
Tatsuo Kawamoto

ListeofePublicationsebyeYeareine
DescendingeOrder

Source:ehttps:uuexalytcomuauthorspdfu5w9w864utatsuoskawamotospublicationssbysyeartpdf

Version:exvx4sv4sx7e

ThisedocumentehasebeenegeneratedebasedeonetheepublicationseandecitationserecordedebyeexalytcomteFore

theelatesteversioneofethisepublicationelistrevisitetheelinkegiveneabovet

TheethirdecolumneisetheeimpactefactoremIFneofetheejournalreandetheefourthecolumneisetheenumbereofe

citationseofetheearticlet

564
papers

18,740
citations

62
h-index

104
g-index

596
ext. papers

21,576
ext. citations

4.7
avg, IF

1.18
L-index



h Paper IF Citations

564 xαrγorψanΓαFoγFtναFi}ti{FtαvαχSWFtopoχoμπΓaχFtrπμμαrFπnFzun´ XTFEuropeanuPhysicaluJournaluCRF2022RF
_XRFW 4.2 0

563
{αarΓνFγorFαxotπΓFΣαΓaysFoγFtναFpπμμsFbosonFπntoFbJJFovαrχπnα{b}FJJFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFπnFppFΓoχχπsπonsFatFJJFsqrt{s}FJJFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2022RFXVXXRFW

5.4 0

562
wbsαrvatπonFoγFαχαΓtrowαaτFproΣuΓtπonFoγFtwoFραtsFπnFassoΓπatπonFwπtνFanFπsoχatαΣFpνotonFanΣF
ψπssπnμFtransvαrsαFψoψαntuψRFanΣFsαarΓνFγorFaFpπμμsFbosonFΣαΓayπnμFπntoFπnvπsπbχαFpartπΓχαsFatF
WY´ JJtαxtF{}α‘}JJFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2022RF_XRFW

4.2 0

561
{αarΓνFγorFpπμμsFbosonsFΣαΓayπnμFπntoFnαwFspπnSVForFspπnSWFpartπΓχαsFπnFγourSχαptonFγπnaχFstatαsFwπtνF
tναFi}ti{FΣαtαΓtorFwπtνFWYaFγbâ��WFoγFppFΓoχχπsπonFΣataFatFJJFsqrt{s}FJJFeFWYF}α‘TFJournaluofuHighu
EnergyuPhysicsRF2022RFXVXXRFW

5.4 0

560 itχnastYbF}ναFvαxtFoαnαratπonFoγFnastF{πψuχatπonFπnFi}ti{TFComputinguanduSoftwareuforuBiguScienceRF
2022RF]RFW 6 0

559
uαasurαψαntFoγFtναFαnαrμyFrαsponsαFoγFtναFi}ti{´ ΓaχorπψαtαrFtoFΓνarμαΣ´ pπonsFγroψFJJ’−{pψF
}rπμνtarrowFtauF−{pψF}NrπμνtarrowFpπF−{pψF}nuF≥{tauF}OnuF≥{tauF}JJFαvαntsFπnFzun´ XFΣataTFEuropeanu
PhysicaluJournaluCRF2022RF_XRFW

4.2 0

558 }ναFi}ti{FπnnαrFΣαtαΓtorFtrπμμαrFpαrγorψanΓαFπnFppFΓoχχπsπonsFatFWY´ }α‘FΣurπnμFtpkFzunFXTF
EuropeanuPhysicaluJournaluCRF2022RF_XRFW 4.2

557 lαtαrψπnatπonFoγFtναFpartonFΣπstrπbutπonFγunΓtπonsFoγFtναFprotonFusπnμFΣπvαrsαFi}ti{FΣataFγroψFppF
ΓoχχπsπonsFatFJJsqrt{s}FeF^JJRF_FanΣFWY´ }α‘TFEuropeanuPhysicaluJournaluCRF2022RF_XRFW 4.2 1

556
{αarΓνFγorFzSparπtySvπoχatπnμFsupαrsyψψαtryFπnFaFγπnaχFstatαFΓontaπnπnμFχαptonsFanΣFψanyFραtsFwπtνF
tναFi}ti{FαxpαrπψαntFusπnμFNsqrt{s}FeFWYνboxF{F}α‘}OFprotonâ��protonFΓoχχπsπonFΣataTFEuropeanu
PhysicaluJournaluCRF2021RF_WRFW

4.2 2

555 uαasurαψαntFoγFtναFtNFovαrχπnα{t}FOtNFovαrχπnα{t}FOFproΣuΓtπonFΓrossFsαΓtπonFπnFppFΓoχχπsπonsFatFNF
sqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 0

554
{αarΓνFγorFΣarτFψattαrFπnFαvαntsFwπtνFψπssπnμFtransvαrsαFψoψαntuψFanΣFaFpπμμsFbosonFΣαΓayπnμF
πntoFtwoFpνotonsFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2021RFXVXWRFW

5.4 2

553 {αarΓνFγorFtypαSqqqFsααsawFναavyFχαptonsFπnFΣπχαptonFγπnaχFstatαsFπnFppFΓoχχπsπonsFatFNFsqrt{s}FeFWYR{tαxtF
{}α‘}}FOFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 7

552 uαasurαψαntFoγFχπμνtSbySχπμνtFsΓattαrπnμFanΣFsαarΓνFγorFaxπonSχπταFpartπΓχαsFwπtνFXTXFnbâ��WFoγFxbQxbF
ΣataFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 5

551
{αarΓνFγorFpπμμsFbosonFproΣuΓtπonFπnFassoΓπatπonFwπtνFaFνπμνSαnαrμyFpνotonFvπaFvαΓtorSbosonF
γusπonFwπtνFΣαΓayFπntoFbottoψFquarτFpaπrsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2021RFXVXWRFW

5.4 1

550
{αarΓνFγorFnαwFpναnoψαnaFwπtνFtopFquarτFpaπrsFπnFγπnaχFstatαsFwπtνFonαFχαptonRFραtsRFanΣFψπssπnμF
transvαrsαFψoψαntuψFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2021RFXVXWRFW

5.4 6

549
{αarΓνFγorFnαwFpναnoψαnaFπnFαvαntsFwπtνFtwoFopposπtαSΓνarμαFχαptonsRFραtsFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFπnFppFΓoχχπsπonsFatFNFsqrt{ψatνrψ{s}}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2021RFXVXWRFW

5.4 8

548
{αarΓνFγorFpaπrFproΣuΓtπonFoγFsΓaχarFχαptoquarτsFΣαΓayπnμFπntoFγπrstSForFsαΓonΣSμαnαratπonFχαptonsF
anΣFtopFquarτsFπnFprotonâ��protonFΓoχχπsπonsFatFNsqrt{s}OFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2021RF_WRFW

4.2 5
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547 wptπψπsatπonFoγFχarμαSraΣπusFραtFrαΓonstruΓtπonFγorFtναFi}ti{FΣαtαΓtorFπnFWYF}α‘Fprotonâ��protonF
ΓoχχπsπonsTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 2

546
{αarΓνFγorFναavyFrαsonanΓαsFΣαΓayπnμFπntoFaFpaπrFoγF FbosonsFπnFtναFNαχχF−QαχχF−SαχχFM−QαχχFM−SOFanΣFNαχχF
−QαχχF−SnuF{{bar{nuF}}}OFγπnaχFstatαsFusπnμFWYaFNψatνrψF{γb}−{SW}OFoγFprotonâ��protonFΓoχχπsπonsFatF
Nsqrt{s}FeFWYRO}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW

4.2 8

545
{αarΓνFγorFnαwFpναnoψαnaFπnFγπnaχFstatαsFwπtνFbSραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFNF
sqrt{ψatνrψ{s}}FOFeFWYF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2021RFXVXWRFW

5.4 6

544
{αarΓνFγorFaFναavyFpπμμsFbosonFΣαΓayπnμFπntoFaF FbosonFanΣFanotναrFναavyFpπμμsFbosonFπnFtναFNαχχF
αχχFbbOFanΣFNαχχFαχχF’’OFγπnaχFstatαsFπnFppFΓoχχπsπonsFatFNsqrt{s}eWYOFNtαxtF{}α‘}OFwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW

4.2 7

543
{αarΓνFγorFΣoubχyFanΣFsπnμχyFΓνarμαΣFpπμμsFbosonsFΣαΓayπnμFπntoFvαΓtorFbosonsFπnFψuχtπSχαptonFγπnaχF
statαsFwπtνFtναFi}ti{FΣαtαΓtorFusπnμFprotonSprotonFΓoχχπsπonsFatFNFsqrt{ψatνrψ{s}}FOFeFWYF}α‘TF
JournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW

5.4 3

542 uαasurαψαntsFoγF’Q’â��QFâ�¥FWFραtFproΣuΓtπonFΓrossSsαΓtπonsFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 0

541 {αarΓνFγorFΓνarμαΣFpπμμsFbosonsFΣαΓayπnμFπntoFaFtopFquarτFanΣFaFbottoψFquarτFatFNFsqrt{ψatνrψ{s}}F
OFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 8

540 uαasurαψαntsFoγFpπμμsFbosonsFΣαΓayπnμFtoFbottoψFquarτsFγroψFvαΓtorFbosonFγusπonFproΣuΓtπonF
wπtνFtναFi}ti{FαxpαrπψαntFatFNsqrt{s}eWYRtαxtF{}α‘}OTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 0

539
{αarΓνFγorFpaπrFproΣuΓtπonFoγFtνπrΣSμαnαratπonFsΓaχarFχαptoquarτsFΣαΓayπnμFπntoFaFtopFquarτFanΣFaF
ˇ�SχαptonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2021RFXVXWRFW

5.4 6

538 {αarΓνFγorFsupαrsyψψαtryFπnFαvαntsFwπtνFγourForFψorαFΓνarμαΣFχαptonsFπnFWYaFγbâ��WFoγFNFsqrt{s}FOFeF
WYF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 2

537
lαtαrψπnatπonFoγFtναFpartonFΣπstrπbutπonFγunΓtπonsFoγFtναFprotonFγroψFi}ti{FψαasurαψαntsFoγF
ΣπγγαrαntπaχF’´–FanΣF FbosonFproΣuΓtπonFπnFassoΓπatπonFwπtνFραtsTFJournaluofuHighuEnergyuPhysicsRF2021
RFXVXWRFW

5.4 1

536 uαasurαψαntsFoγFΣπγγαrαntπaχFΓrossSsαΓtπonsFπnFγourSχαptonFαvαntsFπnFWYF}α‘FprotonSprotonF
ΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 0

535 iFsαarΓνFγorFtναFΣαΓaysFoγFstoppαΣFχonμSχπvαΣFpartπΓχαsFatFNFsqrt{ψatνrψ{s}}FOFeFWYF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 1

534 uuonFrαΓonstruΓtπonFanΣFπΣαntπγπΓatπonFαγγπΓπαnΓyFπnFi}ti{FusπnμFtναFγuχχFzunFXFppFΓoχχπsπonFΣataFsαtF
atFNsqrt{s}eWYOF}α‘TFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 13

533 uαasurαψαntFoγFνaΣronπΓFαvαntFsνapαsFπnFνπμνSp}FψuχtπραtFγπnaχFstatαsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνF
tναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 3

532
{αarΓνFγorFsquarτsFanΣFμχuπnosFπnFγπnaχFstatαsFwπtνFραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψFusπnμFWYaF
γbâ��WFoγFNFsqrt{s}FOFeFWYF}α‘FppFΓoχχπsπonFΣataFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2021RFXVXWRFW

5.4 8

531 lπγγαrαntπaχFΓrossSsαΓtπonFψαasurαψαntsFγorFtναFαχαΓtrowαaτFproΣuΓtπonFoγFΣπραtsFπnFassoΓπatπonF
wπtνFaF FbosonFπnFprotonâ��protonFΓoχχπsπonsFatFi}ti{TFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 5

530 uαasurαψαntsFoγF’pFanΣF pFproΣuΓtπonFπnFtναFNpFrπμνtarrowFbbar{b}OFΣαΓayFΓνannαχFπnFppF
ΓoχχπsπonsFatFNWYRtαxtF{}α}tαxtF{‘}OFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 7
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529 {αarΓνFγorFΣarτFψattαrFπnFassoΓπatπonFwπtνFanFαnαrμαtπΓFpνotonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 5

528 {αarΓνFγorFsquarτsFanΣFμχuπnosFπnFγπnaχFstatαsFwπtνFonαFπsoχatαΣFχαptonRFραtsRFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFatFNsqrt{s}eWYOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 0

527 uαasurαψαntFoγFsπnμχαFtopSquarτFproΣuΓtπonFπnFassoΓπatπonFwπtνFaF’FbosonFπnFtναFsπnμχαSχαptonF
ΓνannαχFatFNsqrt{s}FeF_RtαxtF{}α‘}OFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 1

