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570 wβrγorψ−ncβEoγEtνβEh{shzEsβvβχRVEtopoχoμπc−χEtrπμμβrEπnEyun´ WSEEuropeanpPhysicalpJournalpCQE2022QE
^WQEV 4.2 0

569
zβ−rcνEγorEβxotπcEΥβc−ysEoγEtνβEoπμμsE≥osonEπntoE≥IIEovβrχπnβ{≥}EIIE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEppEcoχχπsπonsE−tEIIEsqrt{s}EIIEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

568
v≥sβrv−tπonEoγEβχβctrowβ−τEproΥuctπonEoγEtwoEρβtsEπnE−ssocπ−tπonEwπtνE−nEπsoχ−tβΥEpνotonE−nΥE
ψπssπnμEtr−nsvβrsβEψoψβntuψQE−nΥEsβ−rcνEγorE−EoπμμsE≥osonEΥβc−yπnμEπntoEπnvπsπ≥χβEp−rtπcχβsE−tE
VX´ IItβxtE{{β}}IIEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2022QE^WQEV

4.2 0

567 zβ−rcνEγorEk−rτonπuψEπnEβ±{P}β±{R}EjoχχπsπonsSSEPhysicalpReviewpLettersQE2022QEVW^QEUWV^UW 7.4

566
zβ−rcνEγorEoπμμsE≥osonsEΥβc−yπnμEπntoEnβwEspπnRUEorEspπnRVEp−rtπcχβsEπnEγourRχβptonEγπn−χEst−tβsEwπtνE
tνβEh{shzEΥβtβctorEwπtνEVX_Eγ≥â��VEoγEppEcoχχπsπonEΥ−t−E−tEIIEsqrt{s}EIIEdEVXE{β}SEJournalpofpHighp
EnergypPhysicsQE2022QEWUWWQEV

5.4 0

565 htχm−stXaE{νβEuβxtEnβnβr−tπonEoγEm−stEzπψuχ−tπonEπnEh{shzSEComputingpandpSoftwarepforpBigpScienceQE
2022QE[QEV 6 0

564
tβ−surβψβntEoγEtνβEβnβrμyErβsponsβEoγEtνβEh{shz´ c−χorπψβtβrEtoEcν−rμβΥ´ pπonsEγroψEII~±{pψE
}rπμνt−rrowEt−uE±{pψE}Mrπμνt−rrowEpπE±{pψE}nuE_{t−uE}NnuE_{t−uE}IIEβvβntsEπnEyun´ WEΥ−t−SEEuropeanp
PhysicalpJournalpCQE2022QE^WQEV

4.2 0

563 {νβEh{shzEπnnβrEΥβtβctorEtrπμμβrEpβrγorψ−ncβEπnEppEcoχχπsπonsE−tEVX´ {β}EΥurπnμEsojEyunEWSE
EuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2

562 zβ−rcνEγorEsβptonEmχ−vorE}πoχ−tπonEπnEfMXzNReβ±{´–}˛…±{f}SSEPhysicalpReviewpLettersQE2022QEVW^QEU_V^UY 7.4

561 zβ−rcνEγorE−nEhxπonχπτβEw−rtπcχβEπnEiEtβsonEkβc−ysSSEPhysicalpReviewpLettersQE2022QEVW^QEVXV^UW 7.4 0

560 kβtβrψπn−tπonEoγEtνβEp−rtonEΥπstrπ≥utπonEγunctπonsEoγEtνβEprotonEusπnμEΥπvβrsβEh{shzEΥ−t−EγroψEppE
coχχπsπonsE−tEIIsqrt{s}EdE]IIQE^E−nΥEVX´ {β}SEEuropeanpPhysicalpJournalpCQE2022QE^WQEV 4.2 1

559
zβ−rcνEγorEyRp−rπtyRvπoχ−tπnμEsupβrsyψψβtryEπnE−Eγπn−χEst−tβEcont−πnπnμEχβptonsE−nΥEψ−nyEρβtsEwπtνE
tνβEh{shzEβxpβrπψβntEusπnμEMsqrt{s}EdEVXν≥oxE{E{β}}NEprotonâ��protonEcoχχπsπonEΥ−t−SEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 2

558 tβ−surβψβntEoγEtνβEtMEovβrχπnβ{t}ENtMEovβrχπnβ{t}ENEproΥuctπonEcrossEsβctπonEπnEppEcoχχπsπonsE−tEME
sqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

557
zβ−rcνEγorEΥ−rτEψ−ttβrEπnEβvβntsEwπtνEψπssπnμEtr−nsvβrsβEψoψβntuψE−nΥE−EoπμμsE≥osonEΥβc−yπnμE
πntoEtwoEpνotonsEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

556 zβ−rcνEγorEtypβRpppEsββs−wEνβ−vyEχβptonsEπnEΥπχβptonEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEMEsqrt{s}EdEVXQ{tβxtE
{{β}}}ENEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

555 tβ−surβψβntEoγEχπμνtR≥yRχπμνtEsc−ttβrπnμE−nΥEsβ−rcνEγorE−xπonRχπτβEp−rtπcχβsEwπtνEWSWEn≥â��VEoγEw≥Pw≥E
Υ−t−EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

554
zβ−rcνEγorEoπμμsE≥osonEproΥuctπonEπnE−ssocπ−tπonEwπtνE−EνπμνRβnβrμyEpνotonEvπ−EvβctorR≥osonE
γusπonEwπtνEΥβc−yEπntoE≥ottoψEqu−rτEp−πrsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 1
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553
zβ−rcνEγorEnβwEpνβnoψβn−EwπtνEtopEqu−rτEp−πrsEπnEγπn−χEst−tβsEwπtνEonβEχβptonQEρβtsQE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2021QEWUWVQEV

5.4 6

552
zβ−rcνEγorEnβwEpνβnoψβn−EπnEβvβntsEwπtνEtwoEopposπtβRcν−rμβEχβptonsQEρβtsE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEppEcoχχπsπonsE−tEMEsqrt{ψ−tνrψ{s}}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 8

551
zβ−rcνEγorEp−πrEproΥuctπonEoγEsc−χ−rEχβptoqu−rτsEΥβc−yπnμEπntoEγπrstREorEsβconΥRμβnβr−tπonEχβptonsE
−nΥEtopEqu−rτsEπnEprotonâ��protonEcoχχπsπonsE−tEMsqrt{s}NEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 5

550 vptπψπs−tπonEoγEχ−rμβRr−ΥπusEρβtErβconstructπonEγorEtνβEh{shzEΥβtβctorEπnEVXE{β}Eprotonâ��protonE
coχχπsπonsSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 2

549
zβ−rcνEγorEνβ−vyErβson−ncβsEΥβc−yπnμEπntoE−Ep−πrEoγE–E≥osonsEπnEtνβEMβχχE±PβχχE±RβχχEL±PβχχEL±RNE−nΥEMβχχE
±PβχχE±RnuE{{≥−r{nuE}}}NEγπn−χEst−tβsEusπnμEVX_EMψ−tνrψE{γ≥}±{RV}NEoγEprotonâ��protonEcoχχπsπonsE−tE
Msqrt{s}EdEVXQN{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 8

548
zβ−rcνEγorEnβwEpνβnoψβn−EπnEγπn−χEst−tβsEwπtνE≥RρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEME
sqrt{ψ−tνrψ{s}}ENEdEVXE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 6

547
zβ−rcνEγorE−Eνβ−vyEoπμμsE≥osonEΥβc−yπnμEπntoE−E–E≥osonE−nΥE−notνβrEνβ−vyEoπμμsE≥osonEπnEtνβEMβχχE
βχχE≥≥NE−nΥEMβχχEβχχE~~NEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEMsqrt{s}dVXNEMtβxtE{{β}}NEwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV

4.2 7

546
zβ−rcνEγorEΥou≥χyE−nΥEsπnμχyEcν−rμβΥEoπμμsE≥osonsEΥβc−yπnμEπntoEvβctorE≥osonsEπnEψuχtπRχβptonEγπn−χE
st−tβsEwπtνEtνβEh{shzEΥβtβctorEusπnμEprotonRprotonEcoχχπsπonsE−tEMEsqrt{ψ−tνrψ{s}}ENEdEVXE{β}SE
JournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV

5.4 3

545 tβ−surβψβntsEoγE~P~â��PEâ�¥EVEρβtEproΥuctπonEcrossRsβctπonsEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

544 zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEΥβc−yπnμEπntoE−EtopEqu−rτE−nΥE−E≥ottoψEqu−rτE−tEMEsqrt{ψ−tνrψ{s}}E
NEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 8

543 tβ−surβψβntsEoγEoπμμsE≥osonsEΥβc−yπnμEtoE≥ottoψEqu−rτsEγroψEvβctorE≥osonEγusπonEproΥuctπonE
wπtνEtνβEh{shzEβxpβrπψβntE−tEMsqrt{s}dVXQtβxtE{{β}}NSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

542
zβ−rcνEγorEp−πrEproΥuctπonEoγEtνπrΥRμβnβr−tπonEsc−χ−rEχβptoqu−rτsEΥβc−yπnμEπntoE−EtopEqu−rτE−nΥE−E
ˇ�RχβptonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2021QEWUWVQEV

5.4 6

541 zβ−rcνEγorEsupβrsyψψβtryEπnEβvβntsEwπtνEγourEorEψorβEcν−rμβΥEχβptonsEπnEVX_Eγ≥â��VEoγEMEsqrt{s}ENEdE
VXE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 2

540
kβtβrψπn−tπonEoγEtνβEp−rtonEΥπstrπ≥utπonEγunctπonsEoγEtνβEprotonEγroψEh{shzEψβ−surβψβntsEoγE
Υπγγβrβntπ−χE~´–E−nΥE–E≥osonEproΥuctπonEπnE−ssocπ−tπonEwπtνEρβtsSEJournalpofpHighpEnergypPhysicsQE2021
QEWUWVQEV

5.4 1

539 tβ−surβψβntsEoγEΥπγγβrβntπ−χEcrossRsβctπonsEπnEγourRχβptonEβvβntsEπnEVXE{β}EprotonRprotonE
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

538 hEsβ−rcνEγorEtνβEΥβc−ysEoγEstoppβΥEχonμRχπvβΥEp−rtπcχβsE−tEMEsqrt{ψ−tνrψ{s}}ENEdEVXE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 1

537 tuonErβconstructπonE−nΥEπΥβntπγπc−tπonEβγγπcπβncyEπnEh{shzEusπnμEtνβEγuχχEyunEWEppEcoχχπsπonEΥ−t−EsβtE
−tEMsqrt{s}dVXNE{β}SEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 13

536 tβ−surβψβntEoγEν−ΥronπcEβvβntEsν−pβsEπnEνπμνRp{EψuχtπρβtEγπn−χEst−tβsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 3

(2021-2021)

3



535
zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnEγπn−χEst−tβsEwπtνEρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEusπnμEVX_E
γ≥â��VEoγEMEsqrt{s}ENEdEVXE{β}EppEcoχχπsπonEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2021QEWUWVQEV

5.4 8

534 kπγγβrβntπ−χEcrossRsβctπonEψβ−surβψβntsEγorEtνβEβχβctrowβ−τEproΥuctπonEoγEΥπρβtsEπnE−ssocπ−tπonE
wπtνE−E–E≥osonEπnEprotonâ��protonEcoχχπsπonsE−tEh{shzSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 5

533 tβ−surβψβntsEoγE~oE−nΥE–oEproΥuctπonEπnEtνβEMoErπμνt−rrowE≥≥−r{≥}NEΥβc−yEcν−nnβχEπnEppE
coχχπsπonsE−tEMVXQtβxtE{{β}tβxtE{}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 7

532 zβ−rcνEγorEΥ−rτEψ−ttβrEπnE−ssocπ−tπonEwπtνE−nEβnβrμβtπcEpνotonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 5

531 zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnEγπn−χEst−tβsEwπtνEonβEπsoχ−tβΥEχβptonQEρβtsQE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψE−tEMsqrt{s}dVXNE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 0

530 tβ−surβψβntEoγEsπnμχβEtopRqu−rτEproΥuctπonEπnE−ssocπ−tπonEwπtνE−E~E≥osonEπnEtνβEsπnμχβRχβptonE
cν−nnβχE−tEMsqrt{s}EdE^QtβxtE{{β}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

529 qβtEβnβrμyEsc−χβE−nΥErβsoχutπonEψβ−surβΥEπnEprotonâ��protonEcoχχπsπonsE−tEMsqrt{s}dVXNE{β}EwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 11

528
tβ−surβψβntsEoγEtνβEπncχusπvβE−nΥEΥπγγβrβntπ−χEproΥuctπonEcrossEsβctπonsEoγE−EtopRqu−rτâ��−ntπqu−rτE
p−πrEπnE−ssocπ−tπonEwπtνE−E–E≥osonE−tEMsqrt{s}EdEVXNE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2021QE^VQEV

4.2 1

527 zβ−rcνEγorEΥ−rτEψ−ttβrEproΥucβΥEπnE−ssocπ−tπonEwπtνE−EsπnμχβEtopEqu−rτEπnEMsqrt{s}dVXNE{β}EMppNE
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 4

526
tβ−surβψβntsEoγEtopRqu−rτEp−πrEsπnμχβRE−nΥEΥou≥χβRΥπγγβrβntπ−χEcrossRsβctπonsEπnEtνβE−χχRν−ΥronπcE
cν−nnβχEπnEppEcoχχπsπonsE−tEMEsqrt{ψ−tνrψ{s}}ENEdEVXE{β}EusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2021QEWUWVQEV

5.4 2

525 zβ−rcνEγorEpνβnoψβn−E≥βyonΥEtνβEzt−nΥ−rΥEtoΥβχEπnEβvβntsEwπtνEχ−rμβE≥RρβtEψuχtπpχπcπtyEusπnμEtνβE
h{shzEΥβtβctorE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2021QE^VQEV 4.2 1

524
zβ−rcνEγorEΥ−rτEψ−ttβrEproΥucβΥEπnE−ssocπ−tπonEwπtνE−Ezt−nΥ−rΥEtoΥβχEoπμμsE≥osonEΥβc−yπnμEπntoE
≥Rqu−rτsEusπnμEtνβEγuχχEyunEWEΥ−t−sβtEγroψEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

523 tβ−surβψβntEoγEtνβEproΥuctπonEcrossEsβctπonEoγEp−πrsEoγEπsoχ−tβΥEpνotonsEπnEppEcoχχπsπonsE−tEVXE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QEWUWVQEV 5.4 0

522
zβ−rcνEγorEβxotπcEΥβc−ysEoγEtνβEoπμμsE≥osonEπntoEχonμRχπvβΥEp−rtπcχβsEπnEppEcoχχπsπonsE−tEIIEsqrt{s}EIIE
dEVXE{β}EusπnμEΥπspχ−cβΥEvβrtπcβsEπnEtνβEh{shzEπnnβrEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

521
zβ−rcνEγorEcν−rμπnoâ��nβutr−χπnoEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEtνrββEχβptonsE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEIIsqrt{s}EdEVXII´ {β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2021QE^VQEV

4.2 1

520 jonγπμur−tπonE−nΥEpβrγorψ−ncβEoγEtνβEh{shzE≥RρβtEtrπμμβrsEπnEyunEWSEEuropeanpPhysicalpJournalpCQE
2021QE^VQEV 4.2 1

519
tβ−surβψβntEoγE≥Rqu−rτEγr−μψβnt−tπonEpropβrtπβsEπnEρβtsEusπnμEtνβEΥβc−yEi´–EReEqTˇ�r´–EπnEppE
coχχπsπonsE−tEIIEsqrt{s}EIIEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2021QE
WUWVQEV

5.4 0

518
zβ−rcνEγorEnβwEpνβnoψβn−EπnEγπn−χEst−tβsEwπtνEχ−rμβEρβtEψuχtπpχπcπtπβsE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEusπnμEMEsqrt{s}ENEdEVXE{β}EprotonRprotonEcoχχπsπonsErβcorΥβΥE≥yEh{shzEπnEyunEWEoγEtνβE
sojSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV

5.4 7
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517 wrβcπsπonEtβ−surβψβntEoγEtνβEy−tπoEiMfMXzNReˇ�±{P}ˇ�±{R}NTiMfMXzNRe˛…±{P}˛…±{R}NSEPhysicalpReviewpLettersQE
2020QEVWZQEWYV^UV 7.4 0

516 oπμμsE≥osonEproΥuctπonEcrossRsβctπonEψβ−surβψβntsE−nΥEtνβπrElm{Eπntβrprβt−tπonEπnEtνβEMYβχχENE
Υβc−yEcν−nnβχE−tEMsqrt{s}dNVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 12

515 zβ−rcνEγorE−Ek−rτEsβptopνπχπcEzc−χ−rEπnEβ±{P}β±{R}EjoχχπsπonsSEPhysicalpReviewpLettersQE2020QEVWZQEV^V^UV 7.4 4

514 zβ−rcνEγorEp−πrsEoγEsc−χ−rEχβptoqu−rτsEΥβc−yπnμEπntoEqu−rτsE−nΥEβχβctronsEorEψuonsEπnEMEsqrt{s}ENEdEVXE
{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

513 tβ−surβψβntsEoγEtνβEh≥soχutβEir−ncνπnμEmr−ctπonsEoγEi±{´–}Rer±{´–}‘_{cc—ovβrE´fl¯}SEPhysicalpReviewp
LettersQE2020QEVWYQEVZWUUV 7.4 4

512 zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnEγπn−χEst−tβsEwπtνEs−ψβRsπμnEχβptonsE−nΥEρβtsEusπnμEVX_Eγ≥â��VEoγEΥ−t−E
coχχβctβΥEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

511
zβ−rcνEγorEΥπρβtErβson−ncβsEπnEβvβntsEwπtνE−nEπsoχ−tβΥEcν−rμβΥEχβptonEusπnμEMEsqrt{s}ENEdEVXE{β}E
protonRprotonEcoχχπsπonEΥ−t−EcoχχβctβΥE≥yEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QE
WUWUQEV

5.4 3

510 zβ−rcνEγorEy−rβEorEmor≥πΥΥβnEkβc−ysEoγEtνβEk±{U}EtβsonSEPhysicalpReviewpLettersQE2020QEVWYQEU]V^UW 7.4 2

509 tβ−surβψβntEoγEtνβE–MReEâ��Pâ��â��N˛‡EproΥuctπonEcrossRsβctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 2

508 tβ−surβψβntEoγEχonμRr−nμβEtwoRp−rtπcχβE−zπψutν−χEcorrβχ−tπonsEπnE–R≥osonEt−μμβΥEppEcoχχπsπonsE−tE
Msqrt{s}d^NE−nΥEVXE{β}SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

507 {r−nsvβrsβEψoψβntuψE−nΥEprocβssEΥβpβnΥβntE−zπψutν−χE−nπsotropπβsEπnEMsqrt{s_{ψ−tνrψE
{uu}}}d^SV[NE{β}EpPw≥EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 7

506 wβrγorψ−ncβEoγEβχβctronE−nΥEpνotonEtrπμμβrsEπnEh{shzEΥurπnμEsojEyunEWSEEuropeanpPhysicalpJournalp
CQE2020QE^UQEV 4.2 30

505
zβ−rcνEγorEβχβctrowβ−τEproΥuctπonEoγEcν−rμπnosE−nΥEsχβptonsEΥβc−yπnμEπntoEγπn−χEst−tβsEwπtνEtwoE
χβptonsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEMsqrt{s}dVXNEMtβxtE{{β}}NEppEcoχχπsπonsEusπnμEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 50

504 zβ−rcνEγorEtopEsqu−rτsEπnEβvβntsEwπtνE−EoπμμsEorE–E≥osonEusπnμEVX_Eγ≥M±{RV}NEoγEppEcoχχπsπonEΥ−t−E−tE
Msqrt{s}dVXNE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 1

503 lvπΥβncβEγorEMt≥−r{t}t≥−r{t}NEproΥuctπonEπnEtνβEψuχtπχβptonEγπn−χEst−tβEπnEprotonâ��protonEcoχχπsπonsE−tE
Msqrt{s}dVXNEMtβxtE{{β}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

502 zβ−rcνEγorEνβ−vyEΥπ≥osonErβson−ncβsEπnEsβψπχβptonπcEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEMsqrt{s}dVXNE{β}E
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

