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Outline

● KLOE & KLOE-2 experiment at DAFNE 
● The η → π0γγ decay

●  e+e-  → π+π−π0γ
ISR

 cross section measurement

● Search for ϕ→ηπ+π− and ϕ→ημ+μ− decays
● Leptophobic B boson search
● γ*γ*→π0

● Summary
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KLOE @ DAΦNE

2005: 1256 pb-1

2004: 734 pb-1

2002: 320 pb-1

2001: 172 pb-1

3

•  DAΦNE: Frascati φ-factory, e+e- collider 
      @ √s ≈1020 MeV ≈ Mφ  ;  σpeak≈3.1 μb

• Best performance in KLOE run (2005): 
     Lpeak = 1.5 × 1032 cm-2s-1 ∫ Ldt = 8.5 pb-1/day

• 2001 – 2006: KLOE data-taking
       ⇒   2.5 fb 1− @√s=Mφ

       + 250 pb-1 off-peak @ √s=1000 MeV



KLOE Detector
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Drift chamber: 90% He-10% iC4H10

•  δpT/pT = 0.4%

• σxy≈150 μm ; σz≈2 mm; σvertex ≈ 3 mm

Calorimeter  (Pb-Sci.Fi.):  98% of 4π
• σΕ/E = 5.7% / √(E(GeV))
• σt = 54 ps/√(E(GeV)) 100 ps ⊕

Magnetic field:  0.52 T



KLOE-2 @ DAΦNE upgraded 

P.Gauzzi

CCALT – LYSO Crystal 

w/ SiPM - Low polar angle

QCALT – Tungsten / Scintillating 

Tiles w/ SiPM 

Quadrupole Instrumentation

HET:Scint.hodoscope+PMTs

pitch:5 mm; @ 11 m from IP

 LET: 2 calor. LYSO + SiPMs  
   

          @ ~ 1 m from IP

Inner Tracker – 4 layers 

of Cylindrical  GEMs

KLOE-2 luminosity [pb-1]

•    DAΦNE upgrade (2008), new interaction 
     scheme: large beam crossing angle + 
      crabbed waist sextupoles
    
•     Best performance in KLOE-2  run: 
       Lpeak = 2.4 × 1032 cm-2s-1 ∫ Ldt = 14 pb-1/day

• 2014 – 2018: KLOE-2 data-taking
       ⇒ 5.5 fb 1−  collected @√s=Mφ 

KLOE + KLOE-2 data sample:
 ~ 8 fb 1  − ⇒   2.4 × 1010 ’s producedϕ
  ⇒ the largest sample ever collected at 
      a -factory ϕ Slide thanks to P. Gauzzi 5



KLOE2 Physics 
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Kaon Physics:
• CPT and QM tests with kaon interferometry
• Direct T and CPT tests using entanglement
• CP violation and CPT test:
    KS→3π0

    direct measurement of Im(ε′/ε) 
• CKM Vus:
   KS semileptonic decays and AS 
          (CP and CPT test)
   Kμ3 form factors, Kl3 radiative corrections
• χpT : KS→γγ
• Search for rare KS decays

Hadronic cross section:
• ISR studies: 2π,  3π, 4π final states
•  Fπ with increased statistics

Dark force searches:
• Improve limits on 

- Uγ associate production
            e+e− → Uγ → ππγ, μμγ

- Higgsstrahlung:
       e+e−→ Uh →μʹ +μ− + miss. energy
• Leptophobic B boson search:
    →ηB, B→πϕ 0γ, η→γγ
    η→Bγ, B→π0γ, 
• Search for axion-like particles

Light meson Physics:
•    η decays, ω decays
• Transition Form Factors
•    C,P,CP violation: improve limits on 
      η → γγγ, π+π−, π0π0, π0π0γ
•    η → π+π−e+e− 

•    ChPT : η → π0γγ
• Light scalar mesons: f0(500) in →Kϕ SKSγ
• γγ Physics: γγ → π0 and π0 TFF
• e+e− →π0γγISR (π0 TFF)

In red discussed in this talk
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η→π0γγ (ϕ→ ηγ)  

η→π0γγ (from →ηγ)ϕ :   ChPT golden mode, O(p2) null,
     O(p4) suppressed  sensitive to ⇒ O(p6)
 
      Br = (22.1 ± 2.4 ± 4.7)×10-5   CB@AGS( 2008)
      [PRC  78 (2008) 015206]   
      Br = (25.2±2.5)×10-5 CB@MAMI (2014) A2 
       [PRC  90 (2014) 025206]
      
Old KLOE preliminary: (8.4±2.7±1.4)×10-5 

       (L = 450 pb-1 ~ 70 signal events)

Invariant mass of non-π0 
photons can be used to 
test theoretical models

[PRC  78 (2008) 015206]



P.Gauzzi

• L = 1.7 fb-1 – 5 prompt γ 
     sample selected

• Main bckg: →ηγ, η→3πϕ 0 
     with lost or merged photons

• Normalization to →ηγ, ϕ
      η→3π0 (7 prompt clusters, 
      very clean channel, 
       low background)

M4γ [GeV]

M6γ [GeV]

Br(η→π0γγ) = (0.99±0.11stat± 0.24sys)×10-4

   ⇒ ~ 1200 signal events
KLOE-2 prel

im
inary

Recent prediction based on LσM + VMD
      Br(η→π0γγ) = (1.30 ±0.08)×10-4

     [R.Escribano et al., PRD 102 (2020) 034026]
 linear sigma model and vector meson dominance frameworks
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η→π0γγ (ϕ→ ηγ)  



d (η→π𝚪 0γγ)/dM2
𝛄𝛄

• Separate fits in bins of  M2(γγ) 
• Second bin missing due to the veto for π0π0 events (from →ϕ f0(980)γ and 

e+e−→ωπ0 with ω→π0γ)