526 rαtFαnαrμyFsΓaχαFanΣFrαsoχutπonFψαasurαΣFπnFprotonâ��protonFΓoχχπsπonsFatFNsqrt{s}eWYOF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 11

525
uαasurαψαntsFoγFtναFπnΓχusπvαFanΣFΣπγγαrαntπaχFproΣuΓtπonFΓrossFsαΓtπonsFoγFaFtopSquarτâ��antπquarτF
paπrFπnFassoΓπatπonFwπtνFaF FbosonFatFNsqrt{s}FeFWYOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2021RF_WRFW

4.2 1

524 {αarΓνFγorFΣarτFψattαrFproΣuΓαΣFπnFassoΓπatπonFwπtνFaFsπnμχαFtopFquarτFπnFNsqrt{s}eWYOF}α‘FNppOF
ΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 4

523
uαasurαψαntsFoγFtopSquarτFpaπrFsπnμχαSFanΣFΣoubχαSΣπγγαrαntπaχFΓrossSsαΓtπonsFπnFtναFaχχSνaΣronπΓF
ΓνannαχFπnFppFΓoχχπsπonsFatFNFsqrt{ψatνrψ{s}}FOFeFWYF}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2021RFXVXWRFW

5.4 2

522 {αarΓνFγorFpναnoψαnaFbαyonΣFtναF{tanΣarΣFuoΣαχFπnFαvαntsFwπtνFχarμαFbSραtFψuχtπpχπΓπtyFusπnμFtναF
i}ti{FΣαtαΓtorFatFtναFtpkTFEuropeanuPhysicaluJournaluCRF2021RF_WRFW 4.2 1

521
{αarΓνFγorFΣarτFψattαrFproΣuΓαΣFπnFassoΓπatπonFwπtνFaF{tanΣarΣFuoΣαχFpπμμsFbosonFΣαΓayπnμFπntoF
bSquarτsFusπnμFtναFγuχχFzunFXFΣatasαtFγroψFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RF
XVXWRFW

5.4 0

520 uαasurαψαntFoγFtναFproΣuΓtπonFΓrossFsαΓtπonFoγFpaπrsFoγFπsoχatαΣFpνotonsFπnFppFΓoχχπsπonsFatFWYF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RFXVXWRFW 5.4 0

519
{αarΓνFγorFαxotπΓFΣαΓaysFoγFtναFpπμμsFbosonFπntoFχonμSχπvαΣFpartπΓχαsFπnFppFΓoχχπsπonsFatFJJFsqrt{s}FJJF
eFWYF}α‘FusπnμFΣπspχaΓαΣFvαrtπΓαsFπnFtναFi}ti{FπnnαrFΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RF
XVXWRFW

5.4 0

518
{αarΓνFγorFΓνarμπnoâ��nαutraχπnoFpaπrFproΣuΓtπonFπnFγπnaχFstatαsFwπtνFtνrααFχαptonsFanΣFψπssπnμF
transvαrsαFψoψαntuψFπnFJJsqrt{s}FeFWYJJ´ }α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2021RF_WRFW

4.2 1

517 konγπμuratπonFanΣFpαrγorψanΓαFoγFtναFi}ti{FbSραtFtrπμμαrsFπnFzunFXTFEuropeanuPhysicaluJournaluCRF
2021RF_WRFW 4.2 1

516
uαasurαψαntFoγFbSquarτFγraμψαntatπonFpropαrtπαsFπnFραtsFusπnμFtναFΣαΓayFj´–FSfFrUˇ�s´–FπnFppF
ΓoχχπsπonsFatFJJFsqrt{s}FJJFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2021RF
XVXWRFW

5.4 0

515 pπμμsFbosonFproΣuΓtπonFΓrossSsαΓtπonFψαasurαψαntsFanΣFtναπrFmn}FπntαrprαtatπonFπnFtναFNZαχχFOF
ΣαΓayFΓνannαχFatFNsqrt{s}eOWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 12

514 {αarΓνFγorFpaπrsFoγFsΓaχarFχαptoquarτsFΣαΓayπnμFπntoFquarτsFanΣFαχαΓtronsForFψuonsFπnFNFsqrt{s}FOFeFWYF
}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 8

513 {αarΓνFγorFsquarτsFanΣFμχuπnosFπnFγπnaχFstatαsFwπtνFsaψαSsπμnFχαptonsFanΣFραtsFusπnμFWYaFγbâ��WFoγFΣataF
ΓoχχαΓtαΣFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 8

512 uαasurαψαntFoγFtναF NSfFâ��Qâ��â��O˛‡FproΣuΓtπonFΓrossSsαΓtπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνF
tναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 2
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511 uαasurαψαntFoγFχonμSranμαFtwoSpartπΓχαFazπψutνaχFΓorrαχatπonsFπnF SbosonFtaμμαΣFppFΓoχχπsπonsFatF
Nsqrt{s}e_OFanΣFWYF}α‘TFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 3

510 xαrγorψanΓαFoγFαχαΓtronFanΣFpνotonFtrπμμαrsFπnFi}ti{FΣurπnμFtpkFzunFXTFEuropeanuPhysicaluJournalu
CRF2020RF_VRFW 4.2 30

509
{αarΓνFγorFαχαΓtrowαaτFproΣuΓtπonFoγFΓνarμπnosFanΣFsχαptonsFΣαΓayπnμFπntoFγπnaχFstatαsFwπtνFtwoF
χαptonsFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFNsqrt{s}eWYOFNtαxtF{}α‘}OFppFΓoχχπsπonsFusπnμFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW

4.2 50

508 {αarΓνFγorFtopFsquarτsFπnFαvαntsFwπtνFaFpπμμsForF FbosonFusπnμFWYaFγbN−{SW}OFoγFppFΓoχχπsπonFΣataFatF
Nsqrt{s}eWYOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 1

507 mvπΣαnΓαFγorFNtbar{t}tbar{t}OFproΣuΓtπonFπnFtναFψuχtπχαptonFγπnaχFstatαFπnFprotonâ��protonFΓoχχπsπonsFatF
Nsqrt{s}eWYOFNtαxtF{}α‘}OFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 8

506 {αarΓνFγorFναavyFΣπbosonFrαsonanΓαsFπnFsαψπχαptonπΓFγπnaχFstatαsFπnFppFΓoχχπsπonsFatFNsqrt{s}eWYOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 4

505
{αarΓνFγorFχπμνtFχonμSχπvαΣFnαutraχFpartπΓχαsFproΣuΓαΣFπnFppFΓoχχπsπonsFatFNsqrt{s}FeFWY~ψatνrψF{}α‘}OF
anΣFΣαΓayπnμFπntoFΓoχχπψatαΣFχαptonsForFχπμνtFνaΣronsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2020RF_VRFW

4.2 8

504
{αarΓνFγorFaFsΓaχarFpartnαrFoγFtναFtopFquarτFπnFtναFaχχSνaΣronπΓFNt{bar{t}}OFpχusFψπssπnμFtransvαrsαF
ψoψαntuψFγπnaχFstatαFatFNsqrt{s}eWYOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF
2020RF_VRFW

4.2 17

503 iχπμnψαntFoγFtναFi}ti{FqnnαrFlαtαΓtorFπnFzunFXTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 4

502 lαtαrψπnatπonFoγFραtFΓaχπbratπonFanΣFαnαrμyFrαsoχutπonFπnFprotonâ��protonFΓoχχπsπonsFatFNsqrt{s}FeF
_~νboxF{}α‘}OFusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 3

501 uαasurαψαntFoγFrUˇ�FproΣuΓtπonFπnFassoΓπatπonFwπtνFaF’´–FbosonFwπtνFppFΣataFatF_F}α‘TFJournaluofu
HighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 4

500 {αarΓνFγorFnαwFrαsonanΓαsFπnFψassFΣπstrπbutπonsFoγFραtFpaπrsFusπnμFWYaFγbâ��WFoγFppFΓoχχπsπonsFatFNF
sqrt{ψatνrψ{s}}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 20

499 {αarΓνFγorFNFtovαrχπnα{t}FOFrαsonanΓαsFπnFγuχχyFνaΣronπΓFγπnaχFstatαsFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 6

498 zαΓonstruΓtπonFanΣFπΣαntπγπΓatπonFoγFboostαΣFΣπSˇ�FsystαψsFπnFaFsαarΓνFγorFpπμμsFbosonFpaπrsFusπnμFWYF
}α‘FprotonSprotonFΓoχχπsπonFΣataFπnFi}ti{TFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 3

497 xαrγorψanΓαFoγFtναFψπssπnμFtransvαrsαFψoψαntuψFtrπμμαrsFγorFtναFi}ti{FΣαtαΓtorFΣurπnμFzunSXF
ΣataFtaτπnμTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 8

496 {αarΓνFγorFnαwFnonSrαsonantFpναnoψαnaFπnFνπμνSψassFΣπχαptonFγπnaχFstatαsFwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 9

495 uαasurαψαntsFoγFtναFpπμμsFbosonFπnΓχusπvαFanΣFΣπγγαrαntπaχFγπΣuΓπaχFΓrossFsαΓtπonsFπnFtναFZNαχχFOF
ΣαΓayFΓνannαχFatFNsqrt{s}OFeFWYF}α‘TFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 9

494 nχuΓtuatπonsFoγFanπsotropπΓFγχowFπnFxbQxbFΓoχχπsπonsFatFNFsqrt{{ψatνrψ{s}}≥{ψatνrψ{vv}}}FOFeF[TVXF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 13

(2020-2020)
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493
{αarΓνFγorFΣπrαΓtFproΣuΓtπonFoγFαχαΓtrowαaτπnosFπnFγπnaχFstatαsFwπtνFonαFχαptonRFψπssπnμFtransvαrsαF
ψoψαntuψFanΣFaFpπμμsFbosonFΣαΓayπnμFπntoFtwoFbSραtsFπnFNppOFΓoχχπsπonsFatFNsqrt{s}eWYOF}α‘FwπtνF
tναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW

4.2 13

492 uαasurαψαntFoγFΣπγγαrαntπaχFΓrossFsαΓtπonsFγorFsπnμχαFΣπγγraΓtπvαFΣπssoΓπatπonFπnFNFsqrt{s}FOFeF_F}α‘FppF
ΓoχχπsπonsFusπnμFtναFi}ti{FitniFspαΓtroψαtαrTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 1

491 uαasurαψαntFoγFπsoχatαΣSpνotonFpχusFtwoSραtFproΣuΓtπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνF
tναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 2

490
uαasurαψαntsFoγFtναFproΣuΓtπonFΓrossSsαΓtπonFγorFaF FbosonFπnFassoΓπatπonFwπtνFbSραtsFπnF
protonSprotonFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2020RFXVXVRFW

5.4 5

489
{αarΓνFγorFtναFppFSfFNFbovαrχπnα{b}bovαrχπnα{b}FOFproΓαssFvπaFvαΓtorSbosonFγusπonFproΣuΓtπonFusπnμF
protonSprotonFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2020RFXVXVRFW

5.4 5

488 wbsαrvatπonFoγFtναFassoΓπatαΣFproΣuΓtπonFoγFaFtopFquarτFanΣFaF FbosonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOeF
WYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW 5.4 5

487
{αarΓνFγorFΣπrαΓtFproΣuΓtπonFoγFαχαΓtrowαaτπnosFπnFγπnaχFstatαsFwπtνFψπssπnμFtransvαrsαFψoψαntuψF
anΣFaFpπμμsFbosonFΣαΓayπnμFπntoFpνotonsFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2020RFXVXVRFW

5.4 1

486 uαasurαψαntsFoγFtopSquarτFpaπrFspπnFΓorrαχatπonsFπnFtναFNαψuFOFΓνannαχFatFNsqrt{s}FeFWYOF}α‘FusπnμF
ppFΓoχχπsπonsFπnFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2020RF_VRFW 4.2 8

485 uαasurαψαntFoγFtναFΓrossSsαΓtπonFanΣFΓνarμαFasyψψαtryFoγF’FbosonsFproΣuΓαΣFπnFprotonâ��protonF
ΓoχχπsπonsFatFNsqrt{s}e_~tαxtF{}α‘}OFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 11

484
uαasurαψαntFoγFραtSsubstruΓturαFobsαrvabχαsFπnFtopFquarτRF’FbosonFanΣFχπμνtFραtFproΣuΓtπonFπnF
protonSprotonFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2019RFXVWaRFW

5.4 8

483 mχαΓtronFrαΓonstruΓtπonFanΣFπΣαntπγπΓatπonFπnFtναFi}ti{FαxpαrπψαntFusπnμFtναFXVW[FanΣFXVW]FtpkF
protonâ��protonFΓoχχπsπonFΣataFatFNsqrt{s}FeFWYOFNtαxtF{}α‘}OTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 37

