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nollχsχonsIΛtIsqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2020UIZ[^UIZ]ZcY[ 7.4 12

275 ’μΛrγτIνorIΛIτμΛvyIsχππsIαosonIημγΛyχnπItoIΛIpΛχrIoνI¯IαosonsIχnIprotonVprotonIγollχsχonsIΛtIQI
sqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 11

274 ’tuηyIoνIμxγχtμηI˛�αYIstΛtμsIημγΛyχnπItoI˛�αYˇ�Tˇ�â��IχnIprotonVprotonIγollχsχonsIΛtIshZ]–μ WIPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2020UIcY]UIZ]_]^_ 4.2 19

(2020-2020)

3



273 lImμΛsurμmμntIoνItτμIsχππsIαosonImΛssIχnItτμIηχpτotonIημγΛyIγτΛnnμlWIPhysicslLettersxlSectionlB:l
NuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2020UIcY_UIZ]_^[_ 4.2 25

272 ’μΛrγτIνorIηΛrωImΛttμrIpΛrtχγlμsIproηuγμηIχnIΛssoγχΛtχonIwχtτIΛIsχππsIαosonIχnIprotonVprotonI
γollχsχonsIΛtIQIsqrt{mΛtτrm{s}}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 7

271 lImultχVηχmμnsχonΛlIsμΛrγτIνorInμwIτμΛvyIrμsonΛnγμsIημγΛyχnπItoIαoostμηIUIUIorIαosonIpΛχrsIχnItτμI
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248 –τμIproηuγtχonIoνIχsolΛtμηIpτotonsIχnI{α{αIΛnηIppIγollχsχonsIΛtIQIsqrt{s_{mΛtτrm{yy}}}IRIhI_WY[I–μ WI
JournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 2

247 –τμIproψμγtIoνItτμI’upμrInτΛrmV–ΛuIqΛγtoryIχnIyovosχαχrsωWIJournalloflPhysics:lConferencelSeriesUI
2020UIZ_aZUIYZ[YY^ 0.3 4

246 zvμrvχμwIoνI{toIoptχonsIνorIμxpμrχmμntsIΛtItτμI’upμrInτΛrmV–ΛuIqΛγtoryWIJournallofl
InstrumentationUI2020UIZ_UInY^Y][VnY^Y][ 1 1

245
xμΛsurμmμntIoνInvxImΛtrχxIμlμmμntsIχnIsχnπlμItopIquΛrωItVγτΛnnμlIproηuγtχonIχnIprotonVprotonI
γollχsχonsIΛtIshZ]´ –μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergyl
PhysicsUI2020UIcYcUIZ]_aYd

4.2 3

244 lηημnηumItoeIxμΛsurμmμntIoνI˛�μμQuXˇ�RIwχtτIvpo}IημtμγtorWIJournalloflHighlEnergylPhysicsUI2020UI
[Y[YUIZ 5.4

243 tnvμstχπΛtχonIχntoItτμIμvμntVΛγtχvχtyIημpμnημnγμIoνIjQn’RIrμlΛtχvμIproηuγtχonIχnIprotonVprotonI
γollχsχonsIΛtIQIsqrt{s}IRIhIbI–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 3

242 mosμVpχnstμχnIγorrμlΛtχonsIoνIγτΛrπμηIτΛηronsIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WI
JournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 2

241 ’tuηyIoνItτμIproγμssIQμ^Tμ^VIrχπτtΛrrowIμtΛIpχI^YπΛmmΛIRIχnItτμIμnμrπyIrΛnπμIQsqrt{s}IhI{ZWY_V[WYY}RI
rμ IwχtτItτμI’yoIημtμγtorWIEuropeanlPhysicallJournallCUI2020UIcYUIZ 4.2 0

240 ’μΛrγτIνorIμlμγtrowμΛωIproηuγtχonIoνIΛIvμγtorVlχωμI–IquΛrωIusχnπIνullyIτΛηronχγIνχnΛlIstΛtμsWIJournall
oflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 8

239
’μΛrγτIνorIΛIτμΛvyIpsμuηosγΛlΛrIsχππsIαosonIημγΛyχnπIχntoIΛIZ[_Irμ IsχππsIαosonIΛnηIΛI×IαosonIχnI
νχnΛlIstΛtμsIwχtτItwoItΛuIΛnηItwoIlχπτtIlμptonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI
2020UI[Y[YUIZ

5.4 5

238 xμΛsurμmμntIoνIpropμrtχμsIoνIQI{mΛtτrm{m}}_{mΛtτrm{s}}^YIRViI˛…T˛…â��IημγΛysIΛnηIsμΛrγτIνorImYViI˛…T˛…â��I
wχtτItτμInx’IμxpμrχmμntWIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 10
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237 ot}nIoptχonsIνorItτμI’upμrInτΛrmI–ΛuIqΛγtoryWIJournalloflInstrumentationUI2020UIZ_UInY[Y][VnY[Y][ 1 1

