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zνarγτEπorEμχψνtErνsonanγνsEχnEνvνntsEwχtτEanEχsolatνμEγτarρνμElνptonEusχnρEMEsqrt{s}ENEdEVXE{ν~E
protonRprotonEγollχsχonEμataEγollνγtνμEΛyEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QE
WUWUQEV

5.4 3

545 tνasurνmνntEoπEtτνE—MReEâ��Pâ��â��N˛‡EproμuγtχonEγrossRsνγtχonEχnEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτE
tτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 2

544 tνasurνmνntEoπElonρRranρνEtwoRpartχγlνEazχmutτalEγorrνlatχonsEχnE—RΛosonEtaρρνμEppEγollχsχonsEatE
Msqrt{s}d^NEanμEVXE{ν~SEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 3

543 {ransvνrsνEmomνntumEanμEproγνssEμνpνnμνntEazχmutτalEanχsotropχνsEχnEMsqrt{s−{matτrmE
{uu}}}d^SV[NE{ν~EpPwΛEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 7

542 wνrπormanγνEoπEνlνγtronEanμEpτotonEtrχρρνrsEχnEh{shzEμurχnρEsojEyunEWSEEuropeankPhysicalkJournalk
CQE2020QE^UQEV 4.2 30

541
zνarγτEπorEνlνγtrowνakEproμuγtχonEoπEγτarρχnosEanμEslνptonsEμνγayχnρEχntoEπχnalEstatνsEwχtτEtwoE
lνptonsEanμEmχssχnρEtransvνrsνEmomνntumEχnEMsqrt{s}dVXNEMtνxtE{{ν~}NEppEγollχsχonsEusχnρEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV

4.2 50

540 zνarγτEπorEtopEsquarksEχnEνvνntsEwχtτEaEoχρρsEorE—EΛosonEusχnρEVX_EπΛMℓ{RV}NEoπEppEγollχsχonEμataEatE
Msqrt{s}dVXNE{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 1

539 lvχμνnγνEπorEMtΛar{t}tΛar{t}NEproμuγtχonEχnEtτνEmultχlνptonEπχnalEstatνEχnEprotonâ��protonEγollχsχonsEatE
Msqrt{s}dVXNEMtνxtE{{ν~}NEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 8

538 zνarγτEπorEτνavyEμχΛosonErνsonanγνsEχnEsνmχlνptonχγEπχnalEstatνsEχnEppEγollχsχonsEatEMsqrt{s}dVXNE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 4

537
zνarγτEπorElχρτtElonρRlχvνμEnνutralEpartχγlνsEproμuγνμEχnEppEγollχsχonsEatEMsqrt{s}EdEVX~matτrmE{{ν~}NE
anμEμνγayχnρEχntoEγollχmatνμElνptonsEorElχρτtEτaμronsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2020QE^UQEV

4.2 8

536
zνarγτEπorEaEsγalarEpartnνrEoπEtτνEtopEquarkEχnEtτνEallRτaμronχγEMt{Λar{t}}NEplusEmχssχnρEtransvνrsνE
momνntumEπχnalEstatνEatEMsqrt{s}dVXNE{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2020QE^UQEV

4.2 17

535 yoΛustEpnμνpνnμνntE~alχμatχonEoπElxpνrχmνntEanμE{τνoryaEyχvνtEvνrsχonEXSESciPostkPhysicsQE2020QE^QE 6.1 51

534 yνχntνrprνtatχonEoπEsojEyνsultsEπorEuνwEwτysχγsaEztatusEanμErνγommνnμatχonsEaπtνrEyunEWSESciPostk
PhysicsQE2020QE_QE 6.1 17

533 uνwEsνnsχtχvχtyEoπEγurrνntEsojEmνasurνmνntsEtoEvνγtorRlχkνEquarksSESciPostkPhysicsQE2020QE_QE 6.1 11

532 hlχρnmνntEoπEtτνEh{shzEpnnνrEkνtνγtorEχnEyunEWSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 4

(2020-2020)
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531 kνtνrmχnatχonEoπEψνtEγalχΛratχonEanμEνnνrρyErνsolutχonEχnEprotonâ��protonEγollχsχonsEatEMsqrt{s}EdE
^~τΛoxE{{ν~}NEusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 3

530 tνasurνmνntEoπEqTˇ�EproμuγtχonEχnEassoγχatχonEwχtτEaE‘´–EΛosonEwχtτEppEμataEatE^E{ν~SEJournalkofk
HighkEnergykPhysicsQE2020QEWUWUQEV 5.4 4

529 zνarγτEπorEnνwErνsonanγνsEχnEmassEμχstrχΛutχonsEoπEψνtEpaχrsEusχnρEVX_EπΛâ��VEoπEppEγollχsχonsEatEME
sqrt{matτrm{s}}ENEdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 20

528 zνarγτEπorEMEtovνrlχnν{t}ENErνsonanγνsEχnEπullyEτaμronχγEπχnalEstatνsEχnEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 6

527 yνγonstruγtχonEanμEχμνntχπχγatχonEoπEΛoostνμEμχRˇ�EsystνmsEχnEaEsνarγτEπorEoχρρsEΛosonEpaχrsEusχnρEVXE
{ν~EprotonRprotonEγollχsχonEμataEχnEh{shzSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 3

526
tνasurνmνntsEoπEχnγlusχvνEanμEμχππνrνntχalEγrossRsνγtχonsEoπEγomΛχnνμEMEtovνrlχnν{t}ρammaENEanμE
t‘˛‡EproμuγtχonEχnEtτνEν˛…EγτannνlEatEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysics
QE2020QEWUWUQEV

5.4 2

525 wνrπormanγνEoπEtτνEmχssχnρEtransvνrsνEmomνntumEtrχρρνrsEπorEtτνEh{shzEμνtνγtorEμurχnρEyunRWE
μataEtakχnρSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 8

524 zνarγτEπorEnνwEnonRrνsonantEpτνnomνnaEχnEτχρτRmassEμχlνptonEπχnalEstatνsEwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 9

523 tνasurνmνntsEoπEtτνEoχρρsEΛosonEχnγlusχvνEanμEμχππνrνntχalEπχμuγχalEγrossEsνγtχonsEχnEtτνEYMνllENE
μνγayEγτannνlEatEMsqrt{s}NEdEVXE{ν~SEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 9

522 mluγtuatχonsEoπEanχsotropχγEπlowEχnEwΛPwΛEγollχsχonsEatEMEsqrt{{matτrm{s}}−{matτrm{uu}}}ENEdEZSUWE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 13

521
zνarγτEπorEμχrνγtEproμuγtχonEoπEνlνγtrowνakχnosEχnEπχnalEstatνsEwχtτEonνElνptonQEmχssχnρEtransvνrsνE
momνntumEanμEaEoχρρsEΛosonEμνγayχnρEχntoEtwoEΛRψνtsEχnEMppNEγollχsχonsEatEMsqrt{s}dVXNE{ν~EwχtτE
tτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV

4.2 13

520 tνasurνmνntEoπEμχππνrνntχalEγrossEsνγtχonsEπorEsχnρlνEμχππraγtχvνEμχssoγχatχonEχnEMEsqrt{s}ENEdE^E{ν~EppE
γollχsχonsEusχnρEtτνEh{shzEhsmhEspνγtromνtνrSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 1

519 tνasurνmνntEoπEχsolatνμRpτotonEplusEtwoRψνtEproμuγtχonEχnEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτE
tτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 2

518
tνasurνmνntsEoπEtτνEproμuγtχonEγrossRsνγtχonEπorEaE—EΛosonEχnEassoγχatχonEwχtτEΛRψνtsEχnE
protonRprotonEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2020QEWUWUQEV

5.4 5

517
zνarγτEπorEtτνEooEReEMEΛovνrlχnν{Λ}Λovνrlχnν{Λ}ENEproγνssEvχaEvνγtorRΛosonEπusχonEproμuγtχonEusχnρE
protonRprotonEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2020QEWUWUQEV

5.4 5

516 vΛsνrvatχonEoπEtτνEassoγχatνμEproμuγtχonEoπEaEtopEquarkEanμEaE—EΛosonEχnEppEγollχsχonsEatEMEsqrt{s}ENdE
VXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV 5.4 5

515 tνasurνmνntEoπEtτνEtransvνrsνEmomνntumEμχstrχΛutχonEoπEkrνllâ��–anElνptonEpaχrsEχnEprotonâ��protonE
γollχsχonsEatEMsqrt{s}dVXQN{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 7

514
zνarγτEπorEμχrνγtEproμuγtχonEoπEνlνγtrowνakχnosEχnEπχnalEstatνsEwχtτEmχssχnρEtransvνrsνEmomνntumE
anμEaEoχρρsEΛosonEμνγayχnρEχntoEpτotonsEχnEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2020QEWUWUQEV

5.4 1

JonuButterworth
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513 tνasurνmνntsEoπEtopRquarkEpaχrEspχnEγorrνlatχonsEχnEtτνEMνmuENEγτannνlEatEMsqrt{s}EdEVXNE{ν~EusχnρE
ppEγollχsχonsEχnEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2020QE^UQEV 4.2 8

512 tνasurνmνntEoπEtτνEγrossRsνγtχonEanμEγτarρνEasymmνtryEoπE‘EΛosonsEproμuγνμEχnEprotonâ��protonE
γollχsχonsEatEMsqrt{s}d^~tνxtE{{ν~}NEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 11

511 iztEγonstraχntsEπromEmoμνlRχnμνpνnμνntEmνasurνmνntsaEhEjonturE}pμatνSEJournalkofkPhysics:k
ConferencekSeriesQE2019QEVW]VQEUVWUVX 0.3 1

510
tνasurνmνntEoπEψνtRsuΛstruγturνEoΛsνrvaΛlνsEχnEtopEquarkQE‘EΛosonEanμElχρτtEψνtEproμuγtχonEχnE
protonRprotonEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2019QEWUV_QEV

5.4 8

509 llνγtronErνγonstruγtχonEanμEχμνntχπχγatχonEχnEtτνEh{shzEνxpνrχmνntEusχnρEtτνEWUVZEanμEWUV[EsojE
protonâ��protonEγollχsχonEμataEatEMsqrt{s}EdEVXNEMtνxtE{{ν~}NSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 37

508 tνasurνmνntEoπEμχstrχΛutχonsEsνnsχtχvνEtoEtτνEunμνrlyχnρEνvνntEχnEχnγlusχvνE—EΛosonEproμuγtχonEχnE
ppEγollχsχonsEatEMsqrt{s}NEdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 2

507
zνarγτνsEπorEsγalarElνptoquarksEanμEμχππνrνntχalEγrossRsνγtχonEmνasurνmνntsEχnEμχlνptonâ��μχψνtE
νvνntsEχnEprotonâ��protonEγollχsχonsEatEaEγνntrνRoπRmassEνnνrρyEoπEMvarvνγ{sqrt{s}}NEdEVXE{ν~EwχtτEtτνE
h{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkCQE2019QE]_QEV

4.2 15

506 zνarγτEπorEsχnρlνEproμuγtχonEoπEvνγtorRlχkνEquarksEμνγayχnρEχntoE‘ΛEχnEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 14

505 zνarγτEπorEtopRquarkEμνγaysEtEReEoqEwχtτEX[EπΛâ��VEoπEppEγollχsχonEμataEatEMEsqrt{s}ENEdEVXE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 13

504
tνasurνmνntEoπE~oQEMEmatτrm{o}toEmatτrm{Λ}ovνrlχnν{matτrm{Λ}}ENEproμuγtχonEasEaEπunγtχonEoπE
tτνEvνγtorRΛosonEtransvνrsνEmomνntumEχnEVXE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2019QEWUV_QEV

5.4 8

503 sojEγonstraχntsEonEaEiEâ��EsEρauρνEmoμνlEusχnρEjonturSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 14

502 tνasurνmνntsEoπE‘EanμE—EΛosonEproμuγtχonEχnEppEγollχsχonsEatEMsqrt{s}dZSUWNE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 12

501 wνrπormanγνEoπEtopRquarkEanμEMvarvνγ{‘}NRΛosonEtaρρχnρEwχtτEh{shzEχnEyunEWEoπEtτνEsojSEEuropeank
PhysicalkJournalkCQE2019QE]_QEV 4.2 19

500 tνasurνmνntsEoπEχnγlusχvνEanμEμχππνrνntχalEπχμuγχalEγrossRsνγtχonsEoπEMtΛar{t}ρammaENEproμuγtχonEχnE
lνptonχγEπχnalEstatνsEatEMsqrt{s}dVX~tνxtE{{ν~}NEχnEh{shzSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 7

499 llνγtronEanμEpτotonEνnνrρyEγalχΛratχonEwχtτEtτνEh{shzEμνtνγtorEusχnρEWUVZâ��WUV[EsojE
protonRprotonEγollχsχonEμataSEJournalkofkInstrumentationQE2019QEVYQEwUXUV]RwUXUV] 1 25

498 zνarγτEπorEμouΛlyEγτarρνμEsγalarEΛosonsEμνγayχnρEχntoEsamνRsχρnEΛosonEpaχrsEwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEZ^ 4.2 20

497
zνarγτEπorEτνavyEtaψoranaEorEkχraγEnνutrχnosEanμErχρτtRτanμνμE‘EρauρνEΛosonsEχnEπχnalEstatνsEwχtτE
twoEγτarρνμElνptonsEanμEtwoEψνtsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2019QEWUV_QEV

5.4 21

496 pnEsχtuEγalχΛratχonEoπElarρνRraμχusEψνtEνnνrρyEanμEmassEχnEVXE{ν~Eprotonâ��protonEγollχsχonsEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 16
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495 tνasurνmνntEoπEtτνEpτotonEχμνntχπχγatχonEνππχγχνnγχνsEwχtτEtτνEh{shzEμνtνγtorEusχnρEsojEyunEWE
μataEγollνγtνμEχnEWUVZEanμEWUV[SEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 26

494 tνasurνmνntEoπEtτνEratχoEoπEγrossEsνγtχonsEπorEχnγlusχvνEχsolatνμRpτotonEproμuγtχonEχnEppEγollχsχonsE
atEMEsqrt{s}ENEdEVXEanμE^E{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 5

493 tνasurνmνntEoπEtτνEtopEquarkEmassEχnEtτνEMtΛar{t}rχρτtarrowENElνptonPψνtsEγτannνlEπromEMsqrt{s}d^NE
{ν~Eh{shzEμataEanμEγomΛχnatχonEwχtτEprνvχousErνsultsSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 24

492
zνarγτEπorEpaχrEproμuγtχonEoπEoχρρsEΛosonsEχnEtτνEMEΛovνrlχnν{Λ}Λovνrlχnν{Λ}ENEπχnalEstatνEusχnρE
protonRprotonEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2019QEWUV_QEV

5.4 31

491 jonstraχntsEonEmνμχatorRΛasνμEμarkEmattνrEanμEsγalarEμarkEνnνrρyEmoμνlsEusχnρEMEsqrt{s}ENEdEVXE{ν~E
ppEγollχsχonEμataEγollνγtνμEΛyEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 31

490 zνarγτEπorElonρRlχvνμEnνutralEpartχγlνsEχnEppEγollχsχonsEatEM{sqrt{s}}EdEVX~{tνxtE{E{ν~}}NEtτatEμνγayEχntoE
μχsplaγνμEτaμronχγEψνtsEχnEtτνEh{shzEγalorχmνtνrSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 18

489 zνarγτEπorEoχρρsEΛosonEpaχrEproμuγtχonEχnEtτνE‘‘MON‘‘MONEμνγayEγτannνlEusχnρEh{shzEμataE
rνγorμνμEatEMEsqrt{matτrm{s}}ENEdEVXE{ν~SEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 12

488 zνarγτEπorElarρνEmχssχnρEtransvνrsνEmomνntumEχnEassoγχatχonEwχtτEonνEtopRquarkEχnEprotonRprotonE
γollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 7

487
tνasurνmνntEoπEM‘ℓ{pmE}—NEproμuγtχonEγrossEsνγtχonsEanμEρauρνEΛosonEpolarχsatχonEχnEppE
γollχsχonsEatEMsqrt{s}EdEVX~tνxtE{{ν~}NEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE
]_QEV

4.2 20

486 zνarγτνsEπorEtτχrμRρνnνratχonEsγalarElνptoquarksEχnEMEsqrt{s}ENEdEVXE{ν~EppEγollχsχonsEwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 18

485
zνarγτEπorEsγalarErνsonanγνsEμνγayχnρEχntoE˛…P˛…â��EχnEνvνntsEwχtτEanμEwχtτoutEΛRtaρρνμEψνtsEproμuγνμE
χnEprotonRprotonEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2019QEWUV_QEV

5.4 8

484 zνarγτEπorEμχΛosonErνsonanγνsEχnEτaμronχγEπχnalEstatνsEχnEVX_EπΛâ��VEoπEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 10