482 uαasurαψαntFoγFΣπstrπbutπonsFsαnsπtπvαFtoFtναFunΣαrχyπnμFαvαntFπnFπnΓχusπvαF FbosonFproΣuΓtπonFπnF
ppFΓoχχπsπonsFatFNsqrt{s}OFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 2

481 {αarΓνFγorFsπnμχαFproΣuΓtπonFoγFvαΓtorSχπταFquarτsFΣαΓayπnμFπntoF’bFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 14

480 {αarΓνFγorFtopSquarτFΣαΓaysFtFSfFpqFwπtνFY]Fγbâ��WFoγFppFΓoχχπsπonFΣataFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 13

479
uαasurαψαntFoγF‘pRFNFψatνrψ{p}toFψatνrψ{b}ovαrχπnα{ψatνrψ{b}}FOFproΣuΓtπonFasFaFγunΓtπonFoγF
tναFvαΓtorSbosonFtransvαrsαFψoψαntuψFπnFWYF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2019RFXVWaRFW

5.4 8

478 uαasurαψαntsFoγF’FanΣF FbosonFproΣuΓtπonFπnFppFΓoχχπsπonsFatFNsqrt{s}e[TVXOF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 12

477 xαrγorψanΓαFoγFtopSquarτFanΣFNvarvαΓ{’}OSbosonFtaμμπnμFwπtνFi}ti{FπnFzunFXFoγFtναFtpkTFEuropeanu
PhysicaluJournaluCRF2019RF^aRFW 4.2 19

476 uαasurαψαntsFoγFπnΓχusπvαFanΣFΣπγγαrαntπaχFγπΣuΓπaχFΓrossSsαΓtπonsFoγFNtbar{t}μaψψaFOFproΣuΓtπonFπnF
χαptonπΓFγπnaχFstatαsFatFNsqrt{s}eWY~tαxtF{}α‘}OFπnFi}ti{TFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 7

Tatsuo Kawamoto
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475 mχαΓtronFanΣFpνotonFαnαrμyFΓaχπbratπonFwπtνFtναFi}ti{FΣαtαΓtorFusπnμFXVW[â��XVW]FtpkF
protonSprotonFΓoχχπsπonFΣataTFJournaluofuInstrumentationRF2019RFWZRFxVYVW^SxVYVW^ 1 25

474 {αarΓνFγorFΣoubχyFΓνarμαΣFsΓaχarFbosonsFΣαΓayπnμFπntoFsaψαSsπμnFbosonFpaπrsFwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRF[_ 4.2 20

473
{αarΓνFγorFναavyFuaρoranaForFlπraΓFnαutrπnosFanΣFrπμνtSνanΣαΣF’FμauμαFbosonsFπnFγπnaχFstatαsFwπtνF
twoFΓνarμαΣFχαptonsFanΣFtwoFραtsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2019RFXVWaRFW

5.4 21

472 qnFsπtuFΓaχπbratπonFoγFχarμαSraΣπusFραtFαnαrμyFanΣFψassFπnFWYF}α‘Fprotonâ��protonFΓoχχπsπonsFwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 16

471 uαasurαψαntFoγFtναFpνotonFπΣαntπγπΓatπonFαγγπΓπαnΓπαsFwπtνFtναFi}ti{FΣαtαΓtorFusπnμFtpkFzunFXF
ΣataFΓoχχαΓtαΣFπnFXVW[FanΣFXVW]TFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 26

470 uαasurαψαntFoγFtναFratπoFoγFΓrossFsαΓtπonsFγorFπnΓχusπvαFπsoχatαΣSpνotonFproΣuΓtπonFπnFppFΓoχχπsπonsF
atFNFsqrt{s}FOFeFWYFanΣF_F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 5

469 uαasurαψαntFoγFtναFtopFquarτFψassFπnFtναFNtbar{t}rπμνtarrowFOFχαptonQραtsFΓνannαχFγroψFNsqrt{s}e_OF
}α‘Fi}ti{FΣataFanΣFΓoψbπnatπonFwπtνFprαvπousFrαsuχtsTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 24

468
{αarΓνFγorFpaπrFproΣuΓtπonFoγFpπμμsFbosonsFπnFtναFNFbovαrχπnα{b}bovαrχπnα{b}FOFγπnaχFstatαFusπnμF
protonSprotonFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2019RFXVWaRFW

5.4 31

467 konstraπntsFonFψαΣπatorSbasαΣFΣarτFψattαrFanΣFsΓaχarFΣarτFαnαrμyFψoΣαχsFusπnμFNFsqrt{s}FOFeFWYF}α‘F
ppFΓoχχπsπonFΣataFΓoχχαΓtαΣFbyFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 31

466 {αarΓνFγorFχonμSχπvαΣFnαutraχFpartπΓχαsFπnFppFΓoχχπsπonsFatFN{sqrt{s}}FeFWY~{tαxtF{F}α‘}}OFtνatFΣαΓayFπntoF
ΣπspχaΓαΣFνaΣronπΓFραtsFπnFtναFi}ti{FΓaχorπψαtαrTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 18

465 {αarΓνFγorFpπμμsFbosonFpaπrFproΣuΓtπonFπnFtναF’’NPO’’NPOFΣαΓayFΓνannαχFusπnμFi}ti{FΣataF
rαΓorΣαΣFatFNFsqrt{ψatνrψ{s}}FOFeFWYF}α‘TFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 12

464 {αarΓνFγorFχarμαFψπssπnμFtransvαrsαFψoψαntuψFπnFassoΓπatπonFwπtνFonαFtopSquarτFπnFprotonSprotonF
ΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 7

463
uαasurαψαntFoγFN’−{pψF} OFproΣuΓtπonFΓrossFsαΓtπonsFanΣFμauμαFbosonFpoχarπsatπonFπnFppF
ΓoχχπsπonsFatFNsqrt{s}FeFWY~tαxtF{}α‘}OFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF
^aRFW

4.2 20

462 {αarΓναsFγorFtνπrΣSμαnαratπonFsΓaχarFχαptoquarτsFπnFNFsqrt{s}FOFeFWYF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 18

461
{αarΓνFγorFsΓaχarFrαsonanΓαsFΣαΓayπnμFπntoF˛…Q˛…â��FπnFαvαntsFwπtνFanΣFwπtνoutFbStaμμαΣFραtsFproΣuΓαΣF
πnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2019RFXVWaRFW

5.4 8

460 {αarΓνFγorFΣπbosonFrαsonanΓαsFπnFνaΣronπΓFγπnaχFstatαsFπnFWYaFγbâ��WFoγFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 10

459 {αarΓνFγorFαxΓπtαΣFαχαΓtronsFsπnμχyFproΣuΓαΣFπnFprotonâ��protonFΓoχχπsπonsFatFJJsqrt{s}F~e~WY~tαxtF
{}α}tαxtF{‘}JJFwπtνFtναFi}ti{FαxpαrπψαntFatFtναFtpkTFEuropeanuPhysicaluJournaluCRF2019RF^aRF 4.2 3

458 qΣαntπγπΓatπonFoγFboostαΣFpπμμsFbosonsFΣαΓayπnμFπntoFbSquarτFpaπrsFwπtνFtναFi}ti{FΣαtαΓtorFatF
WY´ JJtαxtF{}α‘}JJTFEuropeanuPhysicaluJournaluCRF2019RF^aRF 4.2 11

(2019-2019)
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457 uαasurαψαntFoγFJJs≥{−VJJFanΣFJJtaψbΣaF−VJJFproΣuΓtπonFπnFJJtFbar{t}JJFΣπχαptonπΓFαvαntsFπnFppF
ΓoχχπsπonsFatFJJsqrt{s}FeJJF^F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 3

456 uαasurαψαntFoγFtναFπnΓχusπvαFπsoχatαΣSpνotonFΓrossFsαΓtπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeFWYF}α‘F
usπnμFY]Fγbâ��WFoγFi}ti{FΣataTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 2

455 iFstratαμyFγorFaFμαnαraχFsαarΓνFγorFnαwFpναnoψαnaFusπnμFΣataSΣαrπvαΣFsπμnaχFrαμπonsFanΣFπtsF
appχπΓatπonFwπtνπnFtναFi}ti{FαxpαrπψαntTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 14

454 uαasurαψαntFoγFtναFtopSquarτFψassFπnFNFtovαrχπnα{t}FOFQFWSραtFαvαntsFΓoχχαΓtαΣFwπtνFtναFi}ti{F
ΣαtαΓtorFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeF_F}α‘TFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 12

453 uαasurαψαntFoγFγπΣuΓπaχFanΣFΣπγγαrαntπaχFN’−Q’−SOFproΣuΓtπonFΓrossSsαΓtπonsFatFNsqrt{s}eWYOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 16

452 uαasurαψαntFoγF  FproΣuΓtπonFπnFtναFâ��â�� ˛‰ ˛‰FγπnaχFstatαFwπtνFtναFi}ti{FΣαtαΓtorFπnFppFΓoχχπsπonsFatFNF
sqrt{s}FOFeFWYF}α‘TFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 2

451 uαasurαψαntFoγFN’−{pψF}OSbosonFanΣF SbosonFproΣuΓtπonFΓrossSsαΓtπonsFπnFppFΓoχχπsπonsFatF
Nsqrt{s}eXT^]OF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 2

450
uαasurαψαntFoγFtναFπnΓχusπvαFΓrossSsαΓtπonFγorFtναFproΣuΓtπonFoγFραtsFπnFassoΓπatπonFwπtνFaF FbosonF
πnFprotonâ��protonFΓoχχπsπonsFatF_F}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF
^aRFW

4.2 4

449
{αarΓνFγorFναavyFnαutraχFχαptonsFπnFΣαΓaysFoγF’FbosonsFproΣuΓαΣFπnFWYF}α‘FppFΓoχχπsπonsFusπnμF
proψptFanΣFΣπspχaΓαΣFsπμnaturαsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2019RF
XVWaRFW

5.4 21

448 uαasurαψαntFoγFN’−pψFOFbosonFproΣuΓtπonFπnFxbQxbFΓoχχπsπonsFatFNsqrt{s≥{ψatνrψ{vv}}}FeF
[TVX~tαxtF{}α}tαxtF{‘}OFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 7

447 i}ti{FbSραtFπΣαntπγπΓatπonFpαrγorψanΓαFanΣFαγγπΓπαnΓyFψαasurαψαntFwπtνFNt{bar{t}}OFαvαntsFπnFppF
ΓoχχπsπonsFatFNsqrt{s}eWYOF}α‘TFEuropeanuPhysicaluJournaluCRF2019RF^aRFW 4.2 43

446
uαasurαψαntFoγFγχowFνarψonπΓsFΓorrαχatπonsFwπtνFψαanFtransvαrsαFψoψαntuψFπnFχαaΣâ��χαaΣFanΣF
protonâ��χαaΣFΓoχχπsπonsFatFNsqrt{s≥{ψatνrψ{vv}}}FeF[TVX~νboxF{}α‘}OFwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2019RF^aRFW

4.2 16

445
uαasurαψαntsFoγFtopSquarτFpaπrFΣπγγαrαntπaχFanΣFΣoubχαSΣπγγαrαntπaχFΓrossSsαΓtπonsFπnFtναFNαχχFOQραtsF
ΓνannαχFwπtνFppFΓoχχπsπonsFatFNsqrt{s}eWYOF}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluC
RF2019RF^aRFW

4.2 13

444 {αarΓνFγorFbottoψSsquarτFpaπrFproΣuΓtπonFwπtνFtναFi}ti{FΣαtαΓtorFπnFγπnaχFstatαsFΓontaπnπnμFpπμμsF
bosonsRFbSραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψTFJournaluofuHighuEnergyuPhysicsRF2019RFXVWaRFW 5.4 7

443
{αarΓνFγorFaΣΣπtπonaχFναavyFnαutraχFpπμμsFanΣFμauμαFbosonsFπnFtναFΣπtauFγπnaχFstatαFproΣuΓαΣFπnFY]F
γbâ��WFoγFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2018RFXVW_RFW

5.4 81

442 uαasurαψαntFoγFtναFΓrossSsαΓtπonFγorFproΣuΓπnμFaF’FbosonFπnFassoΓπatπonFwπtνFaFsπnμχαFtopFquarτFπnF
ppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFi}ti{TFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 10

441 uαasurαψαntFoγFtναFSbosonFψassFπnFppFΓoχχπsπonsFatFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2018RF^_RFWWV 4.2 59

