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4.2 30

414 }τγrνhHχorHγnHvHâ��HvHψγuψτHμosonHusinψHZHUhH]˛…HτvτntsHinHprotonUprotonHνollisionsHγtHsgY[H~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacZTH[]^U[_b 4.2 29

413 wτγsurτmτntsHoχHthτHproπuνtionHνrossHsτνtionHγnπHthτHμrγnνhinψHχrγνtionTHγnπHνonstrγintsHonH
γnomγlousHtriplτHψγuψτHνouplinψsHγtVHEuropeanpPhysicalpJournalpCTH2018THabTHY_^ 4.2 29

(2018-2016)
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412
}τγrνhHχorHpγirHproπuνtionHoχHvτνtorUlikτHquγrksHinHthτHμ μi HνhγnnτlHχromHprotonâ��protonH
νollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysics
TH2018THaacTHbZUYX_

4.2 29

411 yμsτrvγtionHoχH±PY}QHpγirHproπuνtionHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighp
EnergypPhysicsTH2017THZXYaTHY 5.4 29

410
wτγsurτmτntHoχHvτνtorHμosonHsνγttτrinψHγnπHνonstrγintsHonHγnomγlousHquγrtiνHνouplinψsHχromH
τvτntsHwithHχourHlτptonsHγnπHtwoHjτtsHinHprotonâ��protonHνollisionsHγtHsgY[´ ~τ–VHPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THaa]TH_bZUaX^

4.2 29

409 zτrχormγnντHoχHrτνonstruνtionHγnπHiπτntiχiνγtionHoχHˇ�HlτptonsHπτνγyinψHtoHhγπronsHγnπHvˇ�HinHppH
νollisionsHγtHâ��sgY[H~τ–VHJournalpofpInstrumentationTH2018THY[THzYXXX^UzYXXX^ 1 29

408 }τγrνhHχorHvτνtorUlikτH~HγnπHlHquγrkHpγirsHinHχinγlHstγtτsHwithHlτptonsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofp
HighpEnergypPhysicsTH2018THZXYbTHY 5.4 29

407 }τγrνhHχorHmhγrψτπHriψψsHlosonsHzroπuντπHviγH–τνtorHlosonHpusionHγnπHnτνγyinψHintoHγHzγirHoχH H
γnπHZHlosonsH’sinψHppHmollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2017THYYcTHY]YbXZ 7.4 28

406 }τγrνhHχorHhτγvyHwγjorγnγHnτutrinosHinHτ´–τ´–SHjτtsHγnπHτ´–H˛…H´–SHjτtsHτvτntsHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 28

405
}τγrνhHχorHγnHτxotiνHπτνγyHoχHthτHriψψsHμosonHtoHγHpγirHoχHliψhtHpsτuπosνγlγrsHinHthτHχinγlHstγtτHwithH
twoHμHquγrksHγnπHtwoHˇ�HlτptonsHinHprotonâ��protonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THab^TH]_ZU]bb

4.2 28

404 }τγrνhHχorHlowHmγssHvτνtorHrτsonγnντsHπτνγyinψHintoHquγrkUγntiquγrkHpγirsHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 28

403 wτγsurτmτntsHoχHpropτrtiτsHoχHthτHriψψsHμosonHπτνγyinψHtoHγH HμosonHpγirHinHppHνollisionsHγtH
sgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacYTHc_UYZc4.2 27

402 wτγsurτmτntHoχHthτHproπuνtionHνrossHsτνtionTHthτHtopHquγrkHmγssTHγnπHthτHstronψHνouplinψH
νonstγntHusinψHπilτptonHτvτntsHinHppHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTH[_b 4.2 27

401 yμsτrvγtionHoχHmorrτlγtτπHkzimuthγlHknisotropyHpouriτrHrγrmoniνsHinHppHγnπHpSzμHmollisionsHγtHthτH
vrmVHPhysicalpReviewpLettersTH2018THYZXTHXcZ[XY 7.4 27

400 wτγsurτmτntHoχHthτH}plittinψHpunνtionHinHppHγnπHzμUzμHmollisionsHγtHsqrtℓsΛ{xx}√g^VXZHH~τ–VH
PhysicalpReviewpLettersTH2018THYZXTHY]Z[XZ 7.4 27

399
kzimuthγlHγnisotropyHoχHνhγrψτπHpγrtiνlτsHwithHtrγnsvτrsτHmomτntumHupHtoHYXX´ qτ–WνHinHzμzμH
νollisionsHγtHsxxg^VXZ´ ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsTH2018THaa_THYc^UZY_

4.2 27

398 wτγsurτmτntHoχHpromptHγnπHnonpromptHℓpormulγdHsττHtτxt√HproπuνtionHinHℓpormulγdHsττHtτxt√HγnπH
ℓpormulγdHsττHtτxt√HνollisionsHγtHℓpormulγdHsττHtτxt√VHEuropeanpPhysicalpJournalpCTH2017THaaTHZ_c 4.2 26

397 }τγrνhHχorHtopHsquγrksHγnπHπγrkHmγttτrHpγrtiνlτsHinHoppositτUνhγrψτHπilτptonHχinγlHstγtτsHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2018THcaTH 4.9 26

396
}τγrνhHχorHγnomγlousH tμHνouplinψsHγnπHχlγvourUνhγnψinψHnτutrγlHνurrτntsHinHtUνhγnnτlHsinψlτHtopH
quγrkHproπuνtionHinHppHνollisionsHγtHPHsqrt{s}gaHQHγnπHbH~τ–VHJournalpofpHighpEnergypPhysicsTH2017TH
ZXYaTHY

5.4 26

395 monstrγintsHonHmoπτlsHoχHsνγlγrHγnπHvτνtorHlτptoquγrksHπτνγyinψHtoHγHquγrkHγnπHγHnτutrinoHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2018THcbTH 4.9 26

Viesturs Veckalns
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394 kHmτγsurτmτntHoχHthτHriψψsHμosonHmγssHinHthτHπiphotonHπτνγyHνhγnnτlVHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbX^THY[^]Z^ 4.2 25

393
momμinγtionHoχHsτγrνhτsHχorHhτγvyHrτsonγnντsHπτνγyinψHtoH  TH ZTHZZTH rTHγnπHZrHμosonHpγirsHinH
protonâ��protonHνollisionsHγtHsgbHγnπHY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsTH2017THaa]TH^[[U^^b

4.2 25

392 }τγrνhHχorHtopHsquγrkHpγirHproπuνtionHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–HusinψHsinψlτHlτptonH
τvτntsVHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 25

391 wτγsurτmτntHoχHthτHwτγkHmixinψHγnψlτHusinψHthτHχorwγrπUμγνkwγrπHγsymmτtryHoχHnrτllU±γnH
τvτntsHinHνollisionsHγtHbVHEuropeanpPhysicalpJournalpCTH2018THabTHaXY 4.2 25

390 }τγrνhHχorHνhγrψτπHriψψsHμosonsHinHthτHr´–HUhHˇ�´–˛‰ˇ�HπτνγyHνhγnnτlHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 24

389 }τγrνhHχorHsupτrsymmτtriνHpγrtnτrsHoχHτlτνtronsHγnπHmuonsHinHprotonâ��protonHνollisionsHγtH
sgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacXTHY]XUY__4.2 24

388 }τγrνhHχorHlonψUlivτπHpγrtiνlτsHπτνγyinψHintoHπisplγντπHjτtsHinHprotonUprotonHνollisionsHγtHsgY[HH~τ–VH
PhysicalpReviewpDTH2019THccTH 4.9 24

387 }τγrνhHχorHproπuνtionHoχHχourHtopHquγrksHinHχinγlHstγtτsHwithHsγmτUsiψnHorHmultiplτHlτptonsHinH
protonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2020THbXTHa^ 4.2 24

386
}τγrνhHχorHsinψlτHproπuνtionHoχHγHvτνtorUlikτH~HquγrkHπτνγyinψHtoHγHZHμosonHγnπHγHtopHquγrkHinH
protonâ��protonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2018THabYTH^a]U_XX

4.2 24

385
}τγrνhHχorHhτγvyHψγuψτH iHμosonsHinHτvτntsHwithHγnHτnτrψτtiνHlτptonHγnπHlγrψτHmissinψHtrγnsvτrsτH
momτntumHγtHsgY[´ ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsTH2017THaaXTHZabU[XY

4.2 24

384 }τγrνhHχorHriψψsHμosonHpγirHproπuνtionHinHthτH˛‡˛‡μμiHχinγlHstγtτHinHppHνollisionsHγtHsgY[~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THabbTHaU[_ 4.2 24

383 }τγrνhHχorHπisγppτγrinψHtrγνksHγsHγHsiψnγturτHoχHnτwHlonψUlivτπHpγrtiνlτsHinHprotonUprotonHνollisionsH
γtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 24

382 }τγrνhHχorHnγrkHwγttτrHγnπH}upτrsymmτtryHwithHγHmomprτssτπHwγssH}pτνtrumHinHthτH–τνtorHlosonH
pusionH~opoloψyHinHzrotonUzrotonHmollisionsHγtHsqrtℓs√gbHH~τ–VHPhysicalpReviewpLettersTH2017THYYbTHXZYbXZ7.4 23

381
wultipliνityHγnπHrγpiπityHπτpτnπτnντHoχHstrγnψτHhγπronHproπuνtionHinHppTHpzμTHγnπHzμzμHνollisionsH
γtHthτHvrmVHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017TH
a_bTHYX[UYZc

4.2 23

380 zτrχormγnντHoχHthτHmw}HvτvτlUYHtriψψτrHinHprotonUprotonHνollisionsHγtHâ��sHgHY[H~τ–VHJournalpofp
InstrumentationTH2020THY^THzYXXYaUzYXXYa 1 23

379 }τγrνhHχorHoviπτnντHoχHthτH~ypτUsssH}ττsγwHwτνhγnismHinHwultilτptonHpinγlH}tγtτsHinHzrotonUzrotonH
mollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2017THYYcTHZZYbXZ 7.4 23

378 }τγrνhHχorHthirπUψτnτrγtionHsνγlγrHlτptoquγrksHπτνγyinψHtoHγHtopHquγrkHγnπHγHlτptonHγtVHEuropeanp
PhysicalpJournalpCTH2018THabTHaXa 4.2 23

377
oviπτnντHχorHγssoνiγtτπHproπuνtionHoχHγHriψψsHμosonHwithHγHtopHquγrkHpγirHinHχinγlHstγtτsHwithH
τlτνtronsTHmuonsTHγnπHhγπroniνγllyHπτνγyinψHˇ�HlτptonsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergyp
PhysicsTH2018THZXYbTHY

5.4 23

(2018-2020)

7



376 wτγsurτmτntHoχHthτH ZHproπuνtionHνrossHsτνtionHinHppHνollisionsHγtHsgY[H~τ–VHPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THa__THZ_bUZcX 4.2 22

375 wτγsurτmτntHoχHthτHℓpormulγdHsττHtτxt√HproπuνtionHνrossHsτνtionHusinψHτvτntsHinHthτHℓpormulγdHsττH
tτxt√HχinγlHstγtτHinHppHνollisionsHγtHℓpormulγdHsττHtτxt√VHEuropeanpPhysicalpJournalpCTH2017THaaTHYaZ 4.2 22

374
wτγsurτmτntHoχHthτHνrossHsτνtionHχorHτlτνtrowτγkHproπuνtionHoχHZ˛‡HinHγssoνiγtionHwithHtwoHjτtsHγnπH
νonstrγintsHonHγnomγlousHquγrtiνHψγuψτHνouplinψsHinHprotonâ��protonHνollisionsHγtHsgbH~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THaaXTH[bXU]XZ

4.2 22

373 }τγrνhHχorHthτHriψψsHlosonHnτνγyinψHtoH~woHwuonsHinHzrotonUzrotonHmollisionsHγtHsqrtℓs√gY[HH~τ–VH
PhysicalpReviewpLettersTH2019THYZZTHXZYbXY 7.4 22

372 }τγrνhHχorHγHnτwHsνγlγrHrτsonγnντHπτνγyinψHtoHγHpγirHoχHZHμosonsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 22

371
}τγrνhHχorHγHmγssivτHrτsonγnντHπτνγyinψHtoHγHpγirHoχHriψψsHμosonsHinHthτHχourHμHquγrkHχinγlHstγtτHinH
protonâ��protonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2018THabYTHZ]]UZ_c

4.2 22

370 }tuπyHoχHtτtH{uτnνhinψHwithHZSjτtHmorrτlγtionsHinHzμUzμHγnπHppHmollisionsHγtH
sqrtℓs√Λ{xx}g^VXZHH~τ–VHPhysicalpReviewpLettersTH2017THYYcTHXbZ[XY 7.4 22

369 }τγrνhHχorHπγrkHmγttτrHproπuντπHinHγssoνiγtionHwithHhτγvyUχlγvorHquγrkHpγirsHinHprotonUprotonH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2017THaaTHb]^ 4.2 22

368
wτγsurτmτntHoχHthτHZZHproπuνtionHνrossHsτνtionHγnπHZHUhâ��Sâ��â�� â��iSâ��iâ��HμrγnνhinψHχrγνtionHinHppH
νollisionsHγtHsgY[´ ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsTH2016THa_[THZbXU[X[

4.2 22

367
wτγsurτmτntHoχHthτH ZHproπuνtionHνrossHsτνtionHinHppHνollisionsHγtHℓpormulγdHsττHtτxt√HγnπH
bℓpormulγdHsττHtτxt√HγnπHsτγrνhHχorHγnomγlousHtriplτHψγuψτHνouplinψsHγtHℓpormulγdHsττHtτxt√VH
EuropeanpPhysicalpJournalpCTH2017THaaTHZ[_

