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ΛoψψσsσonsE≥tEMEsqrt{s}ENEdE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 74

546 zγ≥rΛπγsEμorEσnvσsσbψγEαγΛ≥ysEoμEtπγEoσννsEbosonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]QE^QE≥nαEVXE{γ}SE
JournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 74

545 zγ≥rΛπEμorE≥EoσννsEbosonEσnEtπγEm≥ssEr≥nνγEμromEVYZEtoEVUUUEnγ}EαγΛ≥yσnνEtoE≥Ep≥σrEoμE~EorE¯E
bosonsSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 73

544 tγ≥surγmγntEoμEτγtEμr≥νmγnt≥tσonEσntoEΛπ≥rνγαEp≥rtσΛψγsEσnEppE≥nαEwbwbEΛoψψσsσonsE≥tEME
sqrt{{{s−{m≥tπrm{uu}}}}}EdEWS][ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 73

543 tγ≥surγmγntEoμEtπγEσnΛψusσvγEτγtEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS^E{γ}SEPhysicaloReviewoDQE
2001QE[YQE 4.9 73

542 zγ≥rΛπEμorEνψuσnosE≥nαEsΛ≥ψ≥rEqu≥rχsEσnEppEΛoψψσsσonsE≥tEsqu≥rγEroot±s·EdEVS^E{γ}EusσnνEtπγEmσssσnνE
γnγrνyEpψusEmuψtστγtsEsσνn≥turγSEPhysicaloReviewoLettersQE2002QE^^QEUYV^UV 7.4 73

541 tγ≥surγmγntEoμEtπγE{opExu≥rχEt≥ssE≥nαEtt´flEwroαuΛtσonEjrossEzγΛtσonEμromEkσψγptonElvγntsE≥tEtπγE
joψψσαγrEkγtγΛtorE≥tEmγrmσψ≥bSEPhysicaloReviewoLettersQE1998QE^UQEW]]_RW]^Y 7.4 73

540 tγ≥surγmγntEoμEtπγEiPEtot≥ψEΛrossEsγΛtσonE≥nαEiPEασμμγrγntσ≥ψEΛrossEsγΛtσonEαˇ�Tαp{EσnEpp´flEΛoψψσsσonsE
≥tEsdVS^E{γ}SEPhysicaloReviewoDQE2002QE[ZQE 4.9 72

539 ztuαyEoμEtπγEproαuΛtσonEoμEΛπ≥rνγαEpσonsQEχ≥onsQE≥nαEprotonsEσnEpwbEΛoψψσsσonsE≥tE±mormuψ≥aEsγγE
tγxt·ZSUW±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2014QE]YQEW^Y] 4.2 71

538 hEnγwEbosonEwσtπE≥Em≥ssEoμEVWZEnγ}EobsγrvγαEwσtπEtπγEjtzEγxpγrσmγntE≥tEtπγEs≥rνγEo≥αronE
joψψσαγrSEScienceQE2012QEXX^QEVZ[_R]Z 33.3 71

537 zγ≥rΛπEμorEnγutr≥ψEtzztEoσννsEbosonsEαγΛ≥yσnνEtoE≥Ep≥σrEoμEt≥uEψγptonsEσnEppEΛoψψσsσonsSEJournaloofo
HighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 70

536 tγ≥surγmγntEoμEtπγEsσnνψγRtopRqu≥rχEtRΛπ≥nnγψEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SE
JournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 70

535 tγ≥surγmγntEoμEtπγEunαγrψyσnνEγvγntE≥ΛtσvσtyE≥tEtπγEsojEwσtπEMEsqrtE{s}EdE]ENE{γ}E≥nαEΛomp≥rσsonE
wσtπEMEsqrtE{s}EdEUS_ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 70

534 tγ≥surγmγntEoμEkστγtEhnνuψ≥rEkσstrσbutσonsEbyEtπγEjoψψσαγrEkγtγΛtorE≥tEmγrmσψ≥bSEPhysicaloReviewo
LettersQE1996QE]]QEZXX[RZXYV 7.4 70

533 zγ≥rΛπEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEσnEασψγptonEm≥ssEspγΛtr≥EσnEprotonRprotonEΛoψψσsσonsE
≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 69

532 qTˇ�E≥nαEˇ�MWzNEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]{tγxt{{γv}}ENSEJournaloofoHighoEnergyoPhysicsQE
2012QEWUVWQEV 5.4 69
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531 tγ≥surγmγntEoμEkσμμr≥ΛtσvγEkστγtEwroαuΛtσonE≥tEtπγEmγrmσψ≥bE{γv≥tronSEPhysicaloReviewoLettersQE
1997QE]_QEW[X[RW[YV 7.4 69

530 lvσαγnΛγEμorEtπγEγxΛψusσvγEαγΛ≥yEiMΛNPRERReEqTpsσEpσPRE≥nαEmγ≥surγmγntEoμEtπγEm≥ssEoμEtπγEiMΛNPRE
mγsonSEPhysicaloReviewoLettersQE2006QE_[QEU^WUUW 7.4 69

529 sσmσtsEonExu≥rχRsγptonEjomposσtγnγssEzΛ≥ψγsEμromEkσψγptonsEwroαuΛγαEσnEVS^E{γ}Epp´flEjoψψσsσonsSE
PhysicaloReviewoLettersQE1997QE]_QEWV_^RWWUX 7.4 68

528 tγ≥surγmγntEoμEtπγEtt´flEproαuΛtσonEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}EusσnνEψγptonPτγtsE
γvγntsEwσtπEτγtEprob≥bσψσtyEbRt≥ννσnνSEPhysicaloReviewoDQE2006QE]YQE 4.9 68

527 tγ≥surγmγntEoμEtπγE{opExu≥rχEt≥ssEwσtπEtπγEjoψψσαγrEkγtγΛtorE≥tEmγrmσψ≥bSEPhysicaloReviewoLetters
QE1999QE^WQEW]VRW][ 7.4 68

526 ztuασγsEoμEαστγtEtr≥nsvγrsγEmomγntumEb≥ψ≥nΛγE≥nαEpsγuαor≥pσασtyEασstrσbutσonsEσnEpwbEΛoψψσsσonsE≥tE
Msqrt{s−{m≥tπrm{uu}}}EdEZSUWNEMQtγxtE{{γ}}NSEEuropeanoPhysicaloJournaloCQE2014QE]YQEV 4.2 67

525 vbsγrv≥tσonEoμEγxΛψusσvγEγψγΛtronRposσtronEproαuΛtσonEσnEπ≥αronRπ≥αronEΛoψψσsσonsSEPhysicaloReviewo
LettersQE2007QE_^QEVVWUUV 7.4 67

524 tγ≥surγmγntEoμEtπγEiΛPEmγsonEψσμγtσmγEusσnνEtπγEαγΛ≥yEmoαγEiΛPERReEqTwsσγPnuγSEPhysicaloReviewo
LettersQE2006QE_]QEUVWUUW 7.4 66

523 zγ≥rΛπEμorE≥nom≥ψousEproαuΛtσonEoμEmuψtσψγptonEγvγntsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]Q{γ}ENSE
JournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 65

522 tγ≥surγmγntEoμEtπγEsγptonEjπ≥rνγEhsymmγtryEσnE~RiosonEkγΛ≥ysEwroαuΛγαEσnEpp´flEjoψψσsσonsSE
PhysicaloReviewoLettersQE1998QE^VQEZ]ZYRZ]Z_ 7.4 65

521 jπ≥rνγαRp≥rtσΛψγEnuΛψγ≥rEmoασμσΛ≥tσonEμ≥ΛtorsEσnEwbwbE≥nαEpwbEΛoψψσsσonsE≥tEME
sqrt{s−{m≥tπrm{u}bm≥tπrm{u}}}dZSUWENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 64

520 tγ≥surγmγntEoμEtπγEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEproαuΛtσonEΛrossEsγΛtσonEσnEtπγEασψγptonE
Λπ≥nnγψEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 64

519 vbsγrv≥tσonEoμEr≥pσασtyEν≥psEσnEpRb≥rpEΛoψψσsσonsE≥tEVS^E{γ}SEPhysicaloReviewoLettersQE1995QE]YQE^ZZR^Z_ 7.4 64

518 zγ≥rΛπEμorE¯LERReEγPEγREusσnνEασγψγΛtronEm≥ssE≥nαE≥nνuψ≥rEασstrσbutσonSEPhysicaloReviewoLettersQE2006QE
_[QEWVV^UV 7.4 63

517 zγ≥rΛπEμorEπσνπRm≥ssErγson≥nΛγsEσnEασψγptonEμσn≥ψEst≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 63

516 |nαγrψyσnνEγvγntEσnEπ≥rαEσntγr≥ΛtσonsE≥tEtπγEmγrmσψ≥bE{γv≥tronEp´flpEΛoψψσαγrSEPhysicaloReviewoDQE2004
QE]UQE 4.9 62

515 lxtr≥ΛtσonE≥nαEv≥ψσα≥tσonEoμE≥EnγwEsγtEoμEjtzEpytπσ≥^EtunγsEμromEunαγrψyσnνRγvγntEmγ≥surγmγntsSE
EuropeanoPhysicaloJournaloCQE2020QE^UQEY 4.2 61

514 ztuαyEoμEαoubψγEp≥rtonEsΛ≥ttγrσnνEusσnνE~EPEWRτγtEγvγntsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]E
{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 61

(2014-1997)
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513 zγ≥rΛπEμorE≥EΛπ≥rνγαEoσννsEbosonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2015QEWUVZQEV 5.4 61

512 zγ≥rΛπEμorEnγutr≥ψEoσννsEbosonsEoμEtπγEmσnσm≥ψEsupγrsymmγtrσΛEst≥nα≥rαEmoαγψEαγΛ≥yσnνEtoEt≥uE
p≥σrsEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdEVS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_[QEUVV^UW 7.4 61

511 tγ≥surγmγntEoμEtπγEμorw≥rαRb≥Λχw≥rαEΛπ≥rνγE≥symmγtryEμromE~Reγ˛‰EproαuΛtσonEσnEpp´flEΛoψψσsσonsE
≥tEsdVS_[EEE{γ}SEPhysicaloReviewoDQE2005QE]VQE 4.9 61

510 wromptEpπotonEΛrossEsγΛtσonEmγ≥surγmγntEσnEpRb≥rpEΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoDQE
1993QEY^QEW__^RXUWZ 4.9 61

509 ztuασγsEoμE≥zσmutπ≥ψEασπ≥αronEΛorrγψ≥tσonsEσnEuψtr≥RΛγntr≥ψEwbwbEΛoψψσsσonsE≥tEMEsqrt{{{s−{uuE}}}}ENE
dWS][E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 60

508 zγ≥rΛπEμorEm≥ssσvγErγson≥nΛγsEαγΛ≥yσnνEσntoEp≥σrsEoμEboostγαEbosonsEσnEsγmσRψγptonσΛEμσn≥ψEst≥tγsE
≥tEMEsqrt{s}ENEdE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 59

507 tγ≥surγmγntEoμEtπγEttEproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdEVS_[E{γ}SE
PhysicaloReviewoLettersQE2006QE_]QEU^WUUY 7.4 59

506 zγ≥rΛπEμorEtπγEαγΛ≥ysEiαURe˛…P˛…â��E≥nαEisURe˛…P˛…â��EσnEpp´flEΛoψψσsσonsE≥tEsdVS^E{γ}SEPhysicaloReviewoDQE1998
QEZ]QEyX^VVRyX^V[ 4.9 59

505 kστγtEwroαuΛtσonEbyEjoψorRzσnνψγtElxΛπ≥nνγE≥tEtπγEmγrmσψ≥bE{γv≥tronSEPhysicaloReviewoLettersQE1998QE
^UQEVVZ[RVV[V 7.4 59

504 zupprγssσonE≥nαE≥zσmutπ≥ψE≥nσsotropyEoμEpromptE≥nαEnonpromptE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEσnE
wbwbEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2017QE]]QEWZW 4.2 58

503 ztuαyEoμEτγtEsπ≥pγsEσnEσnΛψusσvγEτγtEproαuΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EEE{γ}SEPhysicaloReviewoDQE
2005QE]VQE 4.9 58

502 tγ≥surγmγntEoμEtπγEtt´flEproαuΛtσonEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS^{γ}SEPhysicaloReviewoDQE
2001QE[YQE 4.9 58

501 zγ≥rΛπEμorE≥nom≥ψousEMEtovγrψσnγEtENEproαuΛtσonEσnEtπγEπσνπψyRboostγαE≥ψψRπ≥αronσΛEμσn≥ψEst≥tγSE
JournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 57

500 zγ≥rΛπEμorEiUsRRemσΛroPmσΛroRE≥nαEiUαRRemσΛroPmσΛroREαγΛ≥ysEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEsEdE
VS_[E{γ}SEPhysicaloReviewoLettersQE2004QE_XQEUXWUUV 7.4 57

499 tγ≥surγmγntEoμE~RpπotonEΛoupψσnνsEσnEpRpRb≥rEΛoψψσsσonsE≥tEsqrtEsdVS^E{γ}SEPhysicaloReviewoLettersQE
1995QE]YQEV_X[RV_YU 7.4 57

498 ztuαyEoμEγxΛψusσvγEtwoRpπotonEproαuΛtσonEoμE~P~â��EσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}E≥nαE
Λonstr≥σntsEonE≥nom≥ψousEqu≥rtσΛEν≥uνγEΛoupψσnνsSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 56

497 tγ≥surγmγntEoμEtπγE~P~â��EΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEMsqrt{s}EdE]mbox{E{γ}}NE≥nαEψσmσtsEonE
≥nom≥ψousE~~˛‡E≥nαE~~¯EΛoupψσnνsSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV 4.2 56

496 sonνRr≥nνγE≥nαEsπortRr≥nνγEασπ≥αronE≥nνuψ≥rEΛorrγψ≥tσonsEσnEΛγntr≥ψEwbwbEΛoψψσsσonsE≥tEMEsqrtE
{{{s−{tγxt{uu}}}}}ENEdEWS][E{γ}SEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 56
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495 zγ≥rΛπEμorE≥Est≥nα≥rαEmoαγψEoσννsEbosonEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EtopRqu≥rχEp≥σrE≥nαE
αγΛ≥yσnνEtoEbottomEqu≥rχsEusσnνE≥Em≥trσxEγψγmγntEmγtπoαSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEWZV 4.2 55

494 tγ≥surγmγntEoμEtπγEttEproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEsqrt±s·dVS_[E{γ}EusσnνEασψγptonE
γvγntsSEPhysicaloReviewoLettersQE2004QE_XQEVYWUUV 7.4 55

493 zγ≥rΛπEμorEnγwEpπγnomγn≥EwσtπEtπγEv≥rσ≥bψγEσnEtπγE≥ψψRπ≥αronσΛEμσn≥ψEst≥tγEproαuΛγαEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2017QE]]QE]VU 4.2 54

492 zγ≥rΛπEμorEME{tγxt{i}}−{tγxt{s}}ℓUENEReE˛…EPE˛…Eâ��E≥nαEiUEReE˛…EPE˛…Eâ��EαγΛ≥ysSEJournaloofoHighoEnergyoPhysicsQE
2012QEWUVWQEV 5.4 52

491 tγ≥surγmγntEoμEtπγE~EbosonEm≥ssEwσtπEtπγEjoψψσαγrEkγtγΛtorE≥tEmγrmσψ≥bSEPhysicaloReviewoDQE2001QE
[YQE 4.9 52

490 tγ≥surγmγntsEoμEασμμγrγntσ≥ψE≥nαEαoubψγRασμμγrγntσ≥ψEkrγψψR ≥nEΛrossEsγΛtσonsEσnEprotonRprotonE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2015QE]ZQEVY] 4.2 50

489
tγ≥surγmγntEoμEtπγEr≥tσoEoμEtπγEσnΛψusσvγEXRτγtEΛrossEsγΛtσonEtoEtπγEσnΛψusσvγEWRτγtEΛrossEsγΛtσonEσnE
ppEΛoψψσsσonsE≥tEMsqrt{s}EdE]Em≥tπrm{{γ}}NE≥nαEμσrstEαγtγrmσn≥tσonEoμEtπγEstronνEΛoupψσnνEΛonst≥ntEσnE
tπγE{γ}Er≥nνγSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV

4.2 50

488
vbsγrv≥tσonEoμEiMsNURRerPErRE≥nαEmγ≥surγmγntsEoμEbr≥nΛπσnνEμr≥ΛtσonsEoμEΛπ≥rmψγssEtwoRboαyE
αγΛ≥ysEoμEiUE≥nαEiMsNUEmγsonsEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdEVS_[E{γ}SEPhysicaloReviewo
LettersQE2006QE_]QEWVV^UW

7.4 50

487 tγ≥surγmγntEoμEtπγEψσμγtσmγEασμμγrγnΛγEbγtwγγnEisEm≥ssEγσνγnst≥tγsSEPhysicaloReviewoLettersQE
2005QE_YQEVUV^UX 7.4 50

486 zγ≥rΛπEμorE≥Est≥nα≥rαRmoαγψRψσχγEoσννsEbosonEwσtπE≥Em≥ssEσnEtπγEr≥nνγEVYZEtoEVUUUEnγ}E≥tEtπγEsojSE
EuropeanoPhysicaloJournaloCQE2013QE]XQEWY[_ 4.2 49

485 zγ≥rΛπEμorEsΛ≥ψ≥rEtopE≥nαEsΛ≥ψ≥rEbottomEqu≥rχsEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEsdVS^E{γ}SEPhysicalo
ReviewoLettersQE2000QE^YQEZ]UYR_ 7.4 49

484 uuΛψγ≥rEγμμγΛtsEonEtπγEtr≥nsvγrsγEmomγntumEspγΛtr≥EoμEΛπ≥rνγαEp≥rtσΛψγsEσnEpwbEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2015QE]ZQEWX] 4.2 48

483 tγ≥surγmγntEoμEtπγEtRΛπ≥nnγψEsσnνψγRtopRqu≥rχEproαuΛtσonEΛrossEsγΛtσonE≥nαEoμEtπγE|}Etb|EjrtE
m≥trσxEγψγmγntEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 48

482 tγ≥surγmγntEoμEtπγEME{{rmEt}b≥r{rmEt}}ENEproαuΛtσonEΛrossEsγΛtσonE≥nαEtπγEtopEqu≥rχEm≥ssEσnEtπγE
ασψγptonEΛπ≥nnγψEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 48

481 tγ≥surγmγntEoμEsσνm≥EΛπσEΛWEiMΛπσEΛWRReqTpsσEν≥mm≥NTsσνm≥EΛπσEΛVEiMΛπσEΛVERReqTpsσEν≥mm≥NEσnEppE
ΛoψψσsσonsE≥tEsqu≥rγErootEsdVS_[E{γ}SEPhysicaloReviewoLettersQE2007QE_^QEWXWUUV 7.4 47

480 jomp≥rσsonEoμEtπγEσsoψ≥tγαEασrγΛtEpπotonEΛrossEsγΛtσonsEσnEpp´flEΛoψψσsσonsE≥tEsdVS^E{γ}E≥nαE
sdUS[XE{γ}SEPhysicaloReviewoDQE2002QE[ZQE 4.9 47

479 zγ≥rΛπEμorEα≥rχEm≥ttγrEproαuΛγαEwσtπE≥nEγnγrνγtσΛEτγtEorE≥Eπ≥αronσΛ≥ψψyEαγΛ≥yσnνE~EorE¯EbosonE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 46

478 tγ≥surγmγntEoμEtπγErγψ≥tσvγEpromptEproαuΛtσonEr≥tγEoμE≥nαEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SE
EuropeanoPhysicaloJournaloCQE2012QE]WQEWWZV 4.2 46

