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521 xΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FtΓvΓτSWFtopoτoαμc≥τFtrμααΓrFμψFzuψ´ XTFEuropeanoPhysicaloJournaloCRF2022RF
_XRFW 4.2 0

520
{Γ≥rcγFΣorFΓxotμcFdΓc≥ysFoΣFtγΓFpμααsFbosoψFμψtoFbJJFovΓrτμψΓ{b}FJJF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFμψFppFcoττμsμoψsF≥tFJJFsqrt{s}FJJFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2022RFXVXXRFW

5.4 0

519
wbsΓrv≥tμoψFoΣFΓτΓctrowΓ≥πFproductμoψFoΣFtwoFνΓtsFμψF≥ssocμ≥tμoψFwμtγF≥ψFμsoτ≥tΓdFpγotoψF≥ψdF
χμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχRF≥ψdFsΓ≥rcγFΣorF≥FpμααsFbosoψFdΓc≥yμψαFμψtoFμψvμsμbτΓFp≥rtμcτΓsF≥tF
WY´ JJtΓxtF{}Γ‘}JJFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2022RF_XRFW

4.2 0

518
{Γ≥rcγFΣorFpμααsFbosoψsFdΓc≥yμψαFμψtoFψΓwFspμψSVForFspμψSWFp≥rtμcτΓsFμψFΣourSτΓptoψFΣμψ≥τFst≥tΓsFwμtγF
tγΓFi}ti{FdΓtΓctorFwμtγFWYaFΣbâ��WFoΣFppFcoττμsμoψFd≥t≥F≥tFJJFsqrt{s}FJJFeFWYF}Γ‘TFJournaloofoHigho
EnergyoPhysicsRF2022RFXVXXRFW

5.4 0

517 itτn≥stYbF}γΓFvΓxtFoΓψΓr≥tμoψFoΣFn≥stF{μχuτ≥tμoψFμψFi}ti{TFComputingoandoSoftwareoforoBigoScienceRF
2022RF]RFW 6 0

516
uΓ≥surΓχΓψtFoΣFtγΓFΓψΓrαyFrΓspoψsΓFoΣFtγΓFi}ti{´ c≥τorμχΓtΓrFtoFcγ≥rαΓd´ pμoψsFΣroχFJJ’ℓ{pχF
}rμαγt≥rrowFt≥uFℓ{pχF}Nrμαγt≥rrowFpμFℓ{pχF}ψuF−{t≥uF}OψuF−{t≥uF}JJFΓvΓψtsFμψFzuψ´ XFd≥t≥TFEuropeano
PhysicaloJournaloCRF2022RF_XRFW

4.2 0

515 }γΓFi}ti{FμψψΓrFdΓtΓctorFtrμααΓrFpΓrΣorχ≥ψcΓFμψFppFcoττμsμoψsF≥tFWY´ }Γ‘FdurμψαFtpkFzuψFXTF
EuropeanoPhysicaloJournaloCRF2022RF_XRFW 4.2

514 lΓtΓrχμψ≥tμoψFoΣFtγΓFp≥rtoψFdμstrμbutμoψFΣuψctμoψsFoΣFtγΓFprotoψFusμψαFdμvΓrsΓFi}ti{Fd≥t≥FΣroχFppF
coττμsμoψsF≥tFJJsqrt{s}FeF^JJRF_F≥ψdFWY´ }Γ‘TFEuropeanoPhysicaloJournaloCRF2022RF_XRFW 4.2 1

513
{Γ≥rcγFΣorFzSp≥rμtySvμoτ≥tμψαFsupΓrsyχχΓtryFμψF≥FΣμψ≥τFst≥tΓFcoψt≥μψμψαFτΓptoψsF≥ψdFχ≥ψyFνΓtsFwμtγF
tγΓFi}ti{FΓxpΓrμχΓψtFusμψαFNsqrt{s}FeFWYγboxF{F}Γ‘}OFprotoψâ��protoψFcoττμsμoψFd≥t≥TFEuropeano
PhysicaloJournaloCRF2021RF_WRFW

4.2 2

512 uΓ≥surΓχΓψtFoΣFtγΓFtNFovΓrτμψΓ{t}FOtNFovΓrτμψΓ{t}FOFproductμoψFcrossFsΓctμoψFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 0

511
{Γ≥rcγFΣorFd≥rπFχ≥ttΓrFμψFΓvΓψtsFwμtγFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχF≥ψdF≥FpμααsFbosoψFdΓc≥yμψαF
μψtoFtwoFpγotoψsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2021RFXVXWRFW

5.4 2

510 {Γ≥rcγFΣorFtypΓSqqqFsΓΓs≥wFγΓ≥vyFτΓptoψsFμψFdμτΓptoψFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FeFWYR{tΓxtF
{}Γ‘}}FOFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 7

509 uΓ≥surΓχΓψtFoΣFτμαγtSbySτμαγtFsc≥ttΓrμψαF≥ψdFsΓ≥rcγFΣorF≥xμoψSτμπΓFp≥rtμcτΓsFwμtγFXTXFψbâ��WFoΣFxbQxbF
d≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 5

508
{Γ≥rcγFΣorFpμααsFbosoψFproductμoψFμψF≥ssocμ≥tμoψFwμtγF≥FγμαγSΓψΓrαyFpγotoψFvμ≥FvΓctorSbosoψF
ΣusμoψFwμtγFdΓc≥yFμψtoFbottoχFqu≥rπFp≥μrsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2021RFXVXWRFW

5.4 1

507
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FwμtγFtopFqu≥rπFp≥μrsFμψFΣμψ≥τFst≥tΓsFwμtγFoψΓFτΓptoψRFνΓtsRF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2021RFXVXWRFW

5.4 6

506
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFwμtγFtwoFopposμtΓScγ≥rαΓFτΓptoψsRFνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFμψFppFcoττμsμoψsF≥tFNFsqrt{χ≥tγrχ{s}}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2021RFXVXWRFW

5.4 8

505
{Γ≥rcγFΣorFp≥μrFproductμoψFoΣFsc≥τ≥rFτΓptoqu≥rπsFdΓc≥yμψαFμψtoFΣμrstSForFsΓcoψdSαΓψΓr≥tμoψFτΓptoψsF
≥ψdFtopFqu≥rπsFμψFprotoψâ��protoψFcoττμsμoψsF≥tFNsqrt{s}OFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2021RF_WRFW

4.2 5
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504 wptμχμs≥tμoψFoΣFτ≥rαΓSr≥dμusFνΓtFrΓcoψstructμoψFΣorFtγΓFi}ti{FdΓtΓctorFμψFWYF}Γ‘Fprotoψâ��protoψF
coττμsμoψsTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 2

503
{Γ≥rcγFΣorFγΓ≥vyFrΓsoψ≥ψcΓsFdΓc≥yμψαFμψtoF≥Fp≥μrFoΣF FbosoψsFμψFtγΓFNΓττFℓQΓττFℓSΓττFMℓQΓττFMℓSOF≥ψdFNΓττF
ℓQΓττFℓSψuF{{b≥r{ψuF}}}OFΣμψ≥τFst≥tΓsFusμψαFWYaFNχ≥tγrχF{Σb}ℓ{SW}OFoΣFprotoψâ��protoψFcoττμsμoψsF≥tF
Nsqrt{s}FeFWYRO}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW

4.2 8

502
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΣμψ≥τFst≥tΓsFwμtγFbSνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFNF
sqrt{χ≥tγrχ{s}}FOFeFWYF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2021RFXVXWRFW

5.4 6

501
{Γ≥rcγFΣorF≥FγΓ≥vyFpμααsFbosoψFdΓc≥yμψαFμψtoF≥F FbosoψF≥ψdF≥ψotγΓrFγΓ≥vyFpμααsFbosoψFμψFtγΓFNΓττF
ΓττFbbOF≥ψdFNΓττFΓττF’’OFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNsqrt{s}eWYOFNtΓxtF{}Γ‘}OFwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW

4.2 7

500
{Γ≥rcγFΣorFdoubτyF≥ψdFsμψατyFcγ≥rαΓdFpμααsFbosoψsFdΓc≥yμψαFμψtoFvΓctorFbosoψsFμψFχuτtμSτΓptoψFΣμψ≥τF
st≥tΓsFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{χ≥tγrχ{s}}FOFeFWYF}Γ‘TF
JournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW

5.4 3

499 uΓ≥surΓχΓψtsFoΣF’Q’â��QFâ�¥FWFνΓtFproductμoψFcrossSsΓctμoψsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 0

498 {Γ≥rcγFΣorFcγ≥rαΓdFpμααsFbosoψsFdΓc≥yμψαFμψtoF≥FtopFqu≥rπF≥ψdF≥FbottoχFqu≥rπF≥tFNFsqrt{χ≥tγrχ{s}}F
OFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 8

497 uΓ≥surΓχΓψtsFoΣFpμααsFbosoψsFdΓc≥yμψαFtoFbottoχFqu≥rπsFΣroχFvΓctorFbosoψFΣusμoψFproductμoψF
wμtγFtγΓFi}ti{FΓxpΓrμχΓψtF≥tFNsqrt{s}eWYRtΓxtF{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 0

496
{Γ≥rcγFΣorFp≥μrFproductμoψFoΣFtγμrdSαΓψΓr≥tμoψFsc≥τ≥rFτΓptoqu≥rπsFdΓc≥yμψαFμψtoF≥FtopFqu≥rπF≥ψdF≥F
ˇ�SτΓptoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2021RFXVXWRFW

5.4 6

495 {Γ≥rcγFΣorFsupΓrsyχχΓtryFμψFΓvΓψtsFwμtγFΣourForFχorΓFcγ≥rαΓdFτΓptoψsFμψFWYaFΣbâ��WFoΣFNFsqrt{s}FOFeF
WYF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 2

494
lΓtΓrχμψ≥tμoψFoΣFtγΓFp≥rtoψFdμstrμbutμoψFΣuψctμoψsFoΣFtγΓFprotoψFΣroχFi}ti{FχΓ≥surΓχΓψtsFoΣF
dμΣΣΓrΓψtμ≥τF’´–F≥ψdF FbosoψFproductμoψFμψF≥ssocμ≥tμoψFwμtγFνΓtsTFJournaloofoHighoEnergyoPhysicsRF2021
RFXVXWRFW

5.4 1

493 uΓ≥surΓχΓψtsFoΣFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFμψFΣourSτΓptoψFΓvΓψtsFμψFWYF}Γ‘FprotoψSprotoψF
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 0

492 iFsΓ≥rcγFΣorFtγΓFdΓc≥ysFoΣFstoppΓdFτoψαSτμvΓdFp≥rtμcτΓsF≥tFNFsqrt{χ≥tγrχ{s}}FOFeFWYF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 1

491 uuoψFrΓcoψstructμoψF≥ψdFμdΓψtμΣμc≥tμoψFΓΣΣμcμΓψcyFμψFi}ti{FusμψαFtγΓFΣuττFzuψFXFppFcoττμsμoψFd≥t≥FsΓtF
≥tFNsqrt{s}eWYOF}Γ‘TFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 13

490 uΓ≥surΓχΓψtFoΣFγ≥droψμcFΓvΓψtFsγ≥pΓsFμψFγμαγSp}FχuτtμνΓtFΣμψ≥τFst≥tΓsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγF
tγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 3

489
{Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψFΣμψ≥τFst≥tΓsFwμtγFνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFusμψαFWYaF
Σbâ��WFoΣFNFsqrt{s}FOFeFWYF}Γ‘FppFcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2021RFXVXWRFW

5.4 8

488 lμΣΣΓrΓψtμ≥τFcrossSsΓctμoψFχΓ≥surΓχΓψtsFΣorFtγΓFΓτΓctrowΓ≥πFproductμoψFoΣFdμνΓtsFμψF≥ssocμ≥tμoψF
wμtγF≥F FbosoψFμψFprotoψâ��protoψFcoττμsμoψsF≥tFi}ti{TFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 5

487 uΓ≥surΓχΓψtsFoΣF’pF≥ψdF pFproductμoψFμψFtγΓFNpFrμαγt≥rrowFbb≥r{b}OFdΓc≥yFcγ≥ψψΓτFμψFppF
coττμsμoψsF≥tFNWYRtΓxtF{}Γ}tΓxtF{‘}OFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 7

(2021-2021)

3



486 {Γ≥rcγFΣorFd≥rπFχ≥ttΓrFμψF≥ssocμ≥tμoψFwμtγF≥ψFΓψΓrαΓtμcFpγotoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 5

485 {Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψFΣμψ≥τFst≥tΓsFwμtγFoψΓFμsoτ≥tΓdFτΓptoψRFνΓtsRF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχF≥tFNsqrt{s}eWYOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 0

484 uΓ≥surΓχΓψtFoΣFsμψατΓFtopSqu≥rπFproductμoψFμψF≥ssocμ≥tμoψFwμtγF≥F’FbosoψFμψFtγΓFsμψατΓSτΓptoψF
cγ≥ψψΓτF≥tFNsqrt{s}FeF_RtΓxtF{}Γ‘}OFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 1

483 rΓtFΓψΓrαyFsc≥τΓF≥ψdFrΓsoτutμoψFχΓ≥surΓdFμψFprotoψâ��protoψFcoττμsμoψsF≥tFNsqrt{s}eWYOF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 11

482
uΓ≥surΓχΓψtsFoΣFtγΓFμψcτusμvΓF≥ψdFdμΣΣΓrΓψtμ≥τFproductμoψFcrossFsΓctμoψsFoΣF≥FtopSqu≥rπâ��≥ψtμqu≥rπF
p≥μrFμψF≥ssocμ≥tμoψFwμtγF≥F FbosoψF≥tFNsqrt{s}FeFWYOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2021RF_WRFW

4.2 1

481 {Γ≥rcγFΣorFd≥rπFχ≥ttΓrFproducΓdFμψF≥ssocμ≥tμoψFwμtγF≥FsμψατΓFtopFqu≥rπFμψFNsqrt{s}eWYOF}Γ‘FNppOF
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 4

480
uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFsμψατΓSF≥ψdFdoubτΓSdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFμψFtγΓF≥ττSγ≥droψμcF
cγ≥ψψΓτFμψFppFcoττμsμoψsF≥tFNFsqrt{χ≥tγrχ{s}}FOFeFWYF}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2021RFXVXWRFW

5.4 2

479 {Γ≥rcγFΣorFpγΓψoχΓψ≥FbΓyoψdFtγΓF{t≥ψd≥rdFuodΓτFμψFΓvΓψtsFwμtγFτ≥rαΓFbSνΓtFχuτtμpτμcμtyFusμψαFtγΓF
i}ti{FdΓtΓctorF≥tFtγΓFtpkTFEuropeanoPhysicaloJournaloCRF2021RF_WRFW 4.2 1

478
{Γ≥rcγFΣorFd≥rπFχ≥ttΓrFproducΓdFμψF≥ssocμ≥tμoψFwμtγF≥F{t≥ψd≥rdFuodΓτFpμααsFbosoψFdΓc≥yμψαFμψtoF
bSqu≥rπsFusμψαFtγΓFΣuττFzuψFXFd≥t≥sΓtFΣroχFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RF
XVXWRFW

5.4 0

477 uΓ≥surΓχΓψtFoΣFtγΓFproductμoψFcrossFsΓctμoψFoΣFp≥μrsFoΣFμsoτ≥tΓdFpγotoψsFμψFppFcoττμsμoψsF≥tFWYF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RFXVXWRFW 5.4 0

476
{Γ≥rcγFΣorFΓxotμcFdΓc≥ysFoΣFtγΓFpμααsFbosoψFμψtoFτoψαSτμvΓdFp≥rtμcτΓsFμψFppFcoττμsμoψsF≥tFJJFsqrt{s}FJJF
eFWYF}Γ‘FusμψαFdμspτ≥cΓdFvΓrtμcΓsFμψFtγΓFi}ti{FμψψΓrFdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RF
XVXWRFW

5.4 0

475
{Γ≥rcγFΣorFcγ≥rαμψoâ��ψΓutr≥τμψoFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFtγrΓΓFτΓptoψsF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFJJsqrt{s}FeFWYJJ´ }Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2021RF_WRFW

4.2 1

474 koψΣμαur≥tμoψF≥ψdFpΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FbSνΓtFtrμααΓrsFμψFzuψFXTFEuropeanoPhysicaloJournaloCRF
2021RF_WRFW 4.2 1

473
uΓ≥surΓχΓψtFoΣFbSqu≥rπFΣr≥αχΓψt≥tμoψFpropΓrtμΓsFμψFνΓtsFusμψαFtγΓFdΓc≥yFj´–FSfFrUˇ�s´–FμψFppF
coττμsμoψsF≥tFJJFsqrt{s}FJJFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2021RF
XVXWRFW

5.4 0

472 pμααsFbosoψFproductμoψFcrossSsΓctμoψFχΓ≥surΓχΓψtsF≥ψdFtγΓμrFmn}FμψtΓrprΓt≥tμoψFμψFtγΓFNZΓττFOF
dΓc≥yFcγ≥ψψΓτF≥tFNsqrt{s}eOWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 12

471 {Γ≥rcγFΣorFp≥μrsFoΣFsc≥τ≥rFτΓptoqu≥rπsFdΓc≥yμψαFμψtoFqu≥rπsF≥ψdFΓτΓctroψsForFχuoψsFμψFNFsqrt{s}FOFeFWYF
}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 8

470 {Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψFΣμψ≥τFst≥tΓsFwμtγFs≥χΓSsμαψFτΓptoψsF≥ψdFνΓtsFusμψαFWYaFΣbâ��WFoΣFd≥t≥F
coττΓctΓdFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 8

469 xΓrΣorχ≥ψcΓFoΣFΓτΓctroψF≥ψdFpγotoψFtrμααΓrsFμψFi}ti{FdurμψαFtpkFzuψFXTFEuropeanoPhysicaloJournalo
CRF2020RF_VRFW 4.2 30

MarksJsOreglia
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468 {Γ≥rcγFΣorFtopFsqu≥rπsFμψFΓvΓψtsFwμtγF≥FpμααsForF FbosoψFusμψαFWYaFΣbNℓ{SW}OFoΣFppFcoττμsμoψFd≥t≥F≥tF
Nsqrt{s}eWYOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 1

467 mvμdΓψcΓFΣorFNtb≥r{t}tb≥r{t}OFproductμoψFμψFtγΓFχuτtμτΓptoψFΣμψ≥τFst≥tΓFμψFprotoψâ��protoψFcoττμsμoψsF≥tF
Nsqrt{s}eWYOFNtΓxtF{}Γ‘}OFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 8