483 zνarγτEπorEνxγχtνμEνlνγtronsEsχnρlyEproμuγνμEχnEprotonâ��protonEγollχsχonsEatEIIsqrt{s}E~d~VX~tνxtE
{{ν}tνxtE{~}IIEwχtτEtτνEh{shzEνxpνrχmνntEatEtτνEsojSEEuropeankPhysicalkJournalkCQE2019QE]_QE 4.2 3

482 pμνntχπχγatχonEoπEΛoostνμEoχρρsEΛosonsEμνγayχnρEχntoEΛRquarkEpaχrsEwχtτEtτνEh{shzEμνtνγtorEatE
VX´ IItνxtE{{ν~}IISEEuropeankPhysicalkJournalkCQE2019QE]_QE 4.2 11

481 jollχμνrEγonstraχntsEonE—fEmoμνlsEπorEnνutralEγurrνntEiRanomalχνsSEJournalkofkHighkEnergykPhysicsQE
2019QEWUV_QEV 5.4 23

480 tνasurνmνntEoπEIIr−zℓUIIEanμEIIsamΛμaEℓUIIEproμuγtχonEχnEIItEΛar{t}IIEμχlνptonχγEνvνntsEχnEppE
γollχsχonsEatEIIsqrt{s}EdIIE]E{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 3

479 tνasurνmνntEoπEtτνEχnγlusχvνEχsolatνμRpτotonEγrossEsνγtχonEχnEppEγollχsχonsEatEMEsqrt{s}ENEdEVXE{ν~E
usχnρEX[EπΛâ��VEoπEh{shzEμataSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 2

478 hEstratνρyEπorEaEρνnνralEsνarγτEπorEnνwEpτνnomνnaEusχnρEμataRμνrχvνμEsχρnalErνρχonsEanμEχtsE
applχγatχonEwχtτχnEtτνEh{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 14
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477 tνasurνmνntEoπEtτνEtopRquarkEmassEχnEMEtovνrlχnν{t}ENEPEVRψνtEνvνntsEγollνγtνμEwχtτEtτνEh{shzE
μνtνγtorEχnEppEγollχsχonsEatEMEsqrt{s}ENEdE^E{ν~SEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 12

476 tνasurνmνntEoπEπχμuγχalEanμEμχππνrνntχalEM‘ℓP‘ℓRNEproμuγtχonEγrossRsνγtχonsEatEMsqrt{s}dVXNE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 16

475 tνasurνmνntEoπE——EproμuγtχonEχnEtτνEâ��â�� ˛‰ ˛‰EπχnalEstatνEwχtτEtτνEh{shzEμνtνγtorEχnEppEγollχsχonsEatEME
sqrt{s}ENEdEVXE{ν~SEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 2

474 tνasurνmνntEoπEM‘ℓ{pmE}NRΛosonEanμE—RΛosonEproμuγtχonEγrossRsνγtχonsEχnEppEγollχsχonsEatE
Msqrt{s}dWS][NE{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 2

473
tνasurνmνntEoπEtτνEχnγlusχvνEγrossRsνγtχonEπorEtτνEproμuγtχonEoπEψνtsEχnEassoγχatχonEwχtτEaE—EΛosonE
χnEprotonâ��protonEγollχsχonsEatE^E{ν~EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE
]_QEV

4.2 4

472
zνarγτEπorEτνavyEnνutralElνptonsEχnEμνγaysEoπE‘EΛosonsEproμuγνμEχnEVXE{ν~EppEγollχsχonsEusχnρE
promptEanμEμχsplaγνμEsχρnaturνsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2019QE
WUV_QEV

5.4 21

471 tνasurνmνntEoπEM‘ℓpmENEΛosonEproμuγtχonEχnEwΛPwΛEγollχsχonsEatEMsqrt{s−{matτrm{uu}}}EdE
ZSUW~tνxtE{{ν}tνxtE{~}NEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 7

470 h{shzEΛRψνtEχμνntχπχγatχonEpνrπormanγνEanμEνππχγχνnγyEmνasurνmνntEwχtτEMt{Λar{t}}NEνvνntsEχnEppE
γollχsχonsEatEMsqrt{s}dVXNE{ν~SEEuropeankPhysicalkJournalkCQE2019QE]_QEV 4.2 43

469
tνasurνmνntEoπEπlowEτarmonχγsEγorrνlatχonsEwχtτEmνanEtransvνrsνEmomνntumEχnElνaμâ��lνaμEanμE
protonâ��lνaμEγollχsχonsEatEMsqrt{s−{matτrm{uu}}}EdEZSUW~τΛoxE{{ν~}NEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2019QE]_QEV

4.2 16

468 oχρρsEpτνnomνnoloρyEasEaEproΛνEoπEstνrχlνEnνutrχnosSEPhysicalkReviewkDQE2019QEVUUQE 4.9 19

467
tνasurνmνntsEoπEtopRquarkEpaχrEμχππνrνntχalEanμEμouΛlνRμχππνrνntχalEγrossRsνγtχonsEχnEtτνEMνllENPψνtsE
γτannνlEwχtτEppEγollχsχonsEatEMsqrt{s}dVXNE{ν~EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkC
QE2019QE]_QEV

4.2 13

466 zνarγτEπorEΛottomRsquarkEpaχrEproμuγtχonEwχtτEtτνEh{shzEμνtνγtorEχnEπχnalEstatνsEγontaχnχnρEoχρρsE
ΛosonsQEΛRψνtsEanμEmχssχnρEtransvνrsνEmomνntumSEJournalkofkHighkEnergykPhysicsQE2019QEWUV_QEV 5.4 7

465
zνarγτEπorEaμμχtχonalEτνavyEnνutralEoχρρsEanμEρauρνEΛosonsEχnEtτνEμχtauEπχnalEstatνEproμuγνμEχnEX[E
πΛâ��VEoπEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE
2018QEWUV^QEV

5.4 81

464 tνasurνmνntEoπEtτνEγrossRsνγtχonEπorEproμuγχnρEaE‘EΛosonEχnEassoγχatχonEwχtτEaEsχnρlνEtopEquarkEχnE
ppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEh{shzSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 10

463 tνasurνmνntEoπEtτνERΛosonEmassEχnEppEγollχsχonsEatEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2018QE]^QEVVU 4.2 59

462 zνarγτEπorEnνwEpτνnomνnaEχnEτχρτRmassEπχnalEstatνsEwχtτEaEpτotonEanμEaEψνtEπromEγollχsχonsEatEdE
VX´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEVUW 4.2 7

461 zνarγτEπorEtτνEμχrνγtEproμuγtχonEoπEγτarρχnosEanμEnνutralχnosEχnEπχnalEstatνsEwχtτEtauElνptonsEχnE
γollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEVZY 4.2 23

460 tνasurνmνntEoπElonρχtuμχnalEπlowEμνγorrνlatχonsEχnEwΛPwΛEγollχsχonsEatEanμEZSUWE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEVYW 4.2 35
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459 tνasurνmνntEoπEquarkonχumEproμuγtχonEχnEprotonRlνaμEanμEprotonRprotonEγollχsχonsEatEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEV]V 4.2 35

458 tνasurνmνntEoπEμχππνrνntχalEγrossRsνγtχonsEoπEaEsχnρlνEtopEquarkEproμuγνμEχnEassoγχatχonEwχtτEaE
ΛosonEatEwχtτEh{shzSEEuropeankPhysicalkJournalkCQE2018QE]^QEV^[ 4.2 5

457 zνarγτEπorEτνavyErνsonanγνsEχnEtτνEanμEπχnalEstatνsEusχnρEprotonRprotonEγollχsχonsEatE´ EwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEW_X 4.2 41

456 hEsνarγτEπorEpaχrRproμuγνμErνsonanγνsEχnEπourRψνtEπχnalEstatνsEatEwχtτEtτνEh{shzEμνtνγtorSEEuropeank
PhysicalkJournalkCQE2018QE]^QEWZU 4.2 28

455
zνarγτEπorEτνavyErνsonanγνsEμνγayχnρEχntoEaE‘EorE—EΛosonEanμEaEoχρρsEΛosonEχnEπχnalEstatνsEwχtτE
lνptonsEanμEΛRψνtsEχnEX[EπΛâ��VEoπEMEsqrt{s}dVXENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2018QEWUV^QEV

5.4 26

454 zνarγτEπorEτνavyErνsonanγνsEμνγayχnρEχntoEχnEtτνEπχnalEstatνEχnEγollχsχonsEatEwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEWY 4.2 47

453 kχrνγtEtopRquarkEμνγayEwχμtτEmνasurνmνntEχnEtτνElνptonPψνtsEγτannνlEatEwχtτEtτνEh{shzE
νxpνrχmνntSEEuropeankPhysicalkJournalkCQE2018QE]^QEVW_ 4.2 11

452 zνarγτEπorE‘E‘T‘E—ErνsonanγνEproμuγtχonEχnEâ��˛‰qqEπχnalEstatνsEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 22

451 tνasurνmνntEoπEtτνEoχρρsEΛosonEγouplχnρEpropνrtχνsEχnEtτνEoEReE——OEReEYâ��EμνγayEγτannνlEatEME
sqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 36

450 tνasurνmνntEoπEχnγlusχvνEψνtEanμEμχψνtEγrossRsνγtχonsEχnEprotonRprotonEγollχsχonsEatEMEsqrt{s}dVXENE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 12

449 zνarγτEπorEμarkEmattνrEproμuγνμEχnEassoγχatχonEwχtτEΛottomEorEtopEquarksEχnE´ {ν~EγollχsχonsEwχtτE
tτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEV^ 4.2 32

448 zνarγτEπorEμouΛlyEγτarρνμEoχρρsEΛosonEproμuγtχonEχnEmultχRlνptonEπχnalEstatνsEwχtτEtτνEh{shzE
μνtνγtorEusχnρEprotonRprotonEγollχsχonsEatSEEuropeankPhysicalkJournalkCQE2018QE]^QEV__ 4.2 55

447 tνasurνmνntEoπEpolarχsatχonEχnEμνγaysEχnEprotonRprotonEγollχsχonsEatE{ν~EwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2018QE]^QEV[X 4.2 3

446 zνarγτνsEπorEτνavyE——EanμE—‘ErνsonanγνsEχnEtτνEâ��â��qqEanμE˛‰˛‰qqEπχnalEstatνsEχnEppEγollχsχonsEatEME
sqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 17

445 zνarγτEπorEpaχrEproμuγtχonEoπEupRtypνEvνγtorRlχkνEquarksEanμEπorEπourRtopRquarkEνvνntsEχnEπχnalE
statνsEwχtτEmultχplνEΛRψνtsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 23

444
tνasurνmνntEoπEμχππνrνntχalEγrossEsνγtχonsEanμE‘PT‘â��EγrossRsνγtχonEratχosEπorE‘EΛosonEproμuγtχonE
χnEassoγχatχonEwχtτEψνtsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE
2018QEWUV^QEV

5.4 7

443 tνasurνmνntEoπEtτνE‘RΛosonEmassEχnEppEγollχsχonsEatEMsqrt{s}d]QEτΛoxE{{ν~}NEwχtτEtτνEh{shzE
μνtνγtorE2018QE]^QEV 1

442 zνarγτEπorEμouΛlyEγτarρνμEoχρρsEΛosonEproμuγtχonEχnEmultχRlνptonEπχnalEstatνsEwχtτEtτνEh{shzE
μνtνγtorEusχnρEprotonâ��protonEγollχsχonsEatEMsqrt{s}dVXQtνxtE{{ν~}NE2018QE]^QEV 1
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441 zνarγτEπorEτνavyErνsonanγνsEμνγayχnρEχntoEaE‘EorE—EΛosonEanμEaEoχρρsEΛosonEχnEπχnalEstatνsEwχtτE
lνptonsEanμEΛRψνtsEχnEX[EπΛâ��VEoπEMEsqrt{s}dVXENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorE2018QEWUV^QEV 1

440
zνarγτEπorEtτνEoχρρsEΛosonEproμuγνμEχnEassoγχatχonEwχtτEaEvνγtorEΛosonEanμEμνγayχnρEχntoEtwoE
spχnRzνroEpartχγlνsEχnEtτνEoEReEaaEReEYΛEγτannνlEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV

5.4 14

439
tνasurνmνntEoπEtτνEME—ρammaEtoEnuEovνrlχnν{nu}ρammaENEproμuγtχonEγrossEsνγtχonEχnEppEγollχsχonsE
atEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorEanμElχmχtsEonEanomalousEtrχplνEρauρνRΛosonE
γouplχnρsSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV

5.4 6

438 wromptEanμEnonRpromptEνllχptχγEπlowEχnEwΛPwΛEγollχsχonsEatE{νvEwχtτEtτνEh{shzEμνtνγtorSEEuropeank
PhysicalkJournalkCQE2018QE]^QE]^Y 4.2 8

437 zνarγτEπorEoχρρsEΛosonEpaχrEproμuγtχonEχnEtτνEγτannνlEusχnρEγollχsχonEμataErνγorμνμEatE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEVUU] 4.2 21

436 tνasurνmνntEoπEγolourEπlowEusχnρEψνtRpullEoΛsνrvaΛlνsEχnEνvνntsEwχtτEtτνEh{shzEνxpνrχmνntEatSE
EuropeankPhysicalkJournalkCQE2018QE]^QE^Y] 4.2 5

435 hnρularEanalysχsEoπEiEUEμEEReErO˛…P˛…â��EμνγaysEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 44

434
zνarγτEπorEaEnνwEτνavyEρauρνRΛosonErνsonanγνEμνγayχnρEχntoEaElνptonEanμEmχssχnρEtransvνrsνE
momνntumEχnEX[EπΛEoπEγollχsχonsEatE´ {ν~EwχtτEtτνEh{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkCQE
2018QE]^QEYUV

4.2 23

433
zνarγτEπorEμarkEmattνrEχnEνvνntsEwχtτEaEτaμronχγallyEμνγayχnρEvνγtorEΛosonEanμEmχssχnρEtransvνrsνE
momνntumEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2018QEWUV^QEV

5.4 15

432
tνasurνmνntsEoπEμχππνrνntχalEγrossEsνγtχonsEoπEtopEquarkEpaχrEproμuγtχonEχnEassoγχatχonEwχtτEψνtsEχnE
ppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EusχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QE
WUV^QEV

5.4 4

431
zνarγτEπorEoχρρsEΛosonEpaχrEproμuγtχonEχnEtτνEMEupρammaEupρammaEΛovνrlχnν{Λ}ENEπχnalEstatνEwχtτE
VXE{ν~EppEγollχsχonEμataEγollνγtνμEΛyEtτνEh{shzEνxpνrχmνntSEJournalkofkHighkEnergykPhysicsQE2018QE
WUV^QEV

5.4 23

430 zνarγτEπorEnνwEpτνnomνnaEχnEνvνntsEwχtτEsamνRγτarρνElνptonsEanμEΛRψνtsEχnEppEγollχsχonsEatEME
sqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 21

429 tνasurνmνntEoπEtτνEazχmutτalEanχsotropyEoπEγτarρνμEpartχγlνsEproμuγνμEχnEdEZSUW´ {ν~EwΛPwΛE
γollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QE__] 4.2 21

428 wνrπormanγνEoπEmχssχnρEtransvνrsνEmomνntumErνγonstruγtχonEwχtτEtτνEh{shzEμνtνγtorEusχnρE
protonRprotonEγollχsχonsEatSEEuropeankPhysicalkJournalkCQE2018QE]^QE_UX 4.2 66

427 zνarγτEπorEνlνγtrowνakEproμuγtχonEoπEsupνrsymmνtrχγEpartχγlνsEχnEπχnalEstatνsEwχtτEtwoEorEtτrννE
lνptonsEatEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QE__Z 4.2 49

426 zνarγτEπorEγτarρνμEoχρρsEΛosonsEμνγayχnρEχntoEtopEanμEΛottomEquarksEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 39

425 vpνratχonEanμEpνrπormanγνEoπEtτνEh{shzE{χlνEjalorχmνtνrEχnEyun´ VSEEuropeankPhysicalkJournalkCQE
2018QE]^QE_^] 4.2 13

424
zνarγτEπorEsupνrsymmνtryEχnEπχnalEstatνsEwχtτEmχssχnρEtransvνrsνEmomνntumEanμEmultχplνEΛRψνtsEχnE
protonRprotonEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2018QEWUV^QEV

5.4 28
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423
zνarγτEπorEpaχrEproμuγtχonEoπEτνavyEvνγtorRlχkνEquarksEμνγayχnρEχntoEτχρτRp{E‘EΛosonsEanμEtopE
quarksEχnEtτνElνptonRplusRψνtsEπχnalEstatνEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV

5.4 16

422
zνarγτEπorEtopRsquarkEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEonνElνptonQEψνtsQEanμEmχssχnρEtransvνrsνE
momνntumEusχnρEX[EπΛâ��VEoπEMEsqrt{s}dVXENE{ν~EppEγollχsχonEμataEwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2018QEWUV^QEV

5.4 33

421 zνarγτEπorElonρRlχvνμEγτarρχnosEΛasνμEonEaEμχsappνarχnρRtraγkEsχρnaturνEχnEppEγollχsχonsEatEME
sqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 48