(2012-2015)
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477 zγ≥rΛπEμorEnγwEpπysσΛsEwσtπEs≥mγRsσνnEσsoψ≥tγαEασψγptonEγvγntsEwσtπEτγtsE≥nαEmσssσnνEtr≥nsvγrsγE
γnγrνyE≥tEtπγEsojSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 46

476 zγ≥rΛπEμorEnγwEpπysσΛsEwσtπEτγtsE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 46

475 jombσnγαEsγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμEΛπ≥rνσnosE≥nαEnγutr≥ψσnosEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 45

474 lxΛψusσvγE˛‡˛‡EReE˛…EPE˛…Eâ��EproαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrtE{s}EdE{]}ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2012QEWUVWQEV 5.4 45

473 zγ≥rΛπEμorEtπγE≥ssoΛσ≥tγαEproαuΛtσonEoμEtπγEoσννsEbosonEwσtπE≥EtopRqu≥rχEp≥σrSEJournaloofoHigho
EnergyoPhysicsQE2014QEWUVYQEV 5.4 45

472
zγ≥rΛπEμorEγxΛψusσvγEorEsγmσRγxΛψusσvγE˛‡˛‡EproαuΛtσonE≥nαEobsγrv≥tσonEoμEγxΛψusσvγE≥nαE
sγmσRγxΛψusσvγEγPγâ��EproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2012QEWUVWQEV

5.4 45

471 tγ≥surγmγntEoμEtπγEsumEoμE~~E≥nαE~¯EproαuΛtσonEwσtπE~PαστγtEγvγntsEσnEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2013QE]XQEWW^X 4.2 45

470 tγ≥surγmγntEoμEtπγEiPEproαuΛtσonEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdV_[UEEnγ}SEPhysicaloReviewoDQE
2007QE]ZQE 4.9 45

469 tγ≥surγmγntEoμEtπγE–MX^]WNEproαuΛtσonEΛrossEsγΛtσonEvσ≥EαγΛ≥ysEtoEqTˇ�ˇ�EPEˇ�Eâ��EσnEppEΛoψψσsσonsE≥tEME
sqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 44

468 zγ≥rΛπEμorEπγ≥vyEbottomRψσχγEqu≥rχsEσnEYS_Eμbâ��VEoμEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2012QEWUVWQEV 5.4 44

467 jπ≥rνγαEp≥rtσΛψγEtr≥nsvγrsγEmomγntumEspγΛtr≥EσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdEUS_ENE≥nαE]E{γ}SE
JournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 44

466 tγ≥surγmγntEoμEtπγEμorw≥rαRb≥Λχw≥rαEΛπ≥rνγE≥symmγtryEoμEγψγΛtronRposσtronEp≥σrsEσnEp´flpE
ΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewoDQE2005QE]VQE 4.9 44

465 tγ≥surγmγntEoμEtπγEMEtovγrψσnγ{t}ENEproαuΛtσonEΛrossEsγΛtσonEσnEtπγEασψγptonEΛπ≥nnγψEσnEppEΛoψψσsσonsE
≥tEMEsqrt{s}ENEdE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 43

464 tγ≥surγmγntEoμEtπγEασμμγrγntσ≥ψE≥nαEαoubψγRασμμγrγntσ≥ψEkrγψψR ≥nEΛrossEsγΛtσonsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]E{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 43

463 zγ≥rΛπEμorEψγptonσΛEαγΛ≥ysEoμE~fEbosonsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE{]}ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2012QEWUVWQEV 5.4 43

462 lvγntE≥ΛtσvσtyEαγpγnαγnΛγEoμEME ENMnzNEproαuΛtσonEσnEMEsqrt{{{s−{uuE}}}}ENEdEZSUWE{γ}EpwbE≥nαEMEsqrt{s}ENE
dEWS][E{γ}EppEΛoψψσsσonsSEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 42

461 zγ≥rΛπγsEμorEuγwEwπysσΛsEσnEkσpπotonElvγntsEσnEpp´flEjoψψσsσonsE≥tEâ��sdVS^{γ}SEPhysicaloReviewoLettersQE
1998QE^VQEV]_VRV]_[ 7.4 42

460 jomp≥rσsonEoμEτγtEproαuΛtσonEσnEpRb≥rpEΛoψψσsσonsE≥tEsqrtEsEdZY[E≥nαEV^UUEnγ}SEPhysicaloReviewo
LettersQE1993QE]UQEVX][RVX^U 7.4 42
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459
tγ≥surγmγntEoμEtπγEσnΛψusσvγEXRτγtEproαuΛtσonEασμμγrγntσ≥ψEΛrossEsγΛtσonEσnEprotonRprotonEΛoψψσsσonsE
≥tE]E{γ}´ ≥nαEαγtγrmσn≥tσonEoμEtπγEstronνEΛoupψσnνEΛonst≥ntEσnEtπγE{γ}´ r≥nνγSEEuropeanoPhysicalo
JournaloCQE2015QE]ZQEV^[

4.2 41

458 tγ≥surγmγntEoμEpromptEqTˇ�Ep≥σrEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]E{γvSEJournaloofoHigho
EnergyoPhysicsQE2014QEWUVYQEV 5.4 41

457 zγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμEΛπ≥rνσnosE≥nαEnγutr≥ψσnosEusσnνEψγptonσΛEμσn≥ψEst≥tγsEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 41

456 zγ≥rΛπEμorEψ≥rνγEγxtr≥EασmγnsσonsEσnEtπγEproαuΛtσonEoμEτγtsE≥nαEmσssσnνEtr≥nsvγrsγEγnγrνyEσnEppE
ΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdEVS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_]QEV]V^UW 7.4 41

455 tγ≥surγmγntEoμEtπγEσnγψ≥stσΛEprotonRprotonEΛrossEsγΛtσonE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2018QEWUV^QEV 5.4 41

454 zγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμEΛπ≥rνσnosE≥nαEnγutr≥ψσnosEσnEmuψtσψγptonEμσn≥ψEst≥tγsEσnE
protonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 40

453 zoμtE≥nαEπ≥rαEσntγr≥ΛtσonsEσnEpp´flEΛoψψσsσonsE≥tEsdV^UUE≥nαE[XUEnγ}SEPhysicaloReviewoDQE2002QE[ZQE 4.9 40

452 zγ≥rΛπγsEμorEnγwEpπysσΛsEσnEασpπotonEγvγntsEσnEpp´flEΛoψψσsσonsE≥tEsdVS^{γ}SEPhysicaloReviewoDQE1999QE
Z_QE 4.9 40

451 ztuασγsEoμEτγtEm≥ssEσnEαστγtE≥nαE~T¯EPEτγtEγvγntsSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 39

450 ztuαyEoμEtπγEunαγrψyσnνEγvγntE≥tEμorw≥rαEr≥pσασtyEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}dUS_QWS][Qbm≥tπrm{≥nα}b]bm≥tπrm{{γ}}ENSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 39

449 tγ≥surγmγntEoμEtπγE¯¯EproαuΛtσonEΛrossEsγΛtσonE≥nαEsγ≥rΛπEμorE≥nom≥ψousEΛoupψσnνsEσnEWâ��Wâ��fEμσn≥ψE
st≥tγsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 39

448 zγ≥rΛπEμorEs≥mγRsσνnEtopRqu≥rχEp≥σrEproαuΛtσonE≥tEMEsqrtE{s}EdE]ENE{γ}E≥nαEψσmσtsEonEμψ≥vourEΛπ≥nνσnνE
nγutr≥ψEΛurrγntsEσnEtπγEtopEsγΛtorSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 39

447 zγ≥rΛπEμorEnγwEπσνπRm≥ssEp≥rtσΛψγsEαγΛ≥yσnνEtoEsγptonEp≥σrsEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEsEdEVS_[E
{γ}SEPhysicaloReviewoLettersQE2005QE_ZQEWZWUUV 7.4 39

446 zγ≥rΛπEμorEn≥tur≥ψE≥nαEspψσtEsupγrsymmγtryEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}EσnEμσn≥ψE
st≥tγsEwσtπEτγtsE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 39

445 zγ≥rΛπEμorEnγwEpπysσΛsEσnEγvγntsEwσtπEs≥mγRsσνnEασψγptonsE≥nαEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE^E
{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 38

444 zγ≥rΛπEμorEmσΛrosΛopσΛEbψ≥ΛχEπoψγsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysics
QE2013QEWUVXQEV 5.4 38

443 tγ≥surγmγntEoμEtπγEψγptonEΛπ≥rνγE≥symmγtryEσnEσnΛψusσvγE~EproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}E
dE]b{tγxt{{γ}}}ENSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 38

442 vbsγrv≥tσonEoμE˛�bUReqTˇ�E˛�E≥tEtπγEmγrmσψ≥bEprotonR≥ntσprotonEΛoψψσαγrSEPhysicaloReviewoDQE1997QEZZQEVVYWRVVZW4.9 38

(1997-2015)
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441 tγ≥surγmγntEoμEiMtERReE~bNTiMtRReE~qNE≥tEtπγEΛoψψσαγrEαγtγΛtorE≥tEμγrmσψ≥bSEPhysicaloReviewoLettersQE
2005QE_ZQEVUWUUW 7.4 38

440 zγ≥rΛπEμorEnγwEpπysσΛsEusσnνEπσνπRm≥ssEt≥uEp≥σrsEμromEVS_[E{γ}EppEΛoψψσsσonsSEPhysicaloReviewo
LettersQE2005QE_ZQEVXV^UV 7.4 38

439 tγ≥surγmγntEoμEtπγE±mormuψ≥aEsγγEtγxt·EΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·E{γ}≥nαE
ψσmσtsEonE≥nom≥ψousEν≥uνγEΛoupψσnνsSEEuropeanoPhysicaloJournaloCQE2016QE][QEYUV 4.2 38

438
jonstr≥σntsEonEp≥rtonEασstrσbutσonEμunΛtσonsE≥nαEγxtr≥ΛtσonEoμEtπγEstronνEΛoupψσnνEΛonst≥ntEμromE
tπγEσnΛψusσvγEτγtEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeano
PhysicaloJournaloCQE2015QE]ZQEW^^

4.2 37

437 tγ≥surγmγntEoμEtπγEασμμγrγntσ≥ψEΛrossEsγΛtσonE≥nαEΛπ≥rνγE≥symmγtryEμorEσnΛψusσvγE±mormuψ≥aEsγγE
tγxt·EproαuΛtσonE≥tE±mormuψ≥aEsγγEtγxt·E{γ}SEEuropeanoPhysicaloJournaloCQE2016QE][QEY[_ 4.2 37

436 tγ≥surγmγntEoμE≥ssoΛσ≥tγαE~EPEΛπ≥rmEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]E{γ}SEJournaloofo
HighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 37

435 qγtEproαuΛtσonEr≥tγsEσnE≥ssoΛσ≥tσonEwσtπE~E≥nαE¯EbosonsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]E{tγxt{{γ}}}ENSE
JournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 37

434 tγ≥surγmγntEoμEm≥ssγsEσnEtπγE±mormuψ≥aEsγγEtγxt·EsystγmEbyEχσnγm≥tσΛEγnαpoσntsEσnEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2013QE]XQEWY_Y 4.2 37

433 zγ≥rΛπEμorEn≥rrowErγson≥nΛγsE≥nαEqu≥ntumEbψ≥ΛχEπoψγsEσnEσnΛψusσvγE≥nαEbRt≥ννγαEαστγtEm≥ssEspγΛtr≥E
μromEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 37

432 tγ≥surγmγntEoμEpsγuαor≥pσασtyEασstrσbutσonsEoμEΛπ≥rνγαEp≥rtσΛψγsEσnEprotonâ��protonEΛoψψσsσonsE≥tE
Msqrt{s}EdE^NE{γ}EbyEtπγEjtzE≥nαE{v{ltEγxpγrσmγntsSEEuropeanoPhysicaloJournaloCQE2014QE]YQEV 4.2 37

431 tγ≥surγmγntEoμEtπγEtopEqu≥rχEm≥ssEusσnνEtγmpψ≥tγEmγtπoαsEonEασψγptonEγvγntsEσnEpp´flEΛoψψσsσonsE≥tE
sdVS_[EE{γ}SEPhysicaloReviewoDQE2006QE]XQE 4.9 37

430 kσrγΛtEsγ≥rΛπEμorEkσr≥ΛEm≥νnγtσΛEmonopoψγsEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEsEdEVS_[E{γ}SEPhysicalo
ReviewoLettersQE2006QE_[QEWUV^UV 7.4 37

429 sσmσtsEonEγxtr≥EασmγnsσonsE≥nαEnγwEp≥rtσΛψγEproαuΛtσonEσnEtπγEγxΛψusσvγEpπotonE≥nαEmσssσnνEγnγrνyE
sσνn≥turγEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootE±s·dVS^E{γ}SEPhysicaloReviewoLettersQE2002QE^_QEW^V^UV 7.4 37

428 {woRτγtEσnv≥rσ≥ntRm≥ssEασstrσbutσonE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoDQE1990QEYVQEV]WWRV]WZ 4.9 37

427 tγ≥surγmγntsEoμEoσννsEbosonEpropγrtσγsEσnEtπγEασpπotonEαγΛ≥yEΛπ≥nnγψEσnEprotonRprotonEΛoψψσsσonsE
≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 37

426 tγ≥surγmγntEoμEpromptE≥nαEnonpromptEΛπ≥rmonσumEsupprγssσonEσnEΛoψψσsσonsE≥tEZSUWSEEuropeano
PhysicaloJournaloCQE2018QE]^QEZU_ 4.2 37

425 tγ≥surγmγntEoμEtπγEtopRqu≥rχEm≥ssEσnEMm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}NEγvγntsEwσtπEασψγptonEμσn≥ψE
st≥tγsEσnEppEΛoψψσsσonsE≥tEMsqrt{s}d]Embox{{γ}}NSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 36

424 mσrstEmγ≥surγmγntEoμEtπγEunαγrψyσnνEγvγntE≥ΛtσvσtyE≥tEtπγEsojEwσtπEMsqrt{s}EdEUS_NE{γ}SEEuropeano
PhysicaloJournaloCQE2010QE]UQEZZZRZ]W 4.2 36
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423 lvσαγnΛγEμorE~P~â��EwroαuΛtσonEσnEp´flpEjoψψσsσonsE≥tEsdVS^{γ}SEPhysicaloReviewoLettersQE1997QE]^QEYZX[RYZYU7.4 36

422 tomγntumEασstrσbutσonEoμEΛπ≥rνγαEp≥rtσΛψγsEσnEτγtsEσnEαστγtEγvγntsEσnEpp´flEΛoψψσsσonsE≥tEsdVS^{γ}E≥nαE
Λomp≥rσsonsEtoEpγrturb≥tσvγExjkEprγασΛtσonsSEPhysicaloReviewoDQE2003QE[^QE 4.9 36

421 tγ≥surγmγntEoμEp≥rtσ≥ψEwσαtπsE≥nαEsγ≥rΛπEμorEασrγΛtEjwEvσoψ≥tσonEσnEkUEmγsonEαγΛ≥ysEtoErRrPE≥nαE
pσRpσPSEPhysicaloReviewoLettersQE2005QE_YQEVWWUUV 7.4 36

420 tγ≥surγmγntEoμEτγtEsπ≥pγsEσnEpRb≥rpEΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoLettersQE1993QE]UQE]VXR]V]7.4 36

419 tγ≥surγmγntEoμEtπγEαoubψγRασμμγrγntσ≥ψEσnΛψusσvγEτγtEΛrossEsγΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEYZV 4.2 36

418 zγ≥rΛπEμorEασs≥ppγ≥rσnνEtr≥ΛχsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyo
PhysicsQE2015QEWUVZQEV 5.4 35

417 tγ≥surγmγntEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsEμorEoσννsEbosonEproαuΛtσonEσnEtπγEασpπotonEαγΛ≥yE
Λπ≥nnγψEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEVX 4.2 35

416 zγ≥rΛπEμorEtπγEst≥nα≥rαEmoαγψEoσννsEbosonEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EtopRqu≥rχEp≥σrEσnEppE
ΛoψψσsσonsE≥tEtπγEsojSEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 35

415
zγ≥rΛπEμorEtπσrαRνγnγr≥tσonEsΛ≥ψ≥rEψγptoqu≥rχsE≥nαEπγ≥vyErσνπtRπ≥nαγαEnγutrσnosEσnEμσn≥ψEst≥tγsEwσtπE
twoEt≥uEψγptonsE≥nαEtwoEτγtsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyo
PhysicsQE2017QEWUV]QEV

5.4 35

414
tγ≥surγmγntEoμEtπγEMm≥tπrm{{tb≥r{t}}}NEproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEMsqrt{s}d]NE{γ}E
usσnνEtπγEχσnγm≥tσΛEpropγrtσγsEoμEγvγntsEwσtπEψγptonsE≥nαEτγtsSEEuropeanoPhysicaloJournaloCQE2011QE
]VQEV

4.2 35

413 tγ≥surγmγntEoμEtπγEstronνEΛoupψσnνEΛonst≥ntEμromEσnΛψusσvγEτγtEproαuΛtσonE≥tEtπγE{γv≥tronEppE
ΛoψψσαγrSEPhysicaloReviewoLettersQE2002QE^^QEUYWUUV 7.4 35

412 zγ≥rΛπEμorEtπγEΛπ≥rνγαEoσννsEbosonEσnEtπγEαγΛ≥ysEoμEtopEqu≥rχEp≥σrsEσnEtπγEγˇ�E≥nαE˛…ˇ�EΛπ≥nnγψsE≥tE
sdVS^E{γ}SEPhysicaloReviewoDQE2000QE[WQE 4.9 35

411
tγ≥surγmγntE≥nαExjkE≥n≥ψysσsEoμEαoubψγRασμμγrγntσ≥ψEσnΛψusσvγEτγtEΛrossEsγΛtσonsEσnEppEΛoψψσsσonsE≥tE
MEsqrt{s}d^ENE{γ}E≥nαEΛrossEsγΛtσonEr≥tσosEtoEWS][E≥nαE]E{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 34

410 zγ≥rΛπEμorEnγwEpπysσΛsEσnEs≥mγRsσνnEασψγptonEγvγntsEσnEprotonRprotonEΛoψψσsσonsE≥tE±mormuψ≥aEsγγE
tγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEYX_ 4.2 34

409 zγ≥rΛπEμorEmσΛrosΛopσΛEbψ≥ΛχEπoψγsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE{tγxt{]{γ}}}ENSEJournaloofoHigho
EnergyoPhysicsQE2012QEWUVWQEV 5.4 34

408 zγ≥rΛπEμorEπγ≥vyEst≥bψγEΛπ≥rνγαEp≥rtσΛψγsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]b{tγxt{{γ}}}ENSEJournaloofo
HighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 34

407 tγ≥surγmγntEoμEtπγEΛrossEsγΛtσonEμorEtt´flEproαuΛtσonEσnEpp´flEΛoψψσsσonsEusσnνEtπγEχσnγm≥tσΛsEoμE
ψγptonPτγtsEγvγntsSEPhysicaloReviewoDQE2005QE]WQE 4.9 34

406 koubψγEασμμr≥ΛtσonEασssoΛσ≥tσonE≥tEtπγEmγrmσψ≥bE{γv≥tronEΛoψψσαγrSEPhysicaloReviewoLettersQE2001QE^]QEVYV^UW7.4 34

(2001-1997)
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405 lvσαγnΛγEμorEΛoψorEΛoπγrγnΛγEσnEppRb≥rEΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoDQE1994QEZUQEZZ[WRZZ]_4.9 34

