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1. The KLOE-2 project

From 2000to 2006the KLOE Collaborationhascollected2.5fb~! of dataat the peakof the
©(1020 plus other 250 pb~?! off-peak. During 2008 a new interactionschemeof the DA®NE
@-factory hasbeensuccesfullytested reachinga peakluminosity of about5x10°2 cm—2s 1, a
factorof 3 largerthanwhat previously obtained.Following theseachiezement,a new data-taking
with animproved KLOE detectorwill startin 2010. The KLOE presentupgradeconsistsin the
installationof an electrontaggerfor yy physics. Two differenttaggingdetectorswill beinstalled:
the Low Enegy Tagger(low enegy refersto the e* enegy), madeof two crystal calorimeters
placedvery nearthe DA®NE InteractionPoint(IP) in symmetricabpositions,andthe High Enegy
Tagger madeof two positionsensitve detectorplaced(symmetrically)far from the IP, afterthe
first bendingdipolesof DA®NE. A majordetectorupgradehasbeenproposedor a secondphase
of the next data-takingwith the insertionof a light internaltracker betweenthe beampipe and
the drift chamberandcrystalcalorimetergo cover the polarangleregionsdown to 9°. A further
upgradeof themachineto increasats centerof massenegy upto 2.5GeV, hasalsobeenproposed.
The KLOE-2 physicspotentialcovers mary differentitems: testsof CKM Unitarity and Lepton
Universalitywith kaons,testsof discretesymmetriesand of QuantumMechanicswith entangled
kaonstates rare kaon decaysJight mesonspectroscop (scalarand pseudoscalamesons) mea-
suremenbf the hadroniccross-sectionsearchor possibleDark Matter signalsat low enegy. In
this paperonly a smallselectiorfrom theabove list is describedwhile a detaileddescriptionof the
KLOE-2 physicsprogramcanbefoundin ref.[1].

2. yy physics

In yyprocesseg e — ete"y*y* — ete X (fig.1), thehadronicstateX canonly have C=+1,
thenit is suitableto studyscalarand pseudoscalamesons.The numberof producedeventsasa
functionof the yy invariantmasscanbe written asdN /dW,,, = L, (dF /dW,)a (X — yy), where
dF /dW, is the flux function, shavn in fig.1 for 3 differentcenterof massenegies. Threshold
openingsfor differenthadronicstatesare emphasized.Accessingcenterof massenegies up to
1.4 GeV will allow to studythe rt* i1, 7010, n°n final statesandto detectresonance# these
channelspamelythescalamesons,(980), f,(980), anda(600). Ontheotherhandby exploiting
thefinal stateswith a singlepseudoscalameson(X = °, n or '), thetwo photondecaywidths
can be measuredwhich arerelevant for the extraction of the pseudoscalamixing angleandto
testthe gluon contentin the n’ wavefunction[3. The pseudoscalachannelsalso allow for the
measurementdf the Py*y* transitionform factors,which enterthe theoreticalevaluationof the
hadroniclight-by-light scatteringcontritution to g — 2 of themuon[3.

yy — 0(600) — m°r°. In the lastyears,new evidenceof the o(600) mesonhasbeenreported
by severalcollaborations[ Moreover the presencef a polein the rirr scatteringamplitudewith
JPC = 0", m=441"1° MeV, andwidth I = 544 *22 MeV, hasbeenpointedout[5].

At KLOE-2thereactionete™ — ete n°m, is thegoldenchanne[6] to studythe o(600), because
apossiblestructurevouldjustshaw upin the 7 invariantmasswith noneedto performa Dalitz
plot study o(yy — n°nP) atW,, < 800MeV, measuredby CrystalBall[7], is shavn in fig.2. The
largeuncertaintiesn thedatadoesnotallow ary conclusiorabouttheexistenceof aresonance-li&
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Figurel: Left: yy processRight: four photoninvariantmass;crosseare KLOE data,histogramsareser-
eralsource®f backgroundevaluatedrom MC. Right: differentialphoton-photorilux functionfor different
centerof-massenegies.

structurein theregion400- 500 MeV.

A feasibility studyhasbeenperformedwith 11 pb—* of KLOE data takenat /s = 1 GeV without
e* taggersto developthe algorithmsfor anefficient selection.The signalefficiengy, evaluatedoy
MCI6], is 30%. The four photonsinvariantmassfig.2, shavs an excessof eventsin the region
belav 400 MeV, which is dueto genuineete~ — ete  mn° events. This study indicatesthat
KLOE-2, with an integratedluminosity L = 5 fb—%, canmeasurethe yy — m°m® cross-section,
with the sameenegy binningof CrystalBall, reducingthe statisticaluncertaintyat 2% level.
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Figure 2: Left:CrystalBall datacomparedvith atwo-loop ChPTprediction(red),andthe cross-sectiomf
yy — 0 — 1°1° obtainedfrom ref.[6] (blue). Right: four photoninvariantmass;crossesare KLOE data,
histogramsareseveralsourceof backgroundevaluatedrom MC.

yy — n'. Then’ mesonpeingalmostapureSU(3),,..r Singlet,is considered goodcandidate
to hosta gluon condensate KLOE[2] hasextractedthe n’ gluonium content,Zé =0.12+0.04

(3 o from zero)andthe n-n’ mixing anglein the constituentquarkmodel, ¢, = (40.4+ 0.6)°.

