEUZVVUV 7.4 3

57 tπasurπmπntEoρEνψstrψγutψonsEsπnsψtψvπEtoEtχπEunνπrlyψnτEπvπntEψnEψnμlusψvπE—EγosonEproνuμtψonEψnE
ppEμollψsψonsEatEMsqrt{s}NEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 2

56 jonstraψnψnτEπρρπμtψvπEρψπlνEtχπorψπsEwψtχEmaμχψnπElπarnψnτSEEPJnWebnofnConferencesQE2020QEWYZQEU[UW[ 0.3 2

55 tπasurπmπntEoρEtχπE—MReEâ��Pâ��â��N˛‡EproνuμtψonEμrossRsπμtψonEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 2

54 hnalysψsEwrπsπrvatψonEψnEh{shzSEJournalnofnPhysics:nConferencenSeriesQE2015QE[[YQEUXWUVX 0.3 2

53 zπarμχEρorElowRsμalπEτravψtyEsψτnaturπsEψnEmultψRjπtEρψnalEstatπsEwψtχEtχπEh{shzEνπtπμtorEatEME
sqrt{s}d^ENE{π~SEJournalnofnHighnEnergynPhysicsQE2015QEWUVZQEV 5.4 2

52 tπasurπmπntEoρEtχπEMtovπrlψnπ{t}NEproνuμtψonEμrossRsπμtψonEusψnτEMπmuENEπvπntsEwψtχEMγNRtaττπνEjπtsE
ψnEMppNEμollψsψonsEatEMsqrt{s}d]NEanνE^E{π~EwψtχEtχπEh{shzEνπtπμtorE2014QE]YQEV 2

51 zπarμχEρorEnπwEpχπnomπnaEψnEρψnalEstatπsEwψtχEanEπnπrτπtψμEjπtEanνElarτπEmψssψnτEtransvπrsπE
momπntumEψnEppEμollψsψonsEatEMsqrt{s}d^~N{π~EwψtχEtχπEh{shzEνπtπμtorE2015QE]ZQEV 2

50
zπarμχEρorEyRparψtyRvψolatψnτEsupπrsymmπtryEψnEaEρψnalEstatπEμontaψnψnτElπptonsEanνEmanyEjπtsEwψtχE
tχπEh{shzEπxpπrψmπntEusψnτEMsqrt{s}EdEVXχγoxE{E{π~}NEprotonâ��protonEμollψsψonEνataSEEuropeann
PhysicalnJournalnCQE2021QE^VQEV

4.2 2

49
zπarμχEρorEνarkEmattπrEψnEπvπntsEwψtχEmψssψnτEtransvπrsπEmomπntumEanνEaEoψττsEγosonEνπμayψnτE
ψntoEtwoEpχotonsEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2021QEWUWVQEV

5.4 2

48 tπasurπmπntEoρEtχπEψnμlusψvπEψsolatπνRpχotonEμrossEsπμtψonEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~E
usψnτEX[Eργâ��VEoρEh{shzEνataSEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 2

47
tπasurπmπntsEoρEψnμlusψvπEanνEνψρρπrπntψalEμrossRsπμtψonsEoρEμomγψnπνEMEtovπrlψnπ{t}τammaENEanνE
t‘˛‡EproνuμtψonEψnEtχπEπ˛…EμχannπlEatEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysics
QE2020QEWUWUQEV

5.4 2

46 tπasurπmπntEoρEψsolatπνRpχotonEplusEtwoRjπtEproνuμtψonEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχE
tχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 2

45 vptψmψsatψonEoρElarτπRraνψusEjπtErπμonstruμtψonEρorEtχπEh{shzEνπtπμtorEψnEVXE{π~Eprotonâ��protonE
μollψsψonsSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 2

44 zπarμχEρorEsupπrsymmπtryEψnEπvπntsEwψtχEρourEorEmorπEμχarτπνElπptonsEψnEVX_Eργâ��VEoρEMEsqrt{s}ENEdE
VXE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 2

43 tπasurπmπntEoρE——EproνuμtψonEψnEtχπEâ��â�� ˛‰ ˛‰EρψnalEstatπEwψtχEtχπEh{shzEνπtπμtorEψnEppEμollψsψonsEatEME
sqrt{s}ENEdEVXE{π~SEJournalnofnHighnEnergynPhysicsQE2019QEWUV_QEV 5.4 2

KyleuCranmer

30



42 tπasurπmπntEoρEM‘ℓ{pmE}NRγosonEanνE—RγosonEproνuμtψonEμrossRsπμtψonsEψnEppEμollψsψonsEatE
Msqrt{s}dWS][NE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2019QE]_QEV 4.2 2