404 zγ≥rΛπEμorEαγΛ≥ysEoμEstoppγαEψonνRψσvγαEp≥rtσΛψγsEproαuΛγαEσnEprotonRprotonEΛoψψσsσonsE≥tE±mormuψ≥aE
sγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2015QE]ZQEVZV 4.2 33

403 zγ≥rΛπEμorEnγwEpπysσΛsEσnEγvγntsEwσtπEs≥mγRsσνnEασψγptonsE≥nαEbEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 33

402 zγ≥rΛπγsEμorEtπσrαRνγnγr≥tσonEsqu≥rχEproαuΛtσonEσnEμuψψyEπ≥αronσΛEμσn≥ψEst≥tγsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 33

401 zγ≥rΛπEμorE≥EψσνπtEΛπ≥rνγαEoσννsEbosonEαγΛ≥yσnνEtoEMEm≥tπrm{Λ}ovγrψσnγ{m≥tπrm{s}}ENEσnEppEΛoψψσsσonsE
≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEVRX] 5.4 33

400 tγ≥surγmγntEoμEtπγEσnΛψusσvγEτγtEΛrossEsγΛtσonEusσnνEtπγEχ{E≥ψνorσtπmEσnEppEΛoψψσsσonsE≥tEMsqu≥rγE
rootEsNdVS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_[QEVWWUUV 7.4 33

399 zγ≥rΛπEμorE±ΛorrγΛtγα·EiUMsNERReEmuPEmuRE≥nαEiUMαNE±ΛorrγΛtγα·ERReEmuEPEmuREαγΛ≥ysEσnEppEΛoψψσsσonsE
wσtπEjkmEppSEPhysicaloReviewoLettersQE2005QE_ZQEWWV^UZ 7.4 33

398 tγ≥surγmγntEoμEtπγEΛrossEsγΛtσonEμorEpromptEασpπotonEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEoμE
sdVS_[E{γ}SEPhysicaloReviewoLettersQE2005QE_ZQEUWWUUX 7.4 33

397 sσmσtsEonE¯RpπotonEΛoupψσnνsEμromEpRpRb≥rEσntγr≥ΛtσonsE≥tEsqrtEsdVS^{γ}SEPhysicaloReviewoLettersQE
1995QE]YQEV_YVRV_YZ 7.4 33

396 pαγntσμσΛ≥tσonEtγΛπnσquγsEμorEπσνπψyEboostγαE~EbosonsEtπ≥tEαγΛ≥yEσntoEπ≥αronsSEJournaloofoHigho
EnergyoPhysicsQE2014QEWUVYQEV 5.4 32

395 zγ≥rΛπEμorErγson≥nΛγsEσnEtπγEασψγptonEm≥ssEασstrσbutσonEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournalo
ofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 32

394 zγ≥rΛπEμorEsupγrsymmγtryEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}EσnEγvγntsEwσtπE≥EsσnνψγEψγptonQEτγtsQE
≥nαEmσssσnνEtr≥nsvγrsγEmomγntumSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 32

393 tγ≥surγmγntEoμEtπγEkrγψψR ≥nEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2011QEWUVVQEV 5.4 32

392 zγ≥rΛπEμorEγψγΛtrowγ≥χEsσnνψγRtopRqu≥rχEproαuΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewo
DQE2005QE]VQE 4.9 32

391 mσrstEmγ≥surγmγntEoμEtπγEr≥tσoEiMtERReE~bNTiMtERReE~qNE≥nαE≥ssoΛσ≥tγαEψσmσtEonEtπγE
j≥bσbboRrob≥y≥sπσRt≥sχ≥w≥EγψγmγntET}MtbNTSEPhysicaloReviewoLettersQE2001QE^[QEXWXXR^ 7.4 32

390 tγ≥surγmγntEoμEtπγEtt´flEproαuΛtσonEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EEE{γ}EusσnνEψγptonEpψusE
τγtsEγvγntsEwσtπEsγmσψγptonσΛEiEαγΛ≥ysEtoEmuonsSEPhysicaloReviewoDQE2005QE]WQE 4.9 31

389 lvσαγnΛγEμorEiUEsRRepπσpπσEαγΛ≥yE≥nαEmγ≥surγmγntsEoμEbr≥nΛπσnνEr≥tσoE≥nαEhMjwNEμorEiPERRepπσrPSE
PhysicaloReviewoLettersQE2005QE_ZQEUXV^UV 7.4 31

388 tγ≥surγmγntEoμEtπγEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEproαuΛtσonEΛrossEsγΛtσonEσnEtπγEγ˛…EΛπ≥nnγψEσnE
protonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE≥nαE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 30

Stefano Belforte
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387 zγ≥rΛπEσnEψγptonσΛEΛπ≥nnγψsEμorEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEtoEψonνRψσvγαEnγutr≥ψEp≥rtσΛψγsSEJournaloofo
HighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 30

386 pnΛψusσvγEbRτγtEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMsqrtE{s}EdE]{γ}NSEJournaloofoHighoEnergyoPhysicsQE2012QE
WUVWQEV 5.4 30

385 vbsγrv≥tσonEoμE¯EαγΛ≥ysEtoEμourEψγptonsEwσtπEtπγEjtzEαγtγΛtorE≥tEtπγEsojSEJournaloofoHighoEnergyo
PhysicsQE2012QEWUVWQEV 5.4 30

384 tγ≥surγmγntEoμEtπγEtopRqu≥rχEm≥ssEσnEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEγvγntsEwσtπEψγptonPτγtsE
μσn≥ψEst≥tγsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 30

383 tγ≥surγmγntEoμEtπγEunαγrψyσnνEγvγntEσnEtπγEkrγψψâ�� ≥nEproΛγssEσnEprotonâ��protonEΛoψψσsσonsE≥tE
Msqrt{s}EdE]~mbox{{γ}}NSEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 30

382 wrγΛσsσonEtopRqu≥rχEm≥ssEmγ≥surγmγntEσnEtπγEψγptonPτγtsEtopoψoνyEσnEpEpEΛoψψσsσonsE≥tEsqu≥rγErootE
sdVS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_[QEUWWUUY 7.4 30

381 tγ≥surγmγntEoμEtπγEσnΛψusσvγEτγtEΛrossEsγΛtσonEσnEpp´flEσntγr≥ΛtσonsE≥tEsdVS_[EE{γ}EusσnνE≥EΛonγRb≥sγαE
τγtE≥ψνorσtπmSEPhysicaloReviewoDQE2006QE]YQE 4.9 30

380 tγ≥surγmγntEoμE~ν≥mm≥E≥nαE¯ν≥mm≥EproαuΛtσonEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEsdVS_[E{γ}SE
PhysicaloReviewoLettersQE2005QE_YQEUYV^UX 7.4 30

379 lvγntsEwσtπE≥Ey≥pσασtyEn≥pEbγtwγγnEqγtsEσnEp´flpEjoψψσsσonsE≥tEâ��sd[XUnγ}SEPhysicaloReviewoLettersQE
1998QE^VQEZW]^RZW^X 7.4 30

378 tγ≥surγmγntEoμEtπγEΛrossEsγΛtσonEμorEproαuΛtσonEoμEtwoEσsoψ≥tγαEpromptEpπotonsEσnEppRb≥rE
ΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoLettersQE1993QE]UQEWWXWRWWX[ 7.4 30

377 tγ≥surγmγntsEoμEtπγEproαuΛtσonEΛrossEsγΛtσonE≥nαEtπγEbr≥nΛπσnνEμr≥ΛtσonQE≥nαEΛonstr≥σntsEonE
≥nom≥ψousEtrσpψγEν≥uνγEΛoupψσnνsE≥tSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV[Z 4.2 29

376 zγ≥rΛπEμorEsupγrsymmγtryEσnEμσn≥ψEst≥tγsEwσtπEmσssσnνEtr≥nsvγrsγEγnγrνyE≥nαEUQEVQEWQEorEâ�¥XEbRqu≥rχE
τγtsEσnE]E{γ}EppEΛoψψσsσonsEusσnνEtπγEv≥rσ≥bψγE˛–E{SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 29

375 vbsγrv≥tσonEoμE MVzNEp≥σrEproαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV 5.4 29

374 tγ≥surγmγntEoμEtopEqu≥rχR≥ntσqu≥rχEp≥σrEproαuΛtσonEσnE≥ssoΛσ≥tσonEwσtπE≥E~EorE¯EbosonEσnEppE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2014QE]YQEXU[U 4.2 29

373 tγ≥surγmγntEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsEμorEtπγEproαuΛtσonEoμE≥Ep≥σrEoμEσsoψ≥tγαEpπotonsEσnEppE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2014QE]YQEXVW_ 4.2 29

372 zγ≥rΛπEμorEγxΛσtγαEqu≥rχsEσnEppRb≥rEΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoLettersQE1994QE]WQEXUUYRXUU^7.4 29

371 zγ≥rΛπEμorEπγ≥vyEt≥τor≥n≥EnγutrσnosEσnEγ´–γ´–PEτγtsE≥nαEγ´–E˛…E´–PEτγtsEγvγntsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 28

370 zγ≥rΛπEμorEsupγrsymmγtryEσnEγvγntsEwσtπEbEτγtsE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumE≥tEtπγEsojSE
JournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 28

(2011-2013)
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369 zγ≥rΛπEμorEπσνπRm≥ssErγson≥nΛγsEαγΛ≥yσnνEtoEγmuEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEdEVS[_E{γ}SEPhysicalo
ReviewoLettersQE2006QE_[QEWVV^UW 7.4 28

368 tγ≥surγmγntEoμEtπγEtt´flEproαuΛtσonEΛrossEsγΛtσonEσnEpp´flΛoψψσsσonsE≥tEsdVS_[EE{γ}EusσnνEχσnγm≥tσΛE
μσttσnνEoμEbRt≥ννγαEψγptonPτγtEγvγntsSEPhysicaloReviewoDQE2005QE]VQE 4.9 28

367 tγ≥surγmγntEoμEbRqu≥rχEμr≥νmγnt≥tσonEμr≥ΛtσonsEσnEpKpm≥ΛrbEΛoψψσsσonsE≥tEsqrtSEPhysicaloReviewo
LettersQE2000QE^YQEV[[XR^ 7.4 28

366 y≥tσosEoμEbottomEmγsonEbr≥nΛπσnνEμr≥ΛtσonsEσnvoψvσnνEqTEpsσEmγsonsE≥nαEαγtγrmσn≥tσonEoμEbEqu≥rχE
μr≥νmγnt≥tσonEμr≥ΛtσonsSEPhysicaloReviewoDQE1996QEZYQE[Z_[R[[U_ 4.9 28

365 zγ≥rΛπEμorEψowEm≥ssEvγΛtorErγson≥nΛγsEαγΛ≥yσnνEσntoEqu≥rχR≥ntσqu≥rχEp≥σrsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 28

364 tγ≥surγmγntEoμEtπγEproαuΛtσonEΛrossEsγΛtσonQEtπγEtopEqu≥rχEm≥ssQE≥nαEtπγEstronνEΛoupψσnνE
Λonst≥ntEusσnνEασψγptonEγvγntsEσnEppEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QEX[^ 4.2 27

363 lvσαγnΛγEμorEγxΛψusσvγE˛‡˛‡EReE~EPE~Eâ��EproαuΛtσonE≥nαEΛonstr≥σntsEonE≥nom≥ψousEqu≥rtσΛEν≥uνγE
ΛoupψσnνsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE≥nαE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 27

362 zπ≥pγQEtr≥nsvγrsγEsσzγQE≥nαEΛπ≥rνγαRπ≥αronEmuψtσpψσΛσtyEoμEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]b{γ}ENSE
JournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 27

361 tγ≥surγmγntEoμEME{tγxt{i}}ovγrψσnγE{tγxt{i}}ENE≥nνuψ≥rEΛorrγψ≥tσonsEb≥sγαEonEsγΛonα≥ryEvγrtγxE
rγΛonstruΛtσonE≥tEMEsqrtE{s}EdE]Q{tγxt{{γ}}}ENSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 27

360 tγ≥surγmγntEoμEtπγEmomγntsEoμEtπγEπ≥αronσΛEσnv≥rσ≥ntEm≥ssEασstrσbutσonEσnEsγmσψγptonσΛEiEαγΛ≥ysSE
PhysicaloReviewoDQE2005QE]VQE 4.9 27

359 zγ≥rΛπEμorEψonνRψσvγαEαoubψyEΛπ≥rνγαEoσννsEbosonsEσnEppEΛoψψσsσonsE≥tEsqrt±s·EdEVS_[E{γ}SEPhysicalo
ReviewoLettersQE2005QE_ZQEU]V^UV 7.4 27

358 qγtRμr≥νmγnt≥tσonEpropγrtσγsEσnEpRb≥rpEΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoLettersQE1990QE
[ZQE_[^R_]V 7.4 27

357 tγ≥surγmγntEoμEpromptE≥nαEnonpromptE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEσnE±mormuψ≥aEsγγEtγxt·E≥nαE
±mormuψ≥aEsγγEtγxt·EΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2017QE]]QEW[_ 4.2 26

356 tγ≥surγmγntEoμEtπγEΛrossEsγΛtσonE≥nαE≥nνuψ≥rEΛorrγψ≥tσonsEμorE≥ssoΛσ≥tγαEproαuΛtσonEoμE≥E¯EbosonE
wσtπEbEπ≥αronsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]E{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 26

355
zγ≥rΛπEμorE≥nom≥ψousE~tbEΛoupψσnνsE≥nαEμψ≥vourRΛπ≥nνσnνEnγutr≥ψEΛurrγntsEσnEtRΛπ≥nnγψEsσnνψγEtopE
qu≥rχEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE≥nαE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 26

354 zγ≥rΛπγsEμorEsupγrsymmγtryEusσnνEtπγEtE{WEv≥rσ≥bψγEσnEπ≥αronσΛEγvγntsEproαuΛγαEσnEppEΛoψψσsσonsE≥tE
^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 26

353 zγ≥rΛπEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEσnEopposσtγRsσνnEασψγptonEγvγntsEσnEppEΛoψψσsσonsE≥tEME
sqrtE{s}EdE]Q{tγxt{{γ}}}ENSEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 26

352 wrγΛσsσonEmγ≥surγmγntEoμEtπγEtopRqu≥rχEm≥ssEμromEασψγptonEγvγntsE≥tEjkmEppSEPhysicaloReviewoDQE
2007QE]ZQE 4.9 26
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351
tγ≥surγmγntEoμEαEsσνm≥TαtE≥nαEμorw≥rαRb≥Λχw≥rαEΛπ≥rνγE≥symmγtryEμorEπσνπRm≥ssEkrγψψR ≥nE
γMPNγMRNEp≥σrsEμromEppEm≥ΛroEΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdEVS^E{γ}SEPhysicaloReviewoLettersQE2001QE
^]QEVXV^UW

7.4 26

350 tγ≥surγmγntEoμEtπγEαγΛ≥yE≥mpψσtuαγsEoμEiUERReEqTpsσrOUE≥nαEiMsNMUNERReEqTpsσstr≥σνπtEpπσEαγΛ≥ysSE
PhysicaloReviewoLettersQE2000QE^ZQEY[[^R]X 7.4 26

349 tγ≥surγmγntEoμEs≥mbα≥EUbEsσμγtσmγE|sσnνEs≥mbα≥EUbRReEs≥mbα≥EPΛSEPhysicaloReviewoLettersQE1996QE
]]QEVYX_RVYYX 7.4 26

348
tγ≥surγmγntEoμEtπγE~RbosonEπγψσΛσtyEσnEtopRqu≥rχEαγΛ≥ysEμromEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENE
proαuΛtσonEσnEψγptonPτγtsEγvγntsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2013QEWUVXQEV

5.4 25

347 zγ≥rΛπEμorEtopEsqu≥rχEp≥σrEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}EusσnνEsσnνψγEψγptonE
γvγntsSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 25

346
tγ≥surγmγntsEoμEtπγE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·EproαuΛtσonEΛrossEsγΛtσonsEσnEtπγE
±mormuψ≥aEsγγEtγxt·EΛπ≥nnγψEσnEprotonRprotonEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·E≥nαE±mormuψ≥aEsγγE
tγxt·E≥nαEΛombσnγαEΛonstr≥σntsEonEtrσpψγEν≥uνγEΛoupψσnνsSEEuropeanoPhysicaloJournaloCQE2015QE]ZQEZVV

4.2 25

345 zγ≥rΛπEμorErγson≥ntEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEproαuΛtσonEσnEψγptonPτγtsEγvγntsEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 25

344 tγ≥surγmγntsEoμEbottomR≥ntσbottomE≥zσmutπ≥ψEproαuΛtσonEΛorrγψ≥tσonsEσnEprotonR≥ntσprotonE
ΛoψψσsσonsE≥tEsdVS^EE{γ}SEPhysicaloReviewoDQE2005QE]VQE 4.9 25

343 zγ≥rΛπEμorEγxΛσtγαE≥nαEγxotσΛEγψγΛtronsEσnEtπγEγν≥mm≥EαγΛ≥yEΛπ≥nnγψEσnEppEΛoψψσsσonsE≥tEsqrt±s·EdE
VS_[E{γ}SEPhysicaloReviewoLettersQE2005QE_YQEVUV^UW 7.4 25

342 zγ≥rΛπEμorEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEtoEtwoEoσννsEbosonsEσnEμσn≥ψEst≥tγsEΛont≥σnσnνEμourEbEqu≥rχsSE
EuropeanoPhysicaloJournaloCQE2016QE][QEX]V 4.2 25

341 tγ≥surγmγntEoμEtπγEwγ≥χEmσxσnνE≥nνψγEusσnνEtπγEμorw≥rαRb≥Λχw≥rαE≥symmγtryEoμEkrγψψR ≥nE
γvγntsEσnEΛoψψσsσonsE≥tE^SEEuropeanoPhysicaloJournaloCQE2018QE]^QE]UV 4.2 25

340
jonstr≥σntsEonEtπγEptzztQEhtziEmoαγψE≥nαEonEotπγrEmoαγψsEμromEtπγEsγ≥rΛπEμorEψonνRψσvγαE
Λπ≥rνγαEp≥rtσΛψγsEσnEprotonRprotonEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE
2015QE]ZQEXWZ

4.2 24

339 zγ≥rΛπEμorEproαuΛtσonEoμEμourEtopEqu≥rχsEσnEμσn≥ψEst≥tγsEwσtπEs≥mγRsσνnEorEmuψtσpψγEψγptonsEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2020QE^UQE]Z 4.2 24

338 tγ≥surγmγntEoμEσnΛψusσvγEτγtEproαuΛtσonE≥nαEnuΛψγ≥rEmoασμσΛ≥tσonsEσnEpwbEΛoψψσsσonsE≥tE±mormuψ≥aE
sγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEX]W 4.2 24

337 qγtE≥nαEunαγrψyσnνEγvγntEpropγrtσγsE≥sE≥EμunΛtσonEoμEΛπ≥rνγαRp≥rtσΛψγEmuψtσpψσΛσtyEσnEprotonRprotonE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2013QE]XQEW[]Y 4.2 24

336 tγ≥surγmγntEoμEtπγE¯T˛‡OEPEbRτγtEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2012QEWUVWQEV 5.4 24

335 zγ≥rΛπEμorEnγwEpπysσΛsEσnEγvγntsEwσtπEs≥mγRsσνnEασψγptonsE≥nαEbRt≥ννγαEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrtE
{s}EdE]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 24

334 zγ≥rΛπEμorEtπγEst≥nα≥rαEmoαγψEoσννsEbosonEσnEtπγEoEReE¯¯EReEWâ��W˛‰EΛπ≥nnγψEσnEppEΛoψψσsσonsE≥tEMEsqrtE
{tγxt{s}}EdE{]}b{tγxt{{γ}}}ENSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 24