466 {Γ≥rcγFΣorFγΓ≥vyFdμbosoψFrΓsoψ≥ψcΓsFμψFsΓχμτΓptoψμcFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNsqrt{s}eWYOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 4

465
{Γ≥rcγFΣorF≥Fsc≥τ≥rFp≥rtψΓrFoΣFtγΓFtopFqu≥rπFμψFtγΓF≥ττSγ≥droψμcFNt{b≥r{t}}OFpτusFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFΣμψ≥τFst≥tΓF≥tFNsqrt{s}eWYOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2020RF_VRFW

4.2 17

464 iτμαψχΓψtFoΣFtγΓFi}ti{FqψψΓrFlΓtΓctorFμψFzuψFXTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 4

463 lΓtΓrχμψ≥tμoψFoΣFνΓtFc≥τμbr≥tμoψF≥ψdFΓψΓrαyFrΓsoτutμoψFμψFprotoψâ��protoψFcoττμsμoψsF≥tFNsqrt{s}FeF
_~γboxF{}Γ‘}OFusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 3

462 {Γ≥rcγFΣorFNFtovΓrτμψΓ{t}FOFrΓsoψ≥ψcΓsFμψFΣuττyFγ≥droψμcFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 6

461 zΓcoψstructμoψF≥ψdFμdΓψtμΣμc≥tμoψFoΣFboostΓdFdμSˇ�FsystΓχsFμψF≥FsΓ≥rcγFΣorFpμααsFbosoψFp≥μrsFusμψαFWYF
}Γ‘FprotoψSprotoψFcoττμsμoψFd≥t≥FμψFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 3

460 xΓrΣorχ≥ψcΓFoΣFtγΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFtrμααΓrsFΣorFtγΓFi}ti{FdΓtΓctorFdurμψαFzuψSXF
d≥t≥Ft≥πμψαTFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 8

459 {Γ≥rcγFΣorFψΓwFψoψSrΓsoψ≥ψtFpγΓψoχΓψ≥FμψFγμαγSχ≥ssFdμτΓptoψFΣμψ≥τFst≥tΓsFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 9

458 uΓ≥surΓχΓψtsFoΣFtγΓFpμααsFbosoψFμψcτusμvΓF≥ψdFdμΣΣΓrΓψtμ≥τFΣμducμ≥τFcrossFsΓctμoψsFμψFtγΓFZNΓττFOF
dΓc≥yFcγ≥ψψΓτF≥tFNsqrt{s}OFeFWYF}Γ‘TFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 9

457
{Γ≥rcγFΣorFdμrΓctFproductμoψFoΣFΓτΓctrowΓ≥πμψosFμψFΣμψ≥τFst≥tΓsFwμtγFoψΓFτΓptoψRFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχF≥ψdF≥FpμααsFbosoψFdΓc≥yμψαFμψtoFtwoFbSνΓtsFμψFNppOFcoττμsμoψsF≥tFNsqrt{s}eWYOF}Γ‘FwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW

4.2 13

456
uΓ≥surΓχΓψtsFoΣFtγΓFproductμoψFcrossSsΓctμoψFΣorF≥F FbosoψFμψF≥ssocμ≥tμoψFwμtγFbSνΓtsFμψF
protoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2020RFXVXVRFW

5.4 5

455
{Γ≥rcγFΣorFtγΓFppFSfFNFbovΓrτμψΓ{b}bovΓrτμψΓ{b}FOFprocΓssFvμ≥FvΓctorSbosoψFΣusμoψFproductμoψFusμψαF
protoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}FOFeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2020RFXVXVRFW

5.4 5

454 wbsΓrv≥tμoψFoΣFtγΓF≥ssocμ≥tΓdFproductμoψFoΣF≥FtopFqu≥rπF≥ψdF≥F FbosoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOeF
WYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2020RFXVXVRFW 5.4 5

453 uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFspμψFcorrΓτ≥tμoψsFμψFtγΓFNΓχuFOFcγ≥ψψΓτF≥tFNsqrt{s}FeFWYOF}Γ‘FusμψαF
ppFcoττμsμoψsFμψFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2020RF_VRFW 4.2 8

452 uΓ≥surΓχΓψtFoΣFtγΓFcrossSsΓctμoψF≥ψdFcγ≥rαΓF≥syχχΓtryFoΣF’FbosoψsFproducΓdFμψFprotoψâ��protoψF
coττμsμoψsF≥tFNsqrt{s}e_~tΓxtF{}Γ‘}OFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2019RF^aRFW 4.2 11

451 mτΓctroψFrΓcoψstructμoψF≥ψdFμdΓψtμΣμc≥tμoψFμψFtγΓFi}ti{FΓxpΓrμχΓψtFusμψαFtγΓFXVW[F≥ψdFXVW]FtpkF
protoψâ��protoψFcoττμsμoψFd≥t≥F≥tFNsqrt{s}FeFWYOFNtΓxtF{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2019RF^aRFW 4.2 37

(2019-2020)
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450
uΓ≥surΓχΓψtFoΣF‘pRFNFχ≥tγrχ{p}toFχ≥tγrχ{b}ovΓrτμψΓ{χ≥tγrχ{b}}FOFproductμoψF≥sF≥FΣuψctμoψFoΣF
tγΓFvΓctorSbosoψFtr≥ψsvΓrsΓFχoχΓψtuχFμψFWYF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2019RFXVWaRFW

5.4 8

449 xΓrΣorχ≥ψcΓFoΣFtopSqu≥rπF≥ψdFNv≥rvΓc{’}OSbosoψFt≥ααμψαFwμtγFi}ti{FμψFzuψFXFoΣFtγΓFtpkTFEuropeano
PhysicaloJournaloCRF2019RF^aRFW 4.2 19

448 mτΓctroψF≥ψdFpγotoψFΓψΓrαyFc≥τμbr≥tμoψFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFXVW[â��XVW]FtpkF
protoψSprotoψFcoττμsμoψFd≥t≥TFJournaloofoInstrumentationRF2019RFWZRFxVYVW^SxVYVW^ 1 25

447 {Γ≥rcγFΣorFdoubτyFcγ≥rαΓdFsc≥τ≥rFbosoψsFdΓc≥yμψαFμψtoFs≥χΓSsμαψFbosoψFp≥μrsFwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2019RF^aRF[_ 4.2 20

446 uΓ≥surΓχΓψtFoΣFtγΓFpγotoψFμdΓψtμΣμc≥tμoψFΓΣΣμcμΓψcμΓsFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFtpkFzuψFXF
d≥t≥FcoττΓctΓdFμψFXVW[F≥ψdFXVW]TFEuropeanoPhysicaloJournaloCRF2019RF^aRFW 4.2 26

445 uΓ≥surΓχΓψtFoΣFtγΓFr≥tμoFoΣFcrossFsΓctμoψsFΣorFμψcτusμvΓFμsoτ≥tΓdSpγotoψFproductμoψFμψFppFcoττμsμoψsF
≥tFNFsqrt{s}FOFeFWYF≥ψdF_F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2019RFXVWaRFW 5.4 5

444
{Γ≥rcγFΣorFp≥μrFproductμoψFoΣFpμααsFbosoψsFμψFtγΓFNFbovΓrτμψΓ{b}bovΓrτμψΓ{b}FOFΣμψ≥τFst≥tΓFusμψαF
protoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2019RFXVWaRFW

5.4 31

443 koψstr≥μψtsFoψFχΓdμ≥torSb≥sΓdFd≥rπFχ≥ttΓrF≥ψdFsc≥τ≥rFd≥rπFΓψΓrαyFχodΓτsFusμψαFNFsqrt{s}FOFeFWYF}Γ‘F
ppFcoττμsμoψFd≥t≥FcoττΓctΓdFbyFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2019RFXVWaRFW 5.4 31

442 uΓ≥surΓχΓψtFoΣFΣμducμ≥τF≥ψdFdμΣΣΓrΓψtμ≥τFN’ℓQ’ℓSOFproductμoψFcrossSsΓctμoψsF≥tFNsqrt{s}eWYOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2019RF^aRFW 4.2 16

441 uΓ≥surΓχΓψtFoΣFN’ℓ{pχF}OSbosoψF≥ψdF SbosoψFproductμoψFcrossSsΓctμoψsFμψFppFcoττμsμoψsF≥tF
Nsqrt{s}eXT^]OF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2019RF^aRFW 4.2 2

440
uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFcrossSsΓctμoψFΣorFtγΓFproductμoψFoΣFνΓtsFμψF≥ssocμ≥tμoψFwμtγF≥F FbosoψF
μψFprotoψâ��protoψFcoττμsμoψsF≥tF_F}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2019RF
^aRFW

4.2 4

439 i}ti{FbSνΓtFμdΓψtμΣμc≥tμoψFpΓrΣorχ≥ψcΓF≥ψdFΓΣΣμcμΓψcyFχΓ≥surΓχΓψtFwμtγFNt{b≥r{t}}OFΓvΓψtsFμψFppF
coττμsμoψsF≥tFNsqrt{s}eWYOF}Γ‘TFEuropeanoPhysicaloJournaloCRF2019RF^aRFW 4.2 43

438
uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFdμΣΣΓrΓψtμ≥τF≥ψdFdoubτΓSdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFμψFtγΓFNΓττFOQνΓtsF
cγ≥ψψΓτFwμtγFppFcoττμsμoψsF≥tFNsqrt{s}eWYOF}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloC
RF2019RF^aRFW

4.2 13

437
{Γ≥rcγFΣorF≥ddμtμoψ≥τFγΓ≥vyFψΓutr≥τFpμααsF≥ψdFα≥uαΓFbosoψsFμψFtγΓFdμt≥uFΣμψ≥τFst≥tΓFproducΓdFμψFY]F
Σbâ��WFoΣFppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2018RFXVW_RFW

5.4 81

436 uΓ≥surΓχΓψtFoΣFtγΓFcrossSsΓctμoψFΣorFproducμψαF≥F’FbosoψFμψF≥ssocμ≥tμoψFwμtγF≥FsμψατΓFtopFqu≥rπFμψF
ppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 10

435 uΓ≥surΓχΓψtFoΣFtγΓFSbosoψFχ≥ssFμψFppFcoττμsμoψsF≥tFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2018RF^_RFWWV 4.2 59

434 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFγμαγSχ≥ssFΣμψ≥τFst≥tΓsFwμtγF≥FpγotoψF≥ψdF≥FνΓtFΣroχFcoττμsμoψsF≥tFeF
WY´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFWVX 4.2 7

433 {Γ≥rcγFΣorFtγΓFdμrΓctFproductμoψFoΣFcγ≥rαμψosF≥ψdFψΓutr≥τμψosFμψFΣμψ≥τFst≥tΓsFwμtγFt≥uFτΓptoψsFμψF
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFW[Z 4.2 23

MarksJsOreglia
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432 uΓ≥surΓχΓψtFoΣFτoψαμtudμψ≥τFΣτowFdΓcorrΓτ≥tμoψsFμψFxbQxbFcoττμsμoψsF≥tF≥ψdF[TVXF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFWZX 4.2 35

431 uΓ≥surΓχΓψtFoΣFqu≥rπoψμuχFproductμoψFμψFprotoψSτΓ≥dF≥ψdFprotoψSprotoψFcoττμsμoψsF≥tFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFW^W 4.2 35

430 uΓ≥surΓχΓψtFoΣFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFoΣF≥FsμψατΓFtopFqu≥rπFproducΓdFμψF≥ssocμ≥tμoψFwμtγF≥F
bosoψF≥tFwμtγFi}ti{TFEuropeanoPhysicaloJournaloCRF2018RF^_RFW_] 4.2 5

429 {Γ≥rcγFΣorFγΓ≥vyFrΓsoψ≥ψcΓsFμψFtγΓF≥ψdFΣμψ≥τFst≥tΓsFusμψαFprotoψSprotoψFcoττμsμoψsF≥tF´ FwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFXaY 4.2 41

428 iFsΓ≥rcγFΣorFp≥μrSproducΓdFrΓsoψ≥ψcΓsFμψFΣourSνΓtFΣμψ≥τFst≥tΓsF≥tFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2018RF^_RFX[V 4.2 28

427
{Γ≥rcγFΣorFγΓ≥vyFrΓsoψ≥ψcΓsFdΓc≥yμψαFμψtoF≥F’ForF FbosoψF≥ψdF≥FpμααsFbosoψFμψFΣμψ≥τFst≥tΓsFwμtγF
τΓptoψsF≥ψdFbSνΓtsFμψFY]FΣbâ��WFoΣFNFsqrt{s}eWYFOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2018RFXVW_RFW

5.4 26

426 {Γ≥rcγFΣorFγΓ≥vyFrΓsoψ≥ψcΓsFdΓc≥yμψαFμψtoFμψFtγΓFΣμψ≥τFst≥tΓFμψFcoττμsμoψsF≥tFwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFXZ 4.2 47

425 lμrΓctFtopSqu≥rπFdΓc≥yFwμdtγFχΓ≥surΓχΓψtFμψFtγΓFτΓptoψQνΓtsFcγ≥ψψΓτF≥tFwμtγFtγΓFi}ti{F
ΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloCRF2018RF^_RFWXa 4.2 11

424 {Γ≥rcγFΣorF’F’U’F FrΓsoψ≥ψcΓFproductμoψFμψFâ��˛‰qqFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 22

423 uΓ≥surΓχΓψtFoΣFtγΓFpμααsFbosoψFcoupτμψαFpropΓrtμΓsFμψFtγΓFpFSfF  PFSfFZâ��FdΓc≥yFcγ≥ψψΓτF≥tFNF
sqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 36

422 uΓ≥surΓχΓψtFoΣFμψcτusμvΓFνΓtF≥ψdFdμνΓtFcrossSsΓctμoψsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 12

421 {Γ≥rcγFΣorFd≥rπFχ≥ttΓrFproducΓdFμψF≥ssocμ≥tμoψFwμtγFbottoχForFtopFqu≥rπsFμψF´ }Γ‘FcoττμsμoψsFwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFW_ 4.2 32

420 {Γ≥rcγFΣorFdoubτyFcγ≥rαΓdFpμααsFbosoψFproductμoψFμψFχuτtμSτΓptoψFΣμψ≥τFst≥tΓsFwμtγFtγΓFi}ti{F
dΓtΓctorFusμψαFprotoψSprotoψFcoττμsμoψsF≥tTFEuropeanoPhysicaloJournaloCRF2018RF^_RFWaa 4.2 55

419 uΓ≥surΓχΓψtFoΣFpoτ≥rμs≥tμoψFμψFdΓc≥ysFμψFprotoψSprotoψFcoττμsμoψsF≥tF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2018RF^_RFW]Y 4.2 3

418 {Γ≥rcγΓsFΣorFγΓ≥vyF  F≥ψdF ’FrΓsoψ≥ψcΓsFμψFtγΓFâ��â��qqF≥ψdF˛‰˛‰qqFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 17

417
uΓ≥surΓχΓψtFoΣFdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψsF≥ψdF’QU’â��FcrossSsΓctμoψFr≥tμosFΣorF’FbosoψFproductμoψF
μψF≥ssocμ≥tμoψFwμtγFνΓtsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2018RFXVW_RFW

5.4 7

416 xroχptF≥ψdFψoψSproχptFΓττμptμcFΣτowFμψFxbQxbFcoττμsμoψsF≥tF}ΓvFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2018RF^_RF^_Z 4.2 8

415 {Γ≥rcγFΣorFpμααsFbosoψFp≥μrFproductμoψFμψFtγΓFcγ≥ψψΓτFusμψαFcoττμsμoψFd≥t≥FrΓcordΓdF≥tF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFWVV^ 4.2 21

(2018-2018)
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414 uΓ≥surΓχΓψtFoΣFcoτourFΣτowFusμψαFνΓtSpuττFobsΓrv≥bτΓsFμψFΓvΓψtsFwμtγFtγΓFi}ti{FΓxpΓrμχΓψtF≥tTF
EuropeanoPhysicaloJournaloCRF2018RF^_RF_Z^ 4.2 5

413
{Γ≥rcγFΣorF≥FψΓwFγΓ≥vyFα≥uαΓSbosoψFrΓsoψ≥ψcΓFdΓc≥yμψαFμψtoF≥FτΓptoψF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFμψFY]FΣbFoΣFcoττμsμoψsF≥tF´ }Γ‘FwμtγFtγΓFi}ti{FΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloCRF
2018RF^_RFZVW

4.2 23

412 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFwμtγFs≥χΓScγ≥rαΓFτΓptoψsF≥ψdFbSνΓtsFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 21

411 uΓ≥surΓχΓψtFoΣFtγΓF≥zμχutγ≥τF≥ψμsotropyFoΣFcγ≥rαΓdFp≥rtμcτΓsFproducΓdFμψFeF[TVX´ }Γ‘FxbQxbF
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFaa^ 4.2 21

410 xΓrΣorχ≥ψcΓFoΣFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFrΓcoψstructμoψFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαF
protoψSprotoψFcoττμsμoψsF≥tTFEuropeanoPhysicaloJournaloCRF2018RF^_RFaVY 4.2 66

409 {Γ≥rcγFΣorFΓτΓctrowΓ≥πFproductμoψFoΣFsupΓrsyχχΓtrμcFp≥rtμcτΓsFμψFΣμψ≥τFst≥tΓsFwμtγFtwoForFtγrΓΓF
τΓptoψsF≥tFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFaa[ 4.2 49

408 wpΓr≥tμoψF≥ψdFpΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{F}μτΓFk≥τorμχΓtΓrFμψFzuψ´ WTFEuropeanoPhysicaloJournaloCRF
2018RF^_RFa_^ 4.2 13

407
{Γ≥rcγFΣorFtopSsqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFoψΓFτΓptoψRFνΓtsRF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFusμψαFY]FΣbâ��WFoΣFNFsqrt{s}eWYFOF}Γ‘FppFcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2018RFXVW_RFW

5.4 33

406 xroχptF≥ψdFψoψSproχptF≥ψdFsupprΓssμoψF≥tFγμαγFtr≥ψsvΓrsΓFχoχΓψtuχFμψFxbQxbFcoττμsμoψsFwμtγF
tγΓFi}ti{FΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloCRF2018RF^_RF^]X 4.2 23

405 uΓ≥surΓχΓψtsFoΣFbSνΓtFt≥ααμψαFΓΣΣμcμΓψcyFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFNFtovΓrτμψΓ{t}FOFΓvΓψtsF≥tFNF
sqrt{s}eWYFOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 31

404 uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓF≥ψdFΣμducμ≥τFproductμoψFcrossSsΓctμoψsFμψFtγΓFτΓptoψQνΓtsFcγ≥ψψΓτFμψF
coττμsμoψsF≥tFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RFZ_^ 4.2 5