4.2 21

366
kHsτγrνhHχorHnτwHphτnomτnγHinHppHνollisionsHγtHℓpormulγdHsττHtτxt√HinHχinγlHstγtτsHwithHmissinψH
trγnsvτrsτHmomτntumHγnπHγtHlτγstHonτHjτtHusinψHthτHℓpormulγdHsττHtτxt√HvγriγμlτVHEuropeanpPhysicalp
JournalpCTH2017THaaTHZc]

4.2 21

365
}τγrνhHχorHγHstγnπγrπHmoπτlUlikτHriψψsHμosonHinHthτHmγssHrγnψτHμτtwττnHaXHγnπHYYXHqτ–HinHthτH
πiphotonHχinγlHstγtτHinHprotonUprotonHνollisionsHγtHsgbHγnπHY[H~τ–VHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THac[TH[ZXU[]a

4.2 21

364
}tuπyHoχHjτtHquτnνhinψHwithHisolγtτπUphotonSjτtHνorrτlγtionsHinHzμzμHγnπHppHνollisionsHγtH
sxxg^VXZ´ ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018TH
ab^THY]U[c

4.2 21

363 }τγrνhHχorHvowHwγssH–τνtorH|τsonγnντsHnτνγyinψHtoH{uγrkUkntiquγrkHzγirsHinHzrotonUzrotonH
mollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2017THYYcTHYYYbXZ 7.4 21

362
}τγrνhHχorHphysiνsHμτyonπHthτHstγnπγrπHmoπτlHinHτvτntsHwithHtwoHlτptonsHoχHsγmτHsiψnTHmissinψH
trγnsvτrsτHmomτntumTHγnπHjτtsHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2017TH
aaTH^ab

4.2 21

361 }τγrνhHχorHliψhtHμosonsHinHπτνγysHoχHthτHYZ^Hqτ–HriψψsHμosonHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 21

360 wτγsurτmτntHoχHthτHintτψrγtτπHγnπHπiχχτrτntiγlHtt´flHproπuνtionHνrossHsτνtionsHχorHhiψhUp~HtopH
quγrksHinHppHνollisionsHγtHsgbHH~τ–VHPhysicalpReviewpDTH2016THc]TH 4.9 21

359 }τγrνhHχorHsupτrsymmτtryHinHprotonUprotonHνollisionsHγtHY[H~τ–HinHχinγlHstγtτsHwithHjτtsHγnπHmissinψH
trγnsvτrsτHmomτntumVHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 21

Viesturs Veckalns
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358 }τγrνhHχorHhiψhHmγssHπijτtHrτsonγnντsHwithHγHnτwHμγνkψrounπHprτπiνtionHmτthoπHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 20

357 wτγsurτmτntHoχHquγrkoniumHproπuνtionHνrossHsτνtionsHinHppHνollisionsHγtHsgY[~τ–VHPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THabXTHZ^YUZaZ 4.2 20

356 }τγrνhHχorHmγssivτHrτsonγnντsHπτνγyinψHintoH  TH ZTHZZTHq THγnπHqZHwithHπijτtHχinγlHstγtτsHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2018THcaTH 4.9 20

355 wτγsurτmτntHoχHπiχχτrτntiγlHνrossHsτνtionsHχorHthτHproπuνtionHoχHtopHquγrkHpγirsHγnπHoχHγππitionγlH
jτtsHinHlτptonSjτtsHτvτntsHχromHppHνollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2018THcaTH 4.9 20

354 }τγrνhHχorHnτwHlonψUlivτπHpγrtiνlτsHγtHsgY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsTH2018THabXTH][ZU]^] 4.2 20

353 }τγrνhHχorHstγnπγrπHmoπτlHproπuνtionHoχHχourHtopHquγrksHwithHsγmτUsiψnHγnπHmultilτptonHχinγlH
stγtτsHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2018THabTHY]X 4.2 20

352 }τγrνhHχorHpγirHproπuνtionHoχHsτνonπUψτnτrγtionHlτptoquγrksHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019TH
ccTH 4.9 20

351 }τγrνhHχorHγHhτγvyHpsτuπosνγlγrHμosonHπτνγyinψHtoHγHZHγnπHγHriψψsHμosonHγtVHEuropeanpPhysicalp
JournalpCTH2019THacTH^_] 4.2 20

350
}τγrνhHχorHpγirHproπuνtionHoχHvτνtorUlikτH~HγnπHlHquγrksHinHsinψlτUlτptonHχinγlHstγtτsHusinψHμoostτπH
jτtHsuμstruνturτHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH
2017THZXYaTHY

5.4 20

349 }τγrνhHχorHhτγvyHrτsonγnντsHthγtHπτνγyHintoHγHvτνtorHμosonHγnπHγHriψψsHμosonHinHhγπroniνHχinγlH
stγtτsHγtVHEuropeanpPhysicalpJournalpCTH2017THaaTH_[_ 4.2 20

348 onπo~ypzo~U’}dHγHnovτlHmultimoπγlHtoolHχorHτnπosνopyHγnπHpositronHτmissionHtomoψrγphyVH
JournalpofpInstrumentationTH2013THbTHmX]XXZUmX]XXZ 1 20

347 }τγrνhHχorHvτptoquγrksHmouplτπHtoH~hirπUqτnτrγtionH{uγrksHinHzrotonUzrotonHmollisionsHγtH
sqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2018THYZYTHZ]YbXZ 7.4 20

346 }τγrνhHχorHγHhτγvyHriψhtUhγnπτπH HμosonHγnπHγHhτγvyHnτutrinoHinHτvτntsHwithHtwoHsγmτUχlγvorH
lτptonsHγnπHtwoHjτtsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 20

345 }τγrνhHχorHthτHχlγvorUνhγnψinψHnτutrγlHνurrτntHintτrγνtionsHoχHthτHtopHquγrkHγnπHthτHriψψsHμosonH
whiνhHπτνγysHintoHγHpγirHoχHμHquγrksHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 20

344
wτγsurτmτntHoχHτlτνtrowτγkH ZHμosonHproπuνtionHγnπHsτγrνhHχorHnτwHphysiνsHinH ZHSHtwoHjτtsH
τvτntsHinHppHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2019THac^THZbYU[Xa

4.2 19

343 }tuπyHoχHτxνitτπH˛�μXHstγtτsHπτνγyinψHtoH˛�μXˇ�Sˇ�â��HinHprotonUprotonHνollisionsHγtHsgY[~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbX[THY[^[]^ 4.2 19

342
}τγrνhHχorHrτsonγntHγnπHnonrτsonγntHriψψsHμosonHpγirHproπuνtionHinHthτHPH
mγthrm{μ}ovτrlinτ{mγthrm{μ}}mγthit{τllHnuHτllHnuH}HQHχinγlHstγtτHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY

5.4 19

341 wτγsurτmτntHoχHτxνlusivτHphotoproπuνtionHχromHprotonsHinHzμHνollisionsHγtVHEuropeanpPhysicalp
JournalpCTH2019THacTHZaa 4.2 19

(2019-2020)
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340 }τγrνhHχorHhτγvyHrτsonγnντsHπτνγyinψHtoHtγuHlτptonHpγirsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[H
QH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 19

339 }τγrνhHχorHmγssivτHrτsonγnντsHπτνγyinψHintoH  TH ZHorHZZHμosonsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 19

338 wτγsurτmτntHoχHπiχχτrτntiγlHνrossHsτνtionsHχorHμosonHproπuνtionHinHγssoνiγtionHwithHjτtsHinH
protonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2018THabTHc_^ 4.2 19

337 }τγrνhHχorHnτwHphysiνsHinHπijτtHγnψulγrHπistriμutionsHusinψHprotonUprotonHνollisionsHγtHγnπH
νonstrγintsHonHπγrkHmγttτrHγnπHothτrHmoπτlsVHEuropeanpPhysicalpJournalpCTH2018THabTHabc 4.2 19

336 }τγrνhHχorHlτptonHχlγvourHviolγtinψHπτνγysHoχHthτHriψψsHμosonHtoH˛…ˇ�HγnπHτˇ�HinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 19

335 wτγsurτmτntHγnπHintτrprτtγtionHoχHπiχχτrτntiγlHνrossHsτνtionsHχorHriψψsHμosonHproπuνtionHγtH
sgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacZTH[_cU[c_4.2 18

334 }τγrνhHχorHvτνtorUlikτHquγrksHinHτvτntsHwithHtwoHoppositτlyHνhγrψτπHlτptonsHγnπHjτtsHinH
protonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTH[_] 4.2 18

333 sπτntiχiνγtionHoχHhτγvyTHτnτrψτtiνTHhγπroniνγllyHπτνγyinψHpγrtiνlτsHusinψHmγνhinτUlτγrninψH
tτνhniquτsVHJournalpofpInstrumentationTH2020THY^THzX_XX^UzX_XX^ 1 18

332
}τγrνhHχorHhτγvyHnτutrinosHγnπHthirπUψτnτrγtionHlτptoquγrksHinHhγπroniνHstγtτsHoχHtwoHˇ�HlτptonsH
γnπHtwoHjτtsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019TH
ZXYcTHY

5.4 18

331 |τlγtivτHwoπiχiνγtionHoχHzromptHˇ�PZ}QHγnπHtWˇ�H±iτlπsHχromHppHtoHzμzμHmollisionsHγtH
sqrtℓsΛ{xx}√g^VXZHH~τ–VHPhysicalpReviewpLettersTH2017THYYbTHY_Z[XY 7.4 18

330 }τγrνhHχorHπirτνtHproπuνtionHoχHsupτrsymmτtriνHpγrtnτrsHoχHthτHtopHquγrkHinHthτHγllUjτtsHχinγlHstγtτH
inHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 18

329
}τγrνhHχorHhτγvyHnτutrinosHorHthirπUψτnτrγtionHlτptoquγrksHinHχinγlHstγtτsHwithHtwoHhγπroniνγllyH
πτνγyinψHˇ�HlτptonsHγnπHtwoHjτtsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighp
EnergypPhysicsTH2017THZXYaTHY

5.4 18

328 }τγrνhHχorHhτγvyHriψψsHμosonsHπτνγyinψHtoHγHtopHquγrkHpγirHinHprotonUprotonHνollisionsHγtHPHsqrt{s}HQH
gHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 18

327 }τγrνhHχorHpγirHproπuνtionHoχHvτνtorlikτHquγrksHinHthτHχullyHhγπroniνHχinγlHstγtτVHPhysicalpReviewpDTH
2019THYXXTH 4.9 18

326 wτγsurτmτntHoχHthτHνrossHsτνtionHχorHtopHquγrkHpγirHproπuνtionHinHγssoνiγtionHwithHγH HorHZHμosonH
inHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 18

325 xonUqγussiγnHτlliptiνUχlowHχluνtuγtionsHinHzμzμHνollisionsHγtHsxxg^VXZ~τ–VHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THabcTH_][U__^ 4.2 17

324
}τγrνhHχorHPHmγthrm{t}ovτrlinτ{mγthrm{t}}mγthrm{r}HQHproπuνtionHinHthτHPHmγthrm{r}toH
mγthrm{μ}ovτrlinτ{mγthrm{μ}}HQHπτνγyHνhγnnτlHwithHlτptoniνHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQH
πτνγysHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY

5.4 17

323 }τγrνhHχorHnτwHphysiνsHinHτvτntsHwithHγHlτptoniνγllyHπτνγyinψHZHμosonHγnπHγHlγrψτHtrγnsvτrsτH
momτntumHimμγlγnντHinHprotonUprotonHνollisionsHγtHgHY[VHEuropeanpPhysicalpJournalpCTH2018THabTHZcY 4.2 17

Viesturs Veckalns

10



322
}τγrνhHχorHγnHτxotiνHπτνγyHoχHthτHriψψsHμosonHtoHγHpγirHoχHliψhtHpsτuπosνγlγrsHinHthτHχinγlHstγtτHwithH
twoHmuonsHγnπHtwoHμHquγrksHinHppHνollisionsHγtHY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,p
ElementarypParticlepandpHigh-EnergypPhysicsTH2019THac^TH[cbU]Z[

4.2 17

321
}τγrνhHχorHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHrτsonγnντsHinHhiψhlyHμoostτπHlτptonSjτtsHγnπHχullyH
hγπroniνHχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH
2017THZXYaTHY

5.4 17

320 }τγrνhτsHχorHpγirHproπuνtionHoχHthirπUψτnτrγtionHsquγrksHinHℓpormulγdHsττHtτxt√ℓpormulγdHsττHtτxt√H
ppHνollisionsVHEuropeanpPhysicalpJournalpCTH2017THaaTH[Za 4.2 17

319
wτγsurτmτntHoχHthτH HμosonHhτliνityHχrγνtionsHinHthτHπτνγysHoχHtopHquγrkHpγirsHtoHlτptonHSHjτtsHχinγlH
stγtτsHproπuντπHinHppHνollisionsHγtHsgb~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsTH2016THa_ZTH^YZU^[]

4.2 17

318
wτγsurτmτntHoχHπouμlτUπiχχτrτntiγlHνrossHsτνtionsHχorHtopHquγrkHpγirHproπuνtionHinHppHνollisionsHγtH
ℓpormulγdHsττHtτxt√ℓpormulγdHsττHtτxt√HγnπHimpγνtHonHpγrtonHπistriμutionHχunνtionsVHEuropeanp
PhysicalpJournalpCTH2017THaaTH]^c

4.2 16

317 kHsτγrνhHχorHpγirHproπuνtionHoχHnτwHliψhtHμosonsHπτνγyinψHintoHmuonsHinHprotonUprotonHνollisionsHγtH
Y[HH~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THac_THY[YUY^]4.2 16

316 }τγrνhτsHχorHphysiνsHμτyonπHthτHstγnπγrπHmoπτlHwithHthτHvγriγμlτHinHhγπroniνHχinγlHstγtτsHwithHγnπH
withoutHπisγppτγrinψHtrγνksHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2020THbXTH[ 4.2 16

