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m Paper IF Citations

462
yrμαψsμGγμtμrmψn≥tψonGoνGtτμGm≥ssGoνGtτμGqψππsGbosonG≥nγGtμstsGoνGαomp≥tψbψlψtyGoνGψtsGαouplψnπsG
wψtτGtτμGst≥nγ≥rγGmoγμlGprμγψαtψonsGusψnπGprotonGαollψsψonsG≥tG_G≥nγGa oormul≥cGsμμGtμxt]UGEuropeanu
PhysicaluJournaluCSG2015SG_]SGYXY

4.2 399

461 xbsμrv≥tψonGoνGlonπTr≥nπμSGnμ≥rTsψγμG≥nπul≥rGαorrμl≥tψonsGψnGprotonTprotonGαollψsψonsG≥tGtτμGuqlUG
JournaluofuHighuEnergyuPhysicsSG2010SGYWXWSGX 5.4 389

460 |tuγyGoνGτψπτTpG}Gατ≥rπμγGp≥rtψαlμGsupprμssψonGψnGybybGαomp≥rμγGtoGppGαollψsψonsG≥tG
Osqrt{s−{m≥tτrm{ww}}}fYU_^~m≥tτrm{}μV}PUGEuropeanuPhysicaluJournaluCSG2012SG_YSGX 4.2 316

459 xbsμrv≥tψonGoνG≥GnμwGbosonGwψtτGm≥ssGnμ≥rGXY]GpμVGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUG
JournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 261

458 |μ≥rατGνorGγ≥rkGm≥ttμrSGμxtr≥GγψmμnsψonsSG≥nγGunp≥rtψαlμsGψnGmonojμtGμvμntsGψnGprotonTprotonG
αollψsψonsG≥tG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SGYZ] 4.2 250

457 nvμntGπμnμr≥torGtunμsGobt≥ψnμγGνromGunγμrlyψnπGμvμntG≥nγGmultψp≥rtonGsα≥ttμrψnπGmμ≥surμmμntsUG
EuropeanuPhysicaluJournaluCSG2016SG_^SGX]] 4.2 250

456 xbsμrv≥tψonGoνGtτμGγψpτotonGγμα≥yGoνGtτμGqψππsGbosonG≥nγGmμ≥surμmμntGoνGψtsGpropμrtψμsUG
EuropeanuPhysicaluJournaluCSG2014SG_[SGZW_^ 4.2 239

455 }r≥nsvμrsμTmomμntumG≥nγGpsμuγor≥pψγψtyGγψstrψbutψonsGoνGατ≥rπμγGτ≥γronsGψnGppGαollψsψonsG≥tG
Osqrt{s}GfGWUbGPG≥nγGYUZ^G}μVUGJournaluofuHighuEnergyuPhysicsSG2010SGYWXWSGX 5.4 201

454 |upprμssψonGoνGnonTpromptGsVˇ�SGpromptGsVˇ�SG≥nγGOG~psψlonGPOX|PGψnGybybGαollψsψonsG≥tGOGsqrtG
{{{s−{tμxt{ww}}}}}GfGYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 184

453 |μ≥rατμsGνorGμlμαtrowμ≥kGproγuαtψonGoνGατ≥rπψnosSGnμutr≥lψnosSG≥nγGslμptonsGγμα≥yψnπGtoGlμptonsG
≥nγG’SG–SG≥nγGqψππsGbosonsGψnGppGαollψsψonsG≥tGa´ }μVUGEuropeanuPhysicaluJournaluCSG2014SG_[SGZWZ^ 4.2 183

452 |μ≥rατGνorGtopTsqu≥rkGp≥ψrGproγuαtψonGψnGtτμGsψnπlμTlμptonGνψn≥lGst≥tμGψnGppGαollψsψonsG≥tGOsqrt{s}faG
m≥tτrm{}μV}PUGEuropeanuPhysicaluJournaluCSG2013SG_ZSGX 4.2 162

451 lμntr≥lψtyGγμpμnγμnαμGoνGγψτ≥γronGαorrμl≥tψonsG≥nγG≥zψmutτ≥lG≥nψsotropyGτ≥rmonψαsGψnGybybG
αollψsψonsG≥tGOsqrt{s−{ww}}fGYU_^Gmbox{}μV}PUGEuropeanuPhysicaluJournaluCSG2012SG_YSGX 4.2 158

450 |μ≥rατGνorGγ≥rkGm≥ttμrG≥nγGl≥rπμGμxtr≥GγψmμnsψonsGψnGmonojμtGμvμntsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG
{_}GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 155

449 lombψnμγGmμ≥surμmμntsGoνGqψππsGbosonGαouplψnπsGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanu
PhysicaluJournaluCSG2019SG_bSG[YX 4.2 153

448 |μ≥rατGνorGτμ≥vyGnμutrψnosG≥nγG oormul≥cGsμμGtμxt]GbosonsGwψtτGrψπτtTτ≥nγμγGαouplψnπsGψnG
protonTprotonGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2014SG_[SGZX[b 4.2 149

447 vμ≥surμmμntGoνGqψππsGbosonGproγuαtψonG≥nγGpropμrtψμsGψnGtτμG’’Gγμα≥yGατ≥nnμlGwψtτGlμptonψαG
νψn≥lGst≥tμsUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 144

446 |tuγyGoνGtτμGψnαlusψvμGproγuαtψonGoνGατ≥rπμγGpψonsSGk≥onsSG≥nγGprotonsGψnGppGαollψsψonsG≥tGOsqrt{s}GfG
WUbSGYU_^Smbox{G≥nγG}_~mbox{}μV}PUGEuropeanuPhysicaluJournaluCSG2012SG_YSGX 4.2 133
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445 |μ≥rατGνorGψnvψsψblμGγμα≥ysGoνGqψππsGbosonsGψnGtτμGvμαtorGbosonGνusψonG≥nγG≥ssoαψ≥tμγG–qG
proγuαtψonGmoγμsUGEuropeanuPhysicaluJournaluCSG2014SG_[SGYbaW 4.2 131

444 vμ≥surμmμntGoνGtτμGψnαlusψvμG’G≥nγG–GproγuαtψonGαrossGsμαtψonsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG
}μVGwψtτGtτμGlv|GμxpμrψmμntUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 121

443 yromptG≥nγGnonTpromptGsVˇ�GproγuαtψonGψnGppGαollψsψonsG≥tGOsqrt{s}GfG_PG}μVUGEuropeanuPhysicalu
JournaluCSG2011SG_XSGX 4.2 118

442 jGsμ≥rατGνorG≥GγoublyTατ≥rπμγGqψππsGbosonGψnGppGαollψsψonsG≥tGOsqrt{s}GfG_Gmbox{}μV}PUGEuropeanu
PhysicaluJournaluCSG2012SG_YSGX 4.2 111

441 vμ≥surμmμntsGoνGψnαlusψvμG’G≥nγG–GαrossGsμαtψonsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofu
HighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 104

440 vμ≥surμmμntGoνGγψννμrμntψ≥lGtopTqu≥rkTp≥ψrGproγuαtψonGαrossGsμαtψonsGψnGppGαollψsψonsG≥tGOsqrt{s}GfG_G
m≥tτrm{}μV}PUGEuropeanuPhysicaluJournaluCSG2013SG_ZSGX 4.2 102

439 nvψγμnαμGνorGtτμGXY]GpμVGqψππsGbosonGγμα≥yψnπGtoG≥Gp≥ψrGoνGˇ�GlμptonsUGJournaluofuHighuEnergyuPhysics
SG2014SGYWX[SGX 5.4 101

438 |μ≥rατGνorG≥GlψπτtGατ≥rπμγGqψππsGbosonGψnGtopGqu≥rkGγμα≥ysGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_d}μVGPUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 101

437 lv|Gtr≥αkψnπGpμrνorm≥nαμGrμsultsGνromGμ≥rlyGuqlGopμr≥tψonUGEuropeanuPhysicaluJournaluCSG2010SG_WSGXX^]TXXbY4.2 99

436 vμ≥surμmμntGoνGtτμGγψννμrμntψ≥lGαrossGsμαtψonGνorGtopGqu≥rkGp≥ψrGproγuαtψonGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SG][Y 4.2 98

435 |μ≥rατμsGνorGlonπTlψvμγGατ≥rπμγGp≥rtψαlμsGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGf_G≥nγGaG}μVUGJournaluofuHighu
EnergyuPhysicsSG2013SGYWXZSGX 5.4 96

434 |μ≥rατGνorGsupμrsymmμtryGψnGτ≥γronψαGνψn≥lGst≥tμsGusψnπGvG}YGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 92

433 lτ≥rπμγGp≥rtψαlμGmultψplψαψtψμsGψnGppGψntμr≥αtψonsG≥tGOGsqrtG{s}GfGWUbGPSGYUZ^SG≥nγG_G}μVUGJournaluofuHighu
EnergyuPhysicsSG2011SGYWXXSGX 5.4 89

432 mμpμnγμnαμGonGpsμuγor≥pψγψtyG≥nγGonGαμntr≥lψtyGoνGατ≥rπμγGτ≥γronGproγuαtψonGψnGybybGαollψsψonsG
≥tGOGsqrtG{{{s−{tμxt{ww}}}}}GfGYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 87

431
|μ≥rατGνorGsupμrsymmμtryGψnGτ≥γronψαGνψn≥lGst≥tμsGwψtτGmψssψnπGtr≥nsvμrsμGμnμrπyGusψnπGtτμG
v≥rψ≥blμsG≥nγGbTqu≥rkGmultψplψαψtyGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG
2013SG_ZSGY]^a

4.2 82

430 |μ≥rατGνorGnμwGpτysψαsGψnGtτμGmultψjμtG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGνψn≥lGst≥tμGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}GPGfGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 81

429 |tr≥nπμGp≥rtψαlμGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfGWUbGPG≥nγG_G}μVUGJournaluofuHighuEnergyu
PhysicsSG2011SGYWXXSGX 5.4 78

428 vμ≥surμmμntsGoνGpropμrtψμsGoνGtτμGqψππsGbosonGγμα≥yψnπGψntoGtτμGνourTlμptonGνψn≥lGst≥tμGψnGppG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 77
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427 |μ≥rατGνorGm≥ssψvμGrμson≥nαμsGψnGγψjμtGsystμmsGαont≥ψnψnπGjμtsGt≥ππμγG≥sG’GorG–GbosonGγμα≥ysGψnGppG
αollψsψonsG≥tGOGsqrt{s}GPGfGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 74

426 |μ≥rατμsGνorGψnvψsψblμGγμα≥ysGoνGtτμGqψππsGbosonGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfG_SGaSG≥nγGXZG}μVUG
JournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 74

425 |μ≥rατGνorG≥GqψππsGbosonGψnGtτμGm≥ssGr≥nπμGνromGX[]GtoGXWWWGpμVGγμα≥yψnπGtoG≥Gp≥ψrGoνG’GorG–G
bosonsUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 73

424 vμ≥surμmμntGoνGjμtGνr≥πmμnt≥tψonGψntoGατ≥rπμγGp≥rtψαlμsGψnGppG≥nγGybybGαollψsψonsG≥tGOG
sqrt{{{s−{m≥tτrm{ww}}}}}GfGYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 73

423 |tuγyGoνGtτμGproγuαtψonGoνGατ≥rπμγGpψonsSGk≥onsSG≥nγGprotonsGψnGpybGαollψsψonsG≥tG oormul≥cGsμμG
tμxt]]UWY oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2014SG_[SGYa[_ 4.2 71

422 |μ≥rατGνorGnμutr≥lGv||vGqψππsGbosonsGγμα≥yψnπGtoG≥Gp≥ψrGoνGt≥uGlμptonsGψnGppGαollψsψonsUGJournaluofu
HighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 70

421 vμ≥surμmμntGoνGtτμGsψnπlμTtopTqu≥rkGtTατ≥nnμlGαrossGsμαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 70

420 vμ≥surμmμntGoνGtτμGunγμrlyψnπGμvμntG≥αtψvψtyG≥tGtτμGuqlGwψtτGOGsqrtG{s}GfG_GPG}μVG≥nγGαomp≥rψsonG
wψtτGOGsqrtG{s}GfGWUbGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 70

419 |μ≥rατGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGψnGγψlμptonGm≥ssGspμαtr≥GψnGprotonTprotonGαollψsψonsG
≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 69

418 sVˇ�G≥nγGˇ�OY|PGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_{tμxt{}μv}}GPUGJournaluofuHighuEnergyuPhysicsSG
2012SGYWXYSGX 5.4 69

417 |tuγψμsGoνGγψjμtGtr≥nsvμrsμGmomμntumGb≥l≥nαμG≥nγGpsμuγor≥pψγψtyGγψstrψbutψonsGψnGpybGαollψsψonsG≥tG
Osqrt{s−{m≥tτrm{ww}}}GfG]UWYPGOStμxtG{}μV}PUGEuropeanuPhysicaluJournaluCSG2014SG_[SGX 4.2 67

416 |μ≥rατGνorG≥nom≥lousGproγuαtψonGoνGmultψlμptonGμvμntsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_S}μVGPUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 65

415 lτ≥rπμγTp≥rtψαlμGnuαlμ≥rGmoγψνψα≥tψonGν≥αtorsGψnGybybG≥nγGpybGαollψsψonsG≥tGOG
sqrt{s−{m≥tτrm{w}dm≥tτrm{w}}}f]UWYGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 64

414 vμ≥surμmμntGoνGtτμGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGγψlμptonG
ατ≥nnμlGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 64

413 |μ≥rατGνorGτψπτTm≥ssGrμson≥nαμsGψnGγψlμptonGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 63

412 nxtr≥αtψonG≥nγGv≥lψγ≥tψonGoνG≥GnμwGsμtGoνGlv|Gpytτψ≥aGtunμsGνromGunγμrlyψnπTμvμntGmμ≥surμmμntsUG
EuropeanuPhysicaluJournaluCSG2020SGaWSG[ 4.2 61

411 |tuγyGoνGγoublμGp≥rtonGsα≥ttμrψnπGusψnπG’GRGYTjμtGμvμntsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}GPGfG_G
}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 61

410 |μ≥rατGνorG≥Gατ≥rπμγGqψππsGbosonGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2015SGYWX]SGX 5.4 61
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409 |tuγψμsGoνG≥zψmutτ≥lGγψτ≥γronGαorrμl≥tψonsGψnGultr≥Tαμntr≥lGybybGαollψsψonsG≥tGOGsqrt{{{s−{wwG}}}}GPG
fYU_^G}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 60

408 |μ≥rατGνorGm≥ssψvμGrμson≥nαμsGγμα≥yψnπGψntoGp≥ψrsGoνGboostμγGbosonsGψnGsμmψTlμptonψαGνψn≥lGst≥tμsG
≥tGOGsqrt{s}GPGfGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 59

407 |upprμssψonG≥nγG≥zψmutτ≥lG≥nψsotropyGoνGpromptG≥nγGnonpromptG oormul≥cGsμμGtμxt]GproγuαtψonGψnG
ybybGαollψsψonsG≥tG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2017SG__SGY]Y 4.2 58

406 |μ≥rατGνorG≥nom≥lousGOGtovμrlψnμGtGPGproγuαtψonGψnGtτμGτψπτlyTboostμγG≥llTτ≥γronψαGνψn≥lGst≥tμUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 57

405 |tuγyGoνGμxαlusψvμGtwoTpτotonGproγuαtψonGoνG’R’â��GψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVG≥nγG
αonstr≥ψntsGonG≥nom≥lousGqu≥rtψαGπ≥uπμGαouplψnπsUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 56

404 vμ≥surμmμntGoνGtτμG’R’â��GαrossGsμαtψonGψnGppGαollψsψonsG≥tGOsqrt{s}GfG_mbox{G}μV}PG≥nγGlψmψtsGonG
≥nom≥lousG’’˛‡G≥nγG’’–GαouplψnπsUGEuropeanuPhysicaluJournaluCSG2013SG_ZSGX 4.2 56