236 {μrνormΛnγμIoνItτμIrμγonstruγtχonIΛnηIχημntχνχγΛtχonIoνIτχπτVmomμntumImuonsIχnIprotonVprotonI
γollχsχonsIΛtIâ��sIhIZ]I–μ WIJournalloflInstrumentationUI2020UIZ_UI{Y[Y[bV{Y[Y[b 1 11

235 xμΛsurμmμntIoνIquΛrωVIΛnηIπluonVlχωμIψμtIνrΛγtχonsIusχnπIψμtIγτΛrπμIχnI{α{αIΛnηIppIγollχsχonsIΛtI
_WY[I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 4

234 xμΛsurμmμntIoνItτμIγrossIsμγtχonIνorIQImΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}IRIproηuγtχonIwχtτIΛηηχtχonΛlI
ψμtsIΛnηIαIψμtsIχnIppIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 1

233 ’μΛrγτIνorIγτΛrπμηIsχππsIαosonsIημγΛyχnπIχntoIΛItopIΛnηIΛIαottomIquΛrωIχnItτμIΛllVψμtIνχnΛlIstΛtμIoνI
ppIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 13

232
xμΛsurμmμntIoνItτμIYQZ’RIpΛχrIproηuγtχonIγrossIsμγtχonIΛnηIsμΛrγτIνorIrμsonΛnγμsIημγΛyχnπItoI
YQZ’R˛…T˛…â��IχnIprotonVprotonIγollχsχonsIΛtIshZ]–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementaryl
ParticlelandlHighyEnergylPhysicsUI2020UIcYcUIZ]__bc

4.2 10

231 ’μΛrγτIνorIτμΛvyIsχππsIαosonsIημγΛyχnπItoIΛItopIquΛrωIpΛχrIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}IRI
hIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 18

230 nΛlχαrΛtχonIoνItτμInx’IτΛηronIγΛlorχmμtμrsIusχnπIprotonVprotonIγollχsχonIηΛtΛIΛtIâ��sIhIZ]I–μ WI
JournalloflInstrumentationUI2020UIZ_UI{Y_YY[V{Y_YY[ 1

229 ’μΛrγτIνorIsupμrsymmμtryIχnIppIγollχsχonsIΛtIshZ]II–μ IwχtτIZ]bIIναâ��ZIχnIνχnΛlIstΛtμsIwχtτIΛIsχnπlμI
lμptonIusχnπItτμIsumIoνImΛssμsIoνIlΛrπμVrΛηχusIψμtsWIPhysicallReviewlDUI2020UIZYZUI 4.9 6

228 xμΛsurμmμntIoνItτμIuμtIxΛssIoχstrχαutχonIΛnηI–opI|uΛrωIxΛssIχnIsΛηronχγIoμγΛysIoνImoostμηI–opI
|uΛrωsIχnIppInollχsχonsIΛtIsqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2020UIZ[^UI[Y[YYZ 7.4 2

227 xμΛsurμmμntIoνItτμIΛssoγχΛtμηIproηuγtχonIoνIΛI×IαosonIwχtτIγτΛrmIorIαottomIquΛrωIψμtsIχnI
protonVprotonIγollχsχonsIΛtIshZ]II–μ WIPhysicallReviewlDUI2020UIZY[UI 4.9 6

226 ’tuηyIoνIγμntrΛlIμxγlusχvμIproηuγtχonIχnIprotonVprotonIγollχsχonsIΛtIΛnηIZ]–μ WIEuropeanlPhysicall
JournallCUI2020UIcYUIbZc 4.2 2

225 ’μΛrγτIνorIpτysχγsIαμyonηItτμIstΛnηΛrηImoημlIχnIμvμntsIwχtτIψμtsIΛnηItwoIsΛmμVsχπnIorIΛtIlμΛstI
tτrμμIγτΛrπμηIlμptonsIχnIprotonVprotonIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2020UIcYUIb_[ 4.2 2

224 ’tuηχμsIoνInτΛrmI|uΛrωIoχννusχonIχnsχημIuμtsI—sχnπI{αV{αIΛnηIppInollχsχonsIΛtI
sqrtℓs_{yy}√h_WY[II–μ WIPhysicallReviewlLettersUI2020UIZ[_UIZY[YYZ 7.4 3

223 ’μΛrγτIνorIpτysχγsIαμyonηItτμIstΛnηΛrηImoημlIχnImultχlμptonIνχnΛlIstΛtμsIχnIprotonVprotonI
γollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 8

222
–τμIproηuγtχonIoνItτμIlΛrπμIsγΛlμIΛμroπμlIrΛηχΛtorsIνorIusμIχnItτμI}χnπVχmΛπχnπInτμrμnωovI
ημtμγtorsWINuclearlInstrumentslandlMethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxl
SpectrometersxlDetectorslandlAssociatedlEquipmentUI2020UId_[UIZa[Y]_

1.2 1

221
oμvμlopmμntIoνIΛIpχγosμγonηIxn{IαΛsμηIpΛrtχγlμIημtμγtorWINuclearlInstrumentslandlMethodslinl
PhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedlEquipmentUI2020UI
d_[UIZaZc]Z