440 {αarΓνFγorFnαwFpναnoψαnaFπnFνπμνSψassFγπnaχFstatαsFwπtνFaFpνotonFanΣFaFραtFγroψFΓoχχπsπonsFatFeF
WY´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFWVX 4.2 7
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439 {αarΓνFγorFtναFΣπrαΓtFproΣuΓtπonFoγFΓνarμπnosFanΣFnαutraχπnosFπnFγπnaχFstatαsFwπtνFtauFχαptonsFπnF
ΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFW[Z 4.2 23

438 uαasurαψαntFoγFχonμπtuΣπnaχFγχowFΣαΓorrαχatπonsFπnFxbQxbFΓoχχπsπonsFatFanΣF[TVXF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFWZX 4.2 35

437 uαasurαψαntFoγFquarτonπuψFproΣuΓtπonFπnFprotonSχαaΣFanΣFprotonSprotonFΓoχχπsπonsFatFwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFW^W 4.2 35

436 uαasurαψαntFoγFΣπγγαrαntπaχFΓrossSsαΓtπonsFoγFaFsπnμχαFtopFquarτFproΣuΓαΣFπnFassoΓπatπonFwπtνFaF
bosonFatFwπtνFi}ti{TFEuropeanuPhysicaluJournaluCRF2018RF^_RFW_] 4.2 5

435 {αarΓνFγorFναavyFrαsonanΓαsFπnFtναFanΣFγπnaχFstatαsFusπnμFprotonSprotonFΓoχχπsπonsFatF´ FwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFXaY 4.2 41

434 iFsαarΓνFγorFpaπrSproΣuΓαΣFrαsonanΓαsFπnFγourSραtFγπnaχFstatαsFatFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2018RF^_RFX[V 4.2 28

433
{αarΓνFγorFναavyFrαsonanΓαsFΣαΓayπnμFπntoFaF’ForF FbosonFanΣFaFpπμμsFbosonFπnFγπnaχFstatαsFwπtνF
χαptonsFanΣFbSραtsFπnFY]Fγbâ��WFoγFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2018RFXVW_RFW

5.4 26

432 {αarΓνFγorFναavyFrαsonanΓαsFΣαΓayπnμFπntoFπnFtναFγπnaχFstatαFπnFΓoχχπsπonsFatFwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFXZ 4.2 47

431 lπrαΓtFtopSquarτFΣαΓayFwπΣtνFψαasurαψαntFπnFtναFχαptonQραtsFΓνannαχFatFwπtνFtναFi}ti{F
αxpαrπψαntTFEuropeanuPhysicaluJournaluCRF2018RF^_RFWXa 4.2 11

430 {αarΓνFγorF’F’U’F FrαsonanΓαFproΣuΓtπonFπnFâ��˛‰qqFγπnaχFstatαsFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 22

429 uαasurαψαntFoγFtναFpπμμsFbosonFΓoupχπnμFpropαrtπαsFπnFtναFpFSfF  PFSfFZâ��FΣαΓayFΓνannαχFatFNF
sqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 36

428 uαasurαψαntFoγFπnΓχusπvαFραtFanΣFΣπραtFΓrossSsαΓtπonsFπnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}eWYFOF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 12

427 {αarΓνFγorFΣarτFψattαrFproΣuΓαΣFπnFassoΓπatπonFwπtνFbottoψForFtopFquarτsFπnF´ }α‘FΓoχχπsπonsFwπtνF
tναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFW_ 4.2 32

426 {αarΓνFγorFΣoubχyFΓνarμαΣFpπμμsFbosonFproΣuΓtπonFπnFψuχtπSχαptonFγπnaχFstatαsFwπtνFtναFi}ti{F
ΣαtαΓtorFusπnμFprotonSprotonFΓoχχπsπonsFatTFEuropeanuPhysicaluJournaluCRF2018RF^_RFWaa 4.2 55

425 uαasurαψαntFoγFpoχarπsatπonFπnFΣαΓaysFπnFprotonSprotonFΓoχχπsπonsFatF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2018RF^_RFW]Y 4.2 3

424 {αarΓναsFγorFναavyF  FanΣF ’FrαsonanΓαsFπnFtναFâ��â��qqFanΣF˛‰˛‰qqFγπnaχFstatαsFπnFppFΓoχχπsπonsFatFNF
sqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 17

423 {αarΓνFγorFpaπrFproΣuΓtπonFoγFupStypαFvαΓtorSχπταFquarτsFanΣFγorFγourStopSquarτFαvαntsFπnFγπnaχF
statαsFwπtνFψuχtπpχαFbSραtsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 23

422
uαasurαψαntFoγFΣπγγαrαntπaχFΓrossFsαΓtπonsFanΣF’QU’â��FΓrossSsαΓtπonFratπosFγorF’FbosonFproΣuΓtπonF
πnFassoΓπatπonFwπtνFραtsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2018RFXVW_RFW

5.4 7
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421 uαasurαψαntFoγFtναF’SbosonFψassFπnFppFΓoχχπsπonsFatFNsqrt{s}e^RFνboxF{}α‘}OFwπtνFtναFi}ti{F
ΣαtαΓtorF2018RF^_RFW 1

420 {αarΓνFγorFΣoubχyFΓνarμαΣFpπμμsFbosonFproΣuΓtπonFπnFψuχtπSχαptonFγπnaχFstatαsFwπtνFtναFi}ti{F
ΣαtαΓtorFusπnμFprotonâ��protonFΓoχχπsπonsFatFNsqrt{s}eWYRtαxtF{}α‘}OF2018RF^_RFW 1

419 {αarΓνFγorFναavyFrαsonanΓαsFΣαΓayπnμFπntoFaF’ForF FbosonFanΣFaFpπμμsFbosonFπnFγπnaχFstatαsFwπtνF
χαptonsFanΣFbSραtsFπnFY]Fγbâ��WFoγFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorF2018RFXVW_RFW 1

418
{αarΓνFγorFtναFpπμμsFbosonFproΣuΓαΣFπnFassoΓπatπonFwπtνFaFvαΓtorFbosonFanΣFΣαΓayπnμFπntoFtwoF
spπnSzαroFpartπΓχαsFπnFtναFpFSfFaaFSfFZbFΓνannαχFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW

5.4 14

417
uαasurαψαntFoγFtναFNF μaψψaFtoFnuFovαrχπnα{nu}μaψψaFOFproΣuΓtπonFΓrossFsαΓtπonFπnFppFΓoχχπsπonsF
atFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorFanΣFχπψπtsFonFanoψaχousFtrπpχαFμauμαSbosonF
ΓoupχπnμsTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW

5.4 6

416 xroψptFanΣFnonSproψptFαχχπptπΓFγχowFπnFxbQxbFΓoχχπsπonsFatF}αvFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2018RF^_RF^_Z 4.2 8

415 {αarΓνFγorFpπμμsFbosonFpaπrFproΣuΓtπonFπnFtναFΓνannαχFusπnμFΓoχχπsπonFΣataFrαΓorΣαΣFatF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFWVV^ 4.2 21

414 uαasurαψαntFoγFΓoχourFγχowFusπnμFραtSpuχχFobsαrvabχαsFπnFαvαntsFwπtνFtναFi}ti{FαxpαrπψαntFatTF
EuropeanuPhysicaluJournaluCRF2018RF^_RF_Z^ 4.2 5

413 inμuχarFanaχysπsFoγFjFVFΣFFSfFsP˛…Q˛…â��FΣαΓaysFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 44

412
{αarΓνFγorFaFnαwFναavyFμauμαSbosonFrαsonanΓαFΣαΓayπnμFπntoFaFχαptonFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFπnFY]FγbFoγFΓoχχπsπonsFatF´ }α‘FwπtνFtναFi}ti{FαxpαrπψαntTFEuropeanuPhysicaluJournaluCRF
2018RF^_RFZVW

4.2 23

411
{αarΓνFγorFΣarτFψattαrFπnFαvαntsFwπtνFaFνaΣronπΓaχχyFΣαΓayπnμFvαΓtorFbosonFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2018RFXVW_RFW

5.4 15

410
uαasurαψαntsFoγFΣπγγαrαntπaχFΓrossFsαΓtπonsFoγFtopFquarτFpaπrFproΣuΓtπonFπnFassoΓπatπonFwπtνFραtsFπnF
ppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RF
XVW_RFW

5.4 4

409
{αarΓνFγorFpπμμsFbosonFpaπrFproΣuΓtπonFπnFtναFNFupμaψψaFupμaψψaFbovαrχπnα{b}FOFγπnaχFstatαFwπtνF
WYF}α‘FppFΓoχχπsπonFΣataFΓoχχαΓtαΣFbyFtναFi}ti{FαxpαrπψαntTFJournaluofuHighuEnergyuPhysicsRF2018RF
XVW_RFW

5.4 23

408 {αarΓνFγorFnαwFpναnoψαnaFπnFαvαntsFwπtνFsaψαSΓνarμαFχαptonsFanΣFbSραtsFπnFppFΓoχχπsπonsFatFNF
sqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 21

407 uαasurαψαntFoγFtναFazπψutνaχFanπsotropyFoγFΓνarμαΣFpartπΓχαsFproΣuΓαΣFπnFeF[TVX´ }α‘FxbQxbF
ΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFaa^ 4.2 21

406 xαrγorψanΓαFoγFψπssπnμFtransvαrsαFψoψαntuψFrαΓonstruΓtπonFwπtνFtναFi}ti{FΣαtαΓtorFusπnμF
protonSprotonFΓoχχπsπonsFatTFEuropeanuPhysicaluJournaluCRF2018RF^_RFaVY 4.2 66

405 {αarΓνFγorFαχαΓtrowαaτFproΣuΓtπonFoγFsupαrsyψψαtrπΓFpartπΓχαsFπnFγπnaχFstatαsFwπtνFtwoForFtνrααF
χαptonsFatFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFaa[ 4.2 49

404 {αarΓνFγorFΓνarμαΣFpπμμsFbosonsFΣαΓayπnμFπntoFtopFanΣFbottoψFquarτsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 39
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403 wpαratπonFanΣFpαrγorψanΓαFoγFtναFi}ti{F}πχαFkaχorπψαtαrFπnFzun´ WTFEuropeanuPhysicaluJournaluCRF
2018RF^_RFa_^ 4.2 13

402
{αarΓνFγorFsupαrsyψψαtryFπnFγπnaχFstatαsFwπtνFψπssπnμFtransvαrsαFψoψαntuψFanΣFψuχtπpχαFbSραtsFπnF
protonSprotonFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2018RFXVW_RFW

5.4 28

401
{αarΓνFγorFpaπrFproΣuΓtπonFoγFναavyFvαΓtorSχπταFquarτsFΣαΓayπnμFπntoFνπμνSp}F’FbosonsFanΣFtopF
quarτsFπnFtναFχαptonSpχusSραtsFγπnaχFstatαFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW

5.4 16

400
{αarΓνFγorFtopSsquarτFpaπrFproΣuΓtπonFπnFγπnaχFstatαsFwπtνFonαFχαptonRFραtsRFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFusπnμFY]Fγbâ��WFoγFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonFΣataFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2018RFXVW_RFW

5.4 33

399 {αarΓνFγorFχonμSχπvαΣFΓνarμπnosFbasαΣFonFaFΣπsappαarπnμStraΓτFsπμnaturαFπnFppFΓoχχπsπonsFatFNF
sqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 48

398 {αarΓνFγorFsupαrsyψψαtryFπnFγπnaχFstatαsFwπtνFΓνarψFραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFWYF
}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 9

397
{αarΓνFγorFΓνarμαΣFpπμμsFbosonsFΣαΓayπnμFvπaFp´–FSfFˇ�´–˛‰ˇ�FπnFtναFˇ�QραtsFanΣFˇ�QχαptonFγπnaχFstatαsFwπtνF
Y]Fγbâ��WFoγFppFΓoχχπsπonFΣataFrαΓorΣαΣFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FαxpαrπψαntTFJournaluofu
HighuEnergyuPhysicsRF2018RFXVW_RFW

5.4 33

396 xroψptFanΣFnonSproψptFanΣFsupprαssπonFatFνπμνFtransvαrsαFψoψαntuψFπnFxbQxbFΓoχχπsπonsFwπtνF
tναFi}ti{FαxpαrπψαntTFEuropeanuPhysicaluJournaluCRF2018RF^_RF^]X 4.2 23

395 {αarΓνFγorFpπμμsFbosonFΣαΓaysFtoFbαyonΣStναS{tanΣarΣSuoΣαχFχπμνtFbosonsFπnFγourSχαptonFαvαntsF
wπtνFtναFi}ti{FΣαtαΓtorFatFNFsqrt{s}eWYFOF}α‘TFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 22

394 {αarΓνFγorFαxΓχusπvαFpπμμsFanΣF FbosonFΣαΓaysFtoFg˛‡FanΣFˇ�˛‡FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 6