41 yπρramψnτEqπtEwχysψμsEwψtχEuπwEjomputatψonalEtπtχoνsSEEPJnWebnofnConferencesQE2021QEWZVQEUXUZ_ 0.3 2

40
tπasurπmπntsEoρEtopRquarkEpaψrEsψnτlπREanνEνouγlπRνψρρπrπntψalEμrossRsπμtψonsEψnEtχπEallRχaνronψμE
μχannπlEψnEppEμollψsψonsEatEMEsqrt{matχrm{s}}ENEdEVXE{π~EusψnτEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2021QEWUWVQEV

5.4 2

39 uπuralEsψmulatψonRγasπνEψnρπrπnμπEapproaμχEρorEμχaraμtπrψzψnτEtχπEnalaμtψμEjπntπrE˛‡ERrayEπxμπssSE
PhysicalnReviewnDQE2022QEVUZQE 4.9 2

38 hEsπarμχEρorEanEπxμψtπνEmuonEνπμayψnτEtoEaEmuonEanνEtwoEjπtsEψnppμollψsψonsEatE
Isqrt{s}bdb^b{rm{{π~}}IEwψtχEtχπEh{shzEνπtπμtorSENewnJournalnofnPhysicsQE2016QEV^QEU]XUWV 2.9 1

37 zoρtwarπEρorEstatψstψμalEνataEanalysψsEusπνEψnEoψττsEsπarμχπsSEJournalnofnPhysics:nConferencenSeriesQE
2014QEY_UQEUVWWW_ 0.3 1

36 kψstrψγutπνEanalysψsEwψtχEwyvvmEψnEh{shzEμollaγoratψonSEJournalnofnPhysics:nConferencenSeriesQE2010QE
WV_QEU]WUVY 0.3 1

35 zπarμχEρorEproνuμtψonEoρEM‘‘T‘—NErπsonanμπsEνπμayψnτEtoEaElπptonQEnπutrψnoEanνEjπtsEψnEMppNE
μollψsψonsEatEMsqrt{s}d^NE{π~EwψtχEtχπEh{shzEνπtπμtorE2015QE]ZQEV 1

34 tπasurπmπntEoρEtχπEμχarτπEasymmπtryEψnEtopRquarkEpaψrEproνuμtψonEψnEtχπElπptonRplusRjπtsEρψnalE
statπEψnEppEμollψsψonEνataEatEMsqrt{s}d^QmatχrmE{π~{}NEwψtχEtχπEh{shzEνπtπμtorE2016QE][QEV 1

33 tπasurπmπntEoρEtχπE‘RγosonEmassEψnEppEμollψsψonsEatEMsqrt{s}d]QEχγoxE{{π~}NEwψtχEtχπEh{shzE
νπtπμtorE2018QE]^QEV 1

32 zπarμχEρorEνouγlyEμχarτπνEoψττsEγosonEproνuμtψonEψnEmultψRlπptonEρψnalEstatπsEwψtχEtχπEh{shzE
νπtπμtorEusψnτEprotonâ��protonEμollψsψonsEatEMsqrt{s}dVXQtπxtE{{π~}NE2018QE]^QEV 1

31 zπarμχEρorEtopEsquarksEψnEπvπntsEwψtχEaEoψττsEorE—EγosonEusψnτEVX_EργMℓ{RV}NEoρEppEμollψsψonEνataEatE
Msqrt{s}dVXNE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2020QE^UQEV 4.2 1

30 zπarμχEρorEχπavyErπsonanμπsEνπμayψnτEψntoEaE‘EorE—EγosonEanνEaEoψττsEγosonEψnEρψnalEstatπsEwψtχE
lπptonsEanνEγRjπtsEψnEX[Eργâ��VEoρEMEsqrt{s}dVXENE{π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorE2018QEWUV^QEV 1

29 tπasurπmπntEoρEνψρρπrπntψalEμrossEsπμtψonsEρorEsψnτlπEνψρρraμtψvπEνψssoμψatψonEψnEMEsqrt{s}ENEdE^E{π~EppE
μollψsψonsEusψnτEtχπEh{shzEhsmhEspπμtromπtπrSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV 5.4 1

28
zπarμχEρorEνψrπμtEproνuμtψonEoρEπlπμtrowπakψnosEψnEρψnalEstatπsEwψtχEmψssψnτEtransvπrsπEmomπntumE
anνEaEoψττsEγosonEνπμayψnτEψntoEpχotonsEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzE
νπtπμtorSEJournalnofnHighnEnergynPhysicsQE2020QEWUWUQEV

