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Integrated luminosity (pb-1)!

History of DAFNE 
•  Frascati φ-factory :  
e+e- collider @ √s ≈1020 MeV ≈ Mφ ;  

•  Best performances in 2005:  
•    Lpeak = 1.4 × 1032 cm-2s-1 

•    ∫ Ldt = 8.5 pb-1/day 

•   KLOE: 2.5 fb-1 @ √s=Mφ  and	



   + 250 pb-1 off-peak @ √s=1 GeV 

•  New interaction scheme  
implemented : large beam crossing  
angle + crabbed waist sextupoles  

  Luminosity increase factor ~ 3  

 ∫ Ldt ≈ 1 pb-1/hour  
Crabbed waist is realized with a sextupole in

phase with the IP in X and at π/2 in Y
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DAΦNE luminosity: new vs old 
4.5x 10 32 cm-2s-1 

KLOE run 
(2002/05) 

SIDDHARTA  
Run (2008/09) 

A Clear improvement! 
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KLOE-2 at upgraded DAΦNE 
  We have now a ‘new’ machine capable of delivering ~ 4 fb-1/yr, 
even accounting for a reasonable duty cycle 

 There is still space for improvements, both in terms of 
increasing the currents and in terms of operation efficiency  

The goal of having the present KLOE statistics increased by ~ an 
order of magnitude (~20 fb-1) in the next years is therefore 
realistic 

KLOE-2: to extend the KLOE physics program 
at DAΦNE upgraded in luminosity and energy 
(up to 2.4 GeV) 
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KLOE Detector 
Drift chamber: 

•  gas: 90% He-10% C4H10 
•   δpT/pT = 0.4% 
•  σxy≈150 µm ; σz≈2 mm!
•  σvertex≈1 mm!

Calorimeter  (Pb-Sci.Fi.): 

•  σE/E = 5.7% / √(E(GeV)) 
•  σt = 55 ps/√(E(GeV))⊕100 ps  
•  98% of 4π!

Magnetic field: 0.52 T QCAL vetos: (Pb-scintillator) 
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…to KLOE-2…(Step0) 
Minimal detector upgrades: 
Tagger for γγ physics: detection off-momentum e±  from 

    

€ 

e +e− → e +e−γ *γ * → e +e−X 

Already founded  
by INFN. Will 
be installed in  
the next  months 
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LET Characteristics 

LET: Low Energy Tagger
(130-230 MeV) 

calorimeters, LYSO + SiPM   
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HET Characteristics 
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HET: High Energy Tagger  
(E > 400 MeV) !
Plastic scintillators (strong energy-

position correlation  ⇒ use the 
DAΦNE magnets as e± spectrometer) 

σt=150 ps 



Major detector upgrade  
•  Inner tracker (between the beam pipe 

and the DC): 5 layers of cylindrical  
    triple GEM:   
─  improve vertex reconstruction near the IP 
•  QCALT:  W + scint. tiles 
     readout by SiPM via WLS fibers 

•  CCAL: LYSO crystals + APD; close to IP 
to increase acceptance for photons 
coming from the IP ( min. angle: 21°→ 9°) 

•  Partially funded 
 Time scale: installation in late 2011 

…to KLOE-2…(Step1) 
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  γγ physics 
  Study of Γ(S/PS→γγ), test of χPT,  existence and 

properties of σ(600) meson,  PS Transition Form Factor 

  Kaon Physics 
  Test of CPT (and QM) in correlated kaon decays   
  Test of CPT in KS semileptonic decays 
  Test of SM (CKM unitarity, lepton universality) 
  Test of  χPT (KS decays) 

  Spectroscopy of light mesons 
  η, η’, f0 , a0, σ  in φ radiative decays 

  Dark Matter searches (light bosons at O(1 GeV)) 

  Hadronic cross section from 2mπ to 2.4 GeV 
  αem(MZ) and  (g-2) 

KLOE-2 Physics program 
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 θ  γγ - physics: e+e- → e+e- γ *γ * → e+e- X 