(2012-2001)
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333 tγ≥surγmγntEoμEtπγEπγψσΛσtyEμr≥ΛtσonsEoμE~EbosonsEμromEtopEqu≥rχEαγΛ≥ysEusσnνEμuψψyErγΛonstruΛtγαE
tt´flEγvγntsEwσtπEjkmEppSEPhysicaloReviewoDQE2007QE]ZQE 4.9 24

332 tγ≥surγmγntEoμEtπγEtopRqu≥rχEm≥ssEσnE≥ψψRπ≥αronσΛEαγΛ≥ysEσnEppEΛoψψσsσonsE≥tEjkmEppSEPhysicaloReviewo
LettersQE2007QE_^QEVYWUUV 7.4 24

331 zγ≥rΛπEμorEμσrstRνγnγr≥tσonEsΛ≥ψ≥rEψγptoqu≥rχsEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EEE{γ}SEPhysicaloReviewoDQE
2005QE]WQE 4.9 24

330 vptσmσzγαEsγ≥rΛπEμorEsσnνψγRtopRqu≥rχEproαuΛtσonE≥tEtπγEmγrmσψ≥bE{γv≥tronSEPhysicaloReviewoDQE
2004QE[_QE 4.9 24

329 wγrμorm≥nΛγEoμEtπγEjtzEsγvγψRVEtrσννγrEσnEprotonRprotonEΛoψψσsσonsE≥tEâ��sEdEVXE{γ}SEJournaloofo
InstrumentationQE2020QEVZQEwVUUV]RwVUUV] 1 23

328 zγ≥rΛπEμorE~fEReEtbEαγΛ≥ysEσnEtπγEψγptonEPEτγtsEμσn≥ψEst≥tγEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE^E{γ}SEJournalo
ofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 23

327 tγ≥surγmγntEoμEˇ�Mpp´flRe¯N´•iM¯Reˇ�ˇ�NEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewoDQE2007QE]ZQE 4.9 23

326 rzUE≥nαE˛�UEproαuΛtσonEstuασγsEσnEpp´flEΛoψψσsσonsE≥tEsdV^UUE≥nαE[XUEnγ}SEPhysicaloReviewoDQE2005QE]WQE 4.9 23

325 kσrγΛtEpπotonEΛrossEsγΛtσonEwσtπEΛonvγrsσonsE≥tEjkmSEPhysicaloReviewoDQE2004QE]UQE 4.9 23

324 tγ≥surγmγntEoμEtπγE~MPN~MRNEproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEsqu≥rγEroot±s·dVS_[E{γ}E
usσnνEασψγptonEγvγntsSEPhysicaloReviewoLettersQE2005QE_YQEWVV^UV 7.4 23

323 zγ≥rΛπEμorEtπσrαRνγnγr≥tσonEsΛ≥ψ≥rEψγptoqu≥rχsEαγΛ≥yσnνEtoE≥EtopEqu≥rχE≥nαE≥EψγptonE≥tSEEuropeano
PhysicaloJournaloCQE2018QE]^QE]U] 4.2 23

322
lvσαγnΛγEμorE≥ssoΛσ≥tγαEproαuΛtσonEoμE≥EoσννsEbosonEwσtπE≥EtopEqu≥rχEp≥σrEσnEμσn≥ψEst≥tγsEwσtπE
γψγΛtronsQEmuonsQE≥nαEπ≥αronσΛ≥ψψyEαγΛ≥yσnνEˇ�EψγptonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyo
PhysicsQE2018QEWUV^QEV

5.4 23

321 tγ≥surγmγntEoμEtπγE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEΛrossEsγΛtσonEusσnνEγvγntsEσnEtπγE±mormuψ≥aEsγγE
tγxt·Eμσn≥ψEst≥tγEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2017QE]]QEV]W 4.2 22

320 zγ≥rΛπEμorEα≥rχEm≥ttγrEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπEπγ≥vyRμψ≥vorEqu≥rχEp≥σrsEσnEprotonRprotonE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2017QE]]QE^YZ 4.2 22

319
zγ≥rΛπEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEσnEγvγntsEwσtπEtwoEψγptonsQEτγtsQE≥nαEmσssσnνE
tr≥nsvγrsγEmomγntumEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}ENEdE^E{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QE
WUVZQEV

5.4 22

318 tγ≥surγmγntEoμEiosγRlσnstγσnEΛorrγψ≥tσonsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdEUS_ENE≥nαE]E{γ}SEJournaloofo
HighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 22

317 {opEqu≥rχEm≥ssEmγ≥surγmγntEμromEασψγptonEγvγntsE≥tEjkmEppEwσtπEtπγEm≥trσxRγψγmγntEmγtπoαSE
PhysicaloReviewoDQE2006QE]YQE 4.9 22

316 tγ≥surγmγntEoμEtπγEs≥mbα≥EbUEψσμγtσmγEσnEs≥mbα≥EbURReqTpsσEs≥mbα≥EUEσnEppEΛoψψσsσonsE≥tEsqu≥rγE
rootEsdVS_[E{γ}SEPhysicaloReviewoLettersQE2007QE_^QEVWWUUV 7.4 22
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315 tγ≥surγmγntEoμEtπγE~EbosonEpoψ≥rσz≥tσonEσnEtopEαγΛ≥yE≥tEjkmE≥tEsdVS^EE{γ}SEPhysicaloReviewoDQE
2005QE]VQE 4.9 22

314 tγ≥surγmγntEoμEtπγEr≥tσoEoμEbEqu≥rχEproαuΛtσonEΛrossEsγΛtσonsEσnEp´flpEΛoψψσsσonsE≥tEsd[XUEnγ}E≥nαE
sdV^UUEnγ}SEPhysicaloReviewoDQE2002QE[[QE 4.9 22

313
tγ≥surγmγntEoμEtπγE~¯EproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·E≥nαE
^±mormuψ≥aEsγγEtγxt·E≥nαEsγ≥rΛπEμorE≥nom≥ψousEtrσpψγEν≥uνγEΛoupψσnνsE≥tE±mormuψ≥aEsγγEtγxt·SE
EuropeanoPhysicaloJournaloCQE2017QE]]QEWX[

4.2 21

312
hEsγ≥rΛπEμorEnγwEpπγnomγn≥EσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·EσnEμσn≥ψEst≥tγsEwσtπEmσssσnνE
tr≥nsvγrsγEmomγntumE≥nαE≥tEψγ≥stEonγEτγtEusσnνEtπγE±mormuψ≥aEsγγEtγxt·Ev≥rσ≥bψγSEEuropeanoPhysicalo
JournaloCQE2017QE]]QEW_Y

4.2 21

311 tγ≥surγmγntEoμEγψγΛtrowγ≥χEproαuΛtσonEoμEtwoEτγtsEσnE≥ssoΛσ≥tσonEwσtπE≥E¯EbosonEσnEprotonRprotonE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2015QE]ZQE[[ 4.2 21

310 jorrγψ≥tσonsEbγtwγγnEτγtsE≥nαEΛπ≥rνγαEp≥rtσΛψγsEσnEwbwbE≥nαEppEΛoψψσsσonsE≥tEME
sqrt{s−{m≥tπrm{uu}}}dWS][ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 21

309 tγ≥surγmγntEoμEtπγE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEΛrossEsγΛtσonEσnEtπγE≥ψψRτγtsEμσn≥ψEst≥tγEσnEppE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEVW^ 4.2 21

308 tγ≥surγmγntEoμEtπγEproαuΛtσonEΛrossEsγΛtσonsEμorE≥E¯EbosonE≥nαEonγEorEmorγEbEτγtsEσnEppEΛoψψσsσonsE
≥tEMEsqrt{s}ENEdE]E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 21

307 tγ≥surγmγntEoμEtπγEtopRqu≥rχEm≥ssEσnE≥ψψRτγtsE±mormuψ≥aEsγγEtγxt·EγvγntsEσnEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·E{γ}SEEuropeanoPhysicaloJournaloCQE2014QE]YQEW]Z^ 4.2 21

306 tγ≥surγmγntEoμEtπγEMm≥tπrm{t}b≥r{m≥tπrm{t}}NEproαuΛtσonEΛrossEsγΛtσonEσnEtπγEˇ�PτγtsEΛπ≥nnγψEσnEppE
ΛoψψσsσonsE≥tEMsqrt{s}d]Embox{{γ}}NSEEuropeanoPhysicaloJournaloCQE2013QE]XQEV 4.2 21

305
zγ≥rΛπEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEσnEγvγntsEwσtπEtwoEψγptonsEoμEs≥mγEsσνnQEmσssσnνE
tr≥nsvγrsγEmomγntumQE≥nαEτγtsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2017QE
]]QEZ]^

4.2 21

304 zγ≥rΛπEμorEψσνπtEbosonsEσnEαγΛ≥ysEoμEtπγEVWZEnγ}EoσννsEbosonEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 21

303 zγ≥rΛπEμorE≥EoσννsEbosonEσnEtπγEαγΛ≥yEΛπ≥nnγψEoEReE¯¯MONEReEqMEovγrψσnγE{tγxt{q}}ENEâ��Eâ��Eâ��EPEσnEppEΛoψψσsσonsE
≥tEMEsqrtE{s}EdE]EN{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 21

302 pnΛψusσvγEbRπ≥αronEproαuΛtσonEΛrossEsγΛtσonEwσtπEmuonsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]b{tγxt{{γ}}}ENSE
JournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 21

301 zγ≥rΛπEμorEψ≥rνγEγxtr≥EασmγnsσonsEσnEtπγEασpπotonEμσn≥ψEst≥tγE≥tEtπγEs≥rνγEo≥αronEjoψψσαγrSEJournalo
ofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 21

300 zγ≥rΛπEμorEuγwEw≥rtσΛψγsEkγΛ≥yσnνEσntoEbb´flE≥nαEwroαuΛγαEσnEhssoΛσ≥tσonEwσtπE~EiosonsEkγΛ≥yσnνE
σntoEγ˛‰EorE˛…˛‰E≥tEtπγEmγrmσψ≥bE{γv≥tronSEPhysicaloReviewoLettersQE1997QE]_QEX^V_RX^WY 7.4 21

299 {opRqu≥rχEm≥ssEmγ≥surγmγntEμromEασψγptonEγvγntsE≥tEjkmEppSEPhysicaloReviewoLettersQE2006QE_[QEVZWUUW 7.4 21

298 zγ≥rΛπEμorE}PhEΛurrγntEσnEtopRqu≥rχEαγΛ≥ysEσnEppEΛoψψσsσonsE≥tEsqrtsdVS_[E{γ}SEPhysicaloReviewo
LettersQE2007QE_^QEU]WUUV 7.4 21

(2007-2005)
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297 zγ≥rΛπEμorE≥nom≥ψousEproαuΛtσonEoμEασpπotonEγvγntsEwσtπEmσssσnνEtr≥nsvγrsγEγnγrνyE≥tEjkmE≥nαE
ψσmσtsEonEν≥uνγRmγασ≥tγαEsupγrsymmγtryRbrγ≥χσnνEmoαγψsSEPhysicaloReviewoDQE2005QE]VQE 4.9 21

296 zγ≥rΛπEμorEsγΛonαRνγnγr≥tσonEsΛ≥ψ≥rEψγptoqu≥rχsEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewoDQE
2006QE]XQE 4.9 21

295 zγ≥rΛπEμorEr≥ψuz≥RrψγσnEνr≥vσtonEγmσssσonEσnEppEΛoψψσsσonsE≥tEsqu≥rγEroot±s·EdEVS^E{γ}EusσnνEtπγE
mσssσnνEγnγrνyEsσνn≥turγSEPhysicaloReviewoLettersQE2004QE_WQEVWV^UW 7.4 21

294 zγ≥rΛπEμorEuγwEw≥rtσΛψγsEkγΛ≥yσnνEtoEbb´flEσnEpp´flEjoψψσsσonsE≥tEâ��sdVS^{γ}SEPhysicaloReviewoLettersQE
1999QE^WQEWUX^RWUYX 7.4 21

293 tγ≥surγmγntEoμEtr≥nsvγrsγEmomγntumErγψ≥tσvγEtoEαστγtEsystγmsEσnEwbwbE≥nαEppEΛoψψσsσonsE≥tEME
sqrt{s−{m≥tπrm{uu}}}dWS][ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 21

292
tγ≥surγmγntEoμE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEwσtπE≥αασtσon≥ψEτγtE≥ΛtσvσtyQEσnΛψuασnνE±mormuψ≥aEsγγE
tγxt·Equ≥rχEτγtsQEσnEtπγEασψγptonEαγΛ≥yEΛπ≥nnγψEusσnνEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeano
PhysicaloJournaloCQE2016QE][QEX]_

4.2 20

291 zγ≥rΛπEμorEst≥nα≥rαEmoαγψEproαuΛtσonEoμEμourEtopEqu≥rχsEwσtπEs≥mγRsσνnE≥nαEmuψtσψγptonEμσn≥ψE
st≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2018QE]^QEVYU 4.2 20

290 zγ≥rΛπEμorE≥Eπγ≥vyEpsγuαosΛ≥ψ≥rEbosonEαγΛ≥yσnνEtoE≥E¯E≥nαE≥EoσννsEbosonE≥tSEEuropeanoPhysicalo
JournaloCQE2019QE]_QEZ[Y 4.2 20

289 tγ≥surγmγntEoμEtπγEproαuΛtσonEΛrossEsγΛtσonEμorEp≥σrsEoμEσsoψ≥tγαEpπotonsEσnEppEΛoψψσsσonsE≥tEMEsqrtE
{s}EdE]b{γ}ENSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 20

288
zγ≥rΛπEμorEp≥σrEproαuΛtσonEoμEvγΛtorRψσχγE{E≥nαEiEqu≥rχsEσnEsσnνψγRψγptonEμσn≥ψEst≥tγsEusσnνEboostγαE
τγtEsubstruΛturγEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 20

287 zγ≥rΛπEμorEπγ≥vyErγson≥nΛγsEtπ≥tEαγΛ≥yEσntoE≥EvγΛtorEbosonE≥nαE≥EoσννsEbosonEσnEπ≥αronσΛEμσn≥ψE
st≥tγsE≥tSEEuropeanoPhysicaloJournaloCQE2017QE]]QE[X[ 4.2 20

286 zγ≥rΛπEμorE~fEbosonEαγΛ≥yσnνEtoEγψγΛtronRnγutrσnoEp≥σrsEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicalo
ReviewoDQE2007QE]ZQE 4.9 20

285 tγ≥surγmγntEoμEtπγEtopEqu≥rχEm≥ssEwσtπEtπγEαyn≥mσΛ≥ψEψσχγψσπooαEmγtπoαEusσnνEψγptonEpψusEτγtsE
γvγntsEwσtπEbRt≥νsEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewoDQE2006QE]XQE 4.9 20

284 zγ≥rΛπEμorE≥nom≥ψousEsσnνψγEtopEqu≥rχEproαuΛtσonEσnE≥ssoΛσ≥tσonEwσtπE≥EpπotonEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 20

283
tγ≥surγmγntsEoμEtπγE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEΛrossEsγΛtσonEσnEψγptonPτγtsEμσn≥ψEst≥tγsEσnEppE
ΛoψψσsσonsE≥tE^E±mormuψ≥aEsγγEtγxt·E≥nαEr≥tσoEoμE^EtoE]´ ±mormuψ≥aEsγγEtγxt·EΛrossEsγΛtσonsSEEuropeano
PhysicaloJournaloCQE2017QE]]QEVZ

4.2 19

282 tγ≥surγmγntEoμEtπγE~EbosonEπγψσΛσtyEσnEγvγntsEwσtπE≥EsσnνψγErγΛonstruΛtγαEtopEqu≥rχEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 19

281
zγ≥rΛπEμorErγson≥ntE≥nαEnonrγson≥ntEoσννsEbosonEp≥σrEproαuΛtσonEσnEtπγEME
m≥tπrm{b}ovγrψσnγ{m≥tπrm{b}}m≥tπσt{γψψEnuEγψψEnuE}ENEμσn≥ψEst≥tγEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV

5.4 19

280 zγ≥rΛπEμorEm≥ssσvγE~oErγson≥nΛγsEαγΛ≥yσnνEσntoEtπγE±mormuψ≥aEsγγEtγxt·Eμσn≥ψEst≥tγE≥tE±mormuψ≥aEsγγE
tγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEWX] 4.2 19
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279 tγ≥surγmγntEoμEγxΛψusσvγEpπotoproαuΛtσonEμromEprotonsEσnEwbEΛoψψσsσonsE≥tSEEuropeanoPhysicalo
JournaloCQE2019QE]_QEW]] 4.2 19

278 zγ≥rΛπEμorEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEtoEt≥uEψγptonEp≥σrsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXE
NE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 19

277 zγ≥rΛπEμorEm≥ssσvγErγson≥nΛγsEαγΛ≥yσnνEσntoE~~QE~¯EorE¯¯EbosonsEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 19

276 tγ≥surγmγntEoμEγnγrνyEμψowE≥tEψ≥rνγEpsγuαor≥pσασtσγsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdEUS{_}ENE≥nαE]E
{γ}SEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 19

275 tγ≥surγmγntEoμEsσνm≥Es≥mbα≥EbUTsσνm≥EiUExEiMs≥mbα≥EbURRes≥mbα≥EΛPpσRNTiMiURRekPpσRNEσnEppE
ΛoψψσsσonsE≥tEsqu≥rγErootEsdVS_[E{γ}SEPhysicaloReviewoLettersQE2007QE_^QEVWWUUW 7.4 19

274
zσψσΛonEvγrtγxEtr≥ΛχγraE≥Eμ≥stEprγΛσsγEtr≥ΛχσnνEtrσννγrEμorEjkmSENuclearoInstrumentsoandoMethodsoino
PhysicsoResearch,oSectionoA:oAccelerators,oSpectrometers,oDetectorsoandoAssociatedoEquipmentQE2000QE
YY]QEWV^RWWW

1.2 19

273 vbsγrv≥tσonEoμEiPReˇ�MWzNrPE≥nαEiUReˇ�MWzNrOM^_WNUEαγΛ≥ysE≥nαEmγ≥surγmγntsEoμEiRmγsonEbr≥nΛπσnνE
μr≥ΛtσonsEσntoEqTˇ�E≥nαEˇ�MWzNEμσn≥ψEst≥tγsSEPhysicaloReviewoDQE1998QEZ^QE 4.9 19

272 tγ≥surγmγntEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsEμorEbosonEproαuΛtσonEσnE≥ssoΛσ≥tσonEwσtπEτγtsEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2018QE]^QE_[Z 4.2 19

271 zγ≥rΛπEμorEnγwEpπysσΛsEσnEαστγtE≥nνuψ≥rEασstrσbutσonsEusσnνEprotonRprotonEΛoψψσsσonsE≥tE≥nαE
Λonstr≥σntsEonEα≥rχEm≥ttγrE≥nαEotπγrEmoαγψsSEEuropeanoPhysicaloJournaloCQE2018QE]^QE]^_ 4.2 19

270 zγ≥rΛπEμorEvγΛtorRψσχγEqu≥rχsEσnEγvγntsEwσtπEtwoEopposσtγψyEΛπ≥rνγαEψγptonsE≥nαEτγtsEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QEX[Y 4.2 18

269 ztuαyEoμE¯EproαuΛtσonEσnEwbwbE≥nαEppEΛoψψσsσonsE≥tEMEsqrt{s−{m≥tπrm{uu}}}dWS][ENE{γ}EσnEtπγEασmuonE
≥nαEασγψγΛtronEαγΛ≥yEΛπ≥nnγψsSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 18