Thesequantitieshave beenextractedfrom afit of theratioR, = (Br(¢ — n'y))/(Br(¢ — ny)) =

(4.774+0.0940.19) x 10°3, measuredy KLOE[8], togetherwith otherratios of partial decay
widths of magnetiadipoletrantitionsV — Py, andl"(n’ — yy) /I (° — yy), seefig.3.
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Figure 3: Left: resultof the gluoniumfit[8]. Right: m_, _ distributionin n’ — nmt e with (blue) and
without (red) o(600), from aMC simulation.

By measuringhemainn’ branchingatiosat 1% level, KLOE-2 canreacha4 - 5 o statistical
significanceof Z3. Thiswill be possibleby producingn’ in yy eventsat /s= 1.4GeV, seetahl.

Table 1: Expectedeventyields, perfo—? of integratedluminosity, for the dominantn’ decaychannels.

Br(n’ — X) (%) | preferablechain« Br; (%) | events
Ty 29.4+0.9 12000
T n 446+1.4 T n(— 2y) < 17.5 7000
°rn 207+1.2 °mn(— mtm ) < 4.7 | 2000
wy 3.02+0.31 w(— )y« 2.7 1200
%% 2.10+0.12 800

3. Physicsat the ¢(1020) peak: low mass scalars

It is still controversialwhetherthelight scalarsareqq mesonsgogq statesor KK molecules.
KLOE exploited the radiatve decaysp — PPy to study f,(980) anda,(980), andto look for a
signal of the 0(600), and extractedthe parameter®f the scalarresonancefom the two pseu-
doscalarinvarantmassdistributions[9. Substantialmprovementsfrom KLOE-2 areforeseerfor
@ — (fy/ay)y — K°KPy: the KLOE upperlimit, Br(¢p — K°KCy) < 1.9 x 10-8[10], canbe low-
ered,with the KLOE-2 statistics,down to 1 x 10-8. Theinsertionof the inner detectorwill pro-
vide a bettervertex positionresolutionfor K% K — 7t 77, thena furtherimprovementdown to
0.5 x 108 is expected.This valueis in therangeof thetheoreticalpredictionsfor the Br, thenthe
first obsenration of this decayis possibleat KLOE-2.

In n’ — nmm decaysthe it systemhasthe samequantumnumbersof a scalarmeson. More-
over the availablekinetic enepgy of the it systemis in therange(0, 137) MeV, suppressindpigh
angulatmomentuntontrikutions,andthe exchangeof vectormesonss forbiddenby G-paritycon-
senation. Sothatonly scalarmesonscanparticipateto the scatteringamplitude. The decaycan
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be mediatedoy the scalar(o,a, and f,;) exchangeandby a direct contactterm dueto the chiral
anomaly[11], thenthe scalarcontritution canbe determinedrom afit to the Dalitz plot. A MC
simulationof then’ — nmtm shavs thatKLOE-2 hasa goodsensitvity to o(600) (seefig.3).

4. Off-peak physics: measurement of g4

A high statisticsmeasuremerdf o(ete — Hadrong hasrelevantimplicationson the preci-
siontestsof the Standardviodel, sinceit enterghetheoreticakalculationof boththea= (g—2) /2
of themuonandthe effective fine-structureconstantat the M, scale,dem(M;)[3]. Theregion be-
low 1 GeVisdominatecdhy e"e~ — " im, andhasbeenstudiedby differentexperiments CMD-2
and SND performedan enegy scanat VEPP-2M,while KLOE andBaBarusedthe Initial State
Radiation(ISR) method. The KLOE publishedresult[13 led to a a, uncertaintyof 0.9%in the
range(0.6 - 0.97) GeV, dominatedby systematics.The prospectdor KLOE-2 areto performan
ISR measurementyith the requiremenbf an enegetic photon,to accesshe low enegy region
down to the rt* 1T threshold. The large backgroundrom ¢ — i andg — mm m y canbe
reduceddy runningoff-peakat /s = 1 GeV. Moreover the extractionof the cross-sectiofrom the
measurementf theratioo(ete” — " )/o(e"e” — uu ) will reducethetheoreticancer
tainty. With 2 fo—* KLOE-2 couldallow to reacha 0.5%uncertaintyon ay.

Theregion (1.0- 2.5) GeV is muchpoorly known; in this region BaBarpublishedresultsof e e~

into 3 and4 hadronsobtainedby ISR. KLOE-2 canimprove boththe exclusive andinclusive mea-
surementf DA®NE will beableto performanenegy scanof thatenegy region. Assuming10®?

cm~2 s~1 luminosity andanenegy stepof 25 MeV, in oneyearof runthewholerange(1.0- 2.5)
GeV will be scannedwith 20 pb~! per point, reachingstatisticalaccurag betterthanary other
presenexperiment.
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