403 uonπTr≥nπμG≥nγGsτortTr≥nπμGγψτ≥γronG≥nπul≥rGαorrμl≥tψonsGψnGαμntr≥lGybybGαollψsψonsG≥tGOGsqrtG
{{{s−{tμxt{ww}}}}}GPGfGYU_^G}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 56

402 |μ≥rατGνorG≥Gst≥nγ≥rγGmoγμlGqψππsGbosonGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GtopTqu≥rkGp≥ψrG≥nγG
γμα≥yψnπGtoGbottomGqu≥rksGusψnπG≥Gm≥trψxGμlμmμntGmμtτoγUGEuropeanuPhysicaluJournaluCSG2015SG_]SGY]X 4.2 55

401 |μ≥rατGνorGnμwGpτμnomμn≥GwψtτGtτμGv≥rψ≥blμGψnGtτμG≥llTτ≥γronψαGνψn≥lGst≥tμGproγuαμγGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2017SG__SG_XW 4.2 54

400 |μ≥rατGνorGOG{tμxt{k}}−{tμxt{s}}ℓWGPGTgG˛…GRG˛…Gâ��G≥nγGkWGTgG˛…GRG˛…Gâ��Gγμα≥ysUGJournaluofuHighuEnergyuPhysicsSG
2012SGYWXYSGX 5.4 52

399 vμ≥surμmμntsGoνGγψννμrμntψ≥lG≥nγGγoublμTγψννμrμntψ≥lGmrμllT”≥nGαrossGsμαtψonsGψnGprotonTprotonG
αollψsψonsG≥tG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SGX[_ 4.2 50

398
vμ≥surμmμntGoνGtτμGr≥tψoGoνGtτμGψnαlusψvμGZTjμtGαrossGsμαtψonGtoGtτμGψnαlusψvμGYTjμtGαrossGsμαtψonGψnG
ppGαollψsψonsG≥tGOsqrt{s}GfG_Gm≥tτrm{}μV}PG≥nγGνψrstGγμtμrmψn≥tψonGoνGtτμGstronπGαouplψnπGαonst≥ntGψnG
tτμG}μVGr≥nπμUGEuropeanuPhysicaluJournaluCSG2013SG_ZSGX

4.2 50

397
|μ≥rατGνorGn≥rrowG≥nγGbro≥γGγψjμtGrμson≥nαμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVG≥nγG
αonstr≥ψntsGonGγ≥rkGm≥ttμrGmμγψ≥torsG≥nγGotτμrGnμwGp≥rtψαlμsUGJournaluofuHighuEnergyuPhysicsSG2018SG
YWXaSGX

5.4 50

396 |μ≥rατGνorG≥Gst≥nγ≥rγTmoγμlTlψkμGqψππsGbosonGwψtτG≥Gm≥ssGψnGtτμGr≥nπμGX[]GtoGXWWWGpμVG≥tGtτμGuqlUG
EuropeanuPhysicaluJournaluCSG2013SG_ZSGY[^b 4.2 49

395 wuαlμ≥rGμννμαtsGonGtτμGtr≥nsvμrsμGmomμntumGspμαtr≥GoνGατ≥rπμγGp≥rtψαlμsGψnGpybGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SGYZ_ 4.2 48

394 vμ≥surμmμntGoνGtτμGtTατ≥nnμlGsψnπlμTtopTqu≥rkGproγuαtψonGαrossGsμαtψonG≥nγGoνGtτμG|VGtb|GltvG
m≥trψxGμlμmμntGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 48

393 vμ≥surμmμntGoνGtτμGOG{{rmGt}b≥r{rmGt}}GPGproγuαtψonGαrossGsμαtψonG≥nγGtτμGtopGqu≥rkGm≥ssGψnGtτμG
γψlμptonGατ≥nnμlGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 48

392 |μ≥rατGνorGγ≥rkGm≥ttμrGproγuαμγGwψtτG≥nGμnμrπμtψαGjμtGorG≥Gτ≥γronψα≥llyGγμα≥yψnπG’GorG–GbosonG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 46

(2017-2014)
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391 vμ≥surμmμntGoνGtτμGrμl≥tψvμGpromptGproγuαtψonGr≥tμGoνG≥nγGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UG
EuropeanuPhysicaluJournaluCSG2012SG_YSGYY]X 4.2 46

390 |μ≥rατGνorGnμwGpτysψαsGwψtτGs≥mμTsψπnGψsol≥tμγGγψlμptonGμvμntsGwψtτGjμtsG≥nγGmψssψnπGtr≥nsvμrsμG
μnμrπyG≥tGtτμGuqlUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 46

389 |μ≥rατGνorGnμwGpτysψαsGwψtτGjμtsG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 46

388 lombψnμγGsμ≥rατGνorGμlμαtrowμ≥kGproγuαtψonGoνGατ≥rπψnosG≥nγGnμutr≥lψnosGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 45

387 nxαlusψvμG˛‡˛‡GTgG˛…GRG˛…Gâ��GproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tGOGsqrtG{s}GfG{_}GPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2012SGYWXYSGX 5.4 45

386 |μ≥rατGνorGtτμG≥ssoαψ≥tμγGproγuαtψonGoνGtτμGqψππsGbosonGwψtτG≥GtopTqu≥rkGp≥ψrUGJournaluofuHighu
EnergyuPhysicsSG2014SGYWX[SGX 5.4 45

385
|μ≥rατGνorGμxαlusψvμGorGsμmψTμxαlusψvμG˛‡˛‡GproγuαtψonG≥nγGobsμrv≥tψonGoνGμxαlusψvμG≥nγG
sμmψTμxαlusψvμGμRμâ��GproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2012SGYWXYSGX

5.4 45

384 vμ≥surμmμntGoνGtτμGsumGoνG’’G≥nγG’–GproγuαtψonGwψtτG’RγψjμtGμvμntsGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2013SG_ZSGYYaZ 4.2 45

383 vμ≥surμmμntGoνGtτμG“OZa_YPGproγuαtψonGαrossGsμαtψonGvψ≥Gγμα≥ysGtoGsVˇ�ˇ�GRGˇ�Gâ��GψnGppGαollψsψonsG≥tGOG
sqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 44

382 |μ≥rατGνorGτμ≥vyGbottomTlψkμGqu≥rksGψnG[UbGνbâ��XGoνGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2012SGYWXYSGX 5.4 44

381 lτ≥rπμγGp≥rtψαlμGtr≥nsvμrsμGmomμntumGspμαtr≥GψnGppGαollψsψonsG≥tGOGsqrtG{s}GfGWUbGPG≥nγG_G}μVUG
JournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 44

380 vμ≥surμmμntGoνGtτμGOGtovμrlψnμ{t}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGγψlμptonGατ≥nnμlGψnGppGαollψsψonsG
≥tGOGsqrt{s}GPGfGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 43

379 vμ≥surμmμntGoνGtτμGγψννμrμntψ≥lG≥nγGγoublμTγψννμrμntψ≥lGmrμllT”≥nGαrossGsμαtψonsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}GPGfG_G}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 43

378 |μ≥rατGνorGlμptonψαGγμα≥ysGoνG’hGbosonsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG{_}GPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2012SGYWXYSGX 5.4 43

377 nvμntG≥αtψvψtyGγμpμnγμnαμGoνGOG”GPOn|PGproγuαtψonGψnGOGsqrt{{{s−{wwG}}}}GPGfG]UWYG}μVGpybG≥nγGOGsqrt{s}GPG
fGYU_^G}μVGppGαollψsψonsUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 42

376 |μ≥rατGνorG≥γγψtψon≥lGnμutr≥lGv||vGqψππsGbosonsGψnGtτμGˇ�Gˇ�Gνψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG≥tG
OGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 42

375
vμ≥surμmμntGoνGtτμGψnαlusψvμGZTjμtGproγuαtψonGγψννμrμntψ≥lGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsG
≥tG_G}μV´ ≥nγGγμtμrmψn≥tψonGoνGtτμGstronπGαouplψnπGαonst≥ntGψnGtτμG}μV´ r≥nπμUGEuropeanuPhysicalu
JournaluCSG2015SG_]SGXa^

4.2 41

374 vμ≥surμmμntGoνGpromptGsVˇ�Gp≥ψrGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfG_G}μvUGJournaluofuHighu
EnergyuPhysicsSG2014SGYWX[SGX 5.4 41
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373 |μ≥rατGνorGμlμαtrowμ≥kGproγuαtψonGoνGατ≥rπψnosG≥nγGnμutr≥lψnosGusψnπGlμptonψαGνψn≥lGst≥tμsGψnGppG
αollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 41

372 vμ≥surμmμntGoνGtτμGψnμl≥stψαGprotonTprotonGαrossGsμαtψonG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2018SGYWXaSGX 5.4 41

371 |μ≥rατGνorGμlμαtrowμ≥kGproγuαtψonGoνGατ≥rπψnosG≥nγGnμutr≥lψnosGψnGmultψlμptonGνψn≥lGst≥tμsGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 40

370 |tuγψμsGoνGjμtGm≥ssGψnGγψjμtG≥nγG’V–GRGjμtGμvμntsUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 39

369 |tuγyGoνGtτμGunγμrlyψnπGμvμntG≥tGνorw≥rγGr≥pψγψtyGψnGppGαollψsψonsG≥tGOG
sqrt{s}fWUbSYU_^Sdm≥tτrm{≥nγ}d_dm≥tτrm{}μV}GPUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 39

368 vμ≥surμmμntGoνGtτμG––GproγuαtψonGαrossGsμαtψonG≥nγGsμ≥rατGνorG≥nom≥lousGαouplψnπsGψnGYâ��Yâ��hGνψn≥lG
st≥tμsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 39

367 |μ≥rατGνorGs≥mμTsψπnGtopTqu≥rkGp≥ψrGproγuαtψonG≥tGOGsqrtG{s}GfG_GPG}μVG≥nγGlψmψtsGonGνl≥vourGατ≥nπψnπG
nμutr≥lGαurrμntsGψnGtτμGtopGsμαtorUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 39

366 |μ≥rατGνorGn≥tur≥lG≥nγGsplψtGsupμrsymmμtryGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVGψnGνψn≥lG
st≥tμsGwψtτGjμtsG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 39

365 |μ≥rατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGs≥mμTsψπnGγψlμptonsG≥nγGjμtsGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfGaG
}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 38

364 |μ≥rατGνorGmψαrosαopψαGbl≥αkGτolμsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysics
SG2013SGYWXZSGX 5.4 38

363 vμ≥surμmμntGoνGtτμGlμptonGατ≥rπμG≥symmμtryGψnGψnαlusψvμG’GproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrtG{s}G
fG_d{tμxt{}μV}}GPUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 38

362 vμ≥surμmμntGoνGtτμG oormul≥cGsμμGtμxt]GαrossGsμαtψonGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]G}μV≥nγG
lψmψtsGonG≥nom≥lousGπ≥uπμGαouplψnπsUGEuropeanuPhysicaluJournaluCSG2016SG_^SG[WX 4.2 38

361
lonstr≥ψntsGonGp≥rtonGγψstrψbutψonGνunαtψonsG≥nγGμxtr≥αtψonGoνGtτμGstronπGαouplψnπGαonst≥ntGνromG
tτμGψnαlusψvμGjμtGαrossGsμαtψonGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanu
PhysicaluJournaluCSG2015SG_]SGYaa

4.2 37

360 vμ≥surμmμntGoνGtτμGγψννμrμntψ≥lGαrossGsμαtψonG≥nγGατ≥rπμG≥symmμtryGνorGψnαlusψvμG oormul≥cGsμμG
tμxt]GproγuαtψonG≥tG oormul≥cGsμμGtμxt]G}μVUGEuropeanuPhysicaluJournaluCSG2016SG_^SG[^b 4.2 37

359 vμ≥surμmμntGoνG≥ssoαψ≥tμγG’GRGατ≥rmGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfG_G}μVUGJournaluofu
HighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 37

358 sμtGproγuαtψonGr≥tμsGψnG≥ssoαψ≥tψonGwψtτG’G≥nγG–GbosonsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_G{tμxt{}μV}}GPUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 37

357 vμ≥surμmμntGoνGm≥ssμsGψnGtτμG oormul≥cGsμμGtμxt]GsystμmGbyGkψnμm≥tψαGμnγpoψntsGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2013SG_ZSGY[b[ 4.2 37

356 |μ≥rατGνorGn≥rrowGrμson≥nαμsG≥nγGqu≥ntumGbl≥αkGτolμsGψnGψnαlusψvμG≥nγGbTt≥ππμγGγψjμtGm≥ssGspμαtr≥G
νromGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 37

(2013-2012)
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355 vμ≥surμmμntGoνGpsμuγor≥pψγψtyGγψstrψbutψonsGoνGατ≥rπμγGp≥rtψαlμsGψnGprotonâ��protonGαollψsψonsG≥tG
Osqrt{s}GfGaPG}μVGbyGtτμGlv|G≥nγG}x}nvGμxpμrψmμntsUGEuropeanuPhysicaluJournaluCSG2014SG_[SGX 4.2 37

354 vμ≥surμmμntsGoνGqψππsGbosonGpropμrtψμsGψnGtτμGγψpτotonGγμα≥yGατ≥nnμlGψnGprotonTprotonGαollψsψonsG
≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 37

353 vμ≥surμmμntGoνGpromptG≥nγGnonpromptGατ≥rmonψumGsupprμssψonGψnGαollψsψonsG≥tG]UWYUGEuropeanu
PhysicaluJournaluCSG2018SG_aSG]Wb 4.2 37

352 vμ≥surμmμntGoνGtτμGtopTqu≥rkGm≥ssGψnGOm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}PGμvμntsGwψtτGγψlμptonGνψn≥lG
st≥tμsGψnGppGαollψsψonsG≥tGOsqrt{s}f_Gmbox{}μV}PUGEuropeanuPhysicaluJournaluCSG2012SG_YSGX 4.2 36

351 oψrstGmμ≥surμmμntGoνGtτμGunγμrlyψnπGμvμntG≥αtψvψtyG≥tGtτμGuqlGwψtτGOsqrt{s}GfGWUbPG}μVUGEuropeanu
PhysicaluJournaluCSG2010SG_WSG]]]T]_Y 4.2 36

350 vμ≥surμmμntGoνGtτμGγoublμTγψννμrμntψ≥lGψnαlusψvμGjμtGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SG[]X 4.2 36

349 |μ≥rατGνorGγψs≥ppμ≥rψnπGtr≥αksGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2015SGYWX]SGX 5.4 35

348 vμ≥surμmμntGoνGγψννμrμntψ≥lGαrossGsμαtψonsGνorGqψππsGbosonGproγuαtψonGψnGtτμGγψpτotonGγμα≥yG
ατ≥nnμlGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SGXZ 4.2 35

347 |μ≥rατGνorGtτμGst≥nγ≥rγGmoγμlGqψππsGbosonGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GtopTqu≥rkGp≥ψrGψnGppG
αollψsψonsG≥tGtτμGuqlUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 35

346
|μ≥rατGνorGtτψrγTπμnμr≥tψonGsα≥l≥rGlμptoqu≥rksG≥nγGτμ≥vyGrψπτtTτ≥nγμγGnμutrψnosGψnGνψn≥lGst≥tμsGwψtτG
twoGt≥uGlμptonsG≥nγGtwoGjμtsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2017SGYWX_SGX

5.4 35

345
vμ≥surμmμntGoνGtτμGOm≥tτrm{{tb≥r{t}}}PGproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsG≥tGOsqrt{s}f_PG}μVG
usψnπGtτμGkψnμm≥tψαGpropμrtψμsGoνGμvμntsGwψtτGlμptonsG≥nγGjμtsUGEuropeanuPhysicaluJournaluCSG2011SG
_XSGX