501
zβ−rcνEγorEχπμνtEχonμRχπvβΥEnβutr−χEp−rtπcχβsEproΥucβΥEπnEppEcoχχπsπonsE−tEMsqrt{s}EdEVX~ψ−tνrψE{{β}}NE
−nΥEΥβc−yπnμEπntoEcoχχπψ−tβΥEχβptonsEorEχπμνtEν−ΥronsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2020QE^UQEV

4.2 8

500
zβ−rcνEγorE−Esc−χ−rEp−rtnβrEoγEtνβEtopEqu−rτEπnEtνβE−χχRν−ΥronπcEMt{≥−r{t}}NEpχusEψπssπnμEtr−nsvβrsβE
ψoψβntuψEγπn−χEst−tβE−tEMsqrt{s}dVXNE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2020QE^UQEV

4.2 17
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499 hχπμnψβntEoγEtνβEh{shzEpnnβrEkβtβctorEπnEyunEWSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 4

498 kβtβrψπn−tπonEoγEρβtEc−χπ≥r−tπonE−nΥEβnβrμyErβsoχutπonEπnEprotonâ��protonEcoχχπsπonsE−tEMsqrt{s}EdE
^~ν≥oxE{{β}}NEusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 3

497 tβ−surβψβntEoγEqTˇ�EproΥuctπonEπnE−ssocπ−tπonEwπtνE−E~´–E≥osonEwπtνEppEΥ−t−E−tE^E{β}SEJournalpofp
HighpEnergypPhysicsQE2020QEWUWUQEV 5.4 4

496 zβ−rcνEγorEnβwErβson−ncβsEπnEψ−ssEΥπstrπ≥utπonsEoγEρβtEp−πrsEusπnμEVX_Eγ≥â��VEoγEppEcoχχπsπonsE−tEME
sqrt{ψ−tνrψ{s}}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 20

495 zβ−rcνEγorEMEtovβrχπnβ{t}ENErβson−ncβsEπnEγuχχyEν−ΥronπcEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 6

494 yβconstructπonE−nΥEπΥβntπγπc−tπonEoγE≥oostβΥEΥπRˇ�EsystβψsEπnE−Esβ−rcνEγorEoπμμsE≥osonEp−πrsEusπnμEVXE
{β}EprotonRprotonEcoχχπsπonEΥ−t−EπnEh{shzSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 3

493
tβ−surβψβntsEoγEπncχusπvβE−nΥEΥπγγβrβntπ−χEcrossRsβctπonsEoγEcoψ≥πnβΥEMEtovβrχπnβ{t}μ−ψψ−ENE−nΥE
t~˛‡EproΥuctπonEπnEtνβEβ˛…Ecν−nnβχE−tEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysics
QE2020QEWUWUQEV

5.4 2

492 wβrγorψ−ncβEoγEtνβEψπssπnμEtr−nsvβrsβEψoψβntuψEtrπμμβrsEγorEtνβEh{shzEΥβtβctorEΥurπnμEyunRWE
Υ−t−Et−τπnμSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 8

491 zβ−rcνEγorEnβwEnonRrβson−ntEpνβnoψβn−EπnEνπμνRψ−ssEΥπχβptonEγπn−χEst−tβsEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 9

490 tβ−surβψβntsEoγEtνβEoπμμsE≥osonEπncχusπvβE−nΥEΥπγγβrβntπ−χEγπΥucπ−χEcrossEsβctπonsEπnEtνβEYMβχχENE
Υβc−yEcν−nnβχE−tEMsqrt{s}NEdEVXE{β}SEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 9

489 hEztuΥyEoγEtνβEy−Υπ−tπonE{oχβr−ncβEoγEj}kEkπ−ψonΥEtoE]UEtβ}EwrotonsQEm−stEuβutronsE−nΥEWUUE
tβ}EwπonsSESensorsQE2020QEWUQE 3.8 3

488 mχuctu−tπonsEoγE−nπsotropπcEγχowEπnEw≥Pw≥EcoχχπsπonsE−tEMEsqrt{{ψ−tνrψ{s}}_{ψ−tνrψ{uu}}}ENEdEZSUWE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 13

487
zβ−rcνEγorEΥπrβctEproΥuctπonEoγEβχβctrowβ−τπnosEπnEγπn−χEst−tβsEwπtνEonβEχβptonQEψπssπnμEtr−nsvβrsβE
ψoψβntuψE−nΥE−EoπμμsE≥osonEΥβc−yπnμEπntoEtwoE≥RρβtsEπnEMppNEcoχχπsπonsE−tEMsqrt{s}dVXNE{β}EwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV

4.2 13

486 tβ−surβψβntEoγEΥπγγβrβntπ−χEcrossEsβctπonsEγorEsπnμχβEΥπγγr−ctπvβEΥπssocπ−tπonEπnEMEsqrt{s}ENEdE^E{β}EppE
coχχπsπonsEusπnμEtνβEh{shzEhsmhEspβctroψβtβrSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 1

485 tβ−surβψβntEoγEπsoχ−tβΥRpνotonEpχusEtwoRρβtEproΥuctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 2

484
tβ−surβψβntsEoγEtνβEproΥuctπonEcrossRsβctπonEγorE−E–E≥osonEπnE−ssocπ−tπonEwπtνE≥RρβtsEπnE
protonRprotonEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

483
zβ−rcνEγorEtνβEooEReEME≥ovβrχπnβ{≥}≥ovβrχπnβ{≥}ENEprocβssEvπ−EvβctorR≥osonEγusπonEproΥuctπonEusπnμE
protonRprotonEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2020QEWUWUQEV

5.4 5

482 v≥sβrv−tπonEoγEtνβE−ssocπ−tβΥEproΥuctπonEoγE−EtopEqu−rτE−nΥE−E–E≥osonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENdE
VXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV 5.4 5
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481 tβ−surβψβntEoγEtνβEtr−nsvβrsβEψoψβntuψEΥπstrπ≥utπonEoγEkrβχχâ��’−nEχβptonEp−πrsEπnEprotonâ��protonE
coχχπsπonsE−tEMsqrt{s}dVXQN{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 7

480
zβ−rcνEγorEΥπrβctEproΥuctπonEoγEβχβctrowβ−τπnosEπnEγπn−χEst−tβsEwπtνEψπssπnμEtr−nsvβrsβEψoψβntuψE
−nΥE−EoπμμsE≥osonEΥβc−yπnμEπntoEpνotonsEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2020QEWUWUQEV

5.4 1

479 tβ−surβψβntsEoγEtopRqu−rτEp−πrEspπnEcorrβχ−tπonsEπnEtνβEMβψuENEcν−nnβχE−tEMsqrt{s}EdEVXNE{β}EusπnμE
ppEcoχχπsπonsEπnEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2020QE^UQEV 4.2 8

478 tβ−surβψβntEoγEtνβEcrossRsβctπonE−nΥEcν−rμβE−syψψβtryEoγE~E≥osonsEproΥucβΥEπnEprotonâ��protonE
coχχπsπonsE−tEMsqrt{s}d^~tβxtE{{β}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 11

477 lxtr−ctπonEoγEγorψEm−ctorsEγroψE−EmourRkπψβnsπon−χEhnμuχ−rEhn−χysπsEoγEi—ovβrE´fl¯Rek±{O}â��±{R}˛‰—ovβrE
´fl¯_{â��}SEPhysicalpReviewpLettersQE2019QEVWXQEU_V^UV 7.4 8

476
tβ−surβψβntEoγEρβtRsu≥structurβEo≥sβrv−≥χβsEπnEtopEqu−rτQE~E≥osonE−nΥEχπμνtEρβtEproΥuctπonEπnE
protonRprotonEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 8

475 lχβctronErβconstructπonE−nΥEπΥβntπγπc−tπonEπnEtνβEh{shzEβxpβrπψβntEusπnμEtνβEWUVZE−nΥEWUV[EsojE
protonâ��protonEcoχχπsπonEΥ−t−E−tEMsqrt{s}EdEVXNEMtβxtE{{β}}NSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 37

474 tβ−surβψβntEoγEΥπstrπ≥utπonsEsβnsπtπvβEtoEtνβEunΥβrχyπnμEβvβntEπnEπncχusπvβE–E≥osonEproΥuctπonEπnE
ppEcoχχπsπonsE−tEMsqrt{s}NEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2

473
zβ−rcνβsEγorEsc−χ−rEχβptoqu−rτsE−nΥEΥπγγβrβntπ−χEcrossRsβctπonEψβ−surβψβntsEπnEΥπχβptonâ��ΥπρβtE
βvβntsEπnEprotonâ��protonEcoχχπsπonsE−tE−EcβntrβRoγRψ−ssEβnβrμyEoγEMv−rvβc{sqrt{s}}NEdEVXE{β}EwπtνEtνβE
h{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV

4.2 15

472 zβ−rcνEγorEsπnμχβEproΥuctπonEoγEvβctorRχπτβEqu−rτsEΥβc−yπnμEπntoE~≥EπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 14

471 zβ−rcνEγorEtopRqu−rτEΥβc−ysEtEReEoqEwπtνEX[Eγ≥â��VEoγEppEcoχχπsπonEΥ−t−E−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 13

470
tβ−surβψβntEoγE}oQEMEψ−tνrψ{o}toEψ−tνrψ{≥}ovβrχπnβ{ψ−tνrψ{≥}}ENEproΥuctπonE−sE−EγunctπonEoγE
tνβEvβctorR≥osonEtr−nsvβrsβEψoψβntuψEπnEVXE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2019QEWUV_QEV

5.4 8

469 tβ−surβψβntsEoγE~E−nΥE–E≥osonEproΥuctπonEπnEppEcoχχπsπonsE−tEMsqrt{s}dZSUWNE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 12

468 wβrγorψ−ncβEoγEtopRqu−rτE−nΥEMv−rvβc{~}NR≥osonEt−μμπnμEwπtνEh{shzEπnEyunEWEoγEtνβEsojSEEuropeanp
PhysicalpJournalpCQE2019QE]_QEV 4.2 19

467 tβ−surβψβntsEoγEπncχusπvβE−nΥEΥπγγβrβntπ−χEγπΥucπ−χEcrossRsβctπonsEoγEMt≥−r{t}μ−ψψ−ENEproΥuctπonEπnE
χβptonπcEγπn−χEst−tβsE−tEMsqrt{s}dVX~tβxtE{{β}}NEπnEh{shzSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 7

466 lχβctronE−nΥEpνotonEβnβrμyEc−χπ≥r−tπonEwπtνEtνβEh{shzEΥβtβctorEusπnμEWUVZâ��WUV[EsojE
protonRprotonEcoχχπsπonEΥ−t−SEJournalpofpInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

465 v≥sβrv−tπonEoγEtνβEkβc−yEk±{U}Rer±{R}ˇ�±{P}β±{P}β±{R}SEPhysicalpReviewpLettersQE2019QEVWWQEU^V^UW 7.4 4

464 zβ−rcνEγorEΥou≥χyEcν−rμβΥEsc−χ−rE≥osonsEΥβc−yπnμEπntoEs−ψβRsπμnE≥osonEp−πrsEwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEZ^ 4.2 20
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463
zβ−rcνEγorEνβ−vyEt−ρor−n−EorEkπr−cEnβutrπnosE−nΥErπμνtRν−nΥβΥE~Eμ−uμβE≥osonsEπnEγπn−χEst−tβsEwπtνE
twoEcν−rμβΥEχβptonsE−nΥEtwoEρβtsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2019QEWUV_QEV

5.4 21

462 pnEsπtuEc−χπ≥r−tπonEoγEχ−rμβRr−ΥπusEρβtEβnβrμyE−nΥEψ−ssEπnEVXE{β}Eprotonâ��protonEcoχχπsπonsEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

461 tβ−surβψβntEoγEtνβEpνotonEπΥβntπγπc−tπonEβγγπcπβncπβsEwπtνEtνβEh{shzEΥβtβctorEusπnμEsojEyunEWE
Υ−t−EcoχχβctβΥEπnEWUVZE−nΥEWUV[SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 26

460 tβ−surβψβntEoγEtνβEr−tπoEoγEcrossEsβctπonsEγorEπncχusπvβEπsoχ−tβΥRpνotonEproΥuctπonEπnEppEcoχχπsπonsE
−tEMEsqrt{s}ENEdEVXE−nΥE^E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 5

459 tβ−surβψβntEoγEtνβEtopEqu−rτEψ−ssEπnEtνβEMt≥−r{t}rπμνt−rrowENEχβptonPρβtsEcν−nnβχEγroψEMsqrt{s}d^NE
{β}Eh{shzEΥ−t−E−nΥEcoψ≥πn−tπonEwπtνEprβvπousErβsuχtsSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 24

458 zβ−rcνEγorE−Ezt−≥χβEzπxRxu−rτEzt−tβE−tEihihySEPhysicalpReviewpLettersQE2019QEVWWQEU]WUUW 7.4 7

457
zβ−rcνEγorEp−πrEproΥuctπonEoγEoπμμsE≥osonsEπnEtνβEME≥ovβrχπnβ{≥}≥ovβrχπnβ{≥}ENEγπn−χEst−tβEusπnμE
protonRprotonEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 31

456 jonstr−πntsEonEψβΥπ−torR≥−sβΥEΥ−rτEψ−ttβrE−nΥEsc−χ−rEΥ−rτEβnβrμyEψoΥβχsEusπnμEMEsqrt{s}ENEdEVXE{β}E
ppEcoχχπsπonEΥ−t−EcoχχβctβΥE≥yEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 31

455 zβ−rcνEγorEχonμRχπvβΥEnβutr−χEp−rtπcχβsEπnEppEcoχχπsπonsE−tEM{sqrt{s}}EdEVX~{tβxtE{E{β}}}NEtν−tEΥβc−yEπntoE
Υπspχ−cβΥEν−ΥronπcEρβtsEπnEtνβEh{shzEc−χorπψβtβrSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 18

454 zβ−rcνEγorEoπμμsE≥osonEp−πrEproΥuctπonEπnEtνβE~~MON~~MONEΥβc−yEcν−nnβχEusπnμEh{shzEΥ−t−E
rβcorΥβΥE−tEMEsqrt{ψ−tνrψ{s}}ENEdEVXE{β}SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 12

453 zβ−rcνEγorEχ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE−ssocπ−tπonEwπtνEonβEtopRqu−rτEπnEprotonRprotonE
coχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 7

452
tβ−surβψβntEoγEM~±{pψE}–NEproΥuctπonEcrossEsβctπonsE−nΥEμ−uμβE≥osonEpoχ−rπs−tπonEπnEppE
coχχπsπonsE−tEMsqrt{s}EdEVX~tβxtE{{β}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 20

451 zβ−rcνβsEγorEtνπrΥRμβnβr−tπonEsc−χ−rEχβptoqu−rτsEπnEMEsqrt{s}ENEdEVXE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 18

450
zβ−rcνEγorEsc−χ−rErβson−ncβsEΥβc−yπnμEπntoE˛…P˛…â��EπnEβvβntsEwπtνE−nΥEwπtνoutE≥Rt−μμβΥEρβtsEproΥucβΥE
πnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2019QEWUV_QEV

5.4 8

449 zβ−rcνEγorEΥπ≥osonErβson−ncβsEπnEν−ΥronπcEγπn−χEst−tβsEπnEVX_Eγ≥â��VEoγEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 10

448 zβ−rcνEγorEβxcπtβΥEβχβctronsEsπnμχyEproΥucβΥEπnEprotonâ��protonEcoχχπsπonsE−tEIIsqrt{s}E~d~VX~tβxtE
{{β}tβxtE{}}IIEwπtνEtνβEh{shzEβxpβrπψβntE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2019QE]_QE 4.2 3

447 pΥβntπγπc−tπonEoγE≥oostβΥEoπμμsE≥osonsEΥβc−yπnμEπntoE≥Rqu−rτEp−πrsEwπtνEtνβEh{shzEΥβtβctorE−tE
VX´ IItβxtE{{β}}IISEEuropeanpPhysicalpJournalpCQE2019QE]_QE 4.2 11

446 tβ−surβψβntEoγEIIr_z±UIIE−nΥEIIs−ψ≥Υ−E±UIIEproΥuctπonEπnEIItE≥−r{t}IIEΥπχβptonπcEβvβntsEπnEppE
coχχπsπonsE−tEIIsqrt{s}EdIIE]E{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 3
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445 tβ−surβψβntEoγEtνβEπncχusπvβEπsoχ−tβΥRpνotonEcrossEsβctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdEVXE{β}E
usπnμEX[Eγ≥â��VEoγEh{shzEΥ−t−SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 2

444 hEstr−tβμyEγorE−Eμβnβr−χEsβ−rcνEγorEnβwEpνβnoψβn−EusπnμEΥ−t−RΥβrπvβΥEsπμn−χErβμπonsE−nΥEπtsE
−ppχπc−tπonEwπtνπnEtνβEh{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 14

443 tβ−surβψβntEoγEtνβEtopRqu−rτEψ−ssEπnEMEtovβrχπnβ{t}ENEPEVRρβtEβvβntsEcoχχβctβΥEwπtνEtνβEh{shzE
ΥβtβctorEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdE^E{β}SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 12

442 tβ−surβψβntEoγEγπΥucπ−χE−nΥEΥπγγβrβntπ−χEM~±P~±RNEproΥuctπonEcrossRsβctπonsE−tEMsqrt{s}dVXNE{β}E
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 16

441 tβ−surβψβntEoγE––EproΥuctπonEπnEtνβEâ��â�� ˛‰ ˛‰Eγπn−χEst−tβEwπtνEtνβEh{shzEΥβtβctorEπnEppEcoχχπsπonsE−tEME
sqrt{s}ENEdEVXE{β}SEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 2

440 tβ−surβψβntEoγEM~±{pψE}NR≥osonE−nΥE–R≥osonEproΥuctπonEcrossRsβctπonsEπnEppEcoχχπsπonsE−tE
Msqrt{s}dWS][NE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 2

439
tβ−surβψβntEoγEtνβEπncχusπvβEcrossRsβctπonEγorEtνβEproΥuctπonEoγEρβtsEπnE−ssocπ−tπonEwπtνE−E–E≥osonE
πnEprotonâ��protonEcoχχπsπonsE−tE^E{β}EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE
]_QEV

4.2 4

438
zβ−rcνEγorEνβ−vyEnβutr−χEχβptonsEπnEΥβc−ysEoγE~E≥osonsEproΥucβΥEπnEVXE{β}EppEcoχχπsπonsEusπnμE
proψptE−nΥEΥπspχ−cβΥEsπμn−turβsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2019QE
WUV_QEV

5.4 21

437 tβ−surβψβntEoγEM~±pψENE≥osonEproΥuctπonEπnEw≥Pw≥EcoχχπsπonsE−tEMsqrt{s_{ψ−tνrψ{uu}}}EdE
ZSUW~tβxtE{{β}tβxtE{}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 7

436 h{shzE≥RρβtEπΥβntπγπc−tπonEpβrγorψ−ncβE−nΥEβγγπcπβncyEψβ−surβψβntEwπtνEMt{≥−r{t}}NEβvβntsEπnEppE
coχχπsπonsE−tEMsqrt{s}dVXNE{β}SEEuropeanpPhysicalpJournalpCQE2019QE]_QEV 4.2 43

435
tβ−surβψβntEoγEγχowEν−rψonπcsEcorrβχ−tπonsEwπtνEψβ−nEtr−nsvβrsβEψoψβntuψEπnEχβ−Υâ��χβ−ΥE−nΥE
protonâ��χβ−ΥEcoχχπsπonsE−tEMsqrt{s_{ψ−tνrψ{uu}}}EdEZSUW~ν≥oxE{{β}}NEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2019QE]_QEV

4.2 16

434 {opRqu−rτEpνysπcsE−tEtνβEjspjEβχβctronRposπtronEχπnβ−rEcoχχπΥβrSEJournalpofpHighpEnergypPhysicsQE2019QE
WUV_QEV 5.4 8

433
tβ−surβψβntsEoγEtopRqu−rτEp−πrEΥπγγβrβntπ−χE−nΥEΥou≥χβRΥπγγβrβntπ−χEcrossRsβctπonsEπnEtνβEMβχχENPρβtsE
cν−nnβχEwπtνEppEcoχχπsπonsE−tEMsqrt{s}dVXNE{β}EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpC
QE2019QE]_QEV

4.2 13

432 zβ−rcνEγorE≥ottoψRsqu−rτEp−πrEproΥuctπonEwπtνEtνβEh{shzEΥβtβctorEπnEγπn−χEst−tβsEcont−πnπnμEoπμμsE
≥osonsQE≥RρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψSEJournalpofpHighpEnergypPhysicsQE2019QEWUV_QEV 5.4 7