268 vbsγrv≥tσonEoμEtopEqu≥rχEp≥σrsEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EvγΛtorEbosonEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 18

267 SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 18

266 zγ≥rΛπEμorEασrγΛtEproαuΛtσonEoμEsupγrsymmγtrσΛEp≥rtnγrsEoμEtπγEtopEqu≥rχEσnEtπγE≥ψψRτγtsEμσn≥ψEst≥tγE
σnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 18

265
zγ≥rΛπEμorEπγ≥vyEnγutrσnosEorEtπσrαRνγnγr≥tσonEψγptoqu≥rχsEσnEμσn≥ψEst≥tγsEwσtπEtwoEπ≥αronσΛ≥ψψyE
αγΛ≥yσnνEˇ�EψγptonsE≥nαEtwoEτγtsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV

5.4 18

264 zγ≥rΛπEμorEnγutr≥ψEtzztEoσννsEbosonsEαγΛ≥yσnνEσntoE≥Ep≥σrEoμEbottomEqu≥rχsSEJournaloofoHigho
EnergyoPhysicsQE2015QEWUVZQEV 5.4 18

263 kσμμr≥ΛtσvγEαστγtEproαuΛtσonE≥tEsqrt±s·EdE[XUE≥nαEV^UUEnγ}E≥tEtπγEmγrmσψ≥bE{γv≥tronSEPhysicaloReviewo
LettersQE2002QE^^QEVZV^UW 7.4 18

262
zγ≥rΛπEμorEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}m≥tπrm{o}ENEproαuΛtσonEσnEtπγEMEm≥tπrm{o}toE
m≥tπrm{b}ovγrψσnγ{m≥tπrm{b}}ENEαγΛ≥yEΛπ≥nnγψEwσtπEψγptonσΛEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENE
αγΛ≥ysEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV

5.4 17

(2019-2019)
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261 zγ≥rΛπEμorEnγwEpπysσΛsEσnEγvγntsEwσtπE≥EψγptonσΛ≥ψψyEαγΛ≥yσnνE¯EbosonE≥nαE≥Eψ≥rνγEtr≥nsvγrsγE
momγntumEσmb≥ψ≥nΛγEσnEprotonRprotonEΛoψψσsσonsE≥tEdEVXSEEuropeanoPhysicaloJournaloCQE2018QE]^QEW_V 4.2 17

260 tγ≥surγmγntEoμEtπγEσnΛψusσvγEτγtEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEMsqrt{s}EdEWS][QtγxtE{{γ}}NSE
EuropeanoPhysicaloJournaloCQE2016QE][QEV 4.2 17

259
zγ≥rΛπEμorEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENErγson≥nΛγsEσnEπσνπψyEboostγαEψγptonPτγtsE≥nαEμuψψyE
π≥αronσΛEμσn≥ψEst≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 17

258 zγ≥rΛπγsEμorEp≥σrEproαuΛtσonEoμEtπσrαRνγnγr≥tσonEsqu≥rχsEσnE±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·E
ppEΛoψψσsσonsSEEuropeanoPhysicaloJournaloCQE2017QE]]QEXW] 4.2 17

257 zγ≥rΛπEμorEtπγEproαuΛtσonEoμEα≥rχEm≥ttγrEσnE≥ssoΛσ≥tσonEwσtπEtopRqu≥rχEp≥σrsEσnEtπγEsσnνψγRψγptonE
μσn≥ψEst≥tγEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 17

256 zγ≥rΛπEμorEstoppγαEψonνRψσvγαEp≥rtσΛψγsEproαuΛγαEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE{tγxt{]{γ}}}ENSEJournalo
ofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 17

255
y≥tσosEoμEαστγtEproαuΛtσonEΛrossEsγΛtσonsE≥sE≥EμunΛtσonEoμEtπγE≥bsoψutγEασμμγrγnΛγEσnEr≥pσασtyE
bγtwγγnEτγtsEσnEprotonâ��protonEΛoψψσsσonsE≥tEMsqrt{s}EdE]Em≥tπrm{{γ}}NSEEuropeanoPhysicaloJournaloCQE
2012QE]WQEV

4.2 17

254 tγ≥surγmγntEoμEtπγEσnΛψusσvγE¯EΛrossEsγΛtσonEvσ≥EαγΛ≥ysEtoEt≥uEp≥σrsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2011QEWUVVQEV 5.4 17

253 zγ≥rΛπEμorE≥Enγutr≥ψEoσννsEbosonEαγΛ≥yσnνEtoE≥E~EbosonEp≥σrEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdE
VS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_]QEU^V^UW 7.4 17

252 tγ≥surγmγntEoμEtπγEπγψσΛσtyEoμE~EbosonsEσnEtopRqu≥rχEαγΛ≥ysSEPhysicaloReviewoDQE2006QE]XQE 4.9 17

251 zγ≥rΛπEμorEtπγEsupγrsymmγtrσΛEp≥rtnγrEoμEtπγEtopEqu≥rχEσnEασψγptonEγvγntsEμromEppEΛoψψσsσonsE≥tE
squ≥rγErootEoμEsdVS^E{γ}SEPhysicaloReviewoLettersQE2003QE_UQEWZV^UV 7.4 17

250 zγ≥rΛπEμorEoσννsEiosonsEwroαuΛγαEσnEhssoΛσ≥tσonEwσtπE≥E}γΛtorEiosonEσnEpp´flEjoψψσsσonsE≥tE
â��sdVS^{γ}SEPhysicaloReviewoLettersQE1998QE^VQEZ]Y^RZ]ZX 7.4 17

249 tγ≥surγmγntEoμEtπγEir≥nΛπσnνEmr≥ΛtσonEiMiPuRReqTEpsσEpσEPNE≥nαEzγ≥rΛπEμorEiPΛRReqTEpsσEpσEPSEPhysicalo
ReviewoLettersQE1996QE]]QEZV][RZV^V 7.4 17

248
tγ≥surγmγntEoμEαoubψγRασμμγrγntσ≥ψEΛrossEsγΛtσonsEμorEtopEqu≥rχEp≥σrEproαuΛtσonEσnEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·E≥nαEσmp≥ΛtEonEp≥rtonEασstrσbutσonEμunΛtσonsSEEuropeano
PhysicaloJournaloCQE2017QE]]QEYZ_

4.2 16

247 zγ≥rΛπγsEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEwσtπEtπγEv≥rσ≥bψγEσnEπ≥αronσΛEμσn≥ψEst≥tγsEwσtπE≥nαE
wσtπoutEασs≥ppγ≥rσnνEtr≥ΛχsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2020QE^UQEX 4.2 16

246 zγ≥rΛπEμorEnγwEpπysσΛsEwσtπEtπγEtE{WEv≥rσ≥bψγEσnE≥ψψRτγtsEμσn≥ψEst≥tγsEproαuΛγαEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 16

245
zγ≥rΛπEμorE≥EvγryEψσνπtEutzztEoσννsEbosonEproαuΛγαEσnEαγΛ≥ysEoμEtπγEVWZEnγ}EsΛ≥ψ≥rEbosonE≥nαE
αγΛ≥yσnνEσntoEˇ�EψγptonsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QE
WUV[QEV

5.4 16

244 tγ≥surγmγntEoμE~¯E≥nαE¯¯EproαuΛtσonEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·EσnEμσn≥ψEst≥tγsEwσtπE
bRt≥ννγαEτγtsSEEuropeanoPhysicaloJournaloCQE2014QE]YQEW_]X 4.2 16

Stefano Belforte
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243 zγ≥rΛπEμorEγxotσΛErγson≥nΛγsEαγΛ≥yσnνEσntoE~¯T¯¯EσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofo
HighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 16

242 zγ≥rΛπEμorEvγΛtorRψσχγE{Equ≥rχsEαγΛ≥yσnνEtoEtopEqu≥rχsE≥nαEoσννsEbosonsEσnEtπγE≥ψψRπ≥αronσΛEΛπ≥nnγψE
usσnνEτγtEsubstruΛturγSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 16

241 zγ≥rΛπEμorEnγwEpπysσΛsEσnEpπotonRψγptonEγvγntsEσnEppEΛoψψσsσonsE≥tEsqrt±s·EdEVS^E{γ}SEPhysicaloReviewo
LettersQE2002QE^_QEUYV^UW 7.4 16

240 zγ≥rΛπEμorEα≥rχEm≥ttγrE≥nαEunp≥rtσΛψγsEσnEγvγntsEwσtπE≥E¯EbosonE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumE
σnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 16

239 zγ≥rΛπEμorEα≥rχEm≥ttγrEσnEγvγntsEwσtπEγnγrνγtσΛQEπ≥αronσΛ≥ψψyEαγΛ≥yσnνEtopEqu≥rχsE≥nαEmσssσnνE
tr≥nsvγrsγEmomγntumE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 16

238 tγ≥surγmγntsEoμEtπγE≥ssoΛσ≥tγαEproαuΛtσonEoμE≥E¯EbosonE≥nαEbEτγtsEσnEppEΛoψψσsσonsE≥tSEEuropeano
PhysicaloJournaloCQE2017QE]]QE]ZV 4.2 15

237
tγ≥surγmγntEoμEασμμγrγntσ≥ψE≥nαEσntγνr≥tγαEμσαuΛσ≥ψEΛrossEsγΛtσonsEμorEoσννsEbosonEproαuΛtσonEσnE
tπγEμourRψγptonEαγΛ≥yEΛπ≥nnγψEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE≥nαE^E{γ}SEJournaloofoHighoEnergyo
PhysicsQE2016QEWUV[QEV

5.4 15

236 tγ≥surγmγntEoμEtπγEtrσpψγRασμμγrγntσ≥ψEΛrossEsγΛtσonEμorEpπotonEPEτγtsEproαuΛtσonEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}ENEdE]E{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 15

235 zγ≥rΛπEμorEnγwEpπysσΛsEσnEγvγntsEwσtπEpπotonsQEτγtsQE≥nαEmσssσnνEtr≥nsvγrsγEγnγrνyEσnEppEΛoψψσsσonsE
≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 15

234 zγ≥rΛπEμorEsupγrsymmγtryEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·E{γ}EσnEγvγntsEwσtπE≥EsσnνψγEψγptonQE
τγtsQE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumSEEuropeanoPhysicaloJournaloCQE2013QE]XQEWYUY 4.2 15

233 tγ≥surγmγntEoμEtπγEtr≥nsvγrsγEmomγntumEspγΛtr≥EoμEwγ≥χEvγΛtorEbosonsEproαuΛγαEσnE
protonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 15

232 zγ≥rΛπEμorEst≥nα≥rαEmoαγψEproαuΛtσonEoμEμourEtopEqu≥rχsEσnEtπγEψγptonEPEτγtsEΛπ≥nnγψEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 15

231 tγ≥surγmγntEoμEm≥ssE≥nαEwσαtπEoμEtπγEγxΛσtγαEΛπ≥rmγαEmγsonEst≥tγsEkVUE≥nαEkWOUE≥tEjkmSE
PhysicaloReviewoDQE2006QE]XQE 4.9 15

230 tγ≥surγmγntEoμEtπγEαστγtEm≥ssEασstrσbutσonEσnEppRb≥rEΛoψψσsσonsE≥tEsqrtEsEdVS^E{γ}SEPhysicaloReviewoDQE
1993QEY^QE__^RVUU^ 4.9 15

229 {woRτγtEασμμγrγntσ≥ψEΛrossEsγΛtσonEσnEppRb≥rEΛoψψσsσonsE≥tEsqrtEsRb≥rVVS^E{γ}SEPhysicaloReviewoLettersQE
1990QE[YQEVZ]RV[U 7.4 15

228 zγ≥rΛπEμorEπσνπRm≥ssErγson≥nΛγsEσnEμσn≥ψEst≥tγsEwσtπE≥EψγptonE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumE≥tE
MEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 15

227 tγ≥surγmγntEoμEtπγEτγtEm≥ssEσnEπσνπψyEboostγαE±mormuψ≥aEsγγEtγxt·EγvγntsEμromEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2017QE]]QEY[] 4.2 14

226 zγ≥rΛπEμorEασrγΛtEp≥σrEproαuΛtσonEoμEsupγrsymmγtrσΛEtopEqu≥rχsEαγΛ≥yσnνEtoE≥ψψRπ≥αronσΛEμσn≥ψEst≥tγsE
σnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEY[U 4.2 14

(2016-2013)
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225 zγ≥rΛπEμorE≥Em≥ssσvγErγson≥nΛγEαγΛ≥yσnνEσntoE≥EoσννsEbosonE≥nαE≥E~EorE¯EbosonEσnEπ≥αronσΛEμσn≥ψE
st≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 14

224 tγ≥surγmγntEoμEtπγEMEs≥mbα≥−{m≥tπrm{b}}ℓUENEψσμγtσmγEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournalo
ofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 14

223 tγ≥surγmγntEoμEtπγEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEproαuΛtσonEΛrossEsγΛtσonEσnEtπγE≥ψψRτγtEμσn≥ψE
st≥tγEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 14

222
tγ≥surγmγntEoμEtπγEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEproαuΛtσonEΛrossEsγΛtσonEusσnνEγvγntsEwσtπE
onγEψγptonE≥nαE≥tEψγ≥stEonγEτγtEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2017QEWUV]QEV

5.4 14

221 tγ≥surγmγntEoμEtπγEr≥tσosEoμEbr≥nΛπσnνEμr≥ΛtσonsE≥nαSEPhysicaloReviewoLettersQE2006QE_[QEV_V^UV 7.4 14

220 tγ≥surγmγntEoμEtπγEttEproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEsqu≥rγErootEsEdEVS_[E{γ}EusσnνE
mσssσnνElM{NEPEτγtsEγvγntsEwσtπEsγΛonα≥ryEvγrtγxEbEt≥ννσnνSEPhysicaloReviewoLettersQE2006QE_[QEWUWUUW 7.4 14

219 zγ≥rΛπEμorE≥nom≥ψousEproαuΛtσonEoμEmuψtσψγptonEγvγntsEσnEppEΛoψψσsσonsE≥tEsqrtEsdVS_[E{γ}SEPhysicalo
ReviewoLettersQE2007QE_^QEVXV^UY 7.4 14

218 zγ≥rΛπEμorEγxΛσtγαE≥nαEγxotσΛEmuonsEσnEtπγEmuν≥mm≥EαγΛ≥yEΛπ≥nnγψEσnEpRpEΛoψψσsσonsE≥tEsqrtEsEdVS_[E
{γ}SEPhysicaloReviewoLettersQE2006QE_]QEV_V^UW 7.4 14

217 tγ≥surγmγntEoμEtπγE≥vγr≥νγEtσmγRσntγνr≥tγαEmσxσnνEprob≥bσψσtyEoμEbRμψ≥vorγαEπ≥αronsEproαuΛγαE≥tE
tπγEmγrmσψ≥bE{γv≥tronSEPhysicaloReviewoDQE2004QE[_QE 4.9 14

216 zγ≥rΛπEμorEnγwEpπysσΛsEσnEpπotonRψγptonEγvγntsEσnEpp´flEΛoψψσsσonsE≥tEsdVS^E{γ}SEPhysicaloReviewoDQE
2002QE[[QE 4.9 14

215 zγ≥rΛπEμorEoσννsEbosonEoμμRsπγψψEproαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tE]E≥nαE^E{γ}E≥nαE
αγrσv≥tσonEoμEΛonstr≥σntsEonEσtsEtot≥ψEαγΛ≥yEwσαtπSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 14

214
tγ≥surγmγntEoμEtπγEr≥tσoEoμEtπγEproαuΛtσonEΛrossEsγΛtσonsEtσmγsEbr≥nΛπσnνEμr≥ΛtσonsEoμEiE´–ΛEEReEqTˇ�ˇ�E
´–E≥nαEi´–EReEqTˇ�rE´–E≥nαEMEm≥tπrm{m≥tπΛ≥ψ{i}}ψγμtM{m≥tπrm{i}}−{m≥tπrm{Λ}}ℓ{pm}toEm≥tπrm{q}TpsσE
{pσ}ℓ{pmE}{pσ}ℓ{pmE}{pσ}ℓ{mp}rσνπtNTm≥tπrm{m≥tπΛ≥ψ{i}}ψγμtM{m≥tπrm{i}}−{m≥tπrm{Λ}}ℓ{pm}toE
m≥tπrm{q}TpsσE{pσ}ℓ{pm}rσνπtNENEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2015QEWUVZQEV

5.4 13

213 jonstr≥σntsEonEtπγEαoubψγRp≥rtonEsΛ≥ttγrσnνEΛrossEsγΛtσonEμromEs≥mγRsσνnE~EbosonEp≥σrEproαuΛtσonE
σnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 13

212 morw≥rαRb≥Λχw≥rαE≥symmγtryEoμEkrγψψR ≥nEψγptonEp≥σrsEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγE
tγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2016QE][QEXWZ 4.2 13

211 tγ≥surγmγntEoμEγxΛψusσvγE´ pπotoproαuΛtσonEσnEuψtr≥pγrσpπγr≥ψEpwbEΛoψψσsσonsE≥tSEEuropeanoPhysicalo
JournaloCQE2019QE]_QE]UW 4.2 13

210 tγ≥surγmγntEoμEtπγEtopEqu≥rχEm≥ssEσnEtπγE≥ψψRτγtsEμσn≥ψEst≥tγE≥tE≥nαEΛombσn≥tσonEwσtπEtπγE
ψγptonPτγtsEΛπ≥nnγψSEEuropeanoPhysicaloJournaloCQE2019QE]_QEXVX 4.2 13

209 wrobσnνEΛoψorEΛoπγrγnΛγEγμμγΛtsEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE
2014QE]YQEW_UV 4.2 13

208 zγ≥rΛπEμorE≥EμγrmσopπobσΛEoσννsEbosonEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHighoEnergyo
PhysicsQE2012QEWUVWQEV 5.4 13
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207
tγ≥surγmγntEoμEtπγEσnΛψusσvγEproαuΛtσonEΛrossEsγΛtσonsEμorEμorw≥rαEτγtsE≥nαEμorEαστγtEγvγntsEwσtπE
onγEμorw≥rαE≥nαEonγEΛγntr≥ψEτγtEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2012QEWUVWQEV

5.4 13

206 tγ≥surγmγntEoμEtπγEm≥ssEασμμγrγnΛγEbγtwγγnEtopE≥nαE≥ntσtopEqu≥rχsSEJournaloofoHighoEnergyo
PhysicsQE2012QEWUVWQEV 5.4 13

205 tγ≥surγmγntEoμEtπγEr≥tσoEoμEbr≥nΛπσnνEμr≥ΛtσonsEiMkURerPˇ�â��NTiMkURerâ��ˇ�PNEusσnνEtπγEjkmEppEαγtγΛtorSE
PhysicaloReviewoDQE2006QE]YQE 4.9 13

204 tγ≥surγmγntEoμEtπγEtt´flEproαuΛtσonEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}EσnEtπγE≥ψψEπ≥αronσΛE
αγΛ≥yEmoαγSEPhysicaloReviewoDQE2006QE]YQE 4.9 13

203 zγ≥rΛπEμorEoσννsEbosonsEαγΛ≥yσnνEσntoEbbE≥nαEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EvγΛtorEbosonEσnEppE
ΛoψψσsσonsE≥tEsqu≥rγErootEoμEsEdEVS^E{γ}SEPhysicaloReviewoLettersQE2005QE_ZQEUZV^UV 7.4 13