1.2 1

220
{toIsystμmIαΛsμηIonIνoγusχnπIΛμroπμlI}tnsIνorItτμIsupμrInVˇ�IνΛγtoryWINuclearlInstrumentslandl
MethodslinlPhysicslResearchxlSectionlA:lAcceleratorsxlSpectrometersxlDetectorslandlAssociatedl
EquipmentUI2020UId_[UIZa[[^b

1.2 4
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219 xμΛsurμmμntIoνItτμItopIquΛrωIpΛχrIproηuγtχonIγrossIsμγtχonIχnIηχlμptonIνχnΛlIstΛtμsIγontΛχnχnπIonμI
ˇ�IlμptonIχnIppIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2020UI[Y[YUIZ 5.4 0

218 xμΛsurμmμntIoνItτμIttjααjIproηuγtχonIγrossIsμγtχonIχnItτμIΛllVψμtIνχnΛlIstΛtμIχnIppIγollχsχonsIΛtI
shZ]´ –μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2020UIcY]UIZ]_[c_4.2 5

217
’μΛrγτIνorIΛIwχπτtInτΛrπμηIsχππsImosonIoμγΛyχnπItoIΛI¯ImosonIΛnηIΛIn{VzηηIsχππsImosonIχnIqχnΛlI
’tΛtμsIwχtτIμ˛…˛…IorI˛…˛…˛…IχnI{rotonV{rotonInollχsχonsIΛtIsqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2019UI
Z[]UIZ]ZcY[

7.4 6

216 ’tuηyIoνIμTμâ��IΛnnχτχlΛtχonItoIτΛηronsIΛtItτμI p{{V[YYYIγollχημrWIEPJlWebloflConferencesUI2019UI
ZddUIY[Y[a 0.3

215 –τμI’upμrInVˇ�IqΛγtoryIpΛrtχγlμIχημntχνχγΛtχonIsystμmIoptχonsWIEPJlWebloflConferencesUI2019UI[Z[UIYZYZ[ 0.3 2

214 xμΛsurμmμntIoνItτμIμTμâ��Viˇ�Tˇ�â��ˇ�Y˛•IγrossIsμγtχonIαμlowIsh[IIrμ WIPhysicallReviewlDUI2019UIddUI 4.9 6

213 ’tuηχμsIoνImμΛutyI’upprμssχonIvχΛIyonpromptIo^{Y}IxμsonsIχnI{αV{αInollχsχonsIΛtI
sqrtℓs_{yy}√h_WY[II–μ WIPhysicallReviewlLettersUI2019UIZ[]UIY[[YYZ 7.4 7

212 ’μΛrγτIνorIγτΛrπμηIsχππsIαosonsIχnItτμIs´–IViIˇ�´–˛‰ˇ�IημγΛyIγτΛnnμlIχnIprotonVprotonIγollχsχonsIΛtIQI
sqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 24

211 ’μΛrγτIνorIrμsonΛntIproηuγtχonIoνIsμγonηVπμnμrΛtχonIslμptonsIwχtτIsΛmμVsχπnIηχmuonIμvμntsIχnI
protonVprotonIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUI]Y_ 4.2 2

210
pvχημnγμIνorIlχπτtVαyVlχπτtIsγΛttμrχnπIΛnηIsμΛrγτμsIνorIΛxχonVlχωμIpΛrtχγlμsIχnIultrΛpμrχpτμrΛlI{α{αI
γollχsχonsIΛtIsyyh_WY[–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergyl
PhysicsUI2019UIbdbUIZ]^c[a

4.2 35

209
xμΛsurμmμntIoνIμlμγtrowμΛωI¯×IαosonIproηuγtχonIΛnηIsμΛrγτIνorInμwIpτysχγsIχnI¯×ITItwoIψμtsI
μvμntsIχnIppIγollχsχonsIΛtIshZ]–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsUI2019UIbd_UI[cZV]Yb

4.2 19

208
’μΛrγτIνorIsχππsIΛnηI×IαosonIημγΛysItoIuXˇ�IorIYIpΛχrsIχnItτμIνourVmuonIνχnΛlIstΛtμIχnIprotonVprotonI
γollχsχonsIΛtIshZ]–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysics
UI2019UIbdbUIZ]^cZZ

4.2 4

207 lIsμΛrγτIνorIpΛχrIproηuγtχonIoνInμwIlχπτtIαosonsIημγΛyχnπIχntoImuonsIχnIprotonVprotonIγollχsχonsIΛtI
Z]II–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbdaUIZ]ZVZ_4̂.2 16

206 xμΛsurμmμntIoνImsYImμsonIproηuγtχonIχnIppIΛnηI{α{αIγollχsχonsIΛtIsyyh_WY[I–μ WIPhysicslLettersxl
SectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbdaUIZacVZdY 4.2 5

205
’μΛrγτIνorIsupμrsymmμtryIwχtτIΛIγomprμssμηImΛssIspμγtrumIχnItτμIvμγtorIαosonIνusχonItopoloπyI
wχtτIZVlμptonIΛnηIYVlμptonIνχnΛlIstΛtμsIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournallofl
HighlEnergylPhysicsUI2019UI[YZdUIZ