431
zβ−rcνEγorE−ΥΥπtπon−χEνβ−vyEnβutr−χEoπμμsE−nΥEμ−uμβE≥osonsEπnEtνβEΥπt−uEγπn−χEst−tβEproΥucβΥEπnEX[E
γ≥â��VEoγEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 81

430 tβ−surβψβntEoγEtνβEcrossRsβctπonEγorEproΥucπnμE−E~E≥osonEπnE−ssocπ−tπonEwπtνE−EsπnμχβEtopEqu−rτEπnE
ppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 10

429 tβ−surβψβntEoγEtνβER≥osonEψ−ssEπnEppEcoχχπsπonsE−tEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2018QE]^QEVVU 4.2 59

428 zβ−rcνEγorEnβwEpνβnoψβn−EπnEνπμνRψ−ssEγπn−χEst−tβsEwπtνE−EpνotonE−nΥE−EρβtEγroψEcoχχπsπonsE−tEdE
VX´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUW 4.2 7
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427 zβ−rcνEγorEtνβEΥπrβctEproΥuctπonEoγEcν−rμπnosE−nΥEnβutr−χπnosEπnEγπn−χEst−tβsEwπtνEt−uEχβptonsEπnE
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVZY 4.2 23

426 tβ−surβψβntEoγEχonμπtuΥπn−χEγχowEΥβcorrβχ−tπonsEπnEw≥Pw≥EcoχχπsπonsE−tE−nΥEZSUWE{β}EwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVYW 4.2 35

425 tβ−surβψβntEoγEqu−rτonπuψEproΥuctπonEπnEprotonRχβ−ΥE−nΥEprotonRprotonEcoχχπsπonsE−tEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV]V 4.2 35

424 tβ−surβψβntEoγEΥπγγβrβntπ−χEcrossRsβctπonsEoγE−EsπnμχβEtopEqu−rτEproΥucβΥEπnE−ssocπ−tπonEwπtνE−E
≥osonE−tEwπtνEh{shzSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^[ 4.2 5

423 zβ−rcνEγorEνβ−vyErβson−ncβsEπnEtνβE−nΥEγπn−χEst−tβsEusπnμEprotonRprotonEcoχχπsπonsE−tE´ EwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEW_X 4.2 41

422 hEsβ−rcνEγorEp−πrRproΥucβΥErβson−ncβsEπnEγourRρβtEγπn−χEst−tβsE−tEwπtνEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2018QE]^QEWZU 4.2 28

421
zβ−rcνEγorEνβ−vyErβson−ncβsEΥβc−yπnμEπntoE−E~EorE–E≥osonE−nΥE−EoπμμsE≥osonEπnEγπn−χEst−tβsEwπtνE
χβptonsE−nΥE≥RρβtsEπnEX[Eγ≥â��VEoγEMEsqrt{s}dVXENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 26

420 zβ−rcνEγorEνβ−vyErβson−ncβsEΥβc−yπnμEπntoEπnEtνβEγπn−χEst−tβEπnEcoχχπsπonsE−tEwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEWY 4.2 47

419 kπrβctEtopRqu−rτEΥβc−yEwπΥtνEψβ−surβψβntEπnEtνβEχβptonPρβtsEcν−nnβχE−tEwπtνEtνβEh{shzE
βxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVW_ 4.2 11

418 zβ−rcνEγorE~E~T~E–Erβson−ncβEproΥuctπonEπnEâ��˛‰qqEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

417 tβ−surβψβntEoγEtνβEoπμμsE≥osonEcoupχπnμEpropβrtπβsEπnEtνβEoEReE––OEReEYâ��EΥβc−yEcν−nnβχE−tEME
sqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 36

416 tβ−surβψβntEoγEπncχusπvβEρβtE−nΥEΥπρβtEcrossRsβctπonsEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}dVXENE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 12

415 zβ−rcνEγorEΥ−rτEψ−ttβrEproΥucβΥEπnE−ssocπ−tπonEwπtνE≥ottoψEorEtopEqu−rτsEπnE´ {β}EcoχχπsπonsEwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV^ 4.2 32

414 zβ−rcνEγorEΥou≥χyEcν−rμβΥEoπμμsE≥osonEproΥuctπonEπnEψuχtπRχβptonEγπn−χEst−tβsEwπtνEtνβEh{shzE
ΥβtβctorEusπnμEprotonRprotonEcoχχπsπonsE−tSEEuropeanpPhysicalpJournalpCQE2018QE]^QEV__ 4.2 55

413 tβ−surβψβntEoγEpoχ−rπs−tπonEπnEΥβc−ysEπnEprotonRprotonEcoχχπsπonsE−tE{β}EwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2018QE]^QEV[X 4.2 3

412 zβ−rcνβsEγorEνβ−vyE––E−nΥE–~Erβson−ncβsEπnEtνβEâ��â��qqE−nΥE˛‰˛‰qqEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEME
sqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 17

411 zβ−rcνEγorEp−πrEproΥuctπonEoγEupRtypβEvβctorRχπτβEqu−rτsE−nΥEγorEγourRtopRqu−rτEβvβntsEπnEγπn−χE
st−tβsEwπtνEψuχtπpχβE≥RρβtsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 23

410
tβ−surβψβntEoγEΥπγγβrβntπ−χEcrossEsβctπonsE−nΥE~PT~â��EcrossRsβctπonEr−tπosEγorE~E≥osonEproΥuctπonE
πnE−ssocπ−tπonEwπtνEρβtsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2018QEWUV^QEV

5.4 7
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409 tβ−surβψβntEoγEtνβE~R≥osonEψ−ssEπnEppEcoχχπsπonsE−tEMsqrt{s}d]QEν≥oxE{{β}}NEwπtνEtνβEh{shzE
ΥβtβctorE2018QE]^QEV 1

408 zβ−rcνEγorEΥou≥χyEcν−rμβΥEoπμμsE≥osonEproΥuctπonEπnEψuχtπRχβptonEγπn−χEst−tβsEwπtνEtνβEh{shzE
ΥβtβctorEusπnμEprotonâ��protonEcoχχπsπonsE−tEMsqrt{s}dVXQtβxtE{{β}}NE2018QE]^QEV 1

407 zβ−rcνEγorEνβ−vyErβson−ncβsEΥβc−yπnμEπntoE−E~EorE–E≥osonE−nΥE−EoπμμsE≥osonEπnEγπn−χEst−tβsEwπtνE
χβptonsE−nΥE≥RρβtsEπnEX[Eγ≥â��VEoγEMEsqrt{s}dVXENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorE2018QEWUV^QEV 1

406
zβ−rcνEγorEtνβEoπμμsE≥osonEproΥucβΥEπnE−ssocπ−tπonEwπtνE−EvβctorE≥osonE−nΥEΥβc−yπnμEπntoEtwoE
spπnRzβroEp−rtπcχβsEπnEtνβEoEReE−−EReEY≥Ecν−nnβχEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 14

405
tβ−surβψβntEoγEtνβEME–μ−ψψ−EtoEnuEovβrχπnβ{nu}μ−ψψ−ENEproΥuctπonEcrossEsβctπonEπnEppEcoχχπsπonsE
−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorE−nΥEχπψπtsEonE−noψ−χousEtrπpχβEμ−uμβR≥osonE
coupχπnμsSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 6

404 wroψptE−nΥEnonRproψptEβχχπptπcEγχowEπnEw≥Pw≥EcoχχπsπonsE−tE{βvEwπtνEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2018QE]^QE]^Y 4.2 8

403 zβ−rcνEγorEoπμμsE≥osonEp−πrEproΥuctπonEπnEtνβEcν−nnβχEusπnμEcoχχπsπonEΥ−t−ErβcorΥβΥE−tE{β}EwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEVUU] 4.2 21

402 tβ−surβψβntEoγEcoχourEγχowEusπnμEρβtRpuχχEo≥sβrv−≥χβsEπnEβvβntsEwπtνEtνβEh{shzEβxpβrπψβntE−tSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE^Y] 4.2 5

401 hnμuχ−rE−n−χysπsEoγEiEUEΥEEReErO˛…P˛…â��EΥβc−ysEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 44

400
zβ−rcνEγorE−EnβwEνβ−vyEμ−uμβR≥osonErβson−ncβEΥβc−yπnμEπntoE−EχβptonE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEX[Eγ≥EoγEcoχχπsπonsE−tE´ {β}EwπtνEtνβEh{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE
2018QE]^QEYUV

4.2 23

399
zβ−rcνEγorEΥ−rτEψ−ttβrEπnEβvβntsEwπtνE−Eν−Υronπc−χχyEΥβc−yπnμEvβctorE≥osonE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 15

398
tβ−surβψβntsEoγEΥπγγβrβntπ−χEcrossEsβctπonsEoγEtopEqu−rτEp−πrEproΥuctπonEπnE−ssocπ−tπonEwπtνEρβtsEπnE
ppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QE
WUV^QEV

5.4 4

397
zβ−rcνEγorEoπμμsE≥osonEp−πrEproΥuctπonEπnEtνβEMEupμ−ψψ−Eupμ−ψψ−E≥ovβrχπnβ{≥}ENEγπn−χEst−tβEwπtνE
VXE{β}EppEcoχχπsπonEΥ−t−EcoχχβctβΥE≥yEtνβEh{shzEβxpβrπψβntSEJournalpofpHighpEnergypPhysicsQE2018QE
WUV^QEV

5.4 23

396 zβ−rcνEγorEnβwEpνβnoψβn−EπnEβvβntsEwπtνEs−ψβRcν−rμβEχβptonsE−nΥE≥RρβtsEπnEppEcoχχπsπonsE−tEME
sqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 21

395 tβ−surβψβntEoγEtνβE−zπψutν−χE−nπsotropyEoγEcν−rμβΥEp−rtπcχβsEproΥucβΥEπnEdEZSUW´ {β}Ew≥Pw≥E
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__] 4.2 21

394 wβrγorψ−ncβEoγEψπssπnμEtr−nsvβrsβEψoψβntuψErβconstructπonEwπtνEtνβEh{shzEΥβtβctorEusπnμE
protonRprotonEcoχχπsπonsE−tSEEuropeanpPhysicalpJournalpCQE2018QE]^QE_UX 4.2 66

393 mπrstElvπΥβncβEγorEcosW˛†eUE−nΥEyβsoχutπonEoγEtνβEj−≥π≥≥oRro≥−y−sνπRt−sτ−w−Exu−rτRtπxπnμE
|nπt−rπtyE{rπ−nμχβEhψ≥πμuπtySEPhysicalpReviewpLettersQE2018QEVWVQEW[V^UV 7.4 4

392 zβ−rcνEγorEβχβctrowβ−τEproΥuctπonEoγEsupβrsyψψβtrπcEp−rtπcχβsEπnEγπn−χEst−tβsEwπtνEtwoEorEtνrββE
χβptonsE−tEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QE__Z 4.2 49

(2018-2018)
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391 zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEΥβc−yπnμEπntoEtopE−nΥE≥ottoψEqu−rτsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 39

390 vpβr−tπonE−nΥEpβrγorψ−ncβEoγEtνβEh{shzE{πχβEj−χorπψβtβrEπnEyun´ VSEEuropeanpPhysicalpJournalpCQE
2018QE]^QE_^] 4.2 13

389
zβ−rcνEγorEsupβrsyψψβtryEπnEγπn−χEst−tβsEwπtνEψπssπnμEtr−nsvβrsβEψoψβntuψE−nΥEψuχtπpχβE≥RρβtsEπnE
protonRprotonEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2018QEWUV^QEV

5.4 28

388
zβ−rcνEγorEp−πrEproΥuctπonEoγEνβ−vyEvβctorRχπτβEqu−rτsEΥβc−yπnμEπntoEνπμνRp{E~E≥osonsE−nΥEtopE
qu−rτsEπnEtνβEχβptonRpχusRρβtsEγπn−χEst−tβEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV

5.4 16

387
zβ−rcνEγorEtopRsqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEonβEχβptonQEρβtsQE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEusπnμEX[Eγ≥â��VEoγEMEsqrt{s}dVXENE{β}EppEcoχχπsπonEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

386 zβ−rcνEγorEχonμRχπvβΥEcν−rμπnosE≥−sβΥEonE−EΥπs−ppβ−rπnμRtr−cτEsπμn−turβEπnEppEcoχχπsπonsE−tEME
sqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 48

385 zβ−rcνEγorEsupβrsyψψβtryEπnEγπn−χEst−tβsEwπtνEcν−rψEρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEVXE
{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 9

384
zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEΥβc−yπnμEvπ−Eo´–EReEˇ�´–˛‰ˇ�EπnEtνβEˇ�PρβtsE−nΥEˇ�PχβptonEγπn−χEst−tβsEwπtνE
X[Eγ≥â��VEoγEppEcoχχπsπonEΥ−t−ErβcorΥβΥE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEβxpβrπψβntSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV

5.4 33

383 wroψptE−nΥEnonRproψptE−nΥEsupprβssπonE−tEνπμνEtr−nsvβrsβEψoψβntuψEπnEw≥Pw≥EcoχχπsπonsEwπtνE
tνβEh{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2018QE]^QE][W 4.2 23

382 zβ−rcνEγorEoπμμsE≥osonEΥβc−ysEtoE≥βyonΥRtνβRzt−nΥ−rΥRtoΥβχEχπμνtE≥osonsEπnEγourRχβptonEβvβntsE
wπtνEtνβEh{shzEΥβtβctorE−tEMEsqrt{s}dVXENE{β}SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 22

381 zβ−rcνEγorEβxcχusπvβEoπμμsE−nΥE–E≥osonEΥβc−ysEtoEf˛‡E−nΥEˇ�˛‡EwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2018QEWUV^QEV 5.4 6

380 tβ−surβψβntsEoγE≥RρβtEt−μμπnμEβγγπcπβncyEwπtνEtνβEh{shzEΥβtβctorEusπnμEMEtovβrχπnβ{t}ENEβvβntsE−tEME
sqrt{s}dVXENE{β}SEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 31

379 zβ−rcνEγorEγχ−vourRcν−nμπnμEnβutr−χEcurrβntEtopRqu−rτEΥβc−ysEtEReEq–EπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 8

378 tβ−surβψβntEoγEtνβEπncχusπvβE−nΥEγπΥucπ−χEproΥuctπonEcrossRsβctπonsEπnEtνβEχβptonPρβtsEcν−nnβχEπnE
coχχπsπonsE−tEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEY^] 4.2 5

377 zβ−rcνEγorEνβ−vyEp−rtπcχβsEΥβc−yπnμEπntoEtopRqu−rτEp−πrsEusπnμEχβptonRpχusRρβtsEβvβntsEπnE
protonRprotonEcoχχπsπonsE−tE´ EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2018QE]^QEZ[Z 4.2 34

376
zβ−rcνEγorEnβwEpνβnoψβn−EusπnμEtνβEπnv−rπ−ntEψ−ssEΥπstrπ≥utπonEoγEs−ψβRγχ−vourEopposπtβRsπμnE
ΥπχβptonEp−πrsEπnEβvβntsEwπtνEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE´ EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2018QE]^QE[WZ

4.2 15

375 zβ−rcνEγorEΥ−rτEψ−ttβrE−nΥEotνβrEnβwEpνβnoψβn−EπnEβvβntsEwπtνE−nEβnβrμβtπcEρβtE−nΥEχ−rμβEψπssπnμE
tr−nsvβrsβEψoψβntuψEusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2018QEWUV^QEV 5.4 101

374
tβ−surβψβntEoγEtνβE—morψuχ−aEsββEtβxt¯E−nΥE—morψuχ−aEsββEtβxt¯EproΥuctπonEcrossEsβctπonsEπnE
ψuχtπχβptonEγπn−χEst−tβsEusπnμEXSWEγ≥—morψuχ−aEsββEtβxt¯EoγE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aE
sββEtβxt¯EdEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYU

4.2 14

GeraldtEigen
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373
hEψβ−surβψβntEoγEtνβEc−χorπψβtβrErβsponsβEtoEsπnμχβEν−ΥronsE−nΥEΥβtβrψπn−tπonEoγEtνβEρβtEβnβrμyE
sc−χβEuncβrt−πntyEusπnμEsojEyunRVERcoχχπsπonEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEW[

4.2 22

372
tβ−surβψβntEoγEtνβEπncχusπvβEcrossRsβctπonsEoγEsπnμχβEtopRqu−rτE−nΥEtopR−ntπqu−rτEtRcν−nnβχE
proΥuctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2017QEWUV]QEV

5.4 22

371
tβ−surβψβntEoγEρβtE−ctπvπtyEproΥucβΥEπnEtopRqu−rτEβvβntsEwπtνE−nEβχβctronQE−EψuonE−nΥEtwoE
Rt−μμβΥEρβtsEπnEtνβEγπn−χEst−tβEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E{β}EwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEWWU

4.2 5

370 tβ−surβψβntEoγEtνβE≥osonEpoχ−rπs−tπonEπnE—morψuχ−aEsββEtβxt¯EβvβntsEγroψEcoχχπsπonsE−tE—morψuχ−aE
sββEtβxt¯EdE^E{β}EπnEtνβEχβpton´ P´ ρβtsEcν−nnβχEwπtνEh{shzSEEuropeanpPhysicalpJournalpCQE2017QE]]QEW[Y 4.2 19

369 lχβctronEβγγπcπβncyEψβ−surβψβntsEwπtνEtνβEh{shzEΥβtβctorEusπnμEWUVWEsojEprotonRprotonEcoχχπsπonE
Υ−t−SEEuropeanpPhysicalpJournalpCQE2017QE]]QEV_Z 4.2 61

368
tβ−surβψβntsEoγEtopRqu−rτEp−πrEΥπγγβrβntπ−χEcrossRsβctπonsEπnEtνβE—morψuχ−aEsββEtβxt¯Ecν−nnβχEπnE
coχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEW_W

4.2 13

367 wβrγorψ−ncβEoγE−χμorπtνψsEtν−tErβconstructEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE—morψuχ−aEsββEtβxt¯dE
^E{β}EprotonRprotonEcoχχπsπonsEπnEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEWYV 4.2 38

366 zβ−rcνEγorEi±{P}Rer±{P}ˇ�±{P}ˇ�±{R}E−tEtνβEi−i−rElxpβrπψβntSEPhysicalpReviewpLettersQE2017QEVV^QEUXV^UW 7.4 24

365 tβ−surβψβntEoγEtνβEproψptET—morψuχ−aEsββEtβxt¯Ep−πrEproΥuctπonEcrossRsβctπonEπnEcoχχπsπonsE−tE
—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE][ 4.2 47

364 zβ−rcνEγorEtrπ≥osonE—morψuχ−aEsββEtβxt¯EproΥuctπonEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ —morψuχ−aEsββE
tβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYV 4.2 13

363 {opoχoμπc−χEcβχχEcχustβrπnμEπnEtνβEh{shzEc−χorπψβtβrsE−nΥEπtsEpβrγorψ−ncβEπnEsojEyunEVSEEuropeanp
PhysicalpJournalpCQE2017QE]]QEY_U 4.2 177

362
mπΥucπ−χQEtot−χE−nΥEΥπγγβrβntπ−χEcrossRsβctπonEψβ−surβψβntsEoγERcν−nnβχEsπnμχβEtopRqu−rτEproΥuctπonE
πnEcoχχπsπonsE−tE^´ {β}EusπnμEΥ−t−EcoχχβctβΥE≥yEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEZXV

4.2 27

361 tβ−surβψβntsEoγEβχβctrowβ−τE—morψuχ−aEsββEtβxt¯EproΥuctπonE−nΥEconstr−πntsEonE−noψ−χousEμ−uμβE
coupχπnμsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEY]Y 4.2 14

360 zβ−rcνEγorEpnvπsπ≥χβEkβc−ysEoγE−Ek−rτEwνotonEwroΥucβΥEπnEβ±{P}β±{R}EjoχχπsπonsE−tEi−i−rSEPhysicalp
ReviewpLettersQE2017QEVV_QEVXV^UY 7.4 113

359 qβtErβconstructπonE−nΥEpβrγorψ−ncβEusπnμEp−rtπcχβEγχowEwπtνEtνβEh{shzEkβtβctorSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEY[[ 4.2 42