A factor of about 2 less than 
previous measurements

Efficiency vs M2
γγ 

 

KLOE-2 prelim
inary

9    MODEL: [R.Escribano et al., PRD 102 (2020) 034026]



e+e−→π+π−π0γISR

• e+e−→π+π−π0 is the second 

      largest contribution to the 

      calculation of the Hadronic 

      Vacuum Polarization for (g-2)μ 

       and to its uncertainty
• Initial State Radiation (ISR) 

     measurement at KLOE is 

     complementary to energy scan  

      in the range √s <  M  ϕ

        (SND and CMD-2)

Goals:
• Measure the cross section in the ω(782) region
• Evaluate the product Br(ω→e+e−) × Br(ω→π+π−π0)
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Current measurement by 
CMD-2/SND via energy scan
BES3/BaBar via ISR



e+e−→π+π−π0γISR
• L = 1.7 fb-1 at  peakϕ

Selection: 
• At least 2 tracks with opposite curvature  
• 3 neutral clusters
• Kinematic fit 

M3π [MeV]

Signal extraction:
• Fit with Breit-Wigner convoluted with 

smearing matrix
•  ISR correction factor taken into 

account

KLOE results* compared with PDG 

KLOE

 PDG
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→ηπϕ +π−, ημ+μ−

• In VMD models e+e−→ηπ+π− occurs 
     through the ρη intermediate state
• →ηπϕ +π− violates the OZI rule and G-parity
           ⇒ Br( →ηπϕ +π−) < 1.8 × 10-5 @ 90% C.L. [CMD-2, PLB491(2000)81]

• The same sample can be used to search for the Dalitz decay →ημϕ +μ−

            ⇒ Br( →ημϕ +μ−) < 9.4 × 10-6 @90% C.L. [CMD-2, PLB501(2001)191]

• L = 1.6 fb-1 analyzed

• Focus on →ημϕ +μ− process, exploiting both η→γγ  and η→3π0 decays

• Goal: measure the Branching fraction, and extract the Transition Form Factor 
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→ημϕ +μ−

                   η→γγ channel

      Selection:        
• 2 charged tracks + 2 (η→γγ) or 6 (η→3π0) prompt γ
•    M(π+π−) < 480 MeV (tracks are considered pions to reject KSKL events)
•   380 < M(γγ) < 750 MeV/c2 
•    Kinematic fit with 6 or 10 constraints
•    Cut on M(γμ+μ−) to veto φ→γη, η→ γπ+π−

η→3π0 channel 

Main background: 
→Kϕ SKL→π+π−π0π0π0

Continuum backgrounds from 
      φ →ηγ, η→π+π−π0, π+π−γ
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KLOE-2 preliminary



→ημϕ +μ−

  η→γγ channel
η→3π0 channel 
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KLOE-2 prel
im

inary

>Clear ϕ→ηπ+π− and ημ+μ− 

signals are observed



→ημϕ +μ− - preliminary results

  η→γγ channelη→3π0 channel 
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KLOE-2 preliminary

Systematics under investigation!



[S.Tulin, PRD89(2014)114008] 

Leptophobic B-boson
• Dark Force mediator coupled to baryon number (B-boson)
      with the same quantum numbers of the ω(782) ⇒  IG=0−  

• Can have an impact in (g-2) muon anomaly

• Dominant decay channel (mB < 600 MeV): 
           B→π0γ
• Can be searched for in:
      →ηB   ηϕ ⇒ π0γ    5 prompt γ final state⇒
      →ηγ, with η→Bγ  (η→ϕ ⇒ π0γγ)           
      e+e− →BγISR→π0γ γISR    
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Leptophobic B-boson
• L = 1.7 fb-1 analyzed
• Selection of 5 prompt photon events
• Kinematic fit to improve energy resolution

• Main background from →ϕ a0(980)γ→ηπ0γ  

     and →ηγ→3πϕ 0γ with lost/merged photons
• Background evaluation from sidebands 

     (fit region 5 σ with 1σ exclusion region, σ ~ 2 MeV) 

Data
Fitted 
Bckg

Mπ0γ [GeV]

Mπ0γ [GeV]
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α
B
 

KLOE-2 preliminary

CLS method

17Upper limit on the coupling constant α are set around O(10-7) at 90% CLs



 γ*γ*→π0 

P

HET: e+/e− tagger
    Goal: measurement 
    of Γ(π0→γγ) @ few % level

PrimEx-II 
 Science 368 (2020) 506 

• Transition Form Factor  
    Fπγγ*(q2,0) at space-like q2   
     (|q2|< 0.1 GeV2), relevant for 
     the Light-by-Light scattering 
     contribution to (g-2)μ

High energy tagger (HET) located 11 m 
away the IP after the bending dipoles acting 
like spectrometer for scattered e+/e- 
(420<E<495 MeV)
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 γ*γ*→π0
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 γ*γ*→π0
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Summary
KLOE-2 data-taking succesfully completed on March 30, 2018 
                          ~ 20 years after the first events collected in KLOE
         
KLOE + KLOE-2 sample  ~ 8 fb⇒ -1  – unique sample worldwide
          ⇒ ~ 2.4 × 1010 ’s producedϕ

The data sample collected by KLOE provided important results on decay dynamics 
of light mesons, Transition Form Factors, discrete symmetries of the nature, and 
also on searches for New Physics in the Dark Sector

High precision investigation on light hadron physics and on fundamental 
symmetries with KLOE/KLOE-2 data are in progress...
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