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394 xνrπorm≥nγνFoπFtχνFi}ti{FtνvνlSWFtopoloτψγ≥lFtrψττνrFψnFzun´ XTFEuropeanvPhysicalvJournalvCRF2022RF
_XRFW 4.2 0

393
{ν≥rγχFπorFνxotψγFμνγ≥ysFoπFtχνFpψττsFbosonFψntoFbJJFovνrlψnν{b}FJJF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumFψnFppFγollψsψonsF≥tFJJFsqrt{s}FJJFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2022RFXVXXRFW

5.4 0

392
wbsνrv≥tψonFoπFνlνγtrowν≥kFproμuγtψonFoπFtwoFjνtsFψnF≥ssoγψ≥tψonFwψtχF≥nFψsol≥tνμFpχotonF≥nμF
mψssψnτFtr≥nsvνrsνFmomνntumRF≥nμFsν≥rγχFπorF≥FpψττsFbosonFμνγ≥yψnτFψntoFψnvψsψblνFp≥rtψγlνsF≥tF
WY´ JJtνxtF{}ν‘}JJFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2022RF_XRFW

4.2 0

391
{ν≥rγχFπorFpψττsFbosonsFμνγ≥yψnτFψntoFnνwFspψnSVForFspψnSWFp≥rtψγlνsFψnFπourSlνptonFπψn≥lFst≥tνsFwψtχF
tχνFi}ti{FμνtνγtorFwψtχFWYaFπbâ��WFoπFppFγollψsψonFμ≥t≥F≥tFJJFsqrt{s}FJJFeFWYF}ν‘TFJournalvofvHighv
EnergyvPhysicsRF2022RFXVXXRFW

5.4 0

390 itln≥stYbF}χνFvνxtFoνnνr≥tψonFoπFn≥stF{ψmul≥tψonFψnFi}ti{TFComputingvandvSoftwarevforvBigvScienceRF
2022RF]RFW 6 0

389
uν≥surνmνntFoπFtχνFνnνrτyFrνsponsνFoπFtχνFi}ti{´ γ≥lorψmνtνrFtoFγχ≥rτνμ´ pψonsFπromFJJ’ℓ{pmF
}rψτχt≥rrowFt≥uFℓ{pmF}Nrψτχt≥rrowFpψFℓ{pmF}nuF−{t≥uF}OnuF−{t≥uF}JJFνvνntsFψnFzun´ XFμ≥t≥TFEuropeanv
PhysicalvJournalvCRF2022RF_XRFW

4.2 0

388 }χνFi}ti{FψnnνrFμνtνγtorFtrψττνrFpνrπorm≥nγνFψnFppFγollψsψonsF≥tFWY´ }ν‘FμurψnτFtpkFzunFXTF
EuropeanvPhysicalvJournalvCRF2022RF_XRFW 4.2

387 lνtνrmψn≥tψonFoπFtχνFp≥rtonFμψstrψbutψonFπunγtψonsFoπFtχνFprotonFusψnτFμψvνrsνFi}ti{Fμ≥t≥FπromFppF
γollψsψonsF≥tFJJsqrt{s}FeF^JJRF_F≥nμFWY´ }ν‘TFEuropeanvPhysicalvJournalvCRF2022RF_XRFW 4.2 1

386
{ν≥rγχFπorFzSp≥rψtySvψol≥tψnτFsupνrsymmνtryFψnF≥Fπψn≥lFst≥tνFγont≥ψnψnτFlνptonsF≥nμFm≥nyFjνtsFwψtχF
tχνFi}ti{FνxpνrψmνntFusψnτFNsqrt{s}FeFWYχboxF{F}ν‘}OFprotonâ��protonFγollψsψonFμ≥t≥TFEuropeanv
PhysicalvJournalvCRF2021RF_WRFW

4.2 2

385 uν≥surνmνntFoπFtχνFtNFovνrlψnν{t}FOtNFovνrlψnν{t}FOFproμuγtψonFγrossFsνγtψonFψnFppFγollψsψonsF≥tFNF
sqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 0

384
{ν≥rγχFπorFμ≥rkFm≥ttνrFψnFνvνntsFwψtχFmψssψnτFtr≥nsvνrsνFmomνntumF≥nμF≥FpψττsFbosonFμνγ≥yψnτF
ψntoFtwoFpχotonsFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2021RFXVXWRFW

5.4 2

383 {ν≥rγχFπorFtypνSqqqFsννs≥wFχν≥vyFlνptonsFψnFμψlνptonFπψn≥lFst≥tνsFψnFppFγollψsψonsF≥tFNFsqrt{s}FeFWYR{tνxtF
{}ν‘}}FOFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 7

382 uν≥surνmνntFoπFlψτχtSbySlψτχtFsγ≥ttνrψnτF≥nμFsν≥rγχFπorF≥xψonSlψkνFp≥rtψγlνsFwψtχFXTXFnbâ��WFoπFxbQxbF
μ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 5

381
{ν≥rγχFπorFpψττsFbosonFproμuγtψonFψnF≥ssoγψ≥tψonFwψtχF≥FχψτχSνnνrτyFpχotonFvψ≥FvνγtorSbosonF
πusψonFwψtχFμνγ≥yFψntoFbottomFqu≥rkFp≥ψrsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2021RFXVXWRFW

5.4 1

380
{ν≥rγχFπorFnνwFpχνnomνn≥FwψtχFtopFqu≥rkFp≥ψrsFψnFπψn≥lFst≥tνsFwψtχFonνFlνptonRFjνtsRF≥nμFmψssψnτF
tr≥nsvνrsνFmomνntumFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2021RFXVXWRFW

5.4 6

379
{ν≥rγχFπorFnνwFpχνnomνn≥FψnFνvνntsFwψtχFtwoFopposψtνSγχ≥rτνFlνptonsRFjνtsF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumFψnFppFγollψsψonsF≥tFNFsqrt{m≥tχrm{s}}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2021RFXVXWRFW

5.4 8

378
{ν≥rγχFπorFp≥ψrFproμuγtψonFoπFsγ≥l≥rFlνptoqu≥rksFμνγ≥yψnτFψntoFπψrstSForFsνγonμSτνnνr≥tψonFlνptonsF
≥nμFtopFqu≥rksFψnFprotonâ��protonFγollψsψonsF≥tFNsqrt{s}OFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanv
PhysicalvJournalvCRF2021RF_WRFW

4.2 5
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377 wptψmψs≥tψonFoπFl≥rτνSr≥μψusFjνtFrνγonstruγtψonFπorFtχνFi}ti{FμνtνγtorFψnFWYF}ν‘Fprotonâ��protonF
γollψsψonsTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 2

376
{ν≥rγχFπorFχν≥vyFrνson≥nγνsFμνγ≥yψnτFψntoF≥Fp≥ψrFoπF FbosonsFψnFtχνFNνllFℓQνllFℓSνllFMℓQνllFMℓSOF≥nμFNνllF
ℓQνllFℓSnuF{{b≥r{nuF}}}OFπψn≥lFst≥tνsFusψnτFWYaFNm≥tχrmF{πb}ℓ{SW}OFoπFprotonâ��protonFγollψsψonsF≥tF
Nsqrt{s}FeFWYRO}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW

4.2 8

375
{ν≥rγχFπorFnνwFpχνnomνn≥FψnFπψn≥lFst≥tνsFwψtχFbSjνtsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnFNF
sqrt{m≥tχrm{s}}FOFeFWYF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2021RFXVXWRFW

5.4 6

374
{ν≥rγχFπorF≥Fχν≥vyFpψττsFbosonFμνγ≥yψnτFψntoF≥F FbosonF≥nμF≥notχνrFχν≥vyFpψττsFbosonFψnFtχνFNνllF
νllFbbOF≥nμFNνllFνllF’’OFπψn≥lFst≥tνsFψnFppFγollψsψonsF≥tFNsqrt{s}eWYOFNtνxtF{}ν‘}OFwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW

4.2 7

373
{ν≥rγχFπorFμoublyF≥nμFsψnτlyFγχ≥rτνμFpψττsFbosonsFμνγ≥yψnτFψntoFvνγtorFbosonsFψnFmultψSlνptonFπψn≥lF
st≥tνsFwψtχFtχνFi}ti{FμνtνγtorFusψnτFprotonSprotonFγollψsψonsF≥tFNFsqrt{m≥tχrm{s}}FOFeFWYF}ν‘TF
JournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW

5.4 3

372 uν≥surνmνntsFoπF’Q’â��QFâ�¥FWFjνtFproμuγtψonFγrossSsνγtψonsFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 0

371 {ν≥rγχFπorFγχ≥rτνμFpψττsFbosonsFμνγ≥yψnτFψntoF≥FtopFqu≥rkF≥nμF≥FbottomFqu≥rkF≥tFNFsqrt{m≥tχrm{s}}F
OFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 8

370 uν≥surνmνntsFoπFpψττsFbosonsFμνγ≥yψnτFtoFbottomFqu≥rksFπromFvνγtorFbosonFπusψonFproμuγtψonF
wψtχFtχνFi}ti{FνxpνrψmνntF≥tFNsqrt{s}eWYRtνxtF{}ν‘}OTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 0

369
{ν≥rγχFπorFp≥ψrFproμuγtψonFoπFtχψrμSτνnνr≥tψonFsγ≥l≥rFlνptoqu≥rksFμνγ≥yψnτFψntoF≥FtopFqu≥rkF≥nμF≥F
ˇ�SlνptonFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyv
PhysicsRF2021RFXVXWRFW

5.4 6

368 {ν≥rγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFπourForFmorνFγχ≥rτνμFlνptonsFψnFWYaFπbâ��WFoπFNFsqrt{s}FOFeF
WYF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 2

367
lνtνrmψn≥tψonFoπFtχνFp≥rtonFμψstrψbutψonFπunγtψonsFoπFtχνFprotonFπromFi}ti{Fmν≥surνmνntsFoπF
μψππνrνntψ≥lF’´–F≥nμF FbosonFproμuγtψonFψnF≥ssoγψ≥tψonFwψtχFjνtsTFJournalvofvHighvEnergyvPhysicsRF2021
RFXVXWRFW

5.4 1

366 uν≥surνmνntsFoπFμψππνrνntψ≥lFγrossSsνγtψonsFψnFπourSlνptonFνvνntsFψnFWYF}ν‘FprotonSprotonF
γollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 0

365 iFsν≥rγχFπorFtχνFμνγ≥ysFoπFstoppνμFlonτSlψvνμFp≥rtψγlνsF≥tFNFsqrt{m≥tχrm{s}}FOFeFWYF}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 1

364 uuonFrνγonstruγtψonF≥nμFψμνntψπψγ≥tψonFνππψγψνnγyFψnFi}ti{FusψnτFtχνFπullFzunFXFppFγollψsψonFμ≥t≥FsνtF
≥tFNsqrt{s}eWYOF}ν‘TFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 13

363 uν≥surνmνntFoπFχ≥μronψγFνvνntFsχ≥pνsFψnFχψτχSp}FmultψjνtFπψn≥lFst≥tνsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχF
tχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 3

362
{ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnFπψn≥lFst≥tνsFwψtχFjνtsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFusψnτFWYaF
πbâ��WFoπFNFsqrt{s}FOFeFWYF}ν‘FppFγollψsψonFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2021RFXVXWRFW

5.4 8

361 lψππνrνntψ≥lFγrossSsνγtψonFmν≥surνmνntsFπorFtχνFνlνγtrowν≥kFproμuγtψonFoπFμψjνtsFψnF≥ssoγψ≥tψonF
wψtχF≥F FbosonFψnFprotonâ��protonFγollψsψonsF≥tFi}ti{TFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 5

360 uν≥surνmνntsFoπF’pF≥nμF pFproμuγtψonFψnFtχνFNpFrψτχt≥rrowFbb≥r{b}OFμνγ≥yFγχ≥nnνlFψnFppF
γollψsψonsF≥tFNWYRtνxtF{}ν}tνxtF{‘}OFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 7
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359 {ν≥rγχFπorFμ≥rkFm≥ttνrFψnF≥ssoγψ≥tψonFwψtχF≥nFνnνrτνtψγFpχotonFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 5

358 {ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnFπψn≥lFst≥tνsFwψtχFonνFψsol≥tνμFlνptonRFjνtsRF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumF≥tFNsqrt{s}eWYOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 0

357 uν≥surνmνntFoπFsψnτlνFtopSqu≥rkFproμuγtψonFψnF≥ssoγψ≥tψonFwψtχF≥F’FbosonFψnFtχνFsψnτlνSlνptonF
γχ≥nnνlF≥tFNsqrt{s}FeF_RtνxtF{}ν‘}OFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 1

356 rνtFνnνrτyFsγ≥lνF≥nμFrνsolutψonFmν≥surνμFψnFprotonâ��protonFγollψsψonsF≥tFNsqrt{s}eWYOF}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 11

355
uν≥surνmνntsFoπFtχνFψnγlusψvνF≥nμFμψππνrνntψ≥lFproμuγtψonFγrossFsνγtψonsFoπF≥FtopSqu≥rkâ��≥ntψqu≥rkF
p≥ψrFψnF≥ssoγψ≥tψonFwψtχF≥F FbosonF≥tFNsqrt{s}FeFWYOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2021RF_WRFW

4.2 1

354 {ν≥rγχFπorFμ≥rkFm≥ttνrFproμuγνμFψnF≥ssoγψ≥tψonFwψtχF≥FsψnτlνFtopFqu≥rkFψnFNsqrt{s}eWYOF}ν‘FNppOF
γollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 4