358 tβ−surβψβntEoγEψuχtπRp−rtπcχβE−zπψutν−χEcorrβχ−tπonsEπnEppQEp´ P´ w≥E−nΥEχowRψuχtπpχπcπtyEw≥´ P´ w≥E
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEYW^ 4.2 48

357 tβ−surβψβntEoγEπncχusπvβE−nΥEΥπγγβrβntπ−χEcrossEsβctπonsEπnEtνβEoEReE––EOEReEYâ��EΥβc−yEcν−nnβχEπnEppE
coχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 25

356 tβ−surβψβntEoγEχβptonEΥπγγβrβntπ−χEΥπstrπ≥utπonsE−nΥEtνβEtopEqu−rτEψ−ssEπnEproΥuctπonEπnEcoχχπsπonsE
−tE´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^UY 4.2 11

(2017-2017)
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355 tβ−surβψβntEoγEtνβEMEtovβrχπnβ{t}μ−ψψ−ENEproΥuctπonEcrossEsβctπonEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

354 tβ−surβψβntEoγEtνβEk±{O}MWUVUN±{P}Rk±{P}Et−ssEkπγγβrβncβSEPhysicalpReviewpLettersQE2017QEVV_QEWUWUUX 7.4 1

353
tβ−surβψβntsEoγEcν−rμβE−nΥEjwE−syψψβtrπβsEπnE≥Rν−ΥronEΥβc−ysEusπnμEtopRqu−rτEβvβntsEcoχχβctβΥE
≥yEtνβEh{shzEΥβtβctorEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}SEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 6

352 wβrγorψ−ncβEoγEtνβEh{shzEtr−cτErβconstructπonE−χμorπtνψsEπnEΥβnsβEβnvπronψβntsEπnEsojEyunEWSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE[]X 4.2 33

351
zβ−rcνEγorEnβwEpνβnoψβn−EπnEβvβntsEcont−πnπnμE−Es−ψβRγχ−vourEopposπtβRsπμnEΥπχβptonEp−πrQEρβtsQE
−nΥEχ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE—morψuχ−aEsββEtβxt¯´ —morψuχ−aEsββEtβxt¯—morψuχ−aEsββE
tβxt¯EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEVYY

4.2 8

350
tβ−surβψβntEoγEtνβE––EproΥuctπonEcrossEsβctπonEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}E
usπnμEtνβE––EReEâ��â�� â��Pâ��fâ��â��fPE−nΥEME––toE{βχχ}±{R}{βχχ}±{P}nuEovβrχπnβ{nu}ENEΥβc−yEcν−nnβχsEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 9

349 wro≥πnμEtνβE~Et≥EvβrtβxEstructurβEπnEtRcν−nnβχEsπnμχβRtopRqu−rτEproΥuctπonE−nΥEΥβc−yEπnEppE
coχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 11

348 tβ−surβψβntsEoγEˇ�MWzNE−nΥE‘MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproΥuctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 15

347 tβ−surβψβntsEoγEtopRqu−rτEp−πrEtoE–R≥osonEcrossRsβctπonEr−tπosE−tEMEsqrt{s}dVXENEQE^QE]E{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

346 zβ−rcνEγorEχβptonRγχ−vourRvπoχ−tπnμEΥβc−ysEoγEtνβEoπμμsE−nΥE≥osonsEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE]U 4.2 52

345 wβrγorψ−ncβEoγEtνβEh{shzEtrπμμβrEsystβψEπnEWUVZSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXV] 4.2 272

344 yβconstructπonEoγEprπψ−ryEvβrtπcβsE−tEtνβEh{shzEβxpβrπψβntEπnEyunEVEprotonRprotonEcoχχπsπonsE−tE
tνβEsojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEXXW 4.2 29

343
tβ−surβψβntsEoγEtνβEproΥuctπonEcrossEsβctπonEoγE−E—morψuχ−aEsββEtβxt¯E≥osonEπnE−ssocπ−tπonEwπtνE
ρβtsEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2017QE]]QEX[V

4.2 26

342 wrβcπsπonEψβ−surβψβntE−nΥEπntβrprβt−tπonEoγEπncχusπvβEQE−nΥEproΥuctπonEcrossEsβctπonsEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX[] 4.2 56

341 tβ−surβψβntEoγEρβtEγr−μψβnt−tπonEπnEw≥Pw≥E−nΥEcoχχπsπonsE−tE{β}EwπtνEtνβEh{shzEΥβtβctorE−tEtνβE
sojSEEuropeanpPhysicalpJournalpCQE2017QE]]QEX]_ 4.2 35

340
zβ−rcνEγorEΥ−rτEψ−ttβrE−tE—morψuχ−aEsββEtβxt¯EπnEγπn−χEst−tβsEcont−πnπnμE−nEβnβrμβtπcEpνotonE−nΥE
χ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE
]]QEX_X

4.2 52

339
tβ−surβψβntEoγEcν−rμβΥRp−rtπcχβEΥπstrπ≥utπonsEsβnsπtπvβEtoEtνβEunΥβrχyπnμEβvβntEπnEMEsqrt{s}dVXENE
{β}EprotonRprotonEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorE−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 9

338 zβ−rcνEγorEΥπrβctEtopEsqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEtwoEχβptonsEπnE{β}EcoχχπsπonsEwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^_^ 4.2 19

GeraldtEigen
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337
zβ−rcνEγorEΥπrβctEtopEsqu−rτEp−πrEproΥuctπonEπnEβvβntsEwπtνE−EoπμμsEorE–E≥osonQE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEMEsqrt{s}dVXENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 7

336
tβ−surβψβntEoγEΥβtβctorRcorrβctβΥEo≥sβrv−≥χβsEsβnsπtπvβEtoEtνβE−noψ−χousEproΥuctπonEoγEβvβntsE
wπtνEρβtsE−nΥEχ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEcoχχπsπonsE−tE´ {β}EusπnμEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QE][Z

4.2 10

335 tβ−surβψβntEoγE≥Rν−ΥronEp−πrEproΥuctπonEwπtνEtνβEh{shzEΥβtβctorEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}SEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 5

334 zβ−rcνEγorEsupβrsyψψβtryEπnEβvβntsEwπtνE≥Rt−μμβΥEρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEppE
coχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 13

333 tβ−surβψβntEoγEtνβEπncχusπvβEρβtEcrossRsβctπonsEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

332
zβ−rcνEγorEp−πrEproΥuctπonEoγEvβctorRχπτβEtopEqu−rτsEπnEβvβntsEwπtνEonβEχβptonQEρβtsQE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEMEsqrt{s}dVXENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2017QEWUV]QEV

5.4 27

331 pΥβntπγπc−tπonE−nΥErβρβctπonEoγEpπχβRupEρβtsE−tEνπμνEpsβuΥor−pπΥπtyEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2017QE]]QEZ^U 4.2 16

330
tβ−surβψβntEoγEproΥuctπonEwπtνEtνβEν−Υronπc−χχyEΥβc−yπnμE≥osonErβconstructβΥE−sEonβEorEtwoEρβtsE
πnEcoχχπsπonsE−tEwπtνEh{shzQE−nΥEconstr−πntsEonE−noψ−χousEμ−uμβEcoupχπnμsSEEuropeanpPhysicalp
JournalpCQE2017QE]]QEZ[X

4.2 15

329
zβ−rcνEγorEnβwEpνβnoψβn−EπnE−EχβptonEpχusEνπμνEρβtEψuχtπpχπcπtyEγπn−χEst−tβEwπtνEtνβEh{shzE
βxpβrπψβntEusπnμEMEsqrt{s}dVXENE{β}EprotonRprotonEcoχχπsπonEΥ−t−SEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV

5.4 7

328 zβ−rcνβsEγorEtνβE–˛‡EΥβc−yEψoΥβEoγEtνβEoπμμsE≥osonE−nΥEγorEnβwEνπμνRψ−ssErβson−ncβsEπnEppE
coχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 20

327 ztuΥπβsEoγE–˛‡EproΥuctπonEπnE−ssocπ−tπonEwπtνE−EνπμνRψ−ssEΥπρβtEsystβψEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 7

326 tβ−surβψβntsEoγEtopRqu−rτEp−πrEΥπγγβrβntπ−χEcrossRsβctπonsEπnEtνβEχβptonPρβtsEcν−nnβχEπnEppE
coχχπsπonsE−tEMEsqrt{s}dVXENE{β}EusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

325 zβ−rcνEγorEtopEqu−rτEΥβc−ysEtEReEqoQEwπtνEoEReE˛‡˛‡QEπnEMEsqrt{s}dVXENE{β}EppEcoχχπsπonsEusπnμEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

324 ztuΥyEoγE−nΥEproΥuctπonEπnEcoχχπsπonsE−tE−nΥEsβ−rcνEγorE−noψ−χousEqu−rtπcEμ−uμβEcoupχπnμsEwπtνEtνβE
h{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2017QE]]QE[Y[ 4.2 11

323 tβ−surβψβntsEoγEtopEqu−rτEspπnEo≥sβrv−≥χβsEπnEMEtovβrχπnβ{t}ENEβvβntsEusπnμEΥπχβptonEγπn−χEst−tβsEπnEME
sqrt{s}d^ENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 12

322 oπμμsEpνysπcsE−tEtνβEjspjEβχβctronRposπtronEχπnβ−rEcoχχπΥβrSEEuropeanpPhysicalpJournalpCQE2017QE]]QEY]Z 4.2 76

321
zβ−rcνEγorEnβwEpνβnoψβn−EwπtνEχ−rμβEρβtEψuχtπpχπcπtπβsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEusπnμE
χ−rμβRr−ΥπusEρβtsE−nΥEγχ−vourRt−μμπnμE−tEh{shzEπnEVXE{β}EppEcoχχπsπonsSEJournalpofpHighpEnergypPhysics
QE2017QEWUV]QEV

5.4 8

320 {opRqu−rτEψ−ssEψβ−surβψβntEπnEtνβE−χχRν−ΥronπcEMEtovβrχπnβ{t}ENEΥβc−yEcν−nnβχE−tEMEsqrt{s}d^ENE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 6

(2017-2017)
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319 tβ−surβψβntEoγEtνβEkrβχχR’−nEtrπpχβRΥπγγβrβntπ−χEcrossEsβctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}SE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 16

318 zβ−rcνEγorE−Esc−χ−rEp−rtnβrEoγEtνβEtopEqu−rτEπnEtνβEρβtsEpχusEψπssπnμEtr−nsvβrsβEψoψβntuψEγπn−χE
st−tβE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 30

317
zβ−rcνEγorEsupβrsyψψβtryEπnEγπn−χEst−tβsEwπtνEtwoEs−ψβRsπμnEorEtνrββEχβptonsE−nΥEρβtsEusπnμEX[Eγ≥â��VE
oγEMEsqrt{s}dVXENE{β}EppEcoχχπsπonEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 22

316
zβ−rcνEγorEp−πrEproΥuctπonEoγEνβ−vyEvβctorRχπτβEqu−rτsEΥβc−yπnμEtoEνπμνRpE{E~E≥osonsE−nΥE≥Equ−rτsE
πnEtνβEχβptonRpχusRρβtsEγπn−χEst−tβEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSE
JournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV

5.4 29

315 tβ−surβψβntEoγEtνβEτEtEspχπttπnμEsc−χβsEπnE–EReEâ��â��EβvβntsEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QEWUV]QEV 5.4 3

314
hn−χysπsEoγEtνβE~t≥EvβrtβxEγroψEtνβEψβ−surβψβntEoγEtrπpχβRΥπγγβrβntπ−χE−nμuχ−rEΥβc−yEr−tβsEoγE
sπnμχβEtopEqu−rτsEproΥucβΥEπnEtνβEtRcν−nnβχE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2017QEWUV]QEV

5.4 7

313 lvπΥβncβEγorEtνβEMEotoE≥ovβrχπnβ{≥}ENEΥβc−yEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2017QEWUV]QEV 5.4 50

312
zβ−rcνEγorEnβwEνπμνRψ−ssEpνβnoψβn−EπnEtνβEΥπχβptonEγπn−χEst−tβEusπnμEX[Eγ≥â��VEoγEprotonRprotonE
coχχπsπonEΥ−t−E−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2017QE
WUV]QEV

5.4 126

311 kβtβrψπn−tπonEoγEtνβEstronμEcoupχπnμEconst−ntEγroψEtr−nsvβrsβEβnβrμyRβnβrμyEcorrβχ−tπonsEπnE
ψuχtπρβtEβvβntsE−tEusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2017QE]]QE^]W 4.2 19

310 v≥sβrv−tπonEoγEiRekMONEˇ�±MPNˇ�±MRNâ��±MRN˛‰Ekβc−ysEπnEβ±MPNβ±MRNEjoχχπsπonsE−tEtνβE˛¥MYzNEyβson−ncβSE
PhysicalpReviewpLettersQE2016QEVV[QEUYV^UV 7.4 8

309 yβconstructπonEoγEν−ΥronπcEΥβc−yEproΥuctsEoγEt−uEχβptonsEwπtνEtνβEh{shzEβxpβrπψβntSEEuropeanp
PhysicalpJournalpCQE2016QE][QEW_Z 4.2 28

308 wβrγorψ−ncβEoγEpπχβRupEψπtπμ−tπonEtβcνnπquβsEγorEρβtsEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aE
sββEtβxt¯´ {β}EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^V 4.2 148

307 tβ−surβψβntEoγEtνβEcν−rμβΥRp−rtπcχβEψuχtπpχπcπtyEπnsπΥβEρβtsEγroψE—morψuχ−aEsββEtβxt¯—morψuχ−aEsββE
tβxt¯´ EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEXWW 4.2 35

306 tβ−surβψβntEoγEρβtE−ctπvπtyEπnEtopEqu−rτEβvβntsEusπnμEtνβEβ˛…Eγπn−χEst−tβEwπtνEtwoE≥Rt−μμβΥEρβtsEπnEppE
coχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 4

305
tβ−surβψβntEoγEtνβEtr−nsvβrsβEψoψβntuψE−nΥE—morψuχ−aEsββEtβxt¯EΥπstrπ≥utπonsEoγEkrβχχR’−nE
χβptonEp−πrsEπnEprotonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2016QE][QEW_V

4.2 63

304
tβ−surβψβntEoγEγπΥucπ−χEΥπγγβrβntπ−χEcrossEsβctπonsEoγEμχuonRγusπonEproΥuctπonEoγEoπμμsE≥osonsE
Υβc−yπnμEtoE~~EOReβ˛‰˛…˛‰EwπtνEtνβEh{shzEΥβtβctorE−tEMEsqrt{s}d^ENE{β}SEJournalpofpHighpEnergypPhysicsQE
2016QEWUV[QEV

5.4 13

303 zβ−rcνEγorEnβwEpνβnoψβn−EπnEβvβntsEwπtνE−EpνotonE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEppE
coχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

302 hEsβ−rcνEγorEtopEsqu−rτsEwπtνEyRp−rπtyRvπoχ−tπnμEΥβc−ysEtoE−χχRν−ΥronπcEγπn−χEst−tβsEwπtνEtνβEh{shzE
ΥβtβctorEπnEMEsqrt{s}d^ENE{β}EprotonRprotonEcoχχπsπonsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

GeraldtEigen
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301 pΥβntπγπc−tπonEoγEνπμνEtr−nsvβrsβEψoψβntuψEtopEqu−rτsEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 13

300 hEsβ−rcνEγorE−nEβxcπtβΥEψuonEΥβc−yπnμEtoE−EψuonE−nΥEtwoEρβtsEπnppcoχχπsπonsE−tE
Isqrt{s}bdb^b{rψ{{β}}}IEwπtνEtνβEh{shzEΥβtβctorSENewpJournalpofpPhysicsQE2016QEV^QEU]XUWV 2.9 1

299 iβ−ψRπnΥucβΥE−nΥEcosψπcRr−yE≥−cτμrounΥsEo≥sβrvβΥEπnEtνβEh{shzEΥβtβctorEΥurπnμEtνβEsojEWUVWE
protonRprotonErunnπnμEpβrπoΥSEJournalpofpInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

298 tβ−surβψβntsEoγEtopRqu−rτEp−πrEΥπγγβrβntπ−χEcrossRsβctπonsEπnEtνβEχβptonPρβtsEcν−nnβχEπnEcoχχπsπonsE
−tE—morψuχ−aEsββEtβxt¯EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZX^ 4.2 48

297
tβ−surβψβntEoγEtνβEΥπγγβrβntπ−χEcrossRsβctπonsEoγEproψptE−nΥEnonRproψptEproΥuctπonEoγE—morψuχ−aE
sββEtβxt¯E−nΥE—morψuχ−aEsββEtβxt¯EπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E−nΥE^´ {β}EwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEW^X

4.2 42

296 suψπnosπtyEΥβtβrψπn−tπonEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EdE^E{β}EusπnμEtνβEh{shzEΥβtβctorE−tE
tνβEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QE[ZX 4.2 188

295
zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnEβvβntsEwπtνEν−Υronπc−χχyEΥβc−yπnμEt−uEχβptonsQEρβtsE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEprotonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}ErβcorΥβΥEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[^X

4.2 7

294
hΥΥβnΥuψEtoEâ��tβ−surβψβntEoγEtνβEMt≥−r{t}NEproΥuctπonEcrossRsβctπonEusπnμEMβψuENEβvβntsEwπtνE
≥Rt−μμβΥEρβtsEπnEppEcoχχπsπonsE−tEMsqrt{s}NEdE]E−nΥE^EMQψ−tνrψ{{β}}NEwπtνEtνβEh{shzEΥβtβctorâ��SE
EuropeanpPhysicalpJournalpCQE2016QE][QEV

4.2 13

293 tβ−surβψβntEoγEtνβE−nμuχ−rEcoβγγπcπβntsEπnE–R≥osonEβvβntsEusπnμEβχβctronE−nΥEψuonEp−πrsEγroψE
Υ−t−Et−τβnE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

292 zβ−rcνβsEγorEνβ−vyEΥπ≥osonErβson−ncβsEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 20

291 k−rτEψ−ttβrEπntβrprβt−tπonsEoγEh{shzEsβ−rcνβsEγorEtνβEβχβctrowβ−τEproΥuctπonEoγEsupβrsyψψβtrπcE
p−rtπcχβsEπnEMEsqrt{s}d^ENE{β}EprotonRprotonEcoχχπsπonsSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 16

290
zβ−rcνEγorEtνβEzt−nΥ−rΥEtoΥβχEoπμμsE≥osonEΥβc−yπnμEπntoEME≥ovβrχπnβ{≥}ENEproΥucβΥEπnE−ssocπ−tπonE
wπtνEtopEqu−rτsEΥβc−yπnμEν−Υronπc−χχyEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV

5.4 16

289 tβ−surβψβntEoγEtνβEjwRvπoχ−tπnμEpν−sβEfEsE−nΥEtνβEiEUEsEψβsonEΥβc−yEwπΥtνEΥπγγβrβncβEwπtνEiEUEsE
EReEqTˇ�fEΥβc−ysEπnEh{shzSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 10

288
zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnEγπn−χEst−tβsEwπtνEρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψE−tE
—morψuχ−aEsββEtβxt¯EdVXE—morψuχ−aEsββEtβxt¯wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QEX_W

4.2 53

287 tβ−surβψβntEoγEtνβEΥou≥χβRΥπγγβrβntπ−χEνπμνRψ−ssEkrβχχR’−nEcrossEsβctπonEπnEppEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 24

286 hEsβ−rcνEγorEproψptEχβptonRρβtsEπnEppEcoχχπsπonsE−tEMEsqrt{ψ−tνrψ{s}}d^ENE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 22

285 zβ−rcνEγorEnβwEpνβnoψβn−EwπtνEpνotonPρβtEβvβntsEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

284
tβ−surβψβntEoγEtνβEcβntr−χπtyEΥβpβnΥβncβEoγEtνβEcν−rμβΥRp−rtπcχβEpsβuΥor−pπΥπtyEΥπstrπ≥utπonEπnE
protonRχβ−ΥEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2016QE][QEV__

4.2 39
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283 tβ−surβψβntEoγEtνβEproΥuctπonEcrossRsβctπonEoγE−EsπnμχβEtopEqu−rτEπnE−ssocπ−tπonEwπtνE−E~E≥osonE−tE
^E{β}EwπtνEtνβEh{shzEβxpβrπψβntSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

282 zβ−rcνEγorEtνβEproΥuctπonEoγEsπnμχβEvβctorRχπτβE−nΥEβxcπtβΥEqu−rτsEπnEtνβE~tEγπn−χEst−tβEπnEppE
coχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 14