315 }τγrνhHχorHnτwHphysiνsHwithHthτHwH~ZHvγriγμlτHinHγllUjτtsHχinγlHstγtτsHproπuντπHinHppHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 16

314
}τγrνhHχorHγnomγlousHτlτνtrowτγkHproπuνtionHoχHvτνtorHμosonHpγirsHinHγssoνiγtionHwithHtwoHjτtsHinH
protonUprotonHνollisionsHγtHY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2019THacbTHY[]cb^

4.2 16

313
}τγrνhHχorHγHνhγrψτπHriψψsHμosonHπτνγyinψHintoHtopHγnπHμottomHquγrksHinHτvτntsHwithHτlτνtronsHorH
muonsHinHprotonUprotonHνollisionsHγtHPHsqrt{mγthrm{s}}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH
2020THZXZXTHY

5.4 16

312 }τγrνhHχorHπγrkHmγttτrHγnπHunpγrtiνlτsHinHτvτntsHwithHγHZHμosonHγnπHmissinψHtrγnsvτrsτHmomτntumH
inHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 16

311 }τγrνhHχorHγHνhγrψτπHriψψsHμosonHπτνγyinψHtoHνhγrmHγnπHμottomHquγrksHinHprotonUprotonHνollisionsH
γtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 16

310 yμsτrvγtionHoχHthτHˇ�Λ{μY}P[zQHγnπHˇ�Λ{μZ}P[zQHγnπHwτγsurτmτntHoχHthτirHwγssτsVHPhysicalpReviewp
LettersTH2018THYZYTHXcZXXZ 7.4 16

309 }τγrνhHχorHπγrkHmγttτrHinHτvτntsHwithHτnτrψτtiνTHhγπroniνγllyHπτνγyinψHtopHquγrksHγnπHmissinψH
trγnsvτrsτHmomτntumHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 16

308 }τγrνhHχorHsupτrsymmτtryHinHprotonUprotonHνollisionsHγtHY[H~τ–HusinψHiπτntiχiτπHtopHquγrksVH
PhysicalpReviewpDTH2018THcaTH 4.9 16

307
}τγrνhHχorHtopHsquγrkHpγirHproπuνtionHinHνomprτssτπUmγssUspτνtrumHsντnγriosHinHprotonâ��protonH
νollisionsHγtHsgb´ ~τ–HusinψHthτH˛–~HvγriγμlτVHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsTH2017THa_aTH]X[U][X

4.2 15

306 wτγsurτmτntHoχHthτHπiχχτrτntiγlHνrossHsτνtionsHχorHthτHγssoνiγtτπHproπuνtionHoχHγH HμosonHγnπHjτtsH
inHprotonUprotonHνollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2017THc_TH 4.9 15

305 }τγrνhHχorHγH iHμosonHπτνγyinψHtoHγHˇ�HlτptonHγnπHγHnτutrinoHinHprotonUprotonHνollisionsHγtHsgY[~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacZTHYXaUY[Y 4.2 15

(2019-2019)
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304
wτγsurτmτntsHoχHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHπiχχτrτntiγlHνrossHsτνtionsHinHprotonUprotonH
νollisionsHγtHPHsqrt{mγthrm{s}}gY[HQH~τ–HusinψHτvτntsHνontγininψHtwoHlτptonsVHJournalpofpHighpEnergyp
PhysicsTH2019THZXYcTHY

5.4 15

303 wτγsurτmτntsHoχHthτHγssoνiγtτπHproπuνtionHoχHγHZHμosonHγnπHμHjτtsHinHppHνollisionsHγtVHEuropeanp
PhysicalpJournalpCTH2017THaaTHa^Y 4.2 15

302 losτUoinstτinHνorrτlγtionsHinHppTHpzμTHγnπHzμzμHνollisionsHγtHsxxgXVcâ��aH~τ–VHPhysicalpReviewpCTH
2018THcaTH 2.7 15

301 }τγrνhHχorHnτwHpγrtiνlτsHπτνγyinψHtoHγHjτtHγnπHγnHτmτrψinψHjτtVHJournalpofpHighpEnergypPhysicsTH2019TH
ZXYcTHY 5.4 15

300 }τγrνhHχorHpγirHproπuνtionHoχHχirstUψτnτrγtionHsνγlγrHlτptoquγrksHγtHsgY[HH~τ–VHPhysicalpReviewpDTH
2019THccTH 4.9 15

299
}τγrνhHχorHlonψUlivτπHpγrtiνlτsHusinψHnonpromptHjτtsHγnπHmissinψHtrγnsvτrsτHmomτntumHwithH
protonUprotonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2019THacaTHY[]ba_

4.2 15

298 wτγsurτmτntHoχHthτHtrγnsvτrsτHmomτntumHspτνtrγHoχHwτγkHvτνtorHμosonsHproπuντπHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 15

297 wτγsurτmτntHoχHthτHπiχχτrτntiγlHinνlusivτHlSHhγπronHνrossHsτνtionsHinHppHνollisionsHγtHsgY[´ ~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THaaYTH][^U]^_ 4.2 15

296
}τγrνhHχorHliψhtHpsτuπosνγlγrHμosonHpγirsHproπuντπHχromHπτνγysHoχHthτHYZ^Hqτ–HriψψsHμosonHinH
χinγlHstγtτsHwithHtwoHmuonsHγnπHtwoHnτγrμyHtrγνksHinHppHνollisionsHγtHsgY[~τ–VHPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbXXTHY[^Xba

4.2 15

295 yμsτrvγtionHoχHwτπiumUsnπuντπHwoπiχiνγtionsHoχHtτtHprγψmτntγtionHinHzμUzμHmollisionsHγtH
sqrtℓsΛ{xx}√g^VXZHH~τ–H’sinψHssolγtτπHzhotonU~γψψτπHtτtsVHPhysicalpReviewpLettersTH2018THYZYTHZ]Z[XY 7.4 15

294 }τγrνhHχorHhiψhUmγssHrτsonγnντsHinHχinγlHstγtτsHwithHγHlτptonHγnπHmissinψHtrγnsvτrsτHmomτntumHγtH
PHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 15

293 wτγsurτmτntHoχHthτHjτtHmγssHinHhiψhlyHμoostτπHℓpormulγdHsττHtτxt√HτvτntsHχromHppHνollisionsHγtH
ℓpormulγdHsττHtτxt√ℓpormulγdHsττHtτxt√VHEuropeanpPhysicalpJournalpCTH2017THaaTH]_a 4.2 14

292 yμsτrvγtionHoχHpromptHtWˇ�HmτsonHτlliptiνHχlowHinHhiψhUmultipliνityHpzμHνollisionsHγtHsxxgbVY_H~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacYTHYaZUYc] 4.2 14

291 }τγrνhHχorHhτγvyHwγjorγnγHnτutrinosHinHsγmτUsiψnHπilτptonHνhγnnτlsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 14

290
}τγrνhHχorHhτγvyHrτsonγnντsHπτνγyinψHtoHγHtopHquγrkHγnπHγHμottomHquγrkHinHthτHlτptonSjτtsHχinγlH
stγtτHinHprotonâ��protonHνollisionsHγtHY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsTH2018THaaaTH[cU_[

4.2 14

289 mhγrψτπUpγrtiνlτHγnψulγrHνorrτlγtionsHinH¯τ¯τHνollisionsHγtHsxxg^V]]H~τ–VHPhysicalpReviewpCTH2019TH
YXXTH 2.7 14

288
wτγsurτmτntsHoχHthτHνhγrmHjτtHνrossHsτνtionHγnπHnuνlτγrHmoπiχiνγtionHχγνtorHinHpzμHνollisionsHγtH
sxxg^VXZ´ ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017TH
aaZTH[X_U[Zc

4.2 14

287 }τγrνhHχorHriψψsHμosonHpγirHproπuνtionHinHthτHμμˇ�ˇ�HχinγlHstγtτHinHprotonUprotonHνollisionsHγtH
PsQgbHH~τ–VHPhysicalpReviewpDTH2017THc_TH 4.9 14

Viesturs Veckalns
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286
wτγsurτmτntHoχHthτHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHproπuνtionHνrossHsτνtionHusinψHτvτntsHwithH
onτHlτptonHγnπHγtHlτγstHonτHjτtHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH
2017THZXYaTHY

5.4 14

285 }τγrνhHχorHriψψsHμosonHoχχUshτllHproπuνtionHinHprotonUprotonHνollisionsHγtHaHγnπHbH~τ–HγnπH
πτrivγtionHoχHνonstrγintsHonHitsHtotγlHπτνγyHwiπthVHJournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 14

284 }τγrνhHχorHvτνtorlikτHlτptonsHinHmultilτptonHχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHsgY[HH~τ–VH
PhysicalpReviewpDTH2019THYXXTH 4.9 14

283
}τγrνhHχorHnτwHphτnomτnγHinHχinγlHstγtτsHwithHtwoHoppositτUνhγrψτTHsγmτUχlγvorHlτptonsTHjτtsTHγnπH
missinψHtrγnsvτrsτHmomτntumHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH
2018THZXYbTHY

5.4 14

282
}τγrνhHχorHγnHτxotiνHπτνγyHoχHthτHriψψsHμosonHtoHγHpγirHoχHliψhtHpsτuπosνγlγrsHinHthτHχinγlHstγtτHoχH
twoHmuonsHγnπHtwoHˇ�HlτptonsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighp
EnergypPhysicsTH2018THZXYbTHY

5.4 14

281 wτγsurτmτntsHoχHthτHπiχχτrτntiγlHjτtHνrossHsτνtionHγsHγHχunνtionHoχHthτHjτtHmγssHinHπijτtHτvτntsHχromH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 14

280 }τγrνhHχorHphysiνsHμτyonπHthτHstγnπγrπHmoπτlHinHhiψhUmγssHπiphotonHτvτntsHχromHprotonUprotonH
νollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2018THcbTH 4.9 14

279 }τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHγHˇ�HlτptonHpγirHγnπHmissinψHtrγnsvτrsτHmomτntumHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 14

278
yμsτrvγtionHoχHprotonUtγψψτπTHντntrγlHPsτmiQτxνlusivτHproπuνtionHoχHhiψhUmγssHlτptonHpγirsHinHppH
νollisionsHγtHY[H~τ–HwithHthτHmw}U~y~owHprτνisionHprotonHspτνtromτtτrVHJournalpofpHighpEnergyp
PhysicsTH2018THZXYbTHY

5.4 14

277
}τγrνhHχorHhτγvyHrτsonγnντsHπτνγyinψHintoHγHvτνtorHμosonHγnπHγHriψψsHμosonHinHχinγlHstγtτsHwithH
νhγrψτπHlτptonsTHnτutrinosTHγnπHμHquγrksVHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2017THa_bTHY[aUY_Z

4.2 13

276 }τγrνhHχorHrτsonγntHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHproπuνtionHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 13

275 monstrγintsHonHthτHπouμlτUpγrtonHsνγttτrinψHνrossHsτνtionHχromHsγmτUsiψnH HμosonHpγirHproπuνtionH
inHprotonUprotonHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 13

274 }τγrνhHχorHγssoνiγtτπHproπuνtionHoχHγHriψψsHμosonHγnπHγHsinψlτHtopHquγrkHinHprotonUprotonH
νollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019THccTH 4.9 13

273 wτγsurτmτntHoχHτxνlusivτH´ photoproπuνtionHinHultrγpτriphτrγlHpzμHνollisionsHγtVHEuropeanpPhysicalp
JournalpCTH2019THacTHaXZ 4.2 13

272 wτγsurτmτntHoχHthτHtopHquγrkHmγssHinHthτHγllUjτtsHχinγlHstγtτHγtHγnπHνomμinγtionHwithHthτH
lτptonSjτtsHνhγnnτlVHEuropeanpPhysicalpJournalpCTH2019THacTH[Y[ 4.2 13

271
wτγsurτmτntHoχHPhμoxH{t}{μγr{hμoxH{t}}}QHnormγlisτπHmultiUπiχχτrτntiγlHνrossHsτνtionsHinHP{tτxtH
{p}}{tτxtH{p}}HQHνollisionsHγtHPsqrt{s}gY[T{tτxtH{~τ–}}HQTHγnπHsimultγnτousHπτtτrminγtionHoχHthτHstronψH
νouplinψHstrτnψthTHtopHquγrkHpolτHmγssTHγnπHpγrtonHπistriμutionHχunνtionsVHEuropeanpPhysicalp
JournalpCTH2020THbXTHY

4.2 13

270 }τγrνhHχorHνhγrψτπHriψψsHμosonsHπτνγyinψHintoHγHtopHγnπHγHμottomHquγrkHinHthτHγllUjτtHχinγlHstγtτHoχH
ppHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 13

269 nτνomposinψHtrγnsvτrsτHmomτntumHμγlγnντHνontriμutionsHχorHquτnνhτπHjτtsHinHzμzμHνollisionsHγtHPH
sqrt{sΛ{mγthrm{x}emγthrm{x}}}gZVa_HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 13

(2016-2017)
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268 wτγsurτmτntHoχHthτHtopHquγrkHpolγrizγtionHγnπHtt´flHspinHνorrτlγtionsHusinψHπilτptonHχinγlHstγtτsHinH
protonUprotonHνollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019THYXXTH 4.9 13

267 }τγrνhHχorHPHmγthrm{t}ovτrlinτ{mγthrm{t}}mγthrm{r}HQHproπuνtionHinHthτHγllUjτtHχinγlHstγtτHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 13

266 wτγsurτmτntHoχHthτHtopHquγrkHmγssHwithHlτptonSjτtsHχinγlHstγtτsHusinψHνollisionsHγtVHEuropeanp
PhysicalpJournalpCTH2018THabTHbcY 4.2 13

265 }τγrνhHχorHxγrrowH|τsonγnντsHinHthτHμU~γψψτπHnijτtHwγssH}pτνtrumHinHzrotonUzrotonHmollisionsHγtH
sqrtℓs√gbHH~τ–VHPhysicalpReviewpLettersTH2018THYZXTHZXYbXY 7.4 13