353
uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFsψnτlνSF≥nμFμoublνSμψππνrνntψ≥lFγrossSsνγtψonsFψnFtχνF≥llSχ≥μronψγF
γχ≥nnνlFψnFppFγollψsψonsF≥tFNFsqrt{m≥tχrm{s}}FOFeFWYF}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2021RFXVXWRFW

5.4 2

352 {ν≥rγχFπorFpχνnomνn≥FbνyonμFtχνF{t≥nμ≥rμFuoμνlFψnFνvνntsFwψtχFl≥rτνFbSjνtFmultψplψγψtyFusψnτFtχνF
i}ti{FμνtνγtorF≥tFtχνFtpkTFEuropeanvPhysicalvJournalvCRF2021RF_WRFW 4.2 1

351
{ν≥rγχFπorFμ≥rkFm≥ttνrFproμuγνμFψnF≥ssoγψ≥tψonFwψtχF≥F{t≥nμ≥rμFuoμνlFpψττsFbosonFμνγ≥yψnτFψntoF
bSqu≥rksFusψnτFtχνFπullFzunFXFμ≥t≥sνtFπromFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RF
XVXWRFW

5.4 0

350 uν≥surνmνntFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFp≥ψrsFoπFψsol≥tνμFpχotonsFψnFppFγollψsψonsF≥tFWYF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RFXVXWRFW 5.4 0

349
{ν≥rγχFπorFνxotψγFμνγ≥ysFoπFtχνFpψττsFbosonFψntoFlonτSlψvνμFp≥rtψγlνsFψnFppFγollψsψonsF≥tFJJFsqrt{s}FJJF
eFWYF}ν‘FusψnτFμψspl≥γνμFvνrtψγνsFψnFtχνFi}ti{FψnnνrFμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RF
XVXWRFW

5.4 0

348
{ν≥rγχFπorFγχ≥rτψnoâ��nνutr≥lψnoFp≥ψrFproμuγtψonFψnFπψn≥lFst≥tνsFwψtχFtχrννFlνptonsF≥nμFmψssψnτF
tr≥nsvνrsνFmomνntumFψnFJJsqrt{s}FeFWYJJ´ }ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanv
PhysicalvJournalvCRF2021RF_WRFW

4.2 1

347 konπψτur≥tψonF≥nμFpνrπorm≥nγνFoπFtχνFi}ti{FbSjνtFtrψττνrsFψnFzunFXTFEuropeanvPhysicalvJournalvCRF
2021RF_WRFW 4.2 1

346
uν≥surνmνntFoπFbSqu≥rkFπr≥τmνnt≥tψonFpropνrtψνsFψnFjνtsFusψnτFtχνFμνγ≥yFj´–FSfFrUˇ�s´–FψnFppF
γollψsψonsF≥tFJJFsqrt{s}FJJFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2021RF
XVXWRFW

5.4 0

345 pψττsFbosonFproμuγtψonFγrossSsνγtψonFmν≥surνmνntsF≥nμFtχνψrFmn}Fψntνrprνt≥tψonFψnFtχνFNZνllFOF
μνγ≥yFγχ≥nnνlF≥tFNsqrt{s}eOWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 12

344 {ν≥rγχFπorFp≥ψrsFoπFsγ≥l≥rFlνptoqu≥rksFμνγ≥yψnτFψntoFqu≥rksF≥nμFνlνγtronsForFmuonsFψnFNFsqrt{s}FOFeFWYF
}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 8

343 {ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnFπψn≥lFst≥tνsFwψtχFs≥mνSsψτnFlνptonsF≥nμFjνtsFusψnτFWYaFπbâ��WFoπFμ≥t≥F
γollνγtνμFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 8

342 xνrπorm≥nγνFoπFνlνγtronF≥nμFpχotonFtrψττνrsFψnFi}ti{FμurψnτFtpkFzunFXTFEuropeanvPhysicalvJournalv
CRF2020RF_VRFW 4.2 30
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341 {ν≥rγχFπorFtopFsqu≥rksFψnFνvνntsFwψtχF≥FpψττsForF FbosonFusψnτFWYaFπbNℓ{SW}OFoπFppFγollψsψonFμ≥t≥F≥tF
Nsqrt{s}eWYOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 1

340 mvψμνnγνFπorFNtb≥r{t}tb≥r{t}OFproμuγtψonFψnFtχνFmultψlνptonFπψn≥lFst≥tνFψnFprotonâ��protonFγollψsψonsF≥tF
Nsqrt{s}eWYOFNtνxtF{}ν‘}OFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 8

339 {ν≥rγχFπorFχν≥vyFμψbosonFrνson≥nγνsFψnFsνmψlνptonψγFπψn≥lFst≥tνsFψnFppFγollψsψonsF≥tFNsqrt{s}eWYOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 4

338
{ν≥rγχFπorF≥Fsγ≥l≥rFp≥rtnνrFoπFtχνFtopFqu≥rkFψnFtχνF≥llSχ≥μronψγFNt{b≥r{t}}OFplusFmψssψnτFtr≥nsvνrsνF
momνntumFπψn≥lFst≥tνF≥tFNsqrt{s}eWYOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2020RF_VRFW

4.2 17

337 ilψτnmνntFoπFtχνFi}ti{FqnnνrFlνtνγtorFψnFzunFXTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 4

336 lνtνrmψn≥tψonFoπFjνtFγ≥lψbr≥tψonF≥nμFνnνrτyFrνsolutψonFψnFprotonâ��protonFγollψsψonsF≥tFNsqrt{s}FeF
_~χboxF{}ν‘}OFusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 3

335 {ν≥rγχFπorFNFtovνrlψnν{t}FOFrνson≥nγνsFψnFπullyFχ≥μronψγFπψn≥lFst≥tνsFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 6

334 zνγonstruγtψonF≥nμFψμνntψπψγ≥tψonFoπFboostνμFμψSˇ�FsystνmsFψnF≥Fsν≥rγχFπorFpψττsFbosonFp≥ψrsFusψnτFWYF
}ν‘FprotonSprotonFγollψsψonFμ≥t≥FψnFi}ti{TFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 3

333 xνrπorm≥nγνFoπFtχνFmψssψnτFtr≥nsvνrsνFmomνntumFtrψττνrsFπorFtχνFi}ti{FμνtνγtorFμurψnτFzunSXF
μ≥t≥Ft≥kψnτTFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 8

332 {ν≥rγχFπorFnνwFnonSrνson≥ntFpχνnomνn≥FψnFχψτχSm≥ssFμψlνptonFπψn≥lFst≥tνsFwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 9

331 uν≥surνmνntsFoπFtχνFpψττsFbosonFψnγlusψvνF≥nμFμψππνrνntψ≥lFπψμuγψ≥lFγrossFsνγtψonsFψnFtχνFZNνllFOF
μνγ≥yFγχ≥nnνlF≥tFNsqrt{s}OFeFWYF}ν‘TFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 9

330
{ν≥rγχFπorFμψrνγtFproμuγtψonFoπFνlνγtrowν≥kψnosFψnFπψn≥lFst≥tνsFwψtχFonνFlνptonRFmψssψnτFtr≥nsvνrsνF
momνntumF≥nμF≥FpψττsFbosonFμνγ≥yψnτFψntoFtwoFbSjνtsFψnFNppOFγollψsψonsF≥tFNsqrt{s}eWYOF}ν‘FwψtχF
tχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW

4.2 13

329
uν≥surνmνntsFoπFtχνFproμuγtψonFγrossSsνγtψonFπorF≥F FbosonFψnF≥ssoγψ≥tψonFwψtχFbSjνtsFψnF
protonSprotonFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyv
PhysicsRF2020RFXVXVRFW

5.4 5

328
{ν≥rγχFπorFtχνFppFSfFNFbovνrlψnν{b}bovνrlψnν{b}FOFproγνssFvψ≥FvνγtorSbosonFπusψonFproμuγtψonFusψnτF
protonSprotonFγollψsψonsF≥tFNFsqrt{s}FOFeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyv
PhysicsRF2020RFXVXVRFW

5.4 5

327 wbsνrv≥tψonFoπFtχνF≥ssoγψ≥tνμFproμuγtψonFoπF≥FtopFqu≥rkF≥nμF≥F FbosonFψnFppFγollψsψonsF≥tFNFsqrt{s}FOeF
WYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2020RFXVXVRFW 5.4 5

326 uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFspψnFγorrνl≥tψonsFψnFtχνFNνmuFOFγχ≥nnνlF≥tFNsqrt{s}FeFWYOF}ν‘FusψnτF
ppFγollψsψonsFψnFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2020RF_VRFW 4.2 8

325 uν≥surνmνntFoπFtχνFγrossSsνγtψonF≥nμFγχ≥rτνF≥symmνtryFoπF’FbosonsFproμuγνμFψnFprotonâ��protonF
γollψsψonsF≥tFNsqrt{s}e_~tνxtF{}ν‘}OFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2019RF^aRFW 4.2 11

324 mlνγtronFrνγonstruγtψonF≥nμFψμνntψπψγ≥tψonFψnFtχνFi}ti{FνxpνrψmνntFusψnτFtχνFXVW[F≥nμFXVW]FtpkF
protonâ��protonFγollψsψonFμ≥t≥F≥tFNsqrt{s}FeFWYOFNtνxtF{}ν‘}OTFEuropeanvPhysicalvJournalvCRF2019RF^aRFW 4.2 37

(2019-2020)
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323
uν≥surνmνntFoπF‘pRFNFm≥tχrm{p}toFm≥tχrm{b}ovνrlψnν{m≥tχrm{b}}FOFproμuγtψonF≥sF≥FπunγtψonFoπF
tχνFvνγtorSbosonFtr≥nsvνrsνFmomνntumFψnFWYF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2019RFXVWaRFW

5.4 8

322 xνrπorm≥nγνFoπFtopSqu≥rkF≥nμFNv≥rvνγ{’}OSbosonFt≥ττψnτFwψtχFi}ti{FψnFzunFXFoπFtχνFtpkTFEuropeanv
PhysicalvJournalvCRF2019RF^aRFW 4.2 19

321 mlνγtronF≥nμFpχotonFνnνrτyFγ≥lψbr≥tψonFwψtχFtχνFi}ti{FμνtνγtorFusψnτFXVW[â��XVW]FtpkF
protonSprotonFγollψsψonFμ≥t≥TFJournalvofvInstrumentationRF2019RFWZRFxVYVW^SxVYVW^ 1 25

320 {ν≥rγχFπorFμoublyFγχ≥rτνμFsγ≥l≥rFbosonsFμνγ≥yψnτFψntoFs≥mνSsψτnFbosonFp≥ψrsFwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2019RF^aRF[_ 4.2 20

319 uν≥surνmνntFoπFtχνFpχotonFψμνntψπψγ≥tψonFνππψγψνnγψνsFwψtχFtχνFi}ti{FμνtνγtorFusψnτFtpkFzunFXF
μ≥t≥FγollνγtνμFψnFXVW[F≥nμFXVW]TFEuropeanvPhysicalvJournalvCRF2019RF^aRFW 4.2 26

318 uν≥surνmνntFoπFtχνFr≥tψoFoπFγrossFsνγtψonsFπorFψnγlusψvνFψsol≥tνμSpχotonFproμuγtψonFψnFppFγollψsψonsF
≥tFNFsqrt{s}FOFeFWYF≥nμF_F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2019RFXVWaRFW 5.4 5

317
{ν≥rγχFπorFp≥ψrFproμuγtψonFoπFpψττsFbosonsFψnFtχνFNFbovνrlψnν{b}bovνrlψnν{b}FOFπψn≥lFst≥tνFusψnτF
protonSprotonFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyv
PhysicsRF2019RFXVWaRFW

5.4 31

316 konstr≥ψntsFonFmνμψ≥torSb≥sνμFμ≥rkFm≥ttνrF≥nμFsγ≥l≥rFμ≥rkFνnνrτyFmoμνlsFusψnτFNFsqrt{s}FOFeFWYF}ν‘F
ppFγollψsψonFμ≥t≥FγollνγtνμFbyFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2019RFXVWaRFW 5.4 31

315 uν≥surνmνntFoπFπψμuγψ≥lF≥nμFμψππνrνntψ≥lFN’ℓQ’ℓSOFproμuγtψonFγrossSsνγtψonsF≥tFNsqrt{s}eWYOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2019RF^aRFW 4.2 16

314 uν≥surνmνntFoπFN’ℓ{pmF}OSbosonF≥nμF SbosonFproμuγtψonFγrossSsνγtψonsFψnFppFγollψsψonsF≥tF
Nsqrt{s}eXT^]OF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2019RF^aRFW 4.2 2

313
uν≥surνmνntFoπFtχνFψnγlusψvνFγrossSsνγtψonFπorFtχνFproμuγtψonFoπFjνtsFψnF≥ssoγψ≥tψonFwψtχF≥F FbosonF
ψnFprotonâ��protonFγollψsψonsF≥tF_F}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2019RF
^aRFW

4.2 4

312 i}ti{FbSjνtFψμνntψπψγ≥tψonFpνrπorm≥nγνF≥nμFνππψγψνnγyFmν≥surνmνntFwψtχFNt{b≥r{t}}OFνvνntsFψnFppF
γollψsψonsF≥tFNsqrt{s}eWYOF}ν‘TFEuropeanvPhysicalvJournalvCRF2019RF^aRFW 4.2 43