281 zβ−rcνEγorEstronμEμr−vπtyEπnEψuχtπρβtEγπn−χEst−tβsEproΥucβΥEπnEppEcoχχπsπonsE−tEMEsqrt{s}dVXENE{β}EusπnμE
tνβEh{shzEΥβtβctorE−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 12

280 pΥβntπγπc−tπonEoγE≥oostβΥQEν−Υronπc−χχyEΥβc−yπnμE≥osonsE−nΥEcoψp−rπsonsEwπtνEh{shzEΥ−t−Et−τβnE−tE
—morψuχ−aEsββEtβxt¯´ {β}SEEuropeanpPhysicalpJournalpCQE2016QE][QEVZY 4.2 44

279 zβ−rcνEγorEnβwEpνβnoψβn−EπnEβvβntsEwπtνE−tEχβ−stEtνrββEpνotonsEcoχχβctβΥEπnEcoχχπsπonsE−tE—morψuχ−aE
sββEtβxt¯EdE^E{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWVU 4.2 53

278 wro≥πnμEχβptonEγχ−vourEvπoχ−tπonEvπ−EnβutrπnoχβssE—morψuχ−aEsββEtβxt¯EΥβc−ysEwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWXW 4.2 12

277 hEnβwEψβtνoΥEtoEΥπstπnμuπsνEν−Υronπc−χχyEΥβc−yπnμE≥oostβΥE≥osonsEγroψE≥osonsEusπnμEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWX^ 4.2 6

276 zβ−rcνEγorEsupβrsyψψβtryE−tE—morψuχ−aEsββEtβxt¯´ {β}EπnEγπn−χEst−tβsEwπtνEρβtsE−nΥEtwoEs−ψβRsπμnE
χβptonsEorEtνrββEχβptonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEWZ_ 4.2 48

275 zβ−rcνEγorEπnvπsπ≥χβEΥβc−ysEoγE−EoπμμsE≥osonEusπnμEvβctorR≥osonEγusπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 45

274
zβ−rcνEγorE−noψ−χousEcoupχπnμsEπnEtνβE~Et≥EvβrtβxEγroψEtνβEψβ−surβψβntEoγEΥou≥χβEΥπγγβrβntπ−χE
−nμuχ−rEΥβc−yEr−tβsEoγEsπnμχβEtopEqu−rτsEproΥucβΥEπnEtνβEtRcν−nnβχEwπtνEtνβEh{shzEΥβtβctorSE
JournalpofpHighpEnergypPhysicsQE2016QEWUV[QEVRY[

5.4 12

273 zβ−rcνβsEγorEsc−χ−rEχβptoqu−rτsEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EdE^´ {β}EwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2016QE][QEZ 4.2 68

272
tβ−surβψβntsEoγEtνβEoπμμsE≥osonEproΥuctπonE−nΥEΥβc−yEr−tβsE−nΥEcoupχπnμEstrβnμtνsEusπnμE
coχχπsπonEΥ−t−E−tE—morψuχ−aEsββEtβxt¯E−nΥE^´ {β}EπnEtνβEh{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpC
QE2016QE][QE[

4.2 185

271
tβ−surβψβntsEoγEγπΥucπ−χEcrossRsβctπonsEγorE—morψuχ−aEsββEtβxt¯EproΥuctπonEwπtνEonβEorEtwoE
−ΥΥπtπon−χERρβtsEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯d^E{β}´ usπnμEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2016QE][QEVV

4.2 21

270 ztuΥyEoγEtνβE—morψuχ−aEsββEtβxt¯E−nΥE—morψuχ−aEsββEtβxt¯EΥβc−ysEwπtνEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2016QE][QEY 4.2 13

269 zβ−rcνEγorEsπnμχβEtopRqu−rτEproΥuctπonEvπ−Eγχ−vourRcν−nμπnμEnβutr−χEcurrβntsE−tE^´ {β}EwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZZ 4.2 28

268 tβ−surβψβntEoγEtνβEcν−rμβE−syψψβtryEπnEtopRqu−rτEp−πrEproΥuctπonEπnEtνβEχβptonRpχusRρβtsEγπn−χE
st−tβEπnEppEcoχχπsπonEΥ−t−E−tEMsqrt{s}d^Qψ−tνrψE{β}{}NEwπtνEtνβEh{shzEΥβtβctorE2016QE][QEV 1

267 ztuΥyEoγEν−rΥEΥou≥χβRp−rtonEsc−ttβrπnμEπnEγourRρβtEβvβntsEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}EwπtνE
tνβEh{shzEβxpβrπψβntSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 21

266
zβ−rcνEγorEtνβEzt−nΥ−rΥEtoΥβχEoπμμsE≥osonEproΥucβΥE≥yEvβctorR≥osonEγusπonE−nΥEΥβc−yπnμEtoE
≥ottoψEqu−rτsEπnEMEsqrt{s}d^ENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2016QEWUV[QEV

5.4 8
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265
tβ−surβψβntEoγEβvβntRsν−pβEo≥sβrv−≥χβsEπnE—morψuχ−aEsββEtβxt¯EβvβntsEπnEcoχχπsπonsE−tE—morψuχ−aE
sββEtβxt¯´ —morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2016QE
][QEX]Z

4.2 5

264 jν−rμβΥRp−rtπcχβEΥπstrπ≥utπonsEπnEπntβr−ctπonsE−tE—morψuχ−aEsββEtβxt¯Eψβ−surβΥEwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEYUX 4.2 19

263 jν−rμβΥRp−rtπcχβEΥπstrπ≥utπonsE−tEχowEtr−nsvβrsβEψoψβntuψEπnE—morψuχ−aEsββEtβxt¯´ {β}Eπntβr−ctπonsE
ψβ−surβΥEwπtνEtνβEh{shzEΥβtβctorE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2016QE][QEZUW 4.2 37

262 zβ−rcνEγorE≥ottoψEsqu−rτEp−πrEproΥuctπonEπnEprotonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}E
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZY] 4.2 25

261
zβ−rcνEγorEψπnπψ−χEsupβrsyψψβtrπcEst−nΥ−rΥEψoΥβχEoπμμsEiosonsE´ T´ E−nΥEγorE−E—morψuχ−aEsββEtβxt¯E
≥osonEπnEtνβE—morψuχ−aEsββEtβxt¯Eγπn−χEst−tβEproΥucβΥEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E{β}EwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ^Z

4.2 28

260 tβ−surβψβntEoγEtνβEpνotonEπΥβntπγπc−tπonEβγγπcπβncπβsEwπtνEtνβEh{shzEΥβtβctorEusπnμEsojEyunRVE
Υ−t−SEEuropeanpPhysicalpJournalpCQE2016QE][QE[[[ 4.2 53

259 tβ−surβψβntEoγEtνβE—morψuχ−aEsββEtβxt¯EΥπρβtEcrossEsβctπonEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}E
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[]U 4.2 7

258 {νβEpβrγorψ−ncβEoγEtνβEρβtEtrπμμβrEγorEtνβEh{shzEΥβtβctorEΥurπnμEWUVVEΥ−t−Et−τπnμSEEuropeanp
PhysicalpJournalpCQE2016QE][QEZW[ 4.2 16

257 zβ−rcνEγorEnβwEpνβnoψβn−EπnEΥπγγβrβntRγχ−vourEνπμνRψ−ssEΥπχβptonEγπn−χEst−tβsEπnEcoχχπsπonsE−tE
—morψuχ−aEsββEtβxt¯´ {βvEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZYV 4.2 7

256
zβ−rcνEγorEtνβEoπμμsE≥osonEproΥucβΥEπnE−ssocπ−tπonEwπtνE−E≥osonE−nΥEΥβc−yπnμEtoEγourERqu−rτsEvπ−E
twoEspπnRzβroEp−rtπcχβsEπnEcoχχπsπonsE−tEVXE{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QE[UZ

4.2 16

255 tuonErβconstructπonEpβrγorψ−ncβEoγEtνβEh{shzEΥβtβctorEπnEprotonRprotonEcoχχπsπonEΥ−t−E−tE
—morψuχ−aEsββEtβxt¯dVX´ {β}SEEuropeanpPhysicalpJournalpCQE2016QE][QEW_W 4.2 263

254 {βstEoγEjwEπnv−rπ−ncβEπnEvβctorR≥osonEγusπonEproΥuctπonEoγEtνβEoπμμsE≥osonEusπnμEtνβEψβtνoΥEπnEtνβE
Υπt−uEΥβc−yEcν−nnβχEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE[Z^ 4.2 26

253 zβ−rcνEγorEμχuπnosEπnEβvβntsEwπtνE−nEπsoχ−tβΥEχβptonQEρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψE−tE
—morψuχ−aEsββEtβxt¯EdEVXE{βE}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZ[Z 4.2 20

252 tβ−surβψβntEoγEtνβEπncχusπvβEπsoχ−tβΥEproψptEpνotonEcrossEsβctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 25

251 zβ−rcνEγorE−EνπμνRψ−ssEoπμμsE≥osonEΥβc−yπnμEtoE−E~E≥osonEp−πrEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 59

250
zβ−rcνEγorEγχ−vourRcν−nμπnμEnβutr−χEcurrβntEtopRqu−rτEΥβc−ysEtoE—morψuχ−aEsββEtβxt¯EπnE—morψuχ−aE
sββEtβxt¯EcoχχπsπonEΥ−t−EcoχχβctβΥEwπtνEtνβEh{shzEΥβtβctorE−tE—morψuχ−aEsββEtβxt¯´ {β}SEEuropeanp
PhysicalpJournalpCQE2016QE][QEVW

4.2 16

249
tβ−surβψβntEoγEtνβEcν−rμβE−syψψβtryEπnEtopRqu−rτEp−πrEproΥuctπonEπnEtνβEχβptonRpχusRρβtsEγπn−χE
st−tβEπnEcoχχπsπonEΥ−t−E−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2016QE][QE^]

4.2 18

248 zβ−rcνEγorEΥπrβctEtopEsqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEtwoEt−uEχβptonsEπnEcoχχπsπonsE−tE
—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QE^V 4.2 7

(2016-2016)

19



247 zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEπnEtνβEoE´–EReEt≥EΥβc−yEcν−nnβχEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}E
usπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 33

246 ztuΥyEoγEtνβEr−rβEΥβc−ysEoγE—morψuχ−aEsββEtβxt¯E−nΥE—morψuχ−aEsββEtβxt¯EπntoEψuonEp−πrsEγroψEΥ−t−E
coχχβctβΥEΥurπnμEtνβEsojEyunEVEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZVX 4.2 27

245
zβ−rcνEγorEsupβrsyψψβtryEπnE−Eγπn−χEst−tβEcont−πnπnμEtwoEpνotonsE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnE—morψuχ−aEsββEtβxt¯´ d´ VX´ {β}E—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tEtνβEsojEusπnμEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEZV]

4.2 17

244 zβ−rcνEγorErβson−ncβsEπnEΥπpνotonEβvβntsE−tEMEsqrt{s}dVXENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2016QEWUV[QEV 5.4 49

243 zβ−rcνEγorEsπnμχβEproΥuctπonEoγEvβctorRχπτβEqu−rτsEΥβc−yπnμEπntoEπnEcoχχπsπonsE−tE—morψuχ−aEsββE
tβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2016QE][QEYYW 4.2 24

242 tβ−surβψβntEoγEtνβErβχ−tπvβEwπΥtνEΥπγγβrβncβEoγEtνβEME{i}±Uν≥ox{R}E{ovβrχπnβ{i}}±UENEsystβψEwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2016QEWUV[QEV 5.4 5

241 ztuΥyEoγEjwE−syψψβtryEπnEi±{U}Ri—ovβrE´fl¯±{U}EψπxπnμEwπtνEπncχusπvβEΥπχβptonEβvβntsSEPhysicalpReviewp
LettersQE2015QEVVYQEU^V^UV 7.4 13

240 zβ−rcνEγorEsonμRsπvβΥEw−rtπcχβsEπnEβPEβREjoχχπsπonsSEPhysicalpReviewpLettersQE2015QEVVYQEV]V^UV 7.4 19

239 qβtEβnβrμyEψβ−surβψβntE−nΥEπtsEsystβψ−tπcEuncβrt−πntyEπnEprotonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββE
tβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV] 4.2 194

238 zβ−rcνEγorEπnvπsπ≥χβEp−rtπcχβsEproΥucβΥEπnE−ssocπ−tπonEwπtνEsπnμχβRtopRqu−rτsEπnEprotonRprotonE
coχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE]_ 4.2 21

237 zβ−rcνEγorErβson−ntEΥπ≥osonEproΥuctπonEπnEtνβE—morψuχ−aEsββEtβxt¯Eγπn−χEst−tβEπnE—morψuχ−aEsββEtβxt¯E
coχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE[_ 4.2 62

236 tβ−surβψβntsEoγEtνβE—morψuχ−aEsββEtβxt¯EproΥuctπonEcrossEsβctπonsEπnE−ssocπ−tπonEwπtνEρβtsEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE^W 4.2 54

235 zβ−rcνEγorEΥ−rτEψ−ttβrEπnEβvβntsEwπtνEνβ−vyEqu−rτsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE—morψuχ−aE
sββEtβxt¯EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQE_W 4.2 60

234
tβ−surβψβntEoγEtνβEMEtovβrχπnβ{t}ENEproΥuctπonEcrossRsβctπonE−sE−EγunctπonEoγEρβtEψuχtπpχπcπtyE−nΥEρβtE
tr−nsvβrsβEψoψβntuψEπnE]E{β}EprotonRprotonEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 14

233
tβ−surβψβntEoγEtνβE~E~EPE~E–EcrossEsβctπonE−nΥEχπψπtsEonE−noψ−χousEtrπpχβEμ−uμβEcoupχπnμsEusπnμE
γπn−χEst−tβsEwπtνEonβEχβptonQEψπssπnμEtr−nsvβrsβEψoψβntuψQE−nΥEtwoEρβtsEwπtνEtνβEh{shzEΥβtβctorE
−tEMEsqrt{s}d]ENE{β}SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV

5.4 12

232 zβ−rcνβsEγorEνβ−vyEχonμRχπvβΥEcν−rμβΥEp−rtπcχβsEwπtνEtνβEh{shzEΥβtβctorEπnEprotonRprotonEcoχχπsπonsE
−tEMEsqrt{s}d^ENE{β}SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 29

231 zβ−rcνEγorEtνβEME≥ovβrχπnβ{≥}ENEΥβc−yEoγEtνβEzt−nΥ−rΥEtoΥβχEoπμμsE≥osonEπnE−ssocπ−tβΥEM~T–NoE
proΥuctπonEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 64

230 tβ−surβψβntEoγEtνβEπncχusπvβEρβtEcrossRsβctπonEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}EusπnμE
YSZEγ≥â��VEoγEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 27
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229
zβ−rcνEγorE−noψ−χousEproΥuctπonEoγEproψptEs−ψβRsπμnEχβptonEp−πrsE−nΥEp−πrRproΥucβΥEΥou≥χyE
cν−rμβΥEoπμμsE≥osonsEwπtνEMEsqrt{s}d^ENE{β}EppEcoχχπsπonsEusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 45

228
zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEΥβc−yπnμEvπ−EoE´–EReEˇ�E´–E˛‰EπnEγuχχyEν−ΥronπcEγπn−χEst−tβsEusπnμEppE
coχχπsπonEΥ−t−E−tEMEsqrt{s}ENEdE^E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QE
WUVZQEV

5.4 56

227
zβ−rcνEγorEproΥuctπonEoγE—morψuχ−aEsββEtβxt¯Erβson−ncβsEΥβc−yπnμEtoE−EχβptonQEnβutrπnoE−nΥEρβtsEπnE
—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2015QE]ZQEWU_

4.2 73

226 wβrγorψ−ncβEoγEtνβEh{shzEψuonEtrπμμβrEπnEppEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E{β}SEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEVWU 4.2 51

225 zβ−rcνEγorEoπμμsE≥osonEp−πrEproΥuctπonEπnEtνβE—morψuχ−aEsββEtβxt¯Eγπn−χEst−tβEγroψEcoχχπsπonsE−tE
—morψuχ−aEsββEtβxt¯E{β}wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYVW 4.2 66

224 kβtβrψπn−tπonEoγEspπnE−nΥEp−rπtyEoγEtνβEoπμμsE≥osonEπnEtνβE—morψuχ−aEsββEtβxt¯EΥβc−yEcν−nnβχEwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWXV 4.2 15

223
zβ−rcνEγorEnβwEpνβnoψβn−EπnEγπn−χEst−tβsEwπtνE−nEβnβrμβtπcEρβtE−nΥEχ−rμβEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2015QE]ZQEW__

4.2 202

222 zβ−rcνEγorE−EnβwErβson−ncβEΥβc−yπnμEtoE−EorE≥osonE−nΥE−EoπμμsE≥osonEπnEtνβE—morψuχ−aEsββEtβxt¯E
γπn−χEst−tβsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEW[X 4.2 46

221 tβ−surβψβntEoγEtνrββRρβtEproΥuctπonEcrossRsβctπonsEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE]´ —morψuχ−aE
sββEtβxt¯EcβntrβRoγRψ−ssEβnβrμyEusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWW^ 4.2 18

220 jonstr−πntsEonEtνβEoγγRsνβχχEoπμμsE≥osonEsπμn−χEstrβnμtνEπnEtνβEνπμνRψ−ssE−nΥEγπn−χEst−tβsEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXXZ 4.2 56

219
pΥβntπγπc−tπonE−nΥEβnβrμyEc−χπ≥r−tπonEoγEν−Υronπc−χχyEΥβc−yπnμEt−uEχβptonsEwπtνEtνβEh{shzE
βxpβrπψβntEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯—morψuχ−aEsββEtβxt¯SEEuropeanpPhysicalpJournalpCQE2015
QE]ZQEXUX

4.2 49

218 ztuΥyEoγEtνβEspπnE−nΥEp−rπtyEoγEtνβEoπμμsE≥osonEπnEΥπ≥osonEΥβc−ysEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2015QE]ZQEY][ 4.2 104

217
v≥sβrv−tπonE−nΥEψβ−surβψβntsEoγEtνβEproΥuctπonEoγEproψptE−nΥEnonRproψptE—morψuχ−aEsββEtβxt¯E
ψβsonsEπnE−ssocπ−tπonEwπtνE−E—morψuχ−aEsββEtβxt¯E≥osonEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aE
sββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEWW_

4.2 38

216
zβ−rcνEγorEtνβEzt−nΥ−rΥEtoΥβχEoπμμsE≥osonEproΥucβΥEπnE−ssocπ−tπonEwπtνEtopEqu−rτsE−nΥEΥβc−yπnμE
πntoE—morψuχ−aEsββEtβxt¯EπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXY_

4.2 94

215
zβ−rcνEγorEsupβrsyψψβtryEπnEβvβntsEcont−πnπnμE−Es−ψβRγχ−vourEopposπtβRsπμnEΥπχβptonEp−πrQEρβtsQE−nΥE
χ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE—morψuχ−aEsββEtβxt¯´ {β}EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2015QE]ZQEXV^

4.2 44

214 zβ−rcνEγorEνβ−vyEχonμRχπvβΥEψuχtπRcν−rμβΥEp−rtπcχβsEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EusπnμEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEX[W 4.2 22

213 {woRp−rtπcχβEiosβRlπnstβπnEcorrβχ−tπonsEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EUS_E−nΥE]E{β}Eψβ−surβΥE
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEY[[ 4.2 28

212 tβ−surβψβntEoγEtνβEtopEqu−rτEψ−ssEπnEtνβE—morψuχ−aEsββEtβxt¯E−nΥE—morψuχ−aEsββEtβxt¯Ecν−nnβχsE
usπnμE—morψuχ−aEsββEtβxt¯´ —morψuχ−aEsββEtβxt¯Eh{shzEΥ−t−SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEXXU 4.2 32
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211 mπrstEv≥sβrv−tπonEoγEjwE}πoχ−tπonEπnEi—ovβrE´fl¯±{U}Rek_{jw}±{MON}ν±{U}Ekβc−ysE≥yE−Ejoψ≥πnβΥE
{πψβRkβpβnΥβntEhn−χysπsEoγEihihyE−nΥEiβχχβEk−t−SEPhysicalpReviewpLettersQE2015QEVVZQEVWV[UY 7.4 10