264 }τγrνhHχorHπγrkHmγttτrHproπuντπHinHγssoνiγtionHwithHγHriψψsHμosonHπτνγyinψHtoHγHpγirHoχHμottomH
quγrksHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTHZbX 4.2 12

263 }τγrνhHχorHπirτνtHtopHsquγrkHpγirHproπuνtionHinHτvτntsHwithHonτHlτptonTHjτtsTHγnπHmissinψHtrγnsvτrsτH
momτntumHγtHY[H~τ–HwithHthτHmw}HτxpτrimτntVHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 12

262 }τγrνhHχorHγHxγrrowH|τsonγnντHviψhtτrHthγnHZXX´ qτ–HnτνγyinψHtoHγHzγirHoχHwuonsHinHzrotonUzrotonH
mollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2020THYZ]THY[YbXZ 7.4 12

261 }upprτssionHoχHoxνitτπHiH}tγtτsH|τlγtivτHtoHthτHqrounπH}tγtτHinHzμUzμHmollisionsHγtH
sqrtℓs√Λ{xx}g^VXZHH~τ–VHPhysicalpReviewpLettersTH2018THYZXTHY]Z[XY 7.4 12

260
wτγsurτmτntsHoχHtt´flHνrossHsτνtionsHinHγssoνiγtionHwithHμHjτtsHγnπHinνlusivτHjτtsHγnπHthτirHrγtioHusinψH
πilτptonHχinγlHstγtτsHinHppHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsTH2018THaa_TH[^^U[ab

4.2 12

259 wτγsurτmτntHoχHnormγlizτπHπiχχτrτntiγlHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHνrossHsτνtionsHinHthτH
πilτptonHνhγnnτlHχromHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 12

258 zrinνipγlUνomponτntHγnγlysisHoχHtwoUpγrtiνlτHγzimuthγlHνorrτlγtionsHinHzμzμHγnπHpzμHνollisionsHγtH
mw}VHPhysicalpReviewpCTH2017THc_TH 2.7 12

257 }τγrνhHχorHtopHquγrkHπτνγysHviγHriψψsUμosonUmτπiγtτπHχlγvorUνhγnψinψHnτutrγlHνurrτntsHinHppH
νollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 12

256 }τγrνhHχorHlowUmγssHrτsonγnντsHπτνγyinψHintoHμottomHquγrkUγntiquγrkHpγirsHinHprotonUprotonH
νollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019THccTH 4.9 12

255 }τγrνhHχorHlonψUlivτπHpγrtiνlτsHwithHπisplγντπHvτrtiντsHinHmultijτtHτvτntsHinHprotonUprotonHνollisionsH
γtHsgY[HH~τ–VHPhysicalpReviewpDTH2018THcbTH 4.9 12

254 wτγsurτmτntHoχHjτtHsuμstruνturτHoμsτrvγμlτsHinHtt´flHτvτntsHχromHprotonUprotonHνollisionsHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2018THcbTH 4.9 12

253
}τγrνhτsHχorHpγirHproπuνtionHoχHνhγrψinosHγnπHtopHsquγrksHinHχinγlHstγtτsHwithHtwoHoppositτlyH
νhγrψτπHlτptonsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH
2018THZXYbTHY

5.4 12

252 }tuπiτsHoχHγnπHmτsonsHinνluπinψHthτHoμsτrvγtionHoχHthτHπτνγyHinHprotonUprotonHνollisionsHγtVH
EuropeanpPhysicalpJournalpCTH2018THabTHc[c 4.2 12

251 olτνtrowτγkHproπuνtionHoχHtwoHjτtsHinHγssoνiγtionHwithHγHZHμosonHinHprotonâ��protonHνollisionsHγtH
Psqrt{s}gHQHY[PTtτxtH{~τ–}QVHEuropeanpPhysicalpJournalpCTH2018THabTHY 4.2 12

Viesturs Veckalns

14



250 }τγrνhHχorHsinψlτHproπuνtionHoχHvτνtorUlikτHquγrksHπτνγyinψHtoHγHμHquγrkHγnπHγHriψψsHμosonVHJournalp
ofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 12

249
}τγrνhHχorHthτHpγirHproπuνtionHoχHthirπUψτnτrγtionHsquγrksHwithHtwoUμoπyHπτνγysHtoHγHμottomHorH
νhγrmHquγrkHγnπHγHnτutrγlinoHinHprotonâ��protonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THaabTHZ_[UZcY

4.2 12

248
}τγrνhHχorHsinψlτHproπuνtionHoχHγHhτγvyHvτνtorUlikτH~HquγrkHπτνγyinψHtoHγHriψψsHμosonHγnπHγHtopH
quγrkHwithHγHlτptonHγnπHjτtsHinHthτHχinγlHstγtτVHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlep
andpHigh-EnergypPhysicsTH2017THaaYTHbXUYX^

4.2 11

247 }τγrνhHχorHnτwHphysiνsHinHthτHmonophotonHχinγlHstγtτHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 11

246 }τγrνhHχorHγHhτγvyHriψψsHμosonHπτνγyinψHtoHγHpγirHoχH HμosonsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 11

245 zroπuνtionHoχH˛�νSHμγryonsHinHprotonUprotonHγnπHlτγπUlτγπHνollisionsHγtHsxxg^VXZ~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbX[THY[^[Zb 4.2 11

244 wτγsurτmτntHoχHγssoνiγtτπHZHSHνhγrmHproπuνtionHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalp
JournalpCTH2018THabTHZba 4.2 11

243 wτγsurτmτntHoχHthτHγssoνiγtτπHproπuνtionHoχHγHsinψlτHtopHquγrkHγnπHγHZHμosonHinHppHνollisionsHγtH
sgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THaacTH[^bU[b]4.2 11

242 }τγrνhHχorHw}}wHriψψsHμosonsHπτνγyinψHtoH˛…S˛…â��HinHprotonUprotonHνollisionsHγtHsgY[~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacbTHY[]ccZ 4.2 11

241
}τγrνhHχorHsinψlτHproπuνtionHoχHvτνtorUlikτHquγrksHπτνγyinψHintoHγHμHquγrkHγnπHγH HμosonHinH
protonâ��protonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2017THaaZTH_[]U_^_

4.2 11

240 yμsτrvγtionHoχH~opH{uγrkHzroπuνtionHinHzrotonUxuνlτusHmollisionsVHPhysicalpReviewpLettersTH2017TH
YYcTHZ]ZXXY 7.4 11

239 wτγsurτmτntsHoχHπiχχτrτntiγlHproπuνtionHνrossHsτνtionsHχorHγHZHμosonHinHγssoνiγtionHwithHjτtsHinHppH
νollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 11

238 }τγrνhHχorHτlτνtrowτγkHproπuνtionHoχHνhγrψinosHγnπHnτutrγlinosHinH rHτvτntsHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 11

237 }τγrνhHχorHnτwHphysiνsHwithHπijτtHγnψulγrHπistriμutionsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 11

236 wτγsurτmτntsHoχHπiχχτrτntiγlHZHμosonHproπuνtionHνrossHsτνtionsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 11

235 zτrχormγnντHoχHthτHrτνonstruνtionHγnπHiπτntiχiνγtionHoχHhiψhUmomτntumHmuonsHinHprotonUprotonH
νollisionsHγtHâ��sHgHY[H~τ–VHJournalpofpInstrumentationTH2020THY^THzXZXZaUzXZXZa 1 11

234 monstrγintsHonHγnomγlousHr––HνouplinψsHχromHthτHproπuνtionHoχHriψψsHμosonsHπτνγyinψHtoHˇ�HlτptonH
pγirsVHPhysicalpReviewpDTH2019THYXXTH 4.9 11

233 mhγrψτπUpγrtiνlτHnuνlτγrHmoπiχiνγtionHχγνtorsHinH¯τ¯τHνollisionsHγtHPHsqrt{sΛ{mγthrm{xx}}}HgH^V]]HQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 11

(2018-2018)
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232 }τγrνhHχorHZ˛‡HrτsonγnντsHusinψHlτptoniνHγnπHhγπroniνHχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 11

231 }τγrνhHχorHthτHπτνγyHoχHγHriψψsHμosonHinHthτHâ��â�� ˛‡HνhγnnτlHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 11

230
}τγrνhHχorHμτyonπHthτHstγnπγrπHmoπτlHriψψsHμosonsHπτνγyinψHintoHγHPH
mγthrm{μ}ovτrlinτ{mγthrm{μ}}HQHpγirHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergyp
PhysicsTH2018THZXYbTHY

5.4 11

229
wτγsurτmτntsHoχHthτHppHUhH ZHinνlusivτHγnπHπiχχτrτntiγlHproπuνtionHνrossHsτνtionsHγnπHνonstrγintsH
onHνhγrψτπHγnomγlousHtriplτHψγuψτHνouplinψsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH
2019THZXYcTHY

5.4 10

228
}τγrνhHχorHnτwHnτutrγlHriψψsHμosonsHthrouψhHthτHPHmγthrm{r}toHmγthrm{Zk}toH
{τll}^{S}{τll}^{U}mγthrm{μ}ovτrlinτ{mγthrm{μ}}HQHproντssHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VH
JournalpofpHighpEnergypPhysicsTH2020THZXZXTHY

5.4 10

227 kHmultiUπimτnsionγlHsτγrνhHχorHnτwHhτγvyHrτsonγnντsHπτνγyinψHtoHμoostτπHTHTHorHμosonHpγirsHinHthτH
πijτtHχinγlHstγtτHγtHY[´ VHEuropeanpPhysicalpJournalpCTH2020THbXTHZ[a 4.2 10

226 wτγsurτmτntHoχHthτHtrγnsvτrsτHmomτntumHspτνtrumHoχHthτHriψψsHμosonHproπuντπHinHppHνollisionsH
γtHPHsqrt{s}gbHQH~τ–HusinψHrHUhH  HπτνγysVHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 10

225 wτγsurτmτntHoχHthτHtopHquγrkHmγssHusinψHνhγrψτπHpγrtiνlτsHinHppHνollisionsHγtHsgbHH~τ–VHPhysicalp
ReviewpDTH2016THc[TH 4.9 10

224 momμinγtionHoχHmw}HsτγrνhτsHχorHhτγvyHrτsonγnντsHπτνγyinψHtoHpγirsHoχHμosonsHorHlτptonsVHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THacbTHY[]c^Z 4.2 10

223 }τγrνhHχorHstγnπγrπHmoπτlHproπuνtionHoχHχourHtopHquγrksHinHprotonâ��protonHνollisionsHγtHsgY[´ ~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THaaZTH[[_U[^b 4.2 10

222
}τγrνhHχorHhiψhUmγssHZ˛‡HrτsonγnντsHinHprotonâ��protonHνollisionsHγtHsgbHγnπHY[H~τ–HusinψHjτtH
suμstruνturτHtτνhniquτsVHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsTH2017THaaZTH[_[U[ba

4.2 10

221
}τγrνhHχorHμlγνkHholτsHγnπHothτrHnτwHphτnomτnγHinHhiψhUmultipliνityHχinγlHstγtτsHinHprotonâ��protonH
νollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysics
TH2017THaa]THZacU[Xa

4.2 10

220 wτγsurτmτntsHoχHπiχχτrτntiγlHνrossHsτνtionsHχorHγssoνiγtτπHproπuνtionHoχHγH HμosonHγnπHjτtsHinH
protonUprotonHνollisionsHγtHsgbHH~τ–VHPhysicalpReviewpDTH2017THc^TH 4.9 10

219 wτγsurτmτntsHoχHjτtHνhγrψτHwithHπijτtHτvτntsHinHppHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighp
EnergypPhysicsTH2017THZXYaTHY 5.4 10

218 }τγrνhHχorHγssoνiγtτπHproπuνtionHoχHγHZHμosonHwithHγHsinψlτHtopHquγrkHγnπHχorHtZHχlγvourUνhγnψinψH
intτrγνtionsHinHppHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 10

217
}τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHγtHlτγstHonτHphotonTHmissinψHtrγnsvτrsτHmomτntumTHγnπH
lγrψτHtrγnsvτrsτHτvτntHγνtivityHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighp
EnergypPhysicsTH2017THZXYaTHY

5.4 10

216 wτγsurτmτntHoχHpropτrtiτsHoχHPH{mγthrm{l}}Λ{mγthrm{s}}^XHQUhH˛…S˛…â��HπτνγysHγnπHsτγrνhHχorHlXUhH˛…S˛…â��H
withHthτHmw}HτxpτrimτntVHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 10

215 }τγrνhHχorHlowHmγssHvτνtorHrτsonγnντsHπτνγyinψHintoHquγrkUγntiquγrkHpγirsHinHprotonUprotonH
νollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019THYXXTH 4.9 10
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214 }τγrνhHχorHrτsonγntHpγirHproπuνtionHoχHriψψsHμosonsHπτνγyinψHtoHμottomHquγrkUγntiquγrkHpγirsHinH
protonUprotonHνollisionsHγtHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 10

213
wτγsurτmτntsHoχHπiχχτrτntiγlHνrossHsτνtionsHoχHtopHquγrkHpγirHproπuνtionHγsHγHχunνtionHoχHkinτmγtiνH
τvτntHvγriγμlτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018
THZXYbTHY

5.4 10

212 snνlusivτHsτγrνhHχorHsupτrsymmτtryHusinψHrγzorHvγriγμlτsHinHppHνollisionsHγtHsgY[HH~τ–VHPhysicalp
ReviewpDTH2017THc^TH 4.9 9

211 wτγsurτmτntHoχHγssoνiγtτπHproπuνtionHoχHγHμosonHγnπHγHνhγrmHquγrkHinHprotonUprotonHνollisionsHγtVH
EuropeanpPhysicalpJournalpCTH2019THacTHZ_c 4.2 9