311
uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFμψππνrνntψ≥lF≥nμFμoublνSμψππνrνntψ≥lFγrossSsνγtψonsFψnFtχνFNνllFOQjνtsF
γχ≥nnνlFwψtχFppFγollψsψonsF≥tFNsqrt{s}eWYOF}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvC
RF2019RF^aRFW

4.2 13

310
{ν≥rγχFπorF≥μμψtψon≥lFχν≥vyFnνutr≥lFpψττsF≥nμFτ≥uτνFbosonsFψnFtχνFμψt≥uFπψn≥lFst≥tνFproμuγνμFψnFY]F
πbâ��WFoπFppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2018RFXVW_RFW

5.4 81

309 uν≥surνmνntFoπFtχνFγrossSsνγtψonFπorFproμuγψnτF≥F’FbosonFψnF≥ssoγψ≥tψonFwψtχF≥FsψnτlνFtopFqu≥rkFψnF
ppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFi}ti{TFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 10

308 uν≥surνmνntFoπFtχνFSbosonFm≥ssFψnFppFγollψsψonsF≥tFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2018RF^_RFWWV 4.2 59

307 {ν≥rγχFπorFnνwFpχνnomνn≥FψnFχψτχSm≥ssFπψn≥lFst≥tνsFwψtχF≥FpχotonF≥nμF≥FjνtFπromFγollψsψonsF≥tFeF
WY´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFWVX 4.2 7

306 {ν≥rγχFπorFtχνFμψrνγtFproμuγtψonFoπFγχ≥rτψnosF≥nμFnνutr≥lψnosFψnFπψn≥lFst≥tνsFwψtχFt≥uFlνptonsFψnF
γollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFW[Z 4.2 23

ElizavetavShabalina
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305 uν≥surνmνntFoπFlonτψtuμψn≥lFπlowFμνγorrνl≥tψonsFψnFxbQxbFγollψsψonsF≥tF≥nμF[TVXF}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFWZX 4.2 35

304 uν≥surνmνntFoπFqu≥rkonψumFproμuγtψonFψnFprotonSlν≥μF≥nμFprotonSprotonFγollψsψonsF≥tFwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFW^W 4.2 35

303 uν≥surνmνntFoπFμψππνrνntψ≥lFγrossSsνγtψonsFoπF≥FsψnτlνFtopFqu≥rkFproμuγνμFψnF≥ssoγψ≥tψonFwψtχF≥F
bosonF≥tFwψtχFi}ti{TFEuropeanvPhysicalvJournalvCRF2018RF^_RFW_] 4.2 5

302 {ν≥rγχFπorFχν≥vyFrνson≥nγνsFψnFtχνF≥nμFπψn≥lFst≥tνsFusψnτFprotonSprotonFγollψsψonsF≥tF´ FwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFXaY 4.2 41

301 iFsν≥rγχFπorFp≥ψrSproμuγνμFrνson≥nγνsFψnFπourSjνtFπψn≥lFst≥tνsF≥tFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanv
PhysicalvJournalvCRF2018RF^_RFX[V 4.2 28

300
{ν≥rγχFπorFχν≥vyFrνson≥nγνsFμνγ≥yψnτFψntoF≥F’ForF FbosonF≥nμF≥FpψττsFbosonFψnFπψn≥lFst≥tνsFwψtχF
lνptonsF≥nμFbSjνtsFψnFY]Fπbâ��WFoπFNFsqrt{s}eWYFOF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2018RFXVW_RFW

5.4 26

299 {ν≥rγχFπorFχν≥vyFrνson≥nγνsFμνγ≥yψnτFψntoFψnFtχνFπψn≥lFst≥tνFψnFγollψsψonsF≥tFwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFXZ 4.2 47

298 lψrνγtFtopSqu≥rkFμνγ≥yFwψμtχFmν≥surνmνntFψnFtχνFlνptonQjνtsFγχ≥nnνlF≥tFwψtχFtχνFi}ti{F
νxpνrψmνntTFEuropeanvPhysicalvJournalvCRF2018RF^_RFWXa 4.2 11

297 {ν≥rγχFπorF’F’U’F Frνson≥nγνFproμuγtψonFψnFâ��˛‰qqFπψn≥lFst≥tνsFψnFppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 22

296 uν≥surνmνntFoπFtχνFpψττsFbosonFγouplψnτFpropνrtψνsFψnFtχνFpFSfF  PFSfFZâ��Fμνγ≥yFγχ≥nnνlF≥tFNF
sqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 36

295 uν≥surνmνntFoπFψnγlusψvνFjνtF≥nμFμψjνtFγrossSsνγtψonsFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}eWYFOF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 12

294 {ν≥rγχFπorFμ≥rkFm≥ttνrFproμuγνμFψnF≥ssoγψ≥tψonFwψtχFbottomForFtopFqu≥rksFψnF´ }ν‘FγollψsψonsFwψtχF
tχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFW_ 4.2 32

293 {ν≥rγχFπorFμoublyFγχ≥rτνμFpψττsFbosonFproμuγtψonFψnFmultψSlνptonFπψn≥lFst≥tνsFwψtχFtχνFi}ti{F
μνtνγtorFusψnτFprotonSprotonFγollψsψonsF≥tTFEuropeanvPhysicalvJournalvCRF2018RF^_RFWaa 4.2 55

292 uν≥surνmνntFoπFpol≥rψs≥tψonFψnFμνγ≥ysFψnFprotonSprotonFγollψsψonsF≥tF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2018RF^_RFW]Y 4.2 3

291 {ν≥rγχνsFπorFχν≥vyF  F≥nμF ’Frνson≥nγνsFψnFtχνFâ��â��qqF≥nμF˛‰˛‰qqFπψn≥lFst≥tνsFψnFppFγollψsψonsF≥tFNF
sqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 17

290
uν≥surνmνntFoπFμψππνrνntψ≥lFγrossFsνγtψonsF≥nμF’QU’â��FγrossSsνγtψonFr≥tψosFπorF’FbosonFproμuγtψonF
ψnF≥ssoγψ≥tψonFwψtχFjνtsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2018RFXVW_RFW

5.4 7

289 xromptF≥nμFnonSpromptFνllψptψγFπlowFψnFxbQxbFγollψsψonsF≥tF}νvFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanv
PhysicalvJournalvCRF2018RF^_RF^_Z 4.2 8

288 {ν≥rγχFπorFpψττsFbosonFp≥ψrFproμuγtψonFψnFtχνFγχ≥nnνlFusψnτFγollψsψonFμ≥t≥FrνγorμνμF≥tF}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFWVV^ 4.2 21

(2018-2018)

7



287 uν≥surνmνntFoπFγolourFπlowFusψnτFjνtSpullFobsνrv≥blνsFψnFνvνntsFwψtχFtχνFi}ti{FνxpνrψmνntF≥tTF
EuropeanvPhysicalvJournalvCRF2018RF^_RF_Z^ 4.2 5

286
{ν≥rγχFπorF≥FnνwFχν≥vyFτ≥uτνSbosonFrνson≥nγνFμνγ≥yψnτFψntoF≥FlνptonF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumFψnFY]FπbFoπFγollψsψonsF≥tF´ }ν‘FwψtχFtχνFi}ti{FνxpνrψmνntTFEuropeanvPhysicalvJournalvCRF
2018RF^_RFZVW

4.2 23

285 {ν≥rγχFπorFnνwFpχνnomνn≥FψnFνvνntsFwψtχFs≥mνSγχ≥rτνFlνptonsF≥nμFbSjνtsFψnFppFγollψsψonsF≥tFNF
sqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 21

284 uν≥surνmνntFoπFtχνF≥zψmutχ≥lF≥nψsotropyFoπFγχ≥rτνμFp≥rtψγlνsFproμuγνμFψnFeF[TVX´ }ν‘FxbQxbF
γollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFaa^ 4.2 21

283 xνrπorm≥nγνFoπFmψssψnτFtr≥nsvνrsνFmomνntumFrνγonstruγtψonFwψtχFtχνFi}ti{FμνtνγtorFusψnτF
protonSprotonFγollψsψonsF≥tTFEuropeanvPhysicalvJournalvCRF2018RF^_RFaVY 4.2 66

282 {ν≥rγχFπorFνlνγtrowν≥kFproμuγtψonFoπFsupνrsymmνtrψγFp≥rtψγlνsFψnFπψn≥lFst≥tνsFwψtχFtwoForFtχrννF
lνptonsF≥tFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFaa[ 4.2 49

281 wpνr≥tψonF≥nμFpνrπorm≥nγνFoπFtχνFi}ti{F}ψlνFk≥lorψmνtνrFψnFzun´ WTFEuropeanvPhysicalvJournalvCRF
2018RF^_RFa_^ 4.2 13

280
{ν≥rγχFπorFtopSsqu≥rkFp≥ψrFproμuγtψonFψnFπψn≥lFst≥tνsFwψtχFonνFlνptonRFjνtsRF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumFusψnτFY]Fπbâ��WFoπFNFsqrt{s}eWYFOF}ν‘FppFγollψsψonFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2018RFXVW_RFW

5.4 33

279 xromptF≥nμFnonSpromptF≥nμFsupprνssψonF≥tFχψτχFtr≥nsvνrsνFmomνntumFψnFxbQxbFγollψsψonsFwψtχF
tχνFi}ti{FνxpνrψmνntTFEuropeanvPhysicalvJournalvCRF2018RF^_RF^]X 4.2 23

278 uν≥surνmνntsFoπFbSjνtFt≥ττψnτFνππψγψνnγyFwψtχFtχνFi}ti{FμνtνγtorFusψnτFNFtovνrlψnν{t}FOFνvνntsF≥tFNF
sqrt{s}eWYFOF}ν‘TFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 31

277 uν≥surνmνntFoπFtχνFψnγlusψvνF≥nμFπψμuγψ≥lFproμuγtψonFγrossSsνγtψonsFψnFtχνFlνptonQjνtsFγχ≥nnνlFψnF
γollψsψonsF≥tFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RFZ_^ 4.2 5

276 {ν≥rγχFπorFχν≥vyFp≥rtψγlνsFμνγ≥yψnτFψntoFtopSqu≥rkFp≥ψrsFusψnτFlνptonSplusSjνtsFνvνntsFψnF
protonSprotonFγollψsψonsF≥tF´ FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2018RF^_RF[][ 4.2 34

275
{ν≥rγχFπorFnνwFpχνnomνn≥FusψnτFtχνFψnv≥rψ≥ntFm≥ssFμψstrψbutψonFoπFs≥mνSπl≥vourFopposψtνSsψτnF
μψlνptonFp≥ψrsFψnFνvνntsFwψtχFmψssψnτFtr≥nsvνrsνFmomνntumFψnF´ FγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2018RF^_RF]X[

4.2 15

274 {ν≥rγχFπorFμ≥rkFm≥ttνrF≥nμFotχνrFnνwFpχνnomνn≥FψnFνvνntsFwψtχF≥nFνnνrτνtψγFjνtF≥nμFl≥rτνFmψssψnτF
tr≥nsvνrsνFmomνntumFusψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2018RFXVW_RFW 5.4 101

273
uν≥surνmνntFoπFtχνF¯normul≥bFsννFtνxt]F≥nμF¯normul≥bFsννFtνxt]FproμuγtψonFγrossFsνγtψonsFψnF
multψlνptonFπψn≥lFst≥tνsFusψnτFYTXFπb¯normul≥bFsννFtνxt]FoπF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bF
sννFtνxt]FeFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFZV

4.2 14

272
iFmν≥surνmνntFoπFtχνFγ≥lorψmνtνrFrνsponsνFtoFsψnτlνFχ≥μronsF≥nμFμνtνrmψn≥tψonFoπFtχνFjνtFνnνrτyF
sγ≥lνFunγνrt≥ψntyFusψnτFtpkFzunSWFSγollψsψonFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2017RF^^RFX]

4.2 22

271
uν≥surνmνntFoπFtχνFψnγlusψvνFγrossSsνγtψonsFoπFsψnτlνFtopSqu≥rkF≥nμFtopS≥ntψqu≥rkFtSγχ≥nnνlF
proμuγtψonFψnFppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyv
PhysicsRF2017RFXVW^RFW

5.4 22

270
uν≥surνmνntFoπFjνtF≥γtψvψtyFproμuγνμFψnFtopSqu≥rkFνvνntsFwψtχF≥nFνlνγtronRF≥FmuonF≥nμFtwoF
St≥ττνμFjνtsFψnFtχνFπψn≥lFst≥tνFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2017RF^^RFXXV

4.2 5
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269 uν≥surνmνntFoπFtχνFbosonFpol≥rψs≥tψonFψnF¯normul≥bFsννFtνxt]FνvνntsFπromFγollψsψonsF≥tF¯normul≥bF
sννFtνxt]FeF_F}ν‘FψnFtχνFlνpton´ Q´ jνtsFγχ≥nnνlFwψtχFi}ti{TFEuropeanvPhysicalvJournalvCRF2017RF^^RFX]Z 4.2 19

268 mlνγtronFνππψγψνnγyFmν≥surνmνntsFwψtχFtχνFi}ti{FμνtνγtorFusψnτFXVWXFtpkFprotonSprotonFγollψsψonF
μ≥t≥TFEuropeanvPhysicalvJournalvCRF2017RF^^RFWa[ 4.2 61

267
uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFμψππνrνntψ≥lFγrossSsνγtψonsFψnFtχνF¯normul≥bFsννFtνxt]Fγχ≥nnνlFψnF
γollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF
^^RFXaX

