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1. The KLOE-2 project

From2000to 2006theKLOE Collaborationhascollected2.5 fb � 1 of dataat thepeakof the
φ
�
1020� plus other 250 pb� 1 off-peak. During 2008 a new interactionschemeof the DAΦNE

φ-factoryhasbeensuccesfullytested,reachinga peakluminosity of about5 � 1032 cm� 2 s � 1, a
factorof 3 larger thanwhatpreviously obtained.Following theseachievement,a new data-taking
with an improved KLOE detectorwill start in 2010. The KLOE presentupgradeconsistsin the
installationof anelectrontaggerfor γγ physics.Two differenttaggingdetectorswill be installed:
the Low Energy Tagger(low energy refersto the e� energy), madeof two crystal calorimeters
placedveryneartheDAΦNE InteractionPoint(IP) in symmetricalpositions,andtheHigh Energy
Tagger, madeof two positionsensitive detectorsplaced(symmetrically)far from the IP, after the
first bendingdipolesof DAΦNE. A majordetectorupgradehasbeenproposedfor a secondphase
of the next data-taking,with the insertionof a light internal tracker betweenthe beampipe and
thedrift chamber, andcrystalcalorimetersto cover thepolarangleregionsdown to 9� . A further
upgradeof themachineto increaseits centerof massenergy upto 2.5GeV, hasalsobeenproposed.
The KLOE-2 physicspotentialcoversmany different items: testsof CKM Unitarity andLepton
Universalitywith kaons,testsof discretesymmetriesandof QuantumMechanicswith entangled
kaonstates,rarekaondecays,light mesonspectroscopy (scalarandpseudoscalarmesons),mea-
surementof thehadroniccross-section,searchfor possibleDark Mattersignalsat low energy. In
thispaperonly asmallselectionfrom theabove list is described,while adetaileddescriptionof the
KLOE-2 physicsprogramcanbefoundin ref.[1].

2. γγ physics

In γγ processes,e	 e��
 e	 e� γ
�
γ
� 
 e	 e� X (fig.1), thehadronicstateX canonly haveC=+1,

thenit is suitableto studyscalarandpseudoscalarmesons.The numberof producedeventsasa
functionof theγγ invariantmasscanbewritten asdN � dWγγ 
 Lint

�
dF � dWγγ � σ � X 
 γγ � , where

dF � dWγγ is the flux function, shown in fig.1 for 3 differentcenterof massenergies. Threshold
openingsfor differenthadronicstatesareemphasized.Accessingcenterof massenergiesup to
1.4 GeV will allow to studythe π	 π� , π0π0, π0η final statesandto detectresonancesin these
channels,namelythescalarmesonsa0

�
980� , f0

�
980� , andσ

�
600� . Ontheotherhandby exploiting

thefinal stateswith a singlepseudoscalarmeson(X 
 π0, η or η � ), the two photondecaywidths
canbe measured,which are relevant for the extractionof the pseudoscalarmixing angleandto
test the gluon contentin the η � wavefunction[2]. The pseudoscalarchannelsalsoallow for the
measurementof the Pγ

�
γ
�

transitionform factors,which enterthe theoreticalevaluationof the
hadroniclight-by-light scatteringcontribution to g � 2 of themuon[3].

γγ 
 σ
�
600� 
 π0π0. In the last years,new evidenceof the σ

�
600� mesonhasbeenreported

by severalcollaborations[4]. Moreover thepresenceof a polein theππ scatteringamplitudewith
JPC 
 0	�	 , m = 441 	 16� 8 MeV, andwidth Γ 
 544 	 24� 18 MeV, hasbeenpointedout[5].
At KLOE-2 thereactione	 e��
 e	 e� π0π0, is thegoldenchannel[6] to studytheσ

�
600� , because

apossiblestructurewouldjustshow upin theπ0π0 invariantmass,with noneedto performaDalitz
plot study. σ