210 }τγrνhHχorHnτwHphysiνsHinHχinγlHstγtτsHwithHγHsinψlτHphotonHγnπHmissinψHtrγnsvτrsτHmomτntumHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 9

209 |unninψHoχHthτHtopHquγrkHmγssHχromHprotonUprotonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbX[THY[^Z_[ 4.2 9

208 kHsτγrνhHχorHthτHstγnπγrπHmoπτlHriψψsHμosonHπτνγyinψHtoHνhγrmHquγrksVHJournalpofpHighpEnergyp
PhysicsTH2020THZXZXTHY 5.4 9

207
}τγrνhHχorHψγuψτUmτπiγtτπHsupτrsymmτtryHinHτvτntsHwithHγtHlτγstHonτHphotonHγnπHmissinψH
trγnsvτrsτHmomτntumHinHppHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsTH2018THabXTHYYbUY][

4.2 9

206 wτγsurτmτntsHoχHttiHνhγrψτHγsymmτtryHusinψHπilτptonHχinγlHstγtτsHinHppHνollisionsHγtHsgb~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2016THa_XTH[_^U[b_ 4.2 9

205 }τγrνhHχorHπγrkHmγttτrHinHprotonUprotonHνollisionsHγtHbH~τ–HwithHmissinψHtrγnsvτrsτHmomτntumHγnπH
vτνtorHμosonHtγψψτπHjτtsVHJournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 9

204 wτγsurτmτntHoχHμHhγπronHliχτtimτsHinHppHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2018THabTH]^a 4.2 9

203
}τγrνhHχorHzhysiνsHlτyonπHthτH}tγnπγrπHwoπτlHinHovτntsHwithHriψhUwomτntumHriψψsHlosonsHγnπH
wissinψH~rγnsvτrsτHwomτntumHinHzrotonUzrotonHmollisionsHγtHY[´ ~τ–VHPhysicalpReviewpLettersTH2018TH
YZXTHZ]YbXY

7.4 9

202 }τγrνhHχorHtopHquγrkHpγrtnτrsHwithHνhγrψτH^W[HinHthτHsγmτUsiψnHπilτptonHγnπHsinψlτUlτptonHχinγlH
stγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 9

201
}τγrνhHχorHγssoνiγtτπHproπuνtionHoχHπγrkHmγttτrHwithHγHriψψsHμosonHπτνγyinψHtoHPH
mγthrm{μ}ovτrlinτ{mγthrm{μ}}HQHorH˛‡˛‡HγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017TH
ZXYaTHY

5.4 9

200 }τγrνhHχorHτlτνtrowτγkHproπuνtionHoχHγHvτνtorUlikτHquγrkHπτνγyinψHtoHγHtopHquγrkHγnπHγHriψψsHμosonH
usinψHμoostτπHtopoloψiτsHinHχullyHhγπroniνHχinγlHstγtτsVHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 9

199
wτγsurτmτntHoχHτlτνtrowτγkUinπuντπHproπuνtionHoχH ˛‡HwithHtwoHjτtsHinHppHνollisionsHγtHPHsqrt{s}gbHQH
~τ–HγnπHνonstrγintsHonHγnomγlousHquγrtiνHψγuψτHνouplinψsVHJournalpofpHighpEnergypPhysicsTH2017TH
ZXYaTHY

5.4 9

198 }τγrνhHχorHγnomγlousHtriplτHψγuψτHνouplinψsHinH  HγnπH ZHproπuνtionHinHlτptonHSHjτtHτvτntsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 9

197 yμsτrvγtionHoχHnuνlτγrHmoπiχiνγtionsHinH ´–HμosonHproπuνtionHinHpzμHνollisionsHγtHsxxgbVY_~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbXXTHY[^X]b 4.2 9
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196 }τγrνhHχorHγHliψhtHpsτuπosνγlγrHriψψsHμosonHinHthτHμoostτπH˛…˛…ˇ� ˇ�HχinγlHstγtτHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 9

195 }τγrνhHχorHμlγνkHholτsHγnπHsphγlτronsHinHhiψhUmultipliνityHχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 9

194 wτγsurτmτntHoχHνhγrψτπHpγrtiνlτHspτνtrγHinHminimumUμiγsHτvτntsHχromHprotonUprotonHνollisionsHγtVH
EuropeanpPhysicalpJournalpCTH2018THabTH_ca 4.2 9

193
}τγrνhHχorHγHsinψlyHproπuντπHthirπUψτnτrγtionHsνγlγrHlτptoquγrkHπτνγyinψHtoHγHˇ�HlτptonHγnπHγH
μottomHquγrkHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018TH
ZXYbTHY

5.4 9

192 wτγsurτmτntHoχHthτHtopHquγrkHmγssHinHthτHπilτptoniνHtt´flHπτνγyHνhγnnτlHusinψHthτHmγssHoμsτrvγμlτsH
wμâ��THw~ZTHγnπHwμâ��˛‰HinHppHνollisionsHγtHsgbHH~τ–VHPhysicalpReviewpDTH2017THc_TH 4.9 8

191
}τγrνhHχorHsupτrsymmτtryHwithHγHνomprτssτπHmγssHspτνtrumHinHthτHvτνtorHμosonHχusionHtopoloψyH
withHYUlτptonHγnπHXUlτptonHχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofp
HighpEnergypPhysicsTH2019THZXYcTHY

5.4 8

190 }τγrνhHχorHνontγνtHintτrγνtionsHγnπHlγrψτHτxtrγHπimτnsionsHinHthτHπilτptonHmγssHspτνtrγHχromH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 8

189 tτtH}hγpτsHoχHssolγtτπHzhotonU~γψψτπHtτtsHinHzμUzμHγnπHppHmollisionsHγtHsqrtℓsΛ{xx}√g^VXZHH~τ–VH
PhysicalpReviewpLettersTH2019THYZZTHY^ZXXY 7.4 8

188
wτγsurτmτntHoχHinνlusivτHγnπHπiχχτrτntiγlHriψψsHμosonHproπuνtionHνrossHsτνtionsHinHthτHπiphotonH
πτνγyHνhγnnτlHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019TH
ZXYcTHY

5.4 8

187 wτγsurτmτntHoχHtopHquγrkHpγirHproπuνtionHinHγssoνiγtionHwithHγHZHμosonHinHprotonUprotonHνollisionsH
γtHPHsqrt{mγthrm{s}}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 8

186 }τγrνhHχorHriψψsinoHpγirHproπuνtionHinHppHνollisionsHγtHsgY[HH~τ–HinHχinγlHstγtτsHwithHlγrψτHmissinψH
trγnsvτrsτHmomτntumHγnπHtwoHriψψsHμosonsHπτνγyinψHviγHrUhμμ´flVHPhysicalpReviewpDTH2018THcaTH 4.9 8

185 mompγrinψHtrγnsvτrsτHmomτntumHμγlγnντHoχHμHjτtHpγirsHinHppHγnπHzμzμHνollisionsHγtHPH
sqrt{sΛ{mγthrm{xx}}}g^VXZHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 8

184 monstrγininψHqluonHnistriμutionsHinHxuνlτiH’sinψHnijτtsHinHzrotonUzrotonHγnπHzrotonUvτγπHmollisionsH
γtHsqrtℓsΛ{xx}√g^VXZHH~τ–VHPhysicalpReviewpLettersTH2018THYZYTHX_ZXXZ 7.4 8

183 }τγrνhHχorHπγrkHmγttτrHproπuντπHinHγssoνiγtionHwithHγHsinψlτHtopHquγrkHorHγHtopHquγrkHpγirHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 8

182 }τγrνhHχorHsinψlτHproπuνtionHoχHvτνtorUlikτHquγrksHπτνγyinψHtoHγHZHμosonHγnπHγHtopHorHγHμottomH
quγrkHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 8

181 wτγsurτmτntHoχHthτHtopHquγrkHmγssHusinψHsinψlτHtopHquγrkHτvτntsHinHprotonUprotonHνollisionsHγtH
ℓpormulγdHsττHtτxt√´ ~τ–VHEuropeanpPhysicalpJournalpCTH2017THaaTH[^] 4.2 8

180 wτγsurτmτntHoχHthτHtriplτUπiχχτrτntiγlHπijτtHνrossHsτνtionHinHprotonUprotonHνollisionsHγtHγnπH
νonstrγintsHonHpγrtonHπistriμutionHχunνtionsVHEuropeanpPhysicalpJournalpCTH2017THaaTHa]_ 4.2 8

179
wτγsurτmτntHoχHthτHsinψlτHtopHquγrkHγnπHγntiquγrkHproπuνtionHνrossHsτνtionsHinHthτHtHνhγnnτlHγnπH
thτirHrγtioHinHprotonUprotonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementaryp
ParticlepandpHigh-EnergypPhysicsTH2020THbXXTHY[^X]Z

4.2 8
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178 }τγrνhHχorHτlτνtrowτγkHproπuνtionHoχHγHvτνtorUlikτH~HquγrkHusinψHχullyHhγπroniνHχinγlHstγtτsVHJournalp
ofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 8

177 }τγrνhHχorHphysiνsHμτyonπHthτHstγnπγrπHmoπτlHinHmultilτptonHχinγlHstγtτsHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 8

176 }τγrνhHχorHpγirUproπuντπHrτsonγnντsHπτνγyinψHtoHquγrkHpγirsHinHprotonUprotonHνollisionsHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2018THcbTH 4.9 8

175 knψulγrHγnγlysisHoχHthτHπτνγyHlSUhuS˛…S˛…â��HinHprotonUprotonHνollisionsHγtHsgbHH~τ–VHPhysicalpReviewpDTH
2018THcbTH 4.9 8

174 wτγsurτmτntHoχHthτHunπτrlyinψHτvτntHγνtivityHinHinνlusivτHZHμosonHproπuνtionHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 8

173
}τγrνhHχorH|UpγrityHviolγtinψHsupτrsymmτtryHinHppHνollisionsHγtHsgY[~τ–HusinψHμHjτtsHinHγHχinγlHstγtτH
withHγHsinψlτHlτptonTHmγnyHjτtsTHγnπHhiψhHsumHoχHlγrψτUrγπiusHjτtHmγssτsVHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THab[THYY]UY[c

4.2 8

172 }τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHonτHlτptonHγnπHmultiplτHjτtsHinHprotonUprotonHνollisionsHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2017THc^TH 4.9 7

171 }τγrνhHχorHτlτνtrowτγkHproπuνtionHoχHνhγrψinosHinHχinγlHstγtτsHwithHtwoHˇ�HlτptonsHinHppHνollisionsHγtHPH
sqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 7

170 wτγsurτmτntHoχHthτHproπuνtionHνrossHsτνtionHoχHγH ´ μosonHinHγssoνiγtionHwithHtwoHμHjτtsHinHppH
νollisionsHγtHℓpormulγdHsττHtτxt√VHEuropeanpPhysicalpJournalpCTH2017THaaTHcZ 4.2 7

169 }τγrνhHχorH}upτrsymmτtryHinHppHmollisionsHγtHsqrtℓs√gY[HH~τ–HinHthτH}inψlτUvτptonHpinγlH}tγtτH’sinψH
thτH}umHoχHwγssτsHoχHvγrψτU|γπiusHtτtsVHPhysicalpReviewpLettersTH2017THYYcTHY^YbXZ 7.4 7

168 }τγrνhHχorHsupτrsymmτtryHinHthτHγllUhγπroniνHχinγlHstγtτHusinψHtopHquγrkHtγψψinψHinHppHνollisionsHγtH
sgY[HH~τ–VHPhysicalpReviewpDTH2017THc_TH 4.9 7

167 }tuπiτsHoχHlτγutyH}upprτssionHviγHxonpromptHn^{X}HwτsonsHinHzμUzμHmollisionsHγtH
sqrtℓsΛ{xx}√g^VXZHH~τ–VHPhysicalpReviewpLettersTH2019THYZ[THXZZXXY 7.4 7

166 }τγrνhHχorHnγrkHwγttτrHzγrtiνlτsHzroπuντπHinHkssoνiγtionHwithHγH~opH{uγrkHzγirHγtHsqrtℓs√gY[HH~τ–VH
PhysicalpReviewpLettersTH2019THYZZTHXYYbX[ 7.4 7

165 wτγsurτmτntHoχHthτHτnτrψyHπτnsityHγsHγHχunνtionHoχHpsτuπorγpiπityHinHprotonâ��protonHνollisionsHγtH
Psqrt{s}HgY[TtτxtH{~τ–}HQVHEuropeanpPhysicalpJournalpCTH2019THacTHY 4.2 7

164 }τγrνhHχorHrγrτHπτνγysHoχHγnπHriψψsHμosonsHtoHγnπHγHphotonHinHprotonUprotonHνollisionsHγtHgHY[VH
EuropeanpPhysicalpJournalpCTH2019THacTHc] 4.2 7

163 }τγrνhHχorHproπuνtionHoχHriψψsHμosonHpγirsHinHthτHχourHμHquγrkHχinγlHstγtτHusinψHlγrψτUγrτγHjτtsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 7

162 }τγrνhHχorHhτγvyHrτsonγnντsHπτνγyinψHintoHtwoHriψψsHμosonsHorHintoHγHriψψsHμosonHγnπHγH HorHZH
μosonHinHprotonUprotonHνollisionsHγtHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 7

161
wτγsurτmτntHoχHthτHνrossHsτνtionHχorHτlτνtrowτγkHproπuνtionHoχHγHZHμosonTHγHphotonHγnπHtwoHjτtsH
inHprotonUprotonHνollisionsHγtHPHsqrt{mγthrm{s}}HQHgHY[H~τ–HγnπHνonstrγintsHonHγnomγlousHquγrtiνH
νouplinψsVHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY

