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487
rnclusτvγG√nαGατμμγrγntτ√lGcrossGsγctτonGmγ√surγmγntsGoμGsτnνlγGtopGqu√rkGproαuctτonGτnG√ssocτ√tτonG
wτtπG√G–G≥osonGτnGprotonTprotonGcollτsτonsG√tGKKGsqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

486
|γ√rcπGμorGμl√vorTcπ√nντnνGnγutr√lGcurrγntGτntγr√ctτonsGoμGtπγGtopGqu√rkG√nαGtπγGqτννsG≥osonG
αγc√yτnνGtoG√G≥ottomGqu√rkT√ntτqu√rkGp√τrG√tGKKGsqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 1

485 |γ√rcπGμorGlonνTlτvγαGp√rtτclγsGαγc√yτnνGtoGlγptonsGwτtπGl√rνγGτmp√ctGp√r√mγtγrGτnGprotonTprotonG
collτsτonsG√tGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGX]Z 4.2 0

484 |tuαyGoμGατψγtGγvγntsGwτtπGl√rνγGr√pτατtyGsγp√r√tτonGτnGprotonTprotonGcollτsτonsG√tGKKGsqrt{s}GKKGfG
YU_^G}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4

483 |γ√rcπGμorGlowTm√ssGατlγptonGrγson√ncγsGτnGqτννsG≥osonGαγc√ysGtoGμourTlγptonGμτn√lGst√tγsGτnG
protonTprotonGcollτsτonsG√tGUUGEuropeanrPhysicalrJournalrCSG2022SGaYSGYbW 4.2 0

482
|γ√rcπGμorGsupγrsymmγtryGτnGμτn√lGst√tγsGwτtπGtwoGorGtπrγγGsoμtGlγptonsG√nαGmτssτnνGtr√nsvγrsγG
momγntumGτnGprotonTprotonGcollτsτonsG√tGKKGsqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG
2022SGYWYYSGX

5.4 0

481 |γ√rcπGμorG√GrτνπtTπ√nαγαG’G≥osonG√nαG√Gπγ√vyGnγutrτnoGτnGprotonTprotonGcollτsτonsG√tGKKGsqrt{s}GKKG
fGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

480 |γ√rcπGμorG√Gπγ√vyGrγson√ncγGαγc√yτnνGτntoG√GtopGqu√rkG√nαG√G’G≥osonGτnGtπγGlγptonRψγtsGμτn√lGst√tγG
√tGKKGsqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

479 |γ√rcπGμorGπγ√vyGrγson√ncγsGαγc√yτnνGtoG––GorG–’G√nαG√xτonTlτkγGp√rtτclγsGmγατ√tτnνGnonrγson√ntG
––GorG–qGproαuctτonG√tGKKGsqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

478 vγ√surγmγntG√nαGzlmG√n√lysτsGoμGαou≥lγTατμμγrγntτ√lGτnclusτvγGψγtGcrossGsγctτonsGτnGprotonTprotonG
collτsτonsG√tGKKGsqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

477 |γ√rcπGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosG√nαGnγutr√lτnosGτnGprotonTprotonGcollτsτonsG√tGKKG
sqrt{s}GKKGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4 0

476 vγ√surγmγntGoμGtπγGτnclusτvγGKKGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GKKGproαuctτonGcrossGsγctτonGτnG
protonTprotonGcollτsτonsG√tGKKGsqrt{s}GKKGfG]UWYG}γVUGJournalrofrHighrEnergyrPhysicsSG2022SGYWYYSGX 5.4

475 lom≥τnγαGsγ√rcπγsGμorGtπγGproαuctτonGoμGsupγrsymmγtrτcGtopGqu√rkGp√rtnγrsGτnGprotonTprotonG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSGb_W 4.2 3

474 vγ√surγmγntsGoμGproαuctτonGcrossGsγctτonsG√nαGconstr√τntsGonG√nom√lousGtrτplγGν√uνγGcouplτnνsG
√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSGYWW 4.2 5

473 mγvγlopmγntG√nαGv√lτα√tτonGoμGqn{’rp´ _GtunγsGμromGlv|GunαγrlyτnνTγvγntGmγ√surγmγntsUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZXY 4.2 1

472 vγ√surγmγntGoμGtπγGqτννsG≥osonGproαuctτonGr√tγGτnG√ssocτ√tτonGwτtπGtopGqu√rksGτnGμτn√lGst√tγsGwτtπG
γlγctronsSGmuonsSG√nαGπ√αronτc√llyGαγc√yτnνGt√uGlγptonsG√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSGZ_a 4.2 5

471 vγ√surγmγntsGoμGproαuctτonGcrossGsγctτonsGoμGtπγGqτννsG≥osonGτnGtπγGμourTlγptonGμτn√lGst√tγGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSG[aa 4.2 5
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470 vγ√surγmγntsGoμGqτννsG≥osonGproαuctτonGcrossGsγctτonsG√nαGcouplτnνsGτnGtπγGατpπotonGαγc√yG
cπ√nnγlG√tGOGsqrt{m√tπrm{s}}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2021SGYWYXSGX 5.4 3

469 |γ√rcπGμorGα√rkGm√ttγrGproαucγαGτnG√ssocτ√tτonGwτtπG√Glγptonτc√llyGαγc√yτnνG≥osonGτnGprotonTprotonG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSGXZ 4.2 7

468 |γ√rcπGμorGtopGsqu√rkGp√τrGproαuctτonGusτnνGατlγptonGμτn√lGst√tγsGτnGcollτsτonGα√t√GcollγctγαG√tUG
EuropeanrPhysicalrJournalrCSG2021SGaXSGZ 4.2 5

467 v~|τlcG√GmoαγlTunspγcτμτcGsγ√rcπGμorGnγwGpπysτcsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalr
JournalrCSG2021SGaXSG^Yb 4.2 4

466 |γ√rcπGμorG√Gπγ√vyGvγctorGrγson√ncγGαγc√yτnνGtoG√G´ ≥osonG√nαG√GqτννsG≥osonGτnGprotonTprotonG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSG^aa 4.2 0

465 |γ√rcπGμorGcπ√rνγαGqτννsG≥osonsGproαucγαGτnGvγctorG≥osonGμusτonGprocγssγsG√nαGαγc√yτnνGτntoG
vγctorG≥osonGp√τrsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2021SGaXSG_YZ 4.2 3

464 vγ√surγmγntsGoμG√nνul√rGατst√ncγG√nαGmomγntumGr√tτoGατstrτ≥utτonsGτnGtπrγγTψγtG√nαGRGtwoTψγtG
μτn√lGst√tγsGτnGcollτsτonsUGEuropeanrPhysicalrJournalrCSG2021SGaXSGa]Y 4.2 0

463 yrγcτsτonGlumτnosτtyGmγ√surγmγntGτnGprotonTprotonGcollτsτonsG√tGτnGYWX]G√nαGYWX^G√tGlv|UG
EuropeanrPhysicalrJournalrCSG2021SGaXSGaWW 4.2 7

462 yγrμorm√ncγGoμGtπγGlv|GuγvγlTXGtrτννγrGτnGprotonTprotonGcollτsτonsG√tGâ��sGfGXZG}γVUGJournalrofr
InstrumentationSG2020SGX]SGyXWWX_TyXWWX_ 1 23

461 |γ√rcπGμorGατrγctGtopGsqu√rkGp√τrGproαuctτonGτnGγvγntsGwτtπGonγGlγptonSGψγtsSG√nαGmτssτnνGtr√nsvγrsγG
momγntumG√tGXZG}γVGwτtπGtπγGlv|GγxpγrτmγntUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 12

460 vγ√surγmγntGoμGtopGqu√rkGp√τrGproαuctτonGτnG√ssocτ√tτonGwτtπG√G–G≥osonGτnGprotonTprotonGcollτsτonsG
√tGOGsqrt{m√tπrm{s}}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 8

459 |γ√rcπGμorGατrγctGp√τrGproαuctτonGoμGsupγrsymmγtrτcGp√rtnγrsGtoGtπγGlγptonGτnGprotonTprotonG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2020SGaWSGXab 4.2 3

458 vτxγαGπτνπγrTorαγrG√nτsotropτcGμlowG√nαGnonlτnγ√rGrγsponsγGcoγμμτcτγntsGoμGcπ√rνγαGp√rtτclγsGτnG
collτsτonsG√tG√nαG]UWYUGEuropeanrPhysicalrJournalrCSG2020SGaWSG]Z[ 4.2 6

457 vγ√surγmγntGoμGγlγctrowγ√kGproαuctτonGoμG√G≥osonGτnG√ssocτ√tτonGwτtπGtwoGψγtsGτnGprotonTprotonG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2020SGaWSG[Z 4.2 6

456 nvταγncγGμorGOtγxtG{’}tγxtG{’}PGproαuctτonGμromGαou≥lγTp√rtonGτntγr√ctτonsGτnGprotonâ��protonG
collτsτonsG√tGOsqrt{s}GfGXZGStγxtG{}γV}GPUGEuropeanrPhysicalrJournalrCSG2020SGaWSGX 4.2 4

455 |γ√rcπGμorGproαuctτonGoμGμourGtopGqu√rksGτnGμτn√lGst√tγsGwτtπGs√mγTsτνnGorGmultτplγGlγptonsGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_] 4.2 24

454 |γ√rcπγsGμorGpπysτcsG≥γyonαGtπγGst√nα√rαGmoαγlGwτtπGtπγGv√rτ√≥lγGτnGπ√αronτcGμτn√lGst√tγsGwτtπG√nαG
wτtπoutGατs√ppγ√rτnνGtr√cksGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ 4.2 16

453 nxtr√ctτonG√nαGv√lτα√tτonGoμG√GnγwGsγtGoμGlv|Gpytπτ√aGtunγsGμromGunαγrlyτnνTγvγntGmγ√surγmγntsUG
EuropeanrPhysicalrJournalrCSG2020SGaWSG[ 4.2 61
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452 |γ√rcπGμorGα√rkGm√ttγrGp√rtτclγsGproαucγαGτnG√ssocτ√tτonGwτtπG√GqτννsG≥osonGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{m√tπrm{s}}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2020SGYWYWSGX 5.4 7

451 jGmultτTατmγnsτon√lGsγ√rcπGμorGnγwGπγ√vyGrγson√ncγsGαγc√yτnνGtoG≥oostγαGSGSGorG≥osonGp√τrsGτnGtπγG
ατψγtGμτn√lGst√tγG√tGXZ´ UGEuropeanrPhysicalrJournalrCSG2020SGaWSGYZ_ 4.2 10

450 vγ√surγmγntGoμGsτnνlγTατμμr√ctτvγGατψγtGproαuctτonGτnGprotonTprotonGcollτsτonsG√tGwτtπGtπγGlv|G√nαG
}x}nvGγxpγrτmγntsUGEuropeanrPhysicalrJournalrCSG2020SGaWSGXX^[ 4.2 0

449 vγ√surγmγntGoμGατμμγrγntτ√lGcrossGsγctτonsG√nαGcπ√rνγGr√tτosGμorGTcπ√nnγlGsτnνlγGtopGqu√rkG
proαuctτonGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2020SGaWSGZ_W 4.2 4

448
vγ√surγmγntGoμGOπ≥oxG{t}{≥√r{π≥oxG{t}}}PGnorm√lτsγαGmultτTατμμγrγntτ√lGcrossGsγctτonsGτnGO{tγxtG
{p}}{tγxtG{p}}GPGcollτsτonsG√tGOsqrt{s}fXZS{tγxtG{}γV}}GPSG√nαGsτmult√nγousGαγtγrmτn√tτonGoμGtπγGstronνG
couplτnνGstrγnνtπSGtopGqu√rkGpolγGm√ssSG√nαGp√rtonGατstrτ≥utτonGμunctτonsUGEuropeanrPhysicalr
JournalrCSG2020SGaWSGX

4.2 13

447
jGsurvγyGoμGtπγGτnαucγαGcurrγntsGonGtπγGpπotoαγtγctorsGusγαGτnGtπγGlv|GuτnkG√lτνnmγntGsystγmUG
NuclearrInstrumentsrandrMethodsrinrPhysicsrResearch,rSectionrA:rAccelerators,rSpectrometers,r
DetectorsrandrAssociatedrEquipmentSG2020SGb^WSGX^Z^Zb

1.2

446 jGmγγpGwγur√lGwγtworkGμorG|τmult√nγousGnstτm√tτonGoμG≥GsγtGnnγrνyG√nαG{γsolutτonUGComputingr
andrSoftwarerforrBigrScienceSG2020SG[SGXW 6 3

445 yγrμorm√ncγGoμGtπγGrγconstructτonG√nαGταγntτμτc√tτonGoμGπτνπTmomγntumGmuonsGτnGprotonTprotonG
collτsτonsG√tGâ��sGfGXZG}γVUGJournalrofrInstrumentationSG2020SGX]SGyWYWY_TyWYWY_ 1 11

444 l√lτ≥r√tτonGoμGtπγGlv|Gπ√αronGc√lorτmγtγrsGusτnνGprotonTprotonGcollτsτonGα√t√G√tGâ��sGfGXZG}γVUG
JournalrofrInstrumentationSG2020SGX]SGyW]WWYTyW]WWY 1

443 |tuαyGoμGcγntr√lGγxclusτvγGproαuctτonGτnGprotonTprotonGcollτsτonsG√tG√nαGXZ}γVUGEuropeanrPhysicalr
JournalrCSG2020SGaWSG_Xa 4.2 2

442 |γ√rcπGμorGpπysτcsG≥γyonαGtπγGst√nα√rαGmoαγlGτnGγvγntsGwτtπGψγtsG√nαGtwoGs√mγTsτνnGorG√tGlγ√stG
tπrγγGcπ√rνγαGlγptonsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2020SGaWSG_]Y 4.2 2

441 jzτmutπ√lGsγp√r√tτonGτnGnγ√rlyG≥√ckTtoT≥√ckGψγtGtopoloντγsGτnGτnclusτvγGYTG√nαGZTψγtGγvγntsGτnG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSG__Z 4.2 0

440 |γ√rcπGμorGcπ√rνγαGqτννsG≥osonsGτnGtπγGq´–GTgGˇ�´–˛‰ˇ�Gαγc√yGcπ√nnγlGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 24