420 zνarγτEπorEsupνrsymmνtryEχnEπχnalEstatνsEwχtτEγτarmEψνtsEanμEmχssχnρEtransvνrsνEmomνntumEχnEVXE
{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 9

419
zνarγτEπorEγτarρνμEoχρρsEΛosonsEμνγayχnρEvχaEo´–EReEˇ�´–˛‰ˇ�EχnEtτνEˇ�PψνtsEanμEˇ�PlνptonEπχnalEstatνsEwχtτE
X[EπΛâ��VEoπEppEγollχsχonEμataErνγorμνμEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEνxpνrχmνntSEJournalkofk
HighkEnergykPhysicsQE2018QEWUV^QEV

5.4 33

418 wromptEanμEnonRpromptEanμEsupprνssχonEatEτχρτEtransvνrsνEmomνntumEχnEwΛPwΛEγollχsχonsEwχtτE
tτνEh{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkCQE2018QE]^QE][W 4.2 23

417 zνarγτEπorEoχρρsEΛosonEμνγaysEtoEΛνyonμRtτνRztanμarμRtoμνlElχρτtEΛosonsEχnEπourRlνptonEνvνntsE
wχtτEtτνEh{shzEμνtνγtorEatEMEsqrt{s}dVXENE{ν~SEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 22

416 zνarγτEπorEνxγlusχvνEoχρρsEanμE—EΛosonEμνγaysEtoEf˛‡EanμEˇ�˛‡EwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2018QEWUV^QEV 5.4 6

415 tνasurνmνntsEoπEΛRψνtEtaρρχnρEνππχγχνnγyEwχtτEtτνEh{shzEμνtνγtorEusχnρEMEtovνrlχnν{t}ENEνvνntsEatEME
sqrt{s}dVXENE{ν~SEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 31

414 zνarγτEπorEπlavourRγτanρχnρEnνutralEγurrνntEtopRquarkEμνγaysEtEReEq—EχnEprotonRprotonEγollχsχonsEatEME
sqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 8

413 tνasurνmνntEoπEtτνEχnγlusχvνEanμEπχμuγχalEproμuγtχonEγrossRsνγtχonsEχnEtτνElνptonPψνtsEγτannνlEχnE
γollχsχonsEatEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEY^] 4.2 5

412 zνarγτEπorEτνavyEpartχγlνsEμνγayχnρEχntoEtopRquarkEpaχrsEusχnρElνptonRplusRψνtsEνvνntsEχnE
protonRprotonEγollχsχonsEatE´ EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2018QE]^QEZ[Z 4.2 34

411
zνarγτEπorEnνwEpτνnomνnaEusχnρEtτνEχnvarχantEmassEμχstrχΛutχonEoπEsamνRπlavourEopposχtνRsχρnE
μχlνptonEpaχrsEχnEνvνntsEwχtτEmχssχnρEtransvνrsνEmomνntumEχnE´ EγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2018QE]^QE[WZ

4.2 15

410 zνarγτEπorEμarkEmattνrEanμEotτνrEnνwEpτνnomνnaEχnEνvνntsEwχtτEanEνnνrρνtχγEψνtEanμElarρνEmχssχnρE
transvνrsνEmomνntumEusχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2018QEWUV^QEV 5.4 101

409
tνasurνmνntEoπEtτνE mormulaaEsννEtνxt]EanμE mormulaaEsννEtνxt]EproμuγtχonEγrossEsνγtχonsEχnE
multχlνptonEπχnalEstatνsEusχnρEXSWEπΛ mormulaaEsννEtνxt]EoπE mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaE
sννEtνxt]EdEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEYU

4.2 14

408
hEmνasurνmνntEoπEtτνEγalorχmνtνrErνsponsνEtoEsχnρlνEτaμronsEanμEμνtνrmχnatχonEoπEtτνEψνtEνnνrρyE
sγalνEunγνrtaχntyEusχnρEsojEyunRVERγollχsχonEμataEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2017QE]]QEW[

4.2 22

407
tνasurνmνntEoπEtτνEχnγlusχvνEγrossRsνγtχonsEoπEsχnρlνEtopRquarkEanμEtopRantχquarkEtRγτannνlE
proμuγtχonEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2017QEWUV]QEV

5.4 22

406
tνasurνmνntEoπEψνtEaγtχvχtyEproμuγνμEχnEtopRquarkEνvνntsEwχtτEanEνlνγtronQEaEmuonEanμEtwoE
RtaρρνμEψνtsEχnEtτνEπχnalEstatνEχnEγollχsχonsEatE mormulaaEsννEtνxt]E{ν~EwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2017QE]]QEWWU

4.2 5
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405 tνasurνmνntEoπEtτνEΛosonEpolarχsatχonEχnE mormulaaEsννEtνxt]EνvνntsEπromEγollχsχonsEatE mormulaaE
sννEtνxt]EdE^E{ν~EχnEtτνElνpton´ P´ ψνtsEγτannνlEwχtτEh{shzSEEuropeankPhysicalkJournalkCQE2017QE]]QEW[Y 4.2 19

404 llνγtronEνππχγχνnγyEmνasurνmνntsEwχtτEtτνEh{shzEμνtνγtorEusχnρEWUVWEsojEprotonRprotonEγollχsχonE
μataSEEuropeankPhysicalkJournalkCQE2017QE]]QEV_Z 4.2 61

403
tνasurνmνntsEoπEtopRquarkEpaχrEμχππνrνntχalEγrossRsνγtχonsEχnEtτνE mormulaaEsννEtνxt]EγτannνlEχnE
γollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE
]]QEW_W

4.2 13

402 wνrπormanγνEoπEalρorχtτmsEtτatErνγonstruγtEmχssχnρEtransvνrsνEmomνntumEχnE mormulaaEsννEtνxt]dE
^E{ν~EprotonRprotonEγollχsχonsEχnEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEWYV 4.2 38

401 tνasurνmνntEoπEtτνEpromptET mormulaaEsννEtνxt]EpaχrEproμuγtχonEγrossRsνγtχonEχnEγollχsχonsEatE
 mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QE][ 4.2 47

400 zνarγτEπorEtrχΛosonE mormulaaEsννEtνxt]EproμuγtχonEχnEγollχsχonsEatE mormulaaEsννEtνxt]´  mormulaaEsννE
tνxt]EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEVYV 4.2 13

399 {opoloρχγalEγνllEγlustνrχnρEχnEtτνEh{shzEγalorχmνtνrsEanμEχtsEpνrπormanγνEχnEsojEyunEVSEEuropeank
PhysicalkJournalkCQE2017QE]]QEY_U 4.2 177

398
mχμuγχalQEtotalEanμEμχππνrνntχalEγrossRsνγtχonEmνasurνmνntsEoπERγτannνlEsχnρlνEtopRquarkEproμuγtχonE
χnEγollχsχonsEatE^´ {ν~EusχnρEμataEγollνγtνμEΛyEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE
]]QEZXV

4.2 27

397 tνasurνmνntsEoπEνlνγtrowνakE mormulaaEsννEtνxt]EproμuγtχonEanμEγonstraχntsEonEanomalousEρauρνE
γouplχnρsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEY]Y 4.2 14

396 qνtErνγonstruγtχonEanμEpνrπormanγνEusχnρEpartχγlνEπlowEwχtτEtτνEh{shzEkνtνγtorSEEuropeankPhysicalk
JournalkCQE2017QE]]QEY[[ 4.2 42

395 jonstraχnχnρEnνwEpτysχγsEwχtτEγollχμνrEmνasurνmνntsEoπEztanμarμEtoμνlEsχρnaturνsSEJournalkofk
HighkEnergykPhysicsQE2017QEWUV]QEV 5.4 25

394 tνasurνmνntEoπEmultχRpartχγlνEazχmutτalEγorrνlatχonsEχnEppQEp´ P´ wΛEanμElowRmultχplχγχtyEwΛ´ P´ wΛE
γollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEYW^ 4.2 48

393 tνasurνmνntEoπEχnγlusχvνEanμEμχππνrνntχalEγrossEsνγtχonsEχnEtτνEoEReE——EOEReEYâ��EμνγayEγτannνlEχnEppE
γollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 25

392 tνasurνmνntEoπElνptonEμχππνrνntχalEμχstrχΛutχonsEanμEtτνEtopEquarkEmassEχnEproμuγtχonEχnEγollχsχonsE
atE´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QE^UY 4.2 11

391 tνasurνmνntEoπEtτνEMEtovνrlχnν{t}ρammaENEproμuγtχonEγrossEsνγtχonEχnEprotonRprotonEγollχsχonsEatEME
sqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 7

390
tνasurνmνntsEoπEγτarρνEanμEjwEasymmνtrχνsEχnEΛRτaμronEμνγaysEusχnρEtopRquarkEνvνntsEγollνγtνμE
ΛyEtτνEh{shzEμνtνγtorEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~SEJournalkofkHighkEnergykPhysicsQE2017QE
WUV]QEV

5.4 6

389 wνrπormanγνEoπEtτνEh{shzEtraγkErνγonstruγtχonEalρorχtτmsEχnEμνnsνEνnvχronmνntsEχnEsojEyunEWSE
EuropeankPhysicalkJournalkCQE2017QE]]QE[]X 4.2 33

388
zνarγτEπorEnνwEpτνnomνnaEχnEνvνntsEγontaχnχnρEaEsamνRπlavourEopposχtνRsχρnEμχlνptonEpaχrQEψνtsQE
anμElarρνEmχssχnρEtransvνrsνEmomνntumEχnE mormulaaEsννEtνxt]´  mormulaaEsννEtνxt] mormulaaEsννE
tνxt]EγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEVYY

4.2 8
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387
tνasurνmνntEoπEtτνE——EproμuγtχonEγrossEsνγtχonEχnEprotonRprotonEγollχsχonsEatEMEsqrt{s}d^ENE{ν~E
usχnρEtτνE——EReEâ��â�� â��Pâ��fâ��â��fPEanμEME——toE{νll}ℓ{R}{νll}ℓ{P}nuEovνrlχnν{nu}ENEμνγayEγτannνlsEwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV

5.4 9

386 wroΛχnρEtτνE‘EtΛEvνrtνxEstruγturνEχnEtRγτannνlEsχnρlνRtopRquarkEproμuγtχonEanμEμνγayEχnEppE
γollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 11

385 tνasurνmνntsEoπEˇ�MWzNEanμE’MX^]WNEReEqTˇ�ˇ�EPEˇ�Eâ��EproμuγtχonEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτE
tτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 15

384 tνasurνmνntsEoπEtopRquarkEpaχrEtoE—RΛosonEγrossRsνγtχonEratχosEatEMEsqrt{s}dVXENEQE^QE]E{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 7

383 zνarγτEπorElνptonRπlavourRvχolatχnρEμνγaysEoπEtτνEoχρρsEanμEΛosonsEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2017QE]]QE]U 4.2 52

382 wνrπormanγνEoπEtτνEh{shzEtrχρρνrEsystνmEχnEWUVZSEEuropeankPhysicalkJournalkCQE2017QE]]QEXV] 4.2 272

381 yνγonstruγtχonEoπEprχmaryEvνrtχγνsEatEtτνEh{shzEνxpνrχmνntEχnEyunEVEprotonRprotonEγollχsχonsEatE
tτνEsojSEEuropeankPhysicalkJournalkCQE2017QE]]QEXXW 4.2 29

380
tνasurνmνntsEoπEtτνEproμuγtχonEγrossEsνγtχonEoπEaE mormulaaEsννEtνxt]EΛosonEχnEassoγχatχonEwχtτE
ψνtsEχnEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2017QE]]QEX[V

4.2 26

379 wrνγχsχonEmνasurνmνntEanμEχntνrprνtatχonEoπEχnγlusχvνEQEanμEproμuγtχonEγrossEsνγtχonsEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QEX[] 4.2 56

378 tνasurνmνntEoπEψνtEπraρmνntatχonEχnEwΛPwΛEanμEγollχsχonsEatE{ν~EwχtτEtτνEh{shzEμνtνγtorEatEtτνE
sojSEEuropeankPhysicalkJournalkCQE2017QE]]QEX]_ 4.2 35

377
zνarγτEπorEμarkEmattνrEatE mormulaaEsννEtνxt]EχnEπχnalEstatνsEγontaχnχnρEanEνnνrρνtχγEpτotonEanμE
larρνEmχssχnρEtransvνrsνEmomνntumEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE
]]QEX_X

4.2 52

376
tνasurνmνntEoπEγτarρνμRpartχγlνEμχstrχΛutχonsEsνnsχtχvνEtoEtτνEunμνrlyχnρEνvνntEχnEMEsqrt{s}dVXENE
{ν~EprotonRprotonEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorEatEtτνEsojSEJournalkofkHighkEnergykPhysicsQE
2017QEWUV]QEV

5.4 9

375 zνarγτEπorEμχrνγtEtopEsquarkEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEtwoElνptonsEχnE{ν~EγollχsχonsEwχtτE
tτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QE^_^ 4.2 19

374
zνarγτEπorEμχrνγtEtopEsquarkEpaχrEproμuγtχonEχnEνvνntsEwχtτEaEoχρρsEorE—EΛosonQEanμEmχssχnρE
transvνrsνEmomνntumEχnEMEsqrt{s}dVXENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2017QEWUV]QEV

5.4 7

373
tνasurνmνntEoπEμνtνγtorRγorrνγtνμEoΛsνrvaΛlνsEsνnsχtχvνEtoEtτνEanomalousEproμuγtχonEoπEνvνntsE
wχtτEψνtsEanμElarρνEmχssχnρEtransvνrsνEmomνntumEχnEγollχsχonsEatE´ {ν~EusχnρEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2017QE]]QE][Z

4.2 10

372 tνasurνmνntEoπEΛRτaμronEpaχrEproμuγtχonEwχtτEtτνEh{shzEμνtνγtorEχnEprotonRprotonEγollχsχonsEatEME
sqrt{s}d^ENE{ν~SEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 5

371 zνarγτEπorEsupνrsymmνtryEχnEνvνntsEwχtτEΛRtaρρνμEψνtsEanμEmχssχnρEtransvνrsνEmomνntumEχnEppE
γollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 13

370 tνasurνmνntEoπEtτνEχnγlusχvνEψνtEγrossRsνγtχonsEχnEprotonRprotonEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτE
tτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 12
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369
zνarγτEπorEpaχrEproμuγtχonEoπEvνγtorRlχkνEtopEquarksEχnEνvνntsEwχtτEonνElνptonQEψνtsQEanμEmχssχnρE
transvνrsνEmomνntumEχnEMEsqrt{s}dVXENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2017QEWUV]QEV

5.4 27

368 pμνntχπχγatχonEanμErνψνγtχonEoπEpχlνRupEψνtsEatEτχρτEpsνuμorapχμχtyEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2017QE]]QEZ^U 4.2 16

367
tνasurνmνntEoπEproμuγtχonEwχtτEtτνEτaμronχγallyEμνγayχnρEΛosonErνγonstruγtνμEasEonνEorEtwoEψνtsE
χnEγollχsχonsEatEwχtτEh{shzQEanμEγonstraχntsEonEanomalousEρauρνEγouplχnρsSEEuropeankPhysicalk
JournalkCQE2017QE]]QEZ[X

4.2 15

366
zνarγτEπorEnνwEpτνnomνnaEχnEaElνptonEplusEτχρτEψνtEmultχplχγχtyEπχnalEstatνEwχtτEtτνEh{shzE
νxpνrχmνntEusχnρEMEsqrt{s}dVXENE{ν~EprotonRprotonEγollχsχonEμataSEJournalkofkHighkEnergykPhysicsQE
2017QEWUV]QEV

5.4 7

365 zνarγτνsEπorEtτνE—˛‡EμνγayEmoμνEoπEtτνEoχρρsEΛosonEanμEπorEnνwEτχρτRmassErνsonanγνsEχnEppE
γollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 20

364 ztuμχνsEoπE—˛‡EproμuγtχonEχnEassoγχatχonEwχtτEaEτχρτRmassEμχψνtEsystνmEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 7

363 tνasurνmνntsEoπEtopRquarkEpaχrEμχππνrνntχalEγrossRsνγtχonsEχnEtτνElνptonPψνtsEγτannνlEχnEppE
γollχsχonsEatEMEsqrt{s}dVXENE{ν~EusχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 12

362 zνarγτEπorEtopEquarkEμνγaysEtEReEqoQEwχtτEoEReE˛‡˛‡QEχnEMEsqrt{s}dVXENE{ν~EppEγollχsχonsEusχnρEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 12

361 ztuμyEoπEanμEproμuγtχonEχnEγollχsχonsEatEanμEsνarγτEπorEanomalousEquartχγEρauρνEγouplχnρsEwχtτEtτνE
h{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkCQE2017QE]]QE[Y[ 4.2 11

360 tνasurνmνntsEoπEtopEquarkEspχnEoΛsνrvaΛlνsEχnEMEtovνrlχnν{t}ENEνvνntsEusχnρEμχlνptonEπχnalEstatνsEχnEME
sqrt{s}d^ENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 12