�
γγ 
 π0π0 � atWγγ � 800MeV, measuredby CrystalBall[7], is shown in fig.2. The

largeuncertaintiesin thedatadoesnotallow any conclusionabouttheexistenceof aresonance-like
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Figure 1: Left: γγ process.Right: four photoninvariantmass;crossesareKLOE data,histogramsaresev-
eralsourcesof backgroundevaluatedfrom MC. Right: differentialphoton-photonflux functionfor different
center-of-massenergies.

structurein theregion400- 500MeV.
A feasibility studyhasbeenperformedwith 11 pb� 1 of KLOE data,takenat � s 
 1 GeVwithout
e� taggers,to developthealgorithmsfor anefficient selection.Thesignalefficiency, evaluatedby
MC[6], is 30%. The four photonsinvariantmass,fig.2, shows an excessof eventsin the region
below 400 MeV, which is due to genuinee	 e� 
 e	 e� π0π0 events. This study indicatesthat
KLOE-2, with an integratedluminosity L 
 5 fb � 1, canmeasurethe γγ 
 π0π0 cross-section,
with thesameenergy binningof CrystalBall, reducingthestatisticaluncertaintyat2% level.

Figure 2: Left:CrystalBall datacomparedwith a two-loopChPTprediction(red),andthecross-sectionof
γγ � σ � π0π0 obtainedfrom ref.[6] (blue). Right: four photoninvariantmass;crossesareKLOE data,
histogramsareseveralsourcesof backgroundevaluatedfrom MC.

γγ 
 η � . Theη � meson,beingalmostapureSU(3)Flavour singlet,is consideredagoodcandidate
to hosta gluon condensate.KLOE[2] hasextractedthe η � gluoniumcontent,Z2

G 
 0� 12 � 0� 04
(3 σ from zero)andthe η -η � mixing anglein the constituentquarkmodel,ϕP 
 �

40� 4 � 0� 6� � .
Thesequantitieshave beenextractedfrom afit of theratio Rφ 
 �

Br
�
φ 
 η � γ ����� � Br

�
φ 
 ηγ ��� 
�

4� 77 � 0� 09 � 0� 19��� 10� 3, measuredby KLOE[8], togetherwith other ratiosof partial decay
widthsof magneticdipoletrantitions,V 
 Pγ, andΓ

�
η � 
 γγ ��� Γ � π0 
 γγ � , seefig.3.

3



P
o
S
(
E
P
S
-
H
E
P
 
2
0
0
9
)
0
4
7

Physicswith theKLOE2experimentat theφ-factory PaoloGauzzi

m(� π +π -)    (GeV)

e
v
e
n
t
s
/
(
1
.
3
 
M
e
V
)

0

200

400

600

800

1000

0.28 0.3 0.32 0.34 0.36 0.38 0.4

Figure 3: Left: resultof the gluoniumfit[8]. Right: mπ! π" distribution in η #$� ηπ% π& with (blue) and
without (red)σ ' 600( , from aMC simulation.

By measuringthemainη � branchingratiosat1%level, KLOE-2 canreacha4 - 5 σ statistical
significanceof Z2

G. Thiswill bepossibleby producingη � in γγ eventsat � s 
 1.4GeV, seetab.1.

Table 1: Expectedeventyields,perfb & 1 of integratedluminosity, for thedominantη # decaychannels.

