
+ecentlyVgagcriteriongofgthegquantumgnon/Xaussianityghasgbeengtheoreticallygproposedg[A]ágKtgisgbasedgong
knowledgegofgprobabilitiesgofgvacuumgandgsingle/photongstatesgonlyVgyetg itgcangdetectgagwidegclassgofg
statesgwithgpositivegWignergfunctiongwhichgaregnotgmixturesgofgXaussiangstatesá

YegativitygofgWignergfunctiongisgequivalentgtogquantumgnon/Xaussiangcharactergofgagpuregstateg[S]gbutg
thisg relationg doesg notg simplyg extendg tog mixedg statesg [z]ág Ktsg experimentalg verificationg alsog requiresg
completeg informationgong thegstateágUnderg lossygconditionsVg thegnegativitygcannotgbegobservedgdirectlyg
evengforghighlygnon/Xaussiangstatesgsuchgasgangarbitrarygsuperpositiongofgsinglegphotongandgvacuumá

Which)mixed)non,classical)quantum)states)with)positive)non,Gaussian)Wigner)function)do)not)
admit)explanation)based)solely)on)stochastic)non,Gaussianity?
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7orrections
Bgmeasurementgofgtheginelastic)proton,leadgMp%b5gcross)sectiongatgagnucleon/nucleongcenter/of/massg
energyg ofg PáEzg TeVg isg presentedg usingg theg 7?Sg detectorg atg theg QD7ág Knelasticg collisionsg areg taggedg
usinggthegforward)calorimeters)9HFMgatgpseudorapiditiesgAg=g|η|g=gPágTwogdifferentgeventgselectionsgareg
used|gMi5gagcoincidencegofgbothgsidesgofgthegdetectorVgandgMii5gagsingle,sidedgeventgselectionágThesegtwog
selectionsg haveg differentg sensitivityg tog contributionsg fromg photon/inducedg Mγp5g collisionsg andg hadronicg
diffractiveg interactionságThegvaluegofg theghadronicg inelasticg crossgsectiong isgmeasuredgwithing theg7?Sg
acceptancegandgextrapolatedgtogitsgtotalgvalueágThegphoton/inducedgcontributiongisgsubtractedágThegfinalg
resultgisgσinelg6gzáE)g±gEáEHgbágTheguncertaintygisgdominatedgbygthegluminositygdeterminationágThisgresultg
isgconsistentgwithgthegexpectationgfromgthegXlaubergapproachá

[S]g+áFágXlaubergandgXá?atthiaeVgYuclá%hyság9g=PgMS<LE5gSAPVg+áFágXlauberVg%hysá+evágP::gMS<PP5gz(z
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[A]gTágSjostrandVgSág?rennaVg%áZágSkandsVg7omputá%hysá7ommunágPV8gMzEEH5gHPz
[(]gXá/YágWanggandg?ágXyulassyVg%hysá+evá4g±±gMS<<S5gAPES
[P]gOágWernerVgZá/?ágQiuVgTág%ierogVg%hysá+evá7gV±gMzEE)5gE((<Ez
[)]gSág~stapchenkoVgYuclá%hysá%rocáSupplágP9NgMzEE<5g<E
[L]g7?Sg%hysicsgBnalysisgSummarygZS•/SA/EE)Vghttp|CCcdsácernáchCrecordCS)AL<P<8ln6eng
[H]gBáFág9altzVgYágXorbunovVgSá+ágOleinVgFágYystrandVg%hysá+evá7g8:gMzEE<5gEE((<Ez
[<]gSág+oeslerVg+ágjngelVgFág+anftVgarXiV|hep/phCEESzzPzgMzEEE5
[SE]gBQK7jg7ollaborationVghttp|CCarxiváorgCabsCS(EPáSH(<vSg
[SS]gQD7bg7ollaborationVghttps|CCcdsácernáchCrecordCS(<EE(<8ln6en

+esults

Kntroduction

Totalginelasticgcrossgsection|gnotgcalculablegfromgfirstgprinciplesVgnon,perturbativegaspectsá
%ossiblegcoherencegingmultiplegscatteringgprocesses|gXlauberg[S]gandgXribov/+eggeg[z]gapproachesá
7ontaminationgfromgphoto,hadronicginteractionsgM~Zz5garegsubtractedgingthisganalysisá
7rossgsectionsgaregessentialginput)to)MCgmodelsgM%YTDKBg[A]VgDKFKYXg[(]Vgj%~Sg[P]Vg•XSFetKKg[)]5á
Xlauber|g neglectsg nucleon/nucleong correlationsg andg diffractiong Minelasticg screening5g ing multipleg
scatteringsgM±SE1geffects5g[L]á
7onnectiongtogproton/airgcrossgsectiongingcosmic)raygexperimentsá
7?SgDZgcalorimeter|gmeasuringgthegvisiblegxsec
9%TX|gzero)biasgtriggergandgunpairedgbunchgtrigger

DZ

jventgcounting

DataD)luminosity
z<)gbunchgpairsVgLxSE<g%bgionsgongSPxSE<gprotons
Twogshortgvan)der)Meergscansg
Mbothgbeamgdirectiongconfigurations5
Systematicguncertainty|gAáP1
Quminositygdeterminationgisgbasedgongrateg
measurementsgwithgdisplacedgbeamsgandg
ongbunchgintensitiesVgandgindependent
ofgeventgcountingá