403 {Γ≥rcγFΣorFγΓ≥vyFp≥rtμcτΓsFdΓc≥yμψαFμψtoFtopSqu≥rπFp≥μrsFusμψαFτΓptoψSpτusSνΓtsFΓvΓψtsFμψF
protoψSprotoψFcoττμsμoψsF≥tF´ FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2018RF^_RF[][ 4.2 34

402
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FusμψαFtγΓFμψv≥rμ≥ψtFχ≥ssFdμstrμbutμoψFoΣFs≥χΓSΣτ≥vourFopposμtΓSsμαψF
dμτΓptoψFp≥μrsFμψFΓvΓψtsFwμtγFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψF´ FcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2018RF^_RF]X[

4.2 15

401 {Γ≥rcγFΣorFd≥rπFχ≥ttΓrF≥ψdFotγΓrFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFwμtγF≥ψFΓψΓrαΓtμcFνΓtF≥ψdFτ≥rαΓFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2018RFXVW_RFW 5.4 101

400
uΓ≥surΓχΓψtFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFcrossFsΓctμoψsFμψF
χuτtμτΓptoψFΣμψ≥τFst≥tΓsFusμψαFYTXFΣb¯norχuτ≥bFsΓΓFtΓxt]FoΣF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bF
sΓΓFtΓxt]FeFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFZV

4.2 14

399
iFχΓ≥surΓχΓψtFoΣFtγΓFc≥τorμχΓtΓrFrΓspoψsΓFtoFsμψατΓFγ≥droψsF≥ψdFdΓtΓrχμψ≥tμoψFoΣFtγΓFνΓtFΓψΓrαyF
sc≥τΓFuψcΓrt≥μψtyFusμψαFtpkFzuψSWFScoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2017RF^^RFX]

4.2 22

398
uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFcrossSsΓctμoψsFoΣFsμψατΓFtopSqu≥rπF≥ψdFtopS≥ψtμqu≥rπFtScγ≥ψψΓτF
productμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2017RFXVW^RFW

5.4 22

397
uΓ≥surΓχΓψtFoΣFνΓtF≥ctμvμtyFproducΓdFμψFtopSqu≥rπFΓvΓψtsFwμtγF≥ψFΓτΓctroψRF≥FχuoψF≥ψdFtwoF
St≥ααΓdFνΓtsFμψFtγΓFΣμψ≥τFst≥tΓFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2017RF^^RFXXV

4.2 5

MarksJsOreglia
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396 uΓ≥surΓχΓψtFoΣFtγΓFbosoψFpoτ≥rμs≥tμoψFμψF¯norχuτ≥bFsΓΓFtΓxt]FΓvΓψtsFΣroχFcoττμsμoψsF≥tF¯norχuτ≥bF
sΓΓFtΓxt]FeF_F}Γ‘FμψFtγΓFτΓptoψ´ Q´ νΓtsFcγ≥ψψΓτFwμtγFi}ti{TFEuropeanoPhysicaloJournaloCRF2017RF^^RFX]Z 4.2 19

395 mτΓctroψFΓΣΣμcμΓψcyFχΓ≥surΓχΓψtsFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFXVWXFtpkFprotoψSprotoψFcoττμsμoψF
d≥t≥TFEuropeanoPhysicaloJournaloCRF2017RF^^RFWa[ 4.2 61

394
uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]Fcγ≥ψψΓτFμψF
coττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF
^^RFXaX

4.2 13

393 xΓrΣorχ≥ψcΓFoΣF≥ταorμtγχsFtγ≥tFrΓcoψstructFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψF¯norχuτ≥bFsΓΓFtΓxt]eF
_F}Γ‘FprotoψSprotoψFcoττμsμoψsFμψFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFXZW 4.2 38

392 uΓ≥surΓχΓψtFoΣFtγΓFproχptFU¯norχuτ≥bFsΓΓFtΓxt]Fp≥μrFproductμoψFcrossSsΓctμoψFμψFcoττμsμoψsF≥tF
¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RF^] 4.2 47

391 {Γ≥rcγFΣorFtrμbosoψF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ ¯norχuτ≥bFsΓΓF
tΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFWZW 4.2 13

390 }opoτoαμc≥τFcΓττFcτustΓrμψαFμψFtγΓFi}ti{Fc≥τorμχΓtΓrsF≥ψdFμtsFpΓrΣorχ≥ψcΓFμψFtpkFzuψFWTFEuropeano
PhysicaloJournaloCRF2017RF^^RFZaV 4.2 177

389
nμducμ≥τRFtot≥τF≥ψdFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψFχΓ≥surΓχΓψtsFoΣFScγ≥ψψΓτFsμψατΓFtopSqu≥rπFproductμoψF
μψFcoττμsμoψsF≥tF_´ }Γ‘FusμψαFd≥t≥FcoττΓctΓdFbyFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF
^^RF[YW

4.2 27

388 uΓ≥surΓχΓψtsFoΣFΓτΓctrowΓ≥πF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψF≥ψdFcoψstr≥μψtsFoψF≥ψoχ≥τousFα≥uαΓF
coupτμψαsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFZ^Z 4.2 14

387 rΓtFrΓcoψstructμoψF≥ψdFpΓrΣorχ≥ψcΓFusμψαFp≥rtμcτΓFΣτowFwμtγFtγΓFi}ti{FlΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2017RF^^RFZ]] 4.2 42

386 uΓ≥surΓχΓψtFoΣFχuτtμSp≥rtμcτΓF≥zμχutγ≥τFcorrΓτ≥tμoψsFμψFppRFp´ Q´ xbF≥ψdFτowSχuτtμpτμcμtyFxb´ Q´ xbF
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFZX_ 4.2 48

385 uΓ≥surΓχΓψtFoΣFμψcτusμvΓF≥ψdFdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψsFμψFtγΓFpFSfF  FPFSfFZâ��FdΓc≥yFcγ≥ψψΓτFμψFppF
coττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 25

384 uΓ≥surΓχΓψtFoΣFτΓptoψFdμΣΣΓrΓψtμ≥τFdμstrμbutμoψsF≥ψdFtγΓFtopFqu≥rπFχ≥ssFμψFproductμoψFμψFcoττμsμoψsF
≥tF´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RF_VZ 4.2 11

383 uΓ≥surΓχΓψtFoΣFtγΓFNFtovΓrτμψΓ{t}α≥χχ≥FOFproductμoψFcrossFsΓctμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 7

382
uΓ≥surΓχΓψtsFoΣFcγ≥rαΓF≥ψdFkxF≥syχχΓtrμΓsFμψFbSγ≥droψFdΓc≥ysFusμψαFtopSqu≥rπFΓvΓψtsFcoττΓctΓdF
byFtγΓFi}ti{FdΓtΓctorFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2017RF
XVW^RFW

5.4 6

381 xΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{Ftr≥cπFrΓcoψstructμoψF≥ταorμtγχsFμψFdΓψsΓFΓψvμroψχΓψtsFμψFtpkFzuψFXTF
EuropeanoPhysicaloJournaloCRF2017RF^^RF]^Y 4.2 33

380
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFcoψt≥μψμψαF≥Fs≥χΓSΣτ≥vourFopposμtΓSsμαψFdμτΓptoψFp≥μrRFνΓtsRF
≥ψdFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψF¯norχuτ≥bFsΓΓFtΓxt]´ ¯norχuτ≥bFsΓΓFtΓxt]¯norχuτ≥bFsΓΓF
tΓxt]FcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFWZZ

4.2 8

379
uΓ≥surΓχΓψtFoΣFtγΓF  FproductμoψFcrossFsΓctμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘F
usμψαFtγΓF  FSfFâ��â�� â��Qâ��gâ��â��gQF≥ψdFNF  toF{Γττ}ℓ{S}{Γττ}ℓ{Q}ψuFovΓrτμψΓ{ψu}FOFdΓc≥yFcγ≥ψψΓτsFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW

5.4 9

(2017-2017)

9



378 xrobμψαFtγΓF’FtbFvΓrtΓxFstructurΓFμψFtScγ≥ψψΓτFsμψατΓStopSqu≥rπFproductμoψF≥ψdFdΓc≥yFμψFppF
coττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 11

377 uΓ≥surΓχΓψtsFoΣFˇ�NX{OF≥ψdF–NY_^XOFSfFrUˇ�ˇ�FQFˇ�Fâ��FproductμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγF
tγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 15

376 uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFtoF SbosoψFcrossSsΓctμoψFr≥tμosF≥tFNFsqrt{s}eWYFOFRF_RF^F}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 7

375 {Γ≥rcγFΣorFτΓptoψSΣτ≥vourSvμoτ≥tμψαFdΓc≥ysFoΣFtγΓFpμααsF≥ψdFbosoψsFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2017RF^^RF^V 4.2 52

374 xΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FtrμααΓrFsystΓχFμψFXVW[TFEuropeanoPhysicaloJournaloCRF2017RF^^RFYW^ 4.2 272

373 zΓcoψstructμoψFoΣFprμχ≥ryFvΓrtμcΓsF≥tFtγΓFi}ti{FΓxpΓrμχΓψtFμψFzuψFWFprotoψSprotoψFcoττμsμoψsF≥tF
tγΓFtpkTFEuropeanoPhysicaloJournaloCRF2017RF^^RFYYX 4.2 29

372
uΓ≥surΓχΓψtsFoΣFtγΓFproductμoψFcrossFsΓctμoψFoΣF≥F¯norχuτ≥bFsΓΓFtΓxt]FbosoψFμψF≥ssocμ≥tμoψFwμtγF
νΓtsFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2017RF^^RFY]W

4.2 26

371 xrΓcμsμoψFχΓ≥surΓχΓψtF≥ψdFμψtΓrprΓt≥tμoψFoΣFμψcτusμvΓFRF≥ψdFproductμoψFcrossFsΓctμoψsFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RFY]^ 4.2 56

370 uΓ≥surΓχΓψtFoΣFνΓtFΣr≥αχΓψt≥tμoψFμψFxbQxbF≥ψdFcoττμsμoψsF≥tF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓF
tpkTFEuropeanoPhysicaloJournaloCRF2017RF^^RFY^a 4.2 35

369
{Γ≥rcγFΣorFd≥rπFχ≥ttΓrF≥tF¯norχuτ≥bFsΓΓFtΓxt]FμψFΣμψ≥τFst≥tΓsFcoψt≥μψμψαF≥ψFΓψΓrαΓtμcFpγotoψF≥ψdF
τ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF
^^RFYaY

4.2 52

368
uΓ≥surΓχΓψtFoΣFcγ≥rαΓdSp≥rtμcτΓFdμstrμbutμoψsFsΓψsμtμvΓFtoFtγΓFuψdΓrτyμψαFΓvΓψtFμψFNFsqrt{s}eWYFOF
}Γ‘FprotoψSprotoψFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF
2017RFXVW^RFW

5.4 9

367 {Γ≥rcγFΣorFdμrΓctFtopFsqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFτΓptoψsFμψF}Γ‘FcoττμsμoψsFwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RF_a_ 4.2 19

366
{Γ≥rcγFΣorFdμrΓctFtopFsqu≥rπFp≥μrFproductμoψFμψFΓvΓψtsFwμtγF≥FpμααsForF FbosoψRF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFNFsqrt{s}eWYFOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2017RFXVW^RFW

5.4 7

365
uΓ≥surΓχΓψtFoΣFdΓtΓctorScorrΓctΓdFobsΓrv≥bτΓsFsΓψsμtμvΓFtoFtγΓF≥ψoχ≥τousFproductμoψFoΣFΓvΓψtsF
wμtγFνΓtsF≥ψdFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFcoττμsμoψsF≥tF´ }Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2017RF^^RF^][

4.2 10

364 uΓ≥surΓχΓψtFoΣFbSγ≥droψFp≥μrFproductμoψFwμtγFtγΓFi}ti{FdΓtΓctorFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 5

363 {Γ≥rcγFΣorFsupΓrsyχχΓtryFμψFΓvΓψtsFwμtγFbSt≥ααΓdFνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFppF
coττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 13

362 uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFνΓtFcrossSsΓctμoψsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγF
tγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 12

361
{Γ≥rcγFΣorFp≥μrFproductμoψFoΣFvΓctorSτμπΓFtopFqu≥rπsFμψFΓvΓψtsFwμtγFoψΓFτΓptoψRFνΓtsRF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFNFsqrt{s}eWYFOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2017RFXVW^RFW

5.4 27

MarksJsOreglia

10



360 qdΓψtμΣμc≥tμoψF≥ψdFrΓνΓctμoψFoΣFpμτΓSupFνΓtsF≥tFγμαγFpsΓudor≥pμdμtyFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2017RF^^RF[_V 4.2 16

359
uΓ≥surΓχΓψtFoΣFproductμoψFwμtγFtγΓFγ≥droψμc≥ττyFdΓc≥yμψαFbosoψFrΓcoψstructΓdF≥sFoψΓForFtwoFνΓtsF
μψFcoττμsμoψsF≥tFwμtγFi}ti{RF≥ψdFcoψstr≥μψtsFoψF≥ψoχ≥τousFα≥uαΓFcoupτμψαsTFEuropeanoPhysicalo
JournaloCRF2017RF^^RF[]Y

4.2 15

358
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψF≥FτΓptoψFpτusFγμαγFνΓtFχuτtμpτμcμtyFΣμψ≥τFst≥tΓFwμtγFtγΓFi}ti{F
ΓxpΓrμχΓψtFusμψαFNFsqrt{s}eWYFOF}Γ‘FprotoψSprotoψFcoττμsμoψFd≥t≥TFJournaloofoHighoEnergyoPhysicsRF
2017RFXVW^RFW

5.4 7

357 {Γ≥rcγΓsFΣorFtγΓF ˛‡FdΓc≥yFχodΓFoΣFtγΓFpμααsFbosoψF≥ψdFΣorFψΓwFγμαγSχ≥ssFrΓsoψ≥ψcΓsFμψFppF
coττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 20

356 {tudμΓsFoΣF ˛‡FproductμoψFμψF≥ssocμ≥tμoψFwμtγF≥FγμαγSχ≥ssFdμνΓtFsystΓχFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 7

355 uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFμψFtγΓFτΓptoψQνΓtsFcγ≥ψψΓτFμψFppF
coττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 12

354 {Γ≥rcγFΣorFtopFqu≥rπFdΓc≥ysFtFSfFqpRFwμtγFpFSfF˛‡˛‡RFμψFNFsqrt{s}eWYFOF}Γ‘FppFcoττμsμoψsFusμψαFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 12

353 {tudyFoΣF≥ψdFproductμoψFμψFcoττμsμoψsF≥tF≥ψdFsΓ≥rcγFΣorF≥ψoχ≥τousFqu≥rtμcFα≥uαΓFcoupτμψαsFwμtγFtγΓF
i}ti{FΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloCRF2017RF^^RF]Z] 4.2 11

352 uΓ≥surΓχΓψtsFoΣFtopFqu≥rπFspμψFobsΓrv≥bτΓsFμψFNFtovΓrτμψΓ{t}FOFΓvΓψtsFusμψαFdμτΓptoψFΣμψ≥τFst≥tΓsFμψFNF
sqrt{s}e_FOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 12

351
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FwμtγFτ≥rαΓFνΓtFχuτtμpτμcμtμΓsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFusμψαF
τ≥rαΓSr≥dμusFνΓtsF≥ψdFΣτ≥vourSt≥ααμψαF≥tFi}ti{FμψFWYF}Γ‘FppFcoττμsμoψsTFJournaloofoHighoEnergyoPhysics
RF2017RFXVW^RFW

5.4 8

350 }opSqu≥rπFχ≥ssFχΓ≥surΓχΓψtFμψFtγΓF≥ττSγ≥droψμcFNFtovΓrτμψΓ{t}FOFdΓc≥yFcγ≥ψψΓτF≥tFNFsqrt{s}e_FOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 6

349 uΓ≥surΓχΓψtFoΣFtγΓFlrΓττS—≥ψFtrμpτΓSdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘TF
JournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 16

348 {Γ≥rcγFΣorF≥Fsc≥τ≥rFp≥rtψΓrFoΣFtγΓFtopFqu≥rπFμψFtγΓFνΓtsFpτusFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFΣμψ≥τF
st≥tΓF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 30

347
{Γ≥rcγFΣorFsupΓrsyχχΓtryFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFs≥χΓSsμαψForFtγrΓΓFτΓptoψsF≥ψdFνΓtsFusμψαFY]FΣbâ��WF
oΣFNFsqrt{s}eWYFOF}Γ‘FppFcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RF
XVW^RFW

5.4 22

346
{Γ≥rcγFΣorFp≥μrFproductμoψFoΣFγΓ≥vyFvΓctorSτμπΓFqu≥rπsFdΓc≥yμψαFtoFγμαγSpF}F’FbosoψsF≥ψdFbFqu≥rπsF
μψFtγΓFτΓptoψSpτusSνΓtsFΣμψ≥τFst≥tΓFμψFppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
JournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW

5.4 29

345 uΓ≥surΓχΓψtFoΣFtγΓFπFtFspτμttμψαFsc≥τΓsFμψF FSfFâ��â��FΓvΓψtsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RFXVW^RFW 5.4 3

344
iψ≥τysμsFoΣFtγΓF’tbFvΓrtΓxFΣroχFtγΓFχΓ≥surΓχΓψtFoΣFtrμpτΓSdμΣΣΓrΓψtμ≥τF≥ψαuτ≥rFdΓc≥yFr≥tΓsFoΣF
sμψατΓFtopFqu≥rπsFproducΓdFμψFtγΓFtScγ≥ψψΓτF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2017RFXVW^RFW

5.4 7

343 mvμdΓψcΓFΣorFtγΓFNFptoFbovΓrτμψΓ{b}FOFdΓc≥yFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2017RFXVW^RFW 5.4 50

(2017-2017)
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342
{Γ≥rcγFΣorFψΓwFγμαγSχ≥ssFpγΓψoχΓψ≥FμψFtγΓFdμτΓptoψFΣμψ≥τFst≥tΓFusμψαFY]FΣbâ��WFoΣFprotoψSprotoψF
coττμsμoψFd≥t≥F≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2017RF
XVW^RFW

5.4 126

341 lΓtΓrχμψ≥tμoψFoΣFtγΓFstroψαFcoupτμψαFcoψst≥ψtFΣroχFtr≥ψsvΓrsΓFΓψΓrαySΓψΓrαyFcorrΓτ≥tμoψsFμψF
χuτtμνΓtFΓvΓψtsF≥tFusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2017RF^^RF_^X 4.2 19