5.4 7
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160 }τγrνhHχorHπγrkHmγttτrHpγrtiνlτsHproπuντπHinHγssoνiγtionHwithHγHriψψsHμosonHinHprotonUprotonH
νollisionsHγtHPHsqrt{mγthrm{s}}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 7

159 }τγrνhHχorHsupτrsymmτtryHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–HinHthτHsinψlτUlτptonHχinγlHstγtτHusinψH
thτHsumHoχHmγssτsHoχHlγrψτUrγπiusHjτtsVHJournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 7

158 tτtHpropτrtiτsHinHzμzμHγnπHppHνollisionsHγtHPHsqrt{sΛ{mγthrm{x}emγthrm{x}}}g^VXZHQH~τ–VHJournalpofp
HighpEnergypPhysicsTH2018THZXYbTHY 5.4 7

157 wτγsurτmτntHoχHthτHsτmilτptoniνHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHSH˛‡HproπuνtionHνrossHsτνtionHinH
ppHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 7

156 }τγrνhτsHχorH iHμosonsHπτνγyinψHtoHγHtopHquγrkHγnπHγHμottomHquγrkHinHprotonUprotonHνollisionsHγtH
Y[H~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 7

155 }τγrνhHχorHγHliψhtHpsτuπosνγlγrHriψψsHμosonHproπuντπHinHγssoνiγtionHwithHμottomHquγrksHinHppH
νollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 7

154 }τγrνhHχorHπγrkHphotonsHinHπτνγysHoχHriψψsHμosonsHproπuντπHinHγssoνiγtionHwithHZHμosonsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 7

153
}τγrνhHχorHnτwHphysiνsHinHχinγlHstγtτsHwithHtwoHoppositτUsiψnTHsγmτUχlγvorHlτptonsTHjτtsTHγnπHmissinψH
trγnsvτrsτHmomτntumHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2016TH
ZXY_THY

5.4 7

152 }τγrνhτsHχorH|UpγrityUviolγtinψHsupτrsymmτtryHinHppHνollisionsHγtHsgbHH~τ–HinHχinγlHstγtτsHwithHXâ��]H
lτptonsVHPhysicalpReviewpDTH2016THc]TH 4.9 7

151 }τγrνhHχorHlonψUlivτπHpγrtiνlτsHusinψHπτlγyτπHphotonsHinHprotonUprotonHνollisionsHγtHsgY[HH~τ–VH
PhysicalpReviewpDTH2019THYXXTH 4.9 7

150 }τγrνhHχorHvowUwγssH{uγrkUkntiquγrkH|τsonγnντsHzroπuντπHinHkssoνiγtionHwithHγHzhotonHγtH
sqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2019THYZ[THZ[YbX[ 7.4 7

149 }τγrνhHχorHπγrkHmγttτrHproπuντπHinHγssoνiγtionHwithHγHlτptoniνγllyHπτνγyinψHμosonHinHprotonUprotonH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2021THbYTHY[ 4.2 7

148 }τγrνhHχorHrτsonγnντsHinHthτHmγssHspτνtrumHoχHmuonHpγirsHproπuντπHinHγssoνiγtionHwithHμHquγrkHjτtsH
inHprotonUprotonHνollisionsHγtHPHsqrt{s}gbHQHγnπHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 7

147
}τγrνhHχorHhτγvyHrτsonγnντsHπτνγyinψHintoHγHvτνtorHμosonHγnπHγHriψψsHμosonHinHχinγlHstγtτsHwithH
νhγrψτπHlτptonsTHnτutrinosHγnπHμHquγrksHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018TH
ZXYbTHY

5.4 7

146 zrτνisionHmτγsurτmτntHoχHthτHstruνturτHoχHthτHmw}HinnτrHtrγνkinψHsystτmHusinψHnuνlτγrH
intτrγνtionsVHJournalpofpInstrumentationTH2018THY[THzYXX[]UzYXX[] 1 7

145 }τγrνhHχorHγHhτγvyHrτsonγnντHπτνγyinψHintoHγHZHμosonHγnπHγHZHorH HμosonHinHZâ��ZqHχinγlHstγtτsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 7

144 }τγrνhHχorHπγrkHmγttτrHproπuντπHinHγssoνiγtionHwithHγHriψψsHμosonHπτνγyinψHtoH˛‡˛‡HorHˇ�HSˇ�Hâ��HγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 7

143 }τγrνhHχorHγHhτγvyHrτsonγnντHπτνγyinψHtoHγHpγirHoχHvτνtorHμosonsHinHthτHlτptonHplusHmτrψτπHjτtHχinγlH
stγtτHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 7
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142 zrτνisionHluminosityHmτγsurτmτntHinHprotonUprotonHνollisionsHγtHinHZXY^HγnπHZXY_HγtHmw}VH
EuropeanpPhysicalpJournalpCTH2021THbYTHbXX 4.2 7

141
}τγrνhHχorHγHviψhtHmhγrψτπHriψψsHlosonHnτνγyinψHtoHγH HlosonHγnπHγHmzUyππHriψψsHlosonHinHpinγlH
}tγtτsHwithHτ˛…˛…HorH˛…˛…˛…HinHzrotonUzrotonHmollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2019TH
YZ[THY[YbXZ

7.4 6

140
wτγsurτmτntHoχHpromptHˇ�PZ}QHproπuνtionHνrossHsτνtionsHinHprotonâ��lτγπHγnπHprotonâ��protonH
νollisionsHγtHsxxg^VXZ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-Energyp
PhysicsTH2019THacXTH^XcU^[Z

4.2 6

139 }τγrνhHχorHsinψlτHproπuνtionHoχHvτνtorUlikτHquγrksHπτνγyinψHtoHγHtopHquγrkHγnπHγHμosonHinH
protonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTHcX 4.2 6

138 yμsτrvγtionHoχH}inψlτH~opH{uγrkHzroπuνtionHinHkssoνiγtionHwithHγHZHlosonHinHzrotonUzrotonH
mollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2019THYZZTHY[ZXX[ 7.4 6

137 wixτπHhiψhτrUorπτrHγnisotropiνHχlowHγnπHnonlinτγrHrτsponsτHνoτχχiνiτntsHoχHνhγrψτπHpγrtiνlτsHinH
νollisionsHγtHγnπH^VXZVHEuropeanpPhysicalpJournalpCTH2020THbXTH^[] 4.2 6

136 wτγsurτmτntHoχHτlτνtrowτγkHproπuνtionHoχHγHμosonHinHγssoνiγtionHwithHtwoHjτtsHinHprotonUprotonH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2020THbXTH][ 4.2 6

135 monstrγintsHonHthτHˇ�Λ{νY}HvτrsusHˇ�Λ{νZ}HzolγrizγtionsHinHzrotonUzrotonHmollisionsHγtHsqrtℓs√gbHH~τ–VH
PhysicalpReviewpLettersTH2020THYZ]THY_ZXXZ 7.4 6

134 }τγrνhHχorHlτptonHχlγvourHviolγtinψHπτνγysHoχHγHnτutrγlHhτγvyHriψψsHμosonHtoH˛…ˇ�HγnπHτˇ�HinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 6

133 wτγsurτmτntHoχHthτH˛�μHpolγrizγtionHγnπHγnψulγrHpγrγmτtτrsHinH˛�μUhtWˇ�˛�HπτνγysHχromHppHνollisionsH
γtHsgaHγnπHbH~τ–VHPhysicalpReviewpDTH2018THcaTH 4.9 6

132 }τγrνhHχorHvτνtorlikτHliψhtUχlγvorHquγrkHpγrtnτrsHinHprotonUprotonHνollisionsHγtHsgbHH~τ–VHPhysicalp
ReviewpDTH2018THcaTH 4.9 6

131 }τγrνhHχorHγHhτγvyHrτsonγnντHπτνγyinψHtoHγHtopHquγrkHγnπHγHvτνtorUlikτHtopHquγrkHinHthτHlτptonHSH
jτtsHχinγlHstγtτHinHppHνollisionsHγtHPsqrt{s}HgHY[TtτxtH{~τ–}HQVHEuropeanpPhysicalpJournalpCTH2019THacTHY 4.2 6

130
}τγrνhHχorHlτptophoμiνHZiHμosonsHπτνγyinψHintoHχourUlτptonHχinγlHstγtτsHinHprotonâ��protonHνollisionsH
γtHsgb~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017TH
aa[TH^_[U^b]

4.2 6

129
}τγrνhHχorHγHhτγvyHνompositτHwγjorγnγHnτutrinoHinHthτHχinγlHstγtτHwithHtwoHlτptonsHγnπHtwoHquγrksH
γtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017TH
aa^TH[Y^U[[a

4.2 6

128 }τγrνhHχorHsupτrsymmτtryHinHppHνollisionsHγtHsgY[HH~τ–HwithHY[aHHχμâ��YHinHχinγlHstγtτsHwithHγHsinψlτH
lτptonHusinψHthτHsumHoχHmγssτsHoχHlγrψτUrγπiusHjτtsVHPhysicalpReviewpDTH2020THYXYTH 4.9 6

127 wτγsurτmτntHoχHthτHπiχχτrτntiγlHnrτllU±γnHνrossHsτνtionHinHprotonUprotonHνollisionsHγtHPH
sqrt{mγthrm{s}}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 6

126 wτγsurτmτntHoχHthτHγvτrγψτHvτryHχorwγrπHτnτrψyHγsHγHχunνtionHoχHthτHtrγνkHmultipliνityHγtHντntrγlH
psτuπorγpiπitiτsHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTHbc[ 4.2 6

125 }τγrνhHχorHnτwHphysiνsHinHtopHquγrkHproπuνtionHinHπilτptonHχinγlHstγtτsHinHprotonUprotonHνollisionsH
γtVHEuropeanpPhysicalpJournalpCTH2019THacTHbb_ 4.2 6
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124 zsτuπorγpiπityHγnπHtrγnsvτrsτHmomτntumHπτpτnπτnντHoχHχlowHhγrmoniνsHinHpzμHγnπHzμzμH
νollisionsVHPhysicalpReviewpCTH2018THcbTH 2.7 6

123 }τγrνhHχorHπτνγysHoχHstoppτπHτxotiνHlonψUlivτπHpγrtiνlτsHproπuντπHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 6

122 }τγrνhHχorHtopHsquγrksHπτνγyinψHviγHχourUμoπyHorHνhγrψinoUmτπiγtτπHmoπτsHinHsinψlτUlτptonHχinγlH
stγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 6

121 oviπτnντHχorHthτHkssoνiγtτπHzroπuνtionHoχHγH}inψlτH~opH{uγrkHγnπHγHzhotonHinHzrotonUzrotonH
mollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2018THYZYTHZZYbXZ 7.4 6

120 }τγrνhHχorHγHhτγvyHrτsonγnντHπτνγyinψHintoHγHZHμosonHγnπHγHvτνtorHμosonHinHthτHPHnuH
ovτrlinτ{nu}mγthrm{q}ovτrlinτ{mγthrm{q}}HQHχinγlHstγtτVHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 6

119 }τγrνhHχorHpγirHproπuνtionHoχHτxνitτπHtopHquγrksHinHthτHlτptonHSHjτtsHχinγlHstγtτVHPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THaabTH[]cU[aX 4.2 6

118 wτγsurτmτntHoχHlsXHmτsonHproπuνtionHinHppHγnπHzμzμHνollisionsHγtHsxxg^VXZH~τ–VHPhysicspLetters,p
SectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THac_THY_bUYcX 4.2 5

117
momμinγtionsHoχHsinψlτUtopUquγrkHproπuνtionHνrossUsτνtionHmτγsurτmτntsHγnπH|χv––tμ|H
πτtτrminγtionsHγtHPHsqrt{s}HQHgHaHγnπHbH~τ–HwithHthτHk~vk}HγnπHmw}HτxpτrimτntsVHJournalpofpHighp
EnergypPhysicsTH2019THZXYcTHY

5.4 5

116 wτγsurτmτntHoχHthτHmγssHoχHthτHtopHquγrkHinHπτνγysHwithHγHtWˇ�HmτsonHinHppHνollisionsHγtHbH~τ–VH
JournalpofpHighpEnergypPhysicsTH2016THZXY_THY 5.4 5

115 }τγrνhHχorHsupτrsymmτtryHinHχinγlHstγtτsHwithHphotonsHγnπHmissinψHtrγnsvτrsτHmomτntumHinH
protonUprotonHνollisionsHγtHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 5

114 knHτmμτππinψHtτνhniquτHtoHπτtτrminτHˇ�ˇ�HμγνkψrounπsHinHprotonUprotonHνollisionHπγtγVHJournalpofp
InstrumentationTH2019THY]THzX_X[ZUzX_X[Z 1 5

113 wτγsurτmτntHoχHthτHtopHquγrkH±ukγwγHνouplinψHχromHtt´flHkinτmγtiνHπistriμutionsHinHthτHlτptonSjτtsH
χinγlHstγtτHinHprotonUprotonHνollisionsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019THYXXTH 4.9 5

112 wτγsurτmτntHoχHthτHinνlusivτHτnτrψyHspτνtrumHinHthτHvτryHχorwγrπHπirτνtionHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 5

111 yμsτrvγtionHoχHthτH˛�μXUhtWˇ�˛�iHπτνγyHinHprotonUprotonHνollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionp
B:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbXZTHY[^ZX[ 4.2 5

110
}τγrνhHχorHγHhτγvyHpsτuπosνγlγrHriψψsHμosonHπτνγyinψHintoHγHYZ^Hqτ–HriψψsHμosonHγnπHγHZHμosonHinH
χinγlHstγtτsHwithHtwoHtγuHγnπHtwoHliψhtHlτptonsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH
2020THZXZXTHY

5.4 5

109 wτγsurτmτntsHoχHproπuνtionHνrossHsτνtionsHγnπHνonstrγintsHonHγnomγlousHtriplτHψγuψτHνouplinψsH
γtVHEuropeanpPhysicalpJournalpCTH2021THbYTHZXX 4.2 5