439 |γ√rcπGμorGrγson√ntGproαuctτonGoμGsγconαTνγnγr√tτonGslγptonsGwτtπGs√mγTsτνnGατmuonGγvγntsGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZW] 4.2 2

438
|γ√rcπGμorGsupγrsymmγtryGwτtπG√GcomprγssγαGm√ssGspγctrumGτnGtπγGvγctorG≥osonGμusτonGtopoloνyG
wτtπGXTlγptonG√nαGWTlγptonGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 8

437 |γ√rcπGμorG√GlowTm√ssGˇ�â��ˇ�RGrγson√ncγGτnG√ssocτ√tτonGwτtπG√G≥ottomGqu√rkGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

436
|γ√rcπGμorGtπγG√ssocτ√tγαGproαuctτonGoμGtπγGqτννsG≥osonG√nαG√GvγctorG≥osonGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}GPGfGXZG}γVGvτ√GqτννsG≥osonGαγc√ysGtoGˇ�GlγptonsUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 3

435 |γ√rcπGμorGtπγGp√τrGproαuctτonGoμGlτνπtGtopGsqu√rksGτnGtπγGγ´–˛…hGμτn√lGst√tγGτnGprotonTprotonGcollτsτonsG
√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4
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434 lom≥τnγαGmγ√surγmγntsGoμGqτννsG≥osonGcouplτnνsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanr
PhysicalrJournalrCSG2019SG_bSG[YX 4.2 153

433 |γ√rcπGμorGsupγrsymmγtryGτnGγvγntsGwτtπG√GpπotonSGψγtsSGTψγtsSG√nαGmτssτnνGtr√nsvγrsγGmomγntumGτnG
protonTprotonGcollτsτonsG√tGXZUGEuropeanrPhysicalrJournalrCSG2019SG_bSG[[[ 4.2 1

432
vγ√surγmγntsGoμGtπγGppGTgG’–GτnclusτvγG√nαGατμμγrγntτ√lGproαuctτonGcrossGsγctτonsG√nαGconstr√τntsG
onGcπ√rνγαG√nom√lousGtrτplγGν√uνγGcouplτnνsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 10

431 vγ√surγmγntGoμGtπγGproαuctτonGcrossGsγctτonSGtπγGtopGqu√rkGm√ssSG√nαGtπγGstronνGcouplτnνG
const√ntGusτnνGατlγptonGγvγntsGτnGppGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^a 4.2 27

430 vγ√surγmγntGoμGtπγGγnγrνyGαγnsτtyG√sG√GμunctτonGoμGpsγuαor√pτατtyGτnGprotonâ��protonGcollτsτonsG√tG
Osqrt{s}GfXZStγxtG{}γV}GPUGEuropeanrPhysicalrJournalrCSG2019SG_bSGX 4.2 7

429
|γ√rcπGμorGnonrγson√ntGqτννsG≥osonGp√τrGproαuctτonGτnGtπγGOG
m√tπrm{≥}ovγrlτnγ{m√tπrm{≥}}m√tπrm{≥}ovγrlτnγ{m√tπrm{≥}}GPGμτn√lGst√tγG√tGOGsqrt{s}GPGfGXZG}γVUG
JournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 4

428 |γ√rcπGμorGα√rkGm√ttγrGproαucγαGτnG√ssocτ√tτonGwτtπG√GqτννsG≥osonGαγc√yτnνGtoG√Gp√τrGoμG≥ottomG
qu√rksGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYaW 4.2 12

427 |γ√rcπGμorGcont√ctGτntγr√ctτonsG√nαGl√rνγGγxtr√GατmγnsτonsGτnGtπγGατlγptonGm√ssGspγctr√GμromG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

426 |γ√rcπGμorGvγctorTlτkγGqu√rksGτnGγvγntsGwτtπGtwoGopposτtγlyGcπ√rνγαGlγptonsG√nαGψγtsGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZ^[ 4.2 18

425 |γ√rcπGμorGsτnνlγGproαuctτonGoμGvγctorTlτkγGqu√rksGαγc√yτnνGtoG√GtopGqu√rkG√nαG√G≥osonGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGbW 4.2 6

424 |tuαyGoμGtπγGunαγrlyτnνGγvγntGτnGtopGqu√rkGp√τrGproαuctτonGτnGcollτsτonsG√tGXZUGEuropeanrPhysicalr
JournalrCSG2019SG_bSGXYZ 4.2 4

423 |γ√rcπGμorGr√rγGαγc√ysGoμG√nαGqτννsG≥osonsGtoG√nαG√GpπotonGτnGprotonTprotonGcollτsτonsG√tGfGXZUG
EuropeanrPhysicalrJournalrCSG2019SG_bSGb[ 4.2 7

422 |γ√rcπGμorGnγwGpπysτcsGτnGμτn√lGst√tγsGwτtπG√GsτnνlγGpπotonG√nαGmτssτnνGtr√nsvγrsγGmomγntumGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

421
vγ√surγmγntsGoμGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGατμμγrγntτ√lGcrossGsγctτonsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{m√tπrm{s}}fXZGPG}γVGusτnνGγvγntsGcont√τnτnνGtwoGlγptonsUGJournalrofrHighrEnergyr
PhysicsSG2019SGYWXbSGX

5.4 15

420
|γ√rcπGμorGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}m√tπrm{q}GPGproαuctτonGτnGtπγGOGm√tπrm{q}toG
m√tπrm{≥}ovγrlτnγ{m√tπrm{≥}}GPGαγc√yGcπ√nnγlGwτtπGlγptonτcGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPG
αγc√ysGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX

5.4 17

419 |γ√rcπGμorGsupγrsymmγtryGτnGγvγntsGwτtπG√GpπotonSG√GlγptonSG√nαGmτssτnνGtr√nsvγrsγGmomγntumGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}GfGXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

418
vγ√surγmγntGoμGτnclusτvγG√nαGατμμγrγntτ√lGqτννsG≥osonGproαuctτonGcrossGsγctτonsGτnGtπγGατpπotonG
αγc√yGcπ√nnγlGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 8

417 |γ√rcπGμorGrγson√ntGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGproαuctτonGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 13
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416 |γ√rcπGμorGproαuctτonGoμGqτννsG≥osonGp√τrsGτnGtπγGμourG≥Gqu√rkGμτn√lGst√tγGusτnνGl√rνγT√rγ√GψγtsGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

415 |γ√rcπGμorGπγ√vyGrγson√ncγsGαγc√yτnνGτntoGtwoGqτννsG≥osonsGorGτntoG√GqτννsG≥osonG√nαG√G’GorG–G
≥osonGτnGprotonTprotonGcollτsτonsG√tGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7

414 |γ√rcπGμorGπγ√vyGv√ψor√n√GnγutrτnosGτnGs√mγTsτνnGατlγptonGcπ√nnγlsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 14

413 vγ√surγmγntGoμGατμμγrγntτ√lGcrossGsγctτonsGμorGτnclusτvγGτsol√tγαTpπotonG√nαGpπotonRψγtG
proαuctτonGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGYW 4.2 4

412
|γ√rcπGμorGπγ√vyGnγutrτnosG√nαGtπτrαTνγnγr√tτonGlγptoqu√rksGτnGπ√αronτcGst√tγsGoμGtwoGˇ�GlγptonsG
√nαGtwoGψγtsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX

5.4 18

411 |γ√rcπGμorG√G’hG≥osonGαγc√yτnνGtoG√GvγctorTlτkγGqu√rkG√nαG√GtopGorG≥ottomGqu√rkGτnGtπγG√llTψγtsGμτn√lG
st√tγUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 4

410 |γ√rcπGμorGtopGqu√rkGp√rtnγrsGwτtπGcπ√rνγG]VZGτnGtπγGs√mγTsτνnGατlγptonG√nαGsτnνlγTlγptonGμτn√lG
st√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

409
rnclusτvγGsγ√rcπGμorGsupγrsymmγtryGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVGusτnνGr√zorGv√rτ√≥lγsG√nαG
≥oostγαGo≥ψγctGταγntτμτc√tτonGτnGzγroG√nαGonγGlγptonGμτn√lGst√tγsUGJournalrofrHighrEnergyrPhysicsSG
2019SGYWXbSGX

5.4 2

408 |γ√rcπGμorGα√rkGm√ttγrGproαucγαGτnG√ssocτ√tτonGwτtπG√GsτnνlγGtopGqu√rkGorG√GtopGqu√rkGp√τrGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 8

407 |γ√rcπGμorGγxcτtγαGlγptonsGτnGâ��â�� ˛‡Gμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{m√tπrm{s}}fXZGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

406 |γ√rcπGμorGnγwGp√rtτclγsGαγc√yτnνGtoG√GψγtG√nαG√nGγmγrντnνGψγtUGJournalrofrHighrEnergyrPhysicsSG2019SG
YWXbSGX 5.4 15

405 |γ√rcπGμorG√Gπγ√vyGrγson√ncγGαγc√yτnνGtoG√GtopGqu√rkG√nαG√GvγctorTlτkγGtopGqu√rkGτnGtπγGlγptonGRG
ψγtsGμτn√lGst√tγGτnGppGcollτsτonsG√tGOsqrt{s}GfGXZStγxtG{}γV}GPUGEuropeanrPhysicalrJournalrCSG2019SG_bSGX 4.2 6

404 vγ√surγmγntGoμGγxclusτvγG´ pπotoproαuctτonGτnGultr√pγrτpπγr√lGpy≥GcollτsτonsG√tUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG_WY 4.2 13

403 vγ√surγmγntGoμGγxclusτvγGpπotoproαuctτonGμromGprotonsGτnGy≥GcollτsτonsG√tUGEuropeanrPhysicalr
JournalrCSG2019SG_bSGY__ 4.2 19

402 |γ√rcπGμorG√Gπγ√vyGpsγuαosc√l√rG≥osonGαγc√yτnνGtoG√G–G√nαG√GqτννsG≥osonG√tUGEuropeanrPhysicalr
JournalrCSG2019SG_bSG]^[ 4.2 20

401 |γ√rcπGμorGsupγrsymmγtryGτnGμτn√lGst√tγsGwτtπGpπotonsG√nαGmτssτnνGtr√nsvγrsγGmomγntumGτnG
protonTprotonGcollτsτonsG√tGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 5

400 vγ√surγmγntGoμGtπγGtopGqu√rkGm√ssGτnGtπγG√llTψγtsGμτn√lGst√tγG√tG√nαGcom≥τn√tτonGwτtπGtπγG
lγptonRψγtsGcπ√nnγlUGEuropeanrPhysicalrJournalrCSG2019SG_bSGZXZ 4.2 13

399 |γ√rcπGμorGα√rkGpπotonsGτnGαγc√ysGoμGqτννsG≥osonsGproαucγαGτnG√ssocτ√tτonGwτtπG–G≥osonsGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 7
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398 |γ√rcπGμorGsupγrsymmγtryGusτnνGqτννsG≥osonGtoGατpπotonGαγc√ysG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofr
HighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

397 vγ√surγmγntsGoμGατμμγrγntτ√lG–G≥osonGproαuctτonGcrossGsγctτonsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 11

396 |γ√rcπGμorG√nom√lousGtrτplγGν√uνγGcouplτnνsGτnG’’G√nαG’–GproαuctτonGτnGlγptonGRGψγtGγvγntsGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 9

395 |tuαyGoμGtπγGOG{m√tπrm{k}}^{R}toGm√tπrm{s}VuppsτGovγrlτnγ{u√m≥α√}m√tπrm{p}GPGαγc√yGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 1

394
|γ√rcπGμorGrγson√ncγsGαγc√yτnνGtoG√Gp√τrGoμGqτννsG≥osonsGτnGtπγG≥OGovγrlτnγ{m√tπrm{≥}}GPqOG
ovγrlτnγ{m√tπrm{q}}GPâ��â�� ˛‰Gμτn√lGst√tγGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofrHighr
EnergyrPhysicsSG2019SGYWXbSGX

5.4 5

393 vγ√surγmγntsGoμGtrτplγTατμμγrγntτ√lGcrossGsγctτonsGμorGτnclusτvγGτsol√tγαTpπotonRψγtGγvγntsGτnG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGb^b 4.2 1

392 vγ√surγmγntGoμGtπγGατμμγrγntτ√lGmrγllT”√nGcrossGsγctτonGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{m√tπrm{s}}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 6

391 |γ√rcπGμorGtπγGproαuctτonGoμGμourGtopGqu√rksGτnGtπγGsτnνlγTlγptonG√nαGopposτtγTsτνnGατlγptonGμτn√lG
st√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 2

390 vγ√surγmγntGoμGtπγG√vγr√νγGvγryGμorw√rαGγnγrνyG√sG√GμunctτonGoμGtπγGtr√ckGmultτplτcτtyG√tGcγntr√lG
psγuαor√pτατtτγsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGabZ 4.2 6

389 |γ√rcπGμorGsupγrsymmγtryGτnGprotonTprotonGcollτsτonsG√tGXZG}γVGτnGμτn√lGst√tγsGwτtπGψγtsG√nαGmτssτnνG
tr√nsvγrsγGmomγntumUGJournalrofrHighrEnergyrPhysicsSG2019SGYWXbSGX 5.4 21

388 |γ√rcπGμorGnγwGpπysτcsGτnGtopGqu√rkGproαuctτonGτnGατlγptonGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG
√tUGEuropeanrPhysicalrJournalrCSG2019SG_bSGaa^ 4.2 6

387 |tuαyGoμGατψγtGγvγntsGwτtπG√Gl√rνγGr√pτατtyGν√pG≥γtwγγnGtπγGtwoGlγ√ατnνGψγtsGτnGppGcollτsτonsG√tUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGY[Y 4.2 4

386 ysγuαor√pτατtyGατstrτ≥utτonsGoμGcπ√rνγαGπ√αronsGτnGprotonTlγ√αGcollτsτonsG√tGOG
sqrt{sℓ{m√tπrm{ww}}}f]UWYGPG√nαGaUX^G}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 4

385
|γ√rcπGμorGrγson√ntG√nαGnonrγson√ntGqτννsG≥osonGp√τrGproαuctτonGτnGtπγGOG
m√tπrm{≥}ovγrlτnγ{m√tπrm{≥}}m√tπτt{γllGnuGγllGnuG}GPGμτn√lGst√tγGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX

5.4 19

384 |γ√rcπGμorGnγwGpπysτcsGτnGγvγntsGwτtπG√Glγptonτc√llyGαγc√yτnνG–G≥osonG√nαG√Gl√rνγGtr√nsvγrsγG
momγntumGτm≥√l√ncγGτnGprotonTprotonGcollτsτonsG√tGfGXZUGEuropeanrPhysicalrJournalrCSG2018SG_aSGYbX 4.2 17

383 vγ√surγmγntsGoμGtπγGproαuctτonGcrossGsγctτonG√nαGtπγG≥r√ncπτnνGμr√ctτonSG√nαGconstr√τntsGonG
√nom√lousGtrτplγGν√uνγGcouplτnνsG√tUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX^] 4.2 29

382 vγ√surγmγntGoμG√ssocτ√tγαG–GRGcπ√rmGproαuctτonGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalr
JournalrCSG2018SG_aSGYa_ 4.2 11

381
vγ√surγmγntGoμGtπγGτnclusτvγGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGcrossGsγctτonGτnGppGcollτsτonsG√tGOG
sqrt{s}f]UWYGPG}γVGusτnνGμτn√lGst√tγsGwτtπG√tGlγ√stGonγGcπ√rνγαGlγptonUGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 3
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380 |γ√rcπGμorGn√tur√lGsupγrsymmγtryGτnGγvγntsGwτtπGtopGqu√rkGp√τrsG√nαGpπotonsGτnGppGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4

379
|γ√rcπGμorGnγwGpπγnomγn√GτnGμτn√lGst√tγsGwτtπGtwoGopposτtγTcπ√rνγSGs√mγTμl√vorGlγptonsSGψγtsSG√nαG
mτssτnνGtr√nsvγrsγGmomγntumGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 2

378
|γ√rcπGμorGsupγrsymmγtryGτnGγvγntsGwτtπG√tGlγ√stGtπrγγGγlγctronsGorGmuonsSGψγtsSG√nαGmτssτnνG
tr√nsvγrsγGmomγntumGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 4

377 lom≥τnγαGsγ√rcπGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosG√nαGnγutr√lτnosGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 45

376 |γ√rcπGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosG√nαGnγutr√lτnosGτnGmultτlγptonGμτn√lGst√tγsGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 40

375 vγ√surγmγntGoμGατμμγrγntτ√lGcrossGsγctτonsGτnGtπγGkτnγm√tτcG√nνul√rGv√rτ√≥lγGhQGμorGτnclusτvγG–G
≥osonGproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 2

374 lomp√rτnνGtr√nsvγrsγGmomγntumG≥√l√ncγGoμG≥GψγtGp√τrsGτnGppG√nαGy≥y≥GcollτsτonsG√tGOG
sqrt{sℓ{m√tπrm{ww}}}f]UWYGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

373 vγ√surγmγntGoμGnorm√lτzγαGατμμγrγntτ√lGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGcrossGsγctτonsGτnGtπγG
ατlγptonGcπ√nnγlGμromGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

372 lonstr√τntsGonGtπγGαou≥lγTp√rtonGsc√ttγrτnνGcrossGsγctτonGμromGs√mγTsτνnG’G≥osonGp√τrGproαuctτonG
τnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

371 |γ√rcπGμorG––Grγson√ncγsGτnGtπγGYâ��Y˛‰Gμτn√lGst√tγGτnGprotonTprotonGcollτsτonsG√tGXZG}γVUGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

370 sγtGpropγrtτγsGτnGy≥y≥G√nαGppGcollτsτonsG√tGOGsqrt{sℓ{m√tπrm{w}dm√tπrm{w}}}f]UWYGPG}γVUGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

369 |γ√rcπGμorG√GnγwGsc√l√rGrγson√ncγGαγc√yτnνGtoG√Gp√τrGoμG–G≥osonsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 22

368 |γ√rcπGμorGst√nα√rαGmoαγlGproαuctτonGoμGμourGtopGqu√rksGwτtπGs√mγTsτνnG√nαGmultτlγptonGμτn√lG
st√tγsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX[W 4.2 20

367 vγ√surγmγntGoμG≥Gπ√αronGlτμγtτmγsGτnGppGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2018SG_aSG[]_ 4.2 9

366
vγ√surγmγntsGoμGtπγGOm√tπrmG{p}m√tπrmG{p}rτνπt√rrowGm√tπrm{–}m√tπrm{–}PGproαuctτonGcrossG
sγctτonG√nαGtπγGOm√tπrm{–}rτνπt√rrowG[γllGPG≥r√ncπτnνGμr√ctτonSG√nαGconstr√τntsGonG√nom√lousGtrτplγG
ν√uνγGcouplτnνsG√tGOsqrt{s}GfGXZStγxtG{}γV}GPG2018SG_aSGX

3

365 |γ√rcπGμorGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}m√tπrm{q}GPGproαuctτonGτnGtπγG√llTψγtGμτn√lGst√tγGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 13

364 |γ√rcπGμorGrγson√ncγsGτnGtπγGm√ssGspγctrumGoμGmuonGp√τrsGproαucγαGτnG√ssocτ√tτonGwτtπG≥Gqu√rkGψγtsG
τnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG√nαGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

363 vγ√surγmγntGoμGtπγGνroomγαGψγtGm√ssGτnGy≥y≥G√nαGppGcollτsτonsG√tGOGsqrt{sℓ{m√tπrm{ww}}}f]UWYGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5
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362
|γ√rcπGμorGπγ√vyGrγson√ncγsGαγc√yτnνGτntoG√GvγctorG≥osonG√nαG√GqτννsG≥osonGτnGμτn√lGst√tγsGwτtπG
cπ√rνγαGlγptonsSGnγutrτnosG√nαG≥Gqu√rksG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 7

361
|γ√rcπGμorGnγwGpπγnomγn√GτnGμτn√lGst√tγsGwτtπGtwoGopposτtγTcπ√rνγSGs√mγTμl√vorGlγptonsSGψγtsSG√nαG
mτssτnνGtr√nsvγrsγGmomγntumGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 14

360 |γ√rcπGμorGn√tur√lG√nαGsplτtGsupγrsymmγtryGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVGτnGμτn√lG
st√tγsGwτtπGψγtsG√nαGmτssτnνGtr√nsvγrsγGmomγntumUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 39

359 |γ√rcπGμorGαγc√ysGoμGstoppγαGγxotτcGlonνTlτvγαGp√rtτclγsGproαucγαGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

358
|γ√rcπGμorG√nGγxotτcGαγc√yGoμGtπγGqτννsG≥osonGtoG√Gp√τrGoμGlτνπtGpsγuαosc√l√rsGτnGtπγGμτn√lGst√tγGoμG
twoGmuonsG√nαGtwoGˇ�GlγptonsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX

5.4 14

357 |γ√rcπGμorG√Gcπ√rνγαGqτννsG≥osonGαγc√yτnνGtoGcπ√rmG√nαG≥ottomGqu√rksGτnGprotonTprotonGcollτsτonsG
√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

356 |γ√rcπGμorGtopGsqu√rksGαγc√yτnνGvτ√GμourT≥oαyGorGcπ√rντnoTmγατ√tγαGmoαγsGτnGsτnνlγTlγptonGμτn√lG
st√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

355 lπ√rνγαTp√rtτclγGnuclγ√rGmoατμτc√tτonGμ√ctorsGτnG“γ“γGcollτsτonsG√tGOGsqrt{sℓ{m√tπrm{ww}}}GfG]U[[GPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

354 vγ√surγmγntGoμGtπγGtopGqu√rkGm√ssGwτtπGlγptonRψγtsGμτn√lGst√tγsGusτnνGcollτsτonsG√tUGEuropeanr
PhysicalrJournalrCSG2018SG_aSGabX 4.2 13

353 vγ√surγmγntsGoμGtπγGατμμγrγntτ√lGψγtGcrossGsγctτonG√sG√GμunctτonGoμGtπγGψγtGm√ssGτnGατψγtGγvγntsGμromG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14

352 vγ√surγmγntsGoμGqτννsG≥osonGpropγrtτγsGτnGtπγGατpπotonGαγc√yGcπ√nnγlGτnGprotonTprotonGcollτsτonsG
√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 37

351 nvγntGsπ√pγGv√rτ√≥lγsGmγ√surγαGusτnνGmultτψγtGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

350
|γ√rcπγsGμorGp√τrGproαuctτonGoμGcπ√rντnosG√nαGtopGsqu√rksGτnGμτn√lGst√tγsGwτtπGtwoGopposτtγlyG
cπ√rνγαGlγptonsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2018SGYWXaSGX

5.4 12

349
|γ√rcπGμorGn√rrowG√nαG≥ro√αGατψγtGrγson√ncγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVG√nαG
constr√τntsGonGα√rkGm√ttγrGmγατ√torsG√nαGotπγrGnγwGp√rtτclγsUGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 50

348 |γ√rcπGμorG–˛‡Grγson√ncγsGusτnνGlγptonτcG√nαGπ√αronτcGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

347 vγ√surγmγntGoμGtπγGproαuctτonGcrossGsγctτonGμorGsτnνlγGtopGqu√rksGτnG√ssocτ√tτonGwτtπG’G≥osonsGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 5

346 |γ√rcπGμorG≥l√ckGπolγsG√nαGspπ√lγronsGτnGπτνπTmultτplτcτtyGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 9

345 |γ√rcπGμorGsupγrsymmγtryGτnGγvγntsGwτtπG√Gˇ�GlγptonGp√τrG√nαGmτssτnνGtr√nsvγrsγGmomγntumGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 14
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344 |γ√rcπGμorGtπγGαγc√yGoμG√GqτννsG≥osonGτnGtπγGâ��â�� ˛‡Gcπ√nnγlGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 11

343 |γ√rcπGμorGtπτrαTνγnγr√tτonGsc√l√rGlγptoqu√rksGαγc√yτnνGtoG√GtopGqu√rkG√nαG√GlγptonG√tUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG_W_ 4.2 23

342 vγ√surγmγntGoμGατμμγrγntτ√lGcrossGsγctτonsGμorG≥osonGproαuctτonGτnG√ssocτ√tτonGwτtπGψγtsGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2018SG_aSGb^] 4.2 19

341 |tuατγsGoμG√nαGmγsonsGτncluατnνGtπγGo≥sγrv√tτonGoμGtπγGαγc√yGτnGprotonTprotonGcollτsτonsG√tUG
EuropeanrPhysicalrJournalrCSG2018SG_aSGbZb 4.2 12

340 |γ√rcπGμorG√Gπγ√vyGrγson√ncγGαγc√yτnνGτntoG√G–G≥osonG√nαG√G–GorG’G≥osonGτnGYâ��YqGμτn√lGst√tγsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

339 vγ√surγmγntGoμGcπ√rνγαGp√rtτclγGspγctr√GτnGmτnτmumT≥τ√sGγvγntsGμromGprotonTprotonGcollτsτonsG√tUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG^b_ 4.2 9

338 |γ√rcπGμorGlγptonTμl√vorGvτol√tτnνGαγc√ysGoμGπγ√vyGrγson√ncγsG√nαGqu√ntumG≥l√ckGπolγsGtoGγ˛…Gμτn√lG
st√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 3

337 |γ√rcπGμorGnγwGpπysτcsGτnGατψγtG√nνul√rGατstrτ≥utτonsGusτnνGprotonTprotonGcollτsτonsG√tG√nαG
constr√τntsGonGα√rkGm√ttγrG√nαGotπγrGmoαγlsUGEuropeanrPhysicalrJournalrCSG2018SG_aSG_ab 4.2 19

336 jzτmutπ√lGcorrγl√tτonsGμorGτnclusτvγGYTψγtSGZTψγtSG√nαG[TψγtGγvγntsGτnGppGcollτsτonsG√tGOsqrt{s}fGXZ~π≥oxG
{}γV}PUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX 4.2 4

335 |γ√rcπGμorGπτνπTm√ssGrγson√ncγsGτnGμτn√lGst√tγsGwτtπG√GlγptonG√nαGmτssτnνGtr√nsvγrsγGmomγntumG√tG
OGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 15

334 vγ√surγmγntGoμGtπγGunαγrlyτnνGγvγntG√ctτvτtyGτnGτnclusτvγG–G≥osonGproαuctτonGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 8

333 |γ√rcπGμorGrγson√ntGp√τrGproαuctτonGoμGqτννsG≥osonsGαγc√yτnνGtoG≥ottomGqu√rkT√ntτqu√rkGp√τrsGτnG
protonTprotonGcollτsτonsG√tGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 10

332 vγ√surγmγntGoμGtπγGcrossGsγctτonGτnGppGcollτsτonsG√tG√nαGv√lτα√tτonGoμGlγptonG√n√lysτsGtγcπnτquγsUG
EuropeanrPhysicalrJournalrCSG2018SG_aSG_Wa 4.2 5

331 |γ√rcπGμorGvγctorTlτkγG}G√nαGkGqu√rkGp√τrsGτnGμτn√lGst√tγsGwτtπGlγptonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofr
HighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 29

330 |γ√rcπGμorGα√rkGm√ttγrGproαucγαGτnG√ssocτ√tτonGwτtπG√GqτννsG≥osonGαγc√yτnνGtoG˛‡˛‡GorGˇ�GRˇ�Gâ��G√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

329 |γ√rcπGμorG√αατtτon√lGnγutr√lGv||vGqτννsG≥osonsGτnGtπγGˇ�Gˇ�Gμτn√lGst√tγGτnGprotonTprotonGcollτsτonsG√tG
OGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 42

328 |γ√rcπGμorG√Gπγ√vyGrγson√ncγGαγc√yτnνGtoG√Gp√τrGoμGvγctorG≥osonsGτnGtπγGlγptonGplusGmγrνγαGψγtGμτn√lG
st√tγG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 7

327 |γ√rcπGμorG√Gπγ√vyGrτνπtTπ√nαγαG’G≥osonG√nαG√Gπγ√vyGnγutrτnoGτnGγvγntsGwτtπGtwoGs√mγTμl√vorG
lγptonsG√nαGtwoGψγtsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 20
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326 |γ√rcπGμorG√Gπγ√vyGrγson√ncγGαγc√yτnνGτntoG√G–G≥osonG√nαG√GvγctorG≥osonGτnGtπγGOGnuG
ovγrlτnγ{nu}m√tπrm{q}ovγrlτnγ{m√tπrm{q}}GPGμτn√lGst√tγUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 6