210 zβ−rcνEγorEχowRsc−χβEμr−vπtyEsπμn−turβsEπnEψuχtπRρβtEγπn−χEst−tβsEwπtνEtνβEh{shzEΥβtβctorE−tEME
sqrt{s}d^ENE{β}SEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 2

209 hEsβ−rcνEγorEνπμνRψ−ssErβson−ncβsEΥβc−yπnμEtoEˇ�Pˇ�â��EπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

208 zuψψ−ryEoγEtνβEh{shzEβxpβrπψβntâ��sEsβnsπtπvπtyEtoEsupβrsyψψβtryE−γtβrEsojEyunEVEâ��EπntβrprβtβΥE
πnEtνβEpνβnoψβnoχoμπc−χEtzztSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 42

207 zβ−rcνEγorEχβptonRγχ−vourRvπoχ−tπnμEoEReE˛…ˇ�EΥβc−ysEoγEtνβEoπμμsE≥osonEwπtνEtνβEh{shzEΥβtβctorSE
JournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 46

206 tβ−surβψβntEoγEγourRρβtEΥπγγβrβntπ−χEcrossEsβctπonsEπnEMEsqrt{s}d^ENE{β}EprotonRprotonEcoχχπsπonsE
usπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR][ 5.4 5

205 hEsβ−rcνEγorEMEtovβrχπnβ{t}ENErβson−ncβsEusπnμEχβptonRpχusRρβtsEβvβntsEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 57

204 tβ−surβψβntEoγEtνβEγorw−rΥR≥−cτw−rΥE−syψψβtryEoγEβχβctronE−nΥEψuonEp−πrRproΥuctπonEπnEppE
coχχπsπonsE−tEMEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 18

203 tβ−surβψβntEoγEcν−rμβΥRp−rtπcχβEspβctr−EπnEw≥Pw≥EcoχχπsπonsE−tEMEsqrt{s_{ψ−tνrψ{uu}}}dWS][ENE{β}E
wπtνEtνβEh{shzEΥβtβctorE−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 49

202 hn−χysπsEoγEβvβntsEwπtνE≥RρβtsE−nΥE−Ep−πrEoγEχβptonsEoγEtνβEs−ψβEcν−rμβEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^E
NE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 26

201 jonstr−πntsEonEnβwEpνβnoψβn−Evπ−EoπμμsE≥osonEcoupχπnμsE−nΥEπnvπsπ≥χβEΥβc−ysEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 91

200 zβ−rcνEγorEνπμνRψ−ssEΥπ≥osonErβson−ncβsEwπtνE≥osonRt−μμβΥEρβtsEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVRX_ 5.4 66

199
kπγγβrβntπ−χEtopR−ntπtopEcrossRsβctπonEψβ−surβψβntsE−sE−EγunctπonEoγEo≥sβrv−≥χβsEconstructβΥEγroψE
γπn−χRst−tβEp−rtπcχβsEusπnμEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}EπnEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2015QEWUVZQEV

5.4 31

198 zβ−rcνEγorEνβ−vyEt−ρor−n−EnβutrπnosEwπtνEtνβEh{shzEΥβtβctorEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}SE
JournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 65

197
zβ−rcνEγorEproΥuctπonEoγEvβctorRχπτβEqu−rτEp−πrsE−nΥEoγEγourEtopEqu−rτsEπnEtνβEχβptonRpχusRρβtsEγπn−χE
st−tβEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2015QEWUVZQEV

5.4 54

196 zβ−rcνEγorEnβwEpνβnoψβn−EπnEβvβntsEwπtνEtνrββEorEψorβEcν−rμβΥEχβptonsEπnEppEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

195 zuψψ−ryEoγEtνβEsβ−rcνβsEγorEsqu−rτsE−nΥEμχuπnosEusπnμEMEsqrt{s}d^ENE{β}EppEcoχχπsπonsEwπtνEtνβE
h{shzEβxpβrπψβntE−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 55

194 kβtβrψπn−tπonEoγEtνβEtopRqu−rτEpoχβEψ−ssEusπnμEMEtovβrχπnβ{t}ENEPEVRρβtEβvβntsEcoχχβctβΥEwπtνEtνβE
h{shzEβxpβrπψβntEπnE]E{β}EppEcoχχπsπonsSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 15

GeraldtEigen
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193 tβ−surβψβntEoγEtνβEMEtovβrχπnβ{t}~ENE−nΥEMEtovβrχπnβ{t}–ENEproΥuctπonEcrossEsβctπonsEπnEppEcoχχπsπonsE
−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

192 zβ−rcνEγorEγχ−vourRcν−nμπnμEnβutr−χEcurrβntEtopEqu−rτEΥβc−ysEtEReEoqEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEVR[Z 5.4 18

191 zβ−rcνEγorEνβ−vyEχβptonErβson−ncβsEΥβc−yπnμEtoE−E–E≥osonE−nΥE−EχβptonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^E
NE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 22

190 zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnEβvβntsEwπtνEπsoχ−tβΥEχβptonsQEρβtsE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 37

189 lvπΥβncβEγorEtνβEoπμμsR≥osonE’uτ−w−EcoupχπnμEtoEt−uEχβptonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2015QEWUVZQEV 5.4 74

188 tβ−surβψβntEoγEtνβEcν−rμβE−syψψβtryEπnEΥπχβptonπcEΥβc−ysEoγEtopEqu−rτEp−πrsEπnEppEcoχχπsπonsE−tEME
sqrt{s}d]ENE{β}EusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 16

187 zβ−rcνEγorE—morψuχ−aEsββEtβxt¯EΥβc−ysEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ d´ ^´ {β}E
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEV[Z 4.2 25

186 tβ−surβψβntEoγEtνβEtopRqu−rτEψ−ssEπnEtνβEγuχχyEν−ΥronπcEΥβc−yEcν−nnβχEγroψEh{shzEΥ−t−E−tE
—morψuχ−aEsββEtβxt¯SEEuropeanpPhysicalpJournalpCQE2015QE]ZQEVZ^ 4.2 8

185
zβ−rcνEγorEΥπrβctEp−πrEproΥuctπonEoγE−Ecν−rμπnoE−nΥE−Enβutr−χπnoEΥβc−yπnμEtoEtνβEVWZ´ nβ}EoπμμsE
≥osonEπnE—morψuχ−aEsββEtβxt¯´ {β}E—morψuχ−aEsββEtβxt¯EcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanp
PhysicalpJournalpCQE2015QE]ZQEWU^

4.2 50

184 ztuΥyEoγEM~T–NoEproΥuctπonE−nΥEoπμμsE≥osonEcoupχπnμsEusπnμEoReE~E~EOEΥβc−ysEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2015QEWUVZQEV 5.4 14

183 zβ−rcνEγorEψβt−st−≥χβEνβ−vyEcν−rμβΥEp−rtπcχβsEwπtνEχ−rμβEπonπs−tπonEβnβrμyEχossEπnEcoχχπsπonsE−tE
—morψuχ−aEsββEtβxt¯´ {β}EusπnμEtνβEh{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2015QE]ZQEYU] 4.2 18

182
tβ−surβψβntEoγEtνβEproΥuctπonE−nΥEχβptonEcν−rμβE−syψψβtryEoγE—morψuχ−aEsββEtβxt¯E≥osonsEπnE
w≥Pw≥EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2015QE
]ZQEWX

4.2 31

181 zβ−rcνEγorEproΥuctπonEoγEM~~T~–NErβson−ncβsEΥβc−yπnμEtoE−EχβptonQEnβutrπnoE−nΥEρβtsEπnEMppNE
coχχπsπonsE−tEMsqrt{s}d^NE{β}EwπtνEtνβEh{shzEΥβtβctorE2015QE]ZQEV 1

180 zβ−rcνEγorEnβwEpνβnoψβn−EπnEγπn−χEst−tβsEwπtνE−nEβnβrμβtπcEρβtE−nΥEχ−rμβEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEppEcoχχπsπonsE−tEMsqrt{s}d^~N{β}EwπtνEtνβEh{shzEΥβtβctorE2015QE]ZQEV 2

179 tβ−surβψβntEoγEtνβEπncχusπvβEρβtEcrossRsβctπonEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}EusπnμE
YSZEγ≥â��VEoγEΥ−t−EwπtνEtνβEh{shzEΥβtβctorE2015QEWUVZQEV 3

178 tβ−surβψβntEoγEtνβEtopEqu−rτEp−πrEproΥuctπonEcν−rμβE−syψψβtryEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}ENEdE]E{β}EusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 24

177
zβ−rcνEγorEtνβEΥπrβctEproΥuctπonEoγEcν−rμπnosQEnβutr−χπnosE−nΥEst−usEπnEγπn−χEst−tβsEwπtνE−tEχβ−stEtwoE
ν−Υronπc−χχyEΥβc−yπnμEt−usE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 29

176 zβ−rcνEγorE−EΥ−rτEpνotonEπnEβMPNβMRNEcoχχπsπonsE−tEihihySEPhysicalpReviewpLettersQE2014QEVVXQEWUV^UV 7.4 241
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175
{νβEΥπγγβrβntπ−χEproΥuctπonEcrossEsβctπonEoγEtνβE—morψuχ−aEsββEtβxt¯MVUWUNEψβsonEπnE—morψuχ−aEsββE
tβxt¯EdE]´ {β}E—morψuχ−aEsββEtβxt¯EcoχχπsπonsEψβ−surβΥEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEW^_Z

4.2 12

174 lχβctronErβconstructπonE−nΥEπΥβntπγπc−tπonEβγγπcπβncyEψβ−surβψβntsEwπtνEtνβEh{shzEΥβtβctorEusπnμE
tνβEWUVVEsojEprotonRprotonEcoχχπsπonEΥ−t−SEEuropeanpPhysicalpJournalpCQE2014QE]YQEW_YV 4.2 160

173 tβ−surβψβntEoγEtνβEunΥβrχyπnμEβvβntEπnEρβtEβvβntsEγroψE]EMtβxtE{{β}}NEprotonâ��protonEcoχχπsπonsE
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEV 4.2 18

172
tβ−surβψβntEoγEtνβEcβntr−χπtyE−nΥEpsβuΥor−pπΥπtyEΥβpβnΥβncβEoγEtνβEπntβμr−tβΥEβχχπptπcEγχowEπnE
χβ−ΥRχβ−ΥEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}´ wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2014QE]YQEW_^W

4.2 18

171 sπμνtRqu−rτE−nΥEμχuonEρβtEΥπscrπψπn−tπonEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUWX 4.2 46

170
tβ−surβψβntEoγEtνβEβχβctrowβ−τEproΥuctπonEoγEΥπρβtsEπnE−ssocπ−tπonEwπtνE−E–R≥osonE−nΥE
Υπstrπ≥utπonsEsβnsπtπvβEtoEvβctorE≥osonEγusπonEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrt{s}ENEdE^E{β}EusπnμE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 14

169
zβ−rcνEγorEΥπrβctEproΥuctπonEoγEcν−rμπnosE−nΥEnβutr−χπnosEπnEβvβntsEwπtνEtνrββEχβptonsE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEMEsqrt{s}ENEdE^E{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 76

168
tβ−surβψβntEoγEtνβEproΥuctπonEcrossEsβctπonEoγEproψptEqTˇ�EψβsonsEπnE−ssocπ−tπonEwπtνE−E~E´–E
≥osonEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdE]E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE
2014QEWUVYQEV

5.4 24

167 tβ−surβψβntEoγEΥπρβtEcrossRsβctπonsEπnEppEcoχχπsπonsE−tE]E{β}EcβntrβRoγRψ−ssEβnβrμyEusπnμEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 17

166 tβ−surβψβntEoγEtνβEproΥuctπonEoγE−E~E≥osonEπnE−ssocπ−tπonEwπtνE−Ecν−rψEqu−rτEπnEppEcoχχπsπonsE−tEME
sqrt{s}ENEdE]E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 37

165
zβ−rcνEγorEΥπrβctEproΥuctπonEoγEcν−rμπnosQEnβutr−χπnosE−nΥEsχβptonsEπnEγπn−χEst−tβsEwπtνEtwoEχβptonsE
−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEppEcoχχπsπonsE−tEMEsqrt{s}ENEdE^{β}EwπtνEtνβEh{shzEΥβtβctorSE
JournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 120

164 zβ−rcνEγorEsupβrsyψψβtryE−tEMsqrt{s}NEdE^E{β}EπnEγπn−χEst−tβsEwπtνEρβtsE−nΥEtwoEs−ψβRsπμnEχβptonsEorE
tνrββEχβptonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 39

163 tβ−surβψβntEoγEtνβEχowRψ−ssEkrβχχR’−nEΥπγγβrβntπ−χEcrossEsβctπonE−tEMEsqrt{s}ENEdE]E{β}EusπnμEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 18

162 zβ−rcνEγorEΥπrβctEtopRsqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEtwoEχβptonsEπnEppEcoχχπsπonsE−tEME
sqrt{s}ENEdE^E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 52

161 tβ−surβψβntEoγEˇ�EcVE−nΥEˇ�EcWEproΥuctπonEwπtνEMEsqrt{s}ENEdE]E{β}EppEcoχχπsπonsE−tEh{shzSEJournalpofp
HighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

160 zβ−rcνEγorEψπcroscopπcE≥χ−cτEνoχβsE−nΥEstrπnμE≥−χχsEπnEγπn−χEst−tβsEwπtνEχβptonsE−nΥEρβtsEwπtνEtνβE
h{shzEΥβtβctorE−tEMEsqrt{s}ENEdE^E{β}SEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 6

159 zβ−rcνEγorEnβwEp−rtπcχβsEπnEβvβntsEwπtνEonβEχβptonE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnEppE
coχχπsπonsE−tEMEsqrt{s}ENEdE^E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 40

158
zβ−rcνEγorEΥπrβctEtopEsqu−rτEp−πrEproΥuctπonEπnEβvβntsEwπtνE−E—morψuχ−aEsββEtβxt¯E≥osonQE—morψuχ−aE
sββEtβxt¯RρβtsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEπnE—morψuχ−aEsββEtβxt¯E{β}E—morψuχ−aEsββEtβxt¯E
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEW^^X

4.2 41
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157 zβ−rcνEγorEnβutr−χEoπμμsE≥osonsEoγEtνβEψπnπψ−χEsupβrsyψψβtrπcEst−nΥ−rΥEψoΥβχEπnEppEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 67

156 tβ−surβψβntEoγEtνβEψuonErβconstructπonEpβrγorψ−ncβEoγEtνβEh{shzEΥβtβctorEusπnμEWUVVE−nΥEWUVWE
sojEprotonRprotonEcoχχπsπonEΥ−t−SEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVXU 4.2 166

155 {νβEwνysπcsEoγEtνβEiEm−ctorπβsSEEuropeanpPhysicalpJournalpCQE2014QE]YQEV 4.2 233

154
tβ−surβψβntsEoγEρβtEvβtoβsE−nΥE−zπψutν−χEΥβcorrβχ−tπonsEπnEΥπρβtEβvβntsEproΥucβΥEπnE—morψuχ−aEsββE
tβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014QE
]YQEXVV]

4.2 17

153
hEψβ−surβψβntEoγEtνβEr−tπoEoγEtνβEproΥuctπonEcrossEsβctπonsEγorE—morψuχ−aEsββEtβxt¯E−nΥE—morψuχ−aE
sββEtβxt¯E≥osonsEπnE−ssocπ−tπonEwπtνEρβtsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014
QE]YQEXV[^

4.2 16

152 tβ−surβψβntsEoγEγπΥucπ−χE−nΥEΥπγγβrβntπ−χEcrossEsβctπonsEγorEoπμμsE≥osonEproΥuctπonEπnEtνβE
ΥπpνotonEΥβc−yEcν−nnβχE−tEMEsqrt{s}d^ENE{β}EwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 30

151
zβ−rcνEγorEsupβrsyψψβtryEπnEβvβntsEwπtνEχ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψQEρβtsQE−nΥE−tEχβ−stE
onβEt−uEχβptonEπnEWUEγ≥â��VEoγEMEsqrt{s}ENEdE^E{β}EprotonRprotonEcoχχπsπonEΥ−t−EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 9

150
zβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEwπtνEtνβEh{shzEΥβtβctorEπnEγπn−χEst−tβsEwπtνEρβtsE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEusπnμEMEsqrt{s}d^ENE{β}EprotonRprotonEcoχχπsπonEΥ−t−SEJournalpofpHighpEnergyp
PhysicsQE2014QEWUVYQEV

5.4 108

149
tβ−surβψβntEoγEtνβE—morψuχ−aEsββEtβxt¯EproΥuctπonEcrossRsβctπonEusπnμE—morψuχ−aEsββEtβxt¯EβvβntsE
wπtνE—morψuχ−aEsββEtβxt¯Rt−μμβΥEρβtsEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E−nΥE
^´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVU_

4.2 107

148
zβ−rcνEγorEtopEsqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEonβEπsoχ−tβΥEχβptonQEρβtsQE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEMEsqrt{s}ENEdE^E{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 54

147 tuonErβconstructπonEβγγπcπβncyE−nΥEψoψβntuψErβsoχutπonEoγEtνβEh{shzEβxpβrπψβntEπnE
protonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ {β}EπnEWUVUSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXUXY 4.2 45

146 lχβctronE−nΥEpνotonEβnβrμyEc−χπ≥r−tπonEwπtνEtνβEh{shzEΥβtβctorEusπnμEsojEyunEVEΥ−t−SEEuropeanp
PhysicalpJournalpCQE2014QE]YQEV 4.2 160

145
zβ−rcνEγorEcont−ctEπntβr−ctπonsE−nΥEχ−rμβEβxtr−EΥπψβnsπonsEπnEtνβEΥπχβptonEcν−nnβχEusπnμE
protonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯´ ^´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXVXY

4.2 31

144 tβ−surβψβntEoγEγχowEν−rψonπcsEwπtνEψuχtπRp−rtπcχβEcuψuχ−ntsEπnEw≥Pw≥EcoχχπsπonsE−tE—morψuχ−aEsββE
tβxt¯´ {β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2014QE]YQEXVZ] 4.2 52

143
tβ−surβψβntEoγEΥπstrπ≥utπonsEsβnsπtπvβEtoEtνβEunΥβrχyπnμEβvβntEπnEπncχusπvβE–R≥osonEproΥuctπonEπnE
—morψuχ−aEsββEtβxt¯EcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2014QE]YQEXV_Z

4.2 21

142 zβ−rcνEγorEΥπrβctEp−πrEproΥuctπonEoγEtνβEtopEsqu−rτEπnE−χχRν−ΥronπcEγπn−χEst−tβsEπnEprotonRprotonE
coχχπsπonsE−tEMEsqrt{s}ENEdE^E{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 36

141 tβ−surβψβntEoγEtνβEproΥuctπonEcrossRsβctπonEoγEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EπnEppEcoχχπsπonsE−tEME
sqrt{s}ENEdE]E{β}E−tEh{shzSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 16

140 tβ−surβψβntEoγEtνβE–T˛‡EOE≥osonEtr−nsvβrsβEψoψβntuψEΥπstrπ≥utπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE
{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 79
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139
zβ−rcνEγorEstronμEproΥuctπonEoγEsupβrsyψψβtrπcEp−rtπcχβsEπnEγπn−χEst−tβsEwπtνEψπssπnμEtr−nsvβrsβE
ψoψβntuψE−nΥE−tEχβ−stEtνrββE≥RρβtsE−tEMEsqrt{s}EdE^ENE{β}EprotonRprotonEcoχχπsπonsEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV

5.4 31

138 tβ−surβψβntEoγEΥπγγβrβntπ−χEproΥuctπonEcrossRsβctπonsEγorE−E–E≥osonEπnE−ssocπ−tπonEwπtνE≥RρβtsEπnE]E
{β}EprotonRprotonEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 26

137 zβ−rcνEγorEχonμRχπvβΥEnβutr−χEp−rtπcχβsEΥβc−yπnμEπntoEχβptonEρβtsEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2014QEWUVYQEV 5.4 38

136
zβ−rcνEγorEp−πrE−nΥEsπnμχβEproΥuctπonEoγEnβwEνβ−vyEqu−rτsEtν−tEΥβc−yEtoE−E–E≥osonE−nΥE−E
tνπrΥRμβnβr−tπonEqu−rτEπnEppEcoχχπsπonsE−tEMEsqrt{s}d^ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2014QEWUVYQEV