108 wτγsurτmτntHoχHthτHriψψsHμosonHproπuνtionHrγtτHinHγssoνiγtionHwithHtopHquγrksHinHχinγlHstγtτsHwithH
τlτνtronsTHmuonsTHγnπHhγπroniνγllyHπτνγyinψHtγuHlτptonsHγtVHEuropeanpPhysicalpJournalpCTH2021THbYTH[ab 4.2 5

107 wτγsurτmτntsHoχHproπuνtionHνrossHsτνtionsHoχHthτHriψψsHμosonHinHthτHχourUlτptonHχinγlHstγtτHinH
protonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2021THbYTH]bb 4.2 5
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106
}τγrνhHχorHrτsonγnντsHπτνγyinψHtoHγHpγirHoχHriψψsHμosonsHinHthτHμPHovτrlinτ{mγthrm{μ}}HQqPH
ovτrlinτ{mγthrm{q}}HQâ��â�� ˛‰HχinγlHstγtτHinHprotonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighp
EnergypPhysicsTH2019THZXYcTHY

5.4 5

105 zsτuπorγpiπityHπistriμutionsHoχHνhγrψτπHhγπronsHinHxτnonUxτnonHνollisionsHγtHsxxg^V]]´ ~τ–VHPhysicsp
Letters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019THaccTHY[^X]c 4.2 5

104 zroμinψHthτHνhirγlHmγψnτtiνHwγvτHinHpzμHγnπHzμzμHνollisionsHγtHsxxg^VXZ~τ–HusinψH
νhγrψτUπτpτnπτntHγzimuthγlHγnisotropiτsVHPhysicalpReviewpCTH2019THYXXTH 2.7 5

103 wτγsurτmτntHoχHthτHttiμμiHproπuνtionHνrossHsτνtionHinHthτHγllUjτtHχinγlHstγtτHinHppHνollisionsHγtH
sgY[´ ~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbX[THY[^Zb^4.2 5

102 }τγrνhHχorHtopHsquγrkHpγirHproπuνtionHusinψHπilτptonHχinγlHstγtτsHinHνollisionHπγtγHνollτνtτπHγtVH
EuropeanpPhysicalpJournalpCTH2021THbYTH[ 4.2 5

101 wτγsurτmτntHoχHthτHψroomτπHjτtHmγssHinHzμzμHγnπHppHνollisionsHγtHPHsqrt{sΛ{mγthrm{xx}}}g^VXZHQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 5

100 wτγsurτmτntHoχHthτHproπuνtionHνrossHsτνtionHχorHsinψlτHtopHquγrksHinHγssoνiγtionHwithH HμosonsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 5

99 wτγsurτmτntHoχHthτHνrossHsτνtionHinHppHνollisionsHγtHγnπHvγliπγtionHoχHlτptonHγnγlysisHtτνhniquτsVH
EuropeanpPhysicalpJournalpCTH2018THabTHaXb 4.2 5

98
}τγrνhHχorHτxνitτπHquγrksHoχHliψhtHγnπHhτγvyHχlγvorHinH˛‡HSHjτtHχinγlHstγtτsHinHprotonâ��protonHνollisionsH
γtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018TH
abYTH[cXU]YY

4.2 5

97
}τγrνhHχorHriψψsHγnπHZHμosonHπτνγysHtoHtWˇ�HorH±HpγirsHinHthτHχourUmuonHχinγlHstγtτHinHprotonUprotonH
νollisionsHγtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysics
TH2019THacaTHY[]bYY

4.2 4

96 }τγrνhHχorHγHlowUmγssHˇ�â��ˇ�SHrτsonγnντHinHγssoνiγtionHwithHγHμottomHquγrkHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 4

95 }τγrνhHχorHthτHpγirHproπuνtionHoχHliψhtHtopHsquγrksHinHthτHτ´–˛…iHχinγlHstγtτHinHprotonUprotonHνollisionsH
γtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 4

94
}τγrνhHχorHnonrτsonγntHriψψsHμosonHpγirHproπuνtionHinHthτHPH
mγthrm{μ}ovτrlinτ{mγthrm{μ}}mγthrm{μ}ovτrlinτ{mγthrm{μ}}HQHχinγlHstγtτHγtHPHsqrt{s}HQHgHY[H~τ–VH
JournalpofpHighpEnergypPhysicsTH2019THZXYcTHY

5.4 4

93 }tuπyHoχHthτHunπτrlyinψHτvτntHinHtopHquγrkHpγirHproπuνtionHinHνollisionsHγtHY[VHEuropeanpPhysicalp
JournalpCTH2019THacTHYZ[ 4.2 4

92 wτγsurτmτntHoχHπiχχτrτntiγlHνrossHsτνtionsHχorHinνlusivτHisolγtτπUphotonHγnπHphotonSjτtH
proπuνtionHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTHZX 4.2 4

91 oviπτnντHχorHPtτxtH{ }tτxtH{ }QHproπuνtionHχromHπouμlτUpγrtonHintτrγνtionsHinHprotonâ��protonH
νollisionsHγtHPsqrt{s}HgHY[HTtτxtH{~τ–}HQVHEuropeanpPhysicalpJournalpCTH2020THbXTHY 4.2 4

90 }tuπyHoχHπijτtHτvτntsHwithHγHlγrψτHrγpiπityHψγpHμτtwττnHthτHtwoHlτγπinψHjτtsHinHppHνollisionsHγtVH
EuropeanpPhysicalpJournalpCTH2018THabTHZ]Z 4.2 4

89 zsτuπorγpiπityHπistriμutionsHoχHνhγrψτπHhγπronsHinHprotonUlτγπHνollisionsHγtHPH
sqrt{sΛ{mγthrm{xx}}}g^VXZHQHγnπHbVY_H~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 4
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88
}τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHγtHlτγstHthrττHτlτνtronsHorHmuonsTHjτtsTHγnπHmissinψH
trγnsvτrsτHmomτntumHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergyp
PhysicsTH2018THZXYbTHY

5.4 4

87 }τγrνhHχorHsupτrsymmτtryHwithHriψψsHμosonHtoHπiphotonHπτνγysHusinψHthτHrγzorHvγriγμlτsHγtH
sgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018THaacTHY__UYcX4.2 4

86
momμinγtionHoχHinνlusivτHγnπHπiχχτrτntiγlHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHνhγrψτHγsymmτtryH
mτγsurτmτntsHusinψHk~vk}HγnπHmw}HπγtγHγtHPHsqrt{s}gaHQHγnπHbH~τ–VHJournalpofpHighpEnergypPhysicsTH
2018THZXYbTHY

5.4 4

85 }τγrνhHχorHγH iHμosonHπτνγyinψHtoHγHvτνtorUlikτHquγrkHγnπHγHtopHorHμottomHquγrkHinHthτHγllUjτtsHχinγlH
stγtτVHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 4

84 }τγrνhHχorHγHhτγvyHrτsonγnντHπτνγyinψHtoHγHtopHquγrkHγnπHγHvτνtorUlikτHtopHquγrkHγtHPHsqrt{s}gY[HQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 4

83 }τγrνhHχorHhiψhUmγssHZ˛‡HrτsonγnντsHinHτSτâ��˛‡HγnπH˛…HSH˛…Hâ��˛‡HχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQHγnπHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 4

82 }τγrνhHχorHmzHviolγtionHinHPHtovτrlinτ{t}HQHproπuνtionHγnπHπτνγyHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 4

81 wτγsurτmτntHoχHπiχχτrτntiγlHνrossHsτνtionsHγnπHνhγrψτHrγtiosHχorHUνhγnnτlHsinψlτHtopHquγrkH
proπuνtionHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2020THbXTH[aX 4.2 4

80 wτγsurτmτntHoχHquγrkUHγnπHψluonUlikτHjτtHχrγνtionsHusinψHjτtHνhγrψτHinHzμzμHγnπHppHνollisionsHγtH
^VXZH~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 4

79 kzimuthγlHνorrτlγtionsHχorHinνlusivτHZUjτtTH[UjτtTHγnπH]UjτtHτvτntsHinHppHνollisionsHγtHPsqrt{s}gHY[~hμoxH
{~τ–}QVHEuropeanpPhysicalpJournalpCTH2018THabTHY 4.2 4

78 w’}imdHγHmoπτlUunspτνiχiνHsτγrνhHχorHnτwHphysiνsHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalp
JournalpCTH2021THbYTH_Zc 4.2 4

77
}τγrνhHχorHthτHγssoνiγtτπHproπuνtionHoχHthτHriψψsHμosonHγnπHγHvτνtorHμosonHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H~τ–HviγHriψψsHμosonHπτνγysHtoHˇ�HlτptonsVHJournalpofpHighpEnergypPhysicsTH
2019THZXYcTHY

5.4 3

76 }τγrνhHχorHπirτνtHpγirHproπuνtionHoχHsupτrsymmτtriνHpγrtnτrsHtoHthτHlτptonHinHprotonUprotonH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2020THbXTHYbc 4.2 3

75
wτγsurτmτntHoχHthτHtopHquγrkHχorwγrπUμγνkwγrπHproπuνtionHγsymmτtryHγnπHthτHγnomγlousH
νhromoτlτνtriνHγnπHνhromomγψnτtiνHmomτntsHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighp
EnergypPhysicsTH2020THZXZXTHY

5.4 3

74
}τγrνhHχorH}upτrsymmτtryHwithHγHmomprτssτπHwγssH}pτνtrumHinHovτntsHwithHγH}oχtHˇ�HvτptonTHγH
riψhlyHonτrψτtiνHtτtTHγnπHvγrψτHwissinψH~rγnsvτrsτHwomτntumHinHzrotonUzrotonHmollisionsHγtH
sqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2020THYZ]THX]YbX[

7.4 3

73
wτγsurτmτntHoχHthτHinνlusivτHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHνrossHsτνtionHinHppHνollisionsHγtHPH
sqrt{s}g^VXZHQH~τ–HusinψHχinγlHstγtτsHwithHγtHlτγstHonτHνhγrψτπHlτptonVHJournalpofpHighpEnergypPhysicsTH
2018THZXYbTHY

5.4 3

72 }τγrνhHχorHZZHrτsonγnντsHinHthτHZâ��Z˛‰HχinγlHstγtτHinHprotonUprotonHνollisionsHγtHY[H~τ–VHJournalpofp
HighpEnergypPhysicsTH2018THZXYbTHY 5.4 3

71 }τγrνhHχorHthτHproπuνtionHoχH ´– ´– iHτvτntsHγtHsgY[HH~τ–VHPhysicalpReviewpDTH2019THYXXTH 4.9 3
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70 }τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHphotonsHγnπHmissinψHtrγnsvτrsτHτnτrψyHinHppHνollisionsHγtH
Y[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THa_cTH[cYU]YZ4.2 3

69 }τγrνhHχorHtopHquγrkHpγrtnτrsHwithHνhγrψτH^W[HinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VH
JournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 3

68
wτγsurτmτntsHoχHthτHPmγthrmH{p}mγthrmH{p}riψhtγrrowHmγthrm{Z}mγthrm{Z}QHproπuνtionHνrossH
sτνtionHγnπHthτHPmγthrm{Z}riψhtγrrowH]τllHQHμrγnνhinψHχrγνtionTHγnπHνonstrγintsHonHγnomγlousHtriplτH
ψγuψτHνouplinψsHγtHPsqrt{s}HgHY[TtτxtH{~τ–}HQH2018THabTHY

3

67 momμinτπHsτγrνhτsHχorHthτHproπuνtionHoχHsupτrsymmτtriνHtopHquγrkHpγrtnτrsHinHprotonUprotonH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2021THbYTHcaX 4.2 3

66 kHnττpHxτurγlHxτtworkHχorH}imultγnτousHostimγtionHoχHμHtτtHonτrψyHγnπH|τsolutionVHComputingp
andpSoftwarepforpBigpScienceTH2020TH]THYX 6 3

65 wτγsurτmτntsHoχHriψψsHμosonHproπuνtionHνrossHsτνtionsHγnπHνouplinψsHinHthτHπiphotonHπτνγyH
νhγnnτlHγtHPHsqrt{mγthrm{s}}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2021THZXZYTHY 5.4 3

64 }tuπiτsHoχHinνlusivτHχourUjτtHproπuνtionHwithHtwoHμUtγψψτπHjτtsHinHprotonUprotonHνollisionsHγtHaH~τ–VH
PhysicalpReviewpDTH2016THc]TH 4.9 3

63
wτγsurτmτntHoχHπiχχτrτntiγlHνrossHsτνtionsHχorHZHμosonHpγirHproπuνtionHinHγssoνiγtionHwithHjτtsHγtH
sgbHγnπHY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2019
THabcTHYcU]]

4.2 3

62 ovτntHshγpτHvγriγμlτsHmτγsurτπHusinψHmultijτtHχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPH
sqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 3

61 }τγrνhHχorHlτptonUχlγvorHviolγtinψHπτνγysHoχHhτγvyHrτsonγnντsHγnπHquγntumHμlγνkHholτsHtoHτ˛…HχinγlH
stγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}gY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 3

60 }τγrνhHχorHνhγrψτπHriψψsHμosonsHproπuντπHinHvτνtorHμosonHχusionHproντssτsHγnπHπτνγyinψHintoH
vτνtorHμosonHpγirsHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2021THbYTHaZ[ 4.2 3

59 yμsτrvγtionHoχHthτHπτνγyHlSUhˇ�PZ}QiPYXZXQuSHinHppHνollisionsHγtHsgb~τ–VHPhysicspLetters,pSectionpB:p
Nuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2017THa_]TH__Ub_ 4.2 2

58 }τγrνhHχorHrτsonγntHproπuνtionHoχHsτνonπUψτnτrγtionHslτptonsHwithHsγmτUsiψnHπimuonHτvτntsHinH
protonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTH[X^ 4.2 2