325 vγ√surγmγntGoμGtπγGcrossGsγctτonGμorGtopGqu√rkGp√τrGproαuctτonGτnG√ssocτ√tτonGwτtπG√G’GorG–G≥osonG
τnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 18

324
|γ√rcπGμorG≥γyonαGtπγGst√nα√rαGmoαγlGqτννsG≥osonsGαγc√yτnνGτntoG√GOG
m√tπrm{≥}ovγrlτnγ{m√tπrm{≥}}GPGp√τrGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 11

323 vγ√surγmγntGoμGtπγGwγ√kGmτxτnνG√nνlγGusτnνGtπγGμorw√rαT≥√ckw√rαG√symmγtryGoμGmrγllT”√nG
γvγntsGτnGcollτsτonsG√tGaUGEuropeanrPhysicalrJournalrCSG2018SG_aSG_WX 4.2 25

322 vγ√surγmγntGoμGpromptG√nαGnonpromptGcπ√rmonτumGsupprγssτonGτnGcollτsτonsG√tG]UWYUGEuropeanr
PhysicalrJournalrCSG2018SG_aSG]Wb 4.2 37

321 |γ√rcπGμorGlγptonGμl√vourGvτol√tτnνGαγc√ysGoμGtπγGqτννsG≥osonGtoG˛…ˇ�G√nαGγˇ�GτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 19

320
nvταγncγGμorG√ssocτ√tγαGproαuctτonGoμG√GqτννsG≥osonGwτtπG√GtopGqu√rkGp√τrGτnGμτn√lGst√tγsGwτtπG
γlγctronsSGmuonsSG√nαGπ√αronτc√llyGαγc√yτnνGˇ�GlγptonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 23

319 nlγctrowγ√kGproαuctτonGoμGtwoGψγtsGτnG√ssocτ√tτonGwτtπG√G–G≥osonGτnGprotonâ��protonGcollτsτonsG√tG
Osqrt{s}fGPGXZOStγxtG{}γV}PUGEuropeanrPhysicalrJournalrCSG2018SG_aSGX 4.2 12

318
x≥sγrv√tτonGoμGprotonTt√ννγαSGcγntr√lGOsγmτPγxclusτvγGproαuctτonGoμGπτνπTm√ssGlγptonGp√τrsGτnGppG
collτsτonsG√tGXZG}γVGwτtπGtπγGlv|T}x}nvGprγcτsτonGprotonGspγctromγtγrUGJournalrofrHighrEnergyr
PhysicsSG2018SGYWXaSGX

5.4 14

317 |γ√rcπGμorGα√rkGm√ttγrGτnGγvγntsGwτtπGγnγrνγtτcSGπ√αronτc√llyGαγc√yτnνGtopGqu√rksG√nαGmτssτnνG
tr√nsvγrsγGmomγntumG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 16

316 |γ√rcπGμorGsτnνlγGproαuctτonGoμGvγctorTlτkγGqu√rksGαγc√yτnνGtoG√G≥Gqu√rkG√nαG√GqτννsG≥osonUGJournalr
ofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 12

315 |γ√rcπGμorGtπγGμl√vorTcπ√nντnνGnγutr√lGcurrγntGτntγr√ctτonsGoμGtπγGtopGqu√rkG√nαGtπγGqτννsG≥osonG
wπτcπGαγc√ysGτntoG√Gp√τrGoμG≥Gqu√rksG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 20

314
|γ√rcπGμorG√GsτnνlyGproαucγαGtπτrαTνγnγr√tτonGsc√l√rGlγptoqu√rkGαγc√yτnνGtoG√Gˇ�GlγptonG√nαG√G
≥ottomGqu√rkGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SG
YWXaSGX

5.4 9

313
vγ√surγmγntsGoμGατμμγrγntτ√lGcrossGsγctτonsGoμGtopGqu√rkGp√τrGproαuctτonG√sG√GμunctτonGoμGkτnγm√tτcG
γvγntGv√rτ√≥lγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018
SGYWXaSGX

5.4 10

312 vγ√surγmγntGoμGtπγGτnγl√stτcGprotonTprotonGcrossGsγctτonG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2018SGYWXaSGX 5.4 41

311 |γ√rcπGμorGατs√ppγ√rτnνGtr√cksG√sG√Gsτνn√turγGoμGnγwGlonνTlτvγαGp√rtτclγsGτnGprotonTprotonGcollτsτonsG
√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 24

310 |γ√rcπGμorGπτνπTm√ssGrγson√ncγsGτnGατlγptonGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 63

309 |γ√rcπGμorGlowGm√ssGvγctorGrγson√ncγsGαγc√yτnνGτntoGqu√rkT√ntτqu√rkGp√τrsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2018SGYWXaSGX 5.4 28
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308
}πγGnγtworkGoμGpπotoαγtγctorsG√nαGατoαγGl√sγrsGoμGtπγGlv|GuτnkG√lτνnmγntGsystγmUGNuclearr
InstrumentsrandrMethodsrinrPhysicsrResearch,rSectionrA:rAccelerators,rSpectrometers,rDetectorsrandr
AssociatedrEquipmentSG2018SGab^SGXTYZ

1.2 1

307
vγ√surγmγntsGoμGtπγG oormul√cGsγγGtγxt±GproαuctτonGcrossGsγctτonGτnGlγptonRψγtsGμτn√lGst√tγsGτnGppG
collτsτonsG√tGaG oormul√cGsγγGtγxt±G√nαGr√tτoGoμGaGtoG_´  oormul√cGsγγGtγxt±GcrossGsγctτonsUGEuropeanr
PhysicalrJournalrCSG2017SG__SGX]

4.2 19

306 vγ√surγmγntGoμGtπγG oormul√cGsγγGtγxt±GproαuctτonGcrossGsγctτonGusτnνGγvγntsGτnGtπγG oormul√cGsγγG
tγxt±Gμτn√lGst√tγGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2017SG__SGX_Y 4.2 22

305
vγ√surγmγntG√nαGzlmG√n√lysτsGoμGαou≥lγTατμμγrγntτ√lGτnclusτvγGψγtGcrossGsγctτonsGτnGppGcollτsτonsG√tG
OGsqrt{s}faGPG}γVG√nαGcrossGsγctτonGr√tτosGtoGYU_^G√nαG_G}γVUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 34

304 |γ√rcπGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosGτnGμτn√lGst√tγsGwτtπGtwoGˇ�GlγptonsGτnGppGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

303 vγ√surγmγntGoμGtπγGproαuctτonGcrossGsγctτonGoμG√G’´ ≥osonGτnG√ssocτ√tτonGwτtπGtwoG≥GψγtsGτnGppG
collτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2017SG__SGbY 4.2 7

302
vγ√surγmγntGoμGtπγG’–GproαuctτonGcrossGsγctτonGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±G√nαG
a oormul√cGsγγGtγxt±G√nαGsγ√rcπGμorG√nom√lousGtrτplγGν√uνγGcouplτnνsG√tG oormul√cGsγγGtγxt±UG
EuropeanrPhysicalrJournalrCSG2017SG__SGYZ^

4.2 21

301 vγ√surγmγntGoμGpromptG√nαGnonpromptG oormul√cGsγγGtγxt±GproαuctτonGτnG oormul√cGsγγGtγxt±G√nαG
 oormul√cGsγγGtγxt±GcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2017SG__SGY^b 4.2 26

300
jGsγ√rcπGμorGnγwGpπγnomγn√GτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±GτnGμτn√lGst√tγsGwτtπGmτssτnνG
tr√nsvγrsγGmomγntumG√nαG√tGlγ√stGonγGψγtGusτnνGtπγG oormul√cGsγγGtγxt±Gv√rτ√≥lγUGEuropeanrPhysicalr
JournalrCSG2017SG__SGYb[

4.2 21

299 |γ√rcπGμorGnγwGpπysτcsGτnGtπγGmonopπotonGμτn√lGst√tγGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

298
vγ√surγmγntGoμGαou≥lγTατμμγrγntτ√lGcrossGsγctτonsGμorGtopGqu√rkGp√τrGproαuctτonGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±G√nαGτmp√ctGonGp√rtonGατstrτ≥utτonGμunctτonsUGEuropeanr
PhysicalrJournalrCSG2017SG__SG[]b

4.2 16

297 vγ√surγmγntGoμGtπγGψγtGm√ssGτnGπτνπlyG≥oostγαG oormul√cGsγγGtγxt±GγvγntsGμromGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2017SG__SG[^_ 4.2 14

296 vγ√surγmγntsGoμGtπγG√ssocτ√tγαGproαuctτonGoμG√G–G≥osonG√nαG≥GψγtsGτnGppGcollτsτonsG√tUGEuropeanr
PhysicalrJournalrCSG2017SG__SG_]X 4.2 15

295 vγ√surγmγntGoμGtπγGtr√nsvγrsγGmomγntumGspγctrumGoμGtπγGqτννsG≥osonGproαucγαGτnGppGcollτsτonsG
√tGOGsqrt{s}faGPG}γVGusτnνGqGTgG’’Gαγc√ysUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 10

294 lπ√rνγαTp√rtτclγGnuclγ√rGmoατμτc√tτonGμ√ctorsGτnGy≥y≥G√nαGpy≥GcollτsτonsG√tGOG
sqrt{sℓ{m√tπrm{w}dm√tπrm{w}}}f]UWYGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 64

293
|γ√rcπGμorGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGrγson√ncγsGτnGπτνπlyG≥oostγαGlγptonRψγtsG√nαGμullyG
π√αronτcGμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 17

292
|γ√rcπGμorG√ssocτ√tγαGproαuctτonGoμGα√rkGm√ttγrGwτtπG√GqτννsG≥osonGαγc√yτnνGtoGOG
m√tπrm{≥}ovγrlτnγ{m√tπrm{≥}}GPGorG˛‡˛‡G√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 9

291 x≥sγrv√tτonGoμG”OX|PGp√τrGproαuctτonGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 29
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290
|γ√rcπGμorG√nom√lousG’t≥GcouplτnνsG√nαGμl√vourTcπ√nντnνGnγutr√lGcurrγntsGτnGtTcπ√nnγlGsτnνlγGtopG
qu√rkGproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 26

289 |γ√rcπGμorGsτnνlγGproαuctτonGoμGvγctorTlτkγGqu√rksGαγc√yτnνGtoG√G–G≥osonG√nαG√GtopGorG√G≥ottomG
qu√rkGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 8

288 vγ√surγmγntGoμGtπγGsγmτlγptonτcGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGRG˛‡GproαuctτonGcrossGsγctτonGτnG
ppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

287 vγ√surγmγntsGoμGtπγGppGTgG’˛‡˛‡G√nαGppGTgG–˛‡˛‡GcrossGsγctτonsG√nαGlτmτtsGonG√nom√lousGqu√rtτcGν√uνγG
couplτnνsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 2

286 |γ√rcπGμorGnγwGpπγnomγn√GwτtπGtπγGv√rτ√≥lγGτnGtπγG√llTπ√αronτcGμτn√lGst√tγGproαucγαGτnG
protonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2017SG__SG_XW 4.2 54

285 vγ√surγmγntsGoμGατμμγrγntτ√lGproαuctτonGcrossGsγctτonsGμorG√G–G≥osonGτnG√ssocτ√tτonGwτtπGψγtsGτnGppG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

284 |γ√rcπGμorGπγ√vyGrγson√ncγsGαγc√yτnνGtoGt√uGlγptonGp√τrsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZG
PG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

283 |γ√rcπGμorGγlγctrowγ√kGproαuctτonGoμG√GvγctorTlτkγGqu√rkGαγc√yτnνGtoG√GtopGqu√rkG√nαG√GqτννsG≥osonG
usτnνG≥oostγαGtopoloντγsGτnGμullyGπ√αronτcGμτn√lGst√tγsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 9

282 vγ√surγmγntGoμGtπγGtr√nsvγrsγGmomγntumGspγctr√GoμGwγ√kGvγctorG≥osonsGproαucγαGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 15

281 |upprγssτonG√nαG√zτmutπ√lG√nτsotropyGoμGpromptG√nαGnonpromptG oormul√cGsγγGtγxt±GproαuctτonGτnG
y≥y≥GcollτsτonsG√tG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2017SG__SGY]Y 4.2 58

280 |γ√rcπγsGμorGp√τrGproαuctτonGoμGtπτrαTνγnγr√tτonGsqu√rksGτnG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±G
ppGcollτsτonsUGEuropeanrPhysicalrJournalrCSG2017SG__SGZY_ 4.2 17

279 vγ√surγmγntGoμGtπγGtopGqu√rkGm√ssGusτnνGsτnνlγGtopGqu√rkGγvγntsGτnGprotonTprotonGcollτsτonsG√tG
 oormul√cGsγγGtγxt±´ }γVUGEuropeanrPhysicalrJournalrCSG2017SG__SGZ][ 4.2 8

278 |γ√rcπγsGμorGτnvτsτ≥lγGαγc√ysGoμGtπγGqτννsG≥osonGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfG_SGaSG√nαGXZG}γVUG
JournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 74

277 |γ√rcπGμorGm√ssτvγGrγson√ncγsGαγc√yτnνGτntoG’’SG’–GorG––G≥osonsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 19

276 |γ√rcπGμorGα√rkGm√ttγrGproαucγαGτnG√ssocτ√tτonGwτtπGπγ√vyTμl√vorGqu√rkGp√τrsGτnGprotonTprotonG
collτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2017SG__SGa[] 4.2 22

275
vγ√surγmγntGoμGγlγctrowγ√kTτnαucγαGproαuctτonGoμG’˛‡GwτtπGtwoGψγtsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG
}γVG√nαGconstr√τntsGonG√nom√lousGqu√rtτcGν√uνγGcouplτnνsUGJournalrofrHighrEnergyrPhysicsSG2017SG
YWX_SGX

5.4 9

274 |γ√rcπγsGμorG’hG≥osonsGαγc√yτnνGtoG√GtopGqu√rkG√nαG√G≥ottomGqu√rkGτnGprotonTprotonGcollτsτonsG√tG
XZG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