4.2 13

266 xνrπorm≥nγνFoπF≥lτorψtχmsFtχ≥tFrνγonstruγtFmψssψnτFtr≥nsvνrsνFmomνntumFψnF¯normul≥bFsννFtνxt]eF
_F}ν‘FprotonSprotonFγollψsψonsFψnFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFXZW 4.2 38

265 uν≥surνmνntFoπFtχνFpromptFU¯normul≥bFsννFtνxt]Fp≥ψrFproμuγtψonFγrossSsνγtψonFψnFγollψsψonsF≥tF
¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RF^] 4.2 47

264 {ν≥rγχFπorFtrψbosonF¯normul≥bFsννFtνxt]FproμuγtψonFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ ¯normul≥bFsννF
tνxt]FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFWZW 4.2 13

263 }opoloτψγ≥lFγνllFγlustνrψnτFψnFtχνFi}ti{Fγ≥lorψmνtνrsF≥nμFψtsFpνrπorm≥nγνFψnFtpkFzunFWTFEuropeanv
PhysicalvJournalvCRF2017RF^^RFZaV 4.2 177

262
nψμuγψ≥lRFtot≥lF≥nμFμψππνrνntψ≥lFγrossSsνγtψonFmν≥surνmνntsFoπFSγχ≥nnνlFsψnτlνFtopSqu≥rkFproμuγtψonF
ψnFγollψsψonsF≥tF_´ }ν‘FusψnτFμ≥t≥FγollνγtνμFbyFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF
^^RF[YW

4.2 27

261 uν≥surνmνntsFoπFνlνγtrowν≥kF¯normul≥bFsννFtνxt]FproμuγtψonF≥nμFγonstr≥ψntsFonF≥nom≥lousFτ≥uτνF
γouplψnτsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFZ^Z 4.2 14

260 rνtFrνγonstruγtψonF≥nμFpνrπorm≥nγνFusψnτFp≥rtψγlνFπlowFwψtχFtχνFi}ti{FlνtνγtorTFEuropeanvPhysicalv
JournalvCRF2017RF^^RFZ]] 4.2 42

259 uν≥surνmνntFoπFmultψSp≥rtψγlνF≥zψmutχ≥lFγorrνl≥tψonsFψnFppRFp´ Q´ xbF≥nμFlowSmultψplψγψtyFxb´ Q´ xbF
γollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFZX_ 4.2 48

258 mvψμνnγνFπorFlψτχtSbySlψτχtFsγ≥ttνrψnτFψnFχν≥vySψonFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorF≥tFtχνFtpkTF
NaturevPhysicsRF2017RFWYRF_[XS_[_ 16.2 130

257
{ν≥rγχFπorFl≥rkFu≥ttνrFxroμuγνμFψnFissoγψ≥tψonFwψtχF≥FpψττsFjosonFlνγ≥yψnτFtoFbb¯ovνrF´fl]F~sψnτF
Y]FFπbℓ{SW}FoπFppFkollψsψonsF≥tFsqrt¯s]eWYFF}ν‘FwψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF
2017RFWWaRFW_W_VZ

7.4 25

256 {ν≥rγχFπorFpν≥vyFpψττsFjosonsFiUpFlνγ≥yψnτFtoF≥F}opFyu≥rkFx≥ψrFψnFppFkollψsψonsF≥tFsqrt¯s]e_FF}ν‘F
wψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF2017RFWWaRFWaW_VY 7.4 30

255 uν≥surνmνntFoπFψnγlusψvνF≥nμFμψππνrνntψ≥lFγrossFsνγtψonsFψnFtχνFpFSfF  FPFSfFZâ��Fμνγ≥yFγχ≥nnνlFψnFppF
γollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 25

254 uν≥surνmνntFoπFlνptonFμψππνrνntψ≥lFμψstrψbutψonsF≥nμFtχνFtopFqu≥rkFm≥ssFψnFproμuγtψonFψnFγollψsψonsF
≥tF´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RF_VZ 4.2 11

253 uν≥surνmνntFoπFtχνFNFtovνrlψnν{t}τ≥mm≥FOFproμuγtψonFγrossFsνγtψonFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 7

252
uν≥surνmνntsFoπFγχ≥rτνF≥nμFkxF≥symmνtrψνsFψnFbSχ≥μronFμνγ≥ysFusψnτFtopSqu≥rkFνvνntsFγollνγtνμF
byFtχνFi}ti{FμνtνγtorFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘TFJournalvofvHighvEnergyvPhysicsRF2017RF
XVW^RFW

5.4 6
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251 xνrπorm≥nγνFoπFtχνFi}ti{Ftr≥γkFrνγonstruγtψonF≥lτorψtχmsFψnFμνnsνFνnvψronmνntsFψnFtpkFzunFXTF
EuropeanvPhysicalvJournalvCRF2017RF^^RF]^Y 4.2 33

250
{ν≥rγχFπorFnνwFpχνnomνn≥FψnFνvνntsFγont≥ψnψnτF≥Fs≥mνSπl≥vourFopposψtνSsψτnFμψlνptonFp≥ψrRFjνtsRF
≥nμFl≥rτνFmψssψnτFtr≥nsvνrsνFmomνntumFψnF¯normul≥bFsννFtνxt]´ ¯normul≥bFsννFtνxt]¯normul≥bFsννF
tνxt]FγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFWZZ

4.2 8

249
uν≥surνmνntFoπFtχνF  FproμuγtψonFγrossFsνγtψonFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘F
usψnτFtχνF  FSfFâ��â�� â��Qâ��gâ��â��gQF≥nμFNF  toF{νll}ℓ{S}{νll}ℓ{Q}nuFovνrlψnν{nu}FOFμνγ≥yFγχ≥nnνlsFwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW

5.4 9

248 xrobψnτFtχνF’FtbFvνrtνxFstruγturνFψnFtSγχ≥nnνlFsψnτlνStopSqu≥rkFproμuγtψonF≥nμFμνγ≥yFψnFppF
γollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 11

247 uν≥surνmνntsFoπFˇ�NX{OF≥nμF–NY_^XOFSfFrUˇ�ˇ�FQFˇ�Fâ��FproμuγtψonFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχF
tχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 15

246 uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFtoF SbosonFγrossSsνγtψonFr≥tψosF≥tFNFsqrt{s}eWYFOFRF_RF^F}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 7

245 {ν≥rγχFπorFlνptonSπl≥vourSvψol≥tψnτFμνγ≥ysFoπFtχνFpψττsF≥nμFbosonsFwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2017RF^^RF^V 4.2 52

244 xνrπorm≥nγνFoπFtχνFi}ti{FtrψττνrFsystνmFψnFXVW[TFEuropeanvPhysicalvJournalvCRF2017RF^^RFYW^ 4.2 272

243 zνγonstruγtψonFoπFprψm≥ryFvνrtψγνsF≥tFtχνFi}ti{FνxpνrψmνntFψnFzunFWFprotonSprotonFγollψsψonsF≥tF
tχνFtpkTFEuropeanvPhysicalvJournalvCRF2017RF^^RFYYX 4.2 29

242
uν≥surνmνntsFoπFtχνFproμuγtψonFγrossFsνγtψonFoπF≥F¯normul≥bFsννFtνxt]FbosonFψnF≥ssoγψ≥tψonFwψtχF
jνtsFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2017RF^^RFY]W

4.2 26

241 xrνγψsψonFmν≥surνmνntF≥nμFψntνrprνt≥tψonFoπFψnγlusψvνFRF≥nμFproμuγtψonFγrossFsνγtψonsFwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RFY]^ 4.2 56

240 uν≥surνmνntFoπFjνtFπr≥τmνnt≥tψonFψnFxbQxbF≥nμFγollψsψonsF≥tF}ν‘FwψtχFtχνFi}ti{FμνtνγtorF≥tFtχνF
tpkTFEuropeanvPhysicalvJournalvCRF2017RF^^RFY^a 4.2 35

239
{ν≥rγχFπorFμ≥rkFm≥ttνrF≥tF¯normul≥bFsννFtνxt]FψnFπψn≥lFst≥tνsFγont≥ψnψnτF≥nFνnνrτνtψγFpχotonF≥nμF
l≥rτνFmψssψnτFtr≥nsvνrsνFmomνntumFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF
^^RFYaY

4.2 52

238
uν≥surνmνntFoπFγχ≥rτνμSp≥rtψγlνFμψstrψbutψonsFsνnsψtψvνFtoFtχνFunμνrlyψnτFνvνntFψnFNFsqrt{s}eWYFOF
}ν‘FprotonSprotonFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorF≥tFtχνFtpkTFJournalvofvHighvEnergyvPhysicsRF
2017RFXVW^RFW

5.4 9

237 {ν≥rγχFπorFμψrνγtFtopFsqu≥rkFp≥ψrFproμuγtψonFψnFπψn≥lFst≥tνsFwψtχFtwoFlνptonsFψnF}ν‘FγollψsψonsFwψtχF
tχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RF_a_ 4.2 19

236
{ν≥rγχFπorFμψrνγtFtopFsqu≥rkFp≥ψrFproμuγtψonFψnFνvνntsFwψtχF≥FpψττsForF FbosonRF≥nμFmψssψnτF
tr≥nsvνrsνFmomνntumFψnFNFsqrt{s}eWYFOF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2017RFXVW^RFW

5.4 7

235
uν≥surνmνntFoπFμνtνγtorSγorrνγtνμFobsνrv≥blνsFsνnsψtψvνFtoFtχνF≥nom≥lousFproμuγtψonFoπFνvνntsF
wψtχFjνtsF≥nμFl≥rτνFmψssψnτFtr≥nsvνrsνFmomνntumFψnFγollψsψonsF≥tF´ }ν‘FusψnτFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2017RF^^RF^][

4.2 10

234 uν≥surνmνntFoπFbSχ≥μronFp≥ψrFproμuγtψonFwψtχFtχνFi}ti{FμνtνγtorFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}e_FOF}ν‘TFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 5
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233 {ν≥rγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFbSt≥ττνμFjνtsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnFppF
γollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 13

232 uν≥surνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonsFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχF
tχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 12

231
{ν≥rγχFπorFp≥ψrFproμuγtψonFoπFvνγtorSlψkνFtopFqu≥rksFψnFνvνntsFwψtχFonνFlνptonRFjνtsRF≥nμFmψssψnτF
tr≥nsvνrsνFmomνntumFψnFNFsqrt{s}eWYFOF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2017RFXVW^RFW

5.4 27

230 qμνntψπψγ≥tψonF≥nμFrνjνγtψonFoπFpψlνSupFjνtsF≥tFχψτχFpsνuμor≥pψμψtyFwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2017RF^^RF[_V 4.2 16

229
uν≥surνmνntFoπFproμuγtψonFwψtχFtχνFχ≥μronψγ≥llyFμνγ≥yψnτFbosonFrνγonstruγtνμF≥sFonνForFtwoFjνtsF
ψnFγollψsψonsF≥tFwψtχFi}ti{RF≥nμFγonstr≥ψntsFonF≥nom≥lousFτ≥uτνFγouplψnτsTFEuropeanvPhysicalv
JournalvCRF2017RF^^RF[]Y

4.2 15

228
{ν≥rγχFπorFnνwFpχνnomνn≥FψnF≥FlνptonFplusFχψτχFjνtFmultψplψγψtyFπψn≥lFst≥tνFwψtχFtχνFi}ti{F
νxpνrψmνntFusψnτFNFsqrt{s}eWYFOF}ν‘FprotonSprotonFγollψsψonFμ≥t≥TFJournalvofvHighvEnergyvPhysicsRF
2017RFXVW^RFW

5.4 7

227 {ν≥rγχνsFπorFtχνF ˛‡Fμνγ≥yFmoμνFoπFtχνFpψττsFbosonF≥nμFπorFnνwFχψτχSm≥ssFrνson≥nγνsFψnFppF
γollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 20

226 {tuμψνsFoπF ˛‡FproμuγtψonFψnF≥ssoγψ≥tψonFwψtχF≥FχψτχSm≥ssFμψjνtFsystνmFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 7

225 uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFμψππνrνntψ≥lFγrossSsνγtψonsFψnFtχνFlνptonQjνtsFγχ≥nnνlFψnFppF
γollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 12

224 {ν≥rγχFπorFtopFqu≥rkFμνγ≥ysFtFSfFqpRFwψtχFpFSfF˛‡˛‡RFψnFNFsqrt{s}eWYFOF}ν‘FppFγollψsψonsFusψnτFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 12

223 {tuμyFoπF≥nμFproμuγtψonFψnFγollψsψonsF≥tF≥nμFsν≥rγχFπorF≥nom≥lousFqu≥rtψγFτ≥uτνFγouplψnτsFwψtχFtχνF
i}ti{FνxpνrψmνntTFEuropeanvPhysicalvJournalvCRF2017RF^^RF]Z] 4.2 11

222 uν≥surνmνntsFoπFtopFqu≥rkFspψnFobsνrv≥blνsFψnFNFtovνrlψnν{t}FOFνvνntsFusψnτFμψlνptonFπψn≥lFst≥tνsFψnFNF
sqrt{s}e_FOF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 12

221
{ν≥rγχFπorFnνwFpχνnomνn≥FwψtχFl≥rτνFjνtFmultψplψγψtψνsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFusψnτF
l≥rτνSr≥μψusFjνtsF≥nμFπl≥vourSt≥ττψnτF≥tFi}ti{FψnFWYF}ν‘FppFγollψsψonsTFJournalvofvHighvEnergyvPhysics
RF2017RFXVW^RFW