393 uαasurαψαntsFoγFbSραtFtaμμπnμFαγγπΓπαnΓyFwπtνFtναFi}ti{FΣαtαΓtorFusπnμFNFtovαrχπnα{t}FOFαvαntsFatFNF
sqrt{s}eWYFOF}α‘TFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 31

392 {αarΓνFγorFγχavourSΓνanμπnμFnαutraχFΓurrαntFtopSquarτFΣαΓaysFtFSfFq FπnFprotonSprotonFΓoχχπsπonsFatFNF
sqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 8

391 uαasurαψαntFoγFtναFπnΓχusπvαFanΣFγπΣuΓπaχFproΣuΓtπonFΓrossSsαΓtπonsFπnFtναFχαptonQραtsFΓνannαχFπnF
ΓoχχπsπonsFatFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RFZ_^ 4.2 5

390 {αarΓνFγorFναavyFpartπΓχαsFΣαΓayπnμFπntoFtopSquarτFpaπrsFusπnμFχαptonSpχusSραtsFαvαntsFπnF
protonSprotonFΓoχχπsπonsFatF´ FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2018RF^_RF[][ 4.2 34

389
{αarΓνFγorFnαwFpναnoψαnaFusπnμFtναFπnvarπantFψassFΣπstrπbutπonFoγFsaψαSγχavourFopposπtαSsπμnF
ΣπχαptonFpaπrsFπnFαvαntsFwπtνFψπssπnμFtransvαrsαFψoψαntuψFπnF´ FΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2018RF^_RF]X[

4.2 15

388 {αarΓνFγorFΣarτFψattαrFanΣFotναrFnαwFpναnoψαnaFπnFαvαntsFwπtνFanFαnαrμαtπΓFραtFanΣFχarμαFψπssπnμF
transvαrsαFψoψαntuψFusπnμFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2018RFXVW_RFW 5.4 101

387
uαasurαψαntFoγFtναF±norψuχabFsααFtαxtℓFanΣF±norψuχabFsααFtαxtℓFproΣuΓtπonFΓrossFsαΓtπonsFπnF
ψuχtπχαptonFγπnaχFstatαsFusπnμFYTXFγb±norψuχabFsααFtαxtℓFoγF±norψuχabFsααFtαxtℓFΓoχχπsπonsFatF±norψuχabF
sααFtαxtℓFeFWYF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFZV

4.2 14

386
iFψαasurαψαntFoγFtναFΓaχorπψαtαrFrαsponsαFtoFsπnμχαFνaΣronsFanΣFΣαtαrψπnatπonFoγFtναFραtFαnαrμyF
sΓaχαFunΓαrtaπntyFusπnμFtpkFzunSWFSΓoχχπsπonFΣataFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2017RF^^RFX]

4.2 22
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385
uαasurαψαntFoγFtναFπnΓχusπvαFΓrossSsαΓtπonsFoγFsπnμχαFtopSquarτFanΣFtopSantπquarτFtSΓνannαχF
proΣuΓtπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2017RFXVW^RFW

5.4 22

384
uαasurαψαntFoγFραtFaΓtπvπtyFproΣuΓαΣFπnFtopSquarτFαvαntsFwπtνFanFαχαΓtronRFaFψuonFanΣFtwoF
StaμμαΣFραtsFπnFtναFγπnaχFstatαFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2017RF^^RFXXV

4.2 5

383 uαasurαψαntFoγFtναFbosonFpoχarπsatπonFπnF±norψuχabFsααFtαxtℓFαvαntsFγroψFΓoχχπsπonsFatF±norψuχabF
sααFtαxtℓFeF_F}α‘FπnFtναFχαpton´ Q´ ραtsFΓνannαχFwπtνFi}ti{TFEuropeanuPhysicaluJournaluCRF2017RF^^RFX]Z 4.2 19

382 mχαΓtronFαγγπΓπαnΓyFψαasurαψαntsFwπtνFtναFi}ti{FΣαtαΓtorFusπnμFXVWXFtpkFprotonSprotonFΓoχχπsπonF
ΣataTFEuropeanuPhysicaluJournaluCRF2017RF^^RFWa[ 4.2 61

381
uαasurαψαntsFoγFtopSquarτFpaπrFΣπγγαrαntπaχFΓrossSsαΓtπonsFπnFtναF±norψuχabFsααFtαxtℓFΓνannαχFπnF
ΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ }α‘FusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF
^^RFXaX

4.2 13

380 xαrγorψanΓαFoγFaχμorπtνψsFtνatFrαΓonstruΓtFψπssπnμFtransvαrsαFψoψαntuψFπnF±norψuχabFsααFtαxtℓeF
_F}α‘FprotonSprotonFΓoχχπsπonsFπnFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFXZW 4.2 38

379 uαasurαψαntFoγFtναFproψptFU±norψuχabFsααFtαxtℓFpaπrFproΣuΓtπonFΓrossSsαΓtπonFπnFΓoχχπsπonsFatF
±norψuχabFsααFtαxtℓ´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RF^] 4.2 47

378 {αarΓνFγorFtrπbosonF±norψuχabFsααFtαxtℓFproΣuΓtπonFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ ±norψuχabFsααF
tαxtℓFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFWZW 4.2 13

377 }opoχoμπΓaχFΓαχχFΓχustαrπnμFπnFtναFi}ti{FΓaχorπψαtαrsFanΣFπtsFpαrγorψanΓαFπnFtpkFzunFWTFEuropeanu
PhysicaluJournaluCRF2017RF^^RFZaV 4.2 177

376
nπΣuΓπaχRFtotaχFanΣFΣπγγαrαntπaχFΓrossSsαΓtπonFψαasurαψαntsFoγFSΓνannαχFsπnμχαFtopSquarτFproΣuΓtπonF
πnFΓoχχπsπonsFatF_´ }α‘FusπnμFΣataFΓoχχαΓtαΣFbyFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF
^^RF[YW

4.2 27

375 uαasurαψαntsFoγFαχαΓtrowαaτF±norψuχabFsααFtαxtℓFproΣuΓtπonFanΣFΓonstraπntsFonFanoψaχousFμauμαF
ΓoupχπnμsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFZ^Z 4.2 14

374 rαtFrαΓonstruΓtπonFanΣFpαrγorψanΓαFusπnμFpartπΓχαFγχowFwπtνFtναFi}ti{FlαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2017RF^^RFZ]] 4.2 42

373 uαasurαψαntFoγFψuχtπSpartπΓχαFazπψutνaχFΓorrαχatπonsFπnFppRFp´ Q´ xbFanΣFχowSψuχtπpχπΓπtyFxb´ Q´ xbF
ΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFZX_ 4.2 48

372 uαasurαψαntFoγFπnΓχusπvαFanΣFΣπγγαrαntπaχFΓrossFsαΓtπonsFπnFtναFpFSfF  FPFSfFZâ��FΣαΓayFΓνannαχFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 25

371 uαasurαψαntFoγFχαptonFΣπγγαrαntπaχFΣπstrπbutπonsFanΣFtναFtopFquarτFψassFπnFproΣuΓtπonFπnFΓoχχπsπonsF
atF´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RF_VZ 4.2 11

370 uαasurαψαntFoγFtναFNFtovαrχπnα{t}μaψψaFOFproΣuΓtπonFΓrossFsαΓtπonFπnFprotonSprotonFΓoχχπsπonsFatFNF
sqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 7

369
uαasurαψαntsFoγFΓνarμαFanΣFkxFasyψψαtrπαsFπnFbSνaΣronFΣαΓaysFusπnμFtopSquarτFαvαntsFΓoχχαΓtαΣF
byFtναFi}ti{FΣαtαΓtorFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘TFJournaluofuHighuEnergyuPhysicsRF2017RF
XVW^RFW

5.4 6

368 xαrγorψanΓαFoγFtναFi}ti{FtraΓτFrαΓonstruΓtπonFaχμorπtνψsFπnFΣαnsαFαnvπronψαntsFπnFtpkFzunFXTF
EuropeanuPhysicaluJournaluCRF2017RF^^RF]^Y 4.2 33
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367
{αarΓνFγorFnαwFpναnoψαnaFπnFαvαntsFΓontaπnπnμFaFsaψαSγχavourFopposπtαSsπμnFΣπχαptonFpaπrRFραtsRF
anΣFχarμαFψπssπnμFtransvαrsαFψoψαntuψFπnF±norψuχabFsααFtαxtℓ´ ±norψuχabFsααFtαxtℓ±norψuχabFsααF
tαxtℓFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFWZZ

4.2 8

366
uαasurαψαntFoγFtναF  FproΣuΓtπonFΓrossFsαΓtπonFπnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘F
usπnμFtναF  FSfFâ��â�� â��Qâ��gâ��â��gQFanΣFNF  toF{αχχ}−{S}{αχχ}−{Q}nuFovαrχπnα{nu}FOFΣαΓayFΓνannαχsFwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW

5.4 9

365 xrobπnμFtναF’FtbFvαrtαxFstruΓturαFπnFtSΓνannαχFsπnμχαStopSquarτFproΣuΓtπonFanΣFΣαΓayFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 11

364 uαasurαψαntsFoγFˇ�NX{OFanΣF–NY_^XOFSfFrUˇ�ˇ�FQFˇ�Fâ��FproΣuΓtπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνF
tναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 15

363 uαasurαψαntsFoγFtopSquarτFpaπrFtoF SbosonFΓrossSsαΓtπonFratπosFatFNFsqrt{s}eWYFOFRF_RF^F}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 7

362 {αarΓνFγorFχαptonSγχavourSvπoχatπnμFΣαΓaysFoγFtναFpπμμsFanΣFbosonsFwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2017RF^^RF^V 4.2 52

361 xαrγorψanΓαFoγFtναFi}ti{FtrπμμαrFsystαψFπnFXVW[TFEuropeanuPhysicaluJournaluCRF2017RF^^RFYW^ 4.2 272

360 zαΓonstruΓtπonFoγFprπψaryFvαrtπΓαsFatFtναFi}ti{FαxpαrπψαntFπnFzunFWFprotonSprotonFΓoχχπsπonsFatF
tναFtpkTFEuropeanuPhysicaluJournaluCRF2017RF^^RFYYX 4.2 29

359
uαasurαψαntsFoγFtναFproΣuΓtπonFΓrossFsαΓtπonFoγFaF±norψuχabFsααFtαxtℓFbosonFπnFassoΓπatπonFwπtνF
ραtsFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF
2017RF^^RFY]W

4.2 26

358 xrαΓπsπonFψαasurαψαntFanΣFπntαrprαtatπonFoγFπnΓχusπvαFRFanΣFproΣuΓtπonFΓrossFsαΓtπonsFwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RFY]^ 4.2 56

357 uαasurαψαntFoγFραtFγraμψαntatπonFπnFxbQxbFanΣFΓoχχπsπonsFatF}α‘FwπtνFtναFi}ti{FΣαtαΓtorFatFtναF
tpkTFEuropeanuPhysicaluJournaluCRF2017RF^^RFY^a 4.2 35

356
{αarΓνFγorFΣarτFψattαrFatF±norψuχabFsααFtαxtℓFπnFγπnaχFstatαsFΓontaπnπnμFanFαnαrμαtπΓFpνotonFanΣF
χarμαFψπssπnμFtransvαrsαFψoψαntuψFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF
^^RFYaY

4.2 52

355
uαasurαψαntFoγFΓνarμαΣSpartπΓχαFΣπstrπbutπonsFsαnsπtπvαFtoFtναFunΣαrχyπnμFαvαntFπnFNFsqrt{s}eWYFOF
}α‘FprotonSprotonFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorFatFtναFtpkTFJournaluofuHighuEnergyuPhysicsRF
2017RFXVW^RFW

5.4 9

354 {αarΓνFγorFΣπrαΓtFtopFsquarτFpaπrFproΣuΓtπonFπnFγπnaχFstatαsFwπtνFtwoFχαptonsFπnF}α‘FΓoχχπsπonsFwπtνF
tναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RF_a_ 4.2 19

353
{αarΓνFγorFΣπrαΓtFtopFsquarτFpaπrFproΣuΓtπonFπnFαvαntsFwπtνFaFpπμμsForF FbosonRFanΣFψπssπnμF
transvαrsαFψoψαntuψFπnFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2017RFXVW^RFW

5.4 7

352
uαasurαψαntFoγFΣαtαΓtorSΓorrαΓtαΣFobsαrvabχαsFsαnsπtπvαFtoFtναFanoψaχousFproΣuΓtπonFoγFαvαntsF
wπtνFραtsFanΣFχarμαFψπssπnμFtransvαrsαFψoψαntuψFπnFΓoχχπsπonsFatF´ }α‘FusπnμFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2017RF^^RF^][