273 vγ√surγmγntGoμGtπγGτnclusτvγGγnγrνyGspγctrumGτnGtπγGvγryGμorw√rαGατrγctτonGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 5
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272 |γ√rcπGμorGατrγctGproαuctτonGoμGsupγrsymmγtrτcGp√rtnγrsGoμGtπγGtopGqu√rkGτnGtπγG√llTψγtsGμτn√lGst√tγG
τnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 18

271 |γ√rcπGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosG√nαGnγutr√lτnosGτnG’qGγvγntsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

270
|γ√rcπGμorGp√τrGproαuctτonGoμGvγctorTlτkγG}G√nαGkGqu√rksGτnGsτnνlγTlγptonGμτn√lGst√tγsGusτnνG≥oostγαG
ψγtGsu≥structurγGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 20

269 |γ√rcπGμorGtopGsqu√rkGp√τrGproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVGusτnνGsτnνlγGlγptonG
γvγntsUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 25

268 |γ√rcπGμorGtopGqu√rkGαγc√ysGvτ√GqτννsT≥osonTmγατ√tγαGμl√vorTcπ√nντnνGnγutr√lGcurrγntsGτnGppG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 12

267
vγ√surγmγntGoμGtπγGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGproαuctτonGcrossGsγctτonGusτnνGγvγntsGwτtπG
onγGlγptonG√nαG√tGlγ√stGonγGψγtGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2017SGYWX_SGX

5.4 14

266 |γ√rcπGμorG√Gπγ√vyGrγson√ncγGαγc√yτnνGtoG√GtopGqu√rkG√nαG√GvγctorTlτkγGtopGqu√rkG√tGOGsqrt{s}fXZGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

265
|γ√rcπGμorGpπysτcsG≥γyonαGtπγGst√nα√rαGmoαγlGτnGγvγntsGwτtπGtwoGlγptonsGoμGs√mγGsτνnSGmτssτnνG
tr√nsvγrsγGmomγntumSG√nαGψγtsGτnGprotonTprotonGcollτsτonsG√tUGEuropeanrPhysicalrJournalrCSG2017SG
__SG]_a

4.2 21

264 |γ√rcπGμorGtopGqu√rkGp√rtnγrsGwτtπGcπ√rνγG]VZGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUG
JournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 3

263 |γ√rcπGμorGlτνπtG≥osonsGτnGαγc√ysGoμGtπγGXY]GpγVGqτννsG≥osonGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 21

262 vγ√surγmγntsGoμGψγtGcπ√rνγGwτtπGατψγtGγvγntsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX 5.4 10

261 |γ√rcπGμorG√ssocτ√tγαGproαuctτonGoμG√G–G≥osonGwτtπG√GsτnνlγGtopGqu√rkG√nαGμorGt–Gμl√vourTcπ√nντnνG
τntγr√ctτonsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 10

260 |γ√rcπGμorGnγwGpπysτcsGwτtπGατψγtG√nνul√rGατstrτ≥utτonsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 11

259 |γ√rcπGμorGα√rkGm√ttγrGproαucγαGwτtπG√nGγnγrνγtτcGψγtGorG√Gπ√αronτc√llyGαγc√yτnνG’GorG–G≥osonG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 46

258
|γ√rcπGμorGtπτrαTνγnγr√tτonGsc√l√rGlγptoqu√rksG√nαGπγ√vyGrτνπtTπ√nαγαGnγutrτnosGτnGμτn√lGst√tγsGwτtπG
twoGt√uGlγptonsG√nαGtwoGψγtsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2017SGYWX_SGX

5.4 35

257 |γ√rcπGμorGnγwGpπγnomγn√GwτtπGmultτplγGcπ√rνγαGlγptonsGτnGprotonâ��protonGcollτsτonsG√tGOsqrt{s}fG
XZPGOStγxtG{}γV}PUGEuropeanrPhysicalrJournalrCSG2017SG__SGX 4.2 2

256 |γ√rcπGμorGπγ√vyGrγson√ncγsGtπ√tGαγc√yGτntoG√GvγctorG≥osonG√nαG√GqτννsG≥osonGτnGπ√αronτcGμτn√lG
st√tγsG√tUGEuropeanrPhysicalrJournalrCSG2017SG__SG^Z^ 4.2 20

255 |γ√rcπGμorGπτνπTm√ssG–˛‡Grγson√ncγsGτnGγRγâ��˛‡G√nαG˛…GRG˛…Gâ��˛‡Gμτn√lGst√tγsGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}faGPG√nαGXZG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4
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254
|γ√rcπGμorGπγ√vyGnγutrτnosGorGtπτrαTνγnγr√tτonGlγptoqu√rksGτnGμτn√lGst√tγsGwτtπGtwoGπ√αronτc√llyG
αγc√yτnνGˇ�GlγptonsG√nαGtwoGψγtsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 18

253 |γ√rcπGμorGlyGvτol√tτonGτnGOGtovγrlτnγ{t}GPGproαuctτonG√nαGαγc√yGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 4

252 vγ√surγmγntGoμGtπγGtrτplγTατμμγrγntτ√lGατψγtGcrossGsγctτonGτnGprotonTprotonGcollτsτonsG√tG√nαG
constr√τntsGonGp√rtonGατstrτ≥utτonGμunctτonsUGEuropeanrPhysicalrJournalrCSG2017SG__SG_[^ 4.2 8

251 |γ√rcπGμorG√GlτνπtGpsγuαosc√l√rGqτννsG≥osonGproαucγαGτnG√ssocτ√tτonGwτtπG≥ottomGqu√rksGτnGppG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 7

250
|γ√rcπGμorGsupγrsymmγtryGτnGγvγntsGwτtπG√tGlγ√stGonγGpπotonSGmτssτnνGtr√nsvγrsγGmomγntumSG√nαG
l√rνγGtr√nsvγrsγGγvγntG√ctτvτtyGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2017SGYWX_SGX

5.4 10

249 vγ√surγmγntsGoμGpropγrtτγsGoμGtπγGqτννsG≥osonGαγc√yτnνGτntoGtπγGμourTlγptonGμτn√lGst√tγGτnGppG
collτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 77

248 |γ√rcπGμorGα√rkGm√ttγrG√nαGunp√rtτclγsGτnGγvγntsGwτtπG√G–G≥osonG√nαGmτssτnνGtr√nsvγrsγGmomγntumG
τnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2017SGYWX_SGX 5.4 16

247 oorw√rαT≥√ckw√rαG√symmγtryGoμGmrγllT”√nGlγptonGp√τrsGτnGppGcollτsτonsG√tG oormul√cGsγγG
tγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZY] 4.2 13

246 |γ√rcπGμorGnγwGpπysτcsGτnGs√mγTsτνnGατlγptonGγvγntsGτnGprotonTprotonGcollτsτonsG√tG oormul√cGsγγG
tγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[Zb 4.2 34

245 vγ√surγmγntGoμGατψγtG√zτmutπ√lGαγcorrγl√tτonGτnGpp´ collτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanr
PhysicalrJournalrCSG2016SG_^SG]Z^ 4.2 6

244 |γ√rcπGμorGα√rkGm√ttγrGp√rtτclγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVGusτnνGtπγGr√zorG
v√rτ√≥lγsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 2

243 |γ√rcπGμorGsGcπ√nnγlGsτnνlγGtopGqu√rkGproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUGJournalrofr
HighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 8

242 vγ√surγmγntGoμGτnclusτvγGψγtGproαuctτonG√nαGnuclγ√rGmoατμτc√tτonsGτnGpy≥GcollτsτonsG√tG oormul√cG
sγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SGZ_Y 4.2 24

241
vγ√surγmγntGoμGατμμγrγntτ√lG√nαGτntγνr√tγαGμταucτ√lGcrossGsγctτonsGμorGqτννsG≥osonGproαuctτonGτnG
tπγGμourTlγptonGαγc√yGcπ√nnγlGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX

5.4 15

240 vγ√surγmγntGoμGtπγGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGproαuctτonGcrossGsγctτonGτnGtπγGγ˛…Gcπ√nnγlGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 30

239 |γ√rcπGμorGnγwGpπysτcsGwτtπGtπγGvG}YGv√rτ√≥lγGτnG√llTψγtsGμτn√lGst√tγsGproαucγαGτnGppGcollτsτonsG√tGOG
sqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 16

238 |γ√rcπGμorGα√rkGm√ttγrGτnGprotonTprotonGcollτsτonsG√tGaG}γVGwτtπGmτssτnνGtr√nsvγrsγGmomγntumG√nαG
vγctorG≥osonGt√ννγαGψγtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

237 nvταγncγGμorGγxclusτvγG˛‡˛‡GTgG’GRG’Gâ��GproαuctτonG√nαGconstr√τntsGonG√nom√lousGqu√rtτcGν√uνγG
couplτnνsGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 27
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236 |γ√rcπGμorGsupγrsymmγtryGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVGτnGtπγGsτnνlγTlγptonGμτn√lGst√tγGusτnνG
tπγGsumGoμGm√ssγsGoμGl√rνγTr√ατusGψγtsUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 7

235 |γ√rcπGμorGατrγctGp√τrGproαuctτonGoμGsupγrsymmγtrτcGtopGqu√rksGαγc√yτnνGtoG√llTπ√αronτcGμτn√lGst√tγsG
τnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^W 4.2 14

234 jzτmutπ√lGαγcorrγl√tτonGoμGψγtsGwταγlyGsγp√r√tγαGτnGr√pτατtyGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 9

233 yπγnomγnoloντc√lGv||vGτntγrprγt√tτonGoμGlv|Gsγ√rcπγsGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 11

232 vγ√surγmγntGoμGtπγGm√ssGoμGtπγGtopGqu√rkGτnGαγc√ysGwτtπG√GsVˇ�GmγsonGτnGppGcollτsτonsG√tGaG}γVUG
JournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 5

231 vγ√surγmγntGoμGtπγGτnclusτvγGψγtGcrossGsγctτonGτnGppGcollτsτonsG√tGOsqrt{s}GfGYU_^StγxtG{}γV}PUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX 4.2 17

230
vγ√surγmγntGoμG oormul√cGsγγGtγxt±GproαuctτonGwτtπG√αατtτon√lGψγtG√ctτvτtySGτncluατnνG oormul√cGsγγG
tγxt±Gqu√rkGψγtsSGτnGtπγGατlγptonGαγc√yGcπ√nnγlGusτnνGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanr
PhysicalrJournalrCSG2016SG_^SGZ_b

4.2 20

229 vγ√surγmγntGoμGtπγGατμμγrγntτ√lGcrossGsγctτonG√nαGcπ√rνγG√symmγtryGμorGτnclusτvγG oormul√cGsγγG
tγxt±GproαuctτonG√tG oormul√cGsγγGtγxt±G}γVUGEuropeanrPhysicalrJournalrCSG2016SG_^SG[^b 4.2 37

228 x≥sγrv√tτonGoμGtopGqu√rkGp√τrsGproαucγαGτnG√ssocτ√tτonGwτtπG√GvγctorG≥osonGτnGppGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 18

227 |γ√rcπGμorG’hGTgGt≥GτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2016SGYWX^SGX 5.4 2

226 lorrγl√tτonsG≥γtwγγnGψγtsG√nαGcπ√rνγαGp√rtτclγsGτnGy≥y≥G√nαGppGcollτsτonsG√tGOG
sqrt{sℓ{m√tπrm{ww}}}fYU_^GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

225 |γ√rcπGμorGtπγGproαuctτonGoμG√nGγxcτtγαG≥ottomGqu√rkGαγc√yτnνGtoGt’GτnGprotonTprotonGcollτsτonsG√tG
OGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 2

224 |γ√rcπGμorGγxcτtγαGlγptonsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2016SGYWX^SGX 5.4 10

223
votτonGoμGlv|GαγtγctorG√nαGmγcπ√nτc√lGstructurγsGαurτnνGv√νnγtGlyclγsG√nαG|t√≥τlτtyGyγrτoαsG
μromGYWWaGtoGYWXZG√sGo≥sγrvγαG≥yGtπγGuτnkGjlτνnmγntG|ystγmUGNuclearrInstrumentsrandrMethodsrinr
PhysicsrResearch,rSectionrA:rAccelerators,rSpectrometers,rDetectorsrandrAssociatedrEquipmentSG2016SG
aXZSGZ^T]]

1.2 1

222 vγ√surγmγntGoμGtπγG oormul√cGsγγGtγxt±GproαuctτonGcrossGsγctτonGτnGtπγG√llTψγtsGμτn√lGst√tγGτnGppG
collτsτonsG√tG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXYa 4.2 21

221 nvγntGνγnγr√torGtunγsGo≥t√τnγαGμromGunαγrlyτnνGγvγntG√nαGmultτp√rtonGsc√ttγrτnνGmγ√surγmγntsUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGX]] 4.2 250

220 |γ√rcπGμorGm√ssτvγG’qGrγson√ncγsGαγc√yτnνGτntoGtπγG oormul√cGsγγGtγxt±Gμτn√lGst√tγG√tG oormul√cGsγγG
tγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SGYZ_ 4.2 19

219 |γ√rcπGμorG√Gm√ssτvγGrγson√ncγGαγc√yτnνGτntoG√GqτννsG≥osonG√nαG√G’GorG–G≥osonGτnGπ√αronτcGμτn√lG
st√tγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14
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218 vγ√surγmγntGoμGtopGqu√rkGpol√rτs√tτonGτnGtTcπ√nnγlGsτnνlγGtopGqu√rkGproαuctτonUGJournalrofrHighr
EnergyrPhysicsSG2016SGYWX^SGX 5.4 7

217 |γ√rcπGμorGπγ√vyGv√ψor√n√GnγutrτnosGτnGγ´–γ´–RGψγtsG√nαGγ´–G˛…G´–RGψγtsGγvγntsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 28

216
|γ√rcπGμorG√GvγryGlτνπtGwv||vGqτννsG≥osonGproαucγαGτnGαγc√ysGoμGtπγGXY]GpγVGsc√l√rG≥osonG√nαG
αγc√yτnνGτntoGˇ�GlγptonsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 16

215 vγ√surγmγntGoμGατμμγrγntτ√lGcrossGsγctτonsGμorGqτννsG≥osonGproαuctτonGτnGtπγGατpπotonGαγc√yG
cπ√nnγlGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SGXZ 4.2 35