340 zΓcoψstructμoψFoΣFγ≥droψμcFdΓc≥yFproductsFoΣFt≥uFτΓptoψsFwμtγFtγΓFi}ti{FΓxpΓrμχΓψtTFEuropeano
PhysicaloJournaloCRF2016RF^]RFXa[ 4.2 28

339 xΓrΣorχ≥ψcΓFoΣFpμτΓSupFχμtμα≥tμoψFtΓcγψμquΓsFΣorFνΓtsFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bF
sΓΓFtΓxt]´ }Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[_W 4.2 148

338 uΓ≥surΓχΓψtFoΣFtγΓFcγ≥rαΓdSp≥rtμcτΓFχuτtμpτμcμtyFμψsμdΓFνΓtsFΣroχF¯norχuτ≥bFsΓΓFtΓxt]¯norχuτ≥bFsΓΓF
tΓxt]´ FcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFYXX 4.2 35

337 uΓ≥surΓχΓψtFoΣFνΓtF≥ctμvμtyFμψFtopFqu≥rπFΓvΓψtsFusμψαFtγΓFΓ˛…FΣμψ≥τFst≥tΓFwμtγFtwoFbSt≥ααΓdFνΓtsFμψFppF
coττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 4

336
uΓ≥surΓχΓψtFoΣFtγΓFtr≥ψsvΓrsΓFχoχΓψtuχF≥ψdF¯norχuτ≥bFsΓΓFtΓxt]FdμstrμbutμoψsFoΣFlrΓττS—≥ψF
τΓptoψFp≥μrsFμψFprotoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2016RF^]RFXaW

4.2 63

335
uΓ≥surΓχΓψtFoΣFΣμducμ≥τFdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψsFoΣFατuoψSΣusμoψFproductμoψFoΣFpμααsFbosoψsF
dΓc≥yμψαFtoF’’FPSfΓ˛‰˛…˛‰FwμtγFtγΓFi}ti{FdΓtΓctorF≥tFNFsqrt{s}e_FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF
2016RFXVW]RFW

5.4 13

334 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFwμtγF≥FpγotoψF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFppF
coττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 13

333 iFsΓ≥rcγFΣorFtopFsqu≥rπsFwμtγFzSp≥rμtySvμoτ≥tμψαFdΓc≥ysFtoF≥ττSγ≥droψμcFΣμψ≥τFst≥tΓsFwμtγFtγΓFi}ti{F
dΓtΓctorFμψFNFsqrt{s}e_FOF}Γ‘FprotoψSprotoψFcoττμsμoψsTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 10

332 qdΓψtμΣμc≥tμoψFoΣFγμαγFtr≥ψsvΓrsΓFχoχΓψtuχFtopFqu≥rπsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 13

331 iFsΓ≥rcγFΣorF≥ψFΓxcμtΓdFχuoψFdΓc≥yμψαFtoF≥FχuoψF≥ψdFtwoFνΓtsFμψppcoττμsμoψsF≥tF
Jsqrt{s}cec_c{rχ{}Γ‘}}JFwμtγFtγΓFi}ti{FdΓtΓctorTFNewoJournaloofoPhysicsRF2016RFW_RFV^YVXW 2.9 1

330 jΓ≥χSμψducΓdF≥ψdFcosχμcSr≥yFb≥cπαrouψdsFobsΓrvΓdFμψFtγΓFi}ti{FdΓtΓctorFdurμψαFtγΓFtpkFXVWXF
protoψSprotoψFruψψμψαFpΓrμodTFJournaloofoInstrumentationRF2016RFWWRFxV[VWYSxV[VWY 1 8

329 uΓ≥surΓχΓψtsFoΣFtopSqu≥rπFp≥μrFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFμψFtγΓFτΓptoψQνΓtsFcγ≥ψψΓτFμψFcoττμsμoψsF
≥tF¯norχuτ≥bFsΓΓFtΓxt]FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[Y_ 4.2 48

328
uΓ≥surΓχΓψtFoΣFtγΓFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFoΣFproχptF≥ψdFψoψSproχptFproductμoψFoΣF¯norχuτ≥bF
sΓΓFtΓxt]F≥ψdF¯norχuτ≥bFsΓΓFtΓxt]FμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF_´ }Γ‘FwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFX_Y

4.2 42

327 tuχμψosμtyFdΓtΓrχμψ≥tμoψFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FeF_F}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorF≥tF
tγΓFtpkTFEuropeanoPhysicaloJournaloCRF2016RF^]RF][Y 4.2 188

326
{Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψFΓvΓψtsFwμtγFγ≥droψμc≥ττyFdΓc≥yμψαFt≥uFτΓptoψsRFνΓtsF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFprotoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FrΓcordΓdFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF]_Y

4.2 7

325
iddΓψduχFtoFâ��uΓ≥surΓχΓψtFoΣFtγΓFNtb≥r{t}OFproductμoψFcrossSsΓctμoψFusμψαFNΓχuFOFΓvΓψtsFwμtγF
bSt≥ααΓdFνΓtsFμψFppFcoττμsμoψsF≥tFNsqrt{s}OFeF^F≥ψdF_FNRχ≥tγrχ{}Γ‘}OFwμtγFtγΓFi}ti{FdΓtΓctorâ��TF
EuropeanoPhysicaloJournaloCRF2016RF^]RFW

4.2 13

MarksJsOreglia
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324 uΓ≥surΓχΓψtFoΣFtγΓF≥ψαuτ≥rFcoΓΣΣμcμΓψtsFμψF SbosoψFΓvΓψtsFusμψαFΓτΓctroψF≥ψdFχuoψFp≥μrsFΣroχF
d≥t≥Ft≥πΓψF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 20

323 {Γ≥rcγΓsFΣorFγΓ≥vyFdμbosoψFrΓsoψ≥ψcΓsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 20

322 l≥rπFχ≥ttΓrFμψtΓrprΓt≥tμoψsFoΣFi}ti{FsΓ≥rcγΓsFΣorFtγΓFΓτΓctrowΓ≥πFproductμoψFoΣFsupΓrsyχχΓtrμcF
p≥rtμcτΓsFμψFNFsqrt{s}e_FOF}Γ‘FprotoψSprotoψFcoττμsμoψsTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 16

321
{Γ≥rcγFΣorFtγΓF{t≥ψd≥rdFuodΓτFpμααsFbosoψFdΓc≥yμψαFμψtoFNFbovΓrτμψΓ{b}FOFproducΓdFμψF≥ssocμ≥tμoψF
wμtγFtopFqu≥rπsFdΓc≥yμψαFγ≥droψμc≥ττyFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
JournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW

5.4 16

320 uΓ≥surΓχΓψtFoΣFtγΓFkxSvμoτ≥tμψαFpγ≥sΓFgFsF≥ψdFtγΓFjFVFsFχΓsoψFdΓc≥yFwμdtγFdμΣΣΓrΓψcΓFwμtγFjFVFsF
FSfFrUˇ�gFdΓc≥ysFμψFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 10

319
{Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψFΣμψ≥τFst≥tΓsFwμtγFνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχF≥tF
¯norχuτ≥bFsΓΓFtΓxt]FeWYF¯norχuτ≥bFsΓΓFtΓxt]wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2016RF^]RFYaX

4.2 53

318 uΓ≥surΓχΓψtFoΣFtγΓFdoubτΓSdμΣΣΓrΓψtμ≥τFγμαγSχ≥ssFlrΓττS—≥ψFcrossFsΓctμoψFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 24

317 iFsΓ≥rcγFΣorFproχptFτΓptoψSνΓtsFμψFppFcoττμsμoψsF≥tFNFsqrt{χ≥tγrχ{s}}e_FOF}Γ‘FwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 22

316 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FwμtγFpγotoψQνΓtFΓvΓψtsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 12

315
uΓ≥surΓχΓψtFoΣFtγΓFcΓψtr≥τμtyFdΓpΓψdΓψcΓFoΣFtγΓFcγ≥rαΓdSp≥rtμcτΓFpsΓudor≥pμdμtyFdμstrμbutμoψFμψF
protoψSτΓ≥dFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2016RF^]RFWaa

4.2 39

314 uΓ≥surΓχΓψtFoΣFtγΓFproductμoψFcrossSsΓctμoψFoΣF≥FsμψατΓFtopFqu≥rπFμψF≥ssocμ≥tμoψFwμtγF≥F’FbosoψF≥tF
_F}Γ‘FwμtγFtγΓFi}ti{FΓxpΓrμχΓψtTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 12

313 {Γ≥rcγFΣorFtγΓFproductμoψFoΣFsμψατΓFvΓctorSτμπΓF≥ψdFΓxcμtΓdFqu≥rπsFμψFtγΓF’tFΣμψ≥τFst≥tΓFμψFppF
coττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 14

312 {Γ≥rcγFΣorFstroψαFαr≥vμtyFμψFχuτtμνΓtFΣμψ≥τFst≥tΓsFproducΓdFμψFppFcoττμsμoψsF≥tFNFsqrt{s}eWYFOF}Γ‘FusμψαF
tγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 12

311 qdΓψtμΣμc≥tμoψFoΣFboostΓdRFγ≥droψμc≥ττyFdΓc≥yμψαFbosoψsF≥ψdFcoχp≥rμsoψsFwμtγFi}ti{Fd≥t≥Ft≥πΓψF≥tF
¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘TFEuropeanoPhysicaloJournaloCRF2016RF^]RFW[Z 4.2 44

310 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFwμtγF≥tFτΓ≥stFtγrΓΓFpγotoψsFcoττΓctΓdFμψFcoττμsμoψsF≥tF¯norχuτ≥bF
sΓΓFtΓxt]FeF_F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFXWV 4.2 53

309 xrobμψαFτΓptoψFΣτ≥vourFvμoτ≥tμoψFvμ≥FψΓutrμψoτΓssF¯norχuτ≥bFsΓΓFtΓxt]FdΓc≥ysFwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFXYX 4.2 12

308 iFψΓwFχΓtγodFtoFdμstμψαuμsγFγ≥droψμc≥ττyFdΓc≥yμψαFboostΓdFbosoψsFΣroχFbosoψsFusμψαFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFXY_ 4.2 6

307 {Γ≥rcγFΣorFsupΓrsyχχΓtryF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FμψFΣμψ≥τFst≥tΓsFwμtγFνΓtsF≥ψdFtwoFs≥χΓSsμαψF
τΓptoψsForFtγrΓΓFτΓptoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFX[a 4.2 48

(2016-2016)
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306 {Γ≥rcγFΣorFμψvμsμbτΓFdΓc≥ysFoΣF≥FpμααsFbosoψFusμψαFvΓctorSbosoψFΣusμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 45

305
{Γ≥rcγFΣorF≥ψoχ≥τousFcoupτμψαsFμψFtγΓF’FtbFvΓrtΓxFΣroχFtγΓFχΓ≥surΓχΓψtFoΣFdoubτΓFdμΣΣΓrΓψtμ≥τF
≥ψαuτ≥rFdΓc≥yFr≥tΓsFoΣFsμψατΓFtopFqu≥rπsFproducΓdFμψFtγΓFtScγ≥ψψΓτFwμtγFtγΓFi}ti{FdΓtΓctorTF
JournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFWSZ]

5.4 12

304 {Γ≥rcγΓsFΣorFsc≥τ≥rFτΓptoqu≥rπsFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FeF_´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2016RF^]RF[ 4.2 68

303
uΓ≥surΓχΓψtsFoΣFtγΓFpμααsFbosoψFproductμoψF≥ψdFdΓc≥yFr≥tΓsF≥ψdFcoupτμψαFstrΓψαtγsFusμψαF
coττμsμoψFd≥t≥F≥tF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF_´ }Γ‘FμψFtγΓFi}ti{FΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloC
RF2016RF^]RF]

4.2 185

302
uΓ≥surΓχΓψtsFoΣFΣμducμ≥τFcrossSsΓctμoψsFΣorF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFwμtγFoψΓForFtwoF
≥ddμtμoψ≥τFSνΓtsFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]e_F}Γ‘´ usμψαFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2016RF^]RFWW

4.2 21

301 {tudyFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF¯norχuτ≥bFsΓΓFtΓxt]FdΓc≥ysFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2016RF^]RFZ 4.2 13

300
{Γ≥rcγFΣorF≥ψF≥ddμtμoψ≥τRFγΓ≥vyFpμααsFbosoψFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FdΓc≥yFcγ≥ψψΓτF≥tF¯norχuτ≥bF
sΓΓFtΓxt]FμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2016RF^]RFZ[

4.2 152

299 {Γ≥rcγFΣorFsμψατΓFtopSqu≥rπFproductμoψFvμ≥FΣτ≥vourScγ≥ψαμψαFψΓutr≥τFcurrΓψtsF≥tF_´ }Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[[ 4.2 28

298 uΓ≥surΓχΓψtFoΣFtγΓFcγ≥rαΓF≥syχχΓtryFμψFtopSqu≥rπFp≥μrFproductμoψFμψFtγΓFτΓptoψSpτusSνΓtsFΣμψ≥τF
st≥tΓFμψFppFcoττμsμoψFd≥t≥F≥tFNsqrt{s}e_Rχ≥tγrχF}Γ‘{}OFwμtγFtγΓFi}ti{FdΓtΓctorF2016RF^]RFW 1

297 }γΓFt≥sΓrFc≥τμbr≥tμoψFoΣFtγΓFi}ti{F}μτΓFk≥τorμχΓtΓrFdurμψαFtγΓFtpkFruψFWTFJournaloofoInstrumentation
RF2016RFWWRF}WVVV[S}WVVV[ 1 13

296 {tudyFoΣFγ≥rdFdoubτΓSp≥rtoψFsc≥ttΓrμψαFμψFΣourSνΓtFΓvΓψtsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FwμtγF
tγΓFi}ti{FΓxpΓrμχΓψtTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 21

295
{Γ≥rcγFΣorFtγΓF{t≥ψd≥rdFuodΓτFpμααsFbosoψFproducΓdFbyFvΓctorSbosoψFΣusμoψF≥ψdFdΓc≥yμψαFtoF
bottoχFqu≥rπsFμψFNFsqrt{s}e_FOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2016RFXVW]RFW

5.4 8

294
uΓ≥surΓχΓψtFoΣFΓvΓψtSsγ≥pΓFobsΓrv≥bτΓsFμψF¯norχuτ≥bFsΓΓFtΓxt]FΓvΓψtsFμψFcoττμsμoψsF≥tF¯norχuτ≥bF
sΓΓFtΓxt]´ ¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFEuropeanoPhysicaloJournaloCRF2016RF
^]RFY^[

4.2 5

293 kγ≥rαΓdSp≥rtμcτΓFdμstrμbutμoψsFμψFμψtΓr≥ctμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FχΓ≥surΓdFwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFZVY 4.2 19

292 kγ≥rαΓdSp≥rtμcτΓFdμstrμbutμoψsF≥tFτowFtr≥ψsvΓrsΓFχoχΓψtuχFμψF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FμψtΓr≥ctμoψsF
χΓ≥surΓdFwμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[VX 4.2 37

291 {Γ≥rcγFΣorFbottoχFsqu≥rπFp≥μrFproductμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[Z^ 4.2 25

290
{Γ≥rcγFΣorFχμψμχ≥τFsupΓrsyχχΓtrμcFst≥ψd≥rdFχodΓτFpμααsFjosoψsF´ U´ F≥ψdFΣorF≥F¯norχuτ≥bFsΓΓFtΓxt]F
bosoψFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FΣμψ≥τFst≥tΓFproducΓdFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘FwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[_[

4.2 28

289 uΓ≥surΓχΓψtFoΣFtγΓFpγotoψFμdΓψtμΣμc≥tμoψFΓΣΣμcμΓψcμΓsFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFtpkFzuψSWF
d≥t≥TFEuropeanoPhysicaloJournaloCRF2016RF^]RF]]] 4.2 53

MarksJsOreglia
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288 uΓ≥surΓχΓψtFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FdμνΓtFcrossFsΓctμoψFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF]^V 4.2 7

287 }γΓFpΓrΣorχ≥ψcΓFoΣFtγΓFνΓtFtrμααΓrFΣorFtγΓFi}ti{FdΓtΓctorFdurμψαFXVWWFd≥t≥Ft≥πμψαTFEuropeano
PhysicaloJournaloCRF2016RF^]RF[X] 4.2 16

286 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFdμΣΣΓrΓψtSΣτ≥vourFγμαγSχ≥ssFdμτΓptoψFΣμψ≥τFst≥tΓsFμψFcoττμsμoψsF≥tF
¯norχuτ≥bFsΓΓFtΓxt]´ }ΓvFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[ZW 4.2 7

285
{Γ≥rcγFΣorFtγΓFpμααsFbosoψFproducΓdFμψF≥ssocμ≥tμoψFwμtγF≥FbosoψF≥ψdFdΓc≥yμψαFtoFΣourFSqu≥rπsFvμ≥F
twoFspμψSzΓroFp≥rtμcτΓsFμψFcoττμsμoψsF≥tFWYF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2016RF^]RF]V[

4.2 16

284 uuoψFrΓcoψstructμoψFpΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FdΓtΓctorFμψFprotoψSprotoψFcoττμsμoψFd≥t≥F≥tF
¯norχuτ≥bFsΓΓFtΓxt]eWY´ }Γ‘TFEuropeanoPhysicaloJournaloCRF2016RF^]RFXaX 4.2 263

283 }ΓstFoΣFkxFμψv≥rμ≥ψcΓFμψFvΓctorSbosoψFΣusμoψFproductμoψFoΣFtγΓFpμααsFbosoψFusμψαFtγΓFχΓtγodFμψFtγΓF
dμt≥uFdΓc≥yFcγ≥ψψΓτFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF][_ 4.2 26

282 {Γ≥rcγFΣorFατuμψosFμψFΓvΓψtsFwμtγF≥ψFμsoτ≥tΓdFτΓptoψRFνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχF≥tF
¯norχuτ≥bFsΓΓFtΓxt]FeFWYF}ΓF‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[][ 4.2 20

281 uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFμsoτ≥tΓdFproχptFpγotoψFcrossFsΓctμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 25

280 {Γ≥rcγFΣorF≥FγμαγSχ≥ssFpμααsFbosoψFdΓc≥yμψαFtoF≥F’FbosoψFp≥μrFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 59

279
{Γ≥rcγFΣorFΣτ≥vourScγ≥ψαμψαFψΓutr≥τFcurrΓψtFtopSqu≥rπFdΓc≥ysFtoF¯norχuτ≥bFsΓΓFtΓxt]FμψF¯norχuτ≥bF
sΓΓFtΓxt]FcoττμsμoψFd≥t≥FcoττΓctΓdFwμtγFtγΓFi}ti{FdΓtΓctorF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘TFEuropeano
PhysicaloJournaloCRF2016RF^]RFWX