Br
�
η � 
 X � (%) preferablechain ) Breff (%) events

π	 π� γ 29� 4 � 0� 9 12 000

π	 π� η 44� 6 � 1� 4 π	 π� η
� 
 2γ �*) 17.5 7 000

π0π0η 20� 7 � 1� 2 π0π0η
� 
 π	 π� π0 �+) 4.7 2 000

ωγ 3� 02 � 0� 31 ω
� 
 π	 π� π0 � γ ) 2.7 1 200

γγ 2� 10 � 0� 12 800

3. Physics at the φ , 1020- peak: low mass scalars

It is still controversialwhetherthelight scalarsareqq̄ mesons,qqq̄q̄ states,or KK̄ molecules.
KLOE exploited the radiative decaysφ 
 PPγ to study f0

�
980� anda0

�
980� , andto look for a

signalof the σ
�
600� , andextractedthe parametersof the scalarresonancesfrom the two pseu-

doscalarinvarantmassdistributions[9]. Substantialimprovementsfrom KLOE-2 areforeseenfor
φ 
 �

f0 � a0 � γ 
 K0K̄0γ: theKLOE upperlimit, Br
�
φ 
 K0K̄0γ � � 1� 9 � 10� 8[10], canbe low-

ered,with theKLOE-2 statistics,down to 1 � 10� 8. The insertionof the inner detectorwill pro-
vide a bettervertex positionresolutionfor K0 . K̄0 
 π	 π� , thena further improvementdown to
0� 5 � 10� 8 is expected.This valueis in therangeof thetheoreticalpredictionsfor theBr, thenthe
first observationof thisdecayis possibleatKLOE-2.
In η � 
 ηππ decaysthe ππ systemhasthe samequantumnumbersof a scalarmeson. More-
over theavailablekinetic energy of theππ systemis in therange(0, 137)MeV, suppressinghigh
angularmomentumcontributions,andtheexchangeof vectormesonsis forbiddenby G-paritycon-
servation. So that only scalarmesonscanparticipateto thescatteringamplitude.The decaycan
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be mediatedby the scalar(σ ,a0 and f0) exchangeandby a direct contactterm dueto the chiral
anomaly[11], thenthescalarcontribution canbedeterminedfrom a fit to theDalitz plot. A MC
simulationof theη � 
 ηπ	 π� shows thatKLOE-2 hasagoodsensitivity to σ

�
600� (seefig.3).

4. Off-peak physics: measurement of σhad

A high statisticsmeasurementof σ
�
e	 e�/
 Hadrons� hasrelevant implicationson thepreci-

siontestsof theStandardModel,sinceit entersthetheoreticalcalculationof boththea 
 �
g � 2��� 2

of themuonandtheeffective fine-structureconstantat theMZ scale,αem
�
MZ � [3]. Theregion be-

low 1 GeVis dominatedby e	 e� 
 π	 π� , andhasbeenstudiedby differentexperiments:CMD-2
andSND performedan energy scanat VEPP-2M,while KLOE andBaBarusedthe Initial State
Radiation(ISR) method. The KLOE publishedresult[12] led to a aµ uncertaintyof 0.9%in the
range(0.6 - 0.97)GeV, dominatedby systematics.The prospectsfor KLOE-2 areto performan
ISR measurement,with the requirementof an energetic photon,to accessthe low energy region
down to theπ	 π� threshold.The large backgroundfrom φ 
 π	 π� π0 andφ 
 π	 π� γ canbe
reducedby runningoff-peakat � s 
 1 GeV. Moreover theextractionof thecross-sectionfrom the
measurementof theratioσ

�
e	 e� 
 π	 π�+��� σ � e	 e� 
 µ 	 µ �+� will reducethetheoreticaluncer-

tainty. With 2 fb � 1 KLOE-2 couldallow to reacha0.5%uncertaintyon aµ .
Theregion (1.0 - 2.5)GeV is muchpoorly known; in this region BaBarpublishedresultsof e	 e�
into 3 and4 hadronsobtainedby ISR.KLOE-2 canimproveboththeexclusive andinclusive mea-
surementif DAΦNE will beableto performanenergy scanof thatenergy region. Assuming1032

cm� 2 s� 1 luminosity, andanenergy stepof 25 MeV, in oneyearof run thewholerange(1.0- 2.5)
GeV will be scannedwith 20 pb� 1 per point, reachingstatisticalaccuracy betterthanany other
presentexperiment.
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