214
|γ√rcπGμorGnγwGpπysτcsGτnGμτn√lGst√tγsGwτtπGtwoGopposτtγTsτνnSGs√mγTμl√vorGlγptonsSGψγtsSG√nαGmτssτnνG
tr√nsvγrsγGmomγntumGτnGppGcollτsτonsG√tGOGsqrt{s}fXZGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SG
YWX^SGX

5.4 7

213 mγcomposτnνGtr√nsvγrsγGmomγntumG≥√l√ncγGcontrτ≥utτonsGμorGquγncπγαGψγtsGτnGy≥y≥GcollτsτonsG√tGOG
sqrt{sℓ{m√tπrm{w}dm√tπrm{w}}}fYU_^GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 13

212 vγ√surγmγntGoμGtπγGαou≥lγTατμμγrγntτ√lGτnclusτvγGψγtGcrossGsγctτonGτnGprotonTprotonGcollτsτonsG√tG
 oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2016SG_^SG[]X 4.2 36

211 vγ√surγmγntGoμGtπγG oormul√cGsγγGtγxt±GcrossGsγctτonGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±G}γV√nαG
lτmτtsGonG√nom√lousGν√uνγGcouplτnνsUGEuropeanrPhysicalrJournalrCSG2016SG_^SG[WX 4.2 38

210 |γ√rcπGμorGπγ√vyGrγson√ncγsGαγc√yτnνGtoGtwoGqτννsG≥osonsGτnGμτn√lGst√tγsGcont√τnτnνGμourG≥Gqu√rksUG
EuropeanrPhysicalrJournalrCSG2016SG_^SGZ_X 4.2 25

209 |γ√rcπGμorGqτννsG≥osonGoμμTsπγllGproαuctτonGτnGprotonTprotonGcollτsτonsG√tG_G√nαGaG}γVG√nαG
αγrτv√tτonGoμGconstr√τntsGonGτtsGtot√lGαγc√yGwταtπUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 14

208
|γ√rcπGμorGlγptonGμl√vourGvτol√tτnνGαγc√ysGoμGπγ√vyGrγson√ncγsG√nαGqu√ntumG≥l√ckGπolγsGtoG√nG
 oormul√cGsγγGtγxt±Gp√τrGτnGprotonTprotonGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalr
CSG2016SG_^SGZX_

4.2 9

207 vγ√surγmγntGoμGγlγctrowγ√kGproαuctτonGoμG√G’G≥osonG√nαGtwoGμorw√rαGψγtsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 4

206 vγ√surγmγntGoμGtr√nsvγrsγGmomγntumGrγl√tτvγGtoGατψγtGsystγmsGτnGy≥y≥G√nαGppGcollτsτonsG√tGOG
sqrt{sℓ{m√tπrm{ww}}}fYU_^GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 21

205 |γ√rcπGμorG√nom√lousGsτnνlγGtopGqu√rkGproαuctτonGτnG√ssocτ√tτonGwτtπG√GpπotonGτnGppGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 20

204 |γ√rcπGμorGατrγctGp√τrGproαuctτonGoμGsc√l√rGtopGqu√rksGτnGtπγGsτnνlγTG√nαGατlγptonGcπ√nnγlsGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 6

203 |γ√rcπGμorGtπγG√ssocτ√tγαGproαuctτonGoμG√GqτννsG≥osonGwτtπG√GsτnνlγGtopGqu√rkGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2016SGYWX^SGX 5.4 10

202 |γ√rcπGμorG√Gst√nα√rαGmoαγlGqτννsG≥osonGproαucγαGτnG√ssocτ√tτonGwτtπG√GtopTqu√rkGp√τrG√nαG
αγc√yτnνGtoG≥ottomGqu√rksGusτnνG√Gm√trτxGγlγmγntGmγtπoαUGEuropeanrPhysicalrJournalrCSG2015SG_]SGY]X 4.2 55

201 vγ√surγmγntGoμGγlγctrowγ√kGproαuctτonGoμGtwoGψγtsGτnG√ssocτ√tτonGwτtπG√G–G≥osonGτnGprotonTprotonG
collτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SG^^ 4.2 21
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200 vγ√surγmγntsGoμGατμμγrγntτ√lG√nαGαou≥lγTατμμγrγntτ√lGmrγllT”√nGcrossGsγctτonsGτnGprotonTprotonG
collτsτonsG√tG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SGX[_ 4.2 50

199 |γ√rcπGμorGαγc√ysGoμGstoppγαGlonνTlτvγαGp√rtτclγsGproαucγαGτnGprotonTprotonGcollτsτonsG√tG oormul√cG
sγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SGX]X 4.2 33

198 vγ√surγmγntGoμGtπγG’G≥osonGπγlτcτtyGτnGγvγntsGwτtπG√GsτnνlγGrγconstructγαGtopGqu√rkGτnGppG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 19

197
vγ√surγmγntGoμGtπγGr√tτoGoμGtπγGproαuctτonGcrossGsγctτonsGtτmγsG≥r√ncπτnνGμr√ctτonsGoμGkG´–cGGTgGsVˇ�ˇ�G
´–G√nαGk´–GTgGsVˇ�tG´–G√nαGOGm√tπrm{m√tπc√l{k}}lγμtO{m√tπrm{k}}ℓ{m√tπrm{c}}^{pm}toGm√tπrm{s}VpsτG
{pτ}^{pmG}{pτ}^{pmG}{pτ}^{mp}rτνπtPVm√tπrm{m√tπc√l{k}}lγμtO{m√tπrm{k}}ℓ{m√tπrm{c}}^{pm}toG
m√tπrm{s}VpsτG{pτ}^{pm}rτνπtPGPGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2015SGYWX]SGX

5.4 13

196 |γ√rcπGμorGατs√ppγ√rτnνGtr√cksGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2015SGYWX]SGX 5.4 35

195 |tuαyGoμG–GproαuctτonGτnGy≥y≥G√nαGppGcollτsτonsG√tGOGsqrt{sℓ{m√tπrm{ww}}}fYU_^GPG}γVGτnGtπγGατmuonG
√nαGατγlγctronGαγc√yGcπ√nnγlsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 18

194 |γ√rcπGμorGpπysτcsG≥γyonαGtπγGst√nα√rαGmoαγlGτnGατlγptonGm√ssGspγctr√GτnGprotonTprotonGcollτsτonsG
√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 69

193 vγ√surγmγntGoμGtπγGunαγrlyτnνGγvγntG√ctτvτtyGusτnνGcπ√rνγαTp√rtτclγGψγtsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}fYU_^GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 6

192 |γ√rcπGμorGα√rkGm√ttγrSGγxtr√GατmγnsτonsSG√nαGunp√rtτclγsGτnGmonoψγtGγvγntsGτnGprotonTprotonG
collτsτonsG√tG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SGYZ] 4.2 250

191
lonstr√τntsGonGp√rtonGατstrτ≥utτonGμunctτonsG√nαGγxtr√ctτonGoμGtπγGstronνGcouplτnνGconst√ntGμromG
tπγGτnclusτvγGψγtGcrossGsγctτonGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanr
PhysicalrJournalrCSG2015SG_]SGYaa

4.2 37

190 wuclγ√rGγμμγctsGonGtπγGtr√nsvγrsγGmomγntumGspγctr√GoμGcπ√rνγαGp√rtτclγsGτnGpy≥GcollτsτonsG√tG
 oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SGYZ_ 4.2 48

189 mτstrτ≥utτonsGoμGtopoloντc√lGo≥sγrv√≥lγsGτnGτnclusτvγGtπrγγTG√nαGμourTψγtGγvγntsGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SGZWY 4.2 4

188
lonstr√τntsGonGtπγGpv||vSGjv|kGmoαγlG√nαGonGotπγrGmoαγlsGμromGtπγGsγ√rcπGμorGlonνTlτvγαG
cπ√rνγαGp√rtτclγsGτnGprotonTprotonGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG
2015SG_]SGZY]

4.2 24

187
|γ√rcπGμorGpπysτcsG≥γyonαGtπγGst√nα√rαGmoαγlGτnGγvγntsGwτtπGtwoGlγptonsSGψγtsSG√nαGmτssτnνG
tr√nsvγrsγGmomγntumGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SG
YWX]SGX

5.4 22

186 |γ√rcπGμorGtπτrαTνγnγr√tτonGsc√l√rGlγptoqu√rksGτnGtπγGtˇ�Gcπ√nnγlGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 19

185 |γ√rcπγsGμorGsupγrsymmγtryGusτnνGtπγGvG}YGv√rτ√≥lγGτnGπ√αronτcGγvγntsGproαucγαGτnGppGcollτsτonsG√tG
aG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 26

184 |γ√rcπγsGμorGtπτrαTνγnγr√tτonGsqu√rkGproαuctτonGτnGμullyGπ√αronτcGμτn√lGst√tγsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 33

183 |γ√rcπGμorGtπγGproαuctτonGoμGα√rkGm√ttγrGτnG√ssocτ√tτonGwτtπGtopTqu√rkGp√τrsGτnGtπγGsτnνlγTlγptonG
μτn√lGst√tγGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 17
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182 |γ√rcπGμorG√Gcπ√rνγαGqτννsG≥osonGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2015SGYWX]SGX 5.4 61

181 |γ√rcπGμorGsupγrsymmγtryGτnGtπγGvγctorT≥osonGμusτonGtopoloνyGτnGprotonTprotonGcollτsτonsG√tGOG
sqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 11

180 |γ√rcπGμorG√GlτνπtGcπ√rνγαGqτννsG≥osonGαγc√yτnνGtoGOGm√tπrm{c}ovγrlτnγ{m√tπrm{s}}GPGτnGppGcollτsτonsG
√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGXTZ_ 5.4 33

179 |γ√rcπGμorGvγctorTlτkγG}Gqu√rksGαγc√yτnνGtoGtopGqu√rksG√nαGqτννsG≥osonsGτnGtπγG√llTπ√αronτcGcπ√nnγlG
usτnνGψγtGsu≥structurγUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 16

178 |γ√rcπGμorGnγutr√lGcolorToctγtGwγ√kTtrτplγtGsc√l√rGp√rtτclγsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}faGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4

177 |γ√rcπGμorG√GqτννsG≥osonGτnGtπγGm√ssGr√nνγGμromGX[]GtoGXWWWGpγVGαγc√yτnνGtoG√Gp√τrGoμG’GorG–G
≥osonsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 73

176
yrγcτsγGαγtγrmτn√tτonGoμGtπγGm√ssGoμGtπγGqτννsG≥osonG√nαGtγstsGoμGcomp√tτ≥τlτtyGoμGτtsGcouplτnνsG
wτtπGtπγGst√nα√rαGmoαγlGprγατctτonsGusτnνGprotonGcollτsτonsG√tG_G√nαGa oormul√cGsγγGtγxt±UGEuropeanr
PhysicalrJournalrCSG2015SG_]SGYXY

4.2 399

175 vγ√surγmγntGoμGtπγG–˛‡GproαuctτonGcrossGsγctτonGτnGppGcollτsτonsG√tGaG}γVG√nαGsγ√rcπGμorG√nom√lousG
trτplγGν√uνγG≥osonGcouplτnνsUGJournalrofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 7

174
vγ√surγmγntGoμGtπγGτnclusτvγGZTψγtGproαuctτonGατμμγrγntτ√lGcrossGsγctτonGτnGprotonTprotonGcollτsτonsG
√tG_G}γV´ √nαGαγtγrmτn√tτonGoμGtπγGstronνGcouplτnνGconst√ntGτnGtπγG}γV´ r√nνγUGEuropeanrPhysicalr
JournalrCSG2015SG_]SGXa^

4.2 41

173 vγ√surγmγntGoμGtπγGατμμγrγntτ√lGcrossGsγctτonGμorGtopGqu√rkGp√τrGproαuctτonGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2015SG_]SG][Y 4.2 98

172
vγ√surγmγntsGoμGtπγG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±GproαuctτonGcrossGsγctτonsGτnGtπγG
 oormul√cGsγγGtγxt±Gcπ√nnγlGτnGprotonTprotonGcollτsτonsG√tG oormul√cGsγγGtγxt±G√nαG oormul√cGsγγG
tγxt±G√nαGcom≥τnγαGconstr√τntsGonGtrτplγGν√uνγGcouplτnνsUGEuropeanrPhysicalrJournalrCSG2015SG_]SG]XX

4.2 25

171 lomp√rτsonGoμGtπγG–V˛‡GQGRGψγtsGtoG˛‡GRGψγtsGcrossGsγctτonsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalr
ofrHighrEnergyrPhysicsSG2015SGYWX]SGX 5.4 5

170 |γ√rcπGμorGnγutr√lGv||vGqτννsG≥osonsGαγc√yτnνGτntoG√Gp√τrGoμG≥ottomGqu√rksUGJournalrofrHighr
EnergyrPhysicsSG2015SGYWX]SGX 5.4 18

169 vγ√surγmγntGoμGtπγGOGtovγrlτnγ{t}GPGproαuctτonGcrossGsγctτonGτnGtπγGατlγptonGcπ√nnγlGτnGppGcollτsτonsG
√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 43

168 |tuατγsGoμG√zτmutπ√lGατπ√αronGcorrγl√tτonsGτnGultr√Tcγntr√lGy≥y≥GcollτsτonsG√tGOGsqrt{{{sℓ{wwG}}}}GPG
fYU_^G}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 60

167 vγ√surγmγntGoμG√ssocτ√tγαG’GRGcπ√rmGproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfG_G}γVUGJournalrofr
HighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 37

166 |γ√rcπGμorGnγwGpπysτcsGτnGγvγntsGwτtπGs√mγTsτνnGατlγptonsG√nαGψγtsGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfGaG
}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 38

165 |tuατγsGoμGατψγtGtr√nsvγrsγGmomγntumG≥√l√ncγG√nαGpsγuαor√pτατtyGατstrτ≥utτonsGτnGpy≥GcollτsτonsG√tG
Osqrt{sℓ{m√tπrm{ww}}}GfG]UWYPGOStγxtG{}γV}PUGEuropeanrPhysicalrJournalrCSG2014SG_[SGX 4.2 67
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164 vγ√surγmγntGoμG’–G√nαG––GproαuctτonGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±GτnGμτn√lGst√tγsGwτtπG
≥Tt√ννγαGψγtsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGYb_Z 4.2 16