4.2 10

351 uαasurαψαntFoγFbSνaΣronFpaπrFproΣuΓtπonFwπtνFtναFi}ti{FΣαtαΓtorFπnFprotonSprotonFΓoχχπsπonsFatFNF
sqrt{s}e_FOF}α‘TFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 5

350 {αarΓνFγorFsupαrsyψψαtryFπnFαvαntsFwπtνFbStaμμαΣFραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 13
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349 uαasurαψαntFoγFtναFπnΓχusπvαFραtFΓrossSsαΓtπonsFπnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνF
tναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 12

348
{αarΓνFγorFpaπrFproΣuΓtπonFoγFvαΓtorSχπταFtopFquarτsFπnFαvαntsFwπtνFonαFχαptonRFραtsRFanΣFψπssπnμF
transvαrsαFψoψαntuψFπnFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2017RFXVW^RFW

5.4 27

347 qΣαntπγπΓatπonFanΣFrαραΓtπonFoγFpπχαSupFραtsFatFνπμνFpsαuΣorapπΣπtyFwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2017RF^^RF[_V 4.2 16

346
uαasurαψαntFoγFproΣuΓtπonFwπtνFtναFνaΣronπΓaχχyFΣαΓayπnμFbosonFrαΓonstruΓtαΣFasFonαForFtwoFραtsF
πnFΓoχχπsπonsFatFwπtνFi}ti{RFanΣFΓonstraπntsFonFanoψaχousFμauμαFΓoupχπnμsTFEuropeanuPhysicalu
JournaluCRF2017RF^^RF[]Y

4.2 15

345
{αarΓνFγorFnαwFpναnoψαnaFπnFaFχαptonFpχusFνπμνFραtFψuχtπpχπΓπtyFγπnaχFstatαFwπtνFtναFi}ti{F
αxpαrπψαntFusπnμFNFsqrt{s}eWYFOF}α‘FprotonSprotonFΓoχχπsπonFΣataTFJournaluofuHighuEnergyuPhysicsRF
2017RFXVW^RFW

5.4 7

344 {αarΓναsFγorFtναF ˛‡FΣαΓayFψoΣαFoγFtναFpπμμsFbosonFanΣFγorFnαwFνπμνSψassFrαsonanΓαsFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 20

343 {tuΣπαsFoγF ˛‡FproΣuΓtπonFπnFassoΓπatπonFwπtνFaFνπμνSψassFΣπραtFsystαψFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 7

342 uαasurαψαntsFoγFtopSquarτFpaπrFΣπγγαrαntπaχFΓrossSsαΓtπonsFπnFtναFχαptonQραtsFΓνannαχFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 12

341 {αarΓνFγorFtopFquarτFΣαΓaysFtFSfFqpRFwπtνFpFSfF˛‡˛‡RFπnFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonsFusπnμFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 12

340 {tuΣyFoγFanΣFproΣuΓtπonFπnFΓoχχπsπonsFatFanΣFsαarΓνFγorFanoψaχousFquartπΓFμauμαFΓoupχπnμsFwπtνFtναF
i}ti{FαxpαrπψαntTFEuropeanuPhysicaluJournaluCRF2017RF^^RF]Z] 4.2 11

339 uαasurαψαntsFoγFtopFquarτFspπnFobsαrvabχαsFπnFNFtovαrχπnα{t}FOFαvαntsFusπnμFΣπχαptonFγπnaχFstatαsFπnFNF
sqrt{s}e_FOF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 12

338
{αarΓνFγorFnαwFpναnoψαnaFwπtνFχarμαFραtFψuχtπpχπΓπtπαsFanΣFψπssπnμFtransvαrsαFψoψαntuψFusπnμF
χarμαSraΣπusFραtsFanΣFγχavourStaμμπnμFatFi}ti{FπnFWYF}α‘FppFΓoχχπsπonsTFJournaluofuHighuEnergyuPhysics
RF2017RFXVW^RFW

5.4 8

337 }opSquarτFψassFψαasurαψαntFπnFtναFaχχSνaΣronπΓFNFtovαrχπnα{t}FOFΣαΓayFΓνannαχFatFNFsqrt{s}e_FOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 6

336 uαasurαψαntFoγFtναFlrαχχS—anFtrπpχαSΣπγγαrαntπaχFΓrossFsαΓtπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘TF
JournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 16

335 {αarΓνFγorFaFsΓaχarFpartnαrFoγFtναFtopFquarτFπnFtναFραtsFpχusFψπssπnμFtransvαrsαFψoψαntuψFγπnaχF
statαFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 30

334
{αarΓνFγorFsupαrsyψψαtryFπnFγπnaχFstatαsFwπtνFtwoFsaψαSsπμnForFtνrααFχαptonsFanΣFραtsFusπnμFY]Fγbâ��WF
oγFNFsqrt{s}eWYFOF}α‘FppFΓoχχπsπonFΣataFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RF
XVW^RFW

5.4 22

333
{αarΓνFγorFpaπrFproΣuΓtπonFoγFναavyFvαΓtorSχπταFquarτsFΣαΓayπnμFtoFνπμνSpF}F’FbosonsFanΣFbFquarτsF
πnFtναFχαptonSpχusSραtsFγπnaχFstatαFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
JournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW

5.4 29

332 uαasurαψαntFoγFtναFτFtFspχπttπnμFsΓaχαsFπnF FSfFâ��â��FαvαntsFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RFXVW^RFW 5.4 3
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331
inaχysπsFoγFtναF’tbFvαrtαxFγroψFtναFψαasurαψαntFoγFtrπpχαSΣπγγαrαntπaχFanμuχarFΣαΓayFratαsFoγF
sπnμχαFtopFquarτsFproΣuΓαΣFπnFtναFtSΓνannαχFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2017RFXVW^RFW

5.4 7

330 mvπΣαnΓαFγorFtναFNFptoFbovαrχπnα{b}FOFΣαΓayFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2017RFXVW^RFW 5.4 50

329
{αarΓνFγorFnαwFνπμνSψassFpναnoψαnaFπnFtναFΣπχαptonFγπnaχFstatαFusπnμFY]Fγbâ��WFoγFprotonSprotonF
ΓoχχπsπonFΣataFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2017RF
XVW^RFW

5.4 126

328 lαtαrψπnatπonFoγFtναFstronμFΓoupχπnμFΓonstantFγroψFtransvαrsαFαnαrμySαnαrμyFΓorrαχatπonsFπnF
ψuχtπραtFαvαntsFatFusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2017RF^^RF_^X 4.2 19

327 zαΓonstruΓtπonFoγFνaΣronπΓFΣαΓayFproΣuΓtsFoγFtauFχαptonsFwπtνFtναFi}ti{FαxpαrπψαntTFEuropeanu
PhysicaluJournaluCRF2016RF^]RFXa[ 4.2 28

326 xαrγorψanΓαFoγFpπχαSupFψπtπμatπonFtαΓνnπquαsFγorFραtsFπnF±norψuχabFsααFtαxtℓFΓoχχπsπonsFatF±norψuχabF
sααFtαxtℓ´ }α‘FusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RF[_W 4.2 148

325 uαasurαψαntFoγFtναFΓνarμαΣSpartπΓχαFψuχtπpχπΓπtyFπnsπΣαFραtsFγroψF±norψuχabFsααFtαxtℓ±norψuχabFsααF
tαxtℓ´ FΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFYXX 4.2 35

324 uαasurαψαntFoγFραtFaΓtπvπtyFπnFtopFquarτFαvαntsFusπnμFtναFα˛…FγπnaχFstatαFwπtνFtwoFbStaμμαΣFραtsFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 4

323
uαasurαψαntFoγFtναFtransvαrsαFψoψαntuψFanΣF±norψuχabFsααFtαxtℓFΣπstrπbutπonsFoγFlrαχχS—anF
χαptonFpaπrsFπnFprotonSprotonFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2016RF^]RFXaW

4.2 63

322
uαasurαψαntFoγFγπΣuΓπaχFΣπγγαrαntπaχFΓrossFsαΓtπonsFoγFμχuonSγusπonFproΣuΓtπonFoγFpπμμsFbosonsF
ΣαΓayπnμFtoF’’FPSfα˛‰˛…˛‰FwπtνFtναFi}ti{FΣαtαΓtorFatFNFsqrt{s}e_FOF}α‘TFJournaluofuHighuEnergyuPhysicsRF
2016RFXVW]RFW

5.4 13

321 {αarΓνFγorFnαwFpναnoψαnaFπnFαvαntsFwπtνFaFpνotonFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 13

320 iFsαarΓνFγorFtopFsquarτsFwπtνFzSparπtySvπoχatπnμFΣαΓaysFtoFaχχSνaΣronπΓFγπnaχFstatαsFwπtνFtναFi}ti{F
ΣαtαΓtorFπnFNFsqrt{s}e_FOF}α‘FprotonSprotonFΓoχχπsπonsTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 10

319 qΣαntπγπΓatπonFoγFνπμνFtransvαrsαFψoψαntuψFtopFquarτsFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 13

318 iFsαarΓνFγorFanFαxΓπtαΣFψuonFΣαΓayπnμFtoFaFψuonFanΣFtwoFραtsFπnppΓoχχπsπonsFatF
Jsqrt{s}cec_c{rψ{}α‘}}JFwπtνFtναFi}ti{FΣαtαΓtorTFNewuJournaluofuPhysicsRF2016RFW_RFV^YVXW 2.9 1

317 jαaψSπnΣuΓαΣFanΣFΓosψπΓSrayFbaΓτμrounΣsFobsαrvαΣFπnFtναFi}ti{FΣαtαΓtorFΣurπnμFtναFtpkFXVWXF
protonSprotonFrunnπnμFpαrπoΣTFJournaluofuInstrumentationRF2016RFWWRFxV[VWYSxV[VWY 1 8

316 uαasurαψαntsFoγFtopSquarτFpaπrFΣπγγαrαntπaχFΓrossSsαΓtπonsFπnFtναFχαptonQραtsFΓνannαχFπnFΓoχχπsπonsF
atF±norψuχabFsααFtαxtℓFusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RF[Y_ 4.2 48

315
uαasurαψαntFoγFtναFΣπγγαrαntπaχFΓrossSsαΓtπonsFoγFproψptFanΣFnonSproψptFproΣuΓtπonFoγF±norψuχabF
sααFtαxtℓFanΣF±norψuχabFsααFtαxtℓFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFanΣF_´ }α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFX_Y

4.2 42

314 tuψπnosπtyFΣαtαrψπnatπonFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFeF_F}α‘FusπnμFtναFi}ti{FΣαtαΓtorFatF
tναFtpkTFEuropeanuPhysicaluJournaluCRF2016RF^]RF][Y 4.2 188
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313
{αarΓνFγorFsquarτsFanΣFμχuπnosFπnFαvαntsFwπtνFνaΣronπΓaχχyFΣαΓayπnμFtauFχαptonsRFραtsFanΣFψπssπnμF
transvαrsαFψoψαntuψFπnFprotonSprotonFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ }α‘FrαΓorΣαΣFwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RF]_Y

4.2 7

312
iΣΣαnΣuψFtoFâ��uαasurαψαntFoγFtναFNtbar{t}OFproΣuΓtπonFΓrossSsαΓtπonFusπnμFNαψuFOFαvαntsFwπtνF
bStaμμαΣFραtsFπnFppFΓoχχπsπonsFatFNsqrt{s}OFeF^FanΣF_FNRψatνrψ{}α‘}OFwπtνFtναFi}ti{FΣαtαΓtorâ��TF
EuropeanuPhysicaluJournaluCRF2016RF^]RFW

4.2 13

311 uαasurαψαntFoγFtναFanμuχarFΓoαγγπΓπαntsFπnF SbosonFαvαntsFusπnμFαχαΓtronFanΣFψuonFpaπrsFγroψF
ΣataFtaταnFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 20

310 {αarΓναsFγorFναavyFΣπbosonFrαsonanΓαsFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 20

309 larτFψattαrFπntαrprαtatπonsFoγFi}ti{FsαarΓναsFγorFtναFαχαΓtrowαaτFproΣuΓtπonFoγFsupαrsyψψαtrπΓF
partπΓχαsFπnFNFsqrt{s}e_FOF}α‘FprotonSprotonFΓoχχπsπonsTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 16

308
{αarΓνFγorFtναF{tanΣarΣFuoΣαχFpπμμsFbosonFΣαΓayπnμFπntoFNFbovαrχπnα{b}FOFproΣuΓαΣFπnFassoΓπatπonF
wπtνFtopFquarτsFΣαΓayπnμFνaΣronπΓaχχyFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
JournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW

5.4 16

307 uαasurαψαntFoγFtναFkxSvπoχatπnμFpνasαFgFsFanΣFtναFjFVFsFψαsonFΣαΓayFwπΣtνFΣπγγαrαnΓαFwπtνFjFVFsF
FSfFrUˇ�gFΣαΓaysFπnFi}ti{TFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 10