Lint = 1 fb-1 

  X=ππ ⇒σ meson  
  X=π0,η,(η’) ⇒Γ(X→γγ);  Transition 

Form Factors FXγγ(q1,q2) ⇒ LbL?  
  Tagger is essential to reduce 

bckg from φ and to close the 
kinematics 

σ (γγ → X) =  Lint 
dNX 
dWγγ 

dL 
dWγγ 

q2= -2EE’(1-cosθ) 

At √s > 1.02 GeV γγ coupling of a0(980), 
 f0(980) and larger statistics for π0,η,η’ 

Wgg (MeV)
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The σ meson case : Theory … 
PDG 2008 



The σ meson case : Experimental point of view 

• At KLOE-2: π0π0 ⇒ golden channel 
 (with L=5 fb-1 ⇒ err. ≈ 2%); π+π- 
possible? 

Recent measurements 
from Belle limited at mππ> 
0.6 GeV 

Cleanest channel to assess existence & nature (2q vs 
4q) of the σ  is γγ → π 0π 0 at low energy 
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Preliminary results from KLOE 
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•  The LbL contribution is dominated by the π0 

exchange with 2 virtual γ ⇒ Fπ0γ*γ* (q1
2,q2

2) 
•  No available data in the low energy region 

Impact of γ*γ* on Light-by-Light?   

Fπ0γ*γ* (q1
2,q2

2)  can be obtained from 
e+e- → e+e-π0  (θe±>20o). 
q2 is obtained by measuring  E and θ of e±  

q2= -2EE’(1-cosθ) 
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Transition form factors FPγγ (Q2,0) 

Dorokhov: 0912.5278 

KLOE-2 could fill this region 
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Ksγγ	


"    It is a good test for ChPT 
       (PRD 49 (1994) 2346) 
"    From 2003 it is known with  
     a small error (3%) : 
BR(KS→γγ)=(2.71 ±0.06 ±0.04) x 10-6 
     due  to a measurement of NA48/1  
     collaboration 
"    Differs from ChPT O(p4) by 30%  
     (large O(p6) contribution ??). 

In KLOE the major background   
is KS→2π0  with 2 photons lost  
in  the  beam-pipe and/or  
colliding into QCAL. 

€ 

BR KS →γγ( ) =

= 2.26 ± 0.12stat ± 0.06syst( ) ×10−6

6% total uncertainty. 
3σ far from NA48/1 result, but  
confirming ChPT prediction. 

@ Step1 HW upgrade  bkg reduction of x3 

-  new QCALT 
-  CCALT added. 

S/B from 1/3 to 1. Total uncertainty less than 3% to solve KS→γγ puzzle.  
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Scalars @ KLOE-2 : φSγPP’γ	


The scalar structure below 1 GeV : (qq,  qqqq, KK, ..) is a 
open question    

In our case PP’: 
ποπο ! !f0(980)/σ(600) 
π+π-    f0(980)/σ(600) 
ηπο 	

  a0(980) 

The parameter of  
the “Kaon Loop” was  
extracted by 500 pb-1 

of data. KLOE-2 aspect 
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•       with scalar quantum numbers (JPC=0++) 
•   Small phase space(2MK≤MKK≤Mφ)   
    ⇒  small Br expected (10-9 – 10-7) 
•   “Golden channel”  φ → KSKSγ → π+π-π+π-γ  
•  Analyzed sample: 2.18 fb-1 
•  5 events in data and 3.2 background events (MC) 
 (π+π-π+π-(γ) from φ→KSKLand from continuum)!

19!19!