5.4 1

27
zπarμχEρorEoψττsEγosonEproνuμtψonEψnEassoμψatψonEwψtχEaEχψτχRπnπrτyEpχotonEvψaEvπμtorRγosonE
ρusψonEwψtχEνπμayEψntoEγottomEquarkEpaψrsEatEMEsqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofn
HighnEnergynPhysicsQE2021QEWUWVQEV

5.4 1

26
kπtπrmψnatψonEoρEtχπEpartonEνψstrψγutψonEρunμtψonsEoρEtχπEprotonEρromEh{shzEmπasurπmπntsEoρE
νψρρπrπntψalE‘´–EanνE—EγosonEproνuμtψonEψnEassoμψatψonEwψtχEjπtsSEJournalnofnHighnEnergynPhysicsQE2021
QEWUWVQEV

5.4 1

25 hEsπarμχEρorEtχπEνπμaysEoρEstoppπνElonτRlψvπνEpartψμlπsEatEMEsqrt{matχrm{s}}ENEdEVXE{π~EwψtχEtχπE
h{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 1

(2021-2019)

31



24 tπasurπmπntEoρEsψnτlπEtopRquarkEproνuμtψonEψnEassoμψatψonEwψtχEaE‘EγosonEψnEtχπEsψnτlπRlπptonE
μχannπlEatEMsqrt{s}EdE^QtπxtE{{π~}NEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 1

23
tπasurπmπntsEoρEtχπEψnμlusψvπEanνEνψρρπrπntψalEproνuμtψonEμrossEsπμtψonsEoρEaEtopRquarkâ��antψquarkE
paψrEψnEassoμψatψonEwψtχEaE—EγosonEatEMsqrt{s}EdEVXNE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicaln
JournalnCQE2021QE^VQEV

4.2 1

22 zπarμχEρorEpχπnomπnaEγπyonνEtχπEztanνarνEtoνπlEψnEπvπntsEwψtχElarτπEγRjπtEmultψplψμψtyEusψnτEtχπE
h{shzEνπtπμtorEatEtχπEsojSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 1

21
zπarμχEρorEμχarτψnoâ��nπutralψnoEpaψrEproνuμtψonEψnEρψnalEstatπsEwψtχEtχrππElπptonsEanνEmψssψnτE
transvπrsπEmomπntumEψnEIIsqrt{s}EdEVXII´ {π~EppEμollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEEuropeann
PhysicalnJournalnCQE2021QE^VQEV

4.2 1

20 jonρψτuratψonEanνEpπrρormanμπEoρEtχπEh{shzEγRjπtEtrψττπrsEψnEyunEWSEEuropeannPhysicalnJournalnCQE
2021QE^VQEV 4.2 1

19 kπtπrmψnatψonEoρEtχπEpartonEνψstrψγutψonEρunμtψonsEoρEtχπEprotonEusψnτEνψvπrsπEh{shzEνataEρromEppE
μollψsψonsEatEIIsqrt{s}EdE]IIQE^EanνEVX´ {π~SEEuropeannPhysicalnJournalnCQE2022QE^WQEV 4.2 1

18 wπrρormanμπEoρEtχπEh{shzEsπvπlRVEtopoloτψμalEtrψττπrEψnEyun´ WSEEuropeannPhysicalnJournalnCQE2022QE
^WQEV 4.2 0

17
zπarμχEρorEπxotψμEνπμaysEoρEtχπEoψττsEγosonEψntoEγIIEovπrlψnπ{γ}EIIEanνEmψssψnτEtransvπrsπE
momπntumEψnEppEμollψsψonsEatEIIEsqrt{s}EIIEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighn
EnergynPhysicsQE2022QEWUWWQEV

5.4 0

16
vγsπrvatψonEoρEπlπμtrowπakEproνuμtψonEoρEtwoEjπtsEψnEassoμψatψonEwψtχEanEψsolatπνEpχotonEanνE
mψssψnτEtransvπrsπEmomπntumQEanνEsπarμχEρorEaEoψττsEγosonEνπμayψnτEψntoEψnvψsψγlπEpartψμlπsEatE
VX´ IItπxtE{{π~}IIEwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2022QE^WQEV

4.2 0

15 tπasurπmπntEoρEtχπEtMEovπrlψnπ{t}ENtMEovπrlψnπ{t}ENEproνuμtψonEμrossEsπμtψonEψnEppEμollψsψonsEatEME
sqrt{s}ENEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 0