57 VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 2

56 }τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHγHphotonTHγHlτptonTHγnπHmissinψHtrγnsvτrsτHmomτntumHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HgHY[HQH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 2

55 momμinγtionHoχHthτH HμosonHpolγrizγtionHmτγsurτmτntsHinHtopHquγrkHπτνγysHusinψHk~vk}HγnπHmw}H
πγtγHγtHPHsqrt{s}HQHgHbH~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 2

54 wultipγrtiνlτHνorrτlγtionHstuπiτsHinHpzμHνollisionsHγtHsxxgbVY_H~τ–VHPhysicalpReviewpCTH2020THYXYTH 2.7 2

53
nτtτrminγtionHoχHthτHstronψHνouplinψHνonstγntH˛–}PmZQHχromHmτγsurτmτntsHoχHinνlusivτH ´–HγnπHZH
μosonHproπuνtionHνrossHsτνtionsHinHprotonUprotonHνollisionsHγtHPHsqrt{mγthrm{s}}HQHgHaHγnπHbH~τ–VH
JournalpofpHighpEnergypPhysicsTH2020THZXZXTHY

5.4 2

(2020-2017)
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52 wτγsurτmτntHoχHπiχχτrτntiγlHνrossHsτνtionsHinHthτHkinτmγtiνHγnψulγrHvγriγμlτHiRHχorHinνlusivτHZH
μosonHproπuνtionHinHppHνollisionsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2018THZXYbTHY 5.4 2

51
}τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHonτHlτptonHγnπHmultiplτHjτtsHτxploitinψHthτHγnψulγrH
νorrτlγtionHμτtwττnHthτHlτptonHγnπHthτHmissinψHtrγnsvτrsτHmomτntumHinHprotonâ��protonHνollisionsH
γtHsgY[~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2018TH
abXTH[b]U]Xc

4.2 2

50
snνlusivτHsτγrνhHχorHsupτrsymmτtryHinHppHνollisionsHγtHPHsqrt{s}gY[HQH~τ–HusinψHrγzorHvγriγμlτsHγnπH
μoostτπHoμjτνtHiπτntiχiνγtionHinHzτroHγnπHonτHlτptonHχinγlHstγtτsVHJournalpofpHighpEnergypPhysicsTH
2019THZXYcTHY

5.4 2

49 }τγrνhHχorHτxνitτπHlτptonsHinHâ��â�� ˛‡HχinγlHstγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{mγthrm{s}}gY[HQH
~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 2

48 mτntrγlityHγnπHpsτuπorγpiπityHπτpτnπτnντHoχHthτHtrγnsvτrsτHτnτrψyHπτnsityHinHpzμHνollisionsHγtH
sxxg^VXZH~τ–VHPhysicalpReviewpCTH2019THYXXTH 2.7 2

47
}τγrνhHχorHπγrkHmγttτrHinHτvτntsHwithHγHlτptoquγrkHγnπHmissinψHtrγnsvτrsτHmomτntumHinH
protonUprotonHνollisionsHγtHY[H~τ–VHPhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandp
High-EnergypPhysicsTH2019THac^THa_Ucc

4.2 2

46 kHχrττUrunninψTHtimτUμγsτπHrτγπoutHmτthoπHχorHpγrtiνlτHπτtτνtorsVHJournalpofpInstrumentationTH2014
THcTHmX[XZ^UmX[XZ^ 1 2

45 wτγsurτmτntsHoχHthτHppHUhH ˛‡˛‡HγnπHppHUhHZ˛‡˛‡HνrossHsτνtionsHγnπHlimitsHonHγnomγlousHquγrtiνHψγuψτH
νouplinψsHγtHPHsqrt{s}gbHQH~τ–VHJournalpofpHighpEnergypPhysicsTH2017THZXYaTHY 5.4 2

44 }τγrνhHχorHnτwHphτnomτnγHwithHmultiplτHνhγrψτπHlτptonsHinHprotonâ��protonHνollisionsHγtHPsqrt{s}gH
Y[QHPTtτxtH{~τ–}QVHEuropeanpPhysicalpJournalpCTH2017THaaTHY 4.2 2

43 }τγrνhHχorHsupτrsymmτtryHusinψHriψψsHμosonHtoHπiphotonHπτνγysHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofp
HighpEnergypPhysicsTH2019THZXYcTHY 5.4 2

42 ~hτHproπuνtionHoχHisolγtτπHphotonsHinHzμzμHγnπHppHνollisionsHγtHPHsqrt{sΛ{mγthrm{xx}}}HQHgH^VXZH~τ–VH
JournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 2

41 losτUoinstτinHνorrτlγtionsHoχHνhγrψτπHhγπronsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VH
JournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 2

40 wτγsurτmτntHoχHthτHtτtHwγssHnistriμutionHγnπH~opH{uγrkHwγssHinHrγπroniνHnτνγysHoχHloostτπH~opH
{uγrksHinHppHmollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2020THYZ]THZXZXXY 7.4 2

39 }tuπyHoχHντntrγlHτxνlusivτHproπuνtionHinHprotonUprotonHνollisionsHγtHγnπHY[~τ–VHEuropeanpPhysicalp
JournalpCTH2020THbXTHaYb 4.2 2

38 }τγrνhHχorHphysiνsHμτyonπHthτHstγnπγrπHmoπτlHinHτvτntsHwithHjτtsHγnπHtwoHsγmτUsiψnHorHγtHlτγstH
thrττHνhγrψτπHlτptonsHinHprotonUprotonHνollisionsHγtVHEuropeanpPhysicalpJournalpCTH2020THbXTHa^Z 4.2 2

37 }τγrνhHχorHpγirUproπuντπHthrττUjτtHrτsonγnντsHinHprotonUprotonHνollisionsHγtHsgY[HH~τ–VHPhysicalp
ReviewpDTH2019THccTH 4.9 2

36 }τγrνhHχorHthτHproπuνtionHoχHχourHtopHquγrksHinHthτHsinψlτUlτptonHγnπHoppositτUsiψnHπilτptonHχinγlH
stγtτsHinHprotonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 2

35 }τγrνhHχorHsupτrsymmτtryHinHτvτntsHwithHγHphotonTHjτtsTHUjτtsTHγnπHmissinψHtrγnsvτrsτHmomτntumHinH
protonUprotonHνollisionsHγtHY[VHEuropeanpPhysicalpJournalpCTH2019THacTH]]] 4.2 1
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34 }τγrνhHχorH HlosonHnτνγysHtoH~hrττHmhγrψτπHzionsVHPhysicalpReviewpLettersTH2019THYZZTHY^YbXZ 7.4 1

33 }τγrνhHχorHxγrrowHr˛‡H|τsonγnντsHinHzrotonUzrotonHmollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewp
LettersTH2019THYZZTHXbYbX] 7.4 1

32 }τγrνhHχorHπijτtHrτsonγnντsHusinψHτvτntsHwithHthrττHjτtsHinHprotonUprotonHνollisionsHγtHsgY[~τ–VH
PhysicspLetters,pSectionpB:pNuclear,pElementarypParticlepandpHigh-EnergypPhysicsTH2020THbX^THY[^]]b 4.2 1

31 }τγrνhHχorHγnHτxνitτπHlτptonHthγtHπτνγysHviγHγHνontγνtHintτrγνtionHtoHγHlτptonHγnπHtwoHjτtsHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 1

30 }τγrνhHχorHtopHsquγrkHpγirHproπuνtionHinHγHχinγlHstγtτHwithHtwoHtγuHlτptonsHinHprotonUprotonH
νollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 1

29
nτtτνtionHsτnsitivityHγnπHliψhtHνollτνtionHstuπiτsHoχHγnHkznUμγsτπHhiψhHpγνkinψUχrγνtionHv±}ydmτH
mγtrixHχorHzo~HγppliνγtionsVHNuclearpInstrumentspandpMethodspinpPhysicspResearch,pSectionpA:p
Accelerators,pSpectrometers,pDetectorspandpAssociatedpEquipmentTH2013THa[ZTH_XaU_YX

1.2 1

28 nτsiψnHγnπHpτrχormγnντHoχHγnHk}smHχorH~ypHγppliνγtionsH2013TH 1

27 }tuπyHoχHthτHPH{mγthrm{l}}^{S}toHmγthrm{t}WuppsiHovτrlinτ{vγmμπγ}mγthrm{p}HQHπτνγyHinH
protonUprotonHνollisionsHγtHPHsqrt{s}HQHgHbH~τ–VHJournalpofpHighpEnergypPhysicsTH2019THZXYcTHY 5.4 1

26 wτγsurτmτntHoχHthτHνrossHsτνtionHχorHPHmγthrm{t}ovτrlinτ{mγthrm{t}}HQHproπuνtionHwithHγππitionγlH
jτtsHγnπHμHjτtsHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 1

25 nτvτlopmτntHγnπHvγliπγtionHoχHro| sq´ aHtunτsHχromHmw}HunπτrlyinψUτvτntHmτγsurτmτntsVH
EuropeanpPhysicalpJournalpCTH2021THbYTH[YZ 4.2 1

24 wτγsurτmτntsHoχHtriplτUπiχχτrτntiγlHνrossHsτνtionsHχorHinνlusivτHisolγtτπUphotonSjτtHτvτntsHinH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTHc_c 4.2 1

23 yμsτrvγtionHoχHthτHZUhˇ�â��^{S}â��^{U}HnτνγyHinHppHmollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH
2018THYZYTHY]YbXY 7.4 1

22 }τγrνhHχorHzγirUzroπuντπH|τsonγnντsHoγνhHnτνγyinψHintoHγtHvτγstHpourH{uγrksHinHzrotonUzrotonH
mollisionsHγtHsqrtℓs√gY[HH~τ–VHPhysicalpReviewpLettersTH2018THYZYTHY]YbXZ 7.4 1

21
}τγrνhHχorHχlγvorUνhγnψinψHnτutrγlHνurrτntHintτrγνtionsHoχHthτHtopHquγrkHγnπHthτHriψψsHμosonH
πτνγyinψHtoHγHμottomHquγrkUγntiquγrkHpγirHγtHLLHsqrt{s}HLLHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH
2022THZXZZTHY

5.4 1

20 kzimuthγlHsτpγrγtionHinHnτγrlyHμγνkUtoUμγνkHjτtHtopoloψiτsHinHinνlusivτHZUHγnπH[UjτtHτvτntsHinH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2019THacTHaa[ 4.2 0

19 wτγsurτmτntHoχHsinψlτUπiχχrγνtivτHπijτtHproπuνtionHinHprotonUprotonHνollisionsHγtHwithHthτHmw}HγnπH
~y~owHτxpτrimτntsVHEuropeanpPhysicalpJournalpCTH2020THbXTHYY_] 4.2 0

18 wτγsurτmτntHoχHthτHtopHquγrkHpγirHproπuνtionHνrossHsτνtionHinHπilτptonHχinγlHstγtτsHνontγininψHonτH
ˇ�HlτptonHinHppHνollisionsHγtHPHsqrt{s}HQHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2020THZXZXTHY 5.4 0

17 }τγrνhHχorHγHhτγvyHvτνtorHrτsonγnντHπτνγyinψHtoHγH´ μosonHγnπHγHriψψsHμosonHinHprotonUprotonH
νollisionsHγtVHEuropeanpPhysicalpJournalpCTH2021THbYTH_bb 4.2 0

(2021-2019)
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16 wτγsurτmτntsHoχHγnψulγrHπistγnντHγnπHmomτntumHrγtioHπistriμutionsHinHthrττUjτtHγnπHSHtwoUjτtH
χinγlHstγtτsHinHνollisionsVHEuropeanpPhysicalpJournalpCTH2021THbYTHb^Z 4.2 0

15
snνlusivτHγnπHπiχχτrτntiγlHνrossHsτνtionHmτγsurτmτntsHoχHsinψlτHtopHquγrkHproπuνtionHinHγssoνiγtionH
withHγHZHμosonHinHprotonUprotonHνollisionsHγtHLLHsqrt{s}HLLHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH
2022THZXZZTHY

5.4 0

14 }τγrνhHχorHlonψUlivτπHpγrtiνlτsHπτνγyinψHtoHlτptonsHwithHlγrψτHimpγνtHpγrγmτtτrHinHprotonUprotonH
νollisionsHγtHVVHEuropeanpPhysicalpJournalpCTH2022THbZTHY^[ 4.2 0

13 }τγrνhHχorHlowUmγssHπilτptonHrτsonγnντsHinHriψψsHμosonHπτνγysHtoHχourUlτptonHχinγlHstγtτsHinH
protonUprotonHνollisionsHγtHVVHEuropeanpPhysicalpJournalpCTH2022THbZTHZcX 4.2 0

12
}τγrνhHχorHsupτrsymmτtryHinHχinγlHstγtτsHwithHtwoHorHthrττHsoχtHlτptonsHγnπHmissinψHtrγnsvτrsτH
momτntumHinHprotonUprotonHνollisionsHγtHLLHsqrt{s}HLLHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH
2022THZXZZTHY

5.4 0

11 }τγrνhHχorHγHriψhtUhγnπτπH HμosonHγnπHγHhτγvyHnτutrinoHinHprotonUprotonHνollisionsHγtHLLHsqrt{s}HLLH
gHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2022THZXZZTHY 5.4 0

10 }τγrνhHχorHγHhτγvyHrτsonγnντHπτνγyinψHintoHγHtopHquγrkHγnπHγH HμosonHinHthτHlτptonSjτtsHχinγlHstγtτH
γtHLLHsqrt{s}HLLHgHY[H~τ–VHJournalpofpHighpEnergypPhysicsTH2022THZXZZTHY 5.4 0

9 }τγrνhHχorHhτγvyHrτsonγnντsHπτνγyinψHtoHZZHorHZ HγnπHγxionUlikτHpγrtiνlτsHmτπiγtinψHnonrτsonγntH
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