4.2 35

344
vμ≥surμmμntG≥nγGzlmG≥n≥lysψsGoνGγoublμTγψννμrμntψ≥lGψnαlusψvμGjμtGαrossGsμαtψonsGψnGppGαollψsψonsG≥tG
OGsqrt{s}faGPG}μVG≥nγGαrossGsμαtψonGr≥tψosGtoGYU_^G≥nγG_G}μVUGJournaluofuHighuEnergyuPhysicsSG2017SG
YWX_SGX

5.4 34

343 |μ≥rατGνorGnμwGpτysψαsGψnGs≥mμTsψπnGγψlμptonGμvμntsGψnGprotonTprotonGαollψsψonsG≥tG oormul≥cGsμμG
tμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SG[Zb 4.2 34

342 |μ≥rατGνorGmψαrosαopψαGbl≥αkGτolμsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG{tμxt{_}μV}}GPUGJournaluofuHighu
EnergyuPhysicsSG2012SGYWXYSGX 5.4 34

341 |μ≥rατGνorGτμ≥vyGst≥blμGατ≥rπμγGp≥rtψαlμsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_d{tμxt{}μV}}GPUGJournaluofu
HighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 34

340 |μ≥rατGνorGγμα≥ysGoνGstoppμγGlonπTlψvμγGp≥rtψαlμsGproγuαμγGψnGprotonTprotonGαollψsψonsG≥tG oormul≥cG
sμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SGX]X 4.2 33

339 |μ≥rατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGs≥mμTsψπnGγψlμptonsG≥nγGbGjμtsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 33

338 |μ≥rατμsGνorGtτψrγTπμnμr≥tψonGsqu≥rkGproγuαtψonGψnGνullyGτ≥γronψαGνψn≥lGst≥tμsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 33
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337 |μ≥rατGνorG≥GlψπτtGατ≥rπμγGqψππsGbosonGγμα≥yψnπGtoGOGm≥tτrm{α}ovμrlψnμ{m≥tτrm{s}}GPGψnGppGαollψsψonsG
≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

336 rγμntψνψα≥tψonGtματnψquμsGνorGτψπτlyGboostμγG’GbosonsGtτ≥tGγμα≥yGψntoGτ≥γronsUGJournaluofuHighu
EnergyuPhysicsSG2014SGYWX[SGX 5.4 32

335 |μ≥rατGνorGrμson≥nαμsGψnGtτμGγψlμptonGm≥ssGγψstrψbutψonGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournalu
ofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 32

334 |μ≥rατGνorGsupμrsymmμtryGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVGψnGμvμntsGwψtτG≥GsψnπlμGlμptonSGjμtsSG
≥nγGmψssψnπGtr≥nsvμrsμGmomμntumUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 32

333 vμ≥surμmμntGoνGtτμGmrμllT”≥nGαrossGsμαtψonGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2011SGYWXXSGX 5.4 32

332 vμ≥surμmμntGoνGtτμGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGμ˛…Gατ≥nnμlGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 30

331 |μ≥rατGψnGlμptonψαGατ≥nnμlsGνorGτμ≥vyGrμson≥nαμsGγμα≥yψnπGtoGlonπTlψvμγGnμutr≥lGp≥rtψαlμsUGJournaluofu
HighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 30

330 rnαlusψvμGbTjμtGproγuαtψonGψnGppGαollψsψonsG≥tGOsqrtG{s}GfG_}μVPUGJournaluofuHighuEnergyuPhysicsSG2012SG
YWXYSGX 5.4 30

329 xbsμrv≥tψonGoνG–Gγμα≥ysGtoGνourGlμptonsGwψtτGtτμGlv|GγμtμαtorG≥tGtτμGuqlUGJournaluofuHighuEnergyu
PhysicsSG2012SGYWXYSGX 5.4 30

328 vμ≥surμmμntGoνGtτμGtopTqu≥rkGm≥ssGψnGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGμvμntsGwψtτGlμptonRjμtsG
νψn≥lGst≥tμsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 30

327 vμ≥surμmμntGoνGtτμGunγμrlyψnπGμvμntGψnGtτμGmrμllâ��”≥nGproαμssGψnGprotonâ��protonGαollψsψonsG≥tG
Osqrt{s}GfG_~mbox{}μV}PUGEuropeanuPhysicaluJournaluCSG2012SG_YSGX 4.2 30

326 vμ≥surμmμntsGoνGtτμGproγuαtψonGαrossGsμαtψonG≥nγGtτμGbr≥nατψnπGνr≥αtψonSG≥nγGαonstr≥ψntsGonG
≥nom≥lousGtrψplμGπ≥uπμGαouplψnπsG≥tUGEuropeanuPhysicaluJournaluCSG2018SG_aSGX^] 4.2 29

325 |μ≥rατGνorGsupμrsymmμtryGψnGνψn≥lGst≥tμsGwψtτGmψssψnπGtr≥nsvμrsμGμnμrπyG≥nγGWSGXSGYSGorGâ�¥ZGbTqu≥rkG
jμtsGψnG_G}μVGppGαollψsψonsGusψnπGtτμGv≥rψ≥blμG˛–G}UGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 29

324 xbsμrv≥tψonGoνG”OX|PGp≥ψrGproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2017SGYWX_SGX 5.4 29

323 vμ≥surμmμntGoνGtopGqu≥rkT≥ntψqu≥rkGp≥ψrGproγuαtψonGψnG≥ssoαψ≥tψonGwψtτG≥G’GorG–GbosonGψnGppG
αollψsψonsG≥tG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2014SG_[SGZW^W 4.2 29

322 vμ≥surμmμntGoνGγψννμrμntψ≥lGαrossGsμαtψonsGνorGtτμGproγuαtψonGoνG≥Gp≥ψrGoνGψsol≥tμγGpτotonsGψnGppG
αollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2014SG_[SGZXYb 4.2 29

321 |μ≥rατGνorGvμαtorTlψkμG}G≥nγGkGqu≥rkGp≥ψrsGψnGνψn≥lGst≥tμsGwψtτGlμptonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofu
HighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 29

320 |μ≥rατGνorGτμ≥vyGv≥jor≥n≥GnμutrψnosGψnGμ´–μ´–RGjμtsG≥nγGμ´–G˛…G´–RGjμtsGμvμntsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 28

(2016-2015)
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319 |μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτGbGjμtsG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumG≥tGtτμGuqlUG
JournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 28

318 |μ≥rατGνorGlowGm≥ssGvμαtorGrμson≥nαμsGγμα≥yψnπGψntoGqu≥rkT≥ntψqu≥rkGp≥ψrsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 28

317 vμ≥surμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonSGtτμGtopGqu≥rkGm≥ssSG≥nγGtτμGstronπGαouplψnπG
αonst≥ntGusψnπGγψlμptonGμvμntsGψnGppGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGZ^a 4.2 27

316 nvψγμnαμGνorGμxαlusψvμG˛‡˛‡GTgG’GRG’Gâ��GproγuαtψonG≥nγGαonstr≥ψntsGonG≥nom≥lousGqu≥rtψαGπ≥uπμG
αouplψnπsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 27

315 |τ≥pμSGtr≥nsvμrsμGsψzμSG≥nγGατ≥rπμγTτ≥γronGmultψplψαψtyGoνGjμtsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_d}μVGPUG
JournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 27

314 vμ≥surμmμntGoνGOG{tμxt{k}}ovμrlψnμG{tμxt{k}}GPG≥nπul≥rGαorrμl≥tψonsGb≥sμγGonGsμαonγ≥ryGvμrtμxG
rμαonstruαtψonG≥tGOGsqrtG{s}GfG_S{tμxt{}μV}}GPUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 27

313 vμ≥surμmμntGoνGpromptG≥nγGnonpromptG oormul≥cGsμμGtμxt]GproγuαtψonGψnG oormul≥cGsμμGtμxt]G≥nγG
 oormul≥cGsμμGtμxt]GαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2017SG__SGY^b 4.2 26

312 vμ≥surμmμntGoνGtτμGαrossGsμαtψonG≥nγG≥nπul≥rGαorrμl≥tψonsGνorG≥ssoαψ≥tμγGproγuαtψonGoνG≥G–GbosonG
wψtτGbGτ≥γronsGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfG_G}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 26

311
|μ≥rατGνorG≥nom≥lousG’tbGαouplψnπsG≥nγGνl≥vourTατ≥nπψnπGnμutr≥lGαurrμntsGψnGtTατ≥nnμlGsψnπlμGtopG
qu≥rkGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SG
YWX_SGX

5.4 26

310 |μ≥rατμsGνorGsupμrsymmμtryGusψnπGtτμGvG}YGv≥rψ≥blμGψnGτ≥γronψαGμvμntsGproγuαμγGψnGppGαollψsψonsG≥tG
aG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 26

309 |μ≥rατGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGψnGopposψtμTsψπnGγψlμptonGμvμntsGψnGppGαollψsψonsG≥tGOG
sqrtG{s}GfG_S{tμxt{}μV}}GPUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 26

308
vμ≥surμmμntGoνGtτμG’TbosonGτμlψαψtyGψnGtopTqu≥rkGγμα≥ysGνromGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPG
proγuαtψonGψnGlμptonRjμtsGμvμntsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2013SGYWXZSGX

5.4 25

307 |μ≥rατGνorGtopGsqu≥rkGp≥ψrGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVGusψnπGsψnπlμGlμptonG
μvμntsUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 25

306
vμ≥surμmμntsGoνGtτμG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]GproγuαtψonGαrossGsμαtψonsGψnGtτμG
 oormul≥cGsμμGtμxt]Gατ≥nnμlGψnGprotonTprotonGαollψsψonsG≥tG oormul≥cGsμμGtμxt]G≥nγG oormul≥cGsμμG
tμxt]G≥nγGαombψnμγGαonstr≥ψntsGonGtrψplμGπ≥uπμGαouplψnπsUGEuropeanuPhysicaluJournaluCSG2015SG_]SG]XX

4.2 25

305 |μ≥rατGνorGrμson≥ntGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGproγuαtψonGψnGlμptonRjμtsGμvμntsGψnGppG
αollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 25

304 |μ≥rατGνorGτμ≥vyGrμson≥nαμsGγμα≥yψnπGtoGtwoGqψππsGbosonsGψnGνψn≥lGst≥tμsGαont≥ψnψnπGνourGbGqu≥rksUG
EuropeanuPhysicaluJournaluCSG2016SG_^SGZ_X 4.2 25

303 vμ≥surμmμntGoνGtτμGwμ≥kGmψxψnπG≥nπlμGusψnπGtτμGνorw≥rγTb≥αkw≥rγG≥symmμtryGoνGmrμllT”≥nG
μvμntsGψnGαollψsψonsG≥tGaUGEuropeanuPhysicaluJournaluCSG2018SG_aSG_WX 4.2 25

302 |μ≥rατGνorGατ≥rπμγGqψππsGbosonsGψnGtτμGq´–GTgGˇ�´–˛‰ˇ�Gγμα≥yGατ≥nnμlGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 24
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301
lonstr≥ψntsGonGtτμGpv||vSGjv|kGmoγμlG≥nγGonGotτμrGmoγμlsGνromGtτμGsμ≥rατGνorGlonπTlψvμγG
ατ≥rπμγGp≥rtψαlμsGψnGprotonTprotonGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG
2015SG_]SGZY]

4.2 24

300 |μ≥rατGνorGproγuαtψonGoνGνourGtopGqu≥rksGψnGνψn≥lGst≥tμsGwψtτGs≥mμTsψπnGorGmultψplμGlμptonsGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2020SGaWSG_] 4.2 24

299 vμ≥surμmμntGoνGψnαlusψvμGjμtGproγuαtψonG≥nγGnuαlμ≥rGmoγψνψα≥tψonsGψnGpybGαollψsψonsG≥tG oormul≥cG
sμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SGZ_Y 4.2 24

298 sμtG≥nγGunγμrlyψnπGμvμntGpropμrtψμsG≥sG≥GνunαtψonGoνGατ≥rπμγTp≥rtψαlμGmultψplψαψtyGψnGprotonTprotonG
αollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2013SG_ZSGY^_[ 4.2 24

297 vμ≥surμmμntGoνGtτμG–V˛‡QGRGbTjμtGαrossGsμαtψonGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2012SGYWXYSGX 5.4 24

296 |μ≥rατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGs≥mμTsψπnGγψlμptonsG≥nγGbTt≥ππμγGjμtsGψnGppGαollψsψonsG≥tGOGsqrtG
{s}GfG_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 24

295 |μ≥rατGνorGtτμGst≥nγ≥rγGmoγμlGqψππsGbosonGψnGtτμGqGTgG––GTgGYâ��Y˛‰Gατ≥nnμlGψnGppGαollψsψonsG≥tGOGsqrtG
{tμxt{s}}GfG{_}d{tμxt{}μV}}GPUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 24

294 |μ≥rατGνorGγψs≥ppμ≥rψnπGtr≥αksG≥sG≥Gsψπn≥turμGoνGnμwGlonπTlψvμγGp≥rtψαlμsGψnGprotonTprotonGαollψsψonsG
≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 24

293 yμrνorm≥nαμGoνGtτμGlv|GuμvμlTXGtrψππμrGψnGprotonTprotonGαollψsψonsG≥tGâ��sGfGXZG}μVUGJournaluofu
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

292 |μ≥rατGνorG’hGTgGtbGγμα≥ysGψnGtτμGlμptonGRGjμtsGνψn≥lGst≥tμGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfGaG}μVUGJournalu
ofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 23

291 |μ≥rατGνorGtτψrγTπμnμr≥tψonGsα≥l≥rGlμptoqu≥rksGγμα≥yψnπGtoG≥GtopGqu≥rkG≥nγG≥GlμptonG≥tUGEuropeanu
PhysicaluJournaluCSG2018SG_aSG_W_ 4.2 23

290
nvψγμnαμGνorG≥ssoαψ≥tμγGproγuαtψonGoνG≥GqψππsGbosonGwψtτG≥GtopGqu≥rkGp≥ψrGψnGνψn≥lGst≥tμsGwψtτG
μlμαtronsSGmuonsSG≥nγGτ≥γronψα≥llyGγμα≥yψnπGˇ�GlμptonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2018SGYWXaSGX

5.4 23

289 vμ≥surμmμntGoνGtτμG oormul≥cGsμμGtμxt]GproγuαtψonGαrossGsμαtψonGusψnπGμvμntsGψnGtτμG oormul≥cGsμμG
tμxt]Gνψn≥lGst≥tμGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2017SG__SGX_Y 4.2 22

288 |μ≥rατGνorG≥GnμwGsα≥l≥rGrμson≥nαμGγμα≥yψnπGtoG≥Gp≥ψrGoνG–GbosonsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 22

287 |μ≥rατGνorGγ≥rkGm≥ttμrGproγuαμγGψnG≥ssoαψ≥tψonGwψtτGτμ≥vyTνl≥vorGqu≥rkGp≥ψrsGψnGprotonTprotonG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2017SG__SGa[] 4.2 22

286
|μ≥rατGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGψnGμvμntsGwψtτGtwoGlμptonsSGjμtsSG≥nγGmψssψnπG
tr≥nsvμrsμGmomμntumGψnGppGαollψsψonsG≥tGOGsqrt{s}GPGfGaG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SG
YWX]SGX

5.4 22

285 vμ≥surμmμntGoνGkosμTnψnstμψnGαorrμl≥tψonsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfGWUbGPG≥nγG_G}μVUGJournaluofu
HighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 22

284
vμ≥surμmμntGoνGtτμG’–GproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]G≥nγG
a oormul≥cGsμμGtμxt]G≥nγGsμ≥rατGνorG≥nom≥lousGtrψplμGπ≥uπμGαouplψnπsG≥tG oormul≥cGsμμGtμxt]UG
EuropeanuPhysicaluJournaluCSG2017SG__SGYZ^