4.2 16

278
uΓ≥surΓχΓψtFoΣFtγΓFcγ≥rαΓF≥syχχΓtryFμψFtopSqu≥rπFp≥μrFproductμoψFμψFtγΓFτΓptoψSpτusSνΓtsFΣμψ≥τF
st≥tΓFμψFcoττμsμoψFd≥t≥F≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2016RF^]RF_^

4.2 18

277 {Γ≥rcγFΣorFdμrΓctFtopFsqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFt≥uFτΓptoψsFμψFcoττμsμoψsF≥tF
¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF_W 4.2 7

276 {Γ≥rcγFΣorFcγ≥rαΓdFpμααsFbosoψsFμψFtγΓFpF´–FSfFtbFdΓc≥yFcγ≥ψψΓτFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘F
usμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 33

275 {tudyFoΣFtγΓFr≥rΓFdΓc≥ysFoΣF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF¯norχuτ≥bFsΓΓFtΓxt]FμψtoFχuoψFp≥μrsFΣroχFd≥t≥F
coττΓctΓdFdurμψαFtγΓFtpkFzuψFWFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[WY 4.2 27

274
{Γ≥rcγFΣorFsupΓrsyχχΓtryFμψF≥FΣμψ≥τFst≥tΓFcoψt≥μψμψαFtwoFpγotoψsF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFμψF¯norχuτ≥bFsΓΓFtΓxt]´ e´ WY´ }Γ‘F¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tFtγΓFtpkFusμψαFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RF[W^

4.2 17

273 {Γ≥rcγFΣorFrΓsoψ≥ψcΓsFμψFdμpγotoψFΓvΓψtsF≥tFNFsqrt{s}eWYFOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 49

272 {Γ≥rcγFΣorFsμψατΓFproductμoψFoΣFvΓctorSτμπΓFqu≥rπsFdΓc≥yμψαFμψtoFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓF
tΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2016RF^]RFZZX 4.2 24

271 uΓ≥surΓχΓψtFoΣFtγΓFrΓτ≥tμvΓFwμdtγFdμΣΣΓrΓψcΓFoΣFtγΓFNF{j}ℓVγbox{S}F{ovΓrτμψΓ{j}}ℓVFOFsystΓχFwμtγF
tγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2016RFXVW]RFW 5.4 5

(2016-2016)
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270 rΓtFΓψΓrαyFχΓ≥surΓχΓψtF≥ψdFμtsFsystΓχ≥tμcFuψcΓrt≥μψtyFμψFprotoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓF
tΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFW^ 4.2 194

269 {Γ≥rcγFΣorFμψvμsμbτΓFp≥rtμcτΓsFproducΓdFμψF≥ssocμ≥tμoψFwμtγFsμψατΓStopSqu≥rπsFμψFprotoψSprotoψF
coττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RF^a 4.2 21

268 {Γ≥rcγFΣorFrΓsoψ≥ψtFdμbosoψFproductμoψFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FΣμψ≥τFst≥tΓFμψF¯norχuτ≥bFsΓΓFtΓxt]F
coττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RF]a 4.2 62

267 uΓ≥surΓχΓψtsFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFcrossFsΓctμoψsFμψF≥ssocμ≥tμoψFwμtγFνΓtsFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RF_X 4.2 54

266 {Γ≥rcγFΣorFd≥rπFχ≥ttΓrFμψFΓvΓψtsFwμtγFγΓ≥vyFqu≥rπsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψF¯norχuτ≥bF
sΓΓFtΓxt]FcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFaX 4.2 60

265
uΓ≥surΓχΓψtFoΣFtγΓFNFtovΓrτμψΓ{t}FOFproductμoψFcrossSsΓctμoψF≥sF≥FΣuψctμoψFoΣFνΓtFχuτtμpτμcμtyF≥ψdFνΓtF
tr≥ψsvΓrsΓFχoχΓψtuχFμψF^F}Γ‘FprotoψSprotoψFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2015RFXVW[RFW

5.4 14

264
uΓ≥surΓχΓψtFoΣFtγΓF’F’FQF’F FcrossFsΓctμoψF≥ψdFτμχμtsFoψF≥ψoχ≥τousFtrμpτΓFα≥uαΓFcoupτμψαsFusμψαF
Σμψ≥τFst≥tΓsFwμtγFoψΓFτΓptoψRFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχRF≥ψdFtwoFνΓtsFwμtγFtγΓFi}ti{FdΓtΓctorF
≥tFNFsqrt{s}e^FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW

5.4 12

263 {Γ≥rcγΓsFΣorFγΓ≥vyFτoψαSτμvΓdFcγ≥rαΓdFp≥rtμcτΓsFwμtγFtγΓFi}ti{FdΓtΓctorFμψFprotoψSprotoψFcoττμsμoψsF
≥tFNFsqrt{s}e_FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 29

262 {Γ≥rcγFΣorFtγΓFNFbovΓrτμψΓ{b}FOFdΓc≥yFoΣFtγΓF{t≥ψd≥rdFuodΓτFpμααsFbosoψFμψF≥ssocμ≥tΓdFN’U OpF
productμoψFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 64

261 uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFνΓtFcrossSsΓctμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FusμψαF
ZT[FΣbâ��WFoΣFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 27

260
{Γ≥rcγFΣorF≥ψoχ≥τousFproductμoψFoΣFproχptFs≥χΓSsμαψFτΓptoψFp≥μrsF≥ψdFp≥μrSproducΓdFdoubτyF
cγ≥rαΓdFpμααsFbosoψsFwμtγFNFsqrt{s}e_FOF}Γ‘FppFcoττμsμoψsFusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2015RFXVW[RFW

5.4 45

259
{Γ≥rcγFΣorFcγ≥rαΓdFpμααsFbosoψsFdΓc≥yμψαFvμ≥FpF´–FSfFˇ�F´–F˛‰FμψFΣuττyFγ≥droψμcFΣμψ≥τFst≥tΓsFusμψαFppF
coττμsμoψFd≥t≥F≥tFNFsqrt{s}FOFeF_F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RF
XVW[RFW

5.4 56

258
{Γ≥rcγFΣorFproductμoψFoΣF¯norχuτ≥bFsΓΓFtΓxt]FrΓsoψ≥ψcΓsFdΓc≥yμψαFtoF≥FτΓptoψRFψΓutrμψoF≥ψdFνΓtsFμψF
¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2015RF^[RFXVa

4.2 73

257 xΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FχuoψFtrμααΓrFμψFppFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘TFEuropeano
PhysicaloJournaloCRF2015RF^[RFWXV 4.2 51

256 {Γ≥rcγFΣorFpμααsFbosoψFp≥μrFproductμoψFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FΣμψ≥τFst≥tΓFΣroχFcoττμsμoψsF≥tF
¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFZWX 4.2 66

255 lΓtΓrχμψ≥tμoψFoΣFspμψF≥ψdFp≥rμtyFoΣFtγΓFpμααsFbosoψFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FdΓc≥yFcγ≥ψψΓτFwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFXYW 4.2 15

254
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΣμψ≥τFst≥tΓsFwμtγF≥ψFΓψΓrαΓtμcFνΓtF≥ψdFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2015RF^[RFXaa

4.2 202

253 {Γ≥rcγFΣorF≥FψΓwFrΓsoψ≥ψcΓFdΓc≥yμψαFtoF≥ForFbosoψF≥ψdF≥FpμααsFbosoψFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]F
Σμψ≥τFst≥tΓsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFX]Y 4.2 46

MarksJsOreglia
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252 uΓ≥surΓχΓψtFoΣFtγrΓΓSνΓtFproductμoψFcrossSsΓctμoψsFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF^´ ¯norχuτ≥bF
sΓΓFtΓxt]FcΓψtrΓSoΣSχ≥ssFΓψΓrαyFusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFXX_ 4.2 18

251 koψstr≥μψtsFoψFtγΓFoΣΣSsγΓττFpμααsFbosoψFsμαψ≥τFstrΓψαtγFμψFtγΓFγμαγSχ≥ssF≥ψdFΣμψ≥τFst≥tΓsFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFYY[ 4.2 56

250
qdΓψtμΣμc≥tμoψF≥ψdFΓψΓrαyFc≥τμbr≥tμoψFoΣFγ≥droψμc≥ττyFdΓc≥yμψαFt≥uFτΓptoψsFwμtγFtγΓFi}ti{F
ΓxpΓrμχΓψtFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]¯norχuτ≥bFsΓΓFtΓxt]TFEuropeanoPhysicaloJournaloCRF2015
RF^[RFYVY

4.2 49

249 {tudyFoΣFtγΓFspμψF≥ψdFp≥rμtyFoΣFtγΓFpμααsFbosoψFμψFdμbosoψFdΓc≥ysFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2015RF^[RFZ^] 4.2 104

248
wbsΓrv≥tμoψF≥ψdFχΓ≥surΓχΓψtsFoΣFtγΓFproductμoψFoΣFproχptF≥ψdFψoψSproχptF¯norχuτ≥bFsΓΓFtΓxt]F
χΓsoψsFμψF≥ssocμ≥tμoψFwμtγF≥F¯norχuτ≥bFsΓΓFtΓxt]FbosoψFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bF
sΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFXXa

4.2 38

247
{Γ≥rcγFΣorFtγΓF{t≥ψd≥rdFuodΓτFpμααsFbosoψFproducΓdFμψF≥ssocμ≥tμoψFwμtγFtopFqu≥rπsF≥ψdFdΓc≥yμψαF
μψtoF¯norχuτ≥bFsΓΓFtΓxt]FμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFYZa

4.2 94

246
{Γ≥rcγFΣorFsupΓrsyχχΓtryFμψFΓvΓψtsFcoψt≥μψμψαF≥Fs≥χΓSΣτ≥vourFopposμtΓSsμαψFdμτΓptoψFp≥μrRFνΓtsRF≥ψdF
τ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2015RF^[RFYW_

4.2 44

245 {Γ≥rcγFΣorFγΓ≥vyFτoψαSτμvΓdFχuτtμScγ≥rαΓdFp≥rtμcτΓsFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FusμψαFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFY]X 4.2 22

244 }woSp≥rtμcτΓFjosΓSmμψstΓμψFcorrΓτ≥tμoψsFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FVTaF≥ψdF^F}Γ‘FχΓ≥surΓdF
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFZ]] 4.2 28

243 uΓ≥surΓχΓψtFoΣFtγΓFtopFqu≥rπFχ≥ssFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF¯norχuτ≥bFsΓΓFtΓxt]Fcγ≥ψψΓτsF
usμψαF¯norχuτ≥bFsΓΓFtΓxt]´ ¯norχuτ≥bFsΓΓFtΓxt]Fi}ti{Fd≥t≥TFEuropeanoPhysicaloJournaloCRF2015RF^[RFYYV 4.2 32

242 i}ti{FzuψFWFsΓ≥rcγΓsFΣorFdμrΓctFp≥μrFproductμoψFoΣFtγμrdSαΓψΓr≥tμoψFsqu≥rπsF≥tFtγΓFt≥rαΓFp≥droψF
koττμdΓrTFEuropeanoPhysicaloJournaloCRF2015RF^[RF[WV 4.2 109

241 {Γ≥rcγFΣorFτowSsc≥τΓFαr≥vμtyFsμαψ≥turΓsFμψFχuτtμSνΓtFΣμψ≥τFst≥tΓsFwμtγFtγΓFi}ti{FdΓtΓctorF≥tFNF
sqrt{s}e_FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 2

240 iFsΓ≥rcγFΣorFγμαγSχ≥ssFrΓsoψ≥ψcΓsFdΓc≥yμψαFtoFˇ�Qˇ�â��FμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 22

239 {uχχ≥ryFoΣFtγΓFi}ti{FΓxpΓrμχΓψtâ��sFsΓψsμtμvμtyFtoFsupΓrsyχχΓtryF≥ΣtΓrFtpkFzuψFWFâ��FμψtΓrprΓtΓdF
μψFtγΓFpγΓψoχΓψoτoαμc≥τFu{{uTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 42

238 {Γ≥rcγFΣorFτΓptoψSΣτ≥vourSvμoτ≥tμψαFpFSfF˛…ˇ�FdΓc≥ysFoΣFtγΓFpμααsFbosoψFwμtγFtγΓFi}ti{FdΓtΓctorTF
JournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 46

237 uΓ≥surΓχΓψtFoΣFΣourSνΓtFdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψsFμψFNFsqrt{s}e_FOF}Γ‘FprotoψSprotoψFcoττμsμoψsF
usμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFWS^] 5.4 5

236 iFsΓ≥rcγFΣorFNFtovΓrτμψΓ{t}FOFrΓsoψ≥ψcΓsFusμψαFτΓptoψSpτusSνΓtsFΓvΓψtsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 57

235 uΓ≥surΓχΓψtFoΣFtγΓFΣorw≥rdSb≥cπw≥rdF≥syχχΓtryFoΣFΓτΓctroψF≥ψdFχuoψFp≥μrSproductμoψFμψFppF
coττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 18
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234 uΓ≥surΓχΓψtFoΣFcγ≥rαΓdSp≥rtμcτΓFspΓctr≥FμψFxbQxbFcoττμsμoψsF≥tFNFsqrt{s−{χ≥tγrχ{vv}}}eXT^]FOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 49

233 iψ≥τysμsFoΣFΓvΓψtsFwμtγFbSνΓtsF≥ψdF≥Fp≥μrFoΣFτΓptoψsFoΣFtγΓFs≥χΓFcγ≥rαΓFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_F
OF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 26

232 koψstr≥μψtsFoψFψΓwFpγΓψoχΓψ≥Fvμ≥FpμααsFbosoψFcoupτμψαsF≥ψdFμψvμsμbτΓFdΓc≥ysFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 91

231 {Γ≥rcγFΣorFγμαγSχ≥ssFdμbosoψFrΓsoψ≥ψcΓsFwμtγFbosoψSt≥ααΓdFνΓtsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFWSYa 5.4 66

230
lμΣΣΓrΓψtμ≥τFtopS≥ψtμtopFcrossSsΓctμoψFχΓ≥surΓχΓψtsF≥sF≥FΣuψctμoψFoΣFobsΓrv≥bτΓsFcoψstructΓdFΣroχF
Σμψ≥τSst≥tΓFp≥rtμcτΓsFusμψαFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FμψFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2015RFXVW[RFW

5.4 31

229 {Γ≥rcγFΣorFγΓ≥vyFu≥νor≥ψ≥FψΓutrμψosFwμtγFtγΓFi}ti{FdΓtΓctorFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘TF
JournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 65

228
{Γ≥rcγFΣorFproductμoψFoΣFvΓctorSτμπΓFqu≥rπFp≥μrsF≥ψdFoΣFΣourFtopFqu≥rπsFμψFtγΓFτΓptoψSpτusSνΓtsFΣμψ≥τF
st≥tΓFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2015RFXVW[RFW

5.4 54

227 {Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΓvΓψtsFwμtγFtγrΓΓForFχorΓFcγ≥rαΓdFτΓptoψsFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 16

226 {uχχ≥ryFoΣFtγΓFsΓ≥rcγΓsFΣorFsqu≥rπsF≥ψdFατuμψosFusμψαFNFsqrt{s}e_FOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓF
i}ti{FΓxpΓrμχΓψtF≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 55

225 lΓtΓrχμψ≥tμoψFoΣFtγΓFtopSqu≥rπFpoτΓFχ≥ssFusμψαFNFtovΓrτμψΓ{t}FOFQFWSνΓtFΓvΓψtsFcoττΓctΓdFwμtγFtγΓF
i}ti{FΓxpΓrμχΓψtFμψF^F}Γ‘FppFcoττμsμoψsTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 15

224 uΓ≥surΓχΓψtFoΣFtγΓFNFtovΓrτμψΓ{t}’FOF≥ψdFNFtovΓrτμψΓ{t} FOFproductμoψFcrossFsΓctμoψsFμψFppFcoττμsμoψsF
≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 16

223 {Γ≥rcγFΣorFΣτ≥vourScγ≥ψαμψαFψΓutr≥τFcurrΓψtFtopFqu≥rπFdΓc≥ysFtFSfFpqFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFWS][ 5.4 18

222 {Γ≥rcγFΣorFγΓ≥vyFτΓptoψFrΓsoψ≥ψcΓsFdΓc≥yμψαFtoF≥F FbosoψF≥ψdF≥FτΓptoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_F
OF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 22

221 {Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψFΓvΓψtsFwμtγFμsoτ≥tΓdFτΓptoψsRFνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 37

220 mvμdΓψcΓFΣorFtγΓFpμααsSbosoψF—uπ≥w≥FcoupτμψαFtoFt≥uFτΓptoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 74

219 uΓ≥surΓχΓψtFoΣFtγΓFcγ≥rαΓF≥syχχΓtryFμψFdμτΓptoψμcFdΓc≥ysFoΣFtopFqu≥rπFp≥μrsFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}e^FOF}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 16

218 {Γ≥rcγFΣorF¯norχuτ≥bFsΓΓFtΓxt]FdΓc≥ysFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ e´ _´ }Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF^[RFW][ 4.2 25

217 uΓ≥surΓχΓψtFoΣFtγΓFtopSqu≥rπFχ≥ssFμψFtγΓFΣuττyFγ≥droψμcFdΓc≥yFcγ≥ψψΓτFΣroχFi}ti{Fd≥t≥F≥tF
¯norχuτ≥bFsΓΓFtΓxt]TFEuropeanoPhysicaloJournaloCRF2015RF^[RFW[_ 4.2 8

MarksJsOreglia
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216
{Γ≥rcγFΣorFdμrΓctFp≥μrFproductμoψFoΣF≥Fcγ≥rαμψoF≥ψdF≥FψΓutr≥τμψoFdΓc≥yμψαFtoFtγΓFWX[´ oΓ‘FpμααsF
bosoψFμψF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘F¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeano
PhysicaloJournaloCRF2015RF^[RFXV_

4.2 50

215 {tudyFoΣFN’U OpFproductμoψF≥ψdFpμααsFbosoψFcoupτμψαsFusμψαFpSfF’F’FPFdΓc≥ysFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2015RFXVW[RFW 5.4 14

214 {Γ≥rcγFΣorFχΓt≥st≥bτΓFγΓ≥vyFcγ≥rαΓdFp≥rtμcτΓsFwμtγFτ≥rαΓFμoψμs≥tμoψFΓψΓrαyFτossFμψFcoττμsμoψsF≥tF
¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FusμψαFtγΓFi}ti{FΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloCRF2015RF^[RFZV^ 4.2 18