359
zνarγτEπorEnνwEpτνnomνnaEwχtτElarρνEψνtEmultχplχγχtχνsEanμEmχssχnρEtransvνrsνEmomνntumEusχnρE
larρνRraμχusEψνtsEanμEπlavourRtaρρχnρEatEh{shzEχnEVXE{ν~EppEγollχsχonsSEJournalkofkHighkEnergykPhysics
QE2017QEWUV]QEV

5.4 8

358 {opRquarkEmassEmνasurνmνntEχnEtτνEallRτaμronχγEMEtovνrlχnν{t}ENEμνγayEγτannνlEatEMEsqrt{s}d^ENE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 6

357 tνasurνmνntEoπEtτνEkrνllR–anEtrχplνRμχππνrνntχalEγrossEsνγtχonEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~SE
JournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 16

356 zνarγτEπorEaEsγalarEpartnνrEoπEtτνEtopEquarkEχnEtτνEψνtsEplusEmχssχnρEtransvνrsνEmomνntumEπχnalE
statνEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 30

355
zνarγτEπorEsupνrsymmνtryEχnEπχnalEstatνsEwχtτEtwoEsamνRsχρnEorEtτrννElνptonsEanμEψνtsEusχnρEX[EπΛâ��VE
oπEMEsqrt{s}dVXENE{ν~EppEγollχsχonEμataEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QE
WUV]QEV

5.4 22

354
zνarγτEπorEpaχrEproμuγtχonEoπEτνavyEvνγtorRlχkνEquarksEμνγayχnρEtoEτχρτRpE{E‘EΛosonsEanμEΛEquarksE
χnEtτνElνptonRplusRψνtsEπχnalEstatνEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSE
JournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV

5.4 29

353 tνasurνmνntEoπEtτνEkEtEsplχttχnρEsγalνsEχnE—EReEâ��â��EνvνntsEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QEWUV]QEV 5.4 3

352
hnalysχsEoπEtτνE‘tΛEvνrtνxEπromEtτνEmνasurνmνntEoπEtrχplνRμχππνrνntχalEanρularEμνγayEratνsEoπE
sχnρlνEtopEquarksEproμuγνμEχnEtτνEtRγτannνlEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2017QEWUV]QEV

5.4 7
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351 lvχμνnγνEπorEtτνEMEotoEΛovνrlχnν{Λ}ENEμνγayEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE
2017QEWUV]QEV 5.4 50

350
zνarγτEπorEnνwEτχρτRmassEpτνnomνnaEχnEtτνEμχlνptonEπχnalEstatνEusχnρEX[EπΛâ��VEoπEprotonRprotonE
γollχsχonEμataEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2017QE
WUV]QEV

5.4 126

349 kνtνrmχnatχonEoπEtτνEstronρEγouplχnρEγonstantEπromEtransvνrsνEνnνrρyRνnνrρyEγorrνlatχonsEχnE
multχψνtEνvνntsEatEusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2017QE]]QE^]W 4.2 19

348 {τνEztanμarμEtoμνlaEτowEπarEγanEχtEρoEanμEτowEγanEwνEtνllfSEPhilosophicalkTransactionskSerieskAwk
MathematicalwkPhysicalwkandkEngineeringkSciencesQE2016QEX]YQE 3 2

347 yνγonstruγtχonEoπEτaμronχγEμνγayEproμuγtsEoπEtauElνptonsEwχtτEtτνEh{shzEνxpνrχmνntSEEuropeank
PhysicalkJournalkCQE2016QE][QEW_Z 4.2 28

346 wνrπormanγνEoπEpχlνRupEmχtχρatχonEtνγτnχquνsEπorEψνtsEχnE mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaE
sννEtνxt]´ {ν~EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZ^V 4.2 148

345 tνasurνmνntEoπEtτνEγτarρνμRpartχγlνEmultχplχγχtyEχnsχμνEψνtsEπromE mormulaaEsννEtνxt] mormulaaEsννE
tνxt]´ EγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEXWW 4.2 35

344 tνasurνmνntEoπEψνtEaγtχvχtyEχnEtopEquarkEνvνntsEusχnρEtτνEν˛…EπχnalEstatνEwχtτEtwoEΛRtaρρνμEψνtsEχnEppE
γollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 4

343
tνasurνmνntEoπEtτνEtransvνrsνEmomνntumEanμE mormulaaEsννEtνxt]EμχstrχΛutχonsEoπEkrνllR–anE
lνptonEpaχrsEχnEprotonRprotonEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2016QE][QEW_V

4.2 63

342
tνasurνmνntEoπEπχμuγχalEμχππνrνntχalEγrossEsνγtχonsEoπEρluonRπusχonEproμuγtχonEoπEoχρρsEΛosonsE
μνγayχnρEtoE‘‘EOReν˛‰˛…˛‰EwχtτEtτνEh{shzEμνtνγtorEatEMEsqrt{s}d^ENE{ν~SEJournalkofkHighkEnergykPhysicsQE
2016QEWUV[QEV

5.4 13

341 zνarγτEπorEnνwEpτνnomνnaEχnEνvνntsEwχtτEaEpτotonEanμEmχssχnρEtransvνrsνEmomνntumEχnEppE
γollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 13

340 hEsνarγτEπorEtopEsquarksEwχtτEyRparχtyRvχolatχnρEμνγaysEtoEallRτaμronχγEπχnalEstatνsEwχtτEtτνEh{shzE
μνtνγtorEχnEMEsqrt{s}d^ENE{ν~EprotonRprotonEγollχsχonsSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 10

339 pμνntχπχγatχonEoπEτχρτEtransvνrsνEmomνntumEtopEquarksEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 13

338 hEsνarγτEπorEanEνxγχtνμEmuonEμνγayχnρEtoEaEmuonEanμEtwoEψνtsEχnppγollχsχonsEatE
Isqrt{s}bdb^b{rm{{ν~}}IEwχtτEtτνEh{shzEμνtνγtorSENewkJournalkofkPhysicsQE2016QEV^QEU]XUWV 2.9 1

337 iνamRχnμuγνμEanμEγosmχγRrayEΛaγkρrounμsEoΛsνrvνμEχnEtτνEh{shzEμνtνγtorEμurχnρEtτνEsojEWUVWE
protonRprotonErunnχnρEpνrχoμSEJournalkofkInstrumentationQE2016QEVVQEwUZUVXRwUZUVX 1 8

336 tνasurνmνntsEoπEtopRquarkEpaχrEμχππνrνntχalEγrossRsνγtχonsEχnEtτνElνptonPψνtsEγτannνlEχnEγollχsχonsE
atE mormulaaEsννEtνxt]EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZX^ 4.2 48

335
tνasurνmνntEoπEtτνEμχππνrνntχalEγrossRsνγtχonsEoπEpromptEanμEnonRpromptEproμuγtχonEoπE mormulaaE
sννEtνxt]EanμE mormulaaEsννEtνxt]EχnEγollχsχonsEatE mormulaaEsννEtνxt]EanμE^´ {ν~EwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEW^X

4.2 42

334 sumχnosχtyEμνtνrmχnatχonEχnEγollχsχonsEatE mormulaaEsννEtνxt]EdE^E{ν~EusχnρEtτνEh{shzEμνtνγtorEatE
tτνEsojSEEuropeankPhysicalkJournalkCQE2016QE][QE[ZX 4.2 188

JonuButterworth
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333
zνarγτEπorEsquarksEanμEρluχnosEχnEνvνntsEwχtτEτaμronχγallyEμνγayχnρEtauElνptonsQEψνtsEanμEmχssχnρE
transvνrsνEmomνntumEχnEprotonRprotonEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~ErνγorμνμEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QE[^X

4.2 7

332
hμμνnμumEtoEâ��tνasurνmνntEoπEtτνEMtΛar{t}NEproμuγtχonEγrossRsνγtχonEusχnρEMνmuENEνvνntsEwχtτE
ΛRtaρρνμEψνtsEχnEppEγollχsχonsEatEMsqrt{s}NEdE]EanμE^EMQmatτrm{{ν~}NEwχtτEtτνEh{shzEμνtνγtorâ��SE
EuropeankPhysicalkJournalkCQE2016QE][QEV

4.2 13

331 tνasurνmνntEoπEtτνEanρularEγoνππχγχνntsEχnE—RΛosonEνvνntsEusχnρEνlνγtronEanμEmuonEpaχrsEπromE
μataEtakνnEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 20

330 zνarγτνsEπorEτνavyEμχΛosonErνsonanγνsEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 20

329 karkEmattνrEχntνrprνtatχonsEoπEh{shzEsνarγτνsEπorEtτνEνlνγtrowνakEproμuγtχonEoπEsupνrsymmνtrχγE
partχγlνsEχnEMEsqrt{s}d^ENE{ν~EprotonRprotonEγollχsχonsSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 16

328
zνarγτEπorEtτνEztanμarμEtoμνlEoχρρsEΛosonEμνγayχnρEχntoEMEΛovνrlχnν{Λ}ENEproμuγνμEχnEassoγχatχonE
wχtτEtopEquarksEμνγayχnρEτaμronχγallyEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSE
JournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV

5.4 16

327 tνasurνmνntEoπEtτνEjwRvχolatχnρEpτasνEfEsEanμEtτνEiEUEsEmνsonEμνγayEwχμtτEμχππνrνnγνEwχtτEiEUEsE
EReEqTˇ�fEμνγaysEχnEh{shzSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 10

326
zνarγτEπorEsquarksEanμEρluχnosEχnEπχnalEstatνsEwχtτEψνtsEanμEmχssχnρEtransvνrsνEmomνntumEatE
 mormulaaEsννEtνxt]EdVXE mormulaaEsννEtνxt]wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2016QE][QEX_W

4.2 53

325 tνasurνmνntEoπEtτνEμouΛlνRμχππνrνntχalEτχρτRmassEkrνllR–anEγrossEsνγtχonEχnEppEγollχsχonsEatEME
sqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 24

324 hEsνarγτEπorEpromptElνptonRψνtsEχnEppEγollχsχonsEatEMEsqrt{matτrm{s}}d^ENE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 22

323 zνarγτEπorEnνwEpτνnomνnaEwχtτEpτotonPψνtEνvνntsEχnEprotonRprotonEγollχsχonsEatEMEsqrt{s}dVXENE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 12

322
tνasurνmνntEoπEtτνEγνntralχtyEμνpνnμνnγνEoπEtτνEγτarρνμRpartχγlνEpsνuμorapχμχtyEμχstrχΛutχonEχnE
protonRlνaμEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2016QE][QEV__

4.2 39

321 tνasurνmνntEoπEtτνEproμuγtχonEγrossRsνγtχonEoπEaEsχnρlνEtopEquarkEχnEassoγχatχonEwχtτEaE‘EΛosonEatE
^E{ν~EwχtτEtτνEh{shzEνxpνrχmνntSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 12

320 zνarγτEπorEtτνEproμuγtχonEoπEsχnρlνEvνγtorRlχkνEanμEνxγχtνμEquarksEχnEtτνE‘tEπχnalEstatνEχnEppE
γollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 14

319 zνarγτEπorEstronρEρravχtyEχnEmultχψνtEπχnalEstatνsEproμuγνμEχnEppEγollχsχonsEatEMEsqrt{s}dVXENE{ν~EusχnρE
tτνEh{shzEμνtνγtorEatEtτνEsojSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 12

318 pμνntχπχγatχonEoπEΛoostνμQEτaμronχγallyEμνγayχnρEΛosonsEanμEγomparχsonsEwχtτEh{shzEμataEtakνnEatE
 mormulaaEsννEtνxt]´ {ν~SEEuropeankPhysicalkJournalkCQE2016QE][QEVZY 4.2 44

317 zνarγτEπorEnνwEpτνnomνnaEχnEνvνntsEwχtτEatElνastEtτrννEpτotonsEγollνγtνμEχnEγollχsχonsEatE mormulaaE
sννEtνxt]EdE^E{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEWVU 4.2 53

316 wroΛχnρElνptonEπlavourEvχolatχonEvχaEnνutrχnolνssE mormulaaEsννEtνxt]EμνγaysEwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEWXW 4.2 12

(2016-2016)

17



315 hEnνwEmνtτoμEtoEμχstχnρuχsτEτaμronχγallyEμνγayχnρEΛoostνμEΛosonsEπromEΛosonsEusχnρEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEWX^ 4.2 6

314 zνarγτEπorEsupνrsymmνtryEatE mormulaaEsννEtνxt]´ {ν~EχnEπχnalEstatνsEwχtτEψνtsEanμEtwoEsamνRsχρnE
lνptonsEorEtτrννElνptonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEWZ_ 4.2 48

313 zνarγτEπorEχnvχsχΛlνEμνγaysEoπEaEoχρρsEΛosonEusχnρEvνγtorRΛosonEπusχonEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 45

312
zνarγτEπorEanomalousEγouplχnρsEχnEtτνE‘EtΛEvνrtνxEπromEtτνEmνasurνmνntEoπEμouΛlνEμχππνrνntχalE
anρularEμνγayEratνsEoπEsχnρlνEtopEquarksEproμuγνμEχnEtτνEtRγτannνlEwχtτEtτνEh{shzEμνtνγtorSE
JournalkofkHighkEnergykPhysicsQE2016QEWUV[QEVRY[

5.4 12

311 zνarγτνsEπorEsγalarElνptoquarksEχnEγollχsχonsEatE mormulaaEsννEtνxt]EdE^´ {ν~EwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2016QE][QEZ 4.2 68

310
tνasurνmνntsEoπEtτνEoχρρsEΛosonEproμuγtχonEanμEμνγayEratνsEanμEγouplχnρEstrνnρtτsEusχnρE
γollχsχonEμataEatE mormulaaEsννEtνxt]EanμE^´ {ν~EχnEtτνEh{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkC
QE2016QE][QE[

4.2 185

309
tνasurνmνntsEoπEπχμuγχalEγrossRsνγtχonsEπorE mormulaaEsννEtνxt]EproμuγtχonEwχtτEonνEorEtwoE
aμμχtχonalERψνtsEχnEγollχsχonsEatE mormulaaEsννEtνxt]d^E{ν~´ usχnρEtτνEh{shzEμνtνγtorSEEuropeank
PhysicalkJournalkCQE2016QE][QEVV

4.2 21

308 ztuμyEoπEtτνE mormulaaEsννEtνxt]EanμE mormulaaEsννEtνxt]EμνγaysEwχtτEtτνEh{shzEμνtνγtorSEEuropeank
PhysicalkJournalkCQE2016QE][QEY 4.2 13

307
zνarγτEπorEanEaμμχtχonalQEτνavyEoχρρsEΛosonEχnEtτνE mormulaaEsννEtνxt]EμνγayEγτannνlEatE mormulaaE
sννEtνxt]EχnE mormulaaEsννEtνxt]EγollχsχonEμataEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2016QE][QEYZ

4.2 152

306 zνarγτEπorEsχnρlνEtopRquarkEproμuγtχonEvχaEπlavourRγτanρχnρEnνutralEγurrνntsEatE^´ {ν~EwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZZ 4.2 28

305 tνasurνmνntEoπEtτνEγτarρνEasymmνtryEχnEtopRquarkEpaχrEproμuγtχonEχnEtτνElνptonRplusRψνtsEπχnalE
statνEχnEppEγollχsχonEμataEatEMsqrt{s}d^QmatτrmE{ν~{}NEwχtτEtτνEh{shzEμνtνγtorE2016QE][QEV 1

304 ztuμyEoπEτarμEμouΛlνRpartonEsγattνrχnρEχnEπourRψνtEνvνntsEχnEppEγollχsχonsEatEMEsqrt{s}d]ENE{ν~EwχtτE
tτνEh{shzEνxpνrχmνntSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 21

303
zνarγτEπorEtτνEztanμarμEtoμνlEoχρρsEΛosonEproμuγνμEΛyEvνγtorRΛosonEπusχonEanμEμνγayχnρEtoE
ΛottomEquarksEχnEMEsqrt{s}d^ENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2016QEWUV[QEV

5.4 8

302 wkmYsojErνγommνnμatχonsEπorEsojEyunEppSEJournalkofkPhysicskG:kNuclearkandkParticlekPhysicsQE2016QE
YXQEUWXUUV 2.9 638

301
tνasurνmνntEoπEνvνntRsτapνEoΛsνrvaΛlνsEχnE mormulaaEsννEtνxt]EνvνntsEχnEγollχsχonsEatE mormulaaE
sννEtνxt]´  mormulaaEsννEtνxt]EwχtτEtτνEh{shzEμνtνγtorEatEtτνEsojSEEuropeankPhysicalkJournalkCQE2016QE
][QEX]Z

4.2 5

300 jτarρνμRpartχγlνEμχstrχΛutχonsEχnEχntνraγtχonsEatE mormulaaEsννEtνxt]EmνasurνμEwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEYUX 4.2 19