202
tγ≥surγmγntEoμEMπboxE{t}{b≥r{πboxE{t}}}NEnorm≥ψσsγαEmuψtσRασμμγrγntσ≥ψEΛrossEsγΛtσonsEσnEM{tγxtE
{p}}{tγxtE{p}}ENEΛoψψσsσonsE≥tEMsqrt{s}dVXQ{tγxtE{{γ}}}ENQE≥nαEsσmuψt≥nγousEαγtγrmσn≥tσonEoμEtπγEstronνE
ΛoupψσnνEstrγnνtπQEtopEqu≥rχEpoψγEm≥ssQE≥nαEp≥rtonEασstrσbutσonEμunΛtσonsSEEuropeanoPhysicalo
JournaloCQE2020QE^UQEV

4.2 13

201 kγΛomposσnνEtr≥nsvγrsγEmomγntumEb≥ψ≥nΛγEΛontrσbutσonsEμorEquγnΛπγαEτγtsEσnEwbwbEΛoψψσsσonsE≥tEME
sqrt{s−{m≥tπrm{u}bm≥tπrm{u}}}dWS][ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 13

200 zγ≥rΛπEμorEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}m≥tπrm{o}ENEproαuΛtσonEσnEtπγE≥ψψRτγtEμσn≥ψEst≥tγEσnE
protonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 13

199 tγ≥surγmγntEoμEtπγEtopEqu≥rχEm≥ssEwσtπEψγptonPτγtsEμσn≥ψEst≥tγsEusσnνEΛoψψσsσonsE≥tSEEuropeano
PhysicaloJournaloCQE2018QE]^QE^_V 4.2 13

198 zγ≥rΛπEμorEα≥rχEm≥ttγrEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EoσννsEbosonEαγΛ≥yσnνEtoE≥Ep≥σrEoμEbottomE
qu≥rχsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QEW^U 4.2 12

197 zγ≥rΛπEμorEασrγΛtEtopEsqu≥rχEp≥σrEproαuΛtσonEσnEγvγntsEwσtπEonγEψγptonQEτγtsQE≥nαEmσssσnνEtr≥nsvγrsγE
momγntumE≥tEVXE{γ}EwσtπEtπγEjtzEγxpγrσmγntSEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 12

196 tγ≥surγmγntEoμEnorm≥ψσzγαEασμμγrγntσ≥ψEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEΛrossEsγΛtσonsEσnEtπγE
ασψγptonEΛπ≥nnγψEμromEppEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 12

195
tγ≥surγmγntEoμEtπγEproαuΛtσonEΛrossEsγΛtσonEμorEMEm≥tπrm{¯}ν≥mm≥EtoEnuEovγrψσnγ{nu}ν≥mm≥ENEσnE
ppEΛoψψσsσonsE≥tEMEsqrt{s}EdE]ENE{γ}E≥nαEψσmσtsEonE¯¯˛‡E≥nαE¯˛‡˛‡EtrσpψγEν≥uνγEbosonEΛoupψσnνsSEJournaloofo
HighoEnergyoPhysicsQE2013QEWUVXQEV

5.4 12

194 zγ≥rΛπEμorEπγ≥vyEqu≥rχsEαγΛ≥yσnνEσntoE≥EtopEqu≥rχE≥nαE≥E~EorE¯EbosonEusσnνEψγptonEPEτγtsEγvγntsEσnE
ppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV 5.4 12

193 zγ≥rΛπEμorEtopEqu≥rχEαγΛ≥ysEvσ≥EoσννsRbosonRmγασ≥tγαEμψ≥vorRΛπ≥nνσnνEnγutr≥ψEΛurrγntsEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 12

192 zγ≥rΛπEμorEqu≥rχEΛomposσtγnγssEσnEαστγtE≥nνuψ≥rEασstrσbutσonsEμromEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdE]{E}ENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 12

191 zγ≥rΛπEμorEtπσrαRνγnγr≥tσonEψγptoqu≥rχsE≥nαEsΛ≥ψ≥rEbottomEqu≥rχsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]b{γ}E
NSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 12

190 zγ≥rΛπEμorEψσνπtErγson≥nΛγsEαγΛ≥yσnνEσntoEp≥σrsEoμEmuonsE≥sE≥Esσνn≥ψEoμEnγwEpπysσΛsSEJournaloofoHigho
EnergyoPhysicsQE2011QEWUVVQEV 5.4 12

(2011-2012)
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189 tγ≥surγmγntEoμEtπγEtopEqu≥rχEm≥ssEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}EusσnνEtπγEαγΛ≥yEψγnνtπE
tγΛπnσquγSEPhysicaloReviewoDQE2007QE]ZQE 4.9 12

188 tγ≥surγmγntEoμEtπγEr≥tσosEoμEbr≥nΛπσnνEμr≥ΛtσonsEiMiUsERReEksREpσPEpσPEpσRNTiMiURRekREpσPEpσPEpσRNE≥nαE
iMiUsERReEksREpσPNTiMiURRekREpσPNSEPhysicaloReviewoLettersQE2007QE_^QEU[V^UW 7.4 12

187 ir≥nΛπσnνEr≥tσoEmγ≥surγmγntsEoμEγxΛψusσvγEiPEαγΛ≥ysEtoEΛπ≥rmonσumEwσtπEtπγEjoψψσαγrEkγtγΛtorE≥tE
mγrmσψ≥bSEPhysicaloReviewoDQE2002QE[[QE 4.9 12

186 murtπγrEpropγrtσγsEoμEπσνπRm≥ssEmuψtστγtEγvγntsE≥tEtπγEmγrmσψ≥bEprotonR≥ntσprotonEΛoψψσαγrSEPhysicalo
ReviewoDQE1996QEZYQEYWWVRYWXX 4.9 12

185 ztuασγsEoμE≥nαEmγsonsEσnΛψuασnνEtπγEobsγrv≥tσonEoμEtπγEαγΛ≥yEσnEprotonRprotonEΛoψψσsσonsE≥tSE
EuropeanoPhysicaloJournaloCQE2018QE]^QE_X_ 4.2 12

184 lψγΛtrowγ≥χEproαuΛtσonEoμEtwoEτγtsEσnE≥ssoΛσ≥tσonEwσtπE≥E¯EbosonEσnEprotonâ��protonEΛoψψσsσonsE≥tE
Msqrt{s}dENEVXMQtγxtE{{γ}}NSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV 4.2 12

183 zγ≥rΛπEμorEnγwEpπysσΛsEσnEtπγEmonopπotonEμσn≥ψEst≥tγEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 11

182 tγ≥surγmγntEoμE≥ssoΛσ≥tγαE¯EPEΛπ≥rmEproαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicalo
JournaloCQE2018QE]^QEW^] 4.2 11

181 wπγnomγnoψoνσΛ≥ψEtzztEσntγrprγt≥tσonEoμEjtzEsγ≥rΛπγsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE≥nαE^E{γ}SE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 11

180 tγ≥surγmγntEoμEτγtEmuψtσpψσΛσtyEασstrσbutσonsEσnE±mormuψ≥aEsγγEtγxt·EproαuΛtσonEσnEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2014QE]YQEXUVY 4.2 11

179 tγ≥surγmγntsEoμEασμμγrγntσ≥ψEproαuΛtσonEΛrossEsγΛtσonsEμorE≥E¯EbosonEσnE≥ssoΛσ≥tσonEwσtπEτγtsEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 11

178 zγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμEΛπ≥rνσnosE≥nαEnγutr≥ψσnosEσnE~oEγvγntsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 11

177 zγ≥rΛπEμorEnγwEpπysσΛsEwσtπEαστγtE≥nνuψ≥rEασstrσbutσonsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 11

176 zγ≥rΛπEμorEsupγrsymmγtryEσnEtπγEvγΛtorRbosonEμusσonEtopoψoνyEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 11

175 tγ≥surγmγntEoμEtπγEunαγrψyσnνEγvγntE≥ΛtσvσtyEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdEUS_ENE≥nαE]E{γ}EwσtπEtπγE
novγψEτγtR≥rγ≥Tmγασ≥nE≥ppro≥ΛπSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 11

174 morw≥rαEγnγrνyEμψowQEΛγntr≥ψEΛπ≥rνγαRp≥rtσΛψγEmuψtσpψσΛσtσγsQE≥nαEpsγuαor≥pσασtyEν≥psEσnE~E≥nαE¯E
bosonEγvγntsEμromEppEΛoψψσsσonsE≥tEMsqrt{s}dE]NE{γ}SEEuropeanoPhysicaloJournaloCQE2012QE]WQEV 4.2 11

173 zγ≥rΛπEμorEtπγEst≥nα≥rαEmoαγψEoσννsEbosonEσnEtπγEoEReE¯¯EReEâ��Pâ��â�� ˇ�Pˇ�â��EαγΛ≥yEΛπ≥nnγψEσnEppEΛoψψσsσonsE≥tE
MEsqrtE{s}EdE{]}b{tγxt{{γ}}}ENSEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 11

172 vbsγrv≥tσonEoμEiMUNMsNRRewsσMWzNwπσE≥nαEmγ≥surγmγntEoμEtπγEr≥tσoEoμEbr≥nΛπσnνEμr≥ΛtσonsE
iγt≥MiMUNMsNRRewsσMWzNwπσNTiγt≥MiMUNMsNRReqTwsσwπσNSEPhysicaloReviewoLettersQE2006QE_[QEWXV^UV 7.4 11
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171 zγ≥rΛπEμorEsΛ≥ψ≥rEbottomEqu≥rχsEμromEνψuσnoEαγΛ≥ysEσnEΛoψψσsσonsE≥tSEPhysicaloReviewoLettersQE2006QE
_[QEV]V^UW 7.4 11

170 zγ≥rΛπEμorE≥ssoΛσ≥tγαEproαuΛtσonEoμE|psσψonE≥nαEvγΛtorEbosonEσnEppEΛoψψσsσonsE≥tEsqrt±s·dVS^E{γ}SE
PhysicaloReviewoLettersQE2003QE_UQEWWV^UX 7.4 11

169 tγ≥surγmγntsEoμEασμμγrγntσ≥ψE¯EbosonEproαuΛtσonEΛrossEsγΛtσonsEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}ENEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 11

168 wγrμorm≥nΛγEoμEtπγErγΛonstruΛtσonE≥nαEσαγntσμσΛ≥tσonEoμEπσνπRmomγntumEmuonsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEâ��sEdEVXE{γ}SEJournaloofoInstrumentationQE2020QEVZQEwUWUW]RwUWUW] 1 11

167 zγ≥rΛπEμorE¯˛‡Erγson≥nΛγsEusσnνEψγptonσΛE≥nαEπ≥αronσΛEμσn≥ψEst≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 11

166
tγ≥surγmγntsEoμEtπγEppEReE~¯EσnΛψusσvγE≥nαEασμμγrγntσ≥ψEproαuΛtσonEΛrossEsγΛtσonsE≥nαEΛonstr≥σntsE
onEΛπ≥rνγαE≥nom≥ψousEtrσpψγEν≥uνγEΛoupψσnνsE≥tEMEsqrt{s}ENEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2019QEWUV_QEV

5.4 10

165 hEmuψtσRασmγnsσon≥ψEsγ≥rΛπEμorEnγwEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEtoEboostγαEQEQEorEbosonEp≥σrsEσnEtπγE
αστγtEμσn≥ψEst≥tγE≥tEVX´ SEEuropeanoPhysicaloJournaloCQE2020QE^UQEWX] 4.2 10

164 tγ≥surγmγntEoμEtπγEtr≥nsvγrsγEmomγntumEspγΛtrumEoμEtπγEoσννsEbosonEproαuΛγαEσnEppEΛoψψσsσonsE
≥tEMEsqrt{s}d^ENE{γ}EusσnνEoEReE~~EαγΛ≥ysSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 10

163 zγ≥rΛπEμorEγxΛσtγαEψγptonsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyo
PhysicsQE2016QEWUV[QEV 5.4 10

162
tγ≥surγmγntEoμEtπγEπ≥αronσΛE≥ΛtσvσtyEσnEγvγntsEwσtπE≥E¯E≥nαEtwoEτγtsE≥nαEγxtr≥ΛtσonEoμEtπγEΛrossE
sγΛtσonEμorEtπγEγψγΛtrowγ≥χEproαuΛtσonEoμE≥E¯EwσtπEtwoEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SE
JournaloofoHighoEnergyoPhysicsQE2013QEWUVXQEV

5.4 10

161 zγ≥rΛπEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEσnEγvγntsEwσtπEψγptonsQEτγtsQE≥nαEψ≥rνγEtr≥nsvγrsγE
momγntumEσmb≥ψ≥nΛγEσnEppEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2013QE]XQEWY_X4.2 10

160 tγ≥surγmγntsEoμEτγtEΛπ≥rνγEwσtπEαστγtEγvγntsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV 5.4 10

159 zγ≥rΛπEμorE≥ssoΛσ≥tγαEproαuΛtσonEoμE≥E¯EbosonEwσtπE≥EsσnνψγEtopEqu≥rχE≥nαEμorEt¯Eμψ≥vourRΛπ≥nνσnνE
σntγr≥ΛtσonsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 10

158
zγ≥rΛπEμorEsupγrsymmγtryEσnEγvγntsEwσtπE≥tEψγ≥stEonγEpπotonQEmσssσnνEtr≥nsvγrsγEmomγntumQE≥nαE
ψ≥rνγEtr≥nsvγrsγEγvγntE≥ΛtσvσtyEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHigho
EnergyoPhysicsQE2017QEWUV]QEV

5.4 10

157 zγ≥rΛπEμorEnγwEpπysσΛsEwσtπEψonνRψσvγαEp≥rtσΛψγsEαγΛ≥yσnνEtoEpπotonsE≥nαEmσssσnνEγnγrνyEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 10

156 zγ≥rΛπEμorEnγwEpπysσΛsEσnEψγptonPpπotonP–EγvγntsEwσtπE_W_EEpbâ��VEoμEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SE
PhysicaloReviewoDQE2007QE]ZQE 4.9 10

155 pnΛψusσvγEαoubψγRpomγronEγxΛπ≥nνγE≥tEtπγEμγrmσψ≥bEtγv≥tronEpEpEΛoψψσαγrSEPhysicaloReviewoLettersQE
2004QE_XQEVYV[UV 7.4 10

154 tγ≥surγmγntEoμEtπγEm≥ssEασμμγrγnΛγEmMksPNâ��mMkPNE≥tEjkmEppSEPhysicaloReviewoDQE2003QE[^QE 4.9 10

(2003-2006)
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153 zγ≥rΛπEμorEtπγE≥ssoΛσ≥tγαEproαuΛtσonEoμE≥EoσννsEbosonEwσtπE≥EsσnνψγEtopEqu≥rχEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 10

152
tγ≥surγmγntsEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsEoμEtopEqu≥rχEp≥σrEproαuΛtσonE≥sE≥EμunΛtσonEoμEχσnγm≥tσΛE
γvγntEv≥rσ≥bψγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018
QEWUV^QEV

5.4 10

151 zγ≥rΛπEμorEα≥rχEm≥ttγrEσnEprotonRprotonEΛoψψσsσonsE≥tE^E{γ}EwσtπEmσssσnνEtr≥nsvγrsγEmomγntumE≥nαE
vγΛtorEbosonEt≥ννγαEτγtsSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 9

150 hzσmutπ≥ψEαγΛorrγψ≥tσonEoμEτγtsEwσαγψyEsγp≥r≥tγαEσnEr≥pσασtyEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE{γ}SE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 9

149 tγ≥surγmγntEoμEbEπ≥αronEψσμγtσmγsEσnEppEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2018QE]^QEYZ] 4.2 9

148
zγ≥rΛπEμorE≥ssoΛσ≥tγαEproαuΛtσonEoμEα≥rχEm≥ttγrEwσtπE≥EoσννsEbosonEαγΛ≥yσnνEtoEME
m≥tπrm{b}ovγrψσnγ{m≥tπrm{b}}ENEorE˛‡˛‡E≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 9

147 zγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμE≥EvγΛtorRψσχγEqu≥rχEαγΛ≥yσnνEtoE≥EtopEqu≥rχE≥nαE≥EoσννsEbosonE
usσnνEboostγαEtopoψoνσγsEσnEμuψψyEπ≥αronσΛEμσn≥ψEst≥tγsSEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 9

146
tγ≥surγmγntEoμEγψγΛtrowγ≥χRσnαuΛγαEproαuΛtσonEoμE~˛‡EwσtπEtwoEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE
{γ}E≥nαEΛonstr≥σntsEonE≥nom≥ψousEqu≥rtσΛEν≥uνγEΛoupψσnνsSEJournaloofoHighoEnergyoPhysicsQE2017QE
WUV]QEV

5.4 9

145 kσstrσbutγαEhn≥ψysσsEσnEjtzSEJournaloofoGridoComputingQE2010QE^QEVZ_RV]_ 4.2 9

144 zγ≥rΛπEμorEoσννsEbosonsEαγΛ≥yσnνEtoEbbE≥nαEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE~EbosonsEσnEppEΛoψψσsσonsE
≥tEsqu≥rγErootEoμEsEdEVS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_[QEU^V^UX 7.4 9

143 hEsγ≥rΛπEμorEtReˇ�˛‰qEσnEtt´flEproαuΛtσonSEPhysicsoLetters,oSectionoB:oNuclear,oElementaryoParticleoando
High-EnergyoPhysicsQE2006QE[X_QEV]WRV]^ 4.2 9

142 zγ≥rΛπEμorEψγptonEμψ≥vorEvσoψ≥tσnνEαγΛ≥ysEoμE≥Eπγ≥vyEnγutr≥ψEp≥rtσΛψγEσnEpMRNpEΛoψψσsσonsE≥tEsqrt±s·dVS^E
{γ}SEPhysicaloReviewoLettersQE2003QE_VQEV]V[UW 7.4 9

141
zγ≥rΛπEμorEψγptonEμψ≥vourEvσoψ≥tσnνEαγΛ≥ysEoμEπγ≥vyErγson≥nΛγsE≥nαEqu≥ntumEbψ≥ΛχEπoψγsEtoE≥nE
±mormuψ≥aEsγγEtγxt·Ep≥σrEσnEprotonRprotonEΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournalo
CQE2016QE][QEXV]

4.2 9

140 zγ≥rΛπEμorEbψ≥ΛχEπoψγsE≥nαEspπ≥ψγronsEσnEπσνπRmuψtσpψσΛσtyEμσn≥ψEst≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 9

139 tγ≥surγmγntEoμEΛπ≥rνγαEp≥rtσΛψγEspγΛtr≥EσnEmσnσmumRbσ≥sEγvγntsEμromEprotonRprotonEΛoψψσsσonsE≥tSE
EuropeanoPhysicaloJournaloCQE2018QE]^QE[_] 4.2 9

138 tγ≥surγmγntEoμEtopEqu≥rχEp≥σrEproαuΛtσonEσnE≥ssoΛσ≥tσonEwσtπE≥E¯EbosonEσnEprotonRprotonEΛoψψσsσonsE
≥tEMEsqrt{m≥tπrm{s}}ENEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 8

137 jomp≥rσnνEtr≥nsvγrsγEmomγntumEb≥ψ≥nΛγEoμEbEτγtEp≥σrsEσnEppE≥nαEwbwbEΛoψψσsσonsE≥tEME
sqrt{s−{m≥tπrm{uu}}}dZSUWENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 8

136 zγ≥rΛπEμorEsEΛπ≥nnγψEsσnνψγEtopEqu≥rχEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d]ENE≥nαE^E{γ}SEJournaloofo
HighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 8
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135 zγ≥rΛπEμorEα≥rχEm≥ttγrEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EsσnνψγEtopEqu≥rχEorE≥EtopEqu≥rχEp≥σrEσnE
protonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 8

134 zγ≥rΛπEμorEsσnνψγEproαuΛtσonEoμEvγΛtorRψσχγEqu≥rχsEαγΛ≥yσnνEtoE≥E¯EbosonE≥nαE≥EtopEorE≥EbottomE
qu≥rχEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 8