213
uΓ≥surΓχΓψtFoΣFtγΓFproductμoψF≥ψdFτΓptoψFcγ≥rαΓF≥syχχΓtryFoΣF¯norχuτ≥bFsΓΓFtΓxt]FbosoψsFμψF
xbQxbFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2015RF
^[RFXY

4.2 31

212 uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFνΓtFcrossSsΓctμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FusμψαF
ZT[FΣbâ��WFoΣFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorF2015RFXVW[RFW 3

211 uΓ≥surΓχΓψtFoΣFtγΓFtopFqu≥rπFp≥μrFproductμoψFcγ≥rαΓF≥syχχΓtryFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}FOFeF^F}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 24

210
{Γ≥rcγFΣorFtγΓFdμrΓctFproductμoψFoΣFcγ≥rαμψosRFψΓutr≥τμψosF≥ψdFst≥usFμψFΣμψ≥τFst≥tΓsFwμtγF≥tFτΓ≥stFtwoF
γ≥droψμc≥ττyFdΓc≥yμψαFt≥usF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW

5.4 29

209
}γΓFdμΣΣΓrΓψtμ≥τFproductμoψFcrossFsΓctμoψFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]NWVXVOFχΓsoψFμψF¯norχuτ≥bFsΓΓF
tΓxt]FeF^´ }Γ‘F¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsFχΓ≥surΓdFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2014RF^ZRFX_a[

4.2 12

208 mτΓctroψFrΓcoψstructμoψF≥ψdFμdΓψtμΣμc≥tμoψFΓΣΣμcμΓψcyFχΓ≥surΓχΓψtsFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαF
tγΓFXVWWFtpkFprotoψSprotoψFcoττμsμoψFd≥t≥TFEuropeanoPhysicaloJournaloCRF2014RF^ZRFXaZW 4.2 160

207 uΓ≥surΓχΓψtFoΣFtγΓFuψdΓrτyμψαFΓvΓψtFμψFνΓtFΓvΓψtsFΣroχF^FNtΓxtF{}Γ‘}OFprotoψâ��protoψFcoττμsμoψsF
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014RF^ZRFW 4.2 18

206
uΓ≥surΓχΓψtFoΣFtγΓFcΓψtr≥τμtyF≥ψdFpsΓudor≥pμdμtyFdΓpΓψdΓψcΓFoΣFtγΓFμψtΓαr≥tΓdFΓττμptμcFΣτowFμψF
τΓ≥dSτΓ≥dFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘´ wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2014RF^ZRFXa_X

4.2 18

205 tμαγtSqu≥rπF≥ψdFατuoψFνΓtFdμscrμχμψ≥tμoψFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014RF^ZRFYVXY 4.2 46

204
uΓ≥surΓχΓψtFoΣFtγΓFΓτΓctrowΓ≥πFproductμoψFoΣFdμνΓtsFμψF≥ssocμ≥tμoψFwμtγF≥F SbosoψF≥ψdF
dμstrμbutμoψsFsΓψsμtμvΓFtoFvΓctorFbosoψFΣusμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrt{s}FOFeF_F}Γ‘FusμψαF
tγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW

5.4 14

203
{Γ≥rcγFΣorFdμrΓctFproductμoψFoΣFcγ≥rαμψosF≥ψdFψΓutr≥τμψosFμψFΓvΓψtsFwμtγFtγrΓΓFτΓptoψsF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFNFsqrt{s}FOFeF_F}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2014RFXVWZRFW

5.4 76

202
uΓ≥surΓχΓψtFoΣFtγΓFproductμoψFcrossFsΓctμoψFoΣFproχptFrUˇ�FχΓsoψsFμψF≥ssocμ≥tμoψFwμtγF≥F’F´–F
bosoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeF^F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF
2014RFXVWZRFW

5.4 24

201 uΓ≥surΓχΓψtFoΣFdμνΓtFcrossSsΓctμoψsFμψFppFcoττμsμoψsF≥tF^F}Γ‘FcΓψtrΓSoΣSχ≥ssFΓψΓrαyFusμψαFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 17

200 uΓ≥surΓχΓψtFoΣFtγΓFproductμoψFoΣF≥F’FbosoψFμψF≥ssocμ≥tμoψFwμtγF≥Fcγ≥rχFqu≥rπFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}FOFeF^F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 37

199
{Γ≥rcγFΣorFdμrΓctFproductμoψFoΣFcγ≥rαμψosRFψΓutr≥τμψosF≥ψdFsτΓptoψsFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFτΓptoψsF
≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFppFcoττμsμoψsF≥tFNFsqrt{s}FOFeF_}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
JournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW

5.4 120

(2014-2015)
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198 {Γ≥rcγFΣorFsupΓrsyχχΓtryF≥tFNsqrt{s}OFeF_F}Γ‘FμψFΣμψ≥τFst≥tΓsFwμtγFνΓtsF≥ψdFtwoFs≥χΓSsμαψFτΓptoψsForF
tγrΓΓFτΓptoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 39

197 uΓ≥surΓχΓψtFoΣFtγΓFτowSχ≥ssFlrΓττS—≥ψFdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψF≥tFNFsqrt{s}FOFeF^F}Γ‘FusμψαFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 18

196 {Γ≥rcγFΣorFdμrΓctFtopSsqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFτΓptoψsFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}FOFeF_F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 52

195 uΓ≥surΓχΓψtFoΣFˇ�FcWF≥ψdFˇ�FcXFproductμoψFwμtγFNFsqrt{s}FOFeF^F}Γ‘FppFcoττμsμoψsF≥tFi}ti{TFJournaloofo
HighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 26

194 {Γ≥rcγFΣorFχμcroscopμcFbτ≥cπFγoτΓsF≥ψdFstrμψαFb≥ττsFμψFΣμψ≥τFst≥tΓsFwμtγFτΓptoψsF≥ψdFνΓtsFwμtγFtγΓF
i}ti{FdΓtΓctorF≥tFNFsqrt{s}FOFeF_F}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 6

193 {Γ≥rcγFΣorFψΓwFp≥rtμcτΓsFμψFΓvΓψtsFwμtγFoψΓFτΓptoψF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψFppF
coττμsμoψsF≥tFNFsqrt{s}FOFeF_F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 40

192
{Γ≥rcγFΣorFdμrΓctFtopFsqu≥rπFp≥μrFproductμoψFμψFΓvΓψtsFwμtγF≥F¯norχuτ≥bFsΓΓFtΓxt]FbosoψRF¯norχuτ≥bF
sΓΓFtΓxt]SνΓtsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFμψF¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘F¯norχuτ≥bFsΓΓFtΓxt]F
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014RF^ZRFX__Y

4.2 41

191 {Γ≥rcγFΣorFψΓutr≥τFpμααsFbosoψsFoΣFtγΓFχμψμχ≥τFsupΓrsyχχΓtrμcFst≥ψd≥rdFχodΓτFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 67

190 uΓ≥surΓχΓψtFoΣFtγΓFχuoψFrΓcoψstructμoψFpΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FdΓtΓctorFusμψαFXVWWF≥ψdFXVWXF
tpkFprotoψSprotoψFcoττμsμoψFd≥t≥TFEuropeanoPhysicaloJournaloCRF2014RF^ZRFYWYV 4.2 166

189
uΓ≥surΓχΓψtsFoΣFνΓtFvΓtoΓsF≥ψdF≥zμχutγ≥τFdΓcorrΓτ≥tμoψsFμψFdμνΓtFΓvΓψtsFproducΓdFμψF¯norχuτ≥bFsΓΓF
tΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014RF
^ZRFYWW^

4.2 17

188
iFχΓ≥surΓχΓψtFoΣFtγΓFr≥tμoFoΣFtγΓFproductμoψFcrossFsΓctμoψsFΣorF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF¯norχuτ≥bF
sΓΓFtΓxt]FbosoψsFμψF≥ssocμ≥tμoψFwμtγFνΓtsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014
RF^ZRFYW]_

4.2 16

187 uΓ≥surΓχΓψtsFoΣFΣμducμ≥τF≥ψdFdμΣΣΓrΓψtμ≥τFcrossFsΓctμoψsFΣorFpμααsFbosoψFproductμoψFμψFtγΓF
dμpγotoψFdΓc≥yFcγ≥ψψΓτF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 30

186
{Γ≥rcγFΣorFsupΓrsyχχΓtryFμψFΓvΓψtsFwμtγFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχRFνΓtsRF≥ψdF≥tFτΓ≥stF
oψΓFt≥uFτΓptoψFμψFXVFΣbâ��WFoΣFNFsqrt{s}FOFeF_F}Γ‘FprotoψSprotoψFcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW

5.4 9

185
{Γ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFwμtγFtγΓFi}ti{FdΓtΓctorFμψFΣμψ≥τFst≥tΓsFwμtγFνΓtsF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFusμψαFNFsqrt{s}e_FOF}Γ‘FprotoψSprotoψFcoττμsμoψFd≥t≥TFJournaloofoHighoEnergyo
PhysicsRF2014RFXVWZRFW

5.4 108

184
uΓ≥surΓχΓψtFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFcrossSsΓctμoψFusμψαF¯norχuτ≥bFsΓΓFtΓxt]FΓvΓψtsF
wμtγF¯norχuτ≥bFsΓΓFtΓxt]St≥ααΓdFνΓtsFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdF
_´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014RF^ZRFYWVa

4.2 107

183
{Γ≥rcγFΣorFtopFsqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFoψΓFμsoτ≥tΓdFτΓptoψRFνΓtsRF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFNFsqrt{s}FOFeF_F}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2014RFXVWZRFW

5.4 54

182 uuoψFrΓcoψstructμoψFΓΣΣμcμΓψcyF≥ψdFχoχΓψtuχFrΓsoτutμoψFoΣFtγΓFi}ti{FΓxpΓrμχΓψtFμψF
protoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ }Γ‘FμψFXVWVTFEuropeanoPhysicaloJournaloCRF2014RF^ZRFYVYZ 4.2 45

181 mτΓctroψF≥ψdFpγotoψFΓψΓrαyFc≥τμbr≥tμoψFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFtpkFzuψFWFd≥t≥TFEuropeano
PhysicaloJournaloCRF2014RF^ZRFW 4.2 160

MarksJsOreglia

20



180
{Γ≥rcγFΣorFcoψt≥ctFμψtΓr≥ctμoψsF≥ψdFτ≥rαΓFΓxtr≥FdμχΓψsμoψsFμψFtγΓFdμτΓptoψFcγ≥ψψΓτFusμψαF
protoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]´ _´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2014RF^ZRFYWYZ

4.2 31

179 uΓ≥surΓχΓψtFoΣFΣτowFγ≥rχoψμcsFwμtγFχuτtμSp≥rtμcτΓFcuχuτ≥ψtsFμψFxbQxbFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓF
tΓxt]´ }Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2014RF^ZRFYW[^ 4.2 52

178
uΓ≥surΓχΓψtFoΣFdμstrμbutμoψsFsΓψsμtμvΓFtoFtγΓFuψdΓrτyμψαFΓvΓψtFμψFμψcτusμvΓF SbosoψFproductμoψFμψF
¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2014RF^ZRFYWa[

4.2 21

177 {Γ≥rcγFΣorFdμrΓctFp≥μrFproductμoψFoΣFtγΓFtopFsqu≥rπFμψF≥ττSγ≥droψμcFΣμψ≥τFst≥tΓsFμψFprotoψSprotoψF
coττμsμoψsF≥tFNFsqrt{s}FOFeF_F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 36

176 uΓ≥surΓχΓψtFoΣFtγΓFproductμoψFcrossSsΓctμoψFoΣFˇ�NX{OFSfFrUˇ�NSf˛…FQF˛…Fâ��Oˇ�FQFˇ�Fâ��FμψFppFcoττμsμoψsF≥tFNF
sqrt{s}FOFeF^F}Γ‘F≥tFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 16

175 uΓ≥surΓχΓψtFoΣFtγΓF U˛‡FPFbosoψFtr≥ψsvΓrsΓFχoχΓψtuχFdμstrμbutμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF
}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 79

174
{Γ≥rcγFΣorFstroψαFproductμoψFoΣFsupΓrsyχχΓtrμcFp≥rtμcτΓsFμψFΣμψ≥τFst≥tΓsFwμtγFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχF≥ψdF≥tFτΓ≥stFtγrΓΓFbSνΓtsF≥tFNFsqrt{s}FeF_FOF}Γ‘FprotoψSprotoψFcoττμsμoψsFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW

5.4 31

173 uΓ≥surΓχΓψtFoΣFdμΣΣΓrΓψtμ≥τFproductμoψFcrossSsΓctμoψsFΣorF≥F FbosoψFμψF≥ssocμ≥tμoψFwμtγFbSνΓtsFμψF^F
}Γ‘FprotoψSprotoψFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 26

172 {Γ≥rcγFΣorFτoψαSτμvΓdFψΓutr≥τFp≥rtμcτΓsFdΓc≥yμψαFμψtoFτΓptoψFνΓtsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2014RFXVWZRFW 5.4 38

171
{Γ≥rcγFΣorFp≥μrF≥ψdFsμψατΓFproductμoψFoΣFψΓwFγΓ≥vyFqu≥rπsFtγ≥tFdΓc≥yFtoF≥F FbosoψF≥ψdF≥F
tγμrdSαΓψΓr≥tμoψFqu≥rπFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e_FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2014RFXVWZRFW

5.4 29

170 uΓ≥surΓχΓψtFoΣFtγΓFproductμoψFcrossFsΓctμoψFoΣFνΓtsFμψF≥ssocμ≥tμoψFwμtγF≥F FbosoψFμψFppFcoττμsμoψsF≥tF
NFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 50

169 uΓ≥surΓχΓψtFoΣFtγΓFcrossSsΓctμoψFΣorF’FbosoψFproductμoψFμψF≥ssocμ≥tμoψFwμtγFbSνΓtsFμψFppFcoττμsμoψsF
≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 34

168 {Γ≥rcγFΣorFtγμrdFαΓψΓr≥tμoψFsc≥τ≥rFτΓptoqu≥rπsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 30

167 {Γ≥rcγFΣorFd≥rπFχ≥ttΓrFc≥ψdμd≥tΓsF≥ψdFτ≥rαΓFΓxtr≥FdμχΓψsμoψsFμψFΓvΓψtsFwμtγF≥FνΓtF≥ψdFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 124

166 uΓ≥surΓχΓψtFoΣF  FproductμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘F≥ψdFτμχμtsFoψF≥ψoχ≥τousF   F≥ψdF
  ˛‡FcoupτμψαsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 45

165
{Γ≥rcγFΣorFcγ≥rαΓdFpμααsFbosoψsFtγrouαγFtγΓFvμoτ≥tμoψFoΣFτΓptoψFuψμvΓrs≥τμtyFμψFNFtovΓrτμψΓ{t}FOF
ΓvΓψtsFusμψαFppFcoττμsμoψFd≥t≥F≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{FΓxpΓrμχΓψtTFJournaloofoHigho
EnergyoPhysicsRF2013RFXVWYRFW

5.4 14

164 {Γ≥rcγFΣorFtγΓFψΓutr≥τFpμααsFbosoψsFoΣFtγΓFχμψμχ≥τFsupΓrsyχχΓtrμcFst≥ψd≥rdFχodΓτFμψFppFcoττμsμoψsF
≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 47

163 uΓ≥surΓχΓψtFoΣFspτμttμψαFsc≥τΓsFμψFSfFΓvΓψtsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2013RF^YRFXZYX 4.2 8

(2013-2014)
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162
{Γ≥rcγFΣorF≥FτμαγtFcγ≥rαΓdFpμααsFbosoψFμψFtγΓFdΓc≥yFcγ≥ψψΓτF¯norχuτ≥bFsΓΓFtΓxt]FμψF¯norχuτ≥bFsΓΓF
tΓxt]FΓvΓψtsFusμψαFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2013RF^YRFXZ][

4.2 76

161
{Γ≥rcγFΣorFdμrΓctFtγμrdSαΓψΓr≥tμoψFsqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχF≥ψdFtwoFbSνΓtsFμψFNFsqrt{s}e_FOF}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHigho
EnergyoPhysicsRF2013RFXVWYRFW

5.4 92

160
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΣμψ≥τFst≥tΓsFwμtγFτ≥rαΓFνΓtFχuτtμpτμcμtμΓsF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχF≥tFNFsqrt{s}e_FOF}Γ‘FprotoψSprotoψFcoττμsμoψsFusμψαFtγΓFi}ti{FΓxpΓrμχΓψtTFJournaloofo
HighoEnergyoPhysicsRF2013RFXVWYRFW

5.4 64

159 uΓ≥surΓχΓψtFoΣFtγΓFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψFoΣFjFQFχΓsoψFproductμoψFμψFppFcoττμsμoψsF≥tFNF
sqrt{s}e^FOF}Γ‘F≥tFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 24

158 xΓrΣorχ≥ψcΓFoΣFνΓtFsubstructurΓFtΓcγψμquΓsFΣorFτ≥rαΓSzFνΓtsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrt{s}e^FOF}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 43

157 qχprovΓdFτuχμψosμtyFdΓtΓrχμψ≥tμoψFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FusμψαFtγΓFi}ti{FdΓtΓctorF≥tF
tγΓFtpkTFEuropeanoPhysicaloJournaloCRF2013RF^YRFX[W_ 4.2 276

156
uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓFνΓtFcrossSsΓctμoψFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F≥ψdFcoχp≥rμsoψF
toFtγΓFμψcτusμvΓFνΓtFcrossSsΓctμoψF≥tF¯norχuτ≥bFsΓΓFtΓxt]FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2013RF^YRFX[Va

4.2 71

155 uuτtμScγ≥ψψΓτFsΓ≥rcγFΣorFsqu≥rπsF≥ψdFατuμψosFμψF¯norχuτ≥bFsΓΓFtΓxt]FcoττμsμoψsFwμtγFtγΓFi}ti{F
dΓtΓctorF≥tFtγΓFtpkTFEuropeanoPhysicaloJournaloCRF2013RF^YRFXY]X 4.2 25

154 rΓtFΓψΓrαyFχΓ≥surΓχΓψtFwμtγFtγΓFi}ti{FdΓtΓctorFμψFprotoψSprotoψFcoττμsμoψsF≥tF
Nsqrt{χ≥tγrχ{s}}e^Fχ≥tγrχ{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2013RF^YRFW 4.2 209

153 uΓ≥surΓχΓψtFoΣFνΓtFsγ≥pΓsFμψFtopSqu≥rπFp≥μrFΓvΓψtsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FusμψαFtγΓFi}ti{F
dΓtΓctorTFEuropeanoPhysicaloJournaloCRF2013RF^YRFX]^] 4.2 18