299 jτarρνμRpartχγlνEμχstrχΛutχonsEatElowEtransvνrsνEmomνntumEχnE mormulaaEsννEtνxt]´ {ν~EχntνraγtχonsE
mνasurνμEwχtτEtτνEh{shzEμνtνγtorEatEtτνEsojSEEuropeankPhysicalkJournalkCQE2016QE][QEZUW 4.2 37

298 zνarγτEπorEΛottomEsquarkEpaχrEproμuγtχonEχnEprotonRprotonEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~E
wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZY] 4.2 25
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297
zνarγτEπorEmχnχmalEsupνrsymmνtrχγEstanμarμEmoμνlEoχρρsEiosonsE´ T´ EanμEπorEaE mormulaaEsννEtνxt]E
ΛosonEχnEtτνE mormulaaEsννEtνxt]EπχnalEstatνEproμuγνμEχnEγollχsχonsEatE mormulaaEsννEtνxt]E{ν~EwχtτE
tτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZ^Z

4.2 28

296 tνasurνmνntEoπEtτνEpτotonEχμνntχπχγatχonEνππχγχνnγχνsEwχtτEtτνEh{shzEμνtνγtorEusχnρEsojEyunRVE
μataSEEuropeankPhysicalkJournalkCQE2016QE][QE[[[ 4.2 53

295 tνasurνmνntEoπEtτνE mormulaaEsννEtνxt]EμχψνtEγrossEsνγtχonEχnEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~E
wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QE[]U 4.2 7

294 {τνEpνrπormanγνEoπEtτνEψνtEtrχρρνrEπorEtτνEh{shzEμνtνγtorEμurχnρEWUVVEμataEtakχnρSEEuropeank
PhysicalkJournalkCQE2016QE][QEZW[ 4.2 16

293 zνarγτEπorEnνwEpτνnomνnaEχnEμχππνrνntRπlavourEτχρτRmassEμχlνptonEπχnalEstatνsEχnEγollχsχonsEatE
 mormulaaEsννEtνxt]´ {νvEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZYV 4.2 7

292
zνarγτEπorEtτνEoχρρsEΛosonEproμuγνμEχnEassoγχatχonEwχtτEaEΛosonEanμEμνγayχnρEtoEπourERquarksEvχaE
twoEspχnRzνroEpartχγlνsEχnEγollχsχonsEatEVXE{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2016QE][QE[UZ

4.2 16

291 tuonErνγonstruγtχonEpνrπormanγνEoπEtτνEh{shzEμνtνγtorEχnEprotonRprotonEγollχsχonEμataEatE
 mormulaaEsννEtνxt]dVX´ {ν~SEEuropeankPhysicalkJournalkCQE2016QE][QEW_W 4.2 263

290 {νstEoπEjwEχnvarχanγνEχnEvνγtorRΛosonEπusχonEproμuγtχonEoπEtτνEoχρρsEΛosonEusχnρEtτνEmνtτoμEχnEtτνE
μχtauEμνγayEγτannνlEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QE[Z^ 4.2 26

289 zνarγτEπorEρluχnosEχnEνvνntsEwχtτEanEχsolatνμElνptonQEψνtsEanμEmχssχnρEtransvνrsνEmomνntumEatE
 mormulaaEsννEtνxt]EdEVXE{νE~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZ[Z 4.2 20

288 tνasurνmνntEoπEtτνEχnγlusχvνEχsolatνμEpromptEpτotonEγrossEsνγtχonEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 25

287 zνarγτEπorEaEτχρτRmassEoχρρsEΛosonEμνγayχnρEtoEaE‘EΛosonEpaχrEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 59

286
zνarγτEπorEπlavourRγτanρχnρEnνutralEγurrνntEtopRquarkEμνγaysEtoE mormulaaEsννEtνxt]EχnE mormulaaE
sννEtνxt]EγollχsχonEμataEγollνγtνμEwχtτEtτνEh{shzEμνtνγtorEatE mormulaaEsννEtνxt]´ {ν~SEEuropeank
PhysicalkJournalkCQE2016QE][QEVW

4.2 16

285
tνasurνmνntEoπEtτνEγτarρνEasymmνtryEχnEtopRquarkEpaχrEproμuγtχonEχnEtτνElνptonRplusRψνtsEπχnalE
statνEχnEγollχsχonEμataEatE mormulaaEsννEtνxt]EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2016QE][QE^]

4.2 18

284 zνarγτEπorEμχrνγtEtopEsquarkEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEtwoEtauElνptonsEχnEγollχsχonsEatE
 mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QE^V 4.2 7

283 zνarγτEπorEγτarρνμEoχρρsEΛosonsEχnEtτνEoE´–EReEtΛEμνγayEγτannνlEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~E
usχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 33

282 ztuμyEoπEtτνErarνEμνγaysEoπE mormulaaEsννEtνxt]EanμE mormulaaEsννEtνxt]EχntoEmuonEpaχrsEπromEμataE
γollνγtνμEμurχnρEtτνEsojEyunEVEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZVX 4.2 27

281
zνarγτEπorEsupνrsymmνtryEχnEaEπχnalEstatνEγontaχnχnρEtwoEpτotonsEanμEmχssχnρEtransvνrsνE
momνntumEχnE mormulaaEsννEtνxt]´ d´ VX´ {ν~E mormulaaEsννEtνxt]EγollχsχonsEatEtτνEsojEusχnρEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEZV]

4.2 17

280 zνarγτEπorErνsonanγνsEχnEμχpτotonEνvνntsEatEMEsqrt{s}dVXENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2016QEWUV[QEV 5.4 49
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279 zνarγτEπorEsχnρlνEproμuγtχonEoπEvνγtorRlχkνEquarksEμνγayχnρEχntoEχnEγollχsχonsEatE mormulaaEsννE
tνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2016QE][QEYYW 4.2 24

278 tνasurνmνntEoπEtτνErνlatχvνEwχμtτEμχππνrνnγνEoπEtτνEME{i}ℓUτΛox{R}E{ovνrlχnν{i}}ℓUENEsystνmEwχtτE
tτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2016QEWUV[QEV 5.4 5

277 qνtEνnνrρyEmνasurνmνntEanμEχtsEsystνmatχγEunγνrtaχntyEχnEprotonRprotonEγollχsχonsEatE mormulaaEsννE
tνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEV] 4.2 194

276 zνarγτEπorEχnvχsχΛlνEpartχγlνsEproμuγνμEχnEassoγχatχonEwχtτEsχnρlνRtopRquarksEχnEprotonRprotonE
γollχsχonsEatE mormulaaEsννEtνxt]EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQE]_ 4.2 21

275 zνarγτEπorErνsonantEμχΛosonEproμuγtχonEχnEtτνE mormulaaEsννEtνxt]EπχnalEstatνEχnE mormulaaEsννEtνxt]E
γollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQE[_ 4.2 62

274 tνasurνmνntsEoπEtτνE mormulaaEsννEtνxt]EproμuγtχonEγrossEsνγtχonsEχnEassoγχatχonEwχtτEψνtsEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQE^W 4.2 54

273 zνarγτEπorEμarkEmattνrEχnEνvνntsEwχtτEτνavyEquarksEanμEmχssχnρEtransvνrsνEmomνntumEχnE mormulaaE
sννEtνxt]EγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQE_W 4.2 60

272
tνasurνmνntEoπEtτνEMEtovνrlχnν{t}ENEproμuγtχonEγrossRsνγtχonEasEaEπunγtχonEoπEψνtEmultχplχγχtyEanμEψνtE
transvνrsνEmomνntumEχnE]E{ν~EprotonRprotonEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2015QEWUVZQEV

5.4 14

271
tνasurνmνntEoπEtτνE‘E‘EPE‘E—EγrossEsνγtχonEanμElχmχtsEonEanomalousEtrχplνEρauρνEγouplχnρsEusχnρE
πχnalEstatνsEwχtτEonνElνptonQEmχssχnρEtransvνrsνEmomνntumQEanμEtwoEψνtsEwχtτEtτνEh{shzEμνtνγtorE
atEMEsqrt{s}d]ENE{ν~SEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV

5.4 12

270 zνarγτνsEπorEτνavyElonρRlχvνμEγτarρνμEpartχγlνsEwχtτEtτνEh{shzEμνtνγtorEχnEprotonRprotonEγollχsχonsE
atEMEsqrt{s}d^ENE{ν~SEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 29

269 zνarγτEπorEtτνEMEΛovνrlχnν{Λ}ENEμνγayEoπEtτνEztanμarμEtoμνlEoχρρsEΛosonEχnEassoγχatνμEM‘T—NoE
proμuγtχonEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 64

268 tνasurνmνntEoπEtτνEχnγlusχvνEψνtEγrossRsνγtχonEχnEprotonRprotonEγollχsχonsEatEMEsqrt{s}d]ENE{ν~EusχnρE
YSZEπΛâ��VEoπEμataEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 27

267
zνarγτEπorEanomalousEproμuγtχonEoπEpromptEsamνRsχρnElνptonEpaχrsEanμEpaχrRproμuγνμEμouΛlyE
γτarρνμEoχρρsEΛosonsEwχtτEMEsqrt{s}d^ENE{ν~EppEγollχsχonsEusχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2015QEWUVZQEV

5.4 45

266
zνarγτEπorEγτarρνμEoχρρsEΛosonsEμνγayχnρEvχaEoE´–EReEˇ�E´–E˛‰EχnEπullyEτaμronχγEπχnalEstatνsEusχnρEppE
γollχsχonEμataEatEMEsqrt{s}ENEdE^E{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2015QE
WUVZQEV

5.4 56

265
zνarγτEπorEproμuγtχonEoπE mormulaaEsννEtνxt]ErνsonanγνsEμνγayχnρEtoEaElνptonQEnνutrχnoEanμEψνtsEχnE
 mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2015QE]ZQEWU_

4.2 73

264 wνrπormanγνEoπEtτνEh{shzEmuonEtrχρρνrEχnEppEγollχsχonsEatE mormulaaEsννEtνxt]E{ν~SEEuropeank
PhysicalkJournalkCQE2015QE]ZQEVWU 4.2 51

263 zνarγτEπorEoχρρsEΛosonEpaχrEproμuγtχonEχnEtτνE mormulaaEsννEtνxt]EπχnalEstatνEπromEγollχsχonsEatE
 mormulaaEsννEtνxt]E{ν~wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEYVW 4.2 66

262 kνtνrmχnatχonEoπEspχnEanμEparχtyEoπEtτνEoχρρsEΛosonEχnEtτνE mormulaaEsννEtνxt]EμνγayEγτannνlEwχtτE
tτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEWXV 4.2 15

JonuButterworth

20



261
zνarγτEπorEnνwEpτνnomνnaEχnEπχnalEstatνsEwχtτEanEνnνrρνtχγEψνtEanμElarρνEmχssχnρEtransvνrsνE
momνntumEχnEγollχsχonsEatE mormulaaEsννEtνxt]{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2015QE]ZQEW__

4.2 202

260 zνarγτEπorEaEnνwErνsonanγνEμνγayχnρEtoEaEorEΛosonEanμEaEoχρρsEΛosonEχnEtτνE mormulaaEsννEtνxt]E
πχnalEstatνsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEW[X 4.2 46

259 tνasurνmνntEoπEtτrννRψνtEproμuγtχonEγrossRsνγtχonsEχnE mormulaaEsννEtνxt]EγollχsχonsEatE]´  mormulaaE
sννEtνxt]EγνntrνRoπRmassEνnνrρyEusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEWW^ 4.2 18

258 jonstraχntsEonEtτνEoππRsτνllEoχρρsEΛosonEsχρnalEstrνnρtτEχnEtτνEτχρτRmassEanμEπχnalEstatνsEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEXXZ 4.2 56

257
pμνntχπχγatχonEanμEνnνrρyEγalχΛratχonEoπEτaμronχγallyEμνγayχnρEtauElνptonsEwχtτEtτνEh{shzE
νxpνrχmνntEχnEγollχsχonsEatE mormulaaEsννEtνxt] mormulaaEsννEtνxt]SEEuropeankPhysicalkJournalkCQE2015
QE]ZQEXUX

4.2 49

256 ztuμyEoπEtτνEspχnEanμEparχtyEoπEtτνEoχρρsEΛosonEχnEμχΛosonEμνγaysEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2015QE]ZQEY][ 4.2 104

255
vΛsνrvatχonEanμEmνasurνmνntsEoπEtτνEproμuγtχonEoπEpromptEanμEnonRpromptE mormulaaEsννEtνxt]E
mνsonsEχnEassoγχatχonEwχtτEaE mormulaaEsννEtνxt]EΛosonEχnE mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaE
sννEtνxt]EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEWW_

4.2 38

254
zνarγτEπorEtτνEztanμarμEtoμνlEoχρρsEΛosonEproμuγνμEχnEassoγχatχonEwχtτEtopEquarksEanμEμνγayχnρE
χntoE mormulaaEsννEtνxt]EχnE mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaEsννEtνxt]EwχtτEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEXY_

4.2 94

253
zνarγτEπorEsupνrsymmνtryEχnEνvνntsEγontaχnχnρEaEsamνRπlavourEopposχtνRsχρnEμχlνptonEpaχrQEψνtsQEanμE
larρνEmχssχnρEtransvνrsνEmomνntumEχnE mormulaaEsννEtνxt]´ {ν~EγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2015QE]ZQEXV^

4.2 44

252 zνarγτEπorEτνavyElonρRlχvνμEmultχRγτarρνμEpartχγlνsEχnEγollχsχonsEatE mormulaaEsννEtνxt]´ {ν~EusχnρEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEX[W 4.2 22

251 {woRpartχγlνEiosνRlχnstνχnEγorrνlatχonsEχnEγollχsχonsEatE mormulaaEsννEtνxt]EUS_EanμE]E{ν~EmνasurνμE
wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2015QE]ZQEY[[ 4.2 28

250 tνasurνmνntEoπEtτνEtopEquarkEmassEχnEtτνE mormulaaEsννEtνxt]EanμE mormulaaEsννEtνxt]EγτannνlsE
usχnρE mormulaaEsννEtνxt]´  mormulaaEsννEtνxt]Eh{shzEμataSEEuropeankPhysicalkJournalkCQE2015QE]ZQEXXU 4.2 32

249 h{shzEyunEVEsνarγτνsEπorEμχrνγtEpaχrEproμuγtχonEoπEtτχrμRρνnνratχonEsquarksEatEtτνEsarρνEoaμronE
jollχμνrSEEuropeankPhysicalkJournalkCQE2015QE]ZQEZVU 4.2 109

248 zνarγτEπorElowRsγalνEρravχtyEsχρnaturνsEχnEmultχRψνtEπχnalEstatνsEwχtτEtτνEh{shzEμνtνγtorEatEME
sqrt{s}d^ENE{ν~SEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 2

247 hEsνarγτEπorEτχρτRmassErνsonanγνsEμνγayχnρEtoEˇ�Pˇ�â��EχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 22

246 zummaryEoπEtτνEh{shzEνxpνrχmνntâ��sEsνnsχtχvχtyEtoEsupνrsymmνtryEaπtνrEsojEyunEVEâ��EχntνrprνtνμE
χnEtτνEpτνnomνnoloρχγalEtzztSEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 42

245 zνarγτEπorElνptonRπlavourRvχolatχnρEoEReE˛…ˇ�EμνγaysEoπEtτνEoχρρsEΛosonEwχtτEtτνEh{shzEμνtνγtorSE
JournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 46

244 tνasurνmνntEoπEπourRψνtEμχππνrνntχalEγrossEsνγtχonsEχnEMEsqrt{s}d^ENE{ν~EprotonRprotonEγollχsχonsE
usχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEVR][ 5.4 5
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243 hEsνarγτEπorEMEtovνrlχnν{t}ENErνsonanγνsEusχnρElνptonRplusRψνtsEνvνntsEχnEprotonRprotonEγollχsχonsEatEME
sqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2015QEWUVZQEV 5.4 57

242 tνasurνmνntEoπEtτνEπorwarμRΛaγkwarμEasymmνtryEoπEνlνγtronEanμEmuonEpaχrRproμuγtχonEχnEppE
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zνarγτEπorEμχrνγtEtopEsquarkEpaχrEproμuγtχonEχnEνvνntsEwχtτEaE mormulaaEsννEtνxt]EΛosonQE mormulaaE
sννEtνxt]RψνtsEanμEmχssχnρEtransvνrsνEmomνntumEχnE mormulaaEsννEtνxt]E{ν~E mormulaaEsννEtνxt]E
γollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2014QE]YQEW^^X

4.2 41

193 zνarγτEπorEnνutralEoχρρsEΛosonsEoπEtτνEmχnχmalEsupνrsymmνtrχγEstanμarμEmoμνlEχnEppEγollχsχonsEatEME
sqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV 5.4 67

192 tνasurνmνntEoπEtτνEmuonErνγonstruγtχonEpνrπormanγνEoπEtτνEh{shzEμνtνγtorEusχnρEWUVVEanμEWUVWE
sojEprotonRprotonEγollχsχonEμataSEEuropeankPhysicalkJournalkCQE2014QE]YQEXVXU 4.2 166