4.2 21

(2017-2015)
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283
jGsμ≥rατGνorGnμwGpτμnomμn≥GψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]GψnGνψn≥lGst≥tμsGwψtτGmψssψnπG
tr≥nsvμrsμGmomμntumG≥nγG≥tGlμ≥stGonμGjμtGusψnπGtτμG oormul≥cGsμμGtμxt]Gv≥rψ≥blμUGEuropeanuPhysicalu
JournaluCSG2017SG__SGYb[

4.2 21

282 vμ≥surμmμntGoνGμlμαtrowμ≥kGproγuαtψonGoνGtwoGjμtsGψnG≥ssoαψ≥tψonGwψtτG≥G–GbosonGψnGprotonTprotonG
αollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SG^^ 4.2 21

281 lorrμl≥tψonsGbμtwμμnGjμtsG≥nγGατ≥rπμγGp≥rtψαlμsGψnGybybG≥nγGppGαollψsψonsG≥tGOG
sqrt{s−{m≥tτrm{ww}}}fYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 21

280 vμ≥surμmμntGoνGtτμG oormul≥cGsμμGtμxt]GproγuαtψonGαrossGsμαtψonGψnGtτμG≥llTjμtsGνψn≥lGst≥tμGψnGppG
αollψsψonsG≥tG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SGXYa 4.2 21

279 vμ≥surμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonsGνorG≥G–GbosonG≥nγGonμGorGmorμGbGjμtsGψnGppGαollψsψonsG
≥tGOGsqrt{s}GPGfG_G}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 21

278 vμ≥surμmμntGoνGtτμGtopTqu≥rkGm≥ssGψnG≥llTjμtsG oormul≥cGsμμGtμxt]GμvμntsGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]G}μVUGEuropeanuPhysicaluJournaluCSG2014SG_[SGY_]a 4.2 21

277 vμ≥surμmμntGoνGtτμGOm≥tτrm{t}b≥r{m≥tτrm{t}}PGproγuαtψonGαrossGsμαtψonGψnGtτμGˇ�RjμtsGατ≥nnμlGψnGppG
αollψsψonsG≥tGOsqrt{s}f_Gmbox{}μV}PUGEuropeanuPhysicaluJournaluCSG2013SG_ZSGX 4.2 21

276
|μ≥rατGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGψnGμvμntsGwψtτGtwoGlμptonsGoνGs≥mμGsψπnSGmψssψnπG
tr≥nsvμrsμGmomμntumSG≥nγGjμtsGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2017SG
__SG]_a

4.2 21

275 |μ≥rατGνorGlψπτtGbosonsGψnGγμα≥ysGoνGtτμGXY]GpμVGqψππsGbosonGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 21

274 |μ≥rατGνorG≥GqψππsGbosonGψnGtτμGγμα≥yGατ≥nnμlGqGTgG––OQPGTgGqOGovμrlψnμG{tμxt{q}}GPGâ��Gâ��Gâ��GRGψnGppGαollψsψonsG
≥tGOGsqrtG{s}GfG_GP}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 21

273 rnαlusψvμGbTτ≥γronGproγuαtψonGαrossGsμαtψonGwψtτGmuonsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_d{tμxt{}μV}}GPUG
JournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 21

272 |μ≥rατGνorGl≥rπμGμxtr≥GγψmμnsψonsGψnGtτμGγψpτotonGνψn≥lGst≥tμG≥tGtτμGu≥rπμGq≥γronGlollψγμrUGJournalu
ofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 21

271 vμ≥surμmμntGoνGtr≥nsvμrsμGmomμntumGrμl≥tψvμGtoGγψjμtGsystμmsGψnGybybG≥nγGppGαollψsψonsG≥tGOG
sqrt{s−{m≥tτrm{ww}}}fYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 21

270 |μ≥rατGνorGsupμrsymmμtryGψnGprotonTprotonGαollψsψonsG≥tGXZG}μVGψnGνψn≥lGst≥tμsGwψtτGjμtsG≥nγGmψssψnπG
tr≥nsvμrsμGmomμntumUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 21

269
vμ≥surμmμntGoνG oormul≥cGsμμGtμxt]GproγuαtψonGwψtτG≥γγψtψon≥lGjμtG≥αtψvψtySGψnαluγψnπG oormul≥cGsμμG
tμxt]Gqu≥rkGjμtsSGψnGtτμGγψlμptonGγμα≥yGατ≥nnμlGusψnπGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanu
PhysicaluJournaluCSG2016SG_^SGZ_b

4.2 20

268 |μ≥rατGνorGst≥nγ≥rγGmoγμlGproγuαtψonGoνGνourGtopGqu≥rksGwψtτGs≥mμTsψπnG≥nγGmultψlμptonGνψn≥lG
st≥tμsGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2018SG_aSGX[W 4.2 20

267 |μ≥rατGνorG≥Gτμ≥vyGpsμuγosα≥l≥rGbosonGγμα≥yψnπGtoG≥G–G≥nγG≥GqψππsGbosonG≥tUGEuropeanuPhysicalu
JournaluCSG2019SG_bSG]^[ 4.2 20

266 vμ≥surμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonGνorGp≥ψrsGoνGψsol≥tμγGpτotonsGψnGppGαollψsψonsG≥tGOGsqrtG
{s}GfG_d}μVGPUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 20

JameszWetzel

12



265
|μ≥rατGνorGp≥ψrGproγuαtψonGoνGvμαtorTlψkμG}G≥nγGkGqu≥rksGψnGsψnπlμTlμptonGνψn≥lGst≥tμsGusψnπGboostμγG
jμtGsubstruαturμGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2017SGYWX_SGX

5.4 20

264 |μ≥rατGνorGτμ≥vyGrμson≥nαμsGtτ≥tGγμα≥yGψntoG≥GvμαtorGbosonG≥nγG≥GqψππsGbosonGψnGτ≥γronψαGνψn≥lG
st≥tμsG≥tUGEuropeanuPhysicaluJournaluCSG2017SG__SG^Z^ 4.2 20

263 |μ≥rατGνorG≥nom≥lousGsψnπlμGtopGqu≥rkGproγuαtψonGψnG≥ssoαψ≥tψonGwψtτG≥GpτotonGψnGppGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 20

262 |μ≥rατGνorG≥Gτμ≥vyGrψπτtTτ≥nγμγG’GbosonG≥nγG≥Gτμ≥vyGnμutrψnoGψnGμvμntsGwψtτGtwoGs≥mμTνl≥vorG
lμptonsG≥nγGtwoGjμtsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 20

261
vμ≥surμmμntsGoνGtτμG oormul≥cGsμμGtμxt]GproγuαtψonGαrossGsμαtψonGψnGlμptonRjμtsGνψn≥lGst≥tμsGψnGppG
αollψsψonsG≥tGaG oormul≥cGsμμGtμxt]G≥nγGr≥tψoGoνGaGtoG_´  oormul≥cGsμμGtμxt]GαrossGsμαtψonsUGEuropeanu
PhysicaluJournaluCSG2017SG__SGX]

4.2 19

260 vμ≥surμmμntGoνGtτμG’GbosonGτμlψαψtyGψnGμvμntsGwψtτG≥GsψnπlμGrμαonstruαtμγGtopGqu≥rkGψnGppG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 19

259
|μ≥rατGνorGrμson≥ntG≥nγGnonrμson≥ntGqψππsGbosonGp≥ψrGproγuαtψonGψnGtτμGOG
m≥tτrm{b}ovμrlψnμ{m≥tτrm{b}}m≥tτψt{μllGnuGμllGnuG}GPGνψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX

5.4 19

258 |μ≥rατGνorGm≥ssψvμG’qGrμson≥nαμsGγμα≥yψnπGψntoGtτμG oormul≥cGsμμGtμxt]Gνψn≥lGst≥tμG≥tG oormul≥cGsμμG
tμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SGYZ_ 4.2 19

257 vμ≥surμmμntGoνGμxαlusψvμGpτotoproγuαtψonGνromGprotonsGψnGybGαollψsψonsG≥tUGEuropeanuPhysicalu
JournaluCSG2019SG_bSGY__ 4.2 19

256 |μ≥rατGνorGτμ≥vyGrμson≥nαμsGγμα≥yψnπGtoGt≥uGlμptonGp≥ψrsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZG
PG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 19

255 |μ≥rατGνorGm≥ssψvμGrμson≥nαμsGγμα≥yψnπGψntoG’’SG’–GorG––GbosonsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 19

254 |μ≥rατGνorGtτψrγTπμnμr≥tψonGsα≥l≥rGlμptoqu≥rksGψnGtτμGtˇ�Gατ≥nnμlGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 19

253 vμ≥surμmμntGoνGμnμrπyGνlowG≥tGl≥rπμGpsμuγor≥pψγψtψμsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfGWU{b}GPG≥nγG_G
}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 19

252 vμ≥surμmμntGoνGγψννμrμntψ≥lGαrossGsμαtψonsGνorGbosonGproγuαtψonGψnG≥ssoαψ≥tψonGwψtτGjμtsGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2018SG_aSGb^] 4.2 19

251 |μ≥rατGνorGnμwGpτysψαsGψnGγψjμtG≥nπul≥rGγψstrψbutψonsGusψnπGprotonTprotonGαollψsψonsG≥tG≥nγG
αonstr≥ψntsGonGγ≥rkGm≥ttμrG≥nγGotτμrGmoγμlsUGEuropeanuPhysicaluJournaluCSG2018SG_aSG_ab 4.2 19

250 |μ≥rατGνorGlμptonGνl≥vourGvψol≥tψnπGγμα≥ysGoνGtτμGqψππsGbosonGtoG˛…ˇ�G≥nγGμˇ�GψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 19

249 |μ≥rατGνorGvμαtorTlψkμGqu≥rksGψnGμvμntsGwψtτGtwoGopposψtμlyGατ≥rπμγGlμptonsG≥nγGjμtsGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGZ^[ 4.2 18

248 |tuγyGoνG–GproγuαtψonGψnGybybG≥nγGppGαollψsψonsG≥tGOGsqrt{s−{m≥tτrm{ww}}}fYU_^GPG}μVGψnGtτμGγψmuonG
≥nγGγψμlμαtronGγμα≥yGατ≥nnμlsUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 18

(2015-2017)
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247 xbsμrv≥tψonGoνGtopGqu≥rkGp≥ψrsGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GvμαtorGbosonGψnGppGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 18

246
|μ≥rατGνorGτμ≥vyGnμutrψnosG≥nγGtτψrγTπμnμr≥tψonGlμptoqu≥rksGψnGτ≥γronψαGst≥tμsGoνGtwoGˇ�GlμptonsG
≥nγGtwoGjμtsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SG
YWXbSGX

5.4 18

245 UGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 18

244 |μ≥rατGνorGγψrμαtGproγuαtψonGoνGsupμrsymmμtrψαGp≥rtnμrsGoνGtτμGtopGqu≥rkGψnGtτμG≥llTjμtsGνψn≥lGst≥tμG
ψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 18

243
|μ≥rατGνorGτμ≥vyGnμutrψnosGorGtτψrγTπμnμr≥tψonGlμptoqu≥rksGψnGνψn≥lGst≥tμsGwψtτGtwoGτ≥γronψα≥llyG
γμα≥yψnπGˇ�GlμptonsG≥nγGtwoGjμtsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2017SGYWX_SGX

5.4 18

242 |μ≥rατGνorGnμutr≥lGv||vGqψππsGbosonsGγμα≥yψnπGψntoG≥Gp≥ψrGoνGbottomGqu≥rksUGJournaluofuHighu
EnergyuPhysicsSG2015SGYWX]SGX 5.4 18

241 vμ≥surμmμntGoνGtτμGαrossGsμαtψonGνorGtopGqu≥rkGp≥ψrGproγuαtψonGψnG≥ssoαψ≥tψonGwψtτG≥G’GorG–GbosonG
ψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 18

240
|μ≥rατGνorGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}m≥tτrm{q}GPGproγuαtψonGψnGtτμGOGm≥tτrm{q}toG
m≥tτrm{b}ovμrlψnμ{m≥tτrm{b}}GPGγμα≥yGατ≥nnμlGwψtτGlμptonψαGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPG
γμα≥ysGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX

5.4 17

239 |μ≥rατGνorGnμwGpτysψαsGψnGμvμntsGwψtτG≥Glμptonψα≥llyGγμα≥yψnπG–GbosonG≥nγG≥Gl≥rπμGtr≥nsvμrsμG
momμntumGψmb≥l≥nαμGψnGprotonTprotonGαollψsψonsG≥tGfGXZUGEuropeanuPhysicaluJournaluCSG2018SG_aSGYbX 4.2 17

238 vμ≥surμmμntGoνGtτμGψnαlusψvμGjμtGαrossGsμαtψonGψnGppGαollψsψonsG≥tGOsqrt{s}GfGYU_^StμxtG{}μV}PUG
EuropeanuPhysicaluJournaluCSG2016SG_^SGX 4.2 17

237
|μ≥rατGνorGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGrμson≥nαμsGψnGτψπτlyGboostμγGlμptonRjμtsG≥nγGνullyG
τ≥γronψαGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2017SGYWX_SGX

5.4 17

236 |μ≥rατμsGνorGp≥ψrGproγuαtψonGoνGtτψrγTπμnμr≥tψonGsqu≥rksGψnG oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]G
ppGαollψsψonsUGEuropeanuPhysicaluJournaluCSG2017SG__SGZY_ 4.2 17

235 |μ≥rατGνorGtτμGproγuαtψonGoνGγ≥rkGm≥ttμrGψnG≥ssoαψ≥tψonGwψtτGtopTqu≥rkGp≥ψrsGψnGtτμGsψnπlμTlμptonG
νψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 17

234 |μ≥rατGνorGstoppμγGlonπTlψvμγGp≥rtψαlμsGproγuαμγGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG{tμxt{_}μV}}GPUGJournalu
ofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 17

233
{≥tψosGoνGγψjμtGproγuαtψonGαrossGsμαtψonsG≥sG≥GνunαtψonGoνGtτμG≥bsolutμGγψννμrμnαμGψnGr≥pψγψtyG
bμtwμμnGjμtsGψnGprotonâ��protonGαollψsψonsG≥tGOsqrt{s}GfG_Gm≥tτrm{}μV}PUGEuropeanuPhysicaluJournaluCSG
2012SG_YSGX

4.2 17

232 vμ≥surμmμntGoνGtτμGψnαlusψvμG–GαrossGsμαtψonGvψ≥Gγμα≥ysGtoGt≥uGp≥ψrsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 17

231
vμ≥surμmμntGoνGγoublμTγψννμrμntψ≥lGαrossGsμαtψonsGνorGtopGqu≥rkGp≥ψrGproγuαtψonGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]G≥nγGψmp≥αtGonGp≥rtonGγψstrψbutψonGνunαtψonsUGEuropeanu
PhysicaluJournaluCSG2017SG__SG[]b

4.2 16

230 |μ≥rατμsGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGwψtτGtτμGv≥rψ≥blμGψnGτ≥γronψαGνψn≥lGst≥tμsGwψtτG≥nγG
wψtτoutGγψs≥ppμ≥rψnπGtr≥αksGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2020SGaWSGZ 4.2 16

JameszWetzel
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229 |μ≥rατGνorGnμwGpτysψαsGwψtτGtτμGvG}YGv≥rψ≥blμGψnG≥llTjμtsGνψn≥lGst≥tμsGproγuαμγGψnGppGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 16

228
|μ≥rατGνorG≥GvμryGlψπτtGwv||vGqψππsGbosonGproγuαμγGψnGγμα≥ysGoνGtτμGXY]GpμVGsα≥l≥rGbosonG≥nγG
γμα≥yψnπGψntoGˇ�GlμptonsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SG
YWX^SGX