152
uΓ≥surΓχΓψtFoΣFtγΓFdμstrμbutμoψsFoΣFΓvΓψtSbySΓvΓψtFΣτowFγ≥rχoψμcsFμψFτΓ≥dSτΓ≥dFcoττμsμoψsF≥tFNF
sqrt{{{s−{vvF}}}}FOFeFXT^]F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF
2013RFXVWYRFW

5.4 143

151 uΓ≥surΓχΓψtFoΣFtγΓFtopFqu≥rπFcγ≥rαΓFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTF
JournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 15

150 rΓtF{tudμΓsFμψFi}ti{TFNuclearoPhysics,oSectionoB,oProceedingsoSupplementsRF2013RFXYZRFZYSZ]

149 i}ti{FsΓ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFdμνΓtFχ≥ssF≥ψdF≥ψαuτ≥rFdμstrμbutμoψsFusμψαFppFcoττμsμoψsF≥tFNF
sqrt{s}e^FO}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 72

148 uΓ≥surΓχΓψtFoΣFμsoτ≥tΓdSpγotoψFp≥μrFproductμoψFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^c}Γ‘FOFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 44

147 {Γ≥rcγFΣorFrΓsoψ≥ψcΓsFdΓc≥yμψαFμψtoFtopSqu≥rπFp≥μrsFusμψαFΣuττyFγ≥droψμcFdΓc≥ysFμψFppFcoττμsμoψsFwμtγF
i}ti{F≥tFNFsqrt{s}e^FOF}Γ‘TFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW 5.4 55

146
{Γ≥rcγFΣorFdμrΓctFcγ≥rαμψoFproductμoψFμψF≥ψoχ≥τySχΓdμ≥tΓdFsupΓrsyχχΓtryFbrΓ≥πμψαFχodΓτsFb≥sΓdF
oψF≥Fdμs≥ppΓ≥rμψαStr≥cπFsμαψ≥turΓFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^cχ≥tγrχ{}Γ‘}FOFwμtγFtγΓFi}ti{F
dΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2013RFXVWYRFW

5.4 15

145 uΓ≥surΓχΓψtsFoΣFtopFqu≥rπFp≥μrFrΓτ≥tμvΓFdμΣΣΓrΓψtμ≥τFcrossSsΓctμoψsFwμtγFi}ti{FμψFppFcoττμsμoψsF≥tF
Nsqrt{s}FeF^Fχbox{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2013RF^YRFW 4.2 55

MarksJsOreglia
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144 {Γ≥rcγFΣorFp≥μrSproducΓdFχ≥ssμvΓFcoτourΓdFsc≥τ≥rsFμψFΣourSνΓtFΣμψ≥τFst≥tΓsFwμtγFtγΓFi}ti{FdΓtΓctorF
μψFprotoψâ��protoψFcoττμsμoψsF≥tFNsqrt{s}FeF^Fχbox{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2013RF^YRFW 4.2 44

143 uΓ≥surΓχΓψtFoΣFtγΓFΣτ≥vourFcoχposμtμoψFoΣFdμνΓtFΓvΓψtsFμψFppFcoττμsμoψsF≥tFNsqrt{s}e^Fχbox{}Γ‘}OF
wμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2013RF^YRFW 4.2 12

142 {μψατΓFγ≥droψFrΓspoψsΓFχΓ≥surΓχΓψtF≥ψdFc≥τorμχΓtΓrFνΓtFΓψΓrαyFsc≥τΓFuψcΓrt≥μψtyFwμtγFtγΓFi}ti{F
dΓtΓctorF≥tFtγΓFtpkTFEuropeanoPhysicaloJournaloCRF2013RF^YRFW 4.2 41

141 rΓtFΓψΓrαyFrΓsoτutμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FrΓcordΓdFμψFXVWVFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2013RF^YRFXYV] 4.2 153

140 uΓ≥surΓχΓψtFoΣFtγΓF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFcrossFsΓctμoψFμψFtγΓFt≥uFQFνΓtsFcγ≥ψψΓτFusμψαFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2013RF^YRFXYX_ 4.2 30

139
{Γ≥rcγFΣor’pproductμoψFwμtγF≥FτμαγtFpμααsFbosoψFdΓc≥yμψαFtoFproχptFΓτΓctroψSνΓtsFμψF
protoψâ��protoψFcoττμsμoψsF≥tFJsqrtF{s}e^JF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFNewoJournaloofoPhysicsRF2013RF
W[RFVZYVVa

2.9 15

138 {Γ≥rcγFΣorFdΓc≥ysFoΣFstoppΓdRFτoψαSτμvΓdFp≥rtμcτΓsFΣroχF^F}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 14

137
uΓ≥surΓχΓψtFoΣFtγΓFpoτ≥rμs≥tμoψFoΣF’FbosoψsFproducΓdFwμtγFτ≥rαΓFtr≥ψsvΓrsΓFχoχΓψtuχFμψFppF
coττμsμoψsF≥tFNsqrt{s}FeF^Fχbox{}Γ‘}OFwμtγFtγΓFi}ti{FΓxpΓrμχΓψtTFEuropeanoPhysicaloJournaloCRF2012RF
^XRFW

4.2 31

136 uΓ≥surΓχΓψtFoΣFtγΓFcγ≥rαΓF≥syχχΓtryFμψFtopFqu≥rπFp≥μrFproductμoψFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓF
tΓxt]FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2012RF^XRFXVYa 4.2 78

135 {Γ≥rcγFΣorFτΓptoψFΣτ≥vourFvμoτ≥tμoψFμψFtγΓFcoψtμψuuχFwμtγFtγΓFi}ti{FdΓtΓctorFμψF¯norχuτ≥bFsΓΓFtΓxt]F
coττμsμoψsF≥tFtγΓFtpkTFEuropeanoPhysicaloJournaloCRF2012RF^XRFXVZV 4.2 10

134 uΓ≥surΓχΓψtFoΣFtγΓFtopFqu≥rπFχ≥ssFwμtγFtγΓFtΓχpτ≥tΓFχΓtγodFμψFtγΓF¯norχuτ≥bFsΓΓFtΓxt]Fcγ≥ψψΓτF
usμψαFi}ti{Fd≥t≥TFEuropeanoPhysicaloJournaloCRF2012RF^XRFXVZ] 4.2 42

133 {Γ≥rcγFΣorFγΓ≥vyFψΓutrμψosF≥ψdFrμαγtSγ≥ψdΓdFbosoψsFμψFΓvΓψtsFwμtγFtwoFτΓptoψsF≥ψdFνΓtsFμψF
coττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2012RF^XRFXV[] 4.2 78

132 uΓ≥surΓχΓψtFoΣFpoτ≥rμz≥tμoψFμψFSfFdΓc≥ysFwμtγFtγΓFi}ti{FdΓtΓctorFμψFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓF
tΓxt]TFEuropeanoPhysicaloJournaloCRF2012RF^XRFXV]X 4.2 17

131
uΓ≥surΓχΓψtFoΣFtγΓFcrossFsΓctμoψFΣorFtopSqu≥rπFp≥μrFproductμoψFμψFppFcoττμsμoψsF≥tFNsqrtF{s}FeF
{^}R{tΓxt{}Γ‘}}OFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFΣμψ≥τFst≥tΓsFwμtγFtwoFγμαγSpF}FτΓptoψsTFJournaloofo
HighoEnergyoPhysicsRF2012RFXVWXRFW

5.4 43

130 rΓtFχ≥ssF≥ψdFsubstructurΓFoΣFμψcτusμvΓFνΓtsFμψFNFsqrtF{s}FeF^c{tΓxt{}Γ‘}}FOFppFcoττμsμoψsFwμtγFtγΓFi}ti{F
ΓxpΓrμχΓψtTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 67

129 uΓ≥surΓχΓψtFoΣFμψcτusμvΓFtwoSp≥rtμcτΓF≥ψαuτ≥rFcorrΓτ≥tμoψsFμψFppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorF
≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 10

128
puψtFΣorFψΓwFpγΓψoχΓψ≥FusμψαFτ≥rαΓFνΓtFχuτtμpτμcμtμΓsF≥ψdFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFwμtγF
i}ti{FμψFZT^FΣbâ��WFoΣFNFsqrtF{s}FeF^c}Γ‘FOFprotoψSprotoψFcoττμsμoψsTFJournaloofoHighoEnergyoPhysicsRF
2012RFXVWXRFW

5.4 48

127
iFsΓ≥rcγFΣorFNFtovΓrτμψΓFtFOFrΓsoψ≥ψcΓsFμψFτΓptoψQνΓtsFΓvΓψtsFwμtγFγμαγτyFboostΓdFtopFqu≥rπsF
coττΓctΓdFμψFppFcoττμsμoψsF≥tFNFsqrtF{s}FeF^FOF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2012RFXVWXRFW

5.4 39

(2012-2013)
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126 {Γ≥rcγFΣorFtγΓF{t≥ψd≥rdFuodΓτFpμααsFbosoψFμψFtγΓFpFSfFˇ�FQFˇ�Fâ��FdΓc≥yFχodΓFμψFNFsqrtF{s}FeF
^R{χ≥tγrχ{}Γ‘}}FOFppFcoττμsμoψsFwμtγFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 37

125 iFsΓ≥rcγFΣorFΣτ≥vourFcγ≥ψαμψαFψΓutr≥τFcurrΓψtsFμψFtopSqu≥rπFdΓc≥ysFμψFppFcoττμsμoψFd≥t≥FcoττΓctΓdF
wμtγFtγΓFi}ti{FdΓtΓctorF≥tFNFsqrt{s}e^c}Γ‘FOTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 31

124 uΓ≥surΓχΓψtsFoΣFtγΓFpsΓudor≥pμdμtyFdΓpΓψdΓψcΓFoΣFtγΓFtot≥τFtr≥ψsvΓrsΓFΓψΓrαyFμψFprotoψSprotoψF
coττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘FwμtγFi}ti{TFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 11

123 {Γ≥rcγFΣorF≥FγΓ≥vyFtopSqu≥rπFp≥rtψΓrFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFτΓptoψsFwμtγFtγΓFi}ti{FdΓtΓctorF≥tF
tγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 53

122 {Γ≥rcγFΣorFγμαγSχ≥ssFrΓsoψ≥ψcΓsFdΓc≥yμψαFtoFdμτΓptoψFΣμψ≥τFst≥tΓsFμψFppFcoττμsμoψsF≥tFNFsqrt{s}e^FOF}Γ‘F
wμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 49

121 {Γ≥rcγFΣorF≥ψoχ≥τousFproductμoψFoΣFproχptFτμπΓSsμαψFτΓptoψFp≥μrsF≥tFNFsqrt{s}e^cχ≥tγrχ{}Γ‘}FOFwμtγF
tγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 16

120 {Γ≥rcγFΣorFp≥μrFproductμoψFoΣFχ≥ssμvΓFp≥rtμcτΓsFdΓc≥yμψαFμψtoFtγrΓΓFqu≥rπsFwμtγFtγΓFi}ti{FdΓtΓctorF
μψFNFsqrt{s}e^cχ≥tγrχ{}Γ‘}FOFppFcoττμsμoψsF≥tFtγΓFtpkTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 45

119
{Γ≥rcγFΣorFzSp≥rμtySvμoτ≥tμψαFsupΓrsyχχΓtryFμψFΓvΓψtsFwμtγFΣourForFχorΓFτΓptoψsFμψFNF
sqrt{s}e^cχ≥tγrχ{}Γ‘}FOFppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2012RF
XVWXRFW

5.4 13

118 mτΓctroψFpΓrΣorχ≥ψcΓFχΓ≥surΓχΓψtsFwμtγFtγΓFi}ti{FdΓtΓctorFusμψαFtγΓFXVWVFtpkFprotoψSprotoψF
coττμsμoψFd≥t≥TFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 199

117 z≥pμdμtyFα≥pFcrossFsΓctμoψsFχΓ≥surΓdFwμtγFtγΓFi}ti{FdΓtΓctorFμψFppFcoττμsμoψsF≥tFNsqrt{s}FeF^F
χbox{~}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 70

116
{Γ≥rcγFΣorF≥ψoχ≥τySχΓdμ≥tΓdFsupΓrsyχχΓtryFbrΓ≥πμψαFwμtγFtγΓFi}ti{FdΓtΓctorFb≥sΓdFoψF≥F
dμs≥ppΓ≥rμψαStr≥cπFsμαψ≥turΓFμψFppFcoττμsμoψsF≥tFNsqrt{s}FeF^~χ≥tγrχ{}Γ‘}OTFEuropeanoPhysicalo
JournaloCRF2012RF^XRFW

4.2 13

115
uΓ≥surΓχΓψtFoΣF¯norχuτ≥bFsΓΓFtΓxt]FproductμoψFwμtγF≥FvΓtoFoψF≥ddμtμoψ≥τFcΓψtr≥τFνΓtF≥ctμvμtyFμψF
coττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]F}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2012RF
^XRFXVZY

4.2 82

114 {Γ≥rcγFΣorFcγ≥rαΓdFpμααsFbosoψsFμψFΓΓFcoττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]TFEuropeanoPhysicaloJournaloCRF
2012RF^XRFXV^] 4.2 14

113 iFsΓ≥rcγFΣorF¯norχuτ≥bFsΓΓFtΓxt]FrΓsoψ≥ψcΓsFwμtγFtγΓFi}ti{FdΓtΓctorFμψFXTV[FΣbFoΣFprotoψSprotoψF
coττμsμoψsF≥tF¯norχuτ≥bFsΓΓFtΓxt]TFEuropeanoPhysicaloJournaloCRF2012RF^XRFXV_Y 4.2 14

112 {Γ≥rcγFΣorFsΓcoψdFαΓψΓr≥tμoψFsc≥τ≥rFτΓptoqu≥rπsFμψFppFcoττμsμoψsF≥tFNsqrt{s}e^~χbox{}Γ‘}OFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 35

111 {Γ≥rcγFΣorF≥FΣΓrχμopγobμcFpμααsFbosoψFμψFtγΓFdμpγotoψFdΓc≥yFcγ≥ψψΓτFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 13

110 uΓ≥surΓχΓψtFoΣF’F´–F FproductμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNsqrt{s}e^~χbox{}Γ‘}OFwμtγFtγΓF
i}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 54

109
{Γ≥rcγFΣorFtopF≥ψdFbottoχFsqu≥rπsFΣroχFατuμψoFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFχμssμψαF
tr≥ψsvΓrsΓFΓψΓrαyF≥ψdF≥tFτΓ≥stFtγrΓΓFbSνΓtsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF
2012RF^XRFW

4.2 24

MarksJsOreglia
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108 uΓ≥surΓχΓψtFoΣFΓvΓψtFsγ≥pΓsF≥tFτ≥rαΓFχoχΓψtuχFtr≥ψsΣΓrFwμtγFtγΓFi}ti{FdΓtΓctorFμψFppF
coττμsμoψsF≥tFNsqrt{χ≥tγbΣ{s}}e^Fχ≥tγrχ{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 18

107
{Γ≥rcγFΣorFsupΓrsyχχΓtryFμψFΓvΓψtsFwμtγFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχRFνΓtsRF≥ψdF≥tFτΓ≥stF
oψΓFt≥uFτΓptoψFμψF^F}Γ‘FprotoψSprotoψFcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicalo
JournaloCRF2012RF^XRFW

4.2 11

106
{Γ≥rcγFΣorFτμαγtFsc≥τ≥rFtopSqu≥rπFp≥μrFproductμoψFμψFΣμψ≥τFst≥tΓsFwμtγFtwoFτΓptoψsFwμtγFtγΓFi}ti{F
dΓtΓctorFμψFNsqrt{s}e^Fχ≥tγrχ{}Γ‘}OFprotoψâ��protoψFcoττμsμoψsTFEuropeanoPhysicaloJournaloCRF2012RF
^XRFW

4.2 31

105 i}ti{FsΓ≥rcγFΣorF≥FγΓ≥vyFα≥uαΓFbosoψFdΓc≥yμψαFtoF≥Fcγ≥rαΓdFτΓptoψF≥ψdF≥FψΓutrμψoFμψFppFcoττμsμoψsF
≥tFNsqrt{s}FeF^Fχ≥tγrχ{}Γ‘}OTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 34

104 {Γ≥rcγFΣorFdoubτyFcγ≥rαΓdFpμααsFbosoψsFμψFτμπΓSsμαψFdμτΓptoψFΣμψ≥τFst≥tΓsF≥tFNsqrt{s}FeF^F
χ≥tγrχ{}Γ‘}OFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 104

103 xΓrΣorχ≥ψcΓFoΣFχμssμψαFtr≥ψsvΓrsΓFχoχΓψtuχFrΓcoψstructμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tF
Nsqrt{s}FeF^~χbox{}Γ‘}OFwμtγFi}ti{TFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 217

102 xΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{F}rμααΓrF{ystΓχFμψFXVWVTFEuropeanoPhysicaloJournaloCRF2012RF^XRFW 4.2 232

101 {Γ≥rcγFΣorFs≥χΓSsμαψFtopSqu≥rπFproductμoψF≥ψdFΣourtγSαΓψΓr≥tμoψFdowψStypΓFqu≥rπsFμψFppFcoττμsμoψsF
≥tFNFsqrtF{s}FeF{^}c{tΓxt{}Γ‘}}FOFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 34

100 {Γ≥rcγFΣorFcγ≥rαΓdFpμααsFbosoψsFdΓc≥yμψαFvμ≥FpF´–FSfFˇ�˛‰FμψFNFtovΓrτμψΓFtFOFΓvΓψtsFusμψαFppFcoττμsμoψFd≥t≥F
≥tFNFsqrtF{s}FeF^c}Γ‘FOFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 112

99 uΓ≥surΓχΓψtFoΣFtγΓF’FbosoψFpoτ≥rμz≥tμoψFμψFtopFqu≥rπFdΓc≥ysFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofo
HighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 52

98 norw≥rdSb≥cπw≥rdFcorrΓτ≥tμoψsF≥ψdFcγ≥rαΓdSp≥rtμcτΓF≥zμχutγ≥τFdμstrμbutμoψsFμψFppFμψtΓr≥ctμoψsF
usμψαFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2012RFXVWXRFW 5.4 23

97 uΓ≥surΓχΓψtFoΣFμψcτusμvΓFνΓtF≥ψdFdμνΓtFcrossFsΓctμoψsFμψFprotoψSprotoψFcoττμsμoψsF≥tF^F}Γ‘F
cΓψtrΓSoΣSχ≥ssFΓψΓrαyFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 103