5.4 8

220 }opSqu≥rkFm≥ssFmν≥surνmνntFψnFtχνF≥llSχ≥μronψγFNFtovνrlψnν{t}FOFμνγ≥yFγχ≥nnνlF≥tFNFsqrt{s}e_FOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 6

219 uν≥surνmνntFoπFtχνFlrνllS—≥nFtrψplνSμψππνrνntψ≥lFγrossFsνγtψonFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘TF
JournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 16

218 {ν≥rγχFπorF≥Fsγ≥l≥rFp≥rtnνrFoπFtχνFtopFqu≥rkFψnFtχνFjνtsFplusFmψssψnτFtr≥nsvνrsνFmomνntumFπψn≥lF
st≥tνF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 30

217
{ν≥rγχFπorFsupνrsymmνtryFψnFπψn≥lFst≥tνsFwψtχFtwoFs≥mνSsψτnForFtχrννFlνptonsF≥nμFjνtsFusψnτFY]Fπbâ��WF
oπFNFsqrt{s}eWYFOF}ν‘FppFγollψsψonFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RF
XVW^RFW

5.4 22

216
{ν≥rγχFπorFp≥ψrFproμuγtψonFoπFχν≥vyFvνγtorSlψkνFqu≥rksFμνγ≥yψnτFtoFχψτχSpF}F’FbosonsF≥nμFbFqu≥rksF
ψnFtχνFlνptonSplusSjνtsFπψn≥lFst≥tνFψnFppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
JournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW

5.4 29

(2017-2017)
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215 {tuμyFoπFtχνFm≥tνrψ≥lFoπFtχνFi}ti{FψnnνrFμνtνγtorFπorFzunFXFoπFtχνFtpkTFJournalvofvInstrumentationRF
2017RFWXRFxWXVVaSxWXVVa 1 19

214 uν≥surνmνntFoπFtχνFkFtFsplψttψnτFsγ≥lνsFψnF FSfFâ��â��FνvνntsFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RFXVW^RFW 5.4 3

213
in≥lysψsFoπFtχνF’tbFvνrtνxFπromFtχνFmν≥surνmνntFoπFtrψplνSμψππνrνntψ≥lF≥nτul≥rFμνγ≥yFr≥tνsFoπF
sψnτlνFtopFqu≥rksFproμuγνμFψnFtχνFtSγχ≥nnνlF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2017RFXVW^RFW

5.4 7

212 mvψμνnγνFπorFtχνFNFptoFbovνrlψnν{b}FOFμνγ≥yFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2017RFXVW^RFW 5.4 50

211
{ν≥rγχFπorFnνwFχψτχSm≥ssFpχνnomνn≥FψnFtχνFμψlνptonFπψn≥lFst≥tνFusψnτFY]Fπbâ��WFoπFprotonSprotonF
γollψsψonFμ≥t≥F≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2017RF
XVW^RFW

5.4 126

210 lνtνrmψn≥tψonFoπFtχνFstronτFγouplψnτFγonst≥ntFπromFtr≥nsvνrsνFνnνrτySνnνrτyFγorrνl≥tψonsFψnF
multψjνtFνvνntsF≥tFusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2017RF^^RF_^X 4.2 19

209 i}ti{Fμ≥t≥Fprνp≥r≥tψonFψnFrunFXTFJournalvofvPhysics:vConferencevSeriesRF2017RF_a_RFVZXV[V 0.3 2

208 iFmν≥surνmνntFoπFm≥tνrψ≥lFψnFtχνFi}ti{Ftr≥γkνrFusψnτFsνγonμ≥ryFχ≥μronψγFψntνr≥γtψonsFψnF^F
}ν‘ppγollψsψonsTFJournalvofvInstrumentationRF2016RFWWRFxWWVXVSxWWVXV 1 7

207 {ν≥rγχFπorFpψττsF≥nμF FjosonFlνγ≥ysFtoFg˛‡FwψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF2016RF
WW^RFWWW_VX 7.4 5

206 uν≥surνmνntFoπFtχνF  FxroμuγtψonFkrossF{νγtψonFψnFppFkollψsψonsF≥tFsqrt¯s]eWYFF}ν‘FwψtχFtχνFi}ti{F
lνtνγtorTFPhysicalvReviewvLettersRF2016RFWW]RFWVW_VW 7.4 25

205 wbsνrv≥tψonFoπFtonτSz≥nτνFmllψptψγFizψmutχ≥lFinψsotropψνsFψnFsqrt¯s]eWYF≥nμFXT^]´ }ν‘FppFkollψsψonsF
wψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF2016RFWW]RFW^XYVW 7.4 140

204 zνγonstruγtψonFoπFχ≥μronψγFμνγ≥yFproμuγtsFoπFt≥uFlνptonsFwψtχFtχνFi}ti{FνxpνrψmνntTFEuropeanv
PhysicalvJournalvCRF2016RF^]RFXa[ 4.2 28

203 xνrπorm≥nγνFoπFpψlνSupFmψtψτ≥tψonFtνγχnψquνsFπorFjνtsFψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bF
sννFtνxt]´ }ν‘FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[_W 4.2 148

202 uν≥surνmνntFoπFtχνFqnνl≥stψγFxrotonSxrotonFkrossF{νγtψonF≥tFsqrt¯s]eWYFF}ν‘FwψtχFtχνFi}ti{F
lνtνγtorF≥tFtχνFtpkTFPhysicalvReviewvLettersRF2016RFWW^RFW_XVVX 7.4 92

201 uν≥surνmνntFoπFtχνFγχ≥rτνμSp≥rtψγlνFmultψplψγψtyFψnsψμνFjνtsFπromF¯normul≥bFsννFtνxt]¯normul≥bFsννF
tνxt]´ FγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFYXX 4.2 35

200 uν≥surνmνntFoπFjνtF≥γtψvψtyFψnFtopFqu≥rkFνvνntsFusψnτFtχνFν˛…Fπψn≥lFst≥tνFwψtχFtwoFbSt≥ττνμFjνtsFψnFppF
γollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 4

199
uν≥surνmνntFoπFtχνFtr≥nsvνrsνFmomνntumF≥nμF¯normul≥bFsννFtνxt]FμψstrψbutψonsFoπFlrνllS—≥nF
lνptonFp≥ψrsFψnFprotonSprotonFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2016RF^]RFXaW

4.2 63

198
uν≥surνmνntFoπFπψμuγψ≥lFμψππνrνntψ≥lFγrossFsνγtψonsFoπFτluonSπusψonFproμuγtψonFoπFpψττsFbosonsF
μνγ≥yψnτFtoF’’FPSfν˛‰˛…˛‰FwψtχFtχνFi}ti{FμνtνγtorF≥tFNFsqrt{s}e_FOF}ν‘TFJournalvofvHighvEnergyvPhysicsRF
2016RFXVW]RFW

5.4 13

ElizavetavShabalina

12



197 {ν≥rγχFπorFnνwFpχνnomνn≥FψnFνvνntsFwψtχF≥FpχotonF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnFppF
γollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 13

196 iFsν≥rγχFπorFtopFsqu≥rksFwψtχFzSp≥rψtySvψol≥tψnτFμνγ≥ysFtoF≥llSχ≥μronψγFπψn≥lFst≥tνsFwψtχFtχνFi}ti{F
μνtνγtorFψnFNFsqrt{s}e_FOF}ν‘FprotonSprotonFγollψsψonsTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 10

195 qμνntψπψγ≥tψonFoπFχψτχFtr≥nsvνrsνFmomνntumFtopFqu≥rksFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 13

194 iFsν≥rγχFπorF≥nFνxγψtνμFmuonFμνγ≥yψnτFtoF≥FmuonF≥nμFtwoFjνtsFψnppγollψsψonsF≥tF
Jsqrt{s}cec_c{rm{}ν‘}}JFwψtχFtχνFi}ti{FμνtνγtorTFNewvJournalvofvPhysicsRF2016RFW_RFV^YVXW 2.9 1

193 jν≥mSψnμuγνμF≥nμFγosmψγSr≥yFb≥γkτrounμsFobsνrvνμFψnFtχνFi}ti{FμνtνγtorFμurψnτFtχνFtpkFXVWXF
protonSprotonFrunnψnτFpνrψoμTFJournalvofvInstrumentationRF2016RFWWRFxV[VWYSxV[VWY 1 8

192 uν≥surνmνntsFoπFtopSqu≥rkFp≥ψrFμψππνrνntψ≥lFγrossSsνγtψonsFψnFtχνFlνptonQjνtsFγχ≥nnνlFψnFγollψsψonsF
≥tF¯normul≥bFsννFtνxt]FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[Y_ 4.2 48

191
uν≥surνmνntFoπFtχνFμψππνrνntψ≥lFγrossSsνγtψonsFoπFpromptF≥nμFnonSpromptFproμuγtψonFoπF¯normul≥bF
sννFtνxt]F≥nμF¯normul≥bFsννFtνxt]FψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]F≥nμF_´ }ν‘FwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFX_Y

4.2 42

190 tumψnosψtyFμνtνrmψn≥tψonFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]FeF_F}ν‘FusψnτFtχνFi}ti{FμνtνγtorF≥tF
tχνFtpkTFEuropeanvPhysicalvJournalvCRF2016RF^]RF][Y 4.2 188

189
{ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnFνvνntsFwψtχFχ≥μronψγ≥llyFμνγ≥yψnτFt≥uFlνptonsRFjνtsF≥nμFmψssψnτF
tr≥nsvνrsνFmomνntumFψnFprotonSprotonFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FrνγorμνμFwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF]_Y

4.2 7

188
iμμνnμumFtoFâ��uν≥surνmνntFoπFtχνFNtb≥r{t}OFproμuγtψonFγrossSsνγtψonFusψnτFNνmuFOFνvνntsFwψtχF
bSt≥ττνμFjνtsFψnFppFγollψsψonsF≥tFNsqrt{s}OFeF^F≥nμF_FNRm≥tχrm{}ν‘}OFwψtχFtχνFi}ti{Fμνtνγtorâ��TF
EuropeanvPhysicalvJournalvCRF2016RF^]RFW

4.2 13

187 uν≥surνmνntFoπFtχνF≥nτul≥rFγoνππψγψνntsFψnF SbosonFνvνntsFusψnτFνlνγtronF≥nμFmuonFp≥ψrsFπromF
μ≥t≥Ft≥kνnF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 20

186 {ν≥rγχνsFπorFχν≥vyFμψbosonFrνson≥nγνsFψnFppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 20

185 l≥rkFm≥ttνrFψntνrprνt≥tψonsFoπFi}ti{Fsν≥rγχνsFπorFtχνFνlνγtrowν≥kFproμuγtψonFoπFsupνrsymmνtrψγF
p≥rtψγlνsFψnFNFsqrt{s}e_FOF}ν‘FprotonSprotonFγollψsψonsTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 16

184
{ν≥rγχFπorFtχνF{t≥nμ≥rμFuoμνlFpψττsFbosonFμνγ≥yψnτFψntoFNFbovνrlψnν{b}FOFproμuγνμFψnF≥ssoγψ≥tψonF
wψtχFtopFqu≥rksFμνγ≥yψnτFχ≥μronψγ≥llyFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
JournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW

5.4 16

183 uν≥surνmνntFoπFtχνFkxSvψol≥tψnτFpχ≥sνFgFsF≥nμFtχνFjFVFsFmνsonFμνγ≥yFwψμtχFμψππνrνnγνFwψtχFjFVFsF
FSfFrUˇ�gFμνγ≥ysFψnFi}ti{TFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 10

182
{ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnFπψn≥lFst≥tνsFwψtχFjνtsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumF≥tF
¯normul≥bFsννFtνxt]FeWYF¯normul≥bFsννFtνxt]wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2016RF^]RFYaX

4.2 53

181 uν≥surνmνntFoπFtχνFμoublνSμψππνrνntψ≥lFχψτχSm≥ssFlrνllS—≥nFγrossFsνγtψonFψnFppFγollψsψonsF≥tFNF
sqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 24

180 iFsν≥rγχFπorFpromptFlνptonSjνtsFψnFppFγollψsψonsF≥tFNFsqrt{m≥tχrm{s}}e_FOF}ν‘FwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 22

(2016-2016)
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179 {ν≥rγχFπorFnνwFpχνnomνn≥FwψtχFpχotonQjνtFνvνntsFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 12

178
uν≥surνmνntFoπFtχνFγνntr≥lψtyFμνpνnμνnγνFoπFtχνFγχ≥rτνμSp≥rtψγlνFpsνuμor≥pψμψtyFμψstrψbutψonFψnF
protonSlν≥μFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2016RF^]RFWaa

4.2 39

177 uν≥surνmνntFoπFtχνFproμuγtψonFγrossSsνγtψonFoπF≥FsψnτlνFtopFqu≥rkFψnF≥ssoγψ≥tψonFwψtχF≥F’FbosonF≥tF
_F}ν‘FwψtχFtχνFi}ti{FνxpνrψmνntTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 12

176 {ν≥rγχFπorFtχνFproμuγtψonFoπFsψnτlνFvνγtorSlψkνF≥nμFνxγψtνμFqu≥rksFψnFtχνF’tFπψn≥lFst≥tνFψnFppF
γollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 14