5.4 16

227 vμ≥surμmμntGoνG’–G≥nγG––GproγuαtψonGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]GψnGνψn≥lGst≥tμsGwψtτG
bTt≥ππμγGjμtsUGEuropeanuPhysicaluJournaluCSG2014SG_[SGYb_Z 4.2 16

226 |μ≥rατGνorGμxotψαGrμson≥nαμsGγμα≥yψnπGψntoG’–V––GψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofu
HighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 16

225 |μ≥rατGνorGvμαtorTlψkμG}Gqu≥rksGγμα≥yψnπGtoGtopGqu≥rksG≥nγGqψππsGbosonsGψnGtτμG≥llTτ≥γronψαGατ≥nnμlG
usψnπGjμtGsubstruαturμUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 16

224 |μ≥rατGνorGγ≥rkGm≥ttμrG≥nγGunp≥rtψαlμsGψnGμvμntsGwψtτG≥G–GbosonG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumG
ψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 16

223 |μ≥rατGνorG≥Gατ≥rπμγGqψππsGbosonGγμα≥yψnπGtoGατ≥rmG≥nγGbottomGqu≥rksGψnGprotonTprotonGαollψsψonsG
≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 16

222 |μ≥rατGνorGγ≥rkGm≥ttμrGψnGμvμntsGwψtτGμnμrπμtψαSGτ≥γronψα≥llyGγμα≥yψnπGtopGqu≥rksG≥nγGmψssψnπG
tr≥nsvμrsμGmomμntumG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 16

221
vμ≥surμmμntsGoνGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGγψννμrμntψ≥lGαrossGsμαtψonsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{m≥tτrm{s}}fXZGPG}μVGusψnπGμvμntsGαont≥ψnψnπGtwoGlμptonsUGJournaluofuHighuEnergyu
PhysicsSG2019SGYWXbSGX

5.4 15

220 vμ≥surμmμntsGoνGtτμG≥ssoαψ≥tμγGproγuαtψonGoνG≥G–GbosonG≥nγGbGjμtsGψnGppGαollψsψonsG≥tUGEuropeanu
PhysicaluJournaluCSG2017SG__SG_]X 4.2 15

219
vμ≥surμmμntGoνGγψννμrμntψ≥lG≥nγGψntμπr≥tμγGνψγuαψ≥lGαrossGsμαtψonsGνorGqψππsGbosonGproγuαtψonGψnG
tτμGνourTlμptonGγμα≥yGατ≥nnμlGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUGJournaluofuHighuEnergyu
PhysicsSG2016SGYWX^SGX

5.4 15

218 |μ≥rατGνorGnμwGp≥rtψαlμsGγμα≥yψnπGtoG≥GjμtG≥nγG≥nGμmμrπψnπGjμtUGJournaluofuHighuEnergyuPhysicsSG2019SG
YWXbSGX 5.4 15

217 vμ≥surμmμntGoνGtτμGtrψplμTγψννμrμntψ≥lGαrossGsμαtψonGνorGpτotonGRGjμtsGproγuαtψonGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}GPGfG_G}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 15

216 |μ≥rατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGpτotonsSGjμtsSG≥nγGmψssψnπGtr≥nsvμrsμGμnμrπyGψnGppGαollψsψonsG
≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 15

215 |μ≥rατGνorGsupμrsymmμtryGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]G}μVGψnGμvμntsGwψtτG≥GsψnπlμGlμptonSG
jμtsSG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumUGEuropeanuPhysicaluJournaluCSG2013SG_ZSGY[W[ 4.2 15

214 vμ≥surμmμntGoνGtτμGtr≥nsvμrsμGmomμntumGspμαtr≥GoνGwμ≥kGvμαtorGbosonsGproγuαμγGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 15

213 |μ≥rατGνorGst≥nγ≥rγGmoγμlGproγuαtψonGoνGνourGtopGqu≥rksGψnGtτμGlμptonGRGjμtsGατ≥nnμlGψnGppG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 15

212 |μ≥rατGνorGτψπτTm≥ssGrμson≥nαμsGψnGνψn≥lGst≥tμsGwψtτG≥GlμptonG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumG≥tG
OGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 15

(2018-2016)
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211 vμ≥surμmμntGoνGtτμGjμtGm≥ssGψnGτψπτlyGboostμγG oormul≥cGsμμGtμxt]GμvμntsGνromGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2017SG__SG[^_ 4.2 14

210 |μ≥rατGνorGτμ≥vyGv≥jor≥n≥GnμutrψnosGψnGs≥mμTsψπnGγψlμptonGατ≥nnμlsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 14

209 |μ≥rατGνorGγψrμαtGp≥ψrGproγuαtψonGoνGsupμrsymmμtrψαGtopGqu≥rksGγμα≥yψnπGtoG≥llTτ≥γronψαGνψn≥lGst≥tμsG
ψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SG[^W 4.2 14

208 |μ≥rατGνorG≥Gm≥ssψvμGrμson≥nαμGγμα≥yψnπGψntoG≥GqψππsGbosonG≥nγG≥G’GorG–GbosonGψnGτ≥γronψαGνψn≥lG
st≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 14

207 vμ≥surμmμntGoνGtτμGOGu≥mbγ≥−{m≥tτrm{b}}ℓWGPGlψνμtψmμGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournalu
ofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 14

206 vμ≥surμmμntGoνGtτμGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGproγuαtψonGαrossGsμαtψonGψnGtτμG≥llTjμtGνψn≥lG
st≥tμGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 14

205
vμ≥surμmμntGoνGtτμGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGproγuαtψonGαrossGsμαtψonGusψnπGμvμntsGwψtτG
onμGlμptonG≥nγG≥tGlμ≥stGonμGjμtGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2017SGYWX_SGX

5.4 14

204 |μ≥rατGνorGqψππsGbosonGoννTsτμllGproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tG_G≥nγGaG}μVG≥nγG
γμrψv≥tψonGoνGαonstr≥ψntsGonGψtsGtot≥lGγμα≥yGwψγtτUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 14

203
|μ≥rατGνorGnμwGpτμnomμn≥GψnGνψn≥lGst≥tμsGwψtτGtwoGopposψtμTατ≥rπμSGs≥mμTνl≥vorGlμptonsSGjμtsSG≥nγG
mψssψnπGtr≥nsvμrsμGmomμntumGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2018SGYWXaSGX

5.4 14

202
|μ≥rατGνorG≥nGμxotψαGγμα≥yGoνGtτμGqψππsGbosonGtoG≥Gp≥ψrGoνGlψπτtGpsμuγosα≥l≥rsGψnGtτμGνψn≥lGst≥tμGoνG
twoGmuonsG≥nγGtwoGˇ�GlμptonsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2018SGYWXaSGX

5.4 14

201 vμ≥surμmμntsGoνGtτμGγψννμrμntψ≥lGjμtGαrossGsμαtψonG≥sG≥GνunαtψonGoνGtτμGjμtGm≥ssGψnGγψjμtGμvμntsGνromG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 14

200 |μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτG≥Gˇ�GlμptonGp≥ψrG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 14

199
xbsμrv≥tψonGoνGprotonTt≥ππμγSGαμntr≥lGOsμmψPμxαlusψvμGproγuαtψonGoνGτψπτTm≥ssGlμptonGp≥ψrsGψnGppG
αollψsψonsG≥tGXZG}μVGwψtτGtτμGlv|T}x}nvGprμαψsψonGprotonGspμαtromμtμrUGJournaluofuHighuEnergyu
PhysicsSG2018SGYWXaSGX

5.4 14

198 |μ≥rατGνorGrμson≥ntGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 13

197
vμ≥surμmμntGoνGtτμGr≥tψoGoνGtτμGproγuαtψonGαrossGsμαtψonsGtψmμsGbr≥nατψnπGνr≥αtψonsGoνGkG´–αGGTgGsVˇ�ˇ�G
´–G≥nγGk´–GTgGsVˇ�tG´–G≥nγGOGm≥tτrm{m≥tτα≥l{k}}lμνtO{m≥tτrm{k}}−{m≥tτrm{α}}ℓ{pm}toGm≥tτrm{s}VpsψG
{pψ}ℓ{pmG}{pψ}ℓ{pmG}{pψ}ℓ{mp}rψπτtPVm≥tτrm{m≥tτα≥l{k}}lμνtO{m≥tτrm{k}}−{m≥tτrm{α}}ℓ{pm}toG
m≥tτrm{s}VpsψG{pψ}ℓ{pm}rψπτtPGPGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2015SGYWX]SGX

5.4 13

196 lonstr≥ψntsGonGtτμGγoublμTp≥rtonGsα≥ttμrψnπGαrossGsμαtψonGνromGs≥mμTsψπnG’GbosonGp≥ψrGproγuαtψonG
ψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 13

195 oorw≥rγTb≥αkw≥rγG≥symmμtryGoνGmrμllT”≥nGlμptonGp≥ψrsGψnGppGαollψsψonsG≥tG oormul≥cGsμμG
tμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2016SG_^SGZY] 4.2 13

194 vμ≥surμmμntGoνGμxαlusψvμG´ pτotoproγuαtψonGψnGultr≥pμrψpτμr≥lGpybGαollψsψonsG≥tUGEuropeanuPhysicalu
JournaluCSG2019SG_bSG_WY 4.2 13

JameszWetzel
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193 vμ≥surμmμntGoνGtτμGtopGqu≥rkGm≥ssGψnGtτμG≥llTjμtsGνψn≥lGst≥tμG≥tG≥nγGαombψn≥tψonGwψtτGtτμG
lμptonRjμtsGατ≥nnμlUGEuropeanuPhysicaluJournaluCSG2019SG_bSGZXZ 4.2 13

192 yrobψnπGαolorGαoτμrμnαμGμννμαtsGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG
2014SG_[SGYbWX 4.2 13

191 |μ≥rατGνorG≥GνμrmψopτobψαGqψππsGbosonGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2012SGYWXYSGX 5.4 13

190
vμ≥surμmμntGoνGtτμGψnαlusψvμGproγuαtψonGαrossGsμαtψonsGνorGνorw≥rγGjμtsG≥nγGνorGγψjμtGμvμntsGwψtτG
onμGνorw≥rγG≥nγGonμGαμntr≥lGjμtGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2012SGYWXYSGX

5.4 13

189 vμ≥surμmμntGoνGtτμGm≥ssGγψννμrμnαμGbμtwμμnGtopG≥nγG≥ntψtopGqu≥rksUGJournaluofuHighuEnergyu
PhysicsSG2012SGYWXYSGX 5.4 13

188
vμ≥surμmμntGoνGOτboxG{t}{b≥r{τboxG{t}}}PGnorm≥lψsμγGmultψTγψννμrμntψ≥lGαrossGsμαtψonsGψnGO{tμxtG
{p}}{tμxtG{p}}GPGαollψsψonsG≥tGOsqrt{s}fXZS{tμxtG{}μV}}GPSG≥nγGsψmult≥nμousGγμtμrmψn≥tψonGoνGtτμGstronπG
αouplψnπGstrμnπtτSGtopGqu≥rkGpolμGm≥ssSG≥nγGp≥rtonGγψstrψbutψonGνunαtψonsUGEuropeanuPhysicalu
JournaluCSG2020SGaWSGX

4.2 13

187 mμαomposψnπGtr≥nsvμrsμGmomμntumGb≥l≥nαμGαontrψbutψonsGνorGquμnατμγGjμtsGψnGybybGαollψsψonsG≥tGOG
sqrt{s−{m≥tτrm{w}dm≥tτrm{w}}}fYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 13

186 |μ≥rατGνorGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}m≥tτrm{q}GPGproγuαtψonGψnGtτμG≥llTjμtGνψn≥lGst≥tμGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 13

185 vμ≥surμmμntGoνGtτμGtopGqu≥rkGm≥ssGwψtτGlμptonRjμtsGνψn≥lGst≥tμsGusψnπGαollψsψonsG≥tUGEuropeanu
PhysicaluJournaluCSG2018SG_aSGabX 4.2 13

184 |μ≥rατGνorGγ≥rkGm≥ttμrGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GqψππsGbosonGγμα≥yψnπGtoG≥Gp≥ψrGoνGbottomG
qu≥rksGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGYaW 4.2 12

183 |μ≥rατGνorGγψrμαtGtopGsqu≥rkGp≥ψrGproγuαtψonGψnGμvμntsGwψtτGonμGlμptonSGjμtsSG≥nγGmψssψnπGtr≥nsvμrsμG
momμntumG≥tGXZG}μVGwψtτGtτμGlv|GμxpμrψmμntUGJournaluofuHighuEnergyuPhysicsSG2020SGYWYWSGX 5.4 12

182 vμ≥surμmμntGoνGnorm≥lψzμγGγψννμrμntψ≥lGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGαrossGsμαtψonsGψnGtτμG
γψlμptonGατ≥nnμlGνromGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 12

181 |μ≥rατGνorGτμ≥vyGqu≥rksGγμα≥yψnπGψntoG≥GtopGqu≥rkG≥nγG≥G’GorG–GbosonGusψnπGlμptonGRGjμtsGμvμntsGψnG
ppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX 5.4 12

180 |μ≥rατGνorGtopGqu≥rkGγμα≥ysGvψ≥GqψππsTbosonTmμγψ≥tμγGνl≥vorTατ≥nπψnπGnμutr≥lGαurrμntsGψnGppG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 12

179 |μ≥rατGνorGqu≥rkGαomposψtμnμssGψnGγψjμtG≥nπul≥rGγψstrψbutψonsGνromGppGαollψsψonsG≥tGOGsqrtG{s}GfG_{G}GPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 12

178 |μ≥rατGνorGtτψrγTπμnμr≥tψonGlμptoqu≥rksG≥nγGsα≥l≥rGbottomGqu≥rksGψnGppGαollψsψonsG≥tGOGsqrt{s}f_d}μVG
PUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 12

177 |μ≥rατGνorGlψπτtGrμson≥nαμsGγμα≥yψnπGψntoGp≥ψrsGoνGmuonsG≥sG≥Gsψπn≥lGoνGnμwGpτysψαsUGJournaluofuHighu
EnergyuPhysicsSG2011SGYWXXSGX 5.4 12

176
|μ≥rατμsGνorGp≥ψrGproγuαtψonGoνGατ≥rπψnosG≥nγGtopGsqu≥rksGψnGνψn≥lGst≥tμsGwψtτGtwoGopposψtμlyG
ατ≥rπμγGlμptonsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2018SGYWXaSGX

5.4 12

(2018-2019)
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175 |tuγψμsGoνG≥nγGmμsonsGψnαluγψnπGtτμGobsμrv≥tψonGoνGtτμGγμα≥yGψnGprotonTprotonGαollψsψonsG≥tUG
EuropeanuPhysicaluJournaluCSG2018SG_aSGbZb 4.2 12

174 nlμαtrowμ≥kGproγuαtψonGoνGtwoGjμtsGψnG≥ssoαψ≥tψonGwψtτG≥G–GbosonGψnGprotonâ��protonGαollψsψonsG≥tG
Osqrt{s}fGPGXZOStμxtG{}μV}PUGEuropeanuPhysicaluJournaluCSG2018SG_aSGX 4.2 12

173 |μ≥rατGνorGsψnπlμGproγuαtψonGoνGvμαtorTlψkμGqu≥rksGγμα≥yψnπGtoG≥GbGqu≥rkG≥nγG≥GqψππsGbosonUGJournalu
ofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 12

172 |μ≥rατGνorGnμwGpτysψαsGψnGtτμGmonopτotonGνψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 11

171 vμ≥surμmμntGoνG≥ssoαψ≥tμγG–GRGατ≥rmGproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicalu
JournaluCSG2018SG_aSGYa_ 4.2 11

170 yτμnomμnoloπψα≥lGv||vGψntμrprμt≥tψonGoνGlv|Gsμ≥rατμsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUG
JournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 11