96 uΓ≥surΓχΓψtFoΣFtγΓFtopFqu≥rπSp≥μrFproductμoψFcrossFsΓctμoψFwμtγFi}ti{FμψFppFcoττμsμoψsF≥tF
Nsqrt{s}e^OF}Γ‘TFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 138

95 {tudμΓsFoΣFtγΓFpΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FdΓtΓctorFusμψαFcosχμcSr≥yFχuoψsTFEuropeanoPhysicalo
JournaloCRF2011RF^WRFW 4.2 16

94 tuχμψosμtyFdΓtΓrχμψ≥tμoψFμψFppFcoττμsμoψsF≥tFNsqrt{s}FeF^OF}Γ‘FusμψαFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTF
EuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 167

93
uΓ≥surΓχΓψtsFoΣFuψdΓrτyμψαSΓvΓψtFpropΓrtμΓsFusμψαFψΓutr≥τF≥ψdFcγ≥rαΓdFp≥rtμcτΓsFμψFppFcoττμsμoψsF
≥tFNsqrt{s}eaVVOFoΓ‘F≥ψdFNsqrt{s}e^OF}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorF≥tFtγΓFtpkTFEuropeanoPhysicalo
JournaloCRF2011RF^WRFW

4.2 30

92
{Γ≥rcγFΣorF≥ψFΓxcΓssFoΣFΓvΓψtsFwμtγF≥ψFμdΓψtμc≥τFΣτ≥vourFτΓptoψFp≥μrF≥ψdFsμαψμΣμc≥ψtFχμssμψαF
tr≥ψsvΓrsΓFχoχΓψtuχFμψFNsqrt{s}e^OF}Γ‘Fprotoψâ��protoψFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTF
EuropeanoPhysicaloJournaloCRF2011RF^WRFW

4.2 18

91
{Γ≥rcγFΣorFsupΓrsyχχΓtrμcFp≥rtμcτΓsFμψFΓvΓψtsFwμtγFτΓptoψFp≥μrsF≥ψdFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFμψFNsqrt{s}e^~χbox{}Γ‘}OFprotoψâ��protoψFcoττμsμoψsFwμtγFtγΓFi}ti{FΓxpΓrμχΓψtTF
EuropeanoPhysicaloJournaloCRF2011RF^WRFW

4.2 41

(2011-2012)
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90 tμχμtsFoψFtγΓFproductμoψFoΣFtγΓFst≥ψd≥rdFχodΓτFpμααsFbosoψFμψFppFcoττμsμoψsF≥tFNsqrt{s}FeF^OF}Γ‘FwμtγF
tγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 37

89 lΓtΓrχμψ≥tμoψFoΣF˛–F{FusμψαFwxitFγ≥droψμcFΓvΓψtFsγ≥pΓsF≥tFNsqrt{s}FeFaWχbox{SS}XVa~χ≥tγrχ{oΓ‘}OF
≥ψdFrΓsuχχΓdFvvtwFc≥τcuτ≥tμoψsTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 26

88 {Γ≥rcγFΣorFdμpγotoψFΓvΓψtsFwμtγFτ≥rαΓFχμssμψαFtr≥ψsvΓrsΓFΓψΓrαyFwμtγFY]Fpbâ��WFoΣF^F}Γ‘F
protoψâ��protoψFcoττμsμoψFd≥t≥FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 15

87 uΓ≥surΓχΓψtFoΣFχuτtμSνΓtFcrossFsΓctμoψsFμψFprotoψâ��protoψFcoττμsμoψsF≥tF≥F^F}Γ‘FcΓψtΓrSoΣSχ≥ssF
ΓψΓrαyTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 44

86 uΓ≥surΓχΓψtFoΣFtγΓFνΓtFΣr≥αχΓψt≥tμoψFΣuψctμoψF≥ψdFtr≥ψsvΓrsΓFproΣμτΓFμψFprotoψâ��protoψFcoττμsμoψsF
≥tF≥FcΓψtΓrSoΣSχ≥ssFΓψΓrαyFoΣF^F}Γ‘FwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 51

85 {Γ≥rcγFΣorF≥FγΓ≥vyFψΓutr≥τFp≥rtμcτΓFdΓc≥yμψαFμψtoF≥ψFΓτΓctroψF≥ψdF≥FχuoψFusμψαFWFΣbâ��WFoΣFi}ti{F
d≥t≥TFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 13

84 {Γ≥rcγFΣorFχ≥ssμvΓFcoτorΓdFsc≥τ≥rsFμψFΣourSνΓtFΣμψ≥τFst≥tΓsFμψFNsqrt{s}e^~χbox{}Γ‘}OFprotoψâ��protoψF
coττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 37

83 uΓ≥surΓχΓψtFoΣFtγΓFμψcτusμvΓF≥ψdFdμνΓtFcrossSsΓctμoψsFoΣFbSνΓtsFμψFppFcoττμsμoψsF≥tF
Nsqrt{s}e^χbox{~}Γ‘}OFwμtγFtγΓFi}ti{FdΓtΓctorTFEuropeanoPhysicaloJournaloCRF2011RF^WRFW 4.2 53

82 uΓ≥surΓχΓψtFoΣF’˛‡F≥ψdF ˛‡FproductμoψFμψFprotoψSprotoψFcoττμsμoψsF≥tFNFsqrtF{s}FeF^FOF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2011RFXVWWRFW 5.4 11

81 qψcτusμvΓFsΓ≥rcγFΣorFs≥χΓSsμαψFdμτΓptoψFsμαψ≥turΓsFμψFppFcoττμsμoψsF≥tFNFsqrtF{s}FeF^FOF}Γ‘FwμtγFtγΓF
i}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2011RFXVWWRFW 5.4 31

80
{Γ≥rcγFΣorFψΓwFpγΓψoχΓψ≥FμψFΣμψ≥τFst≥tΓsFwμtγFτ≥rαΓFνΓtFχuτtμpτμcμtμΓsF≥ψdFχμssμψαFtr≥ψsvΓrsΓF
χoχΓψtuχFusμψαFNsqrtF{s}OFeF^F}Γ‘FppFcoττμsμoψsFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyo
PhysicsRF2011RFXVWWRFW

5.4 60

79 zΓ≥dμψΓssFoΣFtγΓFi}ti{FτμquμdF≥rαoψFc≥τorμχΓtΓrFΣorFtpkFcoττμsμoψsTFEuropeanoPhysicaloJournaloCRF
2010RF^VRF^XYS^[Y 4.2 41

78 }γΓFi}ti{FqψψΓrFlΓtΓctorFcoχχμssμoψμψαF≥ψdFc≥τμbr≥tμoψTFEuropeanoPhysicaloJournaloCRF2010RF^VRF^_^S_XW4.2 70

77 lrμΣtF}μχΓFuΓ≥surΓχΓψtFμψFtγΓFi}ti{FtμquμdFirαoψFmτΓctroχ≥αψΓtμcFk≥τorμχΓtΓrFusμψαFkosχμcF
uuoψsTFEuropeanoPhysicaloJournaloCRF2010RF^VRF^[[S^_[ 4.2 12

76 koχχμssμoψμψαFoΣFtγΓFi}ti{FuuoψF{pΓctroχΓtΓrFwμtγFcosχμcFr≥ysTFEuropeanoPhysicaloJournaloCRF
2010RF^VRF_^[SaW] 4.2 14

75 }γΓFi}ti{F{μχuτ≥tμoψFqψΣr≥structurΓTFEuropeanoPhysicaloJournaloCRF2010RF^VRF_XYS_^Z 4.2 817

74 zΓ≥dμψΓssFoΣFtγΓFi}ti{F}μτΓFk≥τorμχΓtΓrFΣorFtpkFcoττμsμoψsTFEuropeanoPhysicaloJournaloCRF2010RF^VRFWWaYSWXY]4.2 82

73 xΓrΣorχ≥ψcΓFoΣFtγΓFi}ti{FdΓtΓctorFusμψαFΣμrstFcoττμsμoψFd≥t≥TFJournaloofoHighoEnergyoPhysicsRF2010RF
XVWVRFW 5.4 14

MarksJsOreglia
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72 uΓ≥surΓχΓψtFoΣFtγΓF’FSfFâ��˛‰F≥ψdF U˛‡FPFSfFâ��â��FproductμoψFcrossFsΓctμoψsFμψFprotoψSprotoψFcoττμsμoψsF≥tFNF
sqrtF{s}FeF^c{tΓxt{}Γ‘}}FOFwμtγFtγΓFi}ti{FdΓtΓctorTFJournaloofoHighoEnergyoPhysicsRF2010RFXVWVRFW 5.4 58

71 ˛£ â��S≥ψtμγypΓroψFcorrΓτ≥tμoψsFμψF VFdΓc≥yF≥ψdFμψvΓstμα≥tμoψFoΣFtγΓFb≥ryoψFproductμoψFχΓcγ≥ψμsχTF
EuropeanoPhysicaloJournaloCRF2009RF]ZRF]VaS]X[ 4.2 2

70 qψcτusμvΓFνΓtFproductμoψFμψFpγotoψâ��pγotoψFcoττμsμoψsF≥tFsΓΓFΣroχFW_aFtoFXVaFoΓ‘TFPhysicsoLetters,o
SectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsRF2008RF][_RFW_[SWaX 4.2 5

69 uΓ≥surΓχΓψtFoΣF˛–sFwμtγFr≥dμ≥tμvΓFγ≥droψμcFΓvΓψtsTFEuropeanoPhysicaloJournaloCRF2008RF[YRFXW 4.2 11

68 {Γ≥rcγFΣorFμψvμsμbτyFdΓc≥yμψαFpμααsFbosoψsFwμtγFτ≥rαΓFdΓc≥yFwμdtγFusμψαFtγΓFwxitFdΓtΓctorF≥tFtmxTF
EuropeanoPhysicaloJournaloCRF2007RFZaRFZ[^SZ^X 4.2 5

67 uΓ≥surΓχΓψtFoΣFtγΓFΓQΓSSf’Q’SFcrossFsΓctμoψF≥ψdF’FdΓc≥yFbr≥ψcγμψαFΣr≥ctμoψsF≥tFtmxTFEuropeano
PhysicaloJournaloCRF2007RF[XRF^]^S^_[ 4.2 11

66 josΓâ��mμψstΓμψFstudyFoΣFposμtμoψâ��χoχΓψtuχFcorrΓτ≥tμoψsFoΣFcγ≥rαΓdFpμoψsFμψFγ≥droψμcF VFdΓc≥ysTF
EuropeanoPhysicaloJournaloCRF2007RF[XRF^_^ 4.2 11

65 {Γ≥rcγFΣorFψΓutr≥τFu{{uFpμααsFbosoψsF≥tFtmxTFEuropeanoPhysicaloJournaloCRF2006RFZ^RF[Z^ 4.2 496

64 uΓ≥surΓχΓψtFoΣFtγΓFstroψαFcoupτμψαF˛–{FΣroχFΣourSνΓtFobsΓrv≥bτΓsFμψFΓQΓSF≥ψψμγμτ≥tμoψTFEuropeano
PhysicaloJournaloCRF2006RFZ^RFXa[ 4.2 9

63 koψstr≥μψtsFoψF≥ψoχ≥τousFqu≥rtμcFα≥uαΓFbosoψFcoupτμψαsFΣroχF˛‰˛‰´fl˛‡˛‡F≥ψdFqq´fl˛‡˛‡FΓvΓψtsF≥tFkmzvF
tmxXTFPhysicaloReviewoDRF2004RF^VRF 4.9 34

62 iFstudyFoΣF’Q’â��˛‡FΓvΓψtsF≥tFtmxTFPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoando
High-EnergyoPhysicsRF2004RF[_VRFW^SY] 4.2 21

61 {Γ≥rcγFΣorFst≥bτΓF≥ψdFτoψαSτμvΓdFχ≥ssμvΓFcγ≥rαΓdFp≥rtμcτΓsFμψFΓQΓâ��FcoττμsμoψsF≥tFseWYVâ��XVa´ oΓ‘TF
PhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsRF2003RF[^XRF_SXV 4.2 49

60 {Γ≥rcγFΣorFsc≥τ≥rFtopF≥ψdFsc≥τ≥rFbottoχFqu≥rπsF≥tFtmxTFPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsRF2002RF[Z[RFX^XSX_Z 4.2 36

59 {Γ≥rcγFΣorFsμψατΓFtopFqu≥rπFproductμoψF≥tFtmxXTFPhysicsoLetters,oSectionoB:oNuclear,oElementaryo
ParticleoandoHigh-EnergyoPhysicsRF2001RF[XWRFW_WSWaZ 4.2 48

58
uΓ≥surΓχΓψtFoΣFtγΓF’Q’â��˛‡FcrossSsΓctμoψF≥ψdFΣμrstFdμrΓctFτμχμtsFoψF≥ψoχ≥τousFΓτΓctrowΓ≥πFqu≥rtμcF
α≥uαΓFcoupτμψαsTFPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoandoHigh-EnergyoPhysicsRF
1999RFZ^WRFXaYSYV^

4.2 27

57 lΓtΓrχμψ≥tμoψFoΣFtγΓFproductμoψFr≥tΓFoΣFlPVFχΓsoψsF≥ψdFoΣFtγΓFr≥tμoF‘UN‘QxOFμψFN ℓVFtoFcb≥rFcOF
dΓc≥ysTFEuropeanoPhysicaloJournaloCRF1998RF[RFWSW^ 4.2 5

56 iFsΓ≥rcγFΣorFψΓutr≥τFpμααsFbosoψsFμψFtγΓFu{{uF≥ψdFχodΓτsFwμtγFtwoFsc≥τ≥rFΣμΓτdFdoubτΓtsTFEuropeano
PhysicaloJournaloCRF1998RF[RFWaSZV 4.2 7

55 uuτtμSpγotoψFΣμψ≥τFst≥tΓsFμψFΓQΓâ��FcoττμsμoψsF≥tFgsFeWYVSW^XFoΓ‘TFEuropeanoPhysicaloJournaloCRF1998RFWRFXWSYV4.2 5

(1998-2010)
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54 {Γ≥rcγFΣorF≥Fχ≥ssμvΓFlμSpγotoψFrΓsoψ≥ψcΓF≥tFgsFeFaWFâ��FW^XFoΓ‘TFEuropeanoPhysicaloJournaloCRF1998RFWRFYWSZY4.2 6

53 {Γ≥rcγFΣorFuψst≥bτΓFγΓ≥vyF≥ψdFΓxcμtΓdFτΓptoψsFμψFΓQΓâ��FcoττμsμoψsF≥tFgsFeFW^VSW^XFoΓ‘TFEuropeano
PhysicaloJournaloCRF1998RFWRFZ[S]Z 4.2 9

52 uuτtμSpγotoψFΣμψ≥τFst≥tΓsFμψFΓQΓâ��FcoττμsμoψsF≥tFgsFeWYVSW^XFoΓ‘F1998RFWRFXW 5

51 {Γ≥rcγFΣorF≥Fχ≥ssμvΓFlμSpγotoψFrΓsoψ≥ψcΓF≥tFgsFeFaWFâ��FW^XFoΓ‘F1998RFWRFYW 4

50 {Γ≥rcγFΣorFuψst≥bτΓFγΓ≥vyF≥ψdFΓxcμtΓdFτΓptoψsFμψFΓQΓâ��FcoττμsμoψsF≥tFgsFeFW^VSW^XFoΓ‘F1998RFWRFZ[ 4

49 lΓtΓrχμψ≥tμoψFoΣFtγΓFproductμoψFr≥tΓFoΣFlPVFχΓsoψsF≥ψdFoΣFtγΓFr≥tμoF‘UN‘QxOFμψFN ℓVFtoFcb≥rFcOF
dΓc≥ysF1998RF[RFW 11

48 iFsΓ≥rcγFΣorFψΓutr≥τFpμααsFbosoψsFμψFtγΓFu{{uF≥ψdFχodΓτsFwμtγFtwoFsc≥τ≥rFΣμΓτdFdoubτΓtsF1998RF[RFWa 11

47 iFχΓ≥surΓχΓψtFoΣFtγΓFcγ≥rχF≥ψdFbottoχFΣorw≥rdSb≥cπw≥rdF≥syχχΓtrμΓsFusμψαFlFχΓsoψsF≥tFtmxTF
ZeitschriftoFˆ…roPhysikoC-ParticlesoandoFieldsRF1997RF^YRFY^aSYa[ 8

46 ˛£QRF˛£VF≥ψdF˛£â��FγypΓroψFproductμoψFμψFγ≥droψμcF VFdΓc≥ysTFZeitschriftoFˆ…roPhysikoC-ParticlesoandoFieldsRF
1997RF^YRF[_^S[aa 15

45 }ΓstsFoΣF≥Fc≥τorμχΓtrμcFtΓcγψμquΓFΣorFχΓ≥surμψαFtγΓFΓψΓrαyFoΣFcosχμcFr≥yFχuoψsFμψFtγΓF}Γ‘FΓψΓrαyF
r≥ψαΓTFZeitschriftoFˆ…roPhysikoC-ParticlesoandoFieldsRF1997RF^ZRFX^aSX_a 7

44 yklFstudμΓsFwμtγFΓQΓâ��F≥ψψμγμτ≥tμoψFd≥t≥F≥tFWYVF≥ψdFWY]FoΓ‘TFZeitschriftoFˆ…roPhysikoC-Particlesoando
FieldsRF1996RF^XRFWaWSXV] 73

43 ~ppΓrFτμχμtFoψFtγΓ˛‰Fˇ�Fχ≥ssFΣroχˇ�FSfFYγ˛‰Fˇ�FdΓc≥ysTFZeitschriftoFˆ…roPhysikoC-ParticlesoandoFieldsRF1996RF
^XRFXYWSXY_ 2

42 iFprΓcμsΓFχΓ≥surΓχΓψtFoΣFtγΓFt≥uFpoτ≥rμz≥tμoψF≥ψdFμtsFΣorw≥rdSb≥cπw≥rdF≥syχχΓtryF≥tFtmxTF
ZeitschriftoFˆ…roPhysikoC-ParticlesoandoFieldsRF1996RF^XRFY][SY^[ 7

41 iFχΓ≥surΓχΓψtFoΣFtγΓFjFVdFoscμττ≥tμoψFΣrΓquΓψcyFusμψαFτΓptoψsF≥ψdFlP´–FχΓsoψsTFZeitschriftoFˆ…ro
PhysikoC-ParticlesoandoFieldsRF1996RF^XRFY^^SY__ 17

40 uuτtμpτμcμtyFdΓpΓψdΓψcΓFoΣFjosΓSmμψstΓμψFcorrΓτ≥tμoψsFμψFγ≥droψμcF VFdΓc≥ysTFZeitschriftoFˆ…roPhysiko
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