175 {ν≥rγχFπorFstronτFτr≥vψtyFψnFmultψjνtFπψn≥lFst≥tνsFproμuγνμFψnFppFγollψsψonsF≥tFNFsqrt{s}eWYFOF}ν‘FusψnτF
tχνFi}ti{FμνtνγtorF≥tFtχνFtpkTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 12

174 qμνntψπψγ≥tψonFoπFboostνμRFχ≥μronψγ≥llyFμνγ≥yψnτFbosonsF≥nμFγomp≥rψsonsFwψtχFi}ti{Fμ≥t≥Ft≥kνnF≥tF
¯normul≥bFsννFtνxt]´ }ν‘TFEuropeanvPhysicalvJournalvCRF2016RF^]RFW[Z 4.2 44

173 {ν≥rγχFπorFnνwFpχνnomνn≥FψnFνvνntsFwψtχF≥tFlν≥stFtχrννFpχotonsFγollνγtνμFψnFγollψsψonsF≥tF¯normul≥bF
sννFtνxt]FeF_F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFXWV 4.2 53

172 xrobψnτFlνptonFπl≥vourFvψol≥tψonFvψ≥FnνutrψnolνssF¯normul≥bFsννFtνxt]Fμνγ≥ysFwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFXYX 4.2 12

171 iFnνwFmνtχoμFtoFμψstψnτuψsχFχ≥μronψγ≥llyFμνγ≥yψnτFboostνμFbosonsFπromFbosonsFusψnτFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFXY_ 4.2 6

170 {ν≥rγχFπorFsupνrsymmνtryF≥tF¯normul≥bFsννFtνxt]´ }ν‘FψnFπψn≥lFst≥tνsFwψtχFjνtsF≥nμFtwoFs≥mνSsψτnF
lνptonsForFtχrννFlνptonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFX[a 4.2 48

169 {ν≥rγχFπorFψnvψsψblνFμνγ≥ysFoπF≥FpψττsFbosonFusψnτFvνγtorSbosonFπusψonFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 45

168
{ν≥rγχFπorF≥nom≥lousFγouplψnτsFψnFtχνF’FtbFvνrtνxFπromFtχνFmν≥surνmνntFoπFμoublνFμψππνrνntψ≥lF
≥nτul≥rFμνγ≥yFr≥tνsFoπFsψnτlνFtopFqu≥rksFproμuγνμFψnFtχνFtSγχ≥nnνlFwψtχFtχνFi}ti{FμνtνγtorTF
JournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFWSZ]

5.4 12

167 {ν≥rγχνsFπorFsγ≥l≥rFlνptoqu≥rksFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]FeF_´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2016RF^]RF[ 4.2 68

166
uν≥surνmνntsFoπFtχνFpψττsFbosonFproμuγtψonF≥nμFμνγ≥yFr≥tνsF≥nμFγouplψnτFstrνnτtχsFusψnτF
γollψsψonFμ≥t≥F≥tF¯normul≥bFsννFtνxt]F≥nμF_´ }ν‘FψnFtχνFi}ti{FνxpνrψmνntTFEuropeanvPhysicalvJournalvC
RF2016RF^]RF]

4.2 185

165
uν≥surνmνntsFoπFπψμuγψ≥lFγrossSsνγtψonsFπorF¯normul≥bFsννFtνxt]FproμuγtψonFwψtχFonνForFtwoF
≥μμψtψon≥lFSjνtsFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]e_F}ν‘´ usψnτFtχνFi}ti{FμνtνγtorTFEuropeanv
PhysicalvJournalvCRF2016RF^]RFWW

4.2 21

164 {tuμyFoπFtχνF¯normul≥bFsννFtνxt]F≥nμF¯normul≥bFsννFtνxt]Fμνγ≥ysFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanv
PhysicalvJournalvCRF2016RF^]RFZ 4.2 13

163
{ν≥rγχFπorF≥nF≥μμψtψon≥lRFχν≥vyFpψττsFbosonFψnFtχνF¯normul≥bFsννFtνxt]Fμνγ≥yFγχ≥nnνlF≥tF¯normul≥bF
sννFtνxt]FψnF¯normul≥bFsννFtνxt]FγollψsψonFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2016RF^]RFZ[

4.2 152

162 {ν≥rγχFπorFsψnτlνFtopSqu≥rkFproμuγtψonFvψ≥Fπl≥vourSγχ≥nτψnτFnνutr≥lFγurrνntsF≥tF_´ }ν‘FwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[[ 4.2 28
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161 {tuμyFoπFχ≥rμFμoublνSp≥rtonFsγ≥ttνrψnτFψnFπourSjνtFνvνntsFψnFppFγollψsψonsF≥tFNFsqrt{s}e^FOF}ν‘FwψtχF
tχνFi}ti{FνxpνrψmνntTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 21

160
{ν≥rγχFπorFtχνF{t≥nμ≥rμFuoμνlFpψττsFbosonFproμuγνμFbyFvνγtorSbosonFπusψonF≥nμFμνγ≥yψnτFtoF
bottomFqu≥rksFψnFNFsqrt{s}e_FOF}ν‘FppFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyv
PhysicsRF2016RFXVW]RFW

5.4 8

159
uν≥surνmνntFoπFνvνntSsχ≥pνFobsνrv≥blνsFψnF¯normul≥bFsννFtνxt]FνvνntsFψnFγollψsψonsF≥tF¯normul≥bF
sννFtνxt]´ ¯normul≥bFsννFtνxt]FwψtχFtχνFi}ti{FμνtνγtorF≥tFtχνFtpkTFEuropeanvPhysicalvJournalvCRF2016RF
^]RFY^[

4.2 5

158 kχ≥rτνμSp≥rtψγlνFμψstrψbutψonsFψnFψntνr≥γtψonsF≥tF¯normul≥bFsννFtνxt]Fmν≥surνμFwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFZVY 4.2 19

157 kχ≥rτνμSp≥rtψγlνFμψstrψbutψonsF≥tFlowFtr≥nsvνrsνFmomνntumFψnF¯normul≥bFsννFtνxt]´ }ν‘Fψntνr≥γtψonsF
mν≥surνμFwψtχFtχνFi}ti{FμνtνγtorF≥tFtχνFtpkTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[VX 4.2 37

156 {ν≥rγχFπorFbottomFsqu≥rkFp≥ψrFproμuγtψonFψnFprotonSprotonFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[Z^ 4.2 25

155
{ν≥rγχFπorFmψnψm≥lFsupνrsymmνtrψγFst≥nμ≥rμFmoμνlFpψττsFjosonsF´ U´ F≥nμFπorF≥F¯normul≥bFsννFtνxt]F
bosonFψnFtχνF¯normul≥bFsννFtνxt]Fπψn≥lFst≥tνFproμuγνμFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]F}ν‘FwψtχF
tχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[_[

4.2 28

154 uν≥surνmνntFoπFtχνFpχotonFψμνntψπψγ≥tψonFνππψγψνnγψνsFwψtχFtχνFi}ti{FμνtνγtorFusψnτFtpkFzunSWF
μ≥t≥TFEuropeanvPhysicalvJournalvCRF2016RF^]RF]]] 4.2 53

153 uν≥surνmνntFoπFtχνF¯normul≥bFsννFtνxt]FμψjνtFγrossFsνγtψonFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF]^V 4.2 7

152 }χνFpνrπorm≥nγνFoπFtχνFjνtFtrψττνrFπorFtχνFi}ti{FμνtνγtorFμurψnτFXVWWFμ≥t≥Ft≥kψnτTFEuropeanv
PhysicalvJournalvCRF2016RF^]RF[X] 4.2 16

151 {ν≥rγχFπorFnνwFpχνnomνn≥FψnFμψππνrνntSπl≥vourFχψτχSm≥ssFμψlνptonFπψn≥lFst≥tνsFψnFγollψsψonsF≥tF
¯normul≥bFsννFtνxt]´ }νvFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[ZW 4.2 7

150
{ν≥rγχFπorFtχνFpψττsFbosonFproμuγνμFψnF≥ssoγψ≥tψonFwψtχF≥FbosonF≥nμFμνγ≥yψnτFtoFπourFSqu≥rksFvψ≥F
twoFspψnSzνroFp≥rtψγlνsFψnFγollψsψonsF≥tFWYF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2016RF^]RF]V[

4.2 16

149 uuonFrνγonstruγtψonFpνrπorm≥nγνFoπFtχνFi}ti{FμνtνγtorFψnFprotonSprotonFγollψsψonFμ≥t≥F≥tF
¯normul≥bFsννFtνxt]eWY´ }ν‘TFEuropeanvPhysicalvJournalvCRF2016RF^]RFXaX 4.2 263

148 }νstFoπFkxFψnv≥rψ≥nγνFψnFvνγtorSbosonFπusψonFproμuγtψonFoπFtχνFpψττsFbosonFusψnτFtχνFmνtχoμFψnFtχνF
μψt≥uFμνγ≥yFγχ≥nnνlFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF][_ 4.2 26

147 {ν≥rγχFπorFτluψnosFψnFνvνntsFwψtχF≥nFψsol≥tνμFlνptonRFjνtsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumF≥tF
¯normul≥bFsννFtνxt]FeFWYF}νF‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[][ 4.2 20

146 uν≥surνmνntFoπFtχνFψnγlusψvνFψsol≥tνμFpromptFpχotonFγrossFsνγtψonFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 25

145 {ν≥rγχFπorF≥FχψτχSm≥ssFpψττsFbosonFμνγ≥yψnτFtoF≥F’FbosonFp≥ψrFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 59

144
{ν≥rγχFπorFπl≥vourSγχ≥nτψnτFnνutr≥lFγurrνntFtopSqu≥rkFμνγ≥ysFtoF¯normul≥bFsννFtνxt]FψnF¯normul≥bF
sννFtνxt]FγollψsψonFμ≥t≥FγollνγtνμFwψtχFtχνFi}ti{FμνtνγtorF≥tF¯normul≥bFsννFtνxt]´ }ν‘TFEuropeanv
PhysicalvJournalvCRF2016RF^]RFWX

4.2 16

(2016-2016)
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143
uν≥surνmνntFoπFtχνFγχ≥rτνF≥symmνtryFψnFtopSqu≥rkFp≥ψrFproμuγtψonFψnFtχνFlνptonSplusSjνtsFπψn≥lF
st≥tνFψnFγollψsψonFμ≥t≥F≥tF¯normul≥bFsννFtνxt]FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2016RF^]RF_^

4.2 18

142 {ν≥rγχFπorFμψrνγtFtopFsqu≥rkFp≥ψrFproμuγtψonFψnFπψn≥lFst≥tνsFwψtχFtwoFt≥uFlνptonsFψnFγollψsψonsF≥tF
¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF_W 4.2 7

141 {ν≥rγχFπorFγχ≥rτνμFpψττsFbosonsFψnFtχνFpF´–FSfFtbFμνγ≥yFγχ≥nnνlFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘F
usψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 33

140 {tuμyFoπFtχνFr≥rνFμνγ≥ysFoπF¯normul≥bFsννFtνxt]F≥nμF¯normul≥bFsννFtνxt]FψntoFmuonFp≥ψrsFπromFμ≥t≥F
γollνγtνμFμurψnτFtχνFtpkFzunFWFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[WY 4.2 27

139
{ν≥rγχFπorFsupνrsymmνtryFψnF≥Fπψn≥lFst≥tνFγont≥ψnψnτFtwoFpχotonsF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumFψnF¯normul≥bFsννFtνxt]´ e´ WY´ }ν‘F¯normul≥bFsννFtνxt]FγollψsψonsF≥tFtχνFtpkFusψnτFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RF[W^

4.2 17

138 {ν≥rγχFπorFrνson≥nγνsFψnFμψpχotonFνvνntsF≥tFNFsqrt{s}eWYFOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 49

137 {ν≥rγχFπorFsψnτlνFproμuγtψonFoπFvνγtorSlψkνFqu≥rksFμνγ≥yψnτFψntoFψnFγollψsψonsF≥tF¯normul≥bFsννF
tνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2016RF^]RFZZX 4.2 24

136 uν≥surνmνntFoπFtχνFrνl≥tψvνFwψμtχFμψππνrνnγνFoπFtχνFNF{j}ℓVχbox{S}F{ovνrlψnν{j}}ℓVFOFsystνmFwψtχF
tχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2016RFXVW]RFW 5.4 5

135 rνtFνnνrτyFmν≥surνmνntF≥nμFψtsFsystνm≥tψγFunγνrt≥ψntyFψnFprotonSprotonFγollψsψonsF≥tF¯normul≥bFsννF
tνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFW^ 4.2 194

134 {ν≥rγχFπorFrνson≥ntFμψbosonFproμuγtψonFψnFtχνF¯normul≥bFsννFtνxt]Fπψn≥lFst≥tνFψnF¯normul≥bFsννFtνxt]F
γollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RF]a 4.2 62

133 uν≥surνmνntsFoπFtχνF¯normul≥bFsννFtνxt]FproμuγtψonFγrossFsνγtψonsFψnF≥ssoγψ≥tψonFwψtχFjνtsFwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RF_X 4.2 54

132 {ν≥rγχFπorFμ≥rkFm≥ttνrFψnFνvνntsFwψtχFχν≥vyFqu≥rksF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnF¯normul≥bF
sννFtνxt]FγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFaX 4.2 60

131
uν≥surνmνntFoπFtχνFNFtovνrlψnν{t}FOFproμuγtψonFγrossSsνγtψonF≥sF≥FπunγtψonFoπFjνtFmultψplψγψtyF≥nμFjνtF
tr≥nsvνrsνFmomνntumFψnF^F}ν‘FprotonSprotonFγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2015RFXVW[RFW