163 |γ√rcπGμorGτnvτsτ≥lγGαγc√ysGoμGqτννsG≥osonsGτnGtπγGvγctorG≥osonGμusτonG√nαG√ssocτ√tγαG–qG
proαuctτonGmoαγsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGYbaW 4.2 131

162 vγ√surγmγntGoμGψγtGmultτplτcτtyGατstrτ≥utτonsGτnG oormul√cGsγγGtγxt±GproαuctτonGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZWX[ 4.2 11

161 |tuαyGoμGαou≥lγGp√rtonGsc√ttγrτnνGusτnνG’GRGYTψγtGγvγntsGτnGprotonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfG_G
}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 61

160 nvγntG√ctτvτtyGαγpγnαγncγGoμGOG”GPOn|PGproαuctτonGτnGOGsqrt{{{sℓ{wwG}}}}GPGfG]UWYG}γVGpy≥G√nαGOGsqrt{s}GPG
fGYU_^G}γVGppGcollτsτonsUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 42

159 UGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 18

158 nvταγncγGμorGtπγGXY]GpγVGqτννsG≥osonGαγc√yτnνGtoG√Gp√τrGoμGˇ�GlγptonsUGJournalrofrHighrEnergyrPhysics
SG2014SGYWX[SGX 5.4 101

157 |γ√rcπGμorG’hGTgGt≥Gαγc√ysGτnGtπγGlγptonGRGψγtsGμτn√lGst√tγGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfGaG}γVUGJournalr
ofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 23

156 vγ√surγmγntGoμGtπγGtrτplγTατμμγrγntτ√lGcrossGsγctτonGμorGpπotonGRGψγtsGproαuctτonGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}GPGfG_G}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 15

155 |γ√rcπGμorGnγwGpπysτcsGτnGtπγGmultτψγtG√nαGmτssτnνGtr√nsvγrsγGmomγntumGμτn√lGst√tγGτnG
protonTprotonGcollτsτonsG√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 81

154 vγ√surγmγntGoμGtπγGtTcπ√nnγlGsτnνlγTtopTqu√rkGproαuctτonGcrossGsγctτonG√nαGoμGtπγG|VGt≥|GltvG
m√trτxGγlγmγntGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 48

153 vγ√surγmγntGoμGtπγGproαuctτonGcrossGsγctτonsGμorG√G–G≥osonG√nαGonγGorGmorγG≥GψγtsGτnGppGcollτsτonsG
√tGOGsqrt{s}GPGfG_G}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 21

152 |γ√rcπGμorGp√τrGproαuctτonGoμGγxcτtγαGtopGqu√rksGτnGtπγGlγptonGRGψγtsGμτn√lGst√tγUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 3

151 |γ√rcπGμorGm√ssτvγGrγson√ncγsGτnGατψγtGsystγmsGcont√τnτnνGψγtsGt√ννγαG√sG’GorG–G≥osonGαγc√ysGτnGppG
collτsτonsG√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 74

150 |γ√rcπGμorGm√ssτvγGrγson√ncγsGαγc√yτnνGτntoGp√τrsGoμG≥oostγαG≥osonsGτnGsγmτTlγptonτcGμτn√lGst√tγsG
√tGOGsqrt{s}GPGfGaG}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 59

149 vγ√surγmγntGoμGtπγGtopTqu√rkGm√ssGτnG√llTψγtsG oormul√cGsγγGtγxt±GγvγntsGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt±G}γVUGEuropeanrPhysicalrJournalrCSG2014SG_[SGY_]a 4.2 21

148 |tuαyGoμGtπγGproαuctτonGoμGcπ√rνγαGpτonsSGk√onsSG√nαGprotonsGτnGpy≥GcollτsτonsG√tG oormul√cGsγγG
tγxt±]UWY oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2014SG_[SGYa[_ 4.2 71

147 yro≥τnνGcolorGcoπγrγncγGγμμγctsGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG
2014SG_[SGYbWX 4.2 13
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146 |γ√rcπGμorGπγ√vyGnγutrτnosG√nαG oormul√cGsγγGtγxt±G≥osonsGwτtπGrτνπtTπ√nαγαGcouplτnνsGτnG
protonTprotonGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZX[b 4.2 149

145 vγ√surγmγntGoμGtopGqu√rkT√ntτqu√rkGp√τrGproαuctτonGτnG√ssocτ√tτonGwτtπG√G’GorG–G≥osonGτnGppG
collτsτonsG√tG oormul√cGsγγGtγxt± oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZW^W 4.2 29

144 vγ√surγmγntGoμGατμμγrγntτ√lGcrossGsγctτonsGμorGtπγGproαuctτonGoμG√Gp√τrGoμGτsol√tγαGpπotonsGτnGppG
collτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2014SG_[SGZXYb 4.2 29

143 |γ√rcπGμorGnγutr√lGv||vGqτννsG≥osonsGαγc√yτnνGtoG√Gp√τrGoμGt√uGlγptonsGτnGppGcollτsτonsUGJournalrofr
HighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 70

142 vγ√surγmγntGoμGpsγuαor√pτατtyGατstrτ≥utτonsGoμGcπ√rνγαGp√rtτclγsGτnGprotonâ��protonGcollτsτonsG√tG
Osqrt{s}GfGaPG}γVG≥yGtπγGlv|G√nαG}x}nvGγxpγrτmγntsUGEuropeanrPhysicalrJournalrCSG2014SG_[SGX 4.2 37

141 |γ√rcπγsGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosSGnγutr√lτnosSG√nαGslγptonsGαγc√yτnνGtoGlγptonsG
√nαG’SG–SG√nαGqτννsG≥osonsGτnGppGcollτsτonsG√tGa´ }γVUGEuropeanrPhysicalrJournalrCSG2014SG_[SGZWZ^ 4.2 183

140 vγ√surγmγntGoμGpromptGsVˇ�Gp√τrGproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfG_G}γvUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 41

139 x≥sγrv√tτonGoμGtπγGατpπotonGαγc√yGoμGtπγGqτννsG≥osonG√nαGmγ√surγmγntGoμGτtsGpropγrtτγsUG
EuropeanrPhysicalrJournalrCSG2014SG_[SGZW_^ 4.2 239

138 |γ√rcπGμorGtπγG√ssocτ√tγαGproαuctτonGoμGtπγGqτννsG≥osonGwτtπG√GtopTqu√rkGp√τrUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 45

137 |tuαyGoμGπ√αronτcGγvγntTsπ√pγGv√rτ√≥lγsGτnGmultτψγtGμτn√lGst√tγsGτnGppGcollτsτonsG√tGOGsqrt{s}GfG_GPG}γVUG
JournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 3

136 |γ√rcπGμorGst√nα√rαGmoαγlGproαuctτonGoμGμourGtopGqu√rksGτnGtπγGlγptonGRGψγtsGcπ√nnγlGτnGppG
collτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 15

135 rαγntτμτc√tτonGtγcπnτquγsGμorGπτνπlyG≥oostγαG’G≥osonsGtπ√tGαγc√yGτntoGπ√αronsUGJournalrofrHighr
EnergyrPhysicsSG2014SGYWX[SGX 5.4 32

134 vγ√surγmγntGoμGqτννsG≥osonGproαuctτonG√nαGpropγrtτγsGτnGtπγG’’Gαγc√yGcπ√nnγlGwτtπGlγptonτcG
μτn√lGst√tγsUGJournalrofrHighrEnergyrPhysicsSG2014SGYWX[SGX 5.4 144

133 vγ√surγmγntGoμGtπγGOGtovγrlτnγ{t}GPGproαuctτonGcrossGsγctτonGτnGtπγGατlγptonGcπ√nnγlGτnGppGcollτsτonsG
√tGOGsqrt{s}GPGfGaG}γVG2014SGYWX[SGX 3

132 |γ√rcπGμorGtπγG√ssocτ√tγαGproαuctτonGoμGtπγGqτννsG≥osonGwτtπG√GtopTqu√rkGp√τrG2014SGYWX[SGX 6

131 |γ√rcπGμorGmτcroscopτcG≥l√ckGπolγsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG}γVUGJournalrofrHighrEnergyrPhysics
SG2013SGYWXZSGX 5.4 38

130 vγ√surγmγntGoμGtπγGOGu√m≥α√ℓ{m√tπrm{≥}}^WGPGlτμγtτmγGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalr
ofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14

129 |γ√rcπγsGμorGlonνTlτvγαGcπ√rνγαGp√rtτclγsGτnGppGcollτsτonsG√tGOGsqrt{s}GPGf_G√nαGaG}γVUGJournalrofrHighr
EnergyrPhysicsSG2013SGYWXZSGX 5.4 96
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128 |tuαyGoμGγxclusτvγGtwoTpπotonGproαuctτonGoμG’R’â��GτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVG√nαG
constr√τntsGonG√nom√lousGqu√rtτcGν√uνγGcouplτnνsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 56

127 x≥sγrv√tτonGoμG√GnγwG≥osonGwτtπGm√ssGnγ√rGXY]GpγVGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG√nαGaG}γVUG
JournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 261

126 |γ√rcπGμorGtπγGst√nα√rαGmoαγlGqτννsG≥osonGproαucγαGτnG√ssocτ√tτonGwτtπG√GtopTqu√rkGp√τrGτnGppG
collτsτonsG√tGtπγGuqlUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 35

125 |tuατγsGoμGψγtGm√ssGτnGατψγtG√nαG’V–GRGψγtGγvγntsUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

124 vγ√surγmγntGoμGtπγGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGproαuctτonGcrossGsγctτonGτnGtπγG√llTψγtGμτn√lG
st√tγGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 14

123 vγ√surγmγntGoμGtπγG“OZa_YPGproαuctτonGcrossGsγctτonGvτ√Gαγc√ysGtoGsVˇ�ˇ�GRGˇ�Gâ��GτnGppGcollτsτonsG√tGOG
sqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 44

122 |tuαyGoμGtπγGunαγrlyτnνGγvγntG√tGμorw√rαGr√pτατtyGτnGppGcollτsτonsG√tGOG
sqrt{s}fWUbSYU_^Sdm√tπrm{√nα}d_dm√tπrm{}γV}GPUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

121 |γ√rcπGμorGnγwGpπysτcsGτnGγvγntsGwτtπGpπotonsSGψγtsSG√nαGmτssτnνGtr√nsvγrsγGγnγrνyGτnGppGcollτsτonsG
√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 15

120 |γ√rcπGμorGnγwGpπysτcsGτnGγvγntsGwτtπGs√mγTsτνnGατlγptonsG√nαG≥GψγtsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 33

119 |γ√rcπGτnGlγptonτcGcπ√nnγlsGμorGπγ√vyGrγson√ncγsGαγc√yτnνGtoGlonνTlτvγαGnγutr√lGp√rtτclγsUGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 30

118 |γ√rcπGμorGγxotτcGrγson√ncγsGαγc√yτnνGτntoG’–V––GτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofr
HighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 16

117 |γ√rcπGμorGtπγGqτννsG≥osonGτnGtπγG√llTπ√αronτcGμτn√lGst√tγGusτnνGtπγGμullGlmoGα√t√GsγtUGJournalrofrHighr
EnergyrPhysicsSG2013SGYWXZSGX 5.4 5

116 |γ√rcπGμorGsupγrsymmγtryGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±G}γVGτnGγvγntsGwτtπG√GsτnνlγGlγptonSG
ψγtsSG√nαGmτssτnνGtr√nsvγrsγGmomγntumUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[W[ 4.2 15

115 |γ√rcπGμorG√Gst√nα√rαTmoαγlTlτkγGqτννsG≥osonGwτtπG√Gm√ssGτnGtπγGr√nνγGX[]GtoGXWWWGpγVG√tGtπγGuqlUG
EuropeanrPhysicalrJournalrCSG2013SG_ZSGY[^b 4.2 49

114
vγ√surγmγntGoμGtπγG’T≥osonGπγlτcτtyGτnGtopTqu√rkGαγc√ysGμromGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPG
proαuctτonGτnGlγptonRψγtsGγvγntsGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2013SGYWXZSGX

5.4 25

113
|γ√rcπGμorGsupγrsymmγtryGτnGπ√αronτcGμτn√lGst√tγsGwτtπGmτssτnνGtr√nsvγrsγGγnγrνyGusτnνGtπγG
v√rτ√≥lγsG√nαG≥Tqu√rkGmultτplτcτtyGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG
2013SG_ZSGY]^a

4.2 82

112
vγ√surγmγntGoμGtπγGπ√αronτcG√ctτvτtyGτnGγvγntsGwτtπG√G–G√nαGtwoGψγtsG√nαGγxtr√ctτonGoμGtπγGcrossG
sγctτonGμorGtπγGγlγctrowγ√kGproαuctτonGoμG√G–GwτtπGtwoGψγtsGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUG
JournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX

5.4 10

111 vγ√surγmγntGoμGm√ssγsGτnGtπγG oormul√cGsγγGtγxt±GsystγmG≥yGkτnγm√tτcGγnαpoτntsGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[b[ 4.2 37
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110 |γ√rcπGμorGpπysτcsG≥γyonαGtπγGst√nα√rαGmoαγlGτnGγvγntsGwτtπGlγptonsSGψγtsSG√nαGl√rνγGtr√nsvγrsγG
momγntumGτm≥√l√ncγGτnGppGcollτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY[bZ4.2 10

109 vγ√surγmγntGoμGtπγGOm√tπrm{t}≥√r{m√tπrm{t}}PGproαuctτonGcrossGsγctτonGτnGtπγGˇ�RψγtsGcπ√nnγlGτnGppG
collτsτonsG√tGOsqrt{s}f_Gm≥ox{}γV}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 21

108 sγtG√nαGunαγrlyτnνGγvγntGpropγrtτγsG√sG√GμunctτonGoμGcπ√rνγαTp√rtτclγGmultτplτcτtyGτnGprotonTprotonG
collτsτonsG√tG oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGY^_[ 4.2 24

107 |γ√rcπGμorGtopTsqu√rkGp√τrGproαuctτonGτnGtπγGsτnνlγTlγptonGμτn√lGst√tγGτnGppGcollτsτonsG√tGOsqrt{s}faG
m√tπrm{}γV}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 162