5.4 8

204 xμΛsurμmμntIΛnηIχntμrprμtΛtχonIoνIηχννμrμntχΛlIγrossIsμγtχonsIνorIsχππsIαosonIproηuγtχonIΛtI
shZ]–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbd[UI]adV]da4.2 18

203 ’μΛrγτIνorIΛnIwIâ��IwIπΛuπμIαosonIusχnπI×IViI^˛…IμvμntsIχnIprotonVprotonIγollχsχonsIΛtIshZ]I–μ WIPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbd[UI]^_V]ac 4.2 29

202 ’μΛrγτIνorIΛIlowVmΛssIˇ�â��ˇ�TIrμsonΛnγμIχnIΛssoγχΛtχonIwχtτIΛIαottomIquΛrωIχnIprotonVprotonI
γollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 4
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201
’μΛrγτIνorItτμIΛssoγχΛtμηIproηuγtχonIoνItτμIsχππsIαosonIΛnηIΛIvμγtorIαosonIχnIprotonVprotonI
γollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ IvχΛIsχππsIαosonIημγΛysItoIˇ�IlμptonsWIJournalloflHighlEnergylPhysicsUI
2019UI[YZdUIZ

5.4 3

200 ’μΛrγτIνorItτμIpΛχrIproηuγtχonIoνIlχπτtItopIsquΛrωsIχnItτμIμ´–˛…jIνχnΛlIstΛtμIχnIprotonVprotonIγollχsχonsI
ΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 4

199 xμΛsurμmμntIoνIΛssoγχΛtμηIproηuγtχonIoνIΛIαosonIΛnηIΛIγτΛrmIquΛrωIχnIprotonVprotonIγollχsχonsIΛtWI
EuropeanlPhysicallJournallCUI2019UIbdUI[ad 4.2 9

198
nomαχnΛtχonsIoνIsχnπlμVtopVquΛrωIproηuγtχonIγrossVsμγtχonImμΛsurμmμntsIΛnηI|νw  tα|I
ημtμrmχnΛtχonsIΛtIQIsqrt{s}IRIhIbIΛnηIcI–μ IwχtτItτμIl–wl’IΛnηInx’IμxpμrχmμntsWIJournalloflHighl
EnergylPhysicsUI2019UI[YZdUIZ

5.4 5

197 zαsμrvΛtχonIoνIpromptIuXˇ�ImμsonIμllχptχγIνlowIχnIτχπτVmultχplχγχtyIp{αIγollχsχonsIΛtIsyyhcWZaI–μ WI
PhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbdZUIZb[VZd^ 4.2 14

196 nomαχnμηImμΛsurμmμntsIoνIsχππsIαosonIγouplχnπsIχnIprotonVprotonIγollχsχonsIΛtWIEuropeanl
PhysicallJournallCUI2019UIbdUI^[Z 4.2 153

195 ’μΛrγτIνorIsupμrsymmμtryIχnIμvμntsIwχtτIΛIpτotonUIψμtsUIVψμtsUIΛnηImχssχnπItrΛnsvμrsμImomμntumIχnI
protonVprotonIγollχsχonsIΛtIZ]WIEuropeanlPhysicallJournallCUI2019UIbdUI^^^ 4.2 1

194 xμΛsurμmμntsIoνItτμIsχππsIαosonIwχηtτIΛnηIΛnomΛlousIs  IγouplχnπsIνromIonVsτμllIΛnηIoννVsτμllI
proηuγtχonIχnItτμIνourVlμptonIνχnΛlIstΛtμWIPhysicallReviewlDUI2019UIddUI 4.9 42

193
xμΛsurμmμntsIoνItτμIppIViI¯×IχnγlusχvμIΛnηIηχννμrμntχΛlIproηuγtχonIγrossIsμγtχonsIΛnηIγonstrΛχntsI
onIγτΛrπμηIΛnomΛlousItrχplμIπΛuπμIγouplχnπsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI
2019UI[YZdUIZ

5.4 10

192 ’μΛrγτIνorIΛI¯jIαosonIημγΛyχnπItoIΛIˇ�IlμptonIΛnηIΛInμutrχnoIχnIprotonVprotonIγollχsχonsIΛtIshZ]–μ WI
PhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbd[UIZYbVZ]Z 4.2 15

191 xμΛsurμmμntIoνItτμIproηuγtχonIγrossIsμγtχonUItτμItopIquΛrωImΛssUIΛnηItτμIstronπIγouplχnπI
γonstΛntIusχnπIηχlμptonIμvμntsIχnIppIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUI]ac 4.2 27

190 xμΛsurμmμntIoνItτμIμnμrπyIημnsχtyIΛsIΛIνunγtχonIoνIpsμuηorΛpχηχtyIχnIprotonâ��protonIγollχsχonsIΛtI
Qsqrt{s}IhZ]UtμxtI{–μ }IRWIEuropeanlPhysicallJournallCUI2019UIbdUIZ 4.2 7