191
tνasurνmνntsEoπEψνtEvνtoνsEanμEazχmutτalEμνγorrνlatχonsEχnEμχψνtEνvνntsEproμuγνμEχnE mormulaaEsννE
tνxt]EγollχsχonsEatE mormulaaEsννEtνxt]EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2014QE
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wχtτE mormulaaEsννEtνxt]RtaρρνμEψνtsEχnE mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaEsννEtνxt]EanμE
^´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2014QE]YQEXVU_

4.2 107

185
zνarγτEπorEtopEsquarkEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEonνEχsolatνμElνptonQEψνtsQEanμEmχssχnρE
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PhysicalkJournalkCQE2014QE]YQEV 4.2 160

182
zνarγτEπorEγontaγtEχntνraγtχonsEanμElarρνEνxtraEμχmνnsχonsEχnEtτνEμχlνptonEγτannνlEusχnρE
protonRprotonEγollχsχonsEatE mormulaaEsννEtνxt]´ ^´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2014QE]YQEXVXY

4.2 31

181 tνasurνmνntEoπEπlowEτarmonχγsEwχtτEmultχRpartχγlνEγumulantsEχnEwΛPwΛEγollχsχonsEatE mormulaaEsννE
tνxt]´ {ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2014QE]YQEXVZ] 4.2 52

180
tνasurνmνntEoπEμχstrχΛutχonsEsνnsχtχvνEtoEtτνEunμνrlyχnρEνvνntEχnEχnγlusχvνE—RΛosonEproμuγtχonEχnE
 mormulaaEsννEtνxt]EγollχsχonsEatE mormulaaEsννEtνxt]E{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2014QE]YQEXV_Z

4.2 21

179 zνarγτEπorEμχrνγtEpaχrEproμuγtχonEoπEtτνEtopEsquarkEχnEallRτaμronχγEπχnalEstatνsEχnEprotonRprotonE
γollχsχonsEatEMEsqrt{s}ENEdE^E{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV 5.4 36

178 tνasurνmνntEoπEtτνEproμuγtχonEγrossRsνγtχonEoπEˇ�MWzNEReEqTˇ�MRe˛…EPE˛…Eâ��Nˇ�EPEˇ�Eâ��EχnEppEγollχsχonsEatEME
sqrt{s}ENEdE]E{ν~EatEh{shzSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV 5.4 16

177 tνasurνmνntEoπEtτνE—T˛‡EOEΛosonEtransvνrsνEmomνntumEμχstrχΛutχonEχnEppEγollχsχonsEatEMEsqrt{s}d]ENE
{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV 5.4 79

176
zνarγτEπorEstronρEproμuγtχonEoπEsupνrsymmνtrχγEpartχγlνsEχnEπχnalEstatνsEwχtτEmχssχnρEtransvνrsνE
momνntumEanμEatElνastEtτrννEΛRψνtsEatEMEsqrt{s}EdE^ENE{ν~EprotonRprotonEγollχsχonsEwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV

5.4 31

175 tνasurνmνntEoπEμχππνrνntχalEproμuγtχonEγrossRsνγtχonsEπorEaE—EΛosonEχnEassoγχatχonEwχtτEΛRψνtsEχnE]E
{ν~EprotonRprotonEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV 5.4 26

174 zνarγτEπorElonρRlχvνμEnνutralEpartχγlνsEμνγayχnρEχntoElνptonEψνtsEχnEprotonRprotonEγollχsχonsEatEME
sqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2014QEWUVYQEV 5.4 38

173
zνarγτEπorEpaχrEanμEsχnρlνEproμuγtχonEoπEnνwEτνavyEquarksEtτatEμνγayEtoEaE—EΛosonEanμEaE
tτχrμRρνnνratχonEquarkEχnEppEγollχsχonsEatEMEsqrt{s}d^ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2014QEWUVYQEV

5.4 29

172 tνasurνmνntEoπEtτνEMtovνrlχnν{t}NEproμuγtχonEγrossRsνγtχonEusχnρEMνmuENEνvνntsEwχtτEMΛNRtaρρνμEψνtsE
χnEMppNEγollχsχonsEatEMsqrt{s}d]NEanμE^E{ν~EwχtτEtτνEh{shzEμνtνγtorE2014QE]YQEV 2

(2014-2014)

25



171 tνasurνmνntEoπEtτνEproμuγtχonEγrossEsνγtχonEoπEψνtsEχnEassoγχatχonEwχtτEaE—EΛosonEχnEppEγollχsχonsEatE
MEsqrt{s}d]ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 50

170 tνasurνmνntEoπEtτνEγrossRsνγtχonEπorE‘EΛosonEproμuγtχonEχnEassoγχatχonEwχtτEΛRψνtsEχnEppEγollχsχonsE
atEMEsqrt{s}d]ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 34

169 zνarγτEπorEtτχrμEρνnνratχonEsγalarElνptoquarksEχnEppEγollχsχonsEatEMEsqrt{s}d]ENE{ν~EwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 30

168 zνarγτEπorEμarkEmattνrEγanμχμatνsEanμElarρνEνxtraEμχmνnsχonsEχnEνvνntsEwχtτEaEψνtEanμEmχssχnρE
transvνrsνEmomνntumEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 124

167 tνasurνmνntEoπE——EproμuγtχonEχnEppEγollχsχonsEatEMEsqrt{s}d]ENE{ν~EanμElχmχtsEonEanomalousE———EanμE
——˛‡EγouplχnρsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 45

166
zνarγτEπorEγτarρνμEoχρρsEΛosonsEtτrouρτEtτνEvχolatχonEoπElνptonEunχvνrsalχtyEχnEMEtovνrlχnν{t}ENE
νvνntsEusχnρEppEγollχsχonEμataEatEMEsqrt{s}d]ENE{ν~EwχtτEtτνEh{shzEνxpνrχmνntSEJournalkofkHighk
EnergykPhysicsQE2013QEWUVXQEV

5.4 14

165 zνarγτEπorEtτνEnνutralEoχρρsEΛosonsEoπEtτνEmχnχmalEsupνrsymmνtrχγEstanμarμEmoμνlEχnEppEγollχsχonsE
atEMEsqrt{s}d]ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 47

164 tνasurνmνntEoπEsplχttχnρEsγalνsEχnEReEνvνntsEatE mormulaaEsννEtνxt]EwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2013QE]XQEWYXW 4.2 8

163
zνarγτEπorEaElχρτtEγτarρνμEoχρρsEΛosonEχnEtτνEμνγayEγτannνlE mormulaaEsννEtνxt]EχnE mormulaaEsννE
tνxt]EνvνntsEusχnρEγollχsχonsEatE mormulaaEsννEtνxt]EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2013QE]XQEWY[Z

4.2 76

162
zνarγτEπorEμχrνγtEtτχrμRρνnνratχonEsquarkEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEmχssχnρEtransvνrsνE
momνntumEanμEtwoEΛRψνtsEχnEMEsqrt{s}d^ENE{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighk
EnergykPhysicsQE2013QEWUVXQEV

5.4 92

161
zνarγτEπorEnνwEpτνnomνnaEχnEπχnalEstatνsEwχtτElarρνEψνtEmultχplχγχtχνsEanμEmχssχnρEtransvνrsνE
momνntumEatEMEsqrt{s}d^ENE{ν~EprotonRprotonEγollχsχonsEusχnρEtτνEh{shzEνxpνrχmνntSEJournalkofk
HighkEnergykPhysicsQE2013QEWUVXQEV

5.4 64

160 tνasurνmνntEoπEtτνEμχππνrνntχalEγrossRsνγtχonEoπEiEPEmνsonEproμuγtχonEχnEppEγollχsχonsEatEME
sqrt{s}d]ENE{ν~EatEh{shzSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 24

159 wνrπormanγνEoπEψνtEsuΛstruγturνEtνγτnχquνsEπorElarρνRyEψνtsEχnEprotonRprotonEγollχsχonsEatEME
sqrt{s}d]ENE{ν~EusχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 43

158 pmprovνμElumχnosχtyEμνtνrmχnatχonEχnEγollχsχonsEatE mormulaaEsννEtνxt]EusχnρEtτνEh{shzEμνtνγtorEatE
tτνEsojSEEuropeankPhysicalkJournalkCQE2013QE]XQEWZV^ 4.2 276

157
tνasurνmνntEoπEtτνEχnγlusχvνEψνtEγrossRsνγtχonEχnEγollχsχonsEatE mormulaaEsννEtνxt]EanμEγomparχsonE
toEtτνEχnγlusχvνEψνtEγrossRsνγtχonEatE mormulaaEsννEtνxt]EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2013QE]XQEWZU_

4.2 71

156 tultχRγτannνlEsνarγτEπorEsquarksEanμEρluχnosEχnE mormulaaEsννEtνxt]EγollχsχonsEwχtτEtτνEh{shzE
μνtνγtorEatEtτνEsojSEEuropeankPhysicalkJournalkCQE2013QE]XQEWX[W 4.2 25

155 qνtEνnνrρyEmνasurνmνntEwχtτEtτνEh{shzEμνtνγtorEχnEprotonRprotonEγollχsχonsEatE
Msqrt{matτrm{s}}d]Ematτrm{{ν~}NSEEuropeankPhysicalkJournalkCQE2013QE]XQEV 4.2 209

154 tνasurνmνntEoπEψνtEsτapνsEχnEtopRquarkEpaχrEνvνntsEatE mormulaaEsννEtνxt]EusχnρEtτνEh{shzE
μνtνγtorSEEuropeankPhysicalkJournalkCQE2013QE]XQEW[][ 4.2 18
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153
tνasurνmνntEoπEtτνEμχstrχΛutχonsEoπEνvνntRΛyRνvνntEπlowEτarmonχγsEχnElνaμRlνaμEγollχsχonsEatEME
sqrt{{{s−{uuE}}}}ENEdEWS][E{ν~EwχtτEtτνEh{shzEμνtνγtorEatEtτνEsojSEJournalkofkHighkEnergykPhysicsQE
2013QEWUVXQEV

5.4 143

152 tνasurνmνntEoπEtτνEtopEquarkEγτarρνEχnEppEγollχsχonsEatEMEsqrt{s}d]ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSE
JournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 15

151 h{shzEsνarγτEπorEnνwEpτνnomνnaEχnEμχψνtEmassEanμEanρularEμχstrχΛutχonsEusχnρEppEγollχsχonsEatEME
sqrt{s}d]EN{ν~SEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 72

150 tνasurνmνntEoπEχsolatνμRpτotonEpaχrEproμuγtχonEχnEppEγollχsχonsEatEMEsqrt{s}d]b{ν~ENEwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 44

149 zνarγτEπorErνsonanγνsEμνγayχnρEχntoEtopRquarkEpaχrsEusχnρEπullyEτaμronχγEμνγaysEχnEppEγollχsχonsEwχtτE
h{shzEatEMEsqrt{s}d]ENE{ν~SEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV 5.4 55

148
zνarγτEπorEμχrνγtEγτarρχnoEproμuγtχonEχnEanomalyRmνμχatνμEsupνrsymmνtryEΛrνakχnρEmoμνlsEΛasνμE
onEaEμχsappνarχnρRtraγkEsχρnaturνEχnEppEγollχsχonsEatEMEsqrt{s}d]bmatτrm{{ν~}ENEwχtτEtτνEh{shzE
μνtνγtorSEJournalkofkHighkEnergykPhysicsQE2013QEWUVXQEV

5.4 15

147 yχvνtEusνrEmanualSEComputerkPhysicskCommunicationsQE2013QEV^YQEW^UXRW^V_ 4.2 295

146 tνasurνmνntsEoπEtopEquarkEpaχrErνlatχvνEμχππνrνntχalEγrossRsνγtχonsEwχtτEh{shzEχnEppEγollχsχonsEatE
Msqrt{s}EdE]EmΛox{{ν~}NSEEuropeankPhysicalkJournalkCQE2013QE]XQEV 4.2 55

145 zνarγτEπorEpaχrRproμuγνμEmassχvνEγolourνμEsγalarsEχnEπourRψνtEπχnalEstatνsEwχtτEtτνEh{shzEμνtνγtorE
χnEprotonâ��protonEγollχsχonsEatEMsqrt{s}EdE]EmΛox{{ν~}NSEEuropeankPhysicalkJournalkCQE2013QE]XQEV 4.2 44

144 tνasurνmνntEoπEtτνEπlavourEγomposχtχonEoπEμχψνtEνvνntsEχnEppEγollχsχonsEatEMsqrt{s}d]EmΛox{{ν~}NE
wχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2013QE]XQEV 4.2 12

143 zχnρlνEτaμronErνsponsνEmνasurνmνntEanμEγalorχmνtνrEψνtEνnνrρyEsγalνEunγνrtaχntyEwχtτEtτνEh{shzE
μνtνγtorEatEtτνEsojSEEuropeankPhysicalkJournalkCQE2013QE]XQEV 4.2 41

142 qνtEνnνrρyErνsolutχonEχnEprotonRprotonEγollχsχonsEatE mormulaaEsννEtνxt]ErνγorμνμEχnEWUVUEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2013QE]XQEWXU[ 4.2 153

141 tνasurνmνntEoπEtτνE mormulaaEsννEtνxt]EproμuγtχonEγrossEsνγtχonEχnEtτνEtauEPEψνtsEγτannνlEusχnρEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2013QE]XQEWXW^ 4.2 30

140
zνarγτEπor‘oproμuγtχonEwχtτEaElχρτtEoχρρsEΛosonEμνγayχnρEtoEpromptEνlνγtronRψνtsEχnE
protonâ��protonEγollχsχonsEatEIsqrtE{s}d]IE{ν~EwχtτEtτνEh{shzEμνtνγtorSENewkJournalkofkPhysicsQE2013QE
VZQEUYXUU_

2.9 15

139 zνarγτEπorEμνγaysEoπEstoppνμQElonρRlχvνμEpartχγlνsEπromE]E{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 14

138
tνasurνmνntEoπEtτνEpolarχsatχonEoπE‘EΛosonsEproμuγνμEwχtτElarρνEtransvνrsνEmomνntumEχnEppE
γollχsχonsEatEMsqrt{s}EdE]EmΛox{{ν~}NEwχtτEtτνEh{shzEνxpνrχmνntSEEuropeankPhysicalkJournalkCQE2012QE
]WQEV

4.2 31

137 tνasurνmνntEoπEtτνEγτarρνEasymmνtryEχnEtopEquarkEpaχrEproμuγtχonEχnEγollχsχonsEatE mormulaaEsννE
tνxt]EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2012QE]WQEWUX_ 4.2 78

136 zνarγτEπorElνptonEπlavourEvχolatχonEχnEtτνEγontχnuumEwχtτEtτνEh{shzEμνtνγtorEχnE mormulaaEsννEtνxt]E
γollχsχonsEatEtτνEsojSEEuropeankPhysicalkJournalkCQE2012QE]WQEWUYU 4.2 10

(2012-2013)
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135 tνasurνmνntEoπEtτνEtopEquarkEmassEwχtτEtτνEtνmplatνEmνtτoμEχnEtτνE mormulaaEsννEtνxt]EγτannνlE
usχnρEh{shzEμataSEEuropeankPhysicalkJournalkCQE2012QE]WQEWUY[ 4.2 42

134 zνarγτEπorEτνavyEnνutrχnosEanμErχρτtRτanμνμEΛosonsEχnEνvνntsEwχtτEtwoElνptonsEanμEψνtsEχnE
γollχsχonsEatE mormulaaEsννEtνxt]EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2012QE]WQEWUZ[ 4.2 78

133 tνasurνmνntEoπEpolarχzatχonEχnEReEμνγaysEwχtτEtτνEh{shzEμνtνγtorEχnEγollχsχonsEatE mormulaaEsννE
tνxt]SEEuropeankPhysicalkJournalkCQE2012QE]WQEWU[W 4.2 17

132
tνasurνmνntEoπEtτνEγrossEsνγtχonEπorEtopRquarkEpaχrEproμuγtχonEχnEppEγollχsχonsEatEMsqrtE{s}EdE
{]}Q{tνxt{{ν~}}NEwχtτEtτνEh{shzEμνtνγtorEusχnρEπχnalEstatνsEwχtτEtwoEτχρτRpE{ElνptonsSEJournalkofk
HighkEnergykPhysicsQE2012QEWUVWQEV

5.4 43

131 qνtEmassEanμEsuΛstruγturνEoπEχnγlusχvνEψνtsEχnEMEsqrtE{s}EdE]b{tνxt{{ν~}}ENEppEγollχsχonsEwχtτEtτνEh{shzE
νxpνrχmνntSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 67

130 tνasurνmνntEoπEχnγlusχvνEtwoRpartχγlνEanρularEγorrνlatχonsEχnEppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorE
atEtτνEsojSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 10

129
ountEπorEnνwEpτνnomνnaEusχnρElarρνEψνtEmultχplχγχtχνsEanμEmχssχnρEtransvνrsνEmomνntumEwχtτE
h{shzEχnEYS]EπΛâ��VEoπEMEsqrtE{s}EdE]b{ν~ENEprotonRprotonEγollχsχonsSEJournalkofkHighkEnergykPhysicsQE
2012QEWUVWQEV