5.4 29

135 tβ−surβψβntEoγEtνβEMtovβrχπnβ{t}NEproΥuctπonEcrossRsβctπonEusπnμEMβψuENEβvβntsEwπtνEM≥NRt−μμβΥEρβtsE
πnEMppNEcoχχπsπonsE−tEMsqrt{s}d]NE−nΥE^E{β}EwπtνEtνβEh{shzEΥβtβctorE2014QE]YQEV 2

134 tβ−surβψβntEoγEtνβEproΥuctπonEcrossEsβctπonEoγEρβtsEπnE−ssocπ−tπonEwπtνE−E–E≥osonEπnEppEcoχχπsπonsE−tE
MEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 50

133 tβ−surβψβntEoγEtνβEcrossRsβctπonEγorE~E≥osonEproΥuctπonEπnE−ssocπ−tπonEwπtνE≥RρβtsEπnEppEcoχχπsπonsE
−tEMEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 34

132 zβ−rcνEγorEtνπrΥEμβnβr−tπonEsc−χ−rEχβptoqu−rτsEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 30

131 zβ−rcνEγorEΥ−rτEψ−ttβrEc−nΥπΥ−tβsE−nΥEχ−rμβEβxtr−EΥπψβnsπonsEπnEβvβntsEwπtνE−EρβtE−nΥEψπssπnμE
tr−nsvβrsβEψoψβntuψEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 124

130 tβ−surβψβntEoγE––EproΥuctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}E−nΥEχπψπtsEonE−noψ−χousE–––E−nΥE
––˛‡EcoupχπnμsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 45

129
zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEtνrouμνEtνβEvπoχ−tπonEoγEχβptonEunπvβrs−χπtyEπnEMEtovβrχπnβ{t}ENE
βvβntsEusπnμEppEcoχχπsπonEΥ−t−E−tEMEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzEβxpβrπψβntSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 14

128 zβ−rcνEγorEtνβEnβutr−χEoπμμsE≥osonsEoγEtνβEψπnπψ−χEsupβrsyψψβtrπcEst−nΥ−rΥEψoΥβχEπnEppEcoχχπsπonsE
−tEMEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 47

127 tβ−surβψβntEoγEspχπttπnμEsc−χβsEπnEReEβvβntsE−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2013QE]XQEWYXW 4.2 8

126
zβ−rcνEγorE−EχπμνtEcν−rμβΥEoπμμsE≥osonEπnEtνβEΥβc−yEcν−nnβχE—morψuχ−aEsββEtβxt¯EπnE—morψuχ−aEsββE
tβxt¯EβvβntsEusπnμEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWY[Z

4.2 76

125
zβ−rcνEγorEΥπrβctEtνπrΥRμβnβr−tπonEsqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEψπssπnμEtr−nsvβrsβE
ψoψβntuψE−nΥEtwoE≥RρβtsEπnEMEsqrt{s}d^ENE{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighp
EnergypPhysicsQE2013QEWUVXQEV

5.4 92

124
zβ−rcνEγorEnβwEpνβnoψβn−EπnEγπn−χEst−tβsEwπtνEχ−rμβEρβtEψuχtπpχπcπtπβsE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψE−tEMEsqrt{s}d^ENE{β}EprotonRprotonEcoχχπsπonsEusπnμEtνβEh{shzEβxpβrπψβntSEJournalpofp
HighpEnergypPhysicsQE2013QEWUVXQEV

5.4 64

123 tβ−surβψβntEoγEtνβEΥπγγβrβntπ−χEcrossRsβctπonEoγEiEPEψβsonEproΥuctπonEπnEppEcoχχπsπonsE−tEME
sqrt{s}d]ENE{β}E−tEh{shzSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 24

122 wβrγorψ−ncβEoγEρβtEsu≥structurβEtβcνnπquβsEγorEχ−rμβRyEρβtsEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrt{s}d]ENE{β}EusπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 43
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121 pψprovβΥEχuψπnosπtyEΥβtβrψπn−tπonEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EusπnμEtνβEh{shzEΥβtβctorE−tE
tνβEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWZV^ 4.2 276

120
tβ−surβψβntEoγEtνβEπncχusπvβEρβtEcrossRsβctπonEπnEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E−nΥEcoψp−rπsonE
toEtνβEπncχusπvβEρβtEcrossRsβctπonE−tE—morψuχ−aEsββEtβxt¯EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2013QE]XQEWZU_

4.2 71

119 tuχtπRcν−nnβχEsβ−rcνEγorEsqu−rτsE−nΥEμχuπnosEπnE—morψuχ−aEsββEtβxt¯EcoχχπsπonsEwπtνEtνβEh{shzE
ΥβtβctorE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWX[W 4.2 25

118 qβtEβnβrμyEψβ−surβψβntEwπtνEtνβEh{shzEΥβtβctorEπnEprotonRprotonEcoχχπsπonsE−tE
Msqrt{ψ−tνrψ{s}}d]Eψ−tνrψ{{β}}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 209

117 tβ−surβψβntEoγEρβtEsν−pβsEπnEtopRqu−rτEp−πrEβvβntsE−tE—morψuχ−aEsββEtβxt¯EusπnμEtνβEh{shzE
ΥβtβctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEW[][ 4.2 18

116
tβ−surβψβntEoγEtνβEΥπstrπ≥utπonsEoγEβvβntR≥yRβvβntEγχowEν−rψonπcsEπnEχβ−ΥRχβ−ΥEcoχχπsπonsE−tEME
sqrt{{{s_{uuE}}}}ENEdEWS][E{β}EwπtνEtνβEh{shzEΥβtβctorE−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE
2013QEWUVXQEV

5.4 143

115 tβ−surβψβntEoγEtνβEtopEqu−rτEcν−rμβEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}EwπtνEtνβEh{shzEΥβtβctorSE
JournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 15

114 h{shzEsβ−rcνEγorEnβwEpνβnoψβn−EπnEΥπρβtEψ−ssE−nΥE−nμuχ−rEΥπstrπ≥utπonsEusπnμEppEcoχχπsπonsE−tEME
sqrt{s}d]EN{β}SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 72

113 tβ−surβψβntEoγEπsoχ−tβΥRpνotonEp−πrEproΥuctπonEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]b{β}ENEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 44

112 zβ−rcνEγorErβson−ncβsEΥβc−yπnμEπntoEtopRqu−rτEp−πrsEusπnμEγuχχyEν−ΥronπcEΥβc−ysEπnEppEcoχχπsπonsEwπtνE
h{shzE−tEMEsqrt{s}d]ENE{β}SEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV 5.4 55

111
zβ−rcνEγorEΥπrβctEcν−rμπnoEproΥuctπonEπnE−noψ−χyRψβΥπ−tβΥEsupβrsyψψβtryE≥rβ−τπnμEψoΥβχsE≥−sβΥE
onE−EΥπs−ppβ−rπnμRtr−cτEsπμn−turβEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]bψ−tνrψ{{β}}ENEwπtνEtνβEh{shzE
ΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2013QEWUVXQEV

5.4 15

110 tβ−surβψβntsEoγEtopEqu−rτEp−πrErβχ−tπvβEΥπγγβrβntπ−χEcrossRsβctπonsEwπtνEh{shzEπnEppEcoχχπsπonsE−tE
Msqrt{s}EdE]Eψ≥ox{{β}}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 55

109 zβ−rcνEγorEp−πrRproΥucβΥEψ−ssπvβEcoχourβΥEsc−χ−rsEπnEγourRρβtEγπn−χEst−tβsEwπtνEtνβEh{shzEΥβtβctorE
πnEprotonâ��protonEcoχχπsπonsE−tEMsqrt{s}EdE]Eψ≥ox{{β}}NSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 44

108 tβ−surβψβntEoγEtνβEγχ−vourEcoψposπtπonEoγEΥπρβtEβvβntsEπnEppEcoχχπsπonsE−tEMsqrt{s}d]Eψ≥ox{{β}}NE
wπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 12

107 zπnμχβEν−ΥronErβsponsβEψβ−surβψβntE−nΥEc−χorπψβtβrEρβtEβnβrμyEsc−χβEuncβrt−πntyEwπtνEtνβEh{shzE
ΥβtβctorE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2013QE]XQEV 4.2 41

106 qβtEβnβrμyErβsoχutπonEπnEprotonRprotonEcoχχπsπonsE−tE—morψuχ−aEsββEtβxt¯ErβcorΥβΥEπnEWUVUEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXU[ 4.2 153

105 tβ−surβψβntEoγEtνβE—morψuχ−aEsββEtβxt¯EproΥuctπonEcrossEsβctπonEπnEtνβEt−uEPEρβtsEcν−nnβχEusπnμEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2013QE]XQEWXW^ 4.2 30

104
zβ−rcνEγor~oproΥuctπonEwπtνE−EχπμνtEoπμμsE≥osonEΥβc−yπnμEtoEproψptEβχβctronRρβtsEπnE
protonâ��protonEcoχχπsπonsE−tEIsqrtE{s}d]IE{β}EwπtνEtνβEh{shzEΥβtβctorSENewpJournalpofpPhysicsQE2013QE
VZQEUYXUU_

2.9 15

(2013-2013)

27



103 zβ−rcνEγorEjwEvπoχ−tπonEπnEiURiUEψπxπnμEusπnμEp−rtπ−χErβconstructπonEoγEiURekORE‘â��PE˛‰â��E−nΥE−Eτ−onEt−μSE
PhysicalpReviewpLettersQE2013QEVVVQEVUV^UW 7.4 19

102 tβ−surβψβntEoγE−nEβxcβssEoγEi´flRekMONˇ�â��˛‰ ´flˇ�EΥβc−ysE−nΥEπψpχπc−tπonsEγorEcν−rμβΥEoπμμsE≥osonsSE
PhysicalpReviewpDQE2013QE^^QE 4.9 340

101 zβ−rcνEγorEΥβc−ysEoγEstoppβΥQEχonμRχπvβΥEp−rtπcχβsEγroψE]E{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 14

100
tβ−surβψβntEoγEtνβEpoχ−rπs−tπonEoγE~E≥osonsEproΥucβΥEwπtνEχ−rμβEtr−nsvβrsβEψoψβntuψEπnEppE
coχχπsπonsE−tEMsqrt{s}EdE]Eψ≥ox{{β}}NEwπtνEtνβEh{shzEβxpβrπψβntSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

99 tβ−surβψβntEoγEtνβEcν−rμβE−syψψβtryEπnEtopEqu−rτEp−πrEproΥuctπonEπnEcoχχπsπonsE−tE—morψuχ−aEsββE
tβxt¯EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUX_ 4.2 78

98 zβ−rcνEγorEχβptonEγχ−vourEvπoχ−tπonEπnEtνβEcontπnuuψEwπtνEtνβEh{shzEΥβtβctorEπnE—morψuχ−aEsββEtβxt¯E
coχχπsπonsE−tEtνβEsojSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUYU 4.2 10

97 tβ−surβψβntEoγEtνβEtopEqu−rτEψ−ssEwπtνEtνβEtβψpχ−tβEψβtνoΥEπnEtνβE—morψuχ−aEsββEtβxt¯Ecν−nnβχE
usπnμEh{shzEΥ−t−SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUY[ 4.2 42

96 zβ−rcνEγorEνβ−vyEnβutrπnosE−nΥErπμνtRν−nΥβΥE≥osonsEπnEβvβntsEwπtνEtwoEχβptonsE−nΥEρβtsEπnE
coχχπsπonsE−tE—morψuχ−aEsββEtβxt¯EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEWUZ[ 4.2 78

95 tβ−surβψβntEoγEpoχ−rπz−tπonEπnEReEΥβc−ysEwπtνEtνβEh{shzEΥβtβctorEπnEcoχχπsπonsE−tE—morψuχ−aEsββE
tβxt¯SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU[W 4.2 17

94
tβ−surβψβntEoγEtνβEcrossEsβctπonEγorEtopRqu−rτEp−πrEproΥuctπonEπnEppEcoχχπsπonsE−tEMsqrtE{s}EdE
{]}Q{tβxt{{β}}}NEwπtνEtνβEh{shzEΥβtβctorEusπnμEγπn−χEst−tβsEwπtνEtwoEνπμνRpE{EχβptonsSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV

5.4 43

93 qβtEψ−ssE−nΥEsu≥structurβEoγEπncχusπvβEρβtsEπnEMEsqrtE{s}EdE]b{tβxt{{β}}}ENEppEcoχχπsπonsEwπtνEtνβEh{shzE
βxpβrπψβntSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 67

92 tβ−surβψβntEoγEπncχusπvβEtwoRp−rtπcχβE−nμuχ−rEcorrβχ−tπonsEπnEppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorE
−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 10

91
ountEγorEnβwEpνβnoψβn−EusπnμEχ−rμβEρβtEψuχtπpχπcπtπβsE−nΥEψπssπnμEtr−nsvβrsβEψoψβntuψEwπtνE
h{shzEπnEYS]Eγ≥â��VEoγEMEsqrtE{s}EdE]b{β}ENEprotonRprotonEcoχχπsπonsSEJournalpofpHighpEnergypPhysicsQE
2012QEWUVWQEV

5.4 48

90
hEsβ−rcνEγorEMEtovβrχπnβEtENErβson−ncβsEπnEχβptonPρβtsEβvβntsEwπtνEνπμνχyE≥oostβΥEtopEqu−rτsE
coχχβctβΥEπnEppEcoχχπsπonsE−tEMEsqrtE{s}EdE]ENE{β}EwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2012QEWUVWQEV

5.4 39

89 zβ−rcνEγorEtνβEzt−nΥ−rΥEtoΥβχEoπμμsE≥osonEπnEtνβEoEReEˇ�EPEˇ�Eâ��EΥβc−yEψoΥβEπnEMEsqrtE{s}EdE
]Q{ψ−tνrψ{{β}}}ENEppEcoχχπsπonsEwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 37

88 hEsβ−rcνEγorEγχ−vourEcν−nμπnμEnβutr−χEcurrβntsEπnEtopRqu−rτEΥβc−ysEπnEppEcoχχπsπonEΥ−t−EcoχχβctβΥE
wπtνEtνβEh{shzEΥβtβctorE−tEMEsqrt{s}d]b{β}ENSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 31

87 tβ−surβψβntsEoγEtνβEpsβuΥor−pπΥπtyEΥβpβnΥβncβEoγEtνβEtot−χEtr−nsvβrsβEβnβrμyEπnEprotonRprotonE
coχχπsπonsE−tEMEsqrt{s}d]ENE{β}EwπtνEh{shzSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 11

86 zβ−rcνEγorE−Eνβ−vyEtopRqu−rτEp−rtnβrEπnEγπn−χEst−tβsEwπtνEtwoEχβptonsEwπtνEtνβEh{shzEΥβtβctorE−tE
tνβEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 53

GeraldtEigen

28



85 zβ−rcνEγorEνπμνRψ−ssErβson−ncβsEΥβc−yπnμEtoEΥπχβptonEγπn−χEst−tβsEπnEppEcoχχπsπonsE−tEMEsqrt{s}d]ENE{β}E
wπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 49

84 zβ−rcνEγorE−noψ−χousEproΥuctπonEoγEproψptEχπτβRsπμnEχβptonEp−πrsE−tEMEsqrt{s}d]bψ−tνrψ{{β}}ENEwπtνE
tνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 16

83 zβ−rcνEγorEp−πrEproΥuctπonEoγEψ−ssπvβEp−rtπcχβsEΥβc−yπnμEπntoEtνrββEqu−rτsEwπtνEtνβEh{shzEΥβtβctorE
πnEMEsqrt{s}d]bψ−tνrψ{{β}}ENEppEcoχχπsπonsE−tEtνβEsojSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 45

82
zβ−rcνEγorEyRp−rπtyRvπoχ−tπnμEsupβrsyψψβtryEπnEβvβntsEwπtνEγourEorEψorβEχβptonsEπnEME
sqrt{s}d]bψ−tνrψ{{β}}ENEppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2012QE
WUVWQEV

5.4 13

81 lχβctronEpβrγorψ−ncβEψβ−surβψβntsEwπtνEtνβEh{shzEΥβtβctorEusπnμEtνβEWUVUEsojEprotonRprotonE
coχχπsπonEΥ−t−SEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 199

80 y−pπΥπtyEμ−pEcrossEsβctπonsEψβ−surβΥEwπtνEtνβEh{shzEΥβtβctorEπnEppEcoχχπsπonsE−tEMsqrt{s}EdE]E
ψ≥ox{~{β}}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 70

79
zβ−rcνEγorE−noψ−χyRψβΥπ−tβΥEsupβrsyψψβtryE≥rβ−τπnμEwπtνEtνβEh{shzEΥβtβctorE≥−sβΥEonE−E
Υπs−ppβ−rπnμRtr−cτEsπμn−turβEπnEppEcoχχπsπonsE−tEMsqrt{s}EdE]~ψ−tνrψ{{β}}NSEEuropeanpPhysicalp
JournalpCQE2012QE]WQEV

4.2 13

78
tβ−surβψβntEoγE—morψuχ−aEsββEtβxt¯EproΥuctπonEwπtνE−EvβtoEonE−ΥΥπtπon−χEcβntr−χEρβtE−ctπvπtyEπnE
coχχπsπonsE−tE—morψuχ−aEsββEtβxt¯E{β}EusπnμEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEWUYX

4.2 82

77 hEsβ−rcνEγorE—morψuχ−aEsββEtβxt¯Erβson−ncβsEwπtνEtνβEh{shzEΥβtβctorEπnEWSUZEγ≥EoγEprotonRprotonE
coχχπsπonsE−tE—morψuχ−aEsββEtβxt¯SEEuropeanpPhysicalpJournalpCQE2012QE]WQEWU^X 4.2 14

76 zβ−rcνEγorEsβconΥEμβnβr−tπonEsc−χ−rEχβptoqu−rτsEπnEppEcoχχπsπonsE−tEMsqrt{s}d]~ψ≥ox{{β}}NEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 35

75 zβ−rcνEγorE−Eγβrψπopνo≥πcEoπμμsE≥osonEπnEtνβEΥπpνotonEΥβc−yEcν−nnβχEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 13

74 tβ−surβψβntEoγE~E´–E–EproΥuctπonEπnEprotonRprotonEcoχχπsπonsE−tEMsqrt{s}d]~ψ≥ox{{β}}NEwπtνEtνβE
h{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 54

73
zβ−rcνEγorEtopE−nΥE≥ottoψEsqu−rτsEγroψEμχuπnoEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEψπssπnμE
tr−nsvβrsβEβnβrμyE−nΥE−tEχβ−stEtνrββE≥RρβtsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE
2012QE]WQEV

4.2 24

72 tβ−surβψβntEoγEβvβntEsν−pβsE−tEχ−rμβEψoψβntuψEtr−nsγβrEwπtνEtνβEh{shzEΥβtβctorEπnEppE
coχχπsπonsE−tEMsqrt{ψ−tν≥γ{s}}d]Eψ−tνrψ{{β}}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 18

71
zβ−rcνEγorEsupβrsyψψβtryEπnEβvβntsEwπtνEχ−rμβEψπssπnμEtr−nsvβrsβEψoψβntuψQEρβtsQE−nΥE−tEχβ−stE
onβEt−uEχβptonEπnE]E{β}EprotonRprotonEcoχχπsπonEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalp
JournalpCQE2012QE]WQEV

4.2 11

70
zβ−rcνEγorEχπμνtEsc−χ−rEtopRqu−rτEp−πrEproΥuctπonEπnEγπn−χEst−tβsEwπtνEtwoEχβptonsEwπtνEtνβEh{shzE
ΥβtβctorEπnEMsqrt{s}d]Eψ−tνrψ{{β}}NEprotonâ��protonEcoχχπsπonsSEEuropeanpPhysicalpJournalpCQE2012QE
]WQEV

4.2 31

69 h{shzEsβ−rcνEγorE−Eνβ−vyEμ−uμβE≥osonEΥβc−yπnμEtoE−Ecν−rμβΥEχβptonE−nΥE−EnβutrπnoEπnEppEcoχχπsπonsE
−tEMsqrt{s}EdE]Eψ−tνrψ{{β}}NSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 34

68 zβ−rcνEγorEΥou≥χyEcν−rμβΥEoπμμsE≥osonsEπnEχπτβRsπμnEΥπχβptonEγπn−χEst−tβsE−tEMsqrt{s}EdE]E
ψ−tνrψ{{β}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 104

(2012-2012)