189
’μΛrγτIνorInonrμsonΛntIsχππsIαosonIpΛχrIproηuγtχonIχnItτμIQI
mΛtτrm{α}ovμrlχnμ{mΛtτrm{α}}mΛtτrm{α}ovμrlχnμ{mΛtτrm{α}}IRIνχnΛlIstΛtμIΛtIQIsqrt{s}IRIhIZ]I–μ WI
JournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ

5.4 4

188 ’μΛrγτIνorIηΛrωImΛttμrIproηuγμηIχnIΛssoγχΛtχonIwχtτIΛIsχππsIαosonIημγΛyχnπItoIΛIpΛχrIoνIαottomI
quΛrωsIχnIprotonVprotonIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUI[cY 4.2 12

187 ’μΛrγτIνorIγontΛγtIχntμrΛγtχonsIΛnηIlΛrπμIμxtrΛIηχmμnsχonsIχnItτμIηχlμptonImΛssIspμγtrΛIνromI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 8

186 ’μΛrγτIνorIvμγtorVlχωμIquΛrωsIχnIμvμntsIwχtτItwoIopposχtμlyIγτΛrπμηIlμptonsIΛnηIψμtsIχnI
protonVprotonIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUI]a^ 4.2 18

185 nomαχnΛtχonIoνI’μΛrγτμsIνorIsχππsImosonI{ΛχrI{roηuγtχonIχnI{rotonV{rotonInollχsχonsIΛtI
sqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2019UIZ[[UIZ[ZcY] 7.4 35

184 uμtI’τΛpμsIoνItsolΛtμηI{τotonV–ΛππμηIuμtsIχnI{αV{αIΛnηIppInollχsχonsIΛtIsqrtℓs_{yy}√h_WY[II–μ WI
PhysicallReviewlLettersUI2019UIZ[[UIZ_[YYZ 7.4 8
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183 ’μΛrγτIνorI¯ImosonIoμγΛysItoI–τrμμInτΛrπμηI{χonsWIPhysicallReviewlLettersUI2019UIZ[[UIZ_ZcY[ 7.4 1

182 ’μΛrγτIνorIsχnπlμIproηuγtχonIoνIvμγtorVlχωμIquΛrωsIημγΛyχnπItoIΛItopIquΛrωIΛnηIΛIαosonIχnI
protonVprotonIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUIdY 4.2 6

181 ’μΛrγτIνorIrΛrμIημγΛysIoνIΛnηIsχππsIαosonsItoIΛnηIΛIpτotonIχnIprotonVprotonIγollχsχonsIΛtIhIZ]WI
EuropeanlPhysicallJournallCUI2019UIbdUId^ 4.2 7

180 ’μΛrγτIνorInμwIpτysχγsIχnIνχnΛlIstΛtμsIwχtτIΛIsχnπlμIpτotonIΛnηImχssχnπItrΛnsvμrsμImomμntumIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 9

179 ’μΛrγτIνorIlonπVlχvμηIpΛrtχγlμsIημγΛyχnπIχntoIηχsplΛγμηIψμtsIχnIprotonVprotonIγollχsχonsIΛtIshZ]II–μ WI
PhysicallReviewlDUI2019UIddUI 4.9 24

178
xμΛsurμmμntsIoνIQImΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}IRIηχννμrμntχΛlIγrossIsμγtχonsIχnIprotonVprotonI
γollχsχonsIΛtIQIsqrt{mΛtτrm{s}}hZ]IRI–μ IusχnπIμvμntsIγontΛχnχnπItwoIlμptonsWIJournalloflHighlEnergyl
PhysicsUI2019UI[YZdUIZ

5.4 15

177 ’μΛrγτIνorIyΛrrowIs˛‡I}μsonΛnγμsIχnI{rotonV{rotonInollχsχonsIΛtIsqrtℓs√hZ]II–μ WIPhysicallReviewl
LettersUI2019UIZ[[UIYcZcY^ 7.4 1

176 ’μΛrγτIνorIsupμrsymmμtryIχnIμvμntsIwχtτIΛIpτotonUIΛIlμptonUIΛnηImχssχnπItrΛnsvμrsμImomμntumIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}IhIZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 2

175
xμΛsurμmμntIoνIχnγlusχvμIΛnηIηχννμrμntχΛlIsχππsIαosonIproηuγtχonIγrossIsμγtχonsIχnItτμIηχpτotonI
ημγΛyIγτΛnnμlIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI
[YZdUIZ

5.4 8

174 ’μΛrγτIνorIrμsonΛntIQImΛtτrm{t}ovμrlχnμ{mΛtτrm{t}}IRIproηuγtχonIχnIprotonVprotonIγollχsχonsIΛtIQI
sqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 13

173 zαsμrvΛtχonIoνI’χnπlμI–opI|uΛrωI{roηuγtχonIχnIlssoγχΛtχonIwχtτIΛI×ImosonIχnI{rotonV{rotonI
nollχsχonsIΛtIsqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2019UIZ[[UIZ][YY] 7.4 6

172 zαsμrvΛtχonIoνI–woIpxγχtμηIm_{γ}^{T}I’tΛtμsIΛnηIxμΛsurμmμntIoνItτμIm_{γ}^{T}Q[’RIxΛssIχnIppI
nollχsχonsIΛtIsqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2019UIZ[[UIZ][YYZ 7.4 31