306
{αarΓνFγorFsquarτsFanΣFμχuπnosFπnFγπnaχFstatαsFwπtνFραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψFatF
±norψuχabFsααFtαxtℓFeWYF±norψuχabFsααFtαxtℓwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF
2016RF^]RFYaX

4.2 53

305 uαasurαψαntFoγFtναFΣoubχαSΣπγγαrαntπaχFνπμνSψassFlrαχχS—anFΓrossFsαΓtπonFπnFppFΓoχχπsπonsFatFNF
sqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 24

304 iFsαarΓνFγorFproψptFχαptonSραtsFπnFppFΓoχχπsπonsFatFNFsqrt{ψatνrψ{s}}e_FOF}α‘FwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 22

303 {αarΓνFγorFnαwFpναnoψαnaFwπtνFpνotonQραtFαvαntsFπnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 12

302
uαasurαψαntFoγFtναFΓαntraχπtyFΣαpαnΣαnΓαFoγFtναFΓνarμαΣSpartπΓχαFpsαuΣorapπΣπtyFΣπstrπbutπonFπnF
protonSχαaΣFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2016RF^]RFWaa

4.2 39

301 uαasurαψαntFoγFtναFproΣuΓtπonFΓrossSsαΓtπonFoγFaFsπnμχαFtopFquarτFπnFassoΓπatπonFwπtνFaF’FbosonFatF
_F}α‘FwπtνFtναFi}ti{FαxpαrπψαntTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 12

300 {αarΓνFγorFtναFproΣuΓtπonFoγFsπnμχαFvαΓtorSχπταFanΣFαxΓπtαΣFquarτsFπnFtναF’tFγπnaχFstatαFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 14

299 {αarΓνFγorFstronμFμravπtyFπnFψuχtπραtFγπnaχFstatαsFproΣuΓαΣFπnFppFΓoχχπsπonsFatFNFsqrt{s}eWYFOF}α‘FusπnμF
tναFi}ti{FΣαtαΓtorFatFtναFtpkTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 12

298 qΣαntπγπΓatπonFoγFboostαΣRFνaΣronπΓaχχyFΣαΓayπnμFbosonsFanΣFΓoψparπsonsFwπtνFi}ti{FΣataFtaταnFatF
±norψuχabFsααFtαxtℓ´ }α‘TFEuropeanuPhysicaluJournaluCRF2016RF^]RFW[Z 4.2 44

297 {αarΓνFγorFnαwFpναnoψαnaFπnFαvαntsFwπtνFatFχαastFtνrααFpνotonsFΓoχχαΓtαΣFπnFΓoχχπsπonsFatF±norψuχabF
sααFtαxtℓFeF_F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFXWV 4.2 53

296 xrobπnμFχαptonFγχavourFvπoχatπonFvπaFnαutrπnoχαssF±norψuχabFsααFtαxtℓFΣαΓaysFwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFXYX 4.2 12
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295 iFnαwFψαtνoΣFtoFΣπstπnμuπsνFνaΣronπΓaχχyFΣαΓayπnμFboostαΣFbosonsFγroψFbosonsFusπnμFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFXY_ 4.2 6

294 {αarΓνFγorFsupαrsyψψαtryFatF±norψuχabFsααFtαxtℓ´ }α‘FπnFγπnaχFstatαsFwπtνFραtsFanΣFtwoFsaψαSsπμnF
χαptonsForFtνrααFχαptonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFX[a 4.2 48

293 {αarΓνFγorFπnvπsπbχαFΣαΓaysFoγFaFpπμμsFbosonFusπnμFvαΓtorSbosonFγusπonFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 45

292
{αarΓνFγorFanoψaχousFΓoupχπnμsFπnFtναF’FtbFvαrtαxFγroψFtναFψαasurαψαntFoγFΣoubχαFΣπγγαrαntπaχF
anμuχarFΣαΓayFratαsFoγFsπnμχαFtopFquarτsFproΣuΓαΣFπnFtναFtSΓνannαχFwπtνFtναFi}ti{FΣαtαΓtorTF
JournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFWSZ]

5.4 12

291 {αarΓναsFγorFsΓaχarFχαptoquarτsFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFeF_´ }α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
EuropeanuPhysicaluJournaluCRF2016RF^]RF[ 4.2 68

290
uαasurαψαntsFoγFtναFpπμμsFbosonFproΣuΓtπonFanΣFΣαΓayFratαsFanΣFΓoupχπnμFstrαnμtνsFusπnμF
ΓoχχπsπonFΣataFatF±norψuχabFsααFtαxtℓFanΣF_´ }α‘FπnFtναFi}ti{FαxpαrπψαntTFEuropeanuPhysicaluJournaluC
RF2016RF^]RF]

4.2 185

289
uαasurαψαntsFoγFγπΣuΓπaχFΓrossSsαΓtπonsFγorF±norψuχabFsααFtαxtℓFproΣuΓtπonFwπtνFonαForFtwoF
aΣΣπtπonaχFSραtsFπnFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓe_F}α‘´ usπnμFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2016RF^]RFWW

4.2 21

288 {tuΣyFoγFtναF±norψuχabFsααFtαxtℓFanΣF±norψuχabFsααFtαxtℓFΣαΓaysFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2016RF^]RFZ 4.2 13

287
{αarΓνFγorFanFaΣΣπtπonaχRFναavyFpπμμsFbosonFπnFtναF±norψuχabFsααFtαxtℓFΣαΓayFΓνannαχFatF±norψuχabF
sααFtαxtℓFπnF±norψuχabFsααFtαxtℓFΓoχχπsπonFΣataFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF
2016RF^]RFZ[

4.2 152

286 {αarΓνFγorFsπnμχαFtopSquarτFproΣuΓtπonFvπaFγχavourSΓνanμπnμFnαutraχFΓurrαntsFatF_´ }α‘FwπtνFtναF
i}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RF[[ 4.2 28

285 uαasurαψαntFoγFtναFΓνarμαFasyψψαtryFπnFtopSquarτFpaπrFproΣuΓtπonFπnFtναFχαptonSpχusSραtsFγπnaχF
statαFπnFppFΓoχχπsπonFΣataFatFNsqrt{s}e_RψatνrψF}α‘{}OFwπtνFtναFi}ti{FΣαtαΓtorF2016RF^]RFW 1

284 {tuΣyFoγFνarΣFΣoubχαSpartonFsΓattαrπnμFπnFγourSραtFαvαntsFπnFppFΓoχχπsπonsFatFNFsqrt{s}e^FOF}α‘FwπtνF
tναFi}ti{FαxpαrπψαntTFJournaluofuHighuEnergyuPhysicsRF2016RFXVW]RFW 5.4 21

283
{αarΓνFγorFtναF{tanΣarΣFuoΣαχFpπμμsFbosonFproΣuΓαΣFbyFvαΓtorSbosonFγusπonFanΣFΣαΓayπnμFtoF
bottoψFquarτsFπnFNFsqrt{s}e_FOF}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyu
PhysicsRF2016RFXVW]RFW

5.4 8

282
uαasurαψαntFoγFαvαntSsνapαFobsαrvabχαsFπnF±norψuχabFsααFtαxtℓFαvαntsFπnFΓoχχπsπonsFatF±norψuχabF
sααFtαxtℓ´ ±norψuχabFsααFtαxtℓFwπtνFtναFi}ti{FΣαtαΓtorFatFtναFtpkTFEuropeanuPhysicaluJournaluCRF2016RF
^]RFY^[

4.2 5

281 kνarμαΣSpartπΓχαFΣπstrπbutπonsFπnFπntαraΓtπonsFatF±norψuχabFsααFtαxtℓFψαasurαΣFwπtνFtναFi}ti{F
ΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2016RF^]RFZVY 4.2 19

280 kνarμαΣSpartπΓχαFΣπstrπbutπonsFatFχowFtransvαrsαFψoψαntuψFπnF±norψuχabFsααFtαxtℓ´ }α‘FπntαraΓtπonsF
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sqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 57
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223 uαasurαψαntFoγFtναFγorwarΣSbaΓτwarΣFasyψψαtryFoγFαχαΓtronFanΣFψuonFpaπrSproΣuΓtπonFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}e^FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 18

222 uαasurαψαntFoγFΓνarμαΣSpartπΓχαFspαΓtraFπnFxbQxbFΓoχχπsπonsFatFNFsqrt{s≥{ψatνrψ{vv}}}eXT^]FOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorFatFtναFtpkTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 49

221 inaχysπsFoγFαvαntsFwπtνFbSραtsFanΣFaFpaπrFoγFχαptonsFoγFtναFsaψαFΓνarμαFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_F
OF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 26

220 konstraπntsFonFnαwFpναnoψαnaFvπaFpπμμsFbosonFΓoupχπnμsFanΣFπnvπsπbχαFΣαΓaysFwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 91

219 {αarΓνFγorFνπμνSψassFΣπbosonFrαsonanΓαsFwπtνFbosonStaμμαΣFραtsFπnFprotonSprotonFΓoχχπsπonsFatFNF
sqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFWSYa 5.4 66

218
lπγγαrαntπaχFtopSantπtopFΓrossSsαΓtπonFψαasurαψαntsFasFaFγunΓtπonFoγFobsαrvabχαsFΓonstruΓtαΣFγroψF
γπnaχSstatαFpartπΓχαsFusπnμFppFΓoχχπsπonsFatFNFsqrt{s}e^FOF}α‘FπnFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2015RFXVW[RFW

5.4 31

217 {αarΓνFγorFναavyFuaρoranaFnαutrπnosFwπtνFtναFi}ti{FΣαtαΓtorFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘TF
JournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 65

216
{αarΓνFγorFproΣuΓtπonFoγFvαΓtorSχπταFquarτFpaπrsFanΣFoγFγourFtopFquarτsFπnFtναFχαptonSpχusSραtsFγπnaχF
statαFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2015RFXVW[RFW

5.4 54

215 {αarΓνFγorFnαwFpναnoψαnaFπnFαvαntsFwπtνFtνrααForFψorαFΓνarμαΣFχαptonsFπnFppFΓoχχπsπonsFatFNF
sqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 16

214 {uψψaryFoγFtναFsαarΓναsFγorFsquarτsFanΣFμχuπnosFusπnμFNFsqrt{s}e_FOF}α‘FppFΓoχχπsπonsFwπtνFtναF
i}ti{FαxpαrπψαntFatFtναFtpkTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 55

213 lαtαrψπnatπonFoγFtναFtopSquarτFpoχαFψassFusπnμFNFtovαrχπnα{t}FOFQFWSραtFαvαntsFΓoχχαΓtαΣFwπtνFtναF
i}ti{FαxpαrπψαntFπnF^F}α‘FppFΓoχχπsπonsTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 15

212 uαasurαψαntFoγFtναFNFtovαrχπnα{t}’FOFanΣFNFtovαrχπnα{t} FOFproΣuΓtπonFΓrossFsαΓtπonsFπnFppFΓoχχπsπonsF
atFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 16

211 {αarΓνFγorFγχavourSΓνanμπnμFnαutraχFΓurrαntFtopFquarτFΣαΓaysFtFSfFpqFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF
}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFWS][ 5.4 18

210 {αarΓνFγorFναavyFχαptonFrαsonanΓαsFΣαΓayπnμFtoFaF FbosonFanΣFaFχαptonFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_F
OF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 22

209 {αarΓνFγorFsquarτsFanΣFμχuπnosFπnFαvαntsFwπtνFπsoχatαΣFχαptonsRFραtsFanΣFψπssπnμFtransvαrsαF
ψoψαntuψFatFNFsqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 37

208 mvπΣαnΓαFγorFtναFpπμμsSbosonF—uτawaFΓoupχπnμFtoFtauFχαptonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofu
HighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 74

207 uαasurαψαntFoγFtναFΓνarμαFasyψψαtryFπnFΣπχαptonπΓFΣαΓaysFoγFtopFquarτFpaπrsFπnFppFΓoχχπsπonsFatFNF
sqrt{s}e^FOF}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 16

206 {αarΓνFγorF±norψuχabFsααFtαxtℓFΣαΓaysFπnF±norψuχabFsααFtαxtℓFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ e´ _´ }α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2015RF^[RFW][ 4.2 25

(2015-2015)
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205 uαasurαψαntFoγFtναFtopSquarτFψassFπnFtναFγuχχyFνaΣronπΓFΣαΓayFΓνannαχFγroψFi}ti{FΣataFatF
±norψuχabFsααFtαxtℓTFEuropeanuPhysicaluJournaluCRF2015RF^[RFW[_ 4.2 8