KnelasticgeventsgaregcountedgMYinel5gandgdividedgbygthegintegratedgluminosity|
Simulation|gj%~S/QD7g[P]Vg•XSFetKK/E(g[)]VgDKFKYXg[(]gcombinedgwithgXjBYT(
Electromagneticginteractions|gSTB+QKXDTg[H]gandg4%?FjTgAg[<]gorg%YTDKBá
Event)selection:gg•gsinglegarmgDZ|glargegacceptancegforgsinglegdiffractiongandgj?geventsVgnoisy
gggggggggggggggggggggggggggggg•gdoublegarmgDZ|gcoincidenceVgeliminatesgj?geventsgandgnoiseVgreducedgacceptance
7utgisgmadegingjDZVgwheregjDZTgMjDZ/5gisgthegmaxágenergygingagDZgtowergongthegTM/5gside|
gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggsinglegarmVgthreshold|gHgXeV
gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggdoublegarmVgthreshold|g(gXeV

7onclusion7ompositiongofgthegeventgsample

Single/armgandgdouble/armgselectionsghave
differentgacceptancegforgMsingleVgdoublegand
central5gdiffractivegandgnon/diffractivegeventsá
WKthingaggivengmodelgonegcangestimategtheir
contributionsá

7artoongofgagsinglegdiffractivegevent|

CompositiongofgthegeventgsamplegMsinglegarm5|

Pileup)correction|gmultiplegcollisionsgingthegsamegbunchg
crossinggaregcountedgasgagsinglegcollisionágThegpileupgMλ5g
cangbegcalculatedgfromgmachinegparametersVgthegmeasuredg
instágluminosityVgandgMiteratively5gfromgthegresultgofgthisg
analysisVgσinelágThegcorrectiongMaboutgz15gisgthen|

Electromagnetic)processes:)correctedgusinggSTB+QKXDTg[H]gsimulationságjxamples|
%hotongfromg
theg%bgfieldg
fluctuatesginto
agρgmesonVg
%omerongexchange

interactiongwithgquasi/
realgphotongleadsgtog
protongbreakup

Bveragedgresult|gσinel=)=S:NP)±):S::.)9statSM)±):S:.9)9systSM)±):S:V=)9lumiSM)barns
?odelgcomparisons|

Dadronicginelasticgproton/leadgcrossgsectiong
asg ag functiong ofg center,of,mass) energyág
Theg linesg showg predictionsg byg variousg
modelsVgandgagXlaubergcalculationgbasedgong
theg proton/protong crossg sectiong fromg ag
globalgfitgtogworldgdataá

Visibleg crossg sectiong measurementsg haveg
beengalsogcarriedgoutgMwithoutgcorrectiongforg
electromagneticg processes5g byg theg BQK7jg
[SE]g MzáE<g ±g EáE)g andg záSzg ±g EáE)g b5g andg
QD7bg [SS]g MzáE<g ±g EáSzg b5Vg experimentsg
usinggdetectorsgingagsimilargηgregionág

7onclusions
Theghadronicginelasticgp%bgcrossgsectiongwasgmeasuredgatgPáEzgTeVgcámágenergygpergnucleongpairágTheg
resultgisgcompatiblegwithgthegXlaubergpredictiongofgzáSAg±gEáE(gbarnságThusVgscreeninggcorrectionsgandg
anti/screeninggeffectsgseemg togcompensategeachgotherág~thergmodelgpredictionsgaregalsogcompatibleg
withgthegresultgwithingexperimentalguncertaintiesVgwithgthegpossiblegexceptiongofg•XSFjTKK/E(ág

•gNoisegevents|gfromgnon/collidinggtriggersg
gggMPá(gandgEáP1gforgsingle/g
ggggandgdouble/sidedgselections5
•g7ontributiongfromgγpginteractionsgMAá(gandgEáEz15
•g7ontributiongfromgcollisiongpileup)MSáH15
•gExtrapolationgtogfullgphasegspacegM<gandg)15

Compositiongofgthegeventgsamplegbeforegandgaftergselections|

Efficiencies)
forgsingle/sidedg
selections|

Visiblegcrossgsection|gσvisVgallgprocessesgthatgpassgselectiongcuts
Visible)hadronicgcrossgsection|gσvisVhadVgelectromagneticgeventsgsubtractedgfromgσvisg

Hadronic)inelasticgcrossgsection|gσinelVgthegvisibleghadronicgxsecgextrapolatedgtogfullgphasegspace
Systematic)uncertainties:gluminositygMAáP15VgextrapolationgtogfullgphasegspacegMEáP1gandgSá)15Vg
photo/nuclearg contributiong MEáz1g andg =EáS15Vg DZg energyg resolutiong MSáL1g andg EáH15Vg selectiong cutsg
MEá)1gandgEáz15gandgvariationsgofgnoisegcorrectiongMSáz1gandgEáz15Vgingtotal|g(á(1gforgbothgselections