133 tγ≥surγmγntEoμEtπγEtopEqu≥rχEm≥ssEusσnνEsσnνψγEtopEqu≥rχEγvγntsEσnEprotonRprotonEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·´ {γ}SEEuropeanoPhysicaloJournaloCQE2017QE]]QEXZY 4.2 8

132 tγ≥surγmγntEoμEtπγEtrσpψγRασμμγrγntσ≥ψEαστγtEΛrossEsγΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tE≥nαE
Λonstr≥σntsEonEp≥rtonEασstrσbutσonEμunΛtσonsSEEuropeanoPhysicaloJournaloCQE2017QE]]QE]Y[ 4.2 8

131 jrossEsγΛtσonEmγ≥surγmγntsEoμEπσνπRp{EασψγptonEμσn≥ψRst≥tγEproΛγssγsEusσnνE≥Eνψob≥ψEμσttσnνE
mγtπoαSEPhysicaloReviewoDQE2008QE]^QE 4.9 8

130 tγ≥surγmγntEoμEtπγE≥zσmutπ≥ψE≥nνψγEασstrσbutσonEoμEψγptonsEμromE~EbosonEαγΛ≥ysE≥sE≥EμunΛtσonEoμE
tπγE~Etr≥nsvγrsγEmomγntumEσnEpp´flEΛoψψσsσonsE≥tEsdVS^EE{γ}SEPhysicaloReviewoDQE2006QE]XQE 4.9 8

129 jγntr≥ψEpsγuαor≥pσασtyEν≥psEσnEγvγntsEwσtπE≥Eψγ≥ασnνE≥ntσprotonE≥tEtπγEμγrmσψ≥bEtγv≥tronEppE
ΛoψψσαγrSEPhysicaloReviewoLettersQE2003QE_VQEUVV^UW 7.4 8

128 zγ≥rΛπEμorEtπγEμψ≥vorRΛπ≥nνσnνEnγutr≥ψEΛurrγntEαγΛ≥yEkURe˛…P˛…â��EσnEpp´flEΛoψψσsσonsE≥tEsdVS_[{γ}SE
PhysicaloReviewoDQE2003QE[^QE 4.9 8

127 zγ≥rΛπEμorE≥nom≥ψousEχσnγm≥tσΛsEσnEttEασψγptonEγvγntsE≥tEjkmEppSEPhysicaloReviewoLettersQE2005QE_ZQEUWWUUV7.4 8

126 zγ≥rΛπEμorEsupγrsymmγtrσΛEoσννsEbosonsEσnEtπγEασRt≥uEαγΛ≥yEmoαγEσnEpp´flEΛoψψσsσonsE≥tEsdVS^EE{γ}SE
PhysicaloReviewoDQE2005QE]WQE 4.9 8

125 tγ≥surγmγntEoμEtπγEunαγrψyσnνEγvγntE≥ΛtσvσtyEσnEσnΛψusσvγE¯EbosonEproαuΛtσonEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 8

124 zγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμEΛπ≥rνσnosEσnEμσn≥ψEst≥tγsEwσtπEtwoEˇ�EψγptonsEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

123 tγ≥surγmγntEoμEtπγEproαuΛtσonEΛrossEsγΛtσonEoμE≥E~´ bosonEσnE≥ssoΛσ≥tσonEwσtπEtwoEbEτγtsEσnEppE
ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2017QE]]QE_W 4.2 7

122 tγ≥surγmγntEoμEtπγEγnγrνyEαγnsσtyE≥sE≥EμunΛtσonEoμEpsγuαor≥pσασtyEσnEprotonâ��protonEΛoψψσsσonsE≥tE
Msqrt{s}EdVXQtγxtE{{γ}}ENSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 7

121 zγ≥rΛπEμorEr≥rγEαγΛ≥ysEoμE≥nαEoσννsEbosonsEtoE≥nαE≥EpπotonEσnEprotonRprotonEΛoψψσsσonsE≥tEdEVXSE
EuropeanoPhysicaloJournaloCQE2019QE]_QE_Y 4.2 7

120 zγ≥rΛπEμorEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEσntoEtwoEoσννsEbosonsEorEσntoE≥EoσννsEbosonE≥nαE≥E~EorE¯E
bosonEσnEprotonRprotonEΛoψψσsσonsE≥tEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 7

119 zγ≥rΛπEμorEα≥rχEm≥ttγrEp≥rtσΛψγsEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EoσννsEbosonEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{m≥tπrm{s}}ENEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2020QEWUWUQEV 5.4 7

118 zγ≥rΛπEμorEsupγrsymmγtryEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}EσnEtπγEsσnνψγRψγptonEμσn≥ψEst≥tγEusσnνE
tπγEsumEoμEm≥ssγsEoμEψ≥rνγRr≥ασusEτγtsSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 7
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117 tγ≥surγmγntEoμEtopEqu≥rχEpoψ≥rσs≥tσonEσnEtRΛπ≥nnγψEsσnνψγEtopEqu≥rχEproαuΛtσonSEJournaloofoHigho
EnergyoPhysicsQE2016QEWUV[QEV 5.4 7

116 qγtEpropγrtσγsEσnEwbwbE≥nαEppEΛoψψσsσonsE≥tEMEsqrt{s−{m≥tπrm{u}bm≥tπrm{u}}}dZSUWENE{γ}SEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 7

115 tγ≥surγmγntEoμEtπγEsγmσψγptonσΛEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEPE˛‡EproαuΛtσonEΛrossEsγΛtσonEσnE
ppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

114 zγ≥rΛπγsEμorE~fEbosonsEαγΛ≥yσnνEtoE≥EtopEqu≥rχE≥nαE≥EbottomEqu≥rχEσnEprotonRprotonEΛoψψσsσonsE≥tE
VXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

113 zγ≥rΛπEμorE≥EψσνπtEpsγuαosΛ≥ψ≥rEoσννsEbosonEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπEbottomEqu≥rχsEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 7

112 tγ≥surγmγntEoμEtπγE¯˛‡EproαuΛtσonEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tE^E{γ}E≥nαEsγ≥rΛπEμorE≥nom≥ψousE
trσpψγEν≥uνγEbosonEΛoupψσnνsSEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 7

111 zγ≥rΛπEμorEsΛ≥ψ≥rEψγptoqu≥rχEp≥σrsEαγΛ≥yσnνEtoE˛‰˛‰´flqq´flEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicalo
ReviewoDQE2005QE]VQE 4.9 7

110 zγ≥rΛπEμorE¯¯E≥nαE¯~EproαuΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewoDQE2005QE]VQE 4.9 7

109 zγ≥rΛπEμorEnγwEpπysσΛsEσnEψγptonPpπotonP–EγvγntsEwσtπEXUZEpbMRVNEoμEppEΛoψψσsσonsE≥tE±squ≥rγErootE
oμEs·EdEVS_[E{γ}SEPhysicaloReviewoLettersQE2006QE_]QEUXV^UV 7.4 7

108 tγ≥surγmγntEoμEtπγEασμμγrγntσ≥ψEαστγtEm≥ssEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdVS^E{γ}SEPhysicalo
ReviewoDQE2000QE[VQE 4.9 7

107
zγ≥rΛπEμorEnγwEpπysσΛsEσnEμσn≥ψEst≥tγsEwσtπEtwoEopposσtγRsσνnQEs≥mγRμψ≥vorEψγptonsQEτγtsQE≥nαEmσssσnνE
tr≥nsvγrsγEmomγntumEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QE
WUV[QEV

5.4 7

106 zγ≥rΛπEμorEα≥rχEm≥ttγrEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EψγptonσΛ≥ψψyEαγΛ≥yσnνEbosonEσnEprotonRprotonE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQEVX 4.2 7

105
zγ≥rΛπEμorEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEσntoE≥EvγΛtorEbosonE≥nαE≥EoσννsEbosonEσnEμσn≥ψEst≥tγsEwσtπE
Λπ≥rνγαEψγptonsQEnγutrσnosE≥nαEbEqu≥rχsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QE
WUV^QEV

5.4 7

104 zγ≥rΛπEμorE≥Eπγ≥vyErγson≥nΛγEαγΛ≥yσnνEσntoE≥E¯EbosonE≥nαE≥E¯EorE~EbosonEσnEWâ��WqEμσn≥ψEst≥tγsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 7

103 zγ≥rΛπEμorEα≥rχEm≥ttγrEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥EoσννsEbosonEαγΛ≥yσnνEtoE˛‡˛‡EorEˇ�EPˇ�Eâ��E≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 7

102 zγ≥rΛπEμorE≥Eπγ≥vyErγson≥nΛγEαγΛ≥yσnνEtoE≥Ep≥σrEoμEvγΛtorEbosonsEσnEtπγEψγptonEpψusEmγrνγαEτγtEμσn≥ψE
st≥tγE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 7

101 wrγΛσsσonEψumσnosσtyEmγ≥surγmγntEσnEprotonRprotonEΛoψψσsσonsE≥tEσnEWUVZE≥nαEWUV[E≥tEjtzSE
EuropeanoPhysicaloJournaloCQE2021QE^VQE^UU 4.2 7

100 zγ≥rΛπEμorEsσnνψγEproαuΛtσonEoμEvγΛtorRψσχγEqu≥rχsEαγΛ≥yσnνEtoE≥EtopEqu≥rχE≥nαE≥EbosonEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QE_U 4.2 6
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99 tγ≥surγmγntEoμEtπγEunαγrψyσnνEγvγntE≥ΛtσvσtyEusσnνEΛπ≥rνγαRp≥rtσΛψγEτγtsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}dWS][ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4 6

98 tσxγαEπσνπγrRorαγrE≥nσsotropσΛEμψowE≥nαEnonψσnγ≥rErγsponsγEΛoγμμσΛσγntsEoμEΛπ≥rνγαEp≥rtσΛψγsEσnE
ΛoψψσsσonsE≥tE≥nαEZSUWSEEuropeanoPhysicaloJournaloCQE2020QE^UQEZXY 4.2 6

97 tγ≥surγmγntEoμEγψγΛtrowγ≥χEproαuΛtσonEoμE≥EbosonEσnE≥ssoΛσ≥tσonEwσtπEtwoEτγtsEσnEprotonRprotonE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2020QE^UQEYX 4.2 6

96 tγ≥surγmγntEoμEαστγtE≥zσmutπ≥ψEαγΛorrγψ≥tσonEσnEpp´ ΛoψψσsσonsE≥tE±mormuψ≥aEsγγEtγxt·SEEuropeano
PhysicaloJournaloCQE2016QE][QEZX[ 4.2 6

95 zγ≥rΛπEμorE≥Eπγ≥vyErγson≥nΛγEαγΛ≥yσnνEtoE≥EtopEqu≥rχE≥nαE≥EvγΛtorRψσχγEtopEqu≥rχEσnEtπγEψγptonEPE
τγtsEμσn≥ψEst≥tγEσnEppEΛoψψσsσonsE≥tEMsqrt{s}EdEVXQtγxtE{{γ}}ENSEEuropeanoPhysicaloJournaloCQE2019QE]_QEV 4.2 6

94 jtzEασstrσbutγαEα≥t≥E≥n≥ψysσsEwσtπEjyhiXSEJournaloofoPhysics:oConferenceoSeriesQE2015QE[[YQEU[WUX^ 0.3 6

93 zγ≥rΛπEμorEtπγEst≥nα≥rαEmoαγψEoσννsEbosonEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE~E≥nαE¯EbosonsEσnEppE
ΛoψψσsσonsE≥tEMEsqrt{s}d]EN{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 6

92 zγ≥rΛπEμorEtπγE≥ssoΛσ≥tγαEproαuΛtσonEoμEtπγEoσννsEbosonEwσtπE≥EtopRqu≥rχEp≥σrE2014QEWUVYQEV 6

91 zγ≥rΛπEμorEασrγΛtEp≥σrEproαuΛtσonEoμEsΛ≥ψ≥rEtopEqu≥rχsEσnEtπγEsσnνψγRE≥nαEασψγptonEΛπ≥nnγψsEσnE
protonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 6

90 tγ≥surγmγntEoμEtπγEασμμγrγntσ≥ψEkrγψψR ≥nEΛrossEsγΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{m≥tπrm{s}}ENEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 6

89 tγ≥surγmγntEoμEtπγE≥vγr≥νγEvγryEμorw≥rαEγnγrνyE≥sE≥EμunΛtσonEoμEtπγEtr≥ΛχEmuψtσpψσΛσtyE≥tEΛγntr≥ψE
psγuαor≥pσασtσγsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QE^_X 4.2 6

88 zγ≥rΛπEμorEnγwEpπysσΛsEσnEtopEqu≥rχEproαuΛtσonEσnEασψγptonEμσn≥ψEst≥tγsEσnEprotonRprotonEΛoψψσsσonsE
≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QE^^[ 4.2 6

87 zγ≥rΛπEμorEαγΛ≥ysEoμEstoppγαEγxotσΛEψonνRψσvγαEp≥rtσΛψγsEproαuΛγαEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 6

86 zγ≥rΛπEμorE≥Eπγ≥vyErγson≥nΛγEαγΛ≥yσnνEσntoE≥E¯EbosonE≥nαE≥EvγΛtorEbosonEσnEtπγEMEnuE
ovγrψσnγ{nu}m≥tπrm{q}ovγrψσnγ{m≥tπrm{q}}ENEμσn≥ψEst≥tγSEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 6

85 tγ≥surγmγntEoμEtπγEm≥ssEoμEtπγEtopEqu≥rχEσnEαγΛ≥ysEwσtπE≥EqTˇ�EmγsonEσnEppEΛoψψσsσonsE≥tE^E{γ}SE
JournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 5

84 tγ≥surγmγntEoμEtπγEσnΛψusσvγEγnγrνyEspγΛtrumEσnEtπγEvγryEμorw≥rαEασrγΛtσonEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 5

83 tγ≥surγmγntEoμEγnγrνyEμψowE≥tEψ≥rνγEpsγuαor≥pσασtσγsEσnEppEΛoψψσsσonsE≥tEMEsqrtE{s}EdEUS{_}ENE≥nαE]E
{γ}E2011QEWUVVQEV 5

82 tγ≥surγmγntsEoμEproαuΛtσonEΛrossEsγΛtσonsE≥nαEΛonstr≥σntsEonE≥nom≥ψousEtrσpψγEν≥uνγEΛoupψσnνsE
≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQEWUU 4.2 5

(2021-2015)
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81 tγ≥surγmγntEoμEtπγEoσννsEbosonEproαuΛtσonEr≥tγEσnE≥ssoΛσ≥tσonEwσtπEtopEqu≥rχsEσnEμσn≥ψEst≥tγsEwσtπE
γψγΛtronsQEmuonsQE≥nαEπ≥αronσΛ≥ψψyEαγΛ≥yσnνEt≥uEψγptonsE≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQEX]^ 4.2 5

80 tγ≥surγmγntsEoμEproαuΛtσonEΛrossEsγΛtσonsEoμEtπγEoσννsEbosonEσnEtπγEμourRψγptonEμσn≥ψEst≥tγEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQEY^^ 4.2 5

79 zγ≥rΛπEμorEtopEsqu≥rχEp≥σrEproαuΛtσonEusσnνEασψγptonEμσn≥ψEst≥tγsEσnEΛoψψσsσonEα≥t≥EΛoψψγΛtγαE≥tSE
EuropeanoPhysicaloJournaloCQE2021QE^VQEX 4.2 5

78 tγ≥surγmγntEoμEtπγEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tE≥nαEv≥ψσα≥tσonEoμEψγptonE≥n≥ψysσsEtγΛπnσquγsSE
EuropeanoPhysicaloJournaloCQE2018QE]^QE]U^ 4.2 5

77 zγ≥rΛπEμorEtπγEp≥σrEproαuΛtσonEoμEψσνπtEtopEsqu≥rχsEσnEtπγEγ´–˛…fEμσn≥ψEst≥tγEσnEprotonRprotonEΛoψψσsσonsE
≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2019QEWUV_QEV 5.4 4

76 ztuαyEoμEtπγEunαγrψyσnνEγvγntEσnEtopEqu≥rχEp≥σrEproαuΛtσonEσnEΛoψψσsσonsE≥tEVXSEEuropeanoPhysicalo
JournaloCQE2019QE]_QEVWX 4.2 4

75 tγ≥surγmγntEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsEμorEσnΛψusσvγEσsoψ≥tγαRpπotonE≥nαEpπotonPτγtE
proαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QEWU 4.2 4

74 kσstrσbutσonsEoμEtopoψoνσΛ≥ψEobsγrv≥bψγsEσnEσnΛψusσvγEtπrγγRE≥nαEμourRτγtEγvγntsEσnEppEΛoψψσsσonsE≥tE
±mormuψ≥aEsγγEtγxt·±mormuψ≥aEsγγEtγxt·SEEuropeanoPhysicaloJournaloCQE2015QE]ZQEXUW 4.2 4

73 lvσαγnΛγEμorEMtγxtE{~}tγxtE{~}NEproαuΛtσonEμromEαoubψγRp≥rtonEσntγr≥ΛtσonsEσnEprotonâ��protonE
ΛoψψσsσonsE≥tEMsqrt{s}EdEVXEQtγxtE{{γ}}ENSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV 4.2 4

72 ztuαyEoμEαστγtEγvγntsEwσtπE≥Eψ≥rνγEr≥pσασtyEν≥pEbγtwγγnEtπγEtwoEψγ≥ασnνEτγtsEσnEppEΛoψψσsσonsE≥tSE
EuropeanoPhysicaloJournaloCQE2018QE]^QEWYW 4.2 4

71 wsγuαor≥pσασtyEασstrσbutσonsEoμEΛπ≥rνγαEπ≥αronsEσnEprotonRψγ≥αEΛoψψσsσonsE≥tEME
sqrt{s−{m≥tπrm{uu}}}dZSUWENE≥nαE^SV[E{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 4

70
zγ≥rΛπEμorEsupγrsymmγtryEσnEγvγntsEwσtπE≥tEψγ≥stEtπrγγEγψγΛtronsEorEmuonsQEτγtsQE≥nαEmσssσnνE
tr≥nsvγrsγEmomγntumEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyo
PhysicsQE2018QEWUV^QEV

5.4 4

69 zγ≥rΛπEμorE≥Eπγ≥vyErγson≥nΛγEαγΛ≥yσnνEtoE≥EtopEqu≥rχE≥nαE≥EvγΛtorRψσχγEtopEqu≥rχE≥tEMEsqrt{s}dVXENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 4

68 zγ≥rΛπEμorEπσνπRm≥ssE¯˛‡Erγson≥nΛγsEσnEγPγâ��˛‡E≥nαE˛…EPE˛…Eâ��˛‡Eμσn≥ψEst≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE≥nαEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 4

67 zγ≥rΛπEμorEjwEvσoψ≥tσonEσnEMEtovγrψσnγ{t}ENEproαuΛtσonE≥nαEαγΛ≥yEσnEprotonRprotonEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 4

66 tγ≥surγmγntEoμEtπγEtwoRτγtEασμμγrγntσ≥ψEΛrossEsγΛtσonEσnEpp´flEΛoψψσsσonsE≥tEsdV^UUEnγ}SEPhysicalo
ReviewoDQE2001QE[YQE 4.9 4

65 tγ≥surγmγntEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsE≥nαEΛπ≥rνγEr≥tσosEμorERΛπ≥nnγψEsσnνψγEtopEqu≥rχE
proαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2020QE^UQEX]U 4.2 4