5.4 14

130
uν≥surνmνntFoπFtχνF’F’FQF’F FγrossFsνγtψonF≥nμFlψmψtsFonF≥nom≥lousFtrψplνFτ≥uτνFγouplψnτsFusψnτF
πψn≥lFst≥tνsFwψtχFonνFlνptonRFmψssψnτFtr≥nsvνrsνFmomνntumRF≥nμFtwoFjνtsFwψtχFtχνFi}ti{FμνtνγtorF
≥tFNFsqrt{s}e^FOF}ν‘TFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW

5.4 12

129 {ν≥rγχFπorFtχνFNFbovνrlψnν{b}FOFμνγ≥yFoπFtχνF{t≥nμ≥rμFuoμνlFpψττsFbosonFψnF≥ssoγψ≥tνμFN’U OpF
proμuγtψonFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 64

128 uν≥surνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}e^FOF}ν‘FusψnτF
ZT[Fπbâ��WFoπFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 27

127
{ν≥rγχFπorFproμuγtψonFoπF¯normul≥bFsννFtνxt]Frνson≥nγνsFμνγ≥yψnτFtoF≥FlνptonRFnνutrψnoF≥nμFjνtsFψnF
¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2015RF^[RFXVa

4.2 73

126 xνrπorm≥nγνFoπFtχνFi}ti{FmuonFtrψττνrFψnFppFγollψsψonsF≥tF¯normul≥bFsννFtνxt]F}ν‘TFEuropeanv
PhysicalvJournalvCRF2015RF^[RFWXV 4.2 51
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125 {ν≥rγχFπorFpψττsFbosonFp≥ψrFproμuγtψonFψnFtχνF¯normul≥bFsννFtνxt]Fπψn≥lFst≥tνFπromFγollψsψonsF≥tF
¯normul≥bFsννFtνxt]F}ν‘wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFZWX 4.2 66

124 lνtνrmψn≥tψonFoπFspψnF≥nμFp≥rψtyFoπFtχνFpψττsFbosonFψnFtχνF¯normul≥bFsννFtνxt]Fμνγ≥yFγχ≥nnνlFwψtχF
tχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFXYW 4.2 15

123
{ν≥rγχFπorFnνwFpχνnomνn≥FψnFπψn≥lFst≥tνsFwψtχF≥nFνnνrτνtψγFjνtF≥nμFl≥rτνFmψssψnτFtr≥nsvνrsνF
momνntumFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2015RF^[RFXaa

4.2 202

122 {ν≥rγχFπorF≥FnνwFrνson≥nγνFμνγ≥yψnτFtoF≥ForFbosonF≥nμF≥FpψττsFbosonFψnFtχνF¯normul≥bFsννFtνxt]F
πψn≥lFst≥tνsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFX]Y 4.2 46

121 uν≥surνmνntFoπFtχrννSjνtFproμuγtψonFγrossSsνγtψonsFψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF^´ ¯normul≥bF
sννFtνxt]FγνntrνSoπSm≥ssFνnνrτyFusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFXX_ 4.2 18

120 konstr≥ψntsFonFtχνFoππSsχνllFpψττsFbosonFsψτn≥lFstrνnτtχFψnFtχνFχψτχSm≥ssF≥nμFπψn≥lFst≥tνsFwψtχFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFYY[ 4.2 56

119
qμνntψπψγ≥tψonF≥nμFνnνrτyFγ≥lψbr≥tψonFoπFχ≥μronψγ≥llyFμνγ≥yψnτFt≥uFlνptonsFwψtχFtχνFi}ti{F
νxpνrψmνntFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]¯normul≥bFsννFtνxt]TFEuropeanvPhysicalvJournalvCRF2015
RF^[RFYVY

4.2 49

118 {tuμyFoπFtχνFspψnF≥nμFp≥rψtyFoπFtχνFpψττsFbosonFψnFμψbosonFμνγ≥ysFwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2015RF^[RFZ^] 4.2 104

117
wbsνrv≥tψonF≥nμFmν≥surνmνntsFoπFtχνFproμuγtψonFoπFpromptF≥nμFnonSpromptF¯normul≥bFsννFtνxt]F
mνsonsFψnF≥ssoγψ≥tψonFwψtχF≥F¯normul≥bFsννFtνxt]FbosonFψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bF
sννFtνxt]FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFXXa

4.2 38

116
{ν≥rγχFπorFtχνF{t≥nμ≥rμFuoμνlFpψττsFbosonFproμuγνμFψnF≥ssoγψ≥tψonFwψtχFtopFqu≥rksF≥nμFμνγ≥yψnτF
ψntoF¯normul≥bFsννFtνxt]FψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]FwψtχFtχνFi}ti{F
μνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFYZa

4.2 94

115
{ν≥rγχFπorFsupνrsymmνtryFψnFνvνntsFγont≥ψnψnτF≥Fs≥mνSπl≥vourFopposψtνSsψτnFμψlνptonFp≥ψrRFjνtsRF≥nμF
l≥rτνFmψssψnτFtr≥nsvνrsνFmomνntumFψnF¯normul≥bFsννFtνxt]´ }ν‘FγollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2015RF^[RFYW_

4.2 44

114 {ν≥rγχFπorFχν≥vyFlonτSlψvνμFmultψSγχ≥rτνμFp≥rtψγlνsFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FusψnτFtχνF
i}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFY]X 4.2 22

113 uν≥surνmνntFoπFtχνFtopFqu≥rkFm≥ssFψnFtχνF¯normul≥bFsννFtνxt]F≥nμF¯normul≥bFsννFtνxt]Fγχ≥nnνlsF
usψnτF¯normul≥bFsννFtνxt]´ ¯normul≥bFsννFtνxt]Fi}ti{Fμ≥t≥TFEuropeanvPhysicalvJournalvCRF2015RF^[RFYYV 4.2 32

112 i}ti{FzunFWFsν≥rγχνsFπorFμψrνγtFp≥ψrFproμuγtψonFoπFtχψrμSτνnνr≥tψonFsqu≥rksF≥tFtχνFt≥rτνFp≥μronF
kollψμνrTFEuropeanvPhysicalvJournalvCRF2015RF^[RF[WV 4.2 109

111 {ν≥rγχFπorFvνwFxχνnomνn≥FψnFlψjνtFinτul≥rFlψstrψbutψonsFψnFxrotonSxrotonFkollψsψonsF≥tFsqrt¯s]e_F
}ν‘Fuν≥surνμFwψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF2015RFWWZRFXXW_VX 7.4 18

110
{ν≥rγχFπorFl≥rkFu≥ttνrFψnFmvνntsFwψtχFuψssψnτF}r≥nsvνrsνFuomνntumF≥nμF≥FpψττsFjosonFlνγ≥yψnτF
toF}woFxχotonsFψnFppFkollψsψonsF≥tFsqrt¯s]e_F}ν‘FwψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF
2015RFWW[RFWYW_VW

7.4 32

109 lνtνrmψn≥tψonFoπFtχνFz≥tψoFoπFbSyu≥rkFnr≥τmνnt≥tψonFnr≥γtψonsFπNsOUπNμOFψnFppFkollψsψonsF≥tF
â��se^FF}ν‘FwψtχFtχνFi}ti{FlνtνγtorTFPhysicalvReviewvLettersRF2015RFWW[RFX]XVVW 7.4 15

108 {ν≥rγχFπorFlowSsγ≥lνFτr≥vψtyFsψτn≥turνsFψnFmultψSjνtFπψn≥lFst≥tνsFwψtχFtχνFi}ti{FμνtνγtorF≥tFNF
sqrt{s}e_FOF}ν‘TFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 2

(2015-2015)
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107 {umm≥ryFoπFtχνFi}ti{Fνxpνrψmνntâ��sFsνnsψtψvψtyFtoFsupνrsymmνtryF≥πtνrFtpkFzunFWFâ��FψntνrprνtνμF
ψnFtχνFpχνnomνnoloτψγ≥lFu{{uTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 42

106 {ν≥rγχFπorFlνptonSπl≥vourSvψol≥tψnτFpFSfF˛…ˇ�Fμνγ≥ysFoπFtχνFpψττsFbosonFwψtχFtχνFi}ti{FμνtνγtorTF
JournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 46

105 uν≥surνmνntFoπFπourSjνtFμψππνrνntψ≥lFγrossFsνγtψonsFψnFNFsqrt{s}e_FOF}ν‘FprotonSprotonFγollψsψonsF
usψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFWS^] 5.4 5

104 iFsν≥rγχFπorFNFtovνrlψnν{t}FOFrνson≥nγνsFusψnτFlνptonSplusSjνtsFνvνntsFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 57

103 uν≥surνmνntFoπFγχ≥rτνμSp≥rtψγlνFspνγtr≥FψnFxbQxbFγollψsψonsF≥tFNFsqrt{s−{m≥tχrm{vv}}}eXT^]FOF}ν‘F
wψtχFtχνFi}ti{FμνtνγtorF≥tFtχνFtpkTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 49

102 in≥lysψsFoπFνvνntsFwψtχFbSjνtsF≥nμF≥Fp≥ψrFoπFlνptonsFoπFtχνFs≥mνFγχ≥rτνFψnFppFγollψsψonsF≥tFNFsqrt{s}e_F
OF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 26

101 konstr≥ψntsFonFnνwFpχνnomνn≥Fvψ≥FpψττsFbosonFγouplψnτsF≥nμFψnvψsψblνFμνγ≥ysFwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 91

100 {ν≥rγχFπorFχψτχSm≥ssFμψbosonFrνson≥nγνsFwψtχFbosonSt≥ττνμFjνtsFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFWSYa 5.4 66

99
lψππνrνntψ≥lFtopS≥ntψtopFγrossSsνγtψonFmν≥surνmνntsF≥sF≥FπunγtψonFoπFobsνrv≥blνsFγonstruγtνμFπromF
πψn≥lSst≥tνFp≥rtψγlνsFusψnτFppFγollψsψonsF≥tFNFsqrt{s}e^FOF}ν‘FψnFtχνFi}ti{FμνtνγtorTFJournalvofvHighv
EnergyvPhysicsRF2015RFXVW[RFW

5.4 31

98 {ν≥rγχFπorFχν≥vyFu≥jor≥n≥FnνutrψnosFwψtχFtχνFi}ti{FμνtνγtorFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘TF
JournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 65

97
{ν≥rγχFπorFproμuγtψonFoπFvνγtorSlψkνFqu≥rkFp≥ψrsF≥nμFoπFπourFtopFqu≥rksFψnFtχνFlνptonSplusSjνtsFπψn≥lF
st≥tνFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2015RFXVW[RFW

5.4 54

96 {umm≥ryFoπFtχνFsν≥rγχνsFπorFsqu≥rksF≥nμFτluψnosFusψnτFNFsqrt{s}e_FOF}ν‘FppFγollψsψonsFwψtχFtχνF
i}ti{FνxpνrψmνntF≥tFtχνFtpkTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 55

95 lνtνrmψn≥tψonFoπFtχνFtopSqu≥rkFpolνFm≥ssFusψnτFNFtovνrlψnν{t}FOFQFWSjνtFνvνntsFγollνγtνμFwψtχFtχνF
i}ti{FνxpνrψmνntFψnF^F}ν‘FppFγollψsψonsTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 15

94 uν≥surνmνntFoπFtχνFNFtovνrlψnν{t}’FOF≥nμFNFtovνrlψnν{t} FOFproμuγtψonFγrossFsνγtψonsFψnFppFγollψsψonsF
≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 16

93 {ν≥rγχFπorFπl≥vourSγχ≥nτψnτFnνutr≥lFγurrνntFtopFqu≥rkFμνγ≥ysFtFSfFpqFψnFppFγollψsψonsF≥tFNFsqrt{s}e_FOF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFWS][ 5.4 18

92 {ν≥rγχFπorFχν≥vyFlνptonFrνson≥nγνsFμνγ≥yψnτFtoF≥F FbosonF≥nμF≥FlνptonFψnFppFγollψsψonsF≥tFNFsqrt{s}e_F
OF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 22

91 kombψnνμFuν≥surνmνntFoπFtχνFpψττsFjosonFu≥ssFψnFppFkollψsψonsF≥tFsqrt¯s]e^F≥nμF_F}ν‘FwψtχFtχνF
i}ti{F≥nμFku{FmxpνrψmνntsTFPhysicalvReviewvLettersRF2015RFWWZRFWaW_VY 7.4 709

90 {ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnFνvνntsFwψtχFψsol≥tνμFlνptonsRFjνtsF≥nμFmψssψnτFtr≥nsvνrsνF
momνntumF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 37
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89 mvψμνnγνFπorFtχνFpψττsSbosonF—uk≥w≥FγouplψnτFtoFt≥uFlνptonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofv
HighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 74

88 uν≥surνmνntFoπFtχνFγχ≥rτνF≥symmνtryFψnFμψlνptonψγFμνγ≥ysFoπFtopFqu≥rkFp≥ψrsFψnFppFγollψsψonsF≥tFNF
sqrt{s}e^FOF}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 16

87 {ν≥rγχFπorF¯normul≥bFsννFtνxt]Fμνγ≥ysFψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ e´ _´ }ν‘F
wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF^[RFW][ 4.2 25