171 ’μΛrγτIνorIproηuγtχonIoνIsχππsIαosonIpΛχrsIχnItτμIνourIαIquΛrωIνχnΛlIstΛtμIusχnπIlΛrπμVΛrμΛIψμtsIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 7

170
’μΛrγτIνorIτμΛvyInμutrχnosIΛnηItτχrηVπμnμrΛtχonIlμptoquΛrωsIχnIτΛηronχγIstΛtμsIoνItwoIˇ�IlμptonsI
ΛnηItwoIψμtsIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI
[YZdUIZ

5.4 18

169 ’μΛrγτIνorIΛI¯jIαosonIημγΛyχnπItoIΛIvμγtorVlχωμIquΛrωIΛnηIΛItopIorIαottomIquΛrωIχnItτμIΛllVψμtsIνχnΛlI
stΛtμWIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 4

168
tnγlusχvμIsμΛrγτIνorIsupμrsymmμtryIχnIppIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ IusχnπIrΛzorIvΛrχΛαlμsIΛnηI
αoostμηIoαψμγtIχημntχνχγΛtχonIχnIzμroIΛnηIonμIlμptonIνχnΛlIstΛtμsWIJournalloflHighlEnergylPhysicsUI
2019UI[YZdUIZ

5.4 2

167 ’μΛrγτIνorIηΛrωImΛttμrIproηuγμηIχnIΛssoγχΛtχonIwχtτIΛIsχnπlμItopIquΛrωIorIΛItopIquΛrωIpΛχrIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}hZ]IRI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 8

166 ’μΛrγτIνorIμxγχtμηIlμptonsIχnIâ��â�� ˛‡IνχnΛlIstΛtμsIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{mΛtτrm{s}}hZ]IRI
–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 2
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165 ’μΛrγτIνorInμwIpΛrtχγlμsIημγΛyχnπItoIΛIψμtIΛnηIΛnIμmμrπχnπIψμtWIJournalloflHighlEnergylPhysicsUI2019UI
[YZdUIZ 5.4 15

164 ’μΛrγτIνorItτμIproηuγtχonIoνI¯´–¯´–¯jIμvμntsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UIZYYUI 4.9 3

163 ’μΛrγτIνorIΛssoγχΛtμηIproηuγtχonIoνIΛIsχππsIαosonIΛnηIΛIsχnπlμItopIquΛrωIχnIprotonVprotonI
γollχsχonsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UIddUI 4.9 13

162 ’μΛrγτIνorIΛIτμΛvyIrμsonΛnγμIημγΛyχnπItoIΛItopIquΛrωIΛnηIΛIvμγtorVlχωμItopIquΛrωIχnItτμIlμptonITI
ψμtsIνχnΛlIstΛtμIχnIppIγollχsχonsIΛtIQsqrt{s}IhIZ]UtμxtI{–μ }IRWIEuropeanlPhysicallJournallCUI2019UIbdUIZ 4.2 6

161 ’μΛrγτIνorIpΛχrIproηuγtχonIoνIsμγonηVπμnμrΛtχonIlμptoquΛrωsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UI
ddUI 4.9 20

160 ’μΛrγτIνorIpΛχrIproηuγtχonIoνIνχrstVπμnμrΛtχonIsγΛlΛrIlμptoquΛrωsIΛtIshZ]II–μ WIPhysicallReviewlDUI
2019UIddUI 4.9 15

159
’μΛrγτIνorIηΛrωImΛttμrIχnIμvμntsIwχtτIΛIlμptoquΛrωIΛnηImχssχnπItrΛnsvμrsμImomμntumIχnI
protonVprotonIγollχsχonsIΛtIZ]I–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsUI2019UIbd_UIbaVdd

4.2 2

158 ’μΛrγτIνorIΛIτμΛvyIpsμuηosγΛlΛrIαosonIημγΛyχnπItoIΛI×IΛnηIΛIsχππsIαosonIΛtWIEuropeanlPhysicall
JournallCUI2019UIbdUI_a^ 4.2 20

157
’μΛrγτIνorIΛnIμxotχγIημγΛyIoνItτμIsχππsIαosonItoIΛIpΛχrIoνIlχπτtIpsμuηosγΛlΛrsIχnItτμIνχnΛlIstΛtμIwχtτI
twoImuonsIΛnηItwoIαIquΛrωsIχnIppIγollχsχonsIΛtIZ]I–μ WIPhysicslLettersxlSectionlB:lNuclearxl
ElementarylParticlelandlHighyEnergylPhysicsUI2019UIbd_UI]dcV^[]

4.2 17

156 ’μΛrγτIνorIsupμrsymmμtryIχnIνχnΛlIstΛtμsIwχtτIpτotonsIΛnηImχssχnπItrΛnsvμrsμImomμntumIχnI
protonVprotonIγollχsχonsIΛtIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 5

155 xμΛsurμmμntIoνItτμItopIquΛrωImΛssIχnItτμIΛllVψμtsIνχnΛlIstΛtμIΛtIΛnηIγomαχnΛtχonIwχtτItτμI
lμptonTψμtsIγτΛnnμlWIEuropeanlPhysicallJournallCUI2019UIbdUI]Z] 4.2 13