5.4 48

128
hEsνarγτEπorEMEtovνrlχnνEtENErνsonanγνsEχnElνptonPψνtsEνvνntsEwχtτEτχρτlyEΛoostνμEtopEquarksE
γollνγtνμEχnEppEγollχsχonsEatEMEsqrtE{s}EdE]ENE{ν~EwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2012QEWUVWQEV

5.4 39

127 zνarγτEπorEtτνEztanμarμEtoμνlEoχρρsEΛosonEχnEtτνEoEReEˇ�EPEˇ�Eâ��EμνγayEmoμνEχnEMEsqrtE{s}EdE
]Q{matτrm{{ν~}}ENEppEγollχsχonsEwχtτEh{shzSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 37

126 hEsνarγτEπorEπlavourEγτanρχnρEnνutralEγurrνntsEχnEtopRquarkEμνγaysEχnEppEγollχsχonEμataEγollνγtνμE
wχtτEtτνEh{shzEμνtνγtorEatEMEsqrt{s}d]b{ν~ENSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 31

125 tνasurνmνntsEoπEtτνEpsνuμorapχμχtyEμνpνnμνnγνEoπEtτνEtotalEtransvνrsνEνnνrρyEχnEprotonRprotonE
γollχsχonsEatEMEsqrt{s}d]ENE{ν~EwχtτEh{shzSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 11

124 zνarγτEπorEaEτνavyEtopRquarkEpartnνrEχnEπχnalEstatνsEwχtτEtwoElνptonsEwχtτEtτνEh{shzEμνtνγtorEatE
tτνEsojSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 53

123 zνarγτEπorEτχρτRmassErνsonanγνsEμνγayχnρEtoEμχlνptonEπχnalEstatνsEχnEppEγollχsχonsEatEMEsqrt{s}d]ENE{ν~E
wχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 49

122 zνarγτEπorEanomalousEproμuγtχonEoπEpromptElχkνRsχρnElνptonEpaχrsEatEMEsqrt{s}d]bmatτrm{{ν~}ENEwχtτE
tτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 16

121 zνarγτEπorEpaχrEproμuγtχonEoπEmassχvνEpartχγlνsEμνγayχnρEχntoEtτrννEquarksEwχtτEtτνEh{shzEμνtνγtorE
χnEMEsqrt{s}d]bmatτrm{{ν~}ENEppEγollχsχonsEatEtτνEsojSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 45

120
zνarγτEπorEyRparχtyRvχolatχnρEsupνrsymmνtryEχnEνvνntsEwχtτEπourEorEmorνElνptonsEχnEME
sqrt{s}d]bmatτrm{{ν~}ENEppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2012QE
WUVWQEV

5.4 13

119 llνγtronEpνrπormanγνEmνasurνmνntsEwχtτEtτνEh{shzEμνtνγtorEusχnρEtτνEWUVUEsojEprotonRprotonE
γollχsχonEμataSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 199

118 yapχμχtyEρapEγrossEsνγtχonsEmνasurνμEwχtτEtτνEh{shzEμνtνγtorEχnEppEγollχsχonsEatEMsqrt{s}EdE]E
mΛox{~{ν~}NSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 70

JonuButterworth

28



117
zνarγτEπorEanomalyRmνμχatνμEsupνrsymmνtryEΛrνakχnρEwχtτEtτνEh{shzEμνtνγtorEΛasνμEonEaE
μχsappνarχnρRtraγkEsχρnaturνEχnEppEγollχsχonsEatEMsqrt{s}EdE]~matτrm{{ν~}NSEEuropeankPhysicalk
JournalkCQE2012QE]WQEV

4.2 13

116
tνasurνmνntEoπE mormulaaEsννEtνxt]EproμuγtχonEwχtτEaEvνtoEonEaμμχtχonalEγνntralEψνtEaγtχvχtyEχnE
γollχsχonsEatE mormulaaEsννEtνxt]E{ν~EusχnρEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2012QE
]WQEWUYX

4.2 82

115 hEsνarγτEπorE mormulaaEsννEtνxt]ErνsonanγνsEwχtτEtτνEh{shzEμνtνγtorEχnEWSUZEπΛEoπEprotonRprotonE
γollχsχonsEatE mormulaaEsννEtνxt]SEEuropeankPhysicalkJournalkCQE2012QE]WQEWU^X 4.2 14

114 zνarγτEπorEsνγonμEρνnνratχonEsγalarElνptoquarksEχnEppEγollχsχonsEatEMsqrt{s}d]~mΛox{{ν~}NEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 35

113 zνarγτEπorEaEπνrmχopτoΛχγEoχρρsEΛosonEχnEtτνEμχpτotonEμνγayEγτannνlEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 13

112 tνasurνmνntEoπE‘E´–E—EproμuγtχonEχnEprotonRprotonEγollχsχonsEatEMsqrt{s}d]~mΛox{{ν~}NEwχtτEtτνE
h{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 54

111
zνarγτEπorEtopEanμEΛottomEsquarksEπromEρluχnoEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEmχssχnρE
transvνrsνEνnνrρyEanμEatElνastEtτrννEΛRψνtsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE
2012QE]WQEV

4.2 24

110 tνasurνmνntEoπEνvνntEsτapνsEatElarρνEmomνntumEtransπνrEwχtτEtτνEh{shzEμνtνγtorEχnEppE
γollχsχonsEatEMsqrt{matτΛπ{s}}d]Ematτrm{{ν~}NSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 18

109
zνarγτEπorEsupνrsymmνtryEχnEνvνntsEwχtτElarρνEmχssχnρEtransvνrsνEmomνntumQEψνtsQEanμEatElνastE
onνEtauElνptonEχnE]E{ν~EprotonRprotonEγollχsχonEμataEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalk
JournalkCQE2012QE]WQEV

4.2 11

108
zνarγτEπorElχρτtEsγalarEtopRquarkEpaχrEproμuγtχonEχnEπχnalEstatνsEwχtτEtwoElνptonsEwχtτEtτνEh{shzE
μνtνγtorEχnEMsqrt{s}d]Ematτrm{{ν~}NEprotonâ��protonEγollχsχonsSEEuropeankPhysicalkJournalkCQE2012QE
]WQEV

4.2 31

107 h{shzEsνarγτEπorEaEτνavyEρauρνEΛosonEμνγayχnρEtoEaEγτarρνμElνptonEanμEaEnνutrχnoEχnEppEγollχsχonsE
atEMsqrt{s}EdE]Ematτrm{{ν~}NSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 34

106 zνarγτEπorEμouΛlyEγτarρνμEoχρρsEΛosonsEχnElχkνRsχρnEμχlνptonEπχnalEstatνsEatEMsqrt{s}EdE]E
matτrm{{ν~}NEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 104

105 wνrπormanγνEoπEmχssχnρEtransvνrsνEmomνntumErνγonstruγtχonEχnEprotonRprotonEγollχsχonsEatE
Msqrt{s}EdE]~mΛox{{ν~}NEwχtτEh{shzSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 217

104 wνrπormanγνEoπEtτνEh{shzE{rχρρνrEzystνmEχnEWUVUSEEuropeankPhysicalkJournalkCQE2012QE]WQEV 4.2 232

103 zνarγτEπorEsamνRsχρnEtopRquarkEproμuγtχonEanμEπourtτRρνnνratχonEμownRtypνEquarksEχnEppEγollχsχonsE
atEMEsqrtE{s}EdE{]}b{tνxt{{ν~}}ENEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 34

102 zνarγτEπorEγτarρνμEoχρρsEΛosonsEμνγayχnρEvχaEoE´–EReEˇ�˛‰EχnEMEtovνrlχnνEtENEνvνntsEusχnρEppEγollχsχonEμataE
atEMEsqrtE{s}EdE]b{ν~ENEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 112

101 tνasurνmνntEoπEtτνE‘EΛosonEpolarχzatχonEχnEtopEquarkEμνγaysEwχtτEtτνEh{shzEμνtνγtorSEJournalkofk
HighkEnergykPhysicsQE2012QEWUVWQEV 5.4 52

100 morwarμRΛaγkwarμEγorrνlatχonsEanμEγτarρνμRpartχγlνEazχmutτalEμχstrχΛutχonsEχnEppEχntνraγtχonsE
usχnρEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2012QEWUVWQEV 5.4 23

(2012-2012)

29



99 wartχγlνEpτysχγsaEiνyonμEtτνEoχρρsSENatureQE2012QEY^^QEZ^VRW 50.4 0

98 oarμEwroγνssνsEχnEwrotonRwrotonEjollχsχonsEatEtτνEsarρνEoaμronEjollχμνrSEAnnualkReviewkofkNucleark
andkParticlekScienceQE2012QE[WQEX^]RYUZ 15.7 6

97 tνasurνmνntEoπEχnγlusχvνEψνtEanμEμχψνtEγrossEsνγtχonsEχnEprotonRprotonEγollχsχonsEatE]E{ν~E
γνntrνRoπRmassEνnνrρyEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 103

96 tνasurνmνntEoπEΛνautyEproμuγtχonEχnEμννpEχnνlastχγEsγattνrχnρEatEolyhEusχnρEμνγaysEχntoE
νlνγtronsSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 13

95 tνasurνmνntEoπEtτνEtopEquarkRpaχrEproμuγtχonEγrossEsνγtχonEwχtτEh{shzEχnEppEγollχsχonsEatE
Msqrt{s}d]NE{ν~SEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 138

94 ztuμχνsEoπEtτνEpνrπormanγνEoπEtτνEh{shzEμνtνγtorEusχnρEγosmχγRrayEmuonsSEEuropeankPhysicalk
JournalkCQE2011QE]VQEV 4.2 16

93 sumχnosχtyEμνtνrmχnatχonEχnEppEγollχsχonsEatEMsqrt{s}EdE]NE{ν~EusχnρEtτνEh{shzEμνtνγtorEatEtτνEsojSE
EuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 167

92
tνasurνmνntsEoπEunμνrlyχnρRνvνntEpropνrtχνsEusχnρEnνutralEanμEγτarρνμEpartχγlνsEχnEppEγollχsχonsE
atEMsqrt{s}d_UUNEnν~EanμEMsqrt{s}d]NE{ν~EwχtτEtτνEh{shzEμνtνγtorEatEtτνEsojSEEuropeankPhysicalk
JournalkCQE2011QE]VQEV

4.2 30

91
zνarγτEπorEanEνxγνssEoπEνvνntsEwχtτEanEχμνntχγalEπlavourElνptonEpaχrEanμEsχρnχπχγantEmχssχnρE
transvνrsνEmomνntumEχnEMsqrt{s}d]NE{ν~Eprotonâ��protonEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSE
EuropeankPhysicalkJournalkCQE2011QE]VQEV

4.2 18

90
zνarγτEπorEsupνrsymmνtrχγEpartχγlνsEχnEνvνntsEwχtτElνptonEpaχrsEanμElarρνEmχssχnρEtransvνrsνE
momνntumEχnEMsqrt{s}d]~mΛox{{ν~}NEprotonâ��protonEγollχsχonsEwχtτEtτνEh{shzEνxpνrχmνntSE
EuropeankPhysicalkJournalkCQE2011QE]VQEV

4.2 41

89 sχmχtsEonEtτνEproμuγtχonEoπEtτνEstanμarμEmoμνlEoχρρsEΛosonEχnEppEγollχsχonsEatEMsqrt{s}EdE]NE{ν~EwχtτE
tτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 37

88 zνarγτEπorEμχpτotonEνvνntsEwχtτElarρνEmχssχnρEtransvνrsνEνnνrρyEwχtτEX[EpΛâ��VEoπE]E{ν~E
protonâ��protonEγollχsχonEμataEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 15

87 tνasurνmνntEoπEmultχRψνtEγrossEsνγtχonsEχnEprotonâ��protonEγollχsχonsEatEaE]E{ν~EγνntνrRoπRmassE
νnνrρySEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 44

86 tνasurνmνntEoπEtτνEψνtEπraρmνntatχonEπunγtχonEanμEtransvνrsνEproπχlνEχnEprotonâ��protonEγollχsχonsE
atEaEγνntνrRoπRmassEνnνrρyEoπE]E{ν~EwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 51

85 zνarγτEπorEaEτνavyEnνutralEpartχγlνEμνγayχnρEχntoEanEνlνγtronEanμEaEmuonEusχnρEVEπΛâ��VEoπEh{shzE
μataSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 13

84 zνarγτEπorEmassχvνEγolorνμEsγalarsEχnEπourRψνtEπχnalEstatνsEχnEMsqrt{s}d]~mΛox{{ν~}NEprotonâ��protonE
γollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 37

83 tνasurνmνntEoπEtτνEχnγlusχvνEanμEμχψνtEγrossRsνγtχonsEoπEΛRψνtsEχnEppEγollχsχonsEatE
Msqrt{s}d]mΛox{~{ν~}NEwχtτEtτνEh{shzEμνtνγtorSEEuropeankPhysicalkJournalkCQE2011QE]VQEV 4.2 53

82 ztuμyEoπEtaupaχrEproμuγtχonEatEolyhSEJournalkofkHighkEnergykPhysicsQE2011QEWUVVQEV 5.4 1

JonuButterworth

30



81 tνasurνmνntEoπE‘˛‡EanμE—˛‡EproμuγtχonEχnEprotonRprotonEγollχsχonsEatEMEsqrtE{s}EdE]ENE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2011QEWUVVQEV 5.4 11

80 pnγlusχvνEsνarγτEπorEsamνRsχρnEμχlνptonEsχρnaturνsEχnEppEγollχsχonsEatEMEsqrtE{s}EdE]ENE{ν~EwχtτEtτνE
h{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2011QEWUVVQEV 5.4 31

79
zνarγτEπorEnνwEpτνnomνnaEχnEπχnalEstatνsEwχtτElarρνEψνtEmultχplχγχtχνsEanμEmχssχnρEtransvνrsνE
momνntumEusχnρEMsqrtE{s}NEdE]E{ν~EppEγollχsχonsEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergyk
PhysicsQE2011QEWUVVQEV

5.4 60

78 nνnνralRpurposνEνvνntEρνnνratorsEπorEsojEpτysχγsSEPhysicskReportsQE2011QEZUYQEVYZRWXX 27.7 264

77 tνasurνmνntEoπEtτνEνnνrρyEμνpνnμνnγνEoπEtτνEtotalEpτotonâ��protonEγrossEsνγtχonEatEolyhSEPhysicsk
LetterswkSectionkB:kNuclearwkElementarykParticlekandkHighyEnergykPhysicsQE2011QE[_]QEV^YRV_X 4.2 6

76 tνasurνmνntEoπEγτarmEanμEΛνautyEproμuγtχonEχnEμννpEχnνlastχγEνpEsγattνrχnρEπromEμνγaysEχntoE
muonsEatEolyhSEEuropeankPhysicalkJournalkCQE2010QE[ZQE[ZR]_ 4.2 42

75 yνaμχnνssEoπEtτνEh{shzElχquχμEarρonEγalorχmνtνrEπorEsojEγollχsχonsSEEuropeankPhysicalkJournalkCQE
2010QE]UQE]WXR]ZX 4.2 41

74 {τνEh{shzEpnnνrEkνtνγtorEγommχssχonχnρEanμEγalχΛratχonSEEuropeankPhysicalkJournalkCQE2010QE]UQE]^]R^WV4.2 70

73 krχπtE{χmνEtνasurνmνntEχnEtτνEh{shzEsχquχμEhrρonEllνγtromaρnνtχγEjalorχmνtνrEusχnρEjosmχγE
tuonsSEEuropeankPhysicalkJournalkCQE2010QE]UQE]ZZR]^Z 4.2 12

72 jommχssχonχnρEoπEtτνEh{shzEtuonEzpνγtromνtνrEwχtτEγosmχγEraysSEEuropeankPhysicalkJournalkCQE
2010QE]UQE^]ZR_V[ 4.2 14

71 tνasurνmνntEoπEΛνautyEproμuγtχonEχnEkpzEanμEνxtraγtχonEatE—l}zSEEuropeankPhysicalkJournalkCQE
2010QE[_QEXY]RX[U 4.2 13

70 {τνEh{shzEzχmulatχonEpnπrastruγturνSEEuropeankPhysicalkJournalkCQE2010QE]UQE^WXR^]Y 4.2 817

69 tνasurνmνntEoπEτχρτRxEWEγτarρνμEγurrνntEμννpEχnνlastχγEsγattνrχnρEγrossEsνγtχonsEwχtτEaE
lonρχtuμχnallyEpolarχsνμEposχtronEΛνamEatEolyhSEEuropeankPhysicalkJournalkCQE2010QE]UQE_YZR_[X 4.2 22

68 pnγlusχvνEμχψνtEγrossEsνγtχonsEχnEnνutralEγurrνntEμννpEχnνlastχγEsγattνrχnρEatEolyhSEEuropeankPhysicalk
JournalkCQE2010QE]UQE_[ZR_^W 4.2 13