14 tπasurπmπntsEoρE‘P‘â��PEâ�¥EVEjπtEproνuμtψonEμrossRsπμtψonsEψnEppEμollψsψonsEatEMEsqrt{s}ENEdEVXE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 0

13 tπasurπmπntsEoρEoψττsEγosonsEνπμayψnτEtoEγottomEquarksEρromEvπμtorEγosonEρusψonEproνuμtψonE
wψtχEtχπEh{shzEπxpπrψmπntEatEMsqrt{s}dVXQtπxtE{{π~}NSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 0

12 tπasurπmπntsEoρEνψρρπrπntψalEμrossRsπμtψonsEψnEρourRlπptonEπvπntsEψnEVXE{π~EprotonRprotonE
μollψsψonsEwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 0

11 iuψlνψnτEanνEstππrψnτEγψnnπνEtπmplatπEρψtsEwψtχEμaγψnπtrySEEPJnWebnofnConferencesQE2021QEWZVQEUXU[] 0.3 0

10 zπarμχEρorEsquarksEanνEτluψnosEψnEρψnalEstatπsEwψtχEonπEψsolatπνElπptonQEjπtsQEanνEmψssψnτEtransvπrsπE
momπntumEatEMsqrt{s}dVXNE{π~EwψtχEtχπEh{shzEνπtπμtorSEEuropeannPhysicalnJournalnCQE2021QE^VQEV 4.2 0

9
zπarμχEρorEoψττsEγosonsEνπμayψnτEψntoEnπwEspψnRUEorEspψnRVEpartψμlπsEψnEρourRlπptonEρψnalEstatπsEwψtχE
tχπEh{shzEνπtπμtorEwψtχEVX_Eργâ��VEoρEppEμollψsψonEνataEatEIIEsqrt{s}EIIEdEVXE{π~SEJournalnofnHighn
EnergynPhysicsQE2022QEWUWWQEV

5.4 0

8 htlmastXaE{χπEuπxtEnπnπratψonEoρEmastEzψmulatψonEψnEh{shzSEComputingnandnSoftwarenfornBignScienceQE
2022QE[QEV 6 0

7
tπasurπmπntEoρEtχπEπnπrτyErπsponsπEoρEtχπEh{shz´ μalorψmπtπrEtoEμχarτπν´ pψonsEρromEII‘ℓ{pmE
}rψτχtarrowEtauEℓ{pmE}MrψτχtarrowEpψEℓ{pmE}nuE−{tauE}NnuE−{tauE}IIEπvπntsEψnEyun´ WEνataSEEuropeann
PhysicalnJournalnCQE2022QE^WQEV

4.2 0

KyleuCranmer

32



6
zπarμχEρorEνarkEmattπrEproνuμπνEψnEassoμψatψonEwψtχEaEztanνarνEtoνπlEoψττsEγosonEνπμayψnτEψntoE
γRquarksEusψnτEtχπEρullEyunEWEνatasπtEρromEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QE
WUWVQEV

5.4 0

5 tπasurπmπntEoρEtχπEproνuμtψonEμrossEsπμtψonEoρEpaψrsEoρEψsolatπνEpχotonsEψnEppEμollψsψonsEatEVXE{π~E
wψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QEWUWVQEV 5.4 0

4
zπarμχEρorEπxotψμEνπμaysEoρEtχπEoψττsEγosonEψntoElonτRlψvπνEpartψμlπsEψnEppEμollψsψonsEatEIIEsqrt{s}EIIE
dEVXE{π~EusψnτEνψsplaμπνEvπrtψμπsEψnEtχπEh{shzEψnnπrEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QE
WUWVQEV

5.4 0

3
tπasurπmπntEoρEγRquarkEρraτmπntatψonEpropπrtψπsEψnEjπtsEusψnτEtχπEνπμayEi´–EReEqTˇ�r´–EψnEppE
μollψsψonsEatEIIEsqrt{s}EIIEdEVXE{π~EwψtχEtχπEh{shzEνπtπμtorSEJournalnofnHighnEnergynPhysicsQE2021QE
WUWVQEV

5.4 0

2 lρρπμtψvπEsojEmπasurπmπntsEwψtχEmatrψxEπlπmπntsEanνEmaμχψnπElπarnψnτSEJournalnofnPhysics:n
ConferencenSeriesQE2020QEVZWZQEUVWVV^ 0.3

1 {χπEh{shzEψnnπrEνπtπμtorEtrψττπrEpπrρormanμπEψnEppEμollψsψonsEatEVX´ {π~EνurψnτEsojEyunEWSE
EuropeannPhysicalnJournalnCQE2022QE^WQEV 4.2

ListuofuPublications

33