154
’μΛrγτIνorIlonπVlχvμηIpΛrtχγlμsIusχnπInonpromptIψμtsIΛnηImχssχnπItrΛnsvμrsμImomμntumIwχtτI
protonVprotonIγollχsχonsIΛtIshZ]–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsUI2019UIbdbUIZ]^cba

4.2 15

153 nomαχnΛtχonIoνInx’IsμΛrγτμsIνorIτμΛvyIrμsonΛnγμsIημγΛyχnπItoIpΛχrsIoνIαosonsIorIlμptonsWIPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbdcUIZ]^d_[ 4.2 10

152
’μΛrγτIνorIΛnomΛlousIμlμγtrowμΛωIproηuγtχonIoνIvμγtorIαosonIpΛχrsIχnIΛssoγχΛtχonIwχtτItwoIψμtsIχnI
protonVprotonIγollχsχonsIΛtIZ]I–μ WIPhysicslLettersxlSectionlB:lNuclearxlElementarylParticlelandl
HighyEnergylPhysicsUI2019UIbdcUIZ]^dc_

4.2 16

151 ’μΛrγτIνorIx’’xIsχππsIαosonsIημγΛyχnπItoI˛…T˛…â��IχnIprotonVprotonIγollχsχonsIΛtIshZ]–μ WIPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbdcUIZ]^dd[ 4.2 11

150 lnIμmαμηηχnπItμγτnχquμItoIημtμrmχnμIˇ�ˇ�IαΛγωπrounηsIχnIprotonVprotonIγollχsχonIηΛtΛWIJournallofl
InstrumentationUI2019UIZ^UI{YaY][V{YaY][ 1 5

149 {μrνormΛnγμIoνImχssχnπItrΛnsvμrsμImomμntumIrμγonstruγtχonIχnIprotonVprotonIγollχsχonsIΛtIâ��sIhIZ]I
–μ IusχnπItτμInx’IημtμγtorWIJournalloflInstrumentationUI2019UIZ^UI{YbYY^V{YbYY^ 1 39

148 xμΛsurμmμntIoνItτμItopIquΛrωIYuωΛwΛIγouplχnπIνromItt´flIωχnμmΛtχγIηχstrχαutχonsIχnItτμIlμptonTψμtsI
νχnΛlIstΛtμIχnIprotonVprotonIγollχsχonsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UIZYYUI 4.9 5
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147 nτΛrπμηVpΛrtχγlμIΛnπulΛrIγorrμlΛtχonsIχnI±μ±μIγollχsχonsIΛtIsyyh_W^^I–μ WIPhysicallReviewlCUI2019UI
ZYYUI 2.7 14

146 nrossχnπIχntμπμrIspχnIrμsonΛnγμIwχtτIγonsμrvΛtχonIoνIαμΛmIpolΛrχzΛtχonWIPhysicallReviewl
AcceleratorslandlBeamsUI2019UI[[UI 1.8 2

145 ’μΛrγτIνorIηΛrωIpτotonsIχnIημγΛysIoνIsχππsIαosonsIproηuγμηIχnIΛssoγχΛtχonIwχtτI×IαosonsIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 7

144 ’μΛrγτIνorIsupμrsymmμtryIusχnπIsχππsIαosonItoIηχpτotonIημγΛysIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournallofl
HighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 2

143 xμΛsurμmμntsIoνIηχννμrμntχΛlI×IαosonIproηuγtχonIγrossIsμγtχonsIχnIprotonVprotonIγollχsχonsIΛtIQI
sqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 11

142 ’μΛrγτIνorIΛnomΛlousItrχplμIπΛuπμIγouplχnπsIχnI¯¯IΛnηI¯×IproηuγtχonIχnIlμptonITIψμtIμvμntsIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 9

141 ’tuηyIoνItτμIQI{mΛtτrm{m}}^{T}toImΛtτrm{u}XuppsχIovμrlχnμ{wΛmαηΛ}mΛtτrm{p}IRIημγΛyIχnI
protonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIcI–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 1

140 ’μΛrγτIνorIlowVmΛssIrμsonΛnγμsIημγΛyχnπIχntoIαottomIquΛrωVΛntχquΛrωIpΛχrsIχnIprotonVprotonI
γollχsχonsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UIddUI 4.9 12

139 ’μΛrγτIνorIpΛχrVproηuγμηItτrμμVψμtIrμsonΛnγμsIχnIprotonVprotonIγollχsχonsIΛtIshZ]II–μ WIPhysicall
ReviewlDUI2019UIddUI 4.9 2

138
’μΛrγτIνorIrμsonΛnγμsIημγΛyχnπItoIΛIpΛχrIoνIsχππsIαosonsIχnItτμIαQIovμrlχnμ{mΛtτrm{α}}IRqQI
ovμrlχnμ{mΛtτrm{q}}IRâ��â�� ˛‰IνχnΛlIstΛtμIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighl
EnergylPhysicsUI2019UI[YZdUIZ