29



67 wβrγorψ−ncβEoγEψπssπnμEtr−nsvβrsβEψoψβntuψErβconstructπonEπnEprotonRprotonEcoχχπsπonsE−tE
Msqrt{s}EdE]~ψ≥ox{{β}}NEwπtνEh{shzSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 217

66 wβrγorψ−ncβEoγEtνβEh{shzE{rπμμβrEzystβψEπnEWUVUSEEuropeanpPhysicalpJournalpCQE2012QE]WQEV 4.2 232

65 zβ−rcνEγorEs−ψβRsπμnEtopRqu−rτEproΥuctπonE−nΥEγourtνRμβnβr−tπonEΥownRtypβEqu−rτsEπnEppEcoχχπsπonsE
−tEMEsqrtE{s}EdE{]}b{tβxt{{β}}}ENEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 34

64 zβ−rcνEγorEcν−rμβΥEoπμμsE≥osonsEΥβc−yπnμEvπ−EoE´–EReEˇ�˛‰EπnEMEtovβrχπnβEtENEβvβntsEusπnμEppEcoχχπsπonEΥ−t−E
−tEMEsqrtE{s}EdE]b{β}ENEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 112

63 tβ−surβψβntEoγEtνβE~E≥osonEpoχ−rπz−tπonEπnEtopEqu−rτEΥβc−ysEwπtνEtνβEh{shzEΥβtβctorSEJournalpofp
HighpEnergypPhysicsQE2012QEWUVWQEV 5.4 52

62 morw−rΥR≥−cτw−rΥEcorrβχ−tπonsE−nΥEcν−rμβΥRp−rtπcχβE−zπψutν−χEΥπstrπ≥utπonsEπnEppEπntβr−ctπonsE
usπnμEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2012QEWUVWQEV 5.4 23

61 tβ−surβψβntEoγEπncχusπvβEρβtE−nΥEΥπρβtEcrossEsβctπonsEπnEprotonRprotonEcoχχπsπonsE−tE]E{β}E
cβntrβRoγRψ−ssEβnβrμyEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 103

60 zβ−rcνEγorEsπnμχβEtopEqu−rτEproΥuctπonEvπ−Econt−ctEπntβr−ctπonsE−tEslwWSEEuropeanpPhysicalpJournalpCQE
2011QE]VQEV 4.2 3

59 hEstuΥyEoγEtνβE≥Rqu−rτEγr−μψβnt−tπonEγunctπonEwπtνEtνβEklswopEΥβtβctorE−tEslwEpE−nΥE−nE−vβr−μβΥE
Υπstrπ≥utπonEo≥t−πnβΥE−tEtνβE–EwoχβSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 25

58 tβ−surβψβntEoγEtνβEtopEqu−rτRp−πrEproΥuctπonEcrossEsβctπonEwπtνEh{shzEπnEppEcoχχπsπonsE−tE
Msqrt{s}d]NE{β}SEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 138

57 ztuΥπβsEoγEtνβEpβrγorψ−ncβEoγEtνβEh{shzEΥβtβctorEusπnμEcosψπcRr−yEψuonsSEEuropeanpPhysicalp
JournalpCQE2011QE]VQEV 4.2 16

56 suψπnosπtyEΥβtβrψπn−tπonEπnEppEcoχχπsπonsE−tEMsqrt{s}EdE]NE{β}EusπnμEtνβEh{shzEΥβtβctorE−tEtνβEsojSE
EuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 167

55
tβ−surβψβntsEoγEunΥβrχyπnμRβvβntEpropβrtπβsEusπnμEnβutr−χE−nΥEcν−rμβΥEp−rtπcχβsEπnEppEcoχχπsπonsE
−tEMsqrt{s}d_UUNEnβ}E−nΥEMsqrt{s}d]NE{β}EwπtνEtνβEh{shzEΥβtβctorE−tEtνβEsojSEEuropeanpPhysicalp
JournalpCQE2011QE]VQEV

4.2 30

54
zβ−rcνEγorE−nEβxcβssEoγEβvβntsEwπtνE−nEπΥβntπc−χEγχ−vourEχβptonEp−πrE−nΥEsπμnπγπc−ntEψπssπnμE
tr−nsvβrsβEψoψβntuψEπnEMsqrt{s}d]NE{β}Eprotonâ��protonEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2011QE]VQEV

4.2 18

53
zβ−rcνEγorEsupβrsyψψβtrπcEp−rtπcχβsEπnEβvβntsEwπtνEχβptonEp−πrsE−nΥEχ−rμβEψπssπnμEtr−nsvβrsβE
ψoψβntuψEπnEMsqrt{s}d]~ψ≥ox{{β}}NEprotonâ��protonEcoχχπsπonsEwπtνEtνβEh{shzEβxpβrπψβntSE
EuropeanpPhysicalpJournalpCQE2011QE]VQEV

4.2 41

52 sπψπtsEonEtνβEproΥuctπonEoγEtνβEst−nΥ−rΥEψoΥβχEoπμμsE≥osonEπnEppEcoχχπsπonsE−tEMsqrt{s}EdE]NE{β}EwπtνE
tνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 37

51 zβ−rcνEγorEΥπpνotonEβvβntsEwπtνEχ−rμβEψπssπnμEtr−nsvβrsβEβnβrμyEwπtνEX[Ep≥â��VEoγE]E{β}E
protonâ��protonEcoχχπsπonEΥ−t−EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 15

50 tβ−surβψβntEoγEψuχtπRρβtEcrossEsβctπonsEπnEprotonâ��protonEcoχχπsπonsE−tE−E]E{β}EcβntβrRoγRψ−ssE
βnβrμySEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 44

GeraldtEigen

30



49 tβ−surβψβntEoγEtνβEρβtEγr−μψβnt−tπonEγunctπonE−nΥEtr−nsvβrsβEproγπχβEπnEprotonâ��protonEcoχχπsπonsE
−tE−EcβntβrRoγRψ−ssEβnβrμyEoγE]E{β}EwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 51

48 zβ−rcνEγorE−Eνβ−vyEnβutr−χEp−rtπcχβEΥβc−yπnμEπntoE−nEβχβctronE−nΥE−EψuonEusπnμEVEγ≥â��VEoγEh{shzE
Υ−t−SEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 13

47 zβ−rcνEγorEψ−ssπvβEcoχorβΥEsc−χ−rsEπnEγourRρβtEγπn−χEst−tβsEπnEMsqrt{s}d]~ψ≥ox{{β}}NEprotonâ��protonE
coχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 37

46 tβ−surβψβntEoγEtνβEπncχusπvβE−nΥEΥπρβtEcrossRsβctπonsEoγE≥RρβtsEπnEppEcoχχπsπonsE−tE
Msqrt{s}d]ψ≥ox{~{β}}NEwπtνEtνβEh{shzEΥβtβctorSEEuropeanpPhysicalpJournalpCQE2011QE]VQEV 4.2 53

45 tβ−surβψβntEoγE~˛‡E−nΥE–˛‡EproΥuctπonEπnEprotonRprotonEcoχχπsπonsE−tEMEsqrtE{s}EdE]ENE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2011QEWUVVQEV 5.4 11

44 pncχusπvβEsβ−rcνEγorEs−ψβRsπμnEΥπχβptonEsπμn−turβsEπnEppEcoχχπsπonsE−tEMEsqrtE{s}EdE]ENE{β}EwπtνEtνβE
h{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2011QEWUVVQEV 5.4 31

43
zβ−rcνEγorEnβwEpνβnoψβn−EπnEγπn−χEst−tβsEwπtνEχ−rμβEρβtEψuχtπpχπcπtπβsE−nΥEψπssπnμEtr−nsvβrsβE
ψoψβntuψEusπnμEMsqrtE{s}NEdE]E{β}EppEcoχχπsπonsEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergyp
PhysicsQE2011QEWUVVQEV

5.4 60

42 ztuΥyEoγEtνβEΥβpβnΥβncβEoγEΥπrβctEsoγtEpνotonEproΥuctπonEonEtνβEρβtEcν−r−ctβrπstπcsEπnEν−ΥronπcE–EUE
Υβc−ysSEEuropeanpPhysicalpJournalpCQE2010QE[]QEXYXRX[[ 4.2 10

41 {νβEh{shzEzπψuχ−tπonEpnγr−structurβSEEuropeanpPhysicalpJournalpCQE2010QE]UQE^WXR^]Y 4.2 817

40 wβrγorψ−ncβEoγEtνβEh{shzEΥβtβctorEusπnμEγπrstEcoχχπsπonEΥ−t−SEJournalpofpHighpEnergypPhysicsQE2010QE
WUVUQEV 5.4 14

39 tβ−surβψβntEoγEtνβE~EReEâ��˛‰E−nΥE–T˛‡EOEReEâ��â��EproΥuctπonEcrossEsβctπonsEπnEprotonRprotonEcoχχπsπonsE−tEME
sqrtE{s}EdE]b{tβxt{{β}}}ENEwπtνEtνβEh{shzEΥβtβctorSEJournalpofpHighpEnergypPhysicsQE2010QEWUVUQEV 5.4 58

38 zβ−rcνEγorEonβEχ−rμβEβxtr−EΥπψβnsπonEwπtνEtνβEklswopEΥβtβctorE−tEslwSEEuropeanpPhysicalpJournalpCQE
2009QE[UQEV]RWX 4.2 35

37 hEstuΥyEoγEM{ψ−tνrψ{≥}}≥−r{ψ−tνrψ{≥}}NEproΥuctπonEπnEβPβâ��EcoχχπsπonsE−tEMsqrt{s}dVXUNEâ��WU]Enβ}SE
EuropeanpPhysicalpJournalpCQE2009QE[UQEVRVZ 4.2 10

36 jorrβχ−tπonsE≥βtwββnEpoχ−rπs−tπonEst−tβsEoγE~Ep−rtπcχβsEπnEtνβErβ−ctπonEβEâ��EβEPRe~Eâ��E~EPE−tEslwWE
βnβrμπβsEV^_â��WU_Enβ}SEEuropeanpPhysicalpJournalpCQE2009QE[XQE[VVR[WX 4.2

35 oπμμsE≥osonEsβ−rcνβsEπnEjwRconsβrvπnμE−nΥEjwRvπoχ−tπnμEtzztEscβn−rπosEwπtνEtνβEklswopEΥβtβctorSE
EuropeanpPhysicalpJournalpCQE2008QEZYQEV 4.2

34 ztuΥyEoγE~R≥osonEpoχ−rπs−tπonsE−nΥEtrπpχβEμ−uμβE≥osonEcoupχπnμsEπnEtνβErβ−ctπonEβPβRRe~P~RE−tEslwE
WSEEuropeanpPhysicalpJournalpCQE2008QEZYQEXYZRX[Y 4.2 32

33 tβ−surβψβntEoγEtνβEψ−ssE−nΥEwπΥtνEoγEtνβE~E≥osonEπnEβPβREcoχχπsπonsE−tEMsqrt{s}NEdEV[Vâ��WU_Enβ}SE
EuropeanpPhysicalpJournalpCQE2008QEZZQEV 4.2 28

32 ztuΥyEoγE≥Rqu−rτEψ−ssEβγγβctsEπnEψuχtπρβtEtopoχoμπβsEwπtνEtνβEklswopEΥβtβctorE−tEslwSEEuropeanp
PhysicalpJournalpCQE2008QEZZQEZWZRZX^ 4.2 15

(2008-2011)

31



31 kπRρβtEproΥuctπonEπnE˛‡E˛‡EcoχχπsπonsE−tEslwWSEEuropeanpPhysicalpJournalpCQE2008QEZ^QEZXVRZYV 4.2 1

30 v≥sβrv−tπonEoγEtνβEψuonEπnnβrE≥rβψsstr−νχunμE−tEslwVSEEuropeanpPhysicalpJournalpCQE2008QEZ]QEY__RZVY 4.2 8

29 zβ−rcνEγorE−EγourtνEμβnβr−tπonE≥â��Rqu−rτE−tEslwRppE−tEMsqrt{s}dQNV_[â��WU_Enβ}SEEuropeanpPhysicalp
JournalpCQE2007QEZUQEZU]RZV^ 4.2 3

28 pnvβstπμ−tπonEoγEjoχourEyβconnβctπonEπnE~~EβvβntsEwπtνEtνβEklswopEΥβtβctorE−tEslwRWSEEuropeanp
PhysicalpJournalpCQE2007QEZVQEWY_ 4.2 12

27 –˛‡OEproΥuctπonEπnEβPβREπntβr−ctπonsE−tEMsqrt{s}EdEV^XRWU_Qtβxt{nβ}}NSEEuropeanpPhysicalpJournalpCQE
2007QEZVQEZUXRZWX 4.2 2

26 ztuΥyEoγEtrπpχβRμ−uμβR≥osonEcoupχπnμsE–––QE––˛‡E−nΥE–˛‡˛‡E−tEslwSEEuropeanpPhysicalpJournalpCQE2007QE
ZVQEZWZRZYW 4.2 21

25 lvπΥβncβEγorE−nEβxcβssEoγEsoγtEpνotonsEπnEν−ΥronπcEΥβc−ysEoγE–USEEuropeanpPhysicalpJournalpCQE2006QE
Y]QEW]XRW_Y 4.2 17

24 zβ−rcνEγorEnβutr−χEtzztEoπμμsE≥osonsE−tEslwSEEuropeanpPhysicalpJournalpCQE2006QEY]QEZY] 4.2 496

23 nχo≥−χEγπtsEoγEtνβEjrtEψ−trπxSEEuropeanpPhysicalpJournalpCQE2004QEXXQEs[YYRs[Y[ 4.2 2

22 zβ−rcνEγorEsc−χ−rEγβrψπonsE−nΥEχonμRχπvβΥEsc−χ−rEχβptonsE−tEcβntrβRoγRψ−ssEβnβrμπβsEoγEVXUEnβ}EtoE
V]WEnβ}SEEuropeanpPhysicalpJournalpCQE1999QE[QEX^ZRYUV 4.2 4

21 zβ−rcνEγorEp−πrRproΥucβΥEnβutr−χπnosEπnEβvβntsEwπtνEpνotonsE−nΥEψπssπnμEβnβrμyEγroψEβPβRE
coχχπsπonsE−tEMsqrtEsEdEVXUEREV^XNEnβ}SEEuropeanpPhysicalpJournalpCQE1999QE[QEX]VRX^Y 4.2 3

20 zβ−rcνEγorEp−πrRproΥucβΥEnβutr−χπnosEπnEβvβntsEwπtνEpνotonsE−nΥEψπssπnμEβnβrμyEγroψEβPβRE
coχχπsπonsE−tEMsqrtEsEdEVXUEREV^XNEnβ}E1999QE[QEX]V 5

19 zβ−rcνEγorEsc−χ−rEγβrψπonsE−nΥEχonμRχπvβΥEsc−χ−rEχβptonsE−tEcβntrβRoγRψ−ssEβnβrμπβsEoγEVXUEnβ}EtoE
V]WEnβ}E1999QE[QEX^Z 7

18 zβ−rcνEγorEcν−rμπnosQEnβutr−χπnosE−nΥEμr−vπtπnosE−tEslwSEEuropeanpPhysicalpJournalpCQE1998QEVQEV 4.2 10

17 zβ−rcνEγorEcν−rμπnosQEnβutr−χπnosE−nΥEμr−vπtπnosE−tEslwSEEuropeanpPhysicalpJournalpCQE1998QEVQEVRWU 4.2 50

16 zβ−rcνβsEγorEwroψptEoβ−vyExu−rτonπ−EKEI{rψEi}±pψ_{rψEc}IEtβsonsE−nΥElvπΥβncβEγorEy−Υπ−χχyE
lxcπtβΥEiEtβsonsEπnE–UEkβc−ysSEInternationalpJournalpofpModernpPhysicspAQE1997QEVWQEX_U_RX_V_ 1.2

15
zβ−rcνEγorEνπμνEψ−ss˛‡˛‡Erβson−ncβsEπnMβ±EPEβ±EREtoEβχχE±EPEβχχE±EREμ−ψψ−Eμ−ψψ−ENEQMnuE≥−rEnuEμ−ψψ−E
μ−ψψ−ENE−nΥMq≥−rEqμ−ψψ−Eμ−ψψ−ENE−tEslwEp−tEslwEpSEZeitschriftpFˆ…rpPhysikpC-ParticlespandpFieldsQE
1996QE]WQEV]_RV_U

3

14 ztuΥyEoγEr−rβ≥EΥβc−ysEwπtνEtνβEklswopEΥβtβctorE−tEslwSEZeitschriftpFˆ…rpPhysikpC-ParticlespandpFieldsQE
1996QE]WQEWU]RWWU 22

GeraldtEigen

32



13 tβ−nEχπγβtπψβEoγEtνβiEUEsEψβsonSEZeitschriftpFˆ…rpPhysikpC-ParticlespandpFieldsQE1996QE]VQEVVRXU 8

12 kβtβrψπn−tπonEoγEtνβE−vβr−μβEχπγβtπψβEoγ≥R≥−ryonsSEZeitschriftpFˆ…rpPhysikpC-ParticlespandpFieldsQE1996
QE]VQEV__RWVU

11 kβtβrψπn−tπonEoγE|}c≥|EγroψEtνβEsβψπχβptonπcEΥβc−yEiUEReEkOâ��â��PE˛‰SEZeitschriftpFˆ…rpPhysikpC-Particlesp
andpFieldsQE1996QE]VQEZX_RZZX 1

10 tβ−surβψβntEoγEtνβEiEUEΥEoscπχχ−tπonEγrβquβncyEusπnμEτ−onsQEχβptonsE−nΥEρβtEcν−rμβSEZeitschriftpFˆ…rp
PhysikpC-ParticlespandpFieldsQE1996QE]WQEV]RXU 6

9 mπrstEstuΥyEoγEtνβEπntβrγβrβncβE≥βtwββnEπnπtπ−χE−nΥEγπn−χEst−tβEr−Υπ−tπonE−tEtνβE–Erβson−ncβSE
ZeitschriftpFˆ…rpPhysikpC-ParticlespandpFieldsQE1996QE]WQEXVRX^ 2

8
zβ−rcνEγorEνπμνEψ−ss˛‡˛‡Erβson−ncβsEπnEIIβ±EPEβ±EREtoEβχχE±EPEβχχE±EREμ−ψψ−Eμ−ψψ−EIIEQEIInuE≥−rEnuE
μ−ψψ−Eμ−ψψ−EIIE−nΥEIIq≥−rEqμ−ψψ−Eμ−ψψ−EIIE−tEslwEp−tEslwEpSEZeitschriftpFˆ…rpPhysikpC-Particlesp
andpFieldsQE1996QE]WQEV]_RV_U

7 ztuΥyEoγEr−rβ≥EΥβc−ysEwπtνEtνβEklswopEΥβtβctorE−tEslwSEZeitschriftpFˆ…rpPhysikpC-ParticlespandpFieldsQE
1996QE]WQEWU]RWWU

6 tβ−nEχπγβtπψβEoγEtνβiEUEsEψβsonE1996QE]VQEVV 1

5 tβ−surβψβntEoγEtνβEiEUEΥEoscπχχ−tπonEγrβquβncyEusπnμEτ−onsQEχβptonsE−nΥEρβtEcν−rμβE1996QE]WQEV] 1

4 ztuΥyEoγEproψptEpνotonEproΥuctπonEπnEν−Υronπc–EUEΥβc−ysSEZeitschriftpFˆ…rpPhysikpC-Particlespandp
FieldsQE1995QE[_QEVRVX

3 hEψβ−surβψβntEoγEtνβEpνotonEstructurβEγunctπonmE˛‡WE−tE−nE−vβr−μβxEWEoγEVWEnβ}WTcEYSEZeitschriftp
Fˆ…rpPhysikpC-ParticlespandpFieldsQE1995QE[_QEWWXRWXX 2

2 tβ−surβψβntEoγEπncχusπvβˇ�EUEproΥuctπonEπnEν−Υronπc–EUEΥβc−ysSEZeitschriftpFˆ…rpPhysikpC-Particlespandp
FieldsQE1995QE[_QEZ[VRZ]X

1 zβ−rcνEγorEproψptχyEproΥucβΥEνβ−vyEqu−rτonπuψEst−tβsEπnEν−ΥronπcE–EΥβc−ysSEZeitschriftpFˆ…rpPhysikp
C-ParticlespandpFieldsQE1995QE[_QEZ]ZRZ^X 1

ListtoftPublications

33