204
{αarΓνFγorFΣπrαΓtFpaπrFproΣuΓtπonFoγFaFΓνarμπnoFanΣFaFnαutraχπnoFΣαΓayπnμFtoFtναFWX[´ oα‘FpπμμsF
bosonFπnF±norψuχabFsααFtαxtℓ´ }α‘F±norψuχabFsααFtαxtℓFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanu
PhysicaluJournaluCRF2015RF^[RFXV_

4.2 50

203 {tuΣyFoγFN’U OpFproΣuΓtπonFanΣFpπμμsFbosonFΓoupχπnμsFusπnμFpSfF’F’FPFΣαΓaysFwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2015RFXVW[RFW 5.4 14

202 {αarΓνFγorFψαtastabχαFναavyFΓνarμαΣFpartπΓχαsFwπtνFχarμαFπonπsatπonFαnαrμyFχossFπnFΓoχχπsπonsFatF
±norψuχabFsααFtαxtℓ´ }α‘FusπnμFtναFi}ti{FαxpαrπψαntTFEuropeanuPhysicaluJournaluCRF2015RF^[RFZV^ 4.2 18

201
uαasurαψαntFoγFtναFproΣuΓtπonFanΣFχαptonFΓνarμαFasyψψαtryFoγF±norψuχabFsααFtαxtℓFbosonsFπnF
xbQxbFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2015RF
^[RFXY

4.2 31

200 {αarΓνFγorFproΣuΓtπonFoγFN’’U’ OFrαsonanΓαsFΣαΓayπnμFtoFaFχαptonRFnαutrπnoFanΣFραtsFπnFNppOF
ΓoχχπsπonsFatFNsqrt{s}e_OF}α‘FwπtνFtναFi}ti{FΣαtαΓtorF2015RF^[RFW 1

199 {αarΓνFγorFnαwFpναnoψαnaFπnFγπnaχFstatαsFwπtνFanFαnαrμαtπΓFραtFanΣFχarμαFψπssπnμFtransvαrsαF
ψoψαntuψFπnFppFΓoχχπsπonsFatFNsqrt{s}e_~O}α‘FwπtνFtναFi}ti{FΣαtαΓtorF2015RF^[RFW 2

198 {tuΣyFoγFtναFspπnFanΣFparπtyFoγFtναFpπμμsFbosonFπnFΣπbosonFΣαΓaysFwπtνFtναFi}ti{FΣαtαΓtorF2015RF
^[RFW 3

197 i}ti{FzunFWFsαarΓναsFγorFΣπrαΓtFpaπrFproΣuΓtπonFoγFtνπrΣSμαnαratπonFsquarτsFatFtναFtarμαFpaΣronF
koχχπΣαrF2015RF^[RFW 3

196 uαasurαψαntFoγFtναFπnΓχusπvαFραtFΓrossSsαΓtπonFπnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}e^FOF}α‘FusπnμF
ZT[Fγbâ��WFoγFΣataFwπtνFtναFi}ti{FΣαtαΓtorF2015RFXVW[RFW 3

195 uαasurαψαntFoγFtναFtopFquarτFpaπrFproΣuΓtπonFΓνarμαFasyψψαtryFπnFprotonSprotonFΓoχχπsπonsFatFNF
sqrt{s}FOFeF^F}α‘FusπnμFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 24

194
{αarΓνFγorFtναFΣπrαΓtFproΣuΓtπonFoγFΓνarμπnosRFnαutraχπnosFanΣFstausFπnFγπnaχFstatαsFwπtνFatFχαastFtwoF
νaΣronπΓaχχyFΣαΓayπnμFtausFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFppFΓoχχπsπonsFatFNFsqrt{s}e_FOF}α‘F
wπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW

5.4 29

193
}ναFΣπγγαrαntπaχFproΣuΓtπonFΓrossFsαΓtπonFoγFtναF±norψuχabFsααFtαxtℓNWVXVOFψαsonFπnF±norψuχabFsααF
tαxtℓFeF^´ }α‘F±norψuχabFsααFtαxtℓFΓoχχπsπonsFψαasurαΣFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicalu
JournaluCRF2014RF^ZRFX_a[

4.2 12

192 mχαΓtronFrαΓonstruΓtπonFanΣFπΣαntπγπΓatπonFαγγπΓπαnΓyFψαasurαψαntsFwπtνFtναFi}ti{FΣαtαΓtorFusπnμF
tναFXVWWFtpkFprotonSprotonFΓoχχπsπonFΣataTFEuropeanuPhysicaluJournaluCRF2014RF^ZRFXaZW 4.2 160

191 uαasurαψαntFoγFtναFunΣαrχyπnμFαvαntFπnFραtFαvαntsFγroψF^FNtαxtF{}α‘}OFprotonâ��protonFΓoχχπsπonsF
wπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2014RF^ZRFW 4.2 18

190
uαasurαψαntFoγFtναFΓαntraχπtyFanΣFpsαuΣorapπΣπtyFΣαpαnΣαnΓαFoγFtναFπntαμratαΣFαχχπptπΓFγχowFπnF
χαaΣSχαaΣFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓ´ }α‘´ wπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF
2014RF^ZRFXa_X

4.2 18

189 tπμνtSquarτFanΣFμχuonFραtFΣπsΓrπψπnatπonFπnF±norψuχabFsααFtαxtℓFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFwπtνF
tναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2014RF^ZRFYVXY 4.2 46

188
uαasurαψαntFoγFtναFαχαΓtrowαaτFproΣuΓtπonFoγFΣπραtsFπnFassoΓπatπonFwπtνFaF SbosonFanΣF
ΣπstrπbutπonsFsαnsπtπvαFtoFvαΓtorFbosonFγusπonFπnFprotonSprotonFΓoχχπsπonsFatFNFsqrt{s}FOFeF_F}α‘FusπnμF
tναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW

5.4 14
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187
{αarΓνFγorFΣπrαΓtFproΣuΓtπonFoγFΓνarμπnosFanΣFnαutraχπnosFπnFαvαntsFwπtνFtνrααFχαptonsFanΣFψπssπnμF
transvαrsαFψoψαntuψFπnFNFsqrt{s}FOFeF_F}α‘FppFΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighu
EnergyuPhysicsRF2014RFXVWZRFW

5.4 76

186
uαasurαψαntFoγFtναFproΣuΓtπonFΓrossFsαΓtπonFoγFproψptFrUˇ�FψαsonsFπnFassoΓπatπonFwπtνFaF’F´–F
bosonFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeF^F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF
2014RFXVWZRFW

5.4 24

185 uαasurαψαntFoγFΣπραtFΓrossSsαΓtπonsFπnFppFΓoχχπsπonsFatF^F}α‘FΓαntrαSoγSψassFαnαrμyFusπnμFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 17

184 uαasurαψαntFoγFtναFproΣuΓtπonFoγFaF’FbosonFπnFassoΓπatπonFwπtνFaFΓνarψFquarτFπnFppFΓoχχπsπonsFatFNF
sqrt{s}FOFeF^F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 37

183
{αarΓνFγorFΣπrαΓtFproΣuΓtπonFoγFΓνarμπnosRFnαutraχπnosFanΣFsχαptonsFπnFγπnaχFstatαsFwπtνFtwoFχαptonsF
anΣFψπssπnμFtransvαrsαFψoψαntuψFπnFppFΓoχχπsπonsFatFNFsqrt{s}FOFeF_}α‘FwπtνFtναFi}ti{FΣαtαΓtorTF
JournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW

5.4 120

182 {αarΓνFγorFsupαrsyψψαtryFatFNsqrt{s}OFeF_F}α‘FπnFγπnaχFstatαsFwπtνFραtsFanΣFtwoFsaψαSsπμnFχαptonsForF
tνrααFχαptonsFwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 39

181 uαasurαψαntFoγFtναFχowSψassFlrαχχS—anFΣπγγαrαntπaχFΓrossFsαΓtπonFatFNFsqrt{s}FOFeF^F}α‘FusπnμFtναF
i}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 18

180 {αarΓνFγorFΣπrαΓtFtopSsquarτFpaπrFproΣuΓtπonFπnFγπnaχFstatαsFwπtνFtwoFχαptonsFπnFppFΓoχχπsπonsFatFNF
sqrt{s}FOFeF_F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 52

179 uαasurαψαntFoγFˇ�FΓWFanΣFˇ�FΓXFproΣuΓtπonFwπtνFNFsqrt{s}FOFeF^F}α‘FppFΓoχχπsπonsFatFi}ti{TFJournaluofu
HighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 26

178 {αarΓνFγorFψπΓrosΓopπΓFbχaΓτFνoχαsFanΣFstrπnμFbaχχsFπnFγπnaχFstatαsFwπtνFχαptonsFanΣFραtsFwπtνFtναF
i}ti{FΣαtαΓtorFatFNFsqrt{s}FOFeF_F}α‘TFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 6

177 {αarΓνFγorFnαwFpartπΓχαsFπnFαvαntsFwπtνFonαFχαptonFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnFppF
ΓoχχπsπonsFatFNFsqrt{s}FOFeF_F}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 40

176
{αarΓνFγorFΣπrαΓtFtopFsquarτFpaπrFproΣuΓtπonFπnFαvαntsFwπtνFaF±norψuχabFsααFtαxtℓFbosonRF±norψuχabF
sααFtαxtℓSραtsFanΣFψπssπnμFtransvαrsαFψoψαntuψFπnF±norψuχabFsααFtαxtℓF}α‘F±norψuχabFsααFtαxtℓF
ΓoχχπsπonsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2014RF^ZRFX__Y

4.2 41

175 {αarΓνFγorFnαutraχFpπμμsFbosonsFoγFtναFψπnπψaχFsupαrsyψψαtrπΓFstanΣarΣFψoΣαχFπnFppFΓoχχπsπonsFatFNF
sqrt{s}e_FOF}α‘FwπtνFtναFi}ti{FΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 67

174 uαasurαψαntFoγFtναFψuonFrαΓonstruΓtπonFpαrγorψanΓαFoγFtναFi}ti{FΣαtαΓtorFusπnμFXVWWFanΣFXVWXF
tpkFprotonSprotonFΓoχχπsπonFΣataTFEuropeanuPhysicaluJournaluCRF2014RF^ZRFYWYV 4.2 166

173
uαasurαψαntsFoγFραtFvαtoαsFanΣFazπψutνaχFΣαΓorrαχatπonsFπnFΣπραtFαvαntsFproΣuΓαΣFπnF±norψuχabFsααF
tαxtℓFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFusπnμFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2014RF
^ZRFYWW^

4.2 17

172
iFψαasurαψαntFoγFtναFratπoFoγFtναFproΣuΓtπonFΓrossFsαΓtπonsFγorF±norψuχabFsααFtαxtℓFanΣF±norψuχabF
sααFtαxtℓFbosonsFπnFassoΓπatπonFwπtνFραtsFwπtνFtναFi}ti{FΣαtαΓtorTFEuropeanuPhysicaluJournaluCRF2014
RF^ZRFYW]_

4.2 16

171 uαasurαψαntsFoγFγπΣuΓπaχFanΣFΣπγγαrαntπaχFΓrossFsαΓtπonsFγorFpπμμsFbosonFproΣuΓtπonFπnFtναF
ΣπpνotonFΣαΓayFΓνannαχFatFNFsqrt{s}e_FOF}α‘FwπtνFi}ti{TFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW 5.4 30

170
{αarΓνFγorFsupαrsyψψαtryFπnFαvαntsFwπtνFχarμαFψπssπnμFtransvαrsαFψoψαntuψRFραtsRFanΣFatFχαastF
onαFtauFχαptonFπnFXVFγbâ��WFoγFNFsqrt{s}FOFeF_F}α‘FprotonSprotonFΓoχχπsπonFΣataFwπtνFtναFi}ti{F
ΣαtαΓtorTFJournaluofuHighuEnergyuPhysicsRF2014RFXVWZRFW

5.4 9

(2014-2014)
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169
{αarΓνFγorFsquarτsFanΣFμχuπnosFwπtνFtναFi}ti{FΣαtαΓtorFπnFγπnaχFstatαsFwπtνFραtsFanΣFψπssπnμF
transvαrsαFψoψαntuψFusπnμFNFsqrt{s}e_FOF}α‘FprotonSprotonFΓoχχπsπonFΣataTFJournaluofuHighuEnergyu
PhysicsRF2014RFXVWZRFW

5.4 108

168
uαasurαψαntFoγFtναF±norψuχabFsααFtαxtℓFproΣuΓtπonFΓrossSsαΓtπonFusπnμF±norψuχabFsααFtαxtℓFαvαntsF
wπtνF±norψuχabFsααFtαxtℓStaμμαΣFραtsFπnF±norψuχabFsααFtαxtℓFΓoχχπsπonsFatF±norψuχabFsααFtαxtℓFanΣF
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