169 vμ≥surμmμntGoνGjμtGmultψplψαψtyGγψstrψbutψonsGψnG oormul≥cGsμμGtμxt]GproγuαtψonGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2014SG_[SGZWX[ 4.2 11

168 vμ≥surμmμntsGoνGγψννμrμntψ≥lGproγuαtψonGαrossGsμαtψonsGνorG≥G–GbosonGψnG≥ssoαψ≥tψonGwψtτGjμtsGψnGppG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 11

167 |μ≥rατGνorGμlμαtrowμ≥kGproγuαtψonGoνGατ≥rπψnosG≥nγGnμutr≥lψnosGψnG’qGμvμntsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 11

166 |μ≥rατGνorGnμwGpτysψαsGwψtτGγψjμtG≥nπul≥rGγψstrψbutψonsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 11

165 |μ≥rατGνorGsupμrsymmμtryGψnGtτμGvμαtorTbosonGνusψonGtopoloπyGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 11

164 vμ≥surμmμntGoνGtτμGunγμrlyψnπGμvμntG≥αtψvψtyGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfGWUbGPG≥nγG_G}μVGwψtτGtτμG
novμlGjμtT≥rμ≥Vmμγψ≥nG≥ppro≥ατUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 11

163 oorw≥rγGμnμrπyGνlowSGαμntr≥lGατ≥rπμγTp≥rtψαlμGmultψplψαψtψμsSG≥nγGpsμuγor≥pψγψtyGπ≥psGψnG’G≥nγG–G
bosonGμvμntsGνromGppGαollψsψonsG≥tGOsqrt{s}fG_PG}μVUGEuropeanuPhysicaluJournaluCSG2012SG_YSGX 4.2 11

162 |μ≥rατGνorGtτμGst≥nγ≥rγGmoγμlGqψππsGbosonGψnGtτμGqGTgG––GTgGâ��Râ��â�� ˇ�Rˇ�â��Gγμα≥yGατ≥nnμlGψnGppGαollψsψonsG≥tG
OGsqrtG{s}GfG{_}d{tμxt{}μV}}GPUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 11

161 vμ≥surμmμntsGoνGγψννμrμntψ≥lG–GbosonGproγuαtψonGαrossGsμαtψonsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}GPGfGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 11

160 yμrνorm≥nαμGoνGtτμGrμαonstruαtψonG≥nγGψγμntψνψα≥tψonGoνGτψπτTmomμntumGmuonsGψnGprotonTprotonG
αollψsψonsG≥tGâ��sGfGXZG}μVUGJournaluofuInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

159 lτ≥rπμγTp≥rtψαlμGnuαlμ≥rGmoγψνψα≥tψonGν≥αtorsGψnG“μ“μGαollψsψonsG≥tGOGsqrt{s−{m≥tτrm{ww}}}GfG]U[[GPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 11

158 |μ≥rατGνorG–˛‡Grμson≥nαμsGusψnπGlμptonψαG≥nγGτ≥γronψαGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 11

JameszWetzel
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157 |μ≥rατGνorGtτμGγμα≥yGoνG≥GqψππsGbosonGψnGtτμGâ��â�� ˛‡Gατ≥nnμlGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 11

156
|μ≥rατGνorGbμyonγGtτμGst≥nγ≥rγGmoγμlGqψππsGbosonsGγμα≥yψnπGψntoG≥GOG
m≥tτrm{b}ovμrlψnμ{m≥tτrm{b}}GPGp≥ψrGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2018SGYWXaSGX

5.4 11

155
vμ≥surμmμntsGoνGtτμGppGTgG’–GψnαlusψvμG≥nγGγψννμrμntψ≥lGproγuαtψonGαrossGsμαtψonsG≥nγGαonstr≥ψntsG
onGατ≥rπμγG≥nom≥lousGtrψplμGπ≥uπμGαouplψnπsG≥tGOGsqrt{s}GPGfGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG
2019SGYWXbSGX

5.4 10

154 jGmultψTγψmμnsψon≥lGsμ≥rατGνorGnμwGτμ≥vyGrμson≥nαμsGγμα≥yψnπGtoGboostμγGSGSGorGbosonGp≥ψrsGψnGtτμG
γψjμtGνψn≥lGst≥tμG≥tGXZ´ UGEuropeanuPhysicaluJournaluCSG2020SGaWSGYZ_ 4.2 10

153 vμ≥surμmμntGoνGtτμGtr≥nsvμrsμGmomμntumGspμαtrumGoνGtτμGqψππsGbosonGproγuαμγGψnGppGαollψsψonsG
≥tGOGsqrt{s}faGPG}μVGusψnπGqGTgG’’Gγμα≥ysUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 10

152 |μ≥rατGνorGμxαψtμγGlμptonsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2016SGYWX^SGX 5.4 10

151
vμ≥surμmμntGoνGtτμGτ≥γronψαG≥αtψvψtyGψnGμvμntsGwψtτG≥G–G≥nγGtwoGjμtsG≥nγGμxtr≥αtψonGoνGtτμGαrossG
sμαtψonGνorGtτμGμlμαtrowμ≥kGproγuαtψonGoνG≥G–GwψtτGtwoGjμtsGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUG
JournaluofuHighuEnergyuPhysicsSG2013SGYWXZSGX

5.4 10

150 |μ≥rατGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGψnGμvμntsGwψtτGlμptonsSGjμtsSG≥nγGl≥rπμGtr≥nsvμrsμG
momμntumGψmb≥l≥nαμGψnGppGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2013SG_ZSGY[bZ4.2 10

149 vμ≥surμmμntsGoνGjμtGατ≥rπμGwψtτGγψjμtGμvμntsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2017SGYWX_SGX 5.4 10

148 |μ≥rατGνorG≥ssoαψ≥tμγGproγuαtψonGoνG≥G–GbosonGwψtτG≥GsψnπlμGtopGqu≥rkG≥nγGνorGt–Gνl≥vourTατ≥nπψnπG
ψntμr≥αtψonsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 10

147
|μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτG≥tGlμ≥stGonμGpτotonSGmψssψnπGtr≥nsvμrsμGmomμntumSG≥nγG
l≥rπμGtr≥nsvμrsμGμvμntG≥αtψvψtyGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighu
EnergyuPhysicsSG2017SGYWX_SGX

5.4 10

146 |μ≥rατGνorGnμwGpτysψαsGwψtτGlonπTlψvμγGp≥rtψαlμsGγμα≥yψnπGtoGpτotonsG≥nγGmψssψnπGμnμrπyGψnGppG
αollψsψonsG≥tGOGsqrt{s}f_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 10

145 |μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτG≥GlμptonSG≥GpτotonSG≥nγGl≥rπμGmψssψnπGtr≥nsvμrsμGμnμrπyGψnG
ppGαollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2011SGYWXXSGX 5.4 10

144 |μ≥rατGνorGtτμG≥ssoαψ≥tμγGproγuαtψonGoνG≥GqψππsGbosonGwψtτG≥GsψnπlμGtopGqu≥rkGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 10

143 |μ≥rατGνorGrμson≥ntGp≥ψrGproγuαtψonGoνGqψππsGbosonsGγμα≥yψnπGtoGbottomGqu≥rkT≥ntψqu≥rkGp≥ψrsGψnG
protonTprotonGαollψsψonsG≥tGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 10

142
vμ≥surμmμntsGoνGγψννμrμntψ≥lGαrossGsμαtψonsGoνGtopGqu≥rkGp≥ψrGproγuαtψonG≥sG≥GνunαtψonGoνGkψnμm≥tψαG
μvμntGv≥rψ≥blμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018
SGYWXaSGX

5.4 10

141 |μ≥rατGνorGnμwGpτysψαsGψnGνψn≥lGst≥tμsGwψtτG≥GsψnπlμGpτotonG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 9

140 |μ≥rατGνorGγ≥rkGm≥ttμrGψnGprotonTprotonGαollψsψonsG≥tGaG}μVGwψtτGmψssψnπGtr≥nsvμrsμGmomμntumG≥nγG
vμαtorGbosonGt≥ππμγGjμtsUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 9

(2016-2018)
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139 jzψmutτ≥lGγμαorrμl≥tψonGoνGjμtsGwψγμlyGsμp≥r≥tμγGψnGr≥pψγψtyGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG}μVUG
JournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 9

138 vμ≥surμmμntGoνGbGτ≥γronGlψνμtψmμsGψnGppGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2018SG_aSG[]_ 4.2 9

137 |μ≥rατGνorGtopGqu≥rkGp≥rtnμrsGwψtτGατ≥rπμG]VZGψnGtτμGs≥mμTsψπnGγψlμptonG≥nγGsψnπlμTlμptonGνψn≥lG
st≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 9

136
|μ≥rατGνorG≥ssoαψ≥tμγGproγuαtψonGoνGγ≥rkGm≥ttμrGwψtτG≥GqψππsGbosonGγμα≥yψnπGtoGOG
m≥tτrm{b}ovμrlψnμ{m≥tτrm{b}}GPGorG˛‡˛‡G≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SG
YWX_SGX

5.4 9

135 |μ≥rατGνorGμlμαtrowμ≥kGproγuαtψonGoνG≥GvμαtorTlψkμGqu≥rkGγμα≥yψnπGtoG≥GtopGqu≥rkG≥nγG≥GqψππsGbosonG
usψnπGboostμγGtopoloπψμsGψnGνullyGτ≥γronψαGνψn≥lGst≥tμsUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 9

134
vμ≥surμmμntGoνGμlμαtrowμ≥kTψnγuαμγGproγuαtψonGoνG’˛‡GwψtτGtwoGjμtsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG
}μVG≥nγGαonstr≥ψntsGonG≥nom≥lousGqu≥rtψαGπ≥uπμGαouplψnπsUGJournaluofuHighuEnergyuPhysicsSG2017SG
YWX_SGX

5.4 9

133
|μ≥rατGνorGlμptonGνl≥vourGvψol≥tψnπGγμα≥ysGoνGτμ≥vyGrμson≥nαμsG≥nγGqu≥ntumGbl≥αkGτolμsGtoG≥nG
 oormul≥cGsμμGtμxt]Gp≥ψrGψnGprotonTprotonGαollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournalu
CSG2016SG_^SGZX_

4.2 9

132 |μ≥rατGνorGbl≥αkGτolμsG≥nγGspτ≥lμronsGψnGτψπτTmultψplψαψtyGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 9

131 vμ≥surμmμntGoνGατ≥rπμγGp≥rtψαlμGspμαtr≥GψnGmψnψmumTbψ≥sGμvμntsGνromGprotonTprotonGαollψsψonsG≥tUG
EuropeanuPhysicaluJournaluCSG2018SG_aSG^b_ 4.2 9

130
|μ≥rατGνorG≥GsψnπlyGproγuαμγGtτψrγTπμnμr≥tψonGsα≥l≥rGlμptoqu≥rkGγμα≥yψnπGtoG≥Gˇ�GlμptonG≥nγG≥G
bottomGqu≥rkGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SG
YWXaSGX

5.4 9

129
|μ≥rατGνorGsupμrsymmμtryGwψtτG≥GαomprμssμγGm≥ssGspμαtrumGψnGtτμGvμαtorGbosonGνusψonGtopoloπyG
wψtτGXTlμptonG≥nγGWTlμptonGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}GPGfGXZG}μVUGJournaluofu
HighuEnergyuPhysicsSG2019SGYWXbSGX

5.4 8

128 |μ≥rατGνorGαont≥αtGψntμr≥αtψonsG≥nγGl≥rπμGμxtr≥GγψmμnsψonsGψnGtτμGγψlμptonGm≥ssGspμαtr≥GνromG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 8

127
vμ≥surμmμntGoνGψnαlusψvμG≥nγGγψννμrμntψ≥lGqψππsGbosonGproγuαtψonGαrossGsμαtψonsGψnGtτμGγψpτotonG
γμα≥yGατ≥nnμlGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SG
YWXbSGX

5.4 8

126 vμ≥surμmμntGoνGtopGqu≥rkGp≥ψrGproγuαtψonGψnG≥ssoαψ≥tψonGwψtτG≥G–GbosonGψnGprotonTprotonGαollψsψonsG
≥tGOGsqrt{m≥tτrm{s}}GPGfGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2020SGYWYWSGX 5.4 8

125 lomp≥rψnπGtr≥nsvμrsμGmomμntumGb≥l≥nαμGoνGbGjμtGp≥ψrsGψnGppG≥nγGybybGαollψsψonsG≥tGOG
sqrt{s−{m≥tτrm{ww}}}f]UWYGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 8

124 |μ≥rατGνorGsGατ≥nnμlGsψnπlμGtopGqu≥rkGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}f_GPG≥nγGaG}μVUGJournaluofu
HighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 8

123 |μ≥rατGνorGγ≥rkGm≥ttμrGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GsψnπlμGtopGqu≥rkGorG≥GtopGqu≥rkGp≥ψrGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 8

122 |μ≥rατGνorGsψnπlμGproγuαtψonGoνGvμαtorTlψkμGqu≥rksGγμα≥yψnπGtoG≥G–GbosonG≥nγG≥GtopGorG≥GbottomG
qu≥rkGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 8
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121 vμ≥surμmμntGoνGtτμGtopGqu≥rkGm≥ssGusψnπGsψnπlμGtopGqu≥rkGμvμntsGψnGprotonTprotonGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt]´ }μVUGEuropeanuPhysicaluJournaluCSG2017SG__SGZ][ 4.2 8

120 vμ≥surμmμntGoνGtτμGtrψplμTγψννμrμntψ≥lGγψjμtGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsG≥tG≥nγG
αonstr≥ψntsGonGp≥rtonGγψstrψbutψonGνunαtψonsUGEuropeanuPhysicaluJournaluCSG2017SG__SG_[^ 4.2 8

119 vμ≥surμmμntGoνGtτμGunγμrlyψnπGμvμntG≥αtψvψtyGψnGψnαlusψvμG–GbosonGproγuαtψonGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 8

118 |μ≥rατGνorGμlμαtrowμ≥kGproγuαtψonGoνGατ≥rπψnosGψnGνψn≥lGst≥tμsGwψtτGtwoGˇ�GlμptonsGψnGppGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 7

117 vμ≥surμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonGoνG≥G’´ bosonGψnG≥ssoαψ≥tψonGwψtτGtwoGbGjμtsGψnGppG
αollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2017SG__SGbY 4.2 7

116 vμ≥surμmμntGoνGtτμGμnμrπyGγμnsψtyG≥sG≥GνunαtψonGoνGpsμuγor≥pψγψtyGψnGprotonâ��protonGαollψsψonsG≥tG
Osqrt{s}GfXZStμxtG{}μV}GPUGEuropeanuPhysicaluJournaluCSG2019SG_bSGX 4.2 7

115 |μ≥rατGνorGr≥rμGγμα≥ysGoνG≥nγGqψππsGbosonsGtoG≥nγG≥GpτotonGψnGprotonTprotonGαollψsψonsG≥tGfGXZUG
EuropeanuPhysicaluJournaluCSG2019SG_bSGb[ 4.2 7

114 |μ≥rατGνorGproγuαtψonGoνGqψππsGbosonGp≥ψrsGψnGtτμGνourGbGqu≥rkGνψn≥lGst≥tμGusψnπGl≥rπμT≥rμ≥GjμtsGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 7

113 |μ≥rατGνorGτμ≥vyGrμson≥nαμsGγμα≥yψnπGψntoGtwoGqψππsGbosonsGorGψntoG≥GqψππsGbosonG≥nγG≥G’GorG–G
bosonGψnGprotonTprotonGαollψsψonsG≥tGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 7

112 |μ≥rατGνorGγ≥rkGm≥ttμrGp≥rtψαlμsGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GqψππsGbosonGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{m≥tτrm{s}}GPGfGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2020SGYWYWSGX 5.4 7