67 yνaμχnνssEoπEtτνEh{shzE{χlνEjalorχmνtνrEπorEsojEγollχsχonsSEEuropeankPhysicalkJournalkCQE2010QE]UQEVV_XRVWX[4.2 82

66 jomΛχnνμEmνasurνmνntEanμExjkEanalysχsEoπEtτνEχnγlusχvνEνE´–EpEsγattνrχnρEγrossEsνγtχonsEatEolyhSE
JournalkofkHighkEnergykPhysicsQE2010QEWUVUQEV 5.4 370

65 lvνntsEwχtτEanEχsolatνμElνptonEanμEmχssχnρEtransvνrsνEmomνntumEanμEmνasurνmνntEoπE‘E
proμuγtχonEatEolyhSEJournalkofkHighkEnergykPhysicsQE2010QEWUVUQEV 5.4 7

64 tνasurνmνntEoπEqTˇ�EpτotoproμuγtχonEatElarρνEmomνntumEtransπνrEatEolyhSEJournalkofkHighkEnergyk
PhysicsQE2010QEWUVUQEV 5.4 6

(2010-2011)

31



63 zγalνμEmomνntumEspνγtraEχnEμννpEχnνlastχγEsγattνrχnρEatEolyhSEJournalkofkHighkEnergykPhysicsQE2010
QEWUVUQEV 5.4 1

62 wνrπormanγνEoπEtτνEh{shzEμνtνγtorEusχnρEπχrstEγollχsχonEμataSEJournalkofkHighkEnergykPhysicsQE2010QE
WUVUQEV 5.4 14

61 tνasurνmνntEoπEkEPEanμE˛�EγEPEproμuγtχonEχnEμννpEχnνlastχγEsγattνrχnρEatEolyhSEJournalkofkHighk
EnergykPhysicsQE2010QEWUVUQEV 5.4 3

60 tνasurνmνntEoπEtτνE‘EReEâ��˛‰EanμE—T˛‡EOEReEâ��â��EproμuγtχonEγrossEsνγtχonsEχnEprotonRprotonEγollχsχonsEatEME
sqrtE{s}EdE]b{tνxt{{ν~}}ENEwχtτEtτνEh{shzEμνtνγtorSEJournalkofkHighkEnergykPhysicsQE2010QEWUVUQEV 5.4 58

59 pnγlusχvνRψνtEγrossEsνγtχonsEχnEujEkpzEatEolyhEanμEaEγomparχsonEoπEtτνESEPhysicskLetterswkSectionkB:k
NuclearwkElementarykParticlekandkHighyEnergykPhysicsQE2010QE[_VQEVW]RVX] 4.2 22

58

57 kχsγovνrχnρEΛaryonRnumΛνrEvχolatχnρEnνutralχnoEμνγaysEatEtτνEsojSEPhysicalkReviewkLettersQE2009QE
VUXQEWYV^UX 7.4 65

56 {τνEmwYWUEyKkEproψνγtaEoχρρsEanμEuνwEwτysχγsEwχtτEπorwarμEprotonsEatEtτνEsojSEJournalkofk
InstrumentationQE2009QEYQE{VUUUVR{VUUUV 1 92

55 wroμuγtχonEoπEνxγχtνμEγτarmEanμEγτarmRstranρνEmνsonsEatEolyhSEEuropeankPhysicalkJournalkCQE2009
QE[UQEWZRYZ 4.2 21

54 tνasurνmνntEoπEγτarρνμEγurrνntEμννpEχnνlastχγEsγattνrχnρEγrossEsνγtχonsEwχtτEaElonρχtuμχnallyE
polarχsνμEνlνγtronEΛνamEatEolyhSEEuropeankPhysicalkJournalkCQE2009QE[VQEWWXRWXZ 4.2 26

53 tνasurνmνntEoπEτχρτRxEWEnνutralEγurrνntEμννpEχnνlastχγEνEâ��EpEsγattνrχnρEγrossEsνγtχonsEwχtτEaE
lonρχtuμχnallyEpolarχsνμEνlνγtronEΛνamEatEolyhSEEuropeankPhysicalkJournalkCQE2009QE[WQE[WZR[Z^ 4.2 27

52 tνasurνmνntEoπEkE´–EanμEkEUEproμuγtχonEχnEμννpEχnνlastχγEsγattνrχnρEusχnρEaElχπνtχmνEtaρEatEolyhSE
EuropeankPhysicalkJournalkCQE2009QE[XQEV]VRV^^ 4.2 27

51 zuΛψνtEμχstrχΛutχonsEχnEμννpEχnνlastχγEsγattνrχnρEatEolyhSEEuropeankPhysicalkJournalkCQE2009QE[XQEZW]RZY^ 4.2 7

50 {τνEunμνrlyχnρEνvνntEanμEtτνEtotalEγrossEsνγtχonEπromE{νvatronEtoEtτνEsojSEJournalkofkHighkEnergyk
PhysicsQE2009QEWUU_QEU[ZRU[Z 5.4 19

49 qνtEsuΛstruγturνEasEaEnνwEoχρρsRsνarγτEγτannνlEatEtτνEsarρνEoaμronEjollχμνrSEPhysicalkReviewk
LettersQE2008QEVUUQEWYWUUV 7.4 661

48 kνsχρnEanμEνlνγtronχγsEγommχssχonχnρEoπEtτνEpτysχγsEprototypνEoπEaEzχR‘EνlνγtromaρnνtχγE
γalorχmνtνrEπorEtτνEpntνrnatχonalEsχnνarEjollχμνrSEJournalkofkInstrumentationQE2008QEXQEwU^UUVRwU^UUV 1 36

47 {τνEχntνρratχonEanμEνnρχnννrχnρEoπEtτνEh{shzEzνmχjonμuγtorE{raγkνrEiarrνlSEJournalkofk
InstrumentationQE2008QEXQEwVUUU[RwVUUU[ 1 10

46 {τνEνvaporatχvνEγoolχnρEsystνmEπorEtτνEh{shzEχnnνrEμνtνγtorSEJournalkofkInstrumentationQE2008QEXQEwU]UUXRwU]UUX1 34

JonuButterworth

32



45 jlkhyaEproρrνssEanμEstatusErνportSEJournalkofkPhysics:kConferencekSeriesQE2008QEVV_QEUZWUU[ 0.3

44 qνtEsuΛstruγturνEasEaEnνwEoχρρsEsνarγτEγτannνlEatEtτνEsojE2008QE 6

43 lnρχnννrχnρEπorEtτνEh{shzEzνmχjonμuγtorE{raγkνrEMzj{NElnμRγapSEJournalkofkInstrumentationQE2008QE
XQEwUZUUWRwUZUUW 1 3

42 {τνEμataEaγquχsχtχonEanμEγalχΛratχonEsystνmEπorEtτνEh{shzEzνmχγonμuγtorE{raγkνrSEJournalkofk
InstrumentationQE2008QEXQEwUVUUXRwUVUUX 1 13

41 kχππraγtχvνEpτotoproμuγtχonEoπEμχψνtsEχnEνpEγollχsχonsEatEolyhSEEuropeankPhysicalkJournalkCQE2008QEZZQEV]]RV_V4.2 32

40 tνasurνmνntEoπEpromptEpτotonsEwχtτEassoγχatνμEψνtsEχnEpτotoproμuγtχonEatEolyhSEEuropeank
PhysicalkJournalkCQE2007QEY_QEZVVRZWW 4.2 22

39 tνasurνmνntEoπEnνutralEγurrνntEγrossEsνγtχonsEatEτχρτEiψorkνnRxEwχtτEtτνE—l}zEμνtνγtorEatEolyhSE
EuropeankPhysicalkJournalkCQE2007QEY_QEZWXRZYY 4.2 4

38 zνarγτEπorEstopEproμuγtχonEχnEyRparχtyRvχolatχnρEsupνrsymmνtryEatEolyhSEEuropeankPhysicalkJournalk
CQE2007QEZUQEW[_ 4.2 14

37 wτotoproμuγtχonEoπEνvνntsEwχtτErapχμχtyEρapsEΛνtwννnEψνtsEatEolyhSEEuropeankPhysicalkJournalkCQE
2007QEZUQEW^XRW_] 4.2 6

36 tνasurνmνntEoπEopνnEΛνautyEproμuγtχonEatEolyhEχnEtτνEkO˛…EπχnalEstatνSEEuropeankPhysicalkJournalk
CQE2007QEZUQEW__RXVY 4.2 17

35 tνasurνmνntEoπErUEzQE˛�EanμE˛�EEproμuγtχonEatEolyhSEEuropeankPhysicalkJournalkCQE2007QEZVQEVRWX 4.2 17

34 tνasurνmνntEoπEazχmutτalEasymmνtrχνsEχnEnνutralEγurrνntEμννpEχnνlastχγEsγattνrχnρEatEolyhSE
EuropeankPhysicalkJournalkCQE2007QEZVQEW^_RW__ 4.2 12

33 kχππraγtχvνEpτotoproμuγtχonEoπEkO´–MWUVUNEatEolyhSEEuropeankPhysicalkJournalkCQE2007QEZVQEXUVRXVZ 4.2 16

32 morwarμRψνtEproμuγtχonEχnEμννpEχnνlastχγEνpEsγattνrχnρEatEolyhSEEuropeankPhysicalkJournalkCQE2007QE
ZWQEZVZRZXU 4.2 11

31 kχψνtEproμuγtχonEχnEμχππraγtχvνEμννpEχnνlastχγEsγattνrχnρEatEolyhSEEuropeankPhysicalkJournalkCQE2007QE
ZWQE^VXR^XW 4.2 28

30 hEstanμarμEπormatEπorEsνsEoouγτνsElvνntEmχlνsSEComputerkPhysicskCommunicationsQE2007QEV][QEXUURXUY 4.2 241

29 {τνEh{shzEsνmχγonμuγtorEtraγkνrEνnμRγapEmoμulνSENuclearkInstrumentskandkMethodskinkPhysicsk
ResearchwkSectionkA:kAcceleratorswkSpectrometerswkDetectorskandkAssociatedkEquipmentQE2007QEZ]ZQEXZXRX^_1.2 56

28 yνγonstruγtχnρEspartχγlνEmassEspνγtraEusχnρEτaμronχγEμνγaysSEJournalkofkHighkEnergykPhysicsQE2007QE
WUU]QEUXXRUXX 5.4 81

(2007-2008)

33



27
{τνEΛarrνlEmoμulνsEoπEtτνEh{shzEsνmχγonμuγtorEtraγkνrSENuclearkInstrumentskandkMethodskink
PhysicskResearchwkSectionkA:kAcceleratorswkSpectrometerswkDetectorskandkAssociatedkEquipmentQE2006QE
Z[^QE[YWR[]V

1.2 63

26 iνamEtνstsEoπEh{shzEzj{EsχlχγonEstrχpEμνtνγtorEmoμulνsSENuclearkInstrumentskandkMethodskinkPhysicsk
ResearchwkSectionkA:kAcceleratorswkSpectrometerswkDetectorskandkAssociatedkEquipmentQE2005QEZX^QEX^YRYU]1.2 30

25 oχρτEνnνrρyEpτotoproμuγtχonSEReportskonkProgresskinkPhysicsQE2005QE[^QEW]]XRW^W^ 14.4 7

24 qνt‘νΛaEhE‘‘‘EχntνrπaγνEanμEμataΛasνEπorEtontνEjarloEtunχnρEanμEvalχμatχonSEComputerkPhysicsk
CommunicationsQE2003QEVZXQEV[YRV]^ 4.2 12

23 rtqνtaEhEjPPEχmplνmνntatχonEoπEtτνErfEγlustνrχnρEalρorχtτmSEComputerkPhysicskCommunicationsQE
2003QEVZXQE^ZR_[ 4.2 38

22 ‘‘EsγattνrχnρEatEtτνEjlyuEsojSEPhysicalkReviewkDQE2002QE[ZQE 4.9 161

21 hEρloΛalEstuμyEoπEpτotonRχnμuγνμEψνtEproμuγtχonSENuclearkPhysicswkSectionkBwkProceedingsk
SupplementsQE2000QE^WQEVVWRVV]

20 z{y}j{}ylEvmE{olEwov{vuSEInternationalkJournalkofkModernkPhysicskAQE2000QEVZQEZX^RZZ] 1.2

19 xjkaEτowEwνEγanEτνlpEνaγτEotτνrSEJournalkofkPhysicskG:kNuclearkandkParticlekPhysicsQE2000QEW[QEZWVRZW_ 2.9

18 zoπtEpartχγlνEνmχssχonEaγγompanyχnρEμχψνtEpτotoproμuγtχonSEJournalkofkPhysicskG:kNuclearkandk
ParticlekPhysicsQE1999QEWZQEVYZ]RVY[U 2.9 4

17 kχππraγtχvνEμχψνtEγrossEsνγtχonsEχnEpτotoproμuγtχonEatEolyhSEEuropeankPhysicalkJournalkCQE1998QEZQEYVRZ[ 4.2 6

16 tνasurνmνntEoπEtτνEμχππraγtχvνEstruγturνEπunγtχonmEWEkMYNEatEolyhSEEuropeankPhysicalkJournalkCQE
1998QEVQE^VR_[ 4.2 55

15 tνasurνmνntEoπEtτνEμχππraγtχvνEstruγturνEπunγtχonmEWEkMYNEatEolyhE1998QEVQE^V 49

14 kχππraγtχvνEμχψνtEγrossEsνγtχonsEχnEpτotoproμuγtχonEatEolyhE1998QEZQEYV 24

13 jomparχsonEoπE—l}zEμataEwχtτEstanμarμEmoμνlEprνμχγtχonsEπorEνPpEReEνP’EsγattνrχnρEatEτχρτExEanμE
xWSEZeitschriftkFˆ…rkPhysikkCyParticleskandkFieldsQE1997QE]YQEWU]RWWU 123

12 tultχplνEτarμEpartonEχntνraγtχonsEatEolyhSEJournalkofkPhysicskG:kNuclearkandkParticlekPhysicsQE1996QE
WWQE^^XR^_V 2.9 7

11 pnγlusχvνEγτarρνμEpartχγlνEμχstrχΛutχonsEχnEμννpEχnνlastχγEsγattνrχnρEνvνntsEatEolyhSEZeitschriftkFˆ…rk
PhysikkCyParticleskandkFieldsQE1996QE]UQEVRVZ 30

10 tνasurνmνntEoπEtτνmEWEstruγturνEπunγtχonEχnEμννpEχnνlastχγνEPEpEsγattνrχnρEusχnρEV__YEμataEπromE
tτνE—l}zEμνtνγtorEatEolyhSEZeitschriftkFˆ…rkPhysikkCyParticleskandkFieldsQE1996QE]WQEX__RYWY 132

JonuButterworth

34



9 tultχpartonEχntνraγtχonsEχnEpτotoproμuγtχonEatEolyhSEZeitschriftkFˆ…rkPhysikkCyParticleskandkFieldsQE
1996QE]WQE[X]R[Y[ 368

8 ztuμyEoπEγτarρνμâ��γurrνntνpEχntνraγtχonsEatxEWeWUUEnν~WEwχtτEtτνE—l}zEμνtνγtorEatEolyhSE
ZeitschriftkFˆ…rkPhysikkCyParticleskandkFieldsQE1996QE]WQEY]R[Y 18

7 tνasurνmνntEoπEtτνmEWEstruγturνEπunγtχonEχnEμννpEχnνlastχγνEPEpEsγattνrχnρEusχnρEV__YEμataEπromE
tτνE—l}zEμνtνγtorEatEolyhSEZeitschriftkFˆ…rkPhysikkCyParticleskandkFieldsQE1996QE]WQEX__RYWY

6 tultχpartonEχntνraγtχonsEχnEpτotoproμuγtχonEatEolyhE1996QE]WQE[X] 16

5 ztuμyEoπEγτarρνμâ��γurrνntνpEχntνraγtχonsEatxEWeWUUEnν~WEwχtτEtτνE—l}zEμνtνγtorEatEolyhE1996QE
]WQEY] 4

4 tνasurνmνntEoπEνlastχγˇ�EUEpτotoproμuγtχonEatEolyhSEZeitschriftkFˆ…rkPhysikkCyParticleskandkFieldsQE
1995QE[_QEX_RZY 2

3 tνasurνmνntEoπEtτνEprotonEstruγturνEπunγtχonmEWEatElowxEanμElowxEWEatEolyhSEZeitschriftkFˆ…rkPhysikk
CyParticleskandkFieldsQE1995QE[_QE[U]R[WU 3

2 wτotoproμuγtχonEoπEmultχRψνtEνvνntsEatEolyhaEaEtontνEjarloEsχmulatχonSEJournalkofkPhysicskG:k
NuclearkandkParticlekPhysicsQE1993QEV_QEV[Z]RV[[X 2.9 18

1 oaμronχγEνnνrρyEμχstrχΛutχonsEχnEμννpRχnνlastχγEνlνγtronRprotonEsγattνrχnρSEZeitschriftkFˆ…rkPhysikk
CyParticleskandkFieldsQE1993QEZ_QEWXVRWYW 22

ListuofuPublications

35