64 tγ≥surγmγntEoμEγψγΛtrowγ≥χEproαuΛtσonEoμE≥E~EbosonE≥nαEtwoEμorw≥rαEτγtsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 4
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63 hzσmutπ≥ψEΛorrγψ≥tσonsEμorEσnΛψusσvγEWRτγtQEXRτγtQE≥nαEYRτγtEγvγntsEσnEppEΛoψψσsσonsE≥tEMsqrt{s}dEVX~πboxE
{{γ}}NSEEuropeanoPhysicaloJournaloCQE2018QE]^QEV 4.2 4

62 t|zσjaE≥EmoαγψRunspγΛσμσΛEsγ≥rΛπEμorEnγwEpπysσΛsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicalo
JournaloCQE2021QE^VQE[W_ 4.2 4

61 zγ≥rΛπEμorEασrγΛtEp≥σrEproαuΛtσonEoμEsupγrsymmγtrσΛEp≥rtnγrsEtoEtπγEψγptonEσnEprotonRprotonE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2020QE^UQEV^_ 4.2 3

60
tγ≥surγmγntEoμEtπγEσnΛψusσvγEMEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}ENEΛrossEsγΛtσonEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}dZSUWENE{γ}EusσnνEμσn≥ψEst≥tγsEwσtπE≥tEψγ≥stEonγEΛπ≥rνγαEψγptonSEJournaloofoHighoEnergyoPhysicsQE
2018QEWUV^QEV

5.4 3

59 zγ≥rΛπEμorE¯¯Erγson≥nΛγsEσnEtπγEWâ��W˛‰Eμσn≥ψEst≥tγEσnEprotonRprotonEΛoψψσsσonsE≥tEVXE{γ}SEJournaloofo
HighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 3

58 zγ≥rΛπEμorEp≥σrEproαuΛtσonEoμEγxΛσtγαEtopEqu≥rχsEσnEtπγEψγptonEPEτγtsEμσn≥ψEst≥tγSEJournaloofoHigho
EnergyoPhysicsQE2014QEWUVYQEV 5.4 3

57 jtzEΛomputσnνEopγr≥tσonsEαurσnνErunEVSEJournaloofoPhysics:oConferenceoSeriesQE2014QEZVXQEUXWUYU 0.3 3

56 zγ≥rΛπEμorEtopEqu≥rχEp≥rtnγrsEwσtπEΛπ≥rνγEZTXEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SE
JournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 3

55 ztuαyEoμEπ≥αronσΛEγvγntRsπ≥pγEv≥rσ≥bψγsEσnEmuψtστγtEμσn≥ψEst≥tγsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}EdE]ENE{γ}SE
JournaloofoHighoEnergyoPhysicsQE2014QEWUVYQEV 5.4 3

54 tγ≥surγmγntEoμEtπγEΛrossEsγΛtσonEμorEproαuΛtσonEoμEMEbovγrψσnγEbE–ENEαγΛ≥yσnνEtoEmuonsEσnEppE
ΛoψψσsσonsE≥tEMEsqrtE{s}EdE]ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2012QEWUVWQEV 5.4 3

53 kγbuννσnνEα≥t≥Etr≥nsμγrsEσnEjtzSEJournaloofoPhysics:oConferenceoSeriesQE2010QEWV_QEU[WUZZ 0.3 3

52 jtzEoμμψσnγEwγbEtooψsSEJournaloofoPhysics:oConferenceoSeriesQE2008QEVV_QEU^WUU] 0.3 3

51 zγ≥rΛπEμorE˛�bURepˇ�E≥nαE˛�bUReprEαγΛ≥ysEσnEpp´flEΛoψψσsσonsE≥tEsdVS_[EE{γ}SEPhysicaloReviewoDQE2005QE]WQE 4.9 3

50 zγ≥rΛπEμorE≥nom≥ψousEsγmσψγptonσΛEαγΛ≥yEoμEπγ≥vyEμψ≥vorEπ≥αronsEproαuΛγαEσnE≥ssoΛσ≥tσonEwσtπE≥E~E
bosonE≥tEjkmEppSEPhysicaloReviewoDQE2006QE]XQE 4.9 3

49
tγ≥surγmγntsEoμEtπγEMm≥tπrmE{p}m≥tπrmE{p}rσνπt≥rrowEm≥tπrm{¯}m≥tπrm{¯}NEproαuΛtσonEΛrossE
sγΛtσonE≥nαEtπγEMm≥tπrm{¯}rσνπt≥rrowEYγψψENEbr≥nΛπσnνEμr≥ΛtσonQE≥nαEΛonstr≥σntsEonE≥nom≥ψousEtrσpψγE
ν≥uνγEΛoupψσnνsE≥tEMsqrt{s}EdEVXQtγxtE{{γ}}ENE2018QE]^QEV

3

48 jombσnγαEsγ≥rΛπγsEμorEtπγEproαuΛtσonEoμEsupγrsymmγtrσΛEtopEqu≥rχEp≥rtnγrsEσnEprotonRprotonE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQE_]U 4.2 3

47 tγ≥surγmγntEoμEtπγEMEtovγrψσnγ{t}ENEproαuΛtσonEΛrossEsγΛtσonEσnEtπγEασψγptonEΛπ≥nnγψEσnEppEΛoψψσsσonsE
≥tEMEsqrt{s}ENEdE^E{γ}E2014QEWUVYQEV 3

46 hEkγγpEuγur≥ψEuγtworχEμorEzσmuψt≥nγousElstσm≥tσonEoμEbEqγtElnγrνyE≥nαEyγsoψutσonSEComputingo
andoSoftwareoforoBigoScienceQE2020QEYQEVU 6 3

(2020-2018)
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45 tγ≥surγmγntsEoμEoσννsEbosonEproαuΛtσonEΛrossEsγΛtσonsE≥nαEΛoupψσnνsEσnEtπγEασpπotonEαγΛ≥yE
Λπ≥nnγψE≥tEMEsqrt{m≥tπrm{s}}ENEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2021QEWUWVQEV 5.4 3

44 zγ≥rΛπEμorEψγptonRμψ≥vorEvσoψ≥tσnνEαγΛ≥ysEoμEπγ≥vyErγson≥nΛγsE≥nαEqu≥ntumEbψ≥ΛχEπoψγsEtoEγ˛…Eμσn≥ψE
st≥tγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 3

43 zγ≥rΛπEμorEΛπ≥rνγαEoσννsEbosonsEproαuΛγαEσnEvγΛtorEbosonEμusσonEproΛγssγsE≥nαEαγΛ≥yσnνEσntoE
vγΛtorEbosonEp≥σrsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQE]WX 4.2 3

42 zγ≥rΛπEμorErγson≥ntEproαuΛtσonEoμEsγΛonαRνγnγr≥tσonEsψγptonsEwσtπEs≥mγRsσνnEασmuonEγvγntsEσnE
protonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QEXUZ 4.2 2

41
zγ≥rΛπEμorEnγwEpπγnomγn≥EσnEμσn≥ψEst≥tγsEwσtπEtwoEopposσtγRΛπ≥rνγQEs≥mγRμψ≥vorEψγptonsQEτγtsQE≥nαE
mσssσnνEtr≥nsvγrsγEmomγntumEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}dVXENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2018QEWUV^QEV

5.4 2

40 tγ≥surγmγntEoμEασμμγrγntσ≥ψEΛrossEsγΛtσonsEσnEtπγEχσnγm≥tσΛE≥nνuψ≥rEv≥rσ≥bψγEfOEμorEσnΛψusσvγE¯E
bosonEproαuΛtσonEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4 2

39 zγ≥rΛπEμorEα≥rχEm≥ttγrEp≥rtσΛψγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}EusσnνEtπγEr≥zorE
v≥rσ≥bψγsSEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 2

38 zγ≥rΛπEμorE~fEReEtbEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2016QEWUV[QEV 5.4 2

37 zγ≥rΛπEμorEtπγEproαuΛtσonEoμE≥nEγxΛσtγαEbottomEqu≥rχEαγΛ≥yσnνEtoEt~EσnEprotonRprotonEΛoψψσsσonsE≥tE
MEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2016QEWUV[QEV 5.4 2

36 lvoψutσonEoμEtπγEpσψotEσnμr≥struΛturγEoμEjtzaEtow≥rαsE≥EsσnνψγEνψσαγσn~tzEpooψSEJournaloofoPhysics:o
ConferenceoSeriesQE2014QEZVXQEUXWUYV 0.3 2

35 tγ≥surγmγntsEoμEtπγEppEReE~˛‡˛‡E≥nαEppEReE¯˛‡˛‡EΛrossEsγΛtσonsE≥nαEψσmσtsEonE≥nom≥ψousEqu≥rtσΛEν≥uνγE
ΛoupψσnνsE≥tEMEsqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2017QEWUV]QEV 5.4 2

34 zγ≥rΛπEμorEnγwEpπγnomγn≥EwσtπEmuψtσpψγEΛπ≥rνγαEψγptonsEσnEprotonâ��protonEΛoψψσsσonsE≥tEMsqrt{s}dE
VXNEMQtγxtE{{γ}}NSEEuropeanoPhysicaloJournaloCQE2017QE]]QEV 4.2 2

33 wusπσnνEo{jonαorE≥nαEνψσαγσn~tzEtoEWUUrPEqobsEσnE≥Enψob≥ψEwooψEμorEjtzEbγμorγEyunEWSEJournaloofo
Physics:oConferenceoSeriesQE2015QE[[YQEU[WUXU 0.3 2

32 |sσnνEtπγEνψσαγσn~tzEzystγmE≥sE≥EjommonEyγsourΛγEwrovσsσonσnνEs≥yγrEσnEjtzSEJournaloofoPhysics:o
ConferenceoSeriesQE2015QE[[YQEU[WUXV 0.3 2

31 tγ≥surγmγntEoμEtπγEr≥tσoEoμEbr≥nΛπσnνEμr≥ΛtσonsEiMi´–ReqTˇ�ˇ�´–NTiMi´–ReqTˇ�r´–NSEPhysicaloReviewoDQE2009
QE]_QE 4.9 2

30 |sγEoμEtπγEνsσtγR~tzEσnEjtzEμorEproαuΛtσonE≥nαE≥n≥ψysσsSEJournaloofoPhysics:oConferenceoSeriesQE
2010QEWV_QEU[WUU] 0.3 2

29 zγ≥rΛπEμorEnγwEpπysσΛsEσnEγvγntsEwσtπEs≥mγRsσνnEασψγptonsE≥nαEbEτγtsEσnEppEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE
{γ}E2013QEWUVXQEV 2

28 ztuαyEoμEΛγntr≥ψEγxΛψusσvγEproαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tE≥nαEVX{γ}SEEuropeanoPhysicalo
JournaloCQE2020QE^UQE]V^ 4.2 2
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27 zγ≥rΛπEμorEpπysσΛsEbγyonαEtπγEst≥nα≥rαEmoαγψEσnEγvγntsEwσtπEτγtsE≥nαEtwoEs≥mγRsσνnEorE≥tEψγ≥stE
tπrγγEΛπ≥rνγαEψγptonsEσnEprotonRprotonEΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2020QE^UQE]ZW 4.2 2

26 zγ≥rΛπEμorEsupγrsymmγtryEσnEγvγntsEwσtπE≥EpπotonQEτγtsQERτγtsQE≥nαEmσssσnνEtr≥nsvγrsγEmomγntumEσnE
protonRprotonEΛoψψσsσonsE≥tEVXSEEuropeanoPhysicaloJournaloCQE2019QE]_QEYYY 4.2 1

25 irσnνσnνEtπγEjtzEασstrσbutγαEΛomputσnνEsystγmEσntoEsΛ≥ψ≥bψγEopγr≥tσonsSEJournaloofoPhysics:o
ConferenceoSeriesQE2010QEWV_QEU[WUVZ 0.3 1

24 tγ≥surγmγntEoμEbEπ≥αronEψσμγtσmγsEσnEppEΛoψψσsσonsE≥tEMsqrt{s}EdE^NEMQtγxtE{{γ}tγxtE{}}NE2018QE]^QEV 1

23 kγvγψopmγntE≥nαEv≥ψσα≥tσonEoμEoly~pn´ ]EtunγsEμromEjtzEunαγrψyσnνRγvγntEmγ≥surγmγntsSE
EuropeanoPhysicaloJournaloCQE2021QE^VQEXVW 4.2 1

22 tγ≥surγmγntsEoμEtrσpψγRασμμγrγntσ≥ψEΛrossEsγΛtσonsEμorEσnΛψusσvγEσsoψ≥tγαRpπotonPτγtEγvγntsEσnE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QE_[_ 4.2 1

21
zγ≥rΛπEμorEμψ≥vorRΛπ≥nνσnνEnγutr≥ψEΛurrγntEσntγr≥ΛtσonsEoμEtπγEtopEqu≥rχE≥nαEtπγEoσννsEbosonE
αγΛ≥yσnνEtoE≥EbottomEqu≥rχR≥ntσqu≥rχEp≥σrE≥tEIIEsqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2022QEWUWWQEV

5.4 1

20 hzσmutπ≥ψEsγp≥r≥tσonEσnEnγ≥rψyEb≥ΛχRtoRb≥ΛχEτγtEtopoψoνσγsEσnEσnΛψusσvγEWRE≥nαEXRτγtEγvγntsEσnE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2019QE]_QE]]X 4.2 0

19 tγ≥surγmγntEoμEsσnνψγRασμμr≥ΛtσvγEαστγtEproαuΛtσonEσnEprotonRprotonEΛoψψσsσonsE≥tEwσtπEtπγEjtzE≥nαE
{v{ltEγxpγrσmγntsSEEuropeanoPhysicaloJournaloCQE2020QE^UQEVV[Y 4.2 0

18 zγ≥rΛπEμorE≥Eπγ≥vyEvγΛtorErγson≥nΛγEαγΛ≥yσnνEtoE≥E´ bosonE≥nαE≥EoσννsEbosonEσnEprotonRprotonE
ΛoψψσsσonsE≥tSEEuropeanoPhysicaloJournaloCQE2021QE^VQE[^^ 4.2 0

17 tγ≥surγmγntsEoμE≥nνuψ≥rEασst≥nΛγE≥nαEmomγntumEr≥tσoEασstrσbutσonsEσnEtπrγγRτγtE≥nαEPEtwoRτγtE
μσn≥ψEst≥tγsEσnEΛoψψσsσonsSEEuropeanoPhysicaloJournaloCQE2021QE^VQE^ZW 4.2 0

16
pnΛψusσvγE≥nαEασμμγrγntσ≥ψEΛrossEsγΛtσonEmγ≥surγmγntsEoμEsσnνψγEtopEqu≥rχEproαuΛtσonEσnE≥ssoΛσ≥tσonE
wσtπE≥E¯EbosonEσnEprotonRprotonEΛoψψσsσonsE≥tEIIEsqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2022QEWUWWQEV

5.4 0

15 zγ≥rΛπEμorEψonνRψσvγαEp≥rtσΛψγsEαγΛ≥yσnνEtoEψγptonsEwσtπEψ≥rνγEσmp≥ΛtEp≥r≥mγtγrEσnEprotonRprotonE
ΛoψψσsσonsE≥tESSEEuropeanoPhysicaloJournaloCQE2022QE^WQEVZX 4.2 0

14 zγ≥rΛπEμorEψowRm≥ssEασψγptonErγson≥nΛγsEσnEoσννsEbosonEαγΛ≥ysEtoEμourRψγptonEμσn≥ψEst≥tγsEσnE
protonRprotonEΛoψψσsσonsE≥tESSEEuropeanoPhysicaloJournaloCQE2022QE^WQEW_U 4.2 0

13
zγ≥rΛπEμorEsupγrsymmγtryEσnEμσn≥ψEst≥tγsEwσtπEtwoEorEtπrγγEsoμtEψγptonsE≥nαEmσssσnνEtr≥nsvγrsγE
momγntumEσnEprotonRprotonEΛoψψσsσonsE≥tEIIEsqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE
2022QEWUWWQEV

5.4 0

12 zγ≥rΛπEμorE≥ErσνπtRπ≥nαγαE~EbosonE≥nαE≥Eπγ≥vyEnγutrσnoEσnEprotonRprotonEΛoψψσsσonsE≥tEIIEsqrt{s}EIIE
dEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4 0

11 zγ≥rΛπEμorE≥Eπγ≥vyErγson≥nΛγEαγΛ≥yσnνEσntoE≥EtopEqu≥rχE≥nαE≥E~EbosonEσnEtπγEψγptonPτγtsEμσn≥ψEst≥tγE
≥tEIIEsqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4 0

10 zγ≥rΛπEμorEπγ≥vyErγson≥nΛγsEαγΛ≥yσnνEtoE¯¯EorE¯~E≥nαE≥xσonRψσχγEp≥rtσΛψγsEmγασ≥tσnνEnonrγson≥ntE
¯¯EorE¯oEproαuΛtσonE≥tEIIEsqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4 0
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9 tγ≥surγmγntE≥nαExjkE≥n≥ψysσsEoμEαoubψγRασμμγrγntσ≥ψEσnΛψusσvγEτγtEΛrossEsγΛtσonsEσnEprotonRprotonE
ΛoψψσsσonsE≥tEIIEsqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4 0

8 zγ≥rΛπEμorEγψγΛtrowγ≥χEproαuΛtσonEoμEΛπ≥rνσnosE≥nαEnγutr≥ψσnosEσnEprotonRprotonEΛoψψσsσonsE≥tEIIE
sqrt{s}EIIEdEVXE{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4 0

7 zγ≥rΛπEμorEn≥tur≥ψEsupγrsymmγtryEσnEγvγntsEwσtπEtopEqu≥rχEp≥σrsE≥nαEpπotonsEσnEppEΛoψψσsσonsE≥tEME
sqrt{s}d^ENE{γ}SEJournaloofoHighoEnergyoPhysicsQE2018QEWUV^QEV 5.4

6 |sγEoμEkhnt≥nEσnEjyhiXEtoEσmprovγEtπγEspψσttσnνEoμEjtzEusγrEτobsSEJournaloofoPhysics:oConferenceo
SeriesQE2017QE^_^QEUZWUXZ 0.3

5 zγ≥rΛπEμorEnγutr≥ψEΛoψorRoΛtγtEwγ≥χRtrσpψγtEsΛ≥ψ≥rEp≥rtσΛψγsEσnEprotonRprotonEΛoψψσsσonsE≥tEMEsqrt{s}d^ENE
{γ}SEJournaloofoHighoEnergyoPhysicsQE2015QEWUVZQEV 5.4

4 tγ≥surσnνE≥nαEunαγrst≥nασnνEΛomputγrErγsourΛγEutσψσz≥tσonEσnEjtzSEJournaloofoPhysics:oConferenceo
SeriesQE2011QEXXVQEU]WUZV 0.3

3 j≥ψσbr≥tσonEoμEtπγEjtzEπ≥αronEΛ≥ψorσmγtγrsEusσnνEprotonRprotonEΛoψψσsσonEα≥t≥E≥tEâ��sEdEVXE{γ}SE
JournaloofoInstrumentationQE2020QEVZQEwUZUUWRwUZUUW 1

2 ztuαyEoμEαστγtEγvγntsEwσtπEψ≥rνγEr≥pσασtyEsγp≥r≥tσonEσnEprotonRprotonEΛoψψσsσonsE≥tEIIEsqrt{s}EIIEdE
WS][E{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4

1 tγ≥surγmγntEoμEtπγEσnΛψusσvγEIIEm≥tπrm{t}ovγrψσnγ{m≥tπrm{t}}EIIEproαuΛtσonEΛrossEsγΛtσonEσnE
protonRprotonEΛoψψσsσonsE≥tEIIEsqrt{s}EIIEdEZSUWE{γ}SEJournaloofoHighoEnergyoPhysicsQE2022QEWUWWQEV 5.4
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