111 |μ≥rατGνorGsupμrsymmμtryGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVGψnGtτμGsψnπlμTlμptonGνψn≥lGst≥tμGusψnπG
tτμGsumGoνGm≥ssμsGoνGl≥rπμTr≥γψusGjμtsUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 7

110 vμ≥surμmμntGoνGtopGqu≥rkGpol≥rψs≥tψonGψnGtTατ≥nnμlGsψnπlμGtopGqu≥rkGproγuαtψonUGJournaluofuHighu
EnergyuPhysicsSG2016SGYWX^SGX 5.4 7

109 sμtGpropμrtψμsGψnGybybG≥nγGppGαollψsψonsG≥tGOGsqrt{s−{m≥tτrm{w}dm≥tτrm{w}}}f]UWYGPG}μVUGJournaluofu
HighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 7

108 vμ≥surμmμntGoνGtτμGsμmψlμptonψαGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGRG˛‡GproγuαtψonGαrossGsμαtψonGψnG
ppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 7

107 |μ≥rατμsGνorG’hGbosonsGγμα≥yψnπGtoG≥GtopGqu≥rkG≥nγG≥GbottomGqu≥rkGψnGprotonTprotonGαollψsψonsG≥tG
XZG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 7

106 |μ≥rατGνorG≥GlψπτtGpsμuγosα≥l≥rGqψππsGbosonGproγuαμγGψnG≥ssoαψ≥tψonGwψtτGbottomGqu≥rksGψnGppG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 7

105 vμ≥surμmμntGoνGtτμG–˛‡GproγuαtψonGαrossGsμαtψonGψnGppGαollψsψonsG≥tGaG}μVG≥nγGsμ≥rατGνorG≥nom≥lousG
trψplμGπ≥uπμGbosonGαouplψnπsUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 7

104 lv|Gq≥γronψαGnnγα≥pGl≥lorψmμtμrG~pπr≥γμG|tuγψμsGνorG|uqlGâ��yT}μrpτμnylGmμposψtμγGzu≥rtzGyl≥tμG
l≥lorψmμtμrGyrototypμâ��UGIEEEuTransactionsuonuNuclearuScienceSG2010SG]_SG_][T_]b 1.7 7
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103
|μ≥rατGνorGnμwGpτysψαsGψnGνψn≥lGst≥tμsGwψtτGtwoGopposψtμTsψπnSGs≥mμTνl≥vorGlμptonsSGjμtsSG≥nγGmψssψnπG
tr≥nsvμrsμGmomμntumGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SG
YWX^SGX

5.4 7

102 |μ≥rατGνorGγ≥rkGm≥ttμrGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥Glμptonψα≥llyGγμα≥yψnπGbosonGψnGprotonTprotonG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2021SGaXSGXZ 4.2 7

101 |μ≥rατGνorGrμson≥nαμsGψnGtτμGm≥ssGspμαtrumGoνGmuonGp≥ψrsGproγuαμγGψnG≥ssoαψ≥tψonGwψtτGbGqu≥rkGjμtsG
ψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG≥nγGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 7

100
|μ≥rατGνorGτμ≥vyGrμson≥nαμsGγμα≥yψnπGψntoG≥GvμαtorGbosonG≥nγG≥GqψππsGbosonGψnGνψn≥lGst≥tμsGwψtτG
ατ≥rπμγGlμptonsSGnμutrψnosG≥nγGbGqu≥rksG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SG
YWXaSGX

5.4 7

99 |μ≥rατGνorG≥Gτμ≥vyGrμson≥nαμGγμα≥yψnπGψntoG≥G–GbosonG≥nγG≥G–GorG’GbosonGψnGYâ��YqGνψn≥lGst≥tμsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 7

98 |μ≥rατGνorGγ≥rkGm≥ttμrGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG≥GqψππsGbosonGγμα≥yψnπGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��G≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 7

97 |μ≥rατGνorG≥Gτμ≥vyGrμson≥nαμGγμα≥yψnπGtoG≥Gp≥ψrGoνGvμαtorGbosonsGψnGtτμGlμptonGplusGmμrπμγGjμtGνψn≥lG
st≥tμG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 7

96 yrμαψsψonGlumψnosψtyGmμ≥surμmμntGψnGprotonTprotonGαollψsψonsG≥tGψnGYWX]G≥nγGYWX^G≥tGlv|UG
EuropeanuPhysicaluJournaluCSG2021SGaXSGaWW 4.2 7

95 |μ≥rατGνorGsψnπlμGproγuαtψonGoνGvμαtorTlψkμGqu≥rksGγμα≥yψnπGtoG≥GtopGqu≥rkG≥nγG≥GbosonGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGbW 4.2 6

94 vμ≥surμmμntGoνGtτμGunγμrlyψnπGμvμntG≥αtψvψtyGusψnπGατ≥rπμγTp≥rtψαlμGjμtsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fYU_^GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 6

93 vψxμγGτψπτμrTorγμrG≥nψsotropψαGνlowG≥nγGnonlψnμ≥rGrμsponsμGαoμννψαψμntsGoνGατ≥rπμγGp≥rtψαlμsGψnG
αollψsψonsG≥tG≥nγG]UWYUGEuropeanuPhysicaluJournaluCSG2020SGaWSG]Z[ 4.2 6

92 vμ≥surμmμntGoνGμlμαtrowμ≥kGproγuαtψonGoνG≥GbosonGψnG≥ssoαψ≥tψonGwψtτGtwoGjμtsGψnGprotonTprotonG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2020SGaWSG[Z 4.2 6

91 vμ≥surμmμntGoνGγψjμtG≥zψmutτ≥lGγμαorrμl≥tψonGψnGpp´ αollψsψonsG≥tG oormul≥cGsμμGtμxt]UGEuropeanu
PhysicaluJournaluCSG2016SG_^SG]Z^ 4.2 6

90 |μ≥rατGνorG≥Gτμ≥vyGrμson≥nαμGγμα≥yψnπGtoG≥GtopGqu≥rkG≥nγG≥GvμαtorTlψkμGtopGqu≥rkGψnGtτμGlμptonGRG
jμtsGνψn≥lGst≥tμGψnGppGαollψsψonsG≥tGOsqrt{s}GfGXZStμxtG{}μV}GPUGEuropeanuPhysicaluJournaluCSG2019SG_bSGX 4.2 6

89 |μ≥rατGνorGtτμGst≥nγ≥rγGmoγμlGqψππsGbosonGproγuαμγGψnG≥ssoαψ≥tψonGwψtτG’G≥nγG–GbosonsGψnGppG
αollψsψonsG≥tGOGsqrt{s}f_GP}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 6

88 |μ≥rατGνorGtτμG≥ssoαψ≥tμγGproγuαtψonGoνGtτμGqψππsGbosonGwψtτG≥GtopTqu≥rkGp≥ψrG2014SGYWX[SGX 6

87 |μ≥rατGνorGγψrμαtGp≥ψrGproγuαtψonGoνGsα≥l≥rGtopGqu≥rksGψnGtτμGsψnπlμTG≥nγGγψlμptonGατ≥nnμlsGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 6

86 vμ≥surμmμntGoνGtτμGγψννμrμntψ≥lGmrμllT”≥nGαrossGsμαtψonGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{m≥tτrm{s}}GPGfGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 6
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85 vμ≥surμmμntGoνGtτμG≥vμr≥πμGvμryGνorw≥rγGμnμrπyG≥sG≥GνunαtψonGoνGtτμGtr≥αkGmultψplψαψtyG≥tGαμntr≥lG
psμuγor≥pψγψtψμsGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGabZ 4.2 6

84 |μ≥rατGνorGnμwGpτysψαsGψnGtopGqu≥rkGproγuαtψonGψnGγψlμptonGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG
≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGaa^ 4.2 6

83 |μ≥rατGνorGγμα≥ysGoνGstoppμγGμxotψαGlonπTlψvμγGp≥rtψαlμsGproγuαμγGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 6

82 |μ≥rατGνorGtopGsqu≥rksGγμα≥yψnπGvψ≥GνourTboγyGorGατ≥rπψnoTmμγψ≥tμγGmoγμsGψnGsψnπlμTlμptonGνψn≥lG
st≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 6

81 |μ≥rατGνorG≥Gτμ≥vyGrμson≥nαμGγμα≥yψnπGψntoG≥G–GbosonG≥nγG≥GvμαtorGbosonGψnGtτμGOGnuG
ovμrlψnμ{nu}m≥tτrm{q}ovμrlψnμ{m≥tτrm{q}}GPGνψn≥lGst≥tμUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 6

80 vμ≥surμmμntGoνGtτμGm≥ssGoνGtτμGtopGqu≥rkGψnGγμα≥ysGwψtτG≥GsVˇ�GmμsonGψnGppGαollψsψonsG≥tGaG}μVUG
JournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 5

79 |μ≥rατGνorGsupμrsymmμtryGψnGνψn≥lGst≥tμsGwψtτGpτotonsG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsG≥tGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 5

78 vμ≥surμmμntGoνGtτμGψnαlusψvμGμnμrπyGspμαtrumGψnGtτμGvμryGνorw≥rγGγψrμαtψonGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 5

77 lomp≥rψsonGoνGtτμG–V˛‡GQGRGjμtsGtoG˛‡GRGjμtsGαrossGsμαtψonsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournalu
ofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4 5

76 vμ≥surμmμntGoνGμnμrπyGνlowG≥tGl≥rπμGpsμuγor≥pψγψtψμsGψnGppGαollψsψonsG≥tGOGsqrtG{s}GfGWU{b}GPG≥nγG_G
}μVG2011SGYWXXSGX 5

75 vμ≥surμmμntsGoνGproγuαtψonGαrossGsμαtψonsG≥nγGαonstr≥ψntsGonG≥nom≥lousGtrψplμGπ≥uπμGαouplψnπsG
≥tUGEuropeanuPhysicaluJournaluCSG2021SGaXSGYWW 4.2 5

74 vμ≥surμmμntGoνGtτμGqψππsGbosonGproγuαtψonGr≥tμGψnG≥ssoαψ≥tψonGwψtτGtopGqu≥rksGψnGνψn≥lGst≥tμsGwψtτG
μlμαtronsSGmuonsSG≥nγGτ≥γronψα≥llyGγμα≥yψnπGt≥uGlμptonsG≥tUGEuropeanuPhysicaluJournaluCSG2021SGaXSGZ_a 4.2 5

73 vμ≥surμmμntsGoνGproγuαtψonGαrossGsμαtψonsGoνGtτμGqψππsGbosonGψnGtτμGνourTlμptonGνψn≥lGst≥tμGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2021SGaXSG[aa 4.2 5

72
|μ≥rατGνorGrμson≥nαμsGγμα≥yψnπGtoG≥Gp≥ψrGoνGqψππsGbosonsGψnGtτμGbOGovμrlψnμ{m≥tτrm{b}}GPqOG
ovμrlψnμ{m≥tτrm{q}}GPâ��â�� ˛‰Gνψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}GPGfGXZG}μVUGJournaluofuHighu
EnergyuPhysicsSG2019SGYWXbSGX

5.4 5

71 |μ≥rατGνorGtopGsqu≥rkGp≥ψrGproγuαtψonGusψnπGγψlμptonGνψn≥lGst≥tμsGψnGαollψsψonGγ≥t≥GαollμαtμγG≥tUG
EuropeanuPhysicaluJournaluCSG2021SGaXSGZ 4.2 5

70 vμ≥surμmμntGoνGtτμGπroomμγGjμtGm≥ssGψnGybybG≥nγGppGαollψsψonsG≥tGOGsqrt{s−{m≥tτrm{ww}}}f]UWYGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 5

69 vμ≥surμmμntGoνGtτμGproγuαtψonGαrossGsμαtψonGνorGsψnπlμGtopGqu≥rksGψnG≥ssoαψ≥tψonGwψtτG’GbosonsGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 5

68 vμ≥surμmμntGoνGtτμGαrossGsμαtψonGψnGppGαollψsψonsG≥tG≥nγGv≥lψγ≥tψonGoνGlμptonG≥n≥lysψsGtματnψquμsUG
EuropeanuPhysicaluJournaluCSG2018SG_aSG_Wa 4.2 5

(2018-2019)

23



67 |μ≥rατGνorG≥GlowTm≥ssGˇ�â��ˇ�RGrμson≥nαμGψnG≥ssoαψ≥tψonGwψtτG≥GbottomGqu≥rkGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}GPGfGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 4

66 |μ≥rατGνorGtτμGp≥ψrGproγuαtψonGoνGlψπτtGtopGsqu≥rksGψnGtτμGμ´–˛…hGνψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG
≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 4

65
|μ≥rατGνorGnonrμson≥ntGqψππsGbosonGp≥ψrGproγuαtψonGψnGtτμGOG
m≥tτrm{b}ovμrlψnμ{m≥tτrm{b}}m≥tτrm{b}ovμrlψnμ{m≥tτrm{b}}GPGνψn≥lGst≥tμG≥tGOGsqrt{s}GPGfGXZG}μVUG
JournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX

5.4 4

64 |tuγyGoνGtτμGunγμrlyψnπGμvμntGψnGtopGqu≥rkGp≥ψrGproγuαtψonGψnGαollψsψonsG≥tGXZUGEuropeanuPhysicalu
JournaluCSG2019SG_bSGXYZ 4.2 4

63 vμ≥surμmμntGoνGγψννμrμntψ≥lGαrossGsμαtψonsGνorGψnαlusψvμGψsol≥tμγTpτotonG≥nγGpτotonRjμtG
proγuαtψonGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGYW 4.2 4

62 mψstrψbutψonsGoνGtopoloπψα≥lGobsμrv≥blμsGψnGψnαlusψvμGtτrμμTG≥nγGνourTjμtGμvμntsGψnGppGαollψsψonsG≥tG
 oormul≥cGsμμGtμxt] oormul≥cGsμμGtμxt]UGEuropeanuPhysicaluJournaluCSG2015SG_]SGZWY 4.2 4

61 nvψγμnαμGνorGOtμxtG{’}tμxtG{’}PGproγuαtψonGνromGγoublμTp≥rtonGψntμr≥αtψonsGψnGprotonâ��protonG
αollψsψonsG≥tGOsqrt{s}GfGXZGStμxtG{}μV}GPUGEuropeanuPhysicaluJournaluCSG2020SGaWSGX 4.2 4

60 |tuγyGoνGγψjμtGμvμntsGwψtτG≥Gl≥rπμGr≥pψγψtyGπ≥pGbμtwμμnGtτμGtwoGlμ≥γψnπGjμtsGψnGppGαollψsψonsG≥tUG
EuropeanuPhysicaluJournaluCSG2018SG_aSGY[Y 4.2 4

59 ysμuγor≥pψγψtyGγψstrψbutψonsGoνGατ≥rπμγGτ≥γronsGψnGprotonTlμ≥γGαollψsψonsG≥tGOG
sqrt{s−{m≥tτrm{ww}}}f]UWYGPG≥nγGaUX^G}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 4

58
|μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτG≥tGlμ≥stGtτrμμGμlμαtronsGorGmuonsSGjμtsSG≥nγGmψssψnπG
tr≥nsvμrsμGmomμntumGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyu
PhysicsSG2018SGYWXaSGX

5.4 4

57 |μ≥rατGνorG≥G’hGbosonGγμα≥yψnπGtoG≥GvμαtorTlψkμGqu≥rkG≥nγG≥GtopGorGbottomGqu≥rkGψnGtτμG≥llTjμtsGνψn≥lG
st≥tμUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 4

56 |μ≥rατGνorG≥Gτμ≥vyGrμson≥nαμGγμα≥yψnπGtoG≥GtopGqu≥rkG≥nγG≥GvμαtorTlψkμGtopGqu≥rkG≥tGOGsqrt{s}fXZGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 4

55 |μ≥rατGνorGτψπτTm≥ssG–˛‡Grμson≥nαμsGψnGμRμâ��˛‡G≥nγG˛…GRG˛…Gâ��˛‡Gνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}faGPG≥nγGXZG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 4