106 vγ√surγmγntGoμGtπγGατμμγrγntτ√lG√nαGαou≥lγTατμμγrγntτ√lGmrγllT”√nGcrossGsγctτonsGτnGprotonTprotonG
collτsτonsG√tGOGsqrt{s}GPGfG_G}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 43

105 vγ√surγmγntGoμGtπγGcrossGsγctτonG√nαG√nνul√rGcorrγl√tτonsGμorG√ssocτ√tγαGproαuctτonGoμG√G–G≥osonG
wτtπG≥Gπ√αronsGτnGppGcollτsτonsG√tGOGsqrt{s}GPGfG_G}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 26

104
vγ√surγmγntGoμGtπγGr√tτoGoμGtπγGτnclusτvγGZTψγtGcrossGsγctτonGtoGtπγGτnclusτvγGYTψγtGcrossGsγctτonGτnG
ppGcollτsτonsG√tGOsqrt{s}GfG_Gm√tπrm{}γV}PG√nαGμτrstGαγtγrmτn√tτonGoμGtπγGstronνGcouplτnνGconst√ntGτnG
tπγG}γVGr√nνγUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX

4.2 50

103 vγ√surγmγntGoμGtπγG’R’â��GcrossGsγctτonGτnGppGcollτsτonsG√tGOsqrt{s}GfG_m≥ox{G}γV}PG√nαGlτmτtsGonG
√nom√lousG’’˛‡G√nαG’’–GcouplτnνsUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 56

102 |γ√rcπGμorGn√rrowGrγson√ncγsG√nαGqu√ntumG≥l√ckGπolγsGτnGτnclusτvγG√nαG≥Tt√ννγαGατψγtGm√ssGspγctr√G
μromGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 37

101 vγ√surγmγntGoμGtπγG––GproαuctτonGcrossGsγctτonG√nαGsγ√rcπGμorG√nom√lousGcouplτnνsGτnGYâ��Yâ��hGμτn√lG
st√tγsGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 39

100 |γ√rcπGμorGsupγrsymmγtryGτnGμτn√lGst√tγsGwτtπGmτssτnνGtr√nsvγrsγGγnγrνyG√nαGWSGXSGYSGorGâ�¥ZG≥Tqu√rkG
ψγtsGτnG_G}γVGppGcollτsτonsGusτnνGtπγGv√rτ√≥lγG˛–G}UGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 29

99 |γ√rcπGμorGπγ√vyGqu√rksGαγc√yτnνGτntoG√GtopGqu√rkG√nαG√G’GorG–G≥osonGusτnνGlγptonGRGψγtsGγvγntsGτnG
ppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2013SGYWXZSGX 5.4 12

98 vγ√surγmγntGoμGtπγGsumGoμG’’G√nαG’–GproαuctτonGwτtπG’RατψγtGγvγntsGτnGppGcollτsτonsG√tG
 oormul√cGsγγGtγxt±UGEuropeanrPhysicalrJournalrCSG2013SG_ZSGYYaZ 4.2 45

97 vγ√surγmγntGoμGατμμγrγntτ√lGtopTqu√rkTp√τrGproαuctτonGcrossGsγctτonsGτnGppGcollτsτonsG√tGOsqrt{s}GfG_G
m√tπrm{}γV}PUGEuropeanrPhysicalrJournalrCSG2013SG_ZSGX 4.2 102

96 |γ√rcπGμorGnγwGpπysτcsGτnGγvγntsGwτtπGs√mγTsτνnGατlγptonsG√nαG≥GψγtsGτnGppGcollτsτonsG√tGOGsqrt{s}faGPG
}γVG2013SGYWXZSGX 2

95
lv|Gstructur√lGγquτlτ≥rτumG√tGconst√ntGm√νnγtτcGμτγlαG√sGo≥sγrvγαG≥yGtπγGlτnkG√lτνnmγntGsystγmUG
NuclearrInstrumentsrandrMethodsrinrPhysicsrResearch,rSectionrA:rAccelerators,rSpectrometers,r
DetectorsrandrAssociatedrEquipmentSG2012SG^_]SGa[Tb^
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94 |tuαyGoμGπτνπTpG}Gcπ√rνγαGp√rtτclγGsupprγssτonGτnGy≥y≥Gcomp√rγαGtoGppGcollτsτonsG√tG
Osqrt{sℓ{m√tπrm{ww}}}fYU_^~m√tπrm{}γV}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 316

93 lγntr√lτtyGαγpγnαγncγGoμGατπ√αronGcorrγl√tτonsG√nαG√zτmutπ√lG√nτsotropyGπ√rmonτcsGτnGy≥y≥G
collτsτonsG√tGOsqrt{sℓ{ww}}fGYU_^Gm≥ox{}γV}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 158
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92 sγtGproαuctτonGr√tγsGτnG√ssocτ√tτonGwτtπG’G√nαG–G≥osonsGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG_G{tγxt{}γV}}GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 37

91 nxclusτvγG˛‡˛‡GTgG˛…GRG˛…Gâ��GproαuctτonGτnGprotonTprotonGcollτsτonsG√tGOGsqrtG{s}GfG{_}GPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 45

90 vγ√surγmγntGoμGtπγGproαuctτonGcrossGsγctτonGμorGp√τrsGoμGτsol√tγαGpπotonsGτnGppGcollτsτonsG√tGOGsqrtG
{s}GfG_d}γVGPUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 20

89 rnclusτvγG≥TψγtGproαuctτonGτnGppGcollτsτonsG√tGOsqrtG{s}GfG_}γVPUGJournalrofrHighrEnergyrPhysicsSG2012SG
YWXYSGX 5.4 30

88 |γ√rcπGμorGqu√rkGcomposτtγnγssGτnGατψγtG√nνul√rGατstrτ≥utτonsGμromGppGcollτsτonsG√tGOGsqrtG{s}GfG_{G}GPG
}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 12

87 |upprγssτonGoμGnonTpromptGsVˇ�SGpromptGsVˇ�SG√nαGOG~psτlonGPOX|PGτnGy≥y≥GcollτsτonsG√tGOGsqrtG
{{{sℓ{tγxt{ww}}}}}GfGYU_^GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 184

86 |γ√rcπGμorGπγ√vyG≥ottomTlτkγGqu√rksGτnG[UbGμ≥â��XGoμGppGcollτsτonsG√tGOGsqrtG{s}GfG_GPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 44

85 vγ√surγmγntGoμGtπγGcrossGsγctτonGμorGproαuctτonGoμGOG≥ovγrlτnγG≥G“GPGαγc√yτnνGtoGmuonsGτnGppG
collτsτonsG√tGOGsqrtG{s}GfG_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 3

84 vγ√surγmγntGoμGtπγG–V˛‡QGRG≥TψγtGcrossGsγctτonGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG_GPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 24

83 |π√pγSGtr√nsvγrsγGsτzγSG√nαGcπ√rνγαTπ√αronGmultτplτcτtyGoμGψγtsGτnGppGcollτsτonsG√tGOGsqrt{s}f_d}γVGPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 27

82 |γ√rcπGμorG√nom√lousGproαuctτonGoμGmultτlγptonGγvγntsGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG_S}γVGPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 65

81 |γ√rcπGμorG√GlτνπtGcπ√rνγαGqτννsG≥osonGτnGtopGqu√rkGαγc√ysGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG_d}γVGPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 101

80 |γ√rcπGμorGlγptonτcGαγc√ysGoμG’hG≥osonsGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG{_}GPG}γVUGJournalrofrHighr
EnergyrPhysicsSG2012SGYWXYSGX 5.4 43

79 |γ√rcπGμorGstoppγαGlonνTlτvγαGp√rtτclγsGproαucγαGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG{tγxt{_}γV}}GPUGJournalr
ofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 17

78 |γ√rcπGμorGnγwGpπysτcsGτnGγvγntsGwτtπGs√mγTsτνnGατlγptonsG√nαG≥Tt√ννγαGψγtsGτnGppGcollτsτonsG√tGOGsqrtG
{s}GfG_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 24

77 vγ√surγmγntGoμGtπγGunαγrlyτnνGγvγntG√ctτvτtyGτnGppGcollτsτonsG√tGOGsqrtG{s}GfGWUbGPG√nαG_G}γVGwτtπGtπγG
novγlGψγtT√rγ√Vmγατ√nG√ppro√cπUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 11

76 |γ√rcπGμorG√nom√lousGOGtovγrlτnγGtGPGproαuctτonGτnGtπγGπτνπlyT≥oostγαG√llTπ√αronτcGμτn√lGst√tγUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 57

75 |γ√rcπGμorGα√rkGm√ttγrG√nαGl√rνγGγxtr√GατmγnsτonsGτnGmonoψγtGγvγntsGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG
{_}GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 155
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74 |γ√rcπGμorG√Gμγrmτopπo≥τcGqτννsG≥osonGτnGppGcollτsτonsG√tGOGsqrtG{s}GfG_GPG}γVUGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 13

73 |γ√rcπGμorGsupγrsymmγtryGτnGπ√αronτcGμτn√lGst√tγsGusτnνGvG}YGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 92

72 vγ√surγmγntGoμGψγtGμr√νmγnt√tτonGτntoGcπ√rνγαGp√rtτclγsGτnGppG√nαGy≥y≥GcollτsτonsG√tGOG
sqrt{{{sℓ{m√tπrm{ww}}}}}GfGYU_^GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 73

71 |γ√rcπGμorGsc√l√rGtopGqu√rkGproαuctτonGτnGOGp≥√r{p}GPGcollτsτonsG√tGOGsqrt{s}fXUb^dm√tπrm{}γV}GPUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 16

70 vγ√surγmγntGoμGtπγGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGproαuctτonGcrossGsγctτonGτnGtπγGατlγptonG
cπ√nnγlGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 64

69
|γ√rcπGμorGγxclusτvγGorGsγmτTγxclusτvγG˛‡˛‡GproαuctτonG√nαGo≥sγrv√tτonGoμGγxclusτvγG√nαG
sγmτTγxclusτvγGγRγâ��GproαuctτonGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG
2012SGYWXYSGX

5.4 45

68 |γ√rcπGμorGtπγGst√nα√rαGmoαγlGqτννsG≥osonGproαucγαGτnG√ssocτ√tτonGwτtπG’G√nαG–G≥osonsGτnGppG
collτsτonsG√tGOGsqrt{s}f_GP}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 6

67 |γ√rcπGμorGγlγctrowγ√kGproαuctτonGoμGcπ√rντnosG√nαGnγutr√lτnosGusτnνGlγptonτcGμτn√lGst√tγsGτnGppG
collτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 41

66 |γ√rcπGμorGnγwGpπysτcsGwτtπGlonνTlτvγαGp√rtτclγsGαγc√yτnνGtoGpπotonsG√nαGmτssτnνGγnγrνyGτnGppG
collτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 10

65 |γ√rcπGμorGrγson√ntGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGproαuctτonGτnGlγptonRψγtsGγvγntsGτnGppG
collτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 25

64 x≥sγrv√tτonGoμG–Gαγc√ysGtoGμourGlγptonsGwτtπGtπγGlv|GαγtγctorG√tGtπγGuqlUGJournalrofrHighrEnergyr
PhysicsSG2012SGYWXYSGX 5.4 30

63 vγ√surγmγntGoμGtπγGsτnνlγTtopTqu√rkGtTcπ√nnγlGcrossGsγctτonGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUG
JournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 70

62 |γ√rcπGμorGtπτrαTνγnγr√tτonGlγptoqu√rksG√nαGsc√l√rG≥ottomGqu√rksGτnGppGcollτsτonsG√tGOGsqrt{s}f_d}γVG
PUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 12

61 vγ√surγmγntGoμGtπγGtopTqu√rkGm√ssGτnGOGm√tπrm{t}ovγrlτnγ{m√tπrm{t}}GPGγvγntsGwτtπGlγptonRψγtsG
μτn√lGst√tγsGτnGppGcollτsτonsG√tGOGsqrt{s}f_GPG}γVUGJournalrofrHighrEnergyrPhysicsSG2012SGYWXYSGX 5.4 30

60 vγ√surγmγntGoμGtπγGunαγrlyτnνGγvγntGτnGtπγGmrγllâ��”√nGprocγssGτnGprotonâ��protonGcollτsτonsG√tG
Osqrt{s}GfG_~m≥ox{}γV}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 30

59 |tuαyGoμGtπγGτnclusτvγGproαuctτonGoμGcπ√rνγαGpτonsSGk√onsSG√nαGprotonsGτnGppGcollτsτonsG√tGOsqrt{s}GfG
WUbSGYU_^Sm≥ox{G√nαG}_~m≥ox{}γV}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 133

58 jGsγ√rcπGμorG√Gαou≥lyTcπ√rνγαGqτννsG≥osonGτnGppGcollτsτonsG√tGOsqrt{s}GfG_Gm≥ox{}γV}PUGEuropeanr
PhysicalrJournalrCSG2012SG_YSGX 4.2 111

57 vγ√surγmγntGoμGtπγGtopTqu√rkGm√ssGτnGOm√tπrm{t}ovγrlτnγ{m√tπrm{t}}PGγvγntsGwτtπGατlγptonGμτn√lG
st√tγsGτnGppGcollτsτonsG√tGOsqrt{s}f_Gm≥ox{}γV}PUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 36
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{√tτosGoμGατψγtGproαuctτonGcrossGsγctτonsG√sG√GμunctτonGoμGtπγG√≥solutγGατμμγrγncγGτnGr√pτατtyG
≥γtwγγnGψγtsGτnGprotonâ��protonGcollτsτonsG√tGOsqrt{s}GfG_Gm√tπrm{}γV}PUGEuropeanrPhysicalrJournalrCSG
2012SG_YSGX
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53 oorw√rαGγnγrνyGμlowSGcγntr√lGcπ√rνγαTp√rtτclγGmultτplτcτtτγsSG√nαGpsγuαor√pτατtyGν√psGτnG’G√nαG–G
≥osonGγvγntsGμromGppGcollτsτonsG√tGOsqrt{s}fG_PG}γVUGEuropeanrPhysicalrJournalrCSG2012SG_YSGX 4.2 11
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