5.4 5

137 xμΛsurμmμntsIoνItrχplμVηχννμrμntχΛlIγrossIsμγtχonsIνorIχnγlusχvμIχsolΛtμηVpτotonTψμtIμvμntsIχnI
γollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUIdad 4.2 1

136 {sμuηorΛpχηχtyIηχstrχαutχonsIoνIγτΛrπμηIτΛηronsIχnIxμnonVxμnonIγollχsχonsIΛtIsyyh_W^^´ –μ WIPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbddUIZ]_Y^d 4.2 5

135 ’μΛrγτIνorIvμγtorlχωμIlμptonsIχnImultχlμptonIνχnΛlIstΛtμsIχnIprotonVprotonIγollχsχonsIΛtIshZ]II–μ WI
PhysicallReviewlDUI2019UIZYYUI 4.9 14

134 ’μΛrγτIνorIpΛχrIproηuγtχonIoνIvμγtorlχωμIquΛrωsIχnItτμIνullyIτΛηronχγIνχnΛlIstΛtμWIPhysicallReviewlDUI
2019UIZYYUI 4.9 18

133 xμΛsurμmμntIoνItτμItopIquΛrωIpolΛrχzΛtχonIΛnηItt´flIspχnIγorrμlΛtχonsIusχnπIηχlμptonIνχnΛlIstΛtμsIχnI
protonVprotonIγollχsχonsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UIZYYUI 4.9 13

132 nonstrΛχntsIonIΛnomΛlousIs  IγouplχnπsIνromItτμIproηuγtχonIoνIsχππsIαosonsIημγΛyχnπItoIˇ�IlμptonI
pΛχrsWIPhysicallReviewlDUI2019UIZYYUI 4.9 11

131 ’μΛrγτIνorIlowImΛssIvμγtorIrμsonΛnγμsIημγΛyχnπIχntoIquΛrωVΛntχquΛrωIpΛχrsIχnIprotonVprotonI
γollχsχonsIΛtIshZ]II–μ WIPhysicallReviewlDUI2019UIZYYUI 4.9 10

130 ’μΛrγτIνorItτμIproηuγtχonIoνIνourItopIquΛrωsIχnItτμIsχnπlμVlμptonIΛnηIopposχtμVsχπnIηχlμptonIνχnΛlI
stΛtμsIχnIprotonVprotonIγollχsχonsIΛtIQIsqrt{s}IRIhIZ]I–μ WIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 2

(2019-2019)

11



129 xμΛsurμmμntIoνItτμIΛvμrΛπμIvμryIνorwΛrηIμnμrπyIΛsIΛIνunγtχonIoνItτμItrΛγωImultχplχγχtyIΛtIγμntrΛlI
psμuηorΛpχηχtχμsIχnIprotonVprotonIγollχsχonsIΛtWIEuropeanlPhysicallJournallCUI2019UIbdUIcd] 4.2 6

128 ’μΛrγτIνorIsupμrsymmμtryIχnIprotonVprotonIγollχsχonsIΛtIZ]I–μ IχnIνχnΛlIstΛtμsIwχtτIψμtsIΛnηImχssχnπI
trΛnsvμrsμImomμntumWIJournalloflHighlEnergylPhysicsUI2019UI[YZdUIZ 5.4 21

127 ’μΛrγτIνorI{τysχγsIαμyonηItτμI’tΛnηΛrηIxoημlIχnIpvμntsIwχtτIzvμrlΛppχnπI{τotonsIΛnηIuμtsWI
PhysicallReviewlLettersUI2019UIZ[]UI[^ZcYZ 7.4

126 ’μΛrγτIνorInμwIpτysχγsIχnItopIquΛrωIproηuγtχonIχnIηχlμptonIνχnΛlIstΛtμsIχnIprotonVprotonIγollχsχonsI
ΛtWIEuropeanlPhysicallJournallCUI2019UIbdUIcca 4.2 6

125 ’μΛrγτIνorIlonπVlχvμηIpΛrtχγlμsIusχnπIημlΛyμηIpτotonsIχnIprotonVprotonIγollχsχonsIΛtIshZ]II–μ WI
PhysicallReviewlDUI2019UIZYYUI 4.9 7

124 ’μΛrγτIνorIwowVxΛssI|uΛrωVlntχquΛrωI}μsonΛnγμsI{roηuγμηIχnIlssoγχΛtχonIwχtτIΛI{τotonIΛtI
sqrtℓs√hZ]II–μ WIPhysicallReviewlLettersUI2019UIZ[]UI[]ZcY] 7.4 7

123 {rμγχsμImμΛsurμmμntIoνI}uηsIΛnηI}IαμtwμμnIZWc^IΛnηI]Wb[Irμ IΛtItτμIvpo}IημtμγtorWIPhysicsl
LettersxlSectionlB:lNuclearxlElementarylParticlelandlHighyEnergylPhysicsUI2019UIbccUI^[V_Z 4.2 6

122 –μγτnχγΛlIημsχπnIrμportIνorItτμIMovμrlχnμ{{rm{{}}}mΛtτrm{lyol}MImΛrrμlIot}nIημtμγtorWIJournallofl
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