54 |μ≥rατGνorGlyGvψol≥tψonGψnGOGtovμrlψnμ{t}GPGproγuαtψonG≥nγGγμα≥yGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 4

53 zu≥rtzGpl≥tμGα≥lorψmμtμrGprototypμGwψtτGw≥vμlμnπtτGsτψνtψnπGνψbμrsUGJournaluofuInstrumentationSG
2012SG_SGyW_WW[TyW_WW[ 1 4

52 vμ≥surμmμntGoνGγψννμrμntψ≥lGαrossGsμαtψonsG≥nγGατ≥rπμGr≥tψosGνorGTατ≥nnμlGsψnπlμGtopGqu≥rkG
proγuαtψonGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2020SGaWSGZ_W 4.2 4

51 vμ≥surμmμntGoνGμlμαtrowμ≥kGproγuαtψonGoνG≥G’GbosonG≥nγGtwoGνorw≥rγGjμtsGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 4

50 jzψmutτ≥lGαorrμl≥tψonsGνorGψnαlusψvμGYTjμtSGZTjμtSG≥nγG[TjμtGμvμntsGψnGppGαollψsψonsG≥tGOsqrt{s}fGXZ~τboxG
{}μV}PUGEuropeanuPhysicaluJournaluCSG2018SG_aSGX 4.2 4

JameszWetzel
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49 v~|ψlcG≥GmoγμlTunspμαψνψαGsμ≥rατGνorGnμwGpτysψαsGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicalu
JournaluCSG2021SGaXSG^Yb 4.2 4

48
|μ≥rατGνorGtτμG≥ssoαψ≥tμγGproγuαtψonGoνGtτμGqψππsGbosonG≥nγG≥GvμαtorGbosonGψnGprotonTprotonG
αollψsψonsG≥tGOGsqrt{s}GPGfGXZG}μVGvψ≥GqψππsGbosonGγμα≥ysGtoGˇ�GlμptonsUGJournaluofuHighuEnergyuPhysicsSG
2019SGYWXbSGX

5.4 3

47 |μ≥rατGνorGγψrμαtGp≥ψrGproγuαtψonGoνGsupμrsymmμtrψαGp≥rtnμrsGtoGtτμGlμptonGψnGprotonTprotonG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2020SGaWSGXab 4.2 3

46
vμ≥surμmμntGoνGtτμGψnαlusψvμGOGm≥tτrm{t}ovμrlψnμ{m≥tτrm{t}}GPGαrossGsμαtψonGψnGppGαollψsψonsG≥tGOG
sqrt{s}f]UWYGPG}μVGusψnπGνψn≥lGst≥tμsGwψtτG≥tGlμ≥stGonμGατ≥rπμγGlμptonUGJournaluofuHighuEnergyuPhysicsSG
2018SGYWXaSGX

5.4 3

45 |μ≥rατGνorG––Grμson≥nαμsGψnGtτμGYâ��Y˛‰Gνψn≥lGst≥tμGψnGprotonTprotonGαollψsψonsG≥tGXZG}μVUGJournaluofu
HighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 3

44
{≥γψ≥tψonGγ≥m≥πμG≥nγGrμαovμryGpropμrtψμsGoνGαommonGpl≥stψαsGynwGOyolyμtτylμnμGw≥pτtτ≥l≥tμPG
≥nγGyn}GOyolyμtτylμnμG}μrμpτtτ≥l≥tμPGusψnπG≥XZ_lsGπ≥mm≥Gr≥yGsourαμGupGtoGXU[Gvr≥γG≥nγGX[Gvr≥γUG
JournaluofuInstrumentationSG2016SGXXSGyWaWYZTyWaWYZ

1 3

43 |μ≥rατGνorGp≥ψrGproγuαtψonGoνGμxαψtμγGtopGqu≥rksGψnGtτμGlμptonGRGjμtsGνψn≥lGst≥tμUGJournaluofuHighu
EnergyuPhysicsSG2014SGYWX[SGX 5.4 3

42 |μ≥rατGνorGtopGqu≥rkGp≥rtnμrsGwψtτGατ≥rπμG]VZGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUG
JournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 3

41 |tuγyGoνGτ≥γronψαGμvμntTsτ≥pμGv≥rψ≥blμsGψnGmultψjμtGνψn≥lGst≥tμsGψnGppGαollψsψonsG≥tGOGsqrt{s}GfG_GPG}μVUG
JournaluofuHighuEnergyuPhysicsSG2014SGYWX[SGX 5.4 3

40 vμ≥surμmμntGoνGtτμGαrossGsμαtψonGνorGproγuαtψonGoνGOGbovμrlψnμGbG“GPGγμα≥yψnπGtoGmuonsGψnGppG
αollψsψonsG≥tGOGsqrtG{s}GfG_GPG}μVUGJournaluofuHighuEnergyuPhysicsSG2012SGYWXYSGX 5.4 3

39
vμ≥surμmμntsGoνGtτμGOm≥tτrmG{p}m≥tτrmG{p}rψπτt≥rrowGm≥tτrm{–}m≥tτrm{–}PGproγuαtψonGαrossG
sμαtψonG≥nγGtτμGOm≥tτrm{–}rψπτt≥rrowG[μllGPGbr≥nατψnπGνr≥αtψonSG≥nγGαonstr≥ψntsGonG≥nom≥lousGtrψplμG
π≥uπμGαouplψnπsG≥tGOsqrt{s}GfGXZStμxtG{}μV}GPG2018SG_aSGX

3

38 vμ≥surμmμntGoνGtτμGOGtovμrlψnμ{t}GPGproγuαtψonGαrossGsμαtψonGψnGtτμGγψlμptonGατ≥nnμlGψnGppGαollψsψonsG
≥tGOGsqrt{s}GPGfGaG}μVG2014SGYWX[SGX 3

37 jGmμμpGwμur≥lGwμtworkGνorG|ψmult≥nμousGnstψm≥tψonGoνGbGsμtGnnμrπyG≥nγG{μsolutψonUGComputingu
anduSoftwareuforuBiguScienceSG2020SG[SGXW 6 3

36 nvμntGsτ≥pμGv≥rψ≥blμsGmμ≥surμγGusψnπGmultψjμtGνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOG
sqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 3

35 |μ≥rατGνorGlμptonTνl≥vorGvψol≥tψnπGγμα≥ysGoνGτμ≥vyGrμson≥nαμsG≥nγGqu≥ntumGbl≥αkGτolμsGtoGμ˛…Gνψn≥lG
st≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 3

34 ~sψnπGunmsGtoGstψmul≥tμGtτμGrμαovμryGoνGr≥γψ≥tψonGγ≥m≥πμGtoGpl≥stψαGsαψntψll≥torsUGNuclearu
Instrumentsu&uMethodsuinuPhysicsuResearchuBSG2017SGZb]SGXZTX^ 1.2 2

33 |μ≥rατGνorGrμson≥ntGproγuαtψonGoνGsμαonγTπμnμr≥tψonGslμptonsGwψtτGs≥mμTsψπnGγψmuonGμvμntsGψnG
protonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGZW] 4.2 2

32 |μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτG≥GpτotonSG≥GlμptonSG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsG≥tGOGsqrt{s}GfGXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 2

(2019-2021)

25



31
|μ≥rατGνorGnμwGpτμnomμn≥GψnGνψn≥lGst≥tμsGwψtτGtwoGopposψtμTατ≥rπμSGs≥mμTνl≥vorGlμptonsSGjμtsSG≥nγG
mψssψnπGtr≥nsvμrsμGmomμntumGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2018SGYWXaSGX

5.4 2

30 vμ≥surμmμntGoνGγψννμrμntψ≥lGαrossGsμαtψonsGψnGtτμGkψnμm≥tψαG≥nπul≥rGv≥rψ≥blμGhQGνorGψnαlusψvμG–G
bosonGproγuαtψonGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4 2

29 |μ≥rατGνorGγ≥rkGm≥ttμrGp≥rtψαlμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVGusψnπGtτμGr≥zorG
v≥rψ≥blμsUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 2

28 |μ≥rατGνorG’hGTgGtbGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG
2016SGYWX^SGX 5.4 2

27 |μ≥rατGνorGtτμGproγuαtψonGoνG≥nGμxαψtμγGbottomGqu≥rkGγμα≥yψnπGtoGt’GψnGprotonTprotonGαollψsψonsG≥tG
OGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2016SGYWX^SGX 5.4 2

26
rnαlusψvμGsμ≥rατGνorGsupμrsymmμtryGψnGppGαollψsψonsG≥tGOGsqrt{s}fXZGPG}μVGusψnπGr≥zorGv≥rψ≥blμsG≥nγG
boostμγGobjμαtGψγμntψνψα≥tψonGψnGzμroG≥nγGonμGlμptonGνψn≥lGst≥tμsUGJournaluofuHighuEnergyuPhysicsSG
2019SGYWXbSGX

5.4 2

25 |μ≥rατGνorGμxαψtμγGlμptonsGψnGâ��â�� ˛‡Gνψn≥lGst≥tμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{m≥tτrm{s}}fXZGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2019SGYWXbSGX 5.4 2

24 vμ≥surμmμntsGoνGtτμGppGTgG’˛‡˛‡G≥nγGppGTgG–˛‡˛‡GαrossGsμαtψonsG≥nγGlψmψtsGonG≥nom≥lousGqu≥rtψαGπ≥uπμG
αouplψnπsG≥tGOGsqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2017SGYWX_SGX 5.4 2

23 |μ≥rατGνorGnμwGpτμnomμn≥GwψtτGmultψplμGατ≥rπμγGlμptonsGψnGprotonâ��protonGαollψsψonsG≥tGOsqrt{s}fG
XZPGOStμxtG{}μV}PUGEuropeanuPhysicaluJournaluCSG2017SG__SGX 4.2 2

22 |αψntψll≥tψonGtψmψnπGατ≥r≥αtμrψstψαsGoνGαommonGpl≥stψαsGνorGr≥γψ≥tψonGγμtμαtψonμxαψtμγGwψtτGXYWGpμVG
protonsUGTurkishuJournaluofuPhysicsSG2020SG[[SG[Z_T[[X 1.6 2

21 |μ≥rατGνorGnμwGpτysψαsGψnGμvμntsGwψtτGs≥mμTsψπnGγψlμptonsG≥nγGbGjμtsGψnGppGαollψsψonsG≥tGOGsqrt{s}faGPG
}μVG2013SGYWXZSGX 2

20 |tuγyGoνGαμntr≥lGμxαlusψvμGproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tG≥nγGXZ}μVUGEuropeanuPhysicalu
JournaluCSG2020SGaWSG_Xa 4.2 2

19 |μ≥rατGνorGpτysψαsGbμyonγGtτμGst≥nγ≥rγGmoγμlGψnGμvμntsGwψtτGjμtsG≥nγGtwoGs≥mμTsψπnGorG≥tGlμ≥stG
tτrμμGατ≥rπμγGlμptonsGψnGprotonTprotonGαollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2020SGaWSG_]Y 4.2 2

18 lτ≥r≥αtμrψz≥tψonGoνGpτotomultψplψμrGtubμsGψnG≥GnovμlGopμr≥tψonGmoγμGνorG|μαonγ≥ryGnmψssψonG
ronψz≥tψonGl≥lorψmμtryUGJournaluofuInstrumentationSG2016SGXXSGyXWWW[TyXWWW[ 1 2

17 |μ≥rατGνorGsupμrsymmμtryGψnGμvμntsGwψtτG≥GpτotonSGjμtsSGTjμtsSG≥nγGmψssψnπGtr≥nsvμrsμGmomμntumGψnG
protonTprotonGαollψsψonsG≥tGXZUGEuropeanuPhysicaluJournaluCSG2019SG_bSG[[[ 4.2 1

16 mμvμlopmμntGoνGr≥γψ≥tψonTτ≥rγGsαψntψll≥torsG≥nγGw≥vμlμnπtτTsτψνtψnπGνψbμrsUGJournaluofu
InstrumentationSG2018SGXZSGlWYW]YTlWYW]Y 1 1

15 yT}μrpτμnylGγμposψtμγGqu≥rtzGpl≥tμGα≥lorψmμtμrGprototypμG2008SG 1

14 mμvμlopmμntG≥nγGv≥lψγ≥tψonGoνGqn{’rp´ _GtunμsGνromGlv|GunγμrlyψnπTμvμntGmμ≥surμmμntsUG
EuropeanuPhysicaluJournaluCSG2021SGaXSGZXY 4.2 1

JameszWetzel
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13 wμwGr≥γψ≥tψonTτ≥rγGw≥vμlμnπtτGsτψνtψnπGνψbμrsG2016SG 1

12 jGwμutronGmμtμαtorGk≥sμγGonGkoronTXWGnnrψατμγG|αψntψll≥tψnπGpl≥ssμsUGCeramicuTransactionsSG2016SG]_T^a0.1 1

11 vμ≥surμmμntsGoνGtrψplμTγψννμrμntψ≥lGαrossGsμαtψonsGνorGψnαlusψvμGψsol≥tμγTpτotonRjμtGμvμntsGψnG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSGb^b 4.2 1

10 jzψmutτ≥lGsμp≥r≥tψonGψnGnμ≥rlyGb≥αkTtoTb≥αkGjμtGtopoloπψμsGψnGψnαlusψvμGYTG≥nγGZTjμtGμvμntsGψnG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2019SG_bSG__Z 4.2 0

9 vμ≥surμmμntGoνGsψnπlμTγψννr≥αtψvμGγψjμtGproγuαtψonGψnGprotonTprotonGαollψsψonsG≥tGwψtτGtτμGlv|G≥nγG
}x}nvGμxpμrψmμntsUGEuropeanuPhysicaluJournaluCSG2020SGaWSGXX^[ 4.2 0

8 |μ≥rατGνorG≥Gτμ≥vyGvμαtorGrμson≥nαμGγμα≥yψnπGtoG≥G´ bosonG≥nγG≥GqψππsGbosonGψnGprotonTprotonG
αollψsψonsG≥tUGEuropeanuPhysicaluJournaluCSG2021SGaXSG^aa 4.2 0

7 vμ≥surμmμntsGoνG≥nπul≥rGγψst≥nαμG≥nγGmomμntumGr≥tψoGγψstrψbutψonsGψnGtτrμμTjμtG≥nγGRGtwoTjμtG
νψn≥lGst≥tμsGψnGαollψsψonsUGEuropeanuPhysicaluJournaluCSG2021SGaXSGa]Y 4.2 0

6 |μ≥rατGνorGlowTm≥ssGγψlμptonGrμson≥nαμsGψnGqψππsGbosonGγμα≥ysGtoGνourTlμptonGνψn≥lGst≥tμsGψnG
protonTprotonGαollψsψonsG≥tGUUGEuropeanuPhysicaluJournaluCSG2022SGaYSGYbW 4.2 0

5 |μ≥rατGνorGn≥tur≥lGsupμrsymmμtryGψnGμvμntsGwψtτGtopGqu≥rkGp≥ψrsG≥nγGpτotonsGψnGppGαollψsψonsG≥tGOG
sqrt{s}faGPG}μVUGJournaluofuHighuEnergyuPhysicsSG2018SGYWXaSGX 5.4

4 |μ≥rατGνorGnμutr≥lGαolorToαtμtGwμ≥kTtrψplμtGsα≥l≥rGp≥rtψαlμsGψnGprotonTprotonGαollψsψonsG≥tGOGsqrt{s}faGPG
}μVUGJournaluofuHighuEnergyuPhysicsSG2015SGYWX]SGX 5.4

3 l≥lψbr≥tψonGoνGtτμGlv|Gτ≥γronGα≥lorψmμtμrsGusψnπGprotonTprotonGαollψsψonGγ≥t≥G≥tGâ��sGfGXZG}μVUG
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