86 uν≥surνmνntFoπFtχνFtopSqu≥rkFm≥ssFψnFtχνFπullyFχ≥μronψγFμνγ≥yFγχ≥nnνlFπromFi}ti{Fμ≥t≥F≥tF
¯normul≥bFsννFtνxt]TFEuropeanvPhysicalvJournalvCRF2015RF^[RFW[_ 4.2 8

85 {tuμyFoπFN’U OpFproμuγtψonF≥nμFpψττsFbosonFγouplψnτsFusψnτFpSfF’F’FPFμνγ≥ysFwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2015RFXVW[RFW 5.4 14

84 {ν≥rγχFπorFmνt≥st≥blνFχν≥vyFγχ≥rτνμFp≥rtψγlνsFwψtχFl≥rτνFψonψs≥tψonFνnνrτyFlossFψnFγollψsψonsF≥tF
¯normul≥bFsννFtνxt]´ }ν‘FusψnτFtχνFi}ti{FνxpνrψmνntTFEuropeanvPhysicalvJournalvCRF2015RF^[RFZV^ 4.2 18

83
uν≥surνmνntFoπFtχνFproμuγtψonF≥nμFlνptonFγχ≥rτνF≥symmνtryFoπF¯normul≥bFsννFtνxt]FbosonsFψnF
xbQxbFγollψsψonsF≥tF¯normul≥bFsννFtνxt]FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2015RF
^[RFXY

4.2 31

82 uν≥surνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}e^FOF}ν‘FusψnτF
ZT[Fπbâ��WFoπFμ≥t≥FwψtχFtχνFi}ti{FμνtνγtorF2015RFXVW[RFW 3

81 uν≥surνmνntFoπFtχνFtopFqu≥rkFp≥ψrFproμuγtψonFγχ≥rτνF≥symmνtryFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}FOFeF^F}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 24

80 mlνγtronFrνγonstruγtψonF≥nμFψμνntψπψγ≥tψonFνππψγψνnγyFmν≥surνmνntsFwψtχFtχνFi}ti{FμνtνγtorFusψnτF
tχνFXVWWFtpkFprotonSprotonFγollψsψonFμ≥t≥TFEuropeanvPhysicalvJournalvCRF2014RF^ZRFXaZW 4.2 160

79 uν≥surνmνntFoπFtχνFunμνrlyψnτFνvνntFψnFjνtFνvνntsFπromF^FNtνxtF{}ν‘}OFprotonâ��protonFγollψsψonsF
wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2014RF^ZRFW 4.2 18

78
uν≥surνmνntFoπFtχνFγνntr≥lψtyF≥nμFpsνuμor≥pψμψtyFμνpνnμνnγνFoπFtχνFψntντr≥tνμFνllψptψγFπlowFψnF
lν≥μSlν≥μFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘´ wψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF
2014RF^ZRFXa_X

4.2 18

77 tψτχtSqu≥rkF≥nμFτluonFjνtFμψsγrψmψn≥tψonFψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]FwψtχF
tχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2014RF^ZRFYVXY 4.2 46

76
uν≥surνmνntFoπFtχνFνlνγtrowν≥kFproμuγtψonFoπFμψjνtsFψnF≥ssoγψ≥tψonFwψtχF≥F SbosonF≥nμF
μψstrψbutψonsFsνnsψtψvνFtoFvνγtorFbosonFπusψonFψnFprotonSprotonFγollψsψonsF≥tFNFsqrt{s}FOFeF_F}ν‘FusψnτF
tχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW

5.4 14

75
uν≥surνmνntFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFpromptFrUˇ�FmνsonsFψnF≥ssoγψ≥tψonFwψtχF≥F’F´–F
bosonFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeF^F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF
2014RFXVWZRFW

5.4 24

74 uν≥surνmνntFoπFtχνFproμuγtψonFoπF≥F’FbosonFψnF≥ssoγψ≥tψonFwψtχF≥Fγχ≥rmFqu≥rkFψnFppFγollψsψonsF≥tFNF
sqrt{s}FOFeF^F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 37

73
{ν≥rγχFπorFμψrνγtFproμuγtψonFoπFγχ≥rτψnosRFnνutr≥lψnosF≥nμFslνptonsFψnFπψn≥lFst≥tνsFwψtχFtwoFlνptonsF
≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnFppFγollψsψonsF≥tFNFsqrt{s}FOFeF_}ν‘FwψtχFtχνFi}ti{FμνtνγtorTF
JournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW

5.4 120

72 {ν≥rγχFπorFsupνrsymmνtryF≥tFNsqrt{s}OFeF_F}ν‘FψnFπψn≥lFst≥tνsFwψtχFjνtsF≥nμFtwoFs≥mνSsψτnFlνptonsForF
tχrννFlνptonsFwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 39
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71 uν≥surνmνntFoπFtχνFlowSm≥ssFlrνllS—≥nFμψππνrνntψ≥lFγrossFsνγtψonF≥tFNFsqrt{s}FOFeF^F}ν‘FusψnτFtχνF
i}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 18

70 {ν≥rγχFπorFμψrνγtFtopSsqu≥rkFp≥ψrFproμuγtψonFψnFπψn≥lFst≥tνsFwψtχFtwoFlνptonsFψnFppFγollψsψonsF≥tFNF
sqrt{s}FOFeF_F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 52

69 uν≥surνmνntFoπFˇ�FγWF≥nμFˇ�FγXFproμuγtψonFwψtχFNFsqrt{s}FOFeF^F}ν‘FppFγollψsψonsF≥tFi}ti{TFJournalvofv
HighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 26

68 {ν≥rγχFπorFnνwFp≥rtψγlνsFψnFνvνntsFwψtχFonνFlνptonF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnFppF
γollψsψonsF≥tFNFsqrt{s}FOFeF_F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 40

67
{ν≥rγχFπorFμψrνγtFtopFsqu≥rkFp≥ψrFproμuγtψonFψnFνvνntsFwψtχF≥F¯normul≥bFsννFtνxt]FbosonRF¯normul≥bF
sννFtνxt]SjνtsF≥nμFmψssψnτFtr≥nsvνrsνFmomνntumFψnF¯normul≥bFsννFtνxt]F}ν‘F¯normul≥bFsννFtνxt]F
γollψsψonsFwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2014RF^ZRFX__Y

4.2 41

66 uν≥surνmνntFoπFtχνFmuonFrνγonstruγtψonFpνrπorm≥nγνFoπFtχνFi}ti{FμνtνγtorFusψnτFXVWWF≥nμFXVWXF
tpkFprotonSprotonFγollψsψonFμ≥t≥TFEuropeanvPhysicalvJournalvCRF2014RF^ZRFYWYV 4.2 166

65
uν≥surνmνntsFoπFjνtFvνtoνsF≥nμF≥zψmutχ≥lFμνγorrνl≥tψonsFψnFμψjνtFνvνntsFproμuγνμFψnF¯normul≥bFsννF
tνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2014RF
^ZRFYWW^

4.2 17

64 uν≥surνmνntsFoπFπψμuγψ≥lF≥nμFμψππνrνntψ≥lFγrossFsνγtψonsFπorFpψττsFbosonFproμuγtψonFψnFtχνF
μψpχotonFμνγ≥yFγχ≥nnνlF≥tFNFsqrt{s}e_FOF}ν‘FwψtχFi}ti{TFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 30

63
{ν≥rγχFπorFsupνrsymmνtryFψnFνvνntsFwψtχFl≥rτνFmψssψnτFtr≥nsvνrsνFmomνntumRFjνtsRF≥nμF≥tFlν≥stF
onνFt≥uFlνptonFψnFXVFπbâ��WFoπFNFsqrt{s}FOFeF_F}ν‘FprotonSprotonFγollψsψonFμ≥t≥FwψtχFtχνFi}ti{F
μνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW

5.4 9

62
{ν≥rγχFπorFsqu≥rksF≥nμFτluψnosFwψtχFtχνFi}ti{FμνtνγtorFψnFπψn≥lFst≥tνsFwψtχFjνtsF≥nμFmψssψnτF
tr≥nsvνrsνFmomνntumFusψnτFNFsqrt{s}e_FOF}ν‘FprotonSprotonFγollψsψonFμ≥t≥TFJournalvofvHighvEnergyv
PhysicsRF2014RFXVWZRFW

5.4 108

61
uν≥surνmνntFoπFtχνF¯normul≥bFsννFtνxt]FproμuγtψonFγrossSsνγtψonFusψnτF¯normul≥bFsννFtνxt]FνvνntsF
wψtχF¯normul≥bFsννFtνxt]St≥ττνμFjνtsFψnF¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]F≥nμF
_´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2014RF^ZRFYWVa

4.2 107

60 uuonFrνγonstruγtψonFνππψγψνnγyF≥nμFmomνntumFrνsolutψonFoπFtχνFi}ti{FνxpνrψmνntFψnF
protonSprotonFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ }ν‘FψnFXVWVTFEuropeanvPhysicalvJournalvCRF2014RF^ZRFYVYZ 4.2 45

59 mlνγtronF≥nμFpχotonFνnνrτyFγ≥lψbr≥tψonFwψtχFtχνFi}ti{FμνtνγtorFusψnτFtpkFzunFWFμ≥t≥TFEuropeanv
PhysicalvJournalvCRF2014RF^ZRFW 4.2 160

58
{ν≥rγχFπorFγont≥γtFψntνr≥γtψonsF≥nμFl≥rτνFνxtr≥FμψmνnsψonsFψnFtχνFμψlνptonFγχ≥nnνlFusψnτF
protonSprotonFγollψsψonsF≥tF¯normul≥bFsννFtνxt]´ _´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2014RF^ZRFYWYZ

4.2 31

57 uν≥surνmνntFoπFπlowFχ≥rmonψγsFwψtχFmultψSp≥rtψγlνFγumul≥ntsFψnFxbQxbFγollψsψonsF≥tF¯normul≥bFsννF
tνxt]´ }ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalvJournalvCRF2014RF^ZRFYW[^ 4.2 52

56
uν≥surνmνntFoπFμψstrψbutψonsFsνnsψtψvνFtoFtχνFunμνrlyψnτFνvνntFψnFψnγlusψvνF SbosonFproμuγtψonFψnF
¯normul≥bFsννFtνxt]FγollψsψonsF≥tF¯normul≥bFsννFtνxt]F}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2014RF^ZRFYWa[

4.2 21

55 uν≥surνmνntFoπFtχνFproμuγtψonFγrossSsνγtψonFoπFˇ�NX{OFSfFrUˇ�NSf˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FψnFppFγollψsψonsF≥tFNF
sqrt{s}FOFeF^F}ν‘F≥tFi}ti{TFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 16

54 uν≥surνmνntFoπFtχνF U˛‡FPFbosonFtr≥nsvνrsνFmomνntumFμψstrψbutψonFψnFppFγollψsψonsF≥tFNFsqrt{s}e^FOF
}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 79
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53 {ν≥rγχFπorFlonτSlψvνμFnνutr≥lFp≥rtψγlνsFμνγ≥yψnτFψntoFlνptonFjνtsFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}e_FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2014RFXVWZRFW 5.4 38

52 uν≥surνmνntFoπFtχνFproμuγtψonFγrossFsνγtψonFoπFjνtsFψnF≥ssoγψ≥tψonFwψtχF≥F FbosonFψnFppFγollψsψonsF≥tF
NFsqrt{s}e^FOF}ν‘FwψtχFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2013RFXVWYRFW 5.4 50

51 uν≥surνmνntFoπFsplψttψnτFsγ≥lνsFψnFSfFνvνntsF≥tF¯normul≥bFsννFtνxt]FwψtχFtχνFi}ti{FμνtνγtorTF
EuropeanvPhysicalvJournalvCRF2013RF^YRFXZYX 4.2 8

50 uν≥surνmνntFoπFtχνFμψππνrνntψ≥lFγrossSsνγtψonFoπFjFQFmνsonFproμuγtψonFψnFppFγollψsψonsF≥tFNF
sqrt{s}e^FOF}ν‘F≥tFi}ti{TFJournalvofvHighvEnergyvPhysicsRF2013RFXVWYRFW 5.4 24

49 xνrπorm≥nγνFoπFjνtFsubstruγturνFtνγχnψquνsFπorFl≥rτνSzFjνtsFψnFprotonSprotonFγollψsψonsF≥tFNF
sqrt{s}e^FOF}ν‘FusψnτFtχνFi}ti{FμνtνγtorTFJournalvofvHighvEnergyvPhysicsRF2013RFXVWYRFW 5.4 43

48 qmprovνμFlumψnosψtyFμνtνrmψn≥tψonFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]FusψnτFtχνFi}ti{FμνtνγtorF≥tF
tχνFtpkTFEuropeanvPhysicalvJournalvCRF2013RF^YRFX[W_ 4.2 276

47
uν≥surνmνntFoπFtχνFψnγlusψvνFjνtFγrossSsνγtψonFψnFγollψsψonsF≥tF¯normul≥bFsννFtνxt]F≥nμFγomp≥rψsonF
toFtχνFψnγlusψvνFjνtFγrossSsνγtψonF≥tF¯normul≥bFsννFtνxt]FusψnτFtχνFi}ti{FμνtνγtorTFEuropeanvPhysicalv
JournalvCRF2013RF^YRFX[Va

4.2 71

46 uultψSγχ≥nnνlFsν≥rγχFπorFsqu≥rksF≥nμFτluψnosFψnF¯normul≥bFsννFtνxt]FγollψsψonsFwψtχFtχνFi}ti{F
μνtνγtorF≥tFtχνFtpkTFEuropeanvPhysicalvJournalvCRF2013RF^YRFXY]X 4.2 25
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