•  Consistency check: using the KLOE 
   couplings from φ→ππγ, ηπ0γ in the  
   Kaon Loop model 
⇒ 

•   KLOE-2 sensitivity  
(with Inner Tracker) ⇒   0.5×10-8   
 ⇒  First observation possible 

Signal MC 
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The ηʹ′→ηππ decay is sensitive to scalar mesons 

Expected at KLOE-2:  
287000 ηʹ′→ηπ+π─ (η→γγ) ε=22.8%  
⇒65500 events 

Starting from φη’γ…	
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η-η’ mixing 
If we define  
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ηʹ′ gluonium content 
KLOE extracted ψP=(40.4±0.6)° and a  
gluonium content of ηʹ′, Z2=0.12±0.04 from  

[systematics dominated by δBr(ηʹ′→ηππ)] 

Fit result driven by Γ(ηʹ′→γγ)/Γ(π0→γγ)!
e+e-→e+e-ηʹ′→e+e-X  @ √s = 1.4 GeV   
     expected evts/1 fb-1: Measuring all the main Br’s @ 

1% :  
1)  the sensitivity to Z2 will not 

depend   on ηʹ′→γγ  
2) statistical significance of 
     Z2 will increase to 4 – 5 σ!
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More exotic channels 
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I ππ,ππ;Δt( )∝  e−ΓL Δt + e−ΓS Δt − 2⋅ 1−ζ00( )⋅ e− ΓS +ΓL( ) Δt / 2 cos Δm Δt( )
interference term modified introducing a decoherence parameter ζ00. 

Example of CPT and QM tests: φ→KSKL→π+π- π+π-  	



380 pb-1!

CPT violation could also change initial state  

|ω| < 1.0 10-3      @ 95% C.L: 

( ) ( )LLSSSLLS KKKKKKKKi −+−∝ ω

J.Phys.Conf.Ser.171:012008,2009 
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What KLOE-2 can do ? 

KLOE has already 
improved the 
previous limits 
from CPLEAR 

0         5         10         15       20 (cm) 

KLOE final;  L = 1.5 fb-1 

KLOE	


L=1.5 fb-1!

Large improvement ! 

Present situation 
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Measurement of hadronic cross sections              
from 2mπ to 2.4 GeV 

 Hadronic contribution to (g-2)µ and αem 
Spectroscopy of vector mesons 
N.B. “competition” with B-factories ISR, and VEPP-2000 

KLOE-2!
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A rough estimation of aµ	



aµ
exp-aµ

theo,SM=(27.7±8.4)10-10    (3.3 σ) 

8.4=~ 5HLO✚

3LbL✚ 

6EXP 

There is real option to news (g-2)µ experiment @ FNAL, 
KEK : 6EXP  1.6EXP 

δaµ
HLO=5.29≈3(√s < 1GeV) ✚ 3.9(1GeV < √s < 2GeV) 

KLOE2 (Step2) would like to measure σHAD at energy below 
2GeV : δσHAD ~ 0.4 % (√s < 1GeV) and δσHAD ~ 2 % (1GeV < √s 
<1GeV). This implies δaµ

HLO=3 and δaµ
 of the order (7÷8) σ	



 CLEAR SIGNATURE OF SUSY SHOULD BE VISIBLE 
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Conclusion   

 New DAFNE interaction scheme (crab waist) successfully implemented, 
luminosity increased by a factor of ~3  (LMAX~4 1032cm-2s-1) 
 KLOE-2: extended KLOE physics program at DAFNE upgraded both in 
luminosity O(20 fb-1) and energy (2mπ<√s<2.4 GeV) 
  Rich physics program: 

 Kaon physics - e.g. quantum interferometry, KS decays  
  Scalar/PS physics -  f0/a0 → KKγ; η-η’-mixing, η → πγγ, Dalitz and  
   double-Dalitz decays, CP violation,... 
  γγ physics (Γ(S/PS→γγ), test of χPT, σ meson,  PS Transition FF LbL?) 
 Precision measurement (~1%) of the hadronic cross section 2mπ<√s<2.4 GeV 
  Search for new physics at O(1 GeV) (Light bosons? Dark Matter 
particles?) 

  KLOE detector will be upgraded by a γγ tagger (funded), an Inner Tracker,  
   and calorimeters in the forward regions (partially funded) 

 KLOE-2 will restart data taking next months. The next 3 years are essentially 
approved, while the rest of the running will depend very much on the future of 
the laboratory (SuperB?) 

New collaborators are WELCOME!!!!
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