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Status of the KLOE-2 
Experiment 



● Second round of the reconstruction with 
the final DBV-40 started in March 2020:

       - sample of 2016-2018 data    
         completed in June 2021 (~4fb-1)  →
         average (peak) reconstruction rate ~25 
         (30) pb-1/day (without considering  
         dead time);
      - reconstruction of the 2014/2015 dataset
        ongoing (not reconstructed with the  
        previous DBV-38 due to huge   
        background conditions).  Slight    
       decrease of the rate for the current   
       sample (more files of smaller size)  
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Data recontruction & MC status 

L
int =

 4.5 fb-1  reconstructed with DBV-40  

●  Massive MC production with the final DBV-40 started: 518 pb-1 available for  the
   φ → all process and LSF=1:
  -   average production rate ~27 pb-1/day  (performed in parallel with the data   
     reconstruction) → increase with respect to the previous one with DBV-38 
     (~15 pb-1/day)
  - first massive MC production with DBV-38 already used in the KS → 3π0 analysis
●  Start of the massive ROOT output production 

  

Start reconstruction of 
2014/2015 data

19/08/2021
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Computing – Data consolidation 

● Priority to data reconstruction, MC production and analyses → data preservation  
in backgroud

● Transfer from old to new library: ~85%

● NFS system off; GPFS protocol is the
   only in use

● New UPS unit installed in June 2021
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Publications/Ongoing Analyses 

 Both results included in the Particle Data Group

● Measurement of the branching fraction for the decay
  KS →πμν with the KLOE detector

Physics Letters B 804 (2020)

● η →  π+π−  (P and CP viol.) JHEP 10 (2020) 047

Last Publications

● T/CPT tests with  → Kϕ SKL → 3π0 πeν, ππ πeν                            

● KS → π+π−π0                                                                                                                                                                                                                                                                             

● KS → 3π0  (CP viol.)                                                                                      

● Search for decoherence and CPTV in  K
S
K

L
→  π+π− π+π−

                                         

● K
S

 → πeν                                                                                       

● π0→ γγ                                                                                          

● η → π0γγ  - χPT golden mode
                                                                       

● B-boson search in   → ηπϕ 0γ, η→γγ
                                                      

● ϕ→ηπ+π−/μ+μ−

●   e+e− → ω γ
ISR

 

KLOE data                      Pres. at EPS-HEP 2021

KLOE data

KLOE-2 data                    Pres. at EPS-HEP 2021

KLOE data                       Pres. at EPS-HEP 2021
                                            Paper  submitted to JHEP

KLOE data

KLOE-2 data                  Pres. at EPS-HEP  2021       
                                          Hadron 2021, Panic 2021

KLOE/KLOE-2 data     Pres. at EPS-HEP  2021       
                                          Hadron 2021, Panic 2021 

KLOE/KLOE-2 data     Pres. at EPS-HEP  2021       
                                          Hadron 2021, Panic 2021 

KLOE data

KLOE data                    Pres. at EPS-HEP  2021       
                                          Hadron 2021, Panic 2021 

Ongoing analyses
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ζ00  or ζ
SL

 decoherence parameter dependig on the  basis,

K
0
K

0
 or  K

S
K

L
 

Decoherence effects might arise in a quantum gravity picture necessarily entailing CPT violation
 [Ellis et. al, NP B241 (1984) 381; Ellis, Mavromatos et al. PRD53 (1996)3846 ]:

1)in this case the relevant parameter in the modified time evolution of neutral kaons is the γ parameter (at 
most γ=O(mK

2/M
Planck

)~2x10-20 GeV) 

2) the initial entangled state is modified adding a tiny symmetric part -> ω effect
    (at most ω=O(mK

2/M
Planc

/∆Γ) ~1x10-3)

I(∆t)

Search for decoherence and CPTV in  φ →KSKL→π+π−π+π− 
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Search for decoherence and CPTV in  φ →KSKL→π+π−π+π− 
● Fit including Δt resolution and efficiency effects + 

regeneration;
● Statistical uncertainty reduced by slightly more than 

half wrt old KLOE analysis with L
int

=380pb-1 
   (PLB 642 (2006) 315)
● Central values consistent with zero

FINAL

Submitted to JHEP 

 � model contour plot

Fit for the ζ
SL

 model
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Concept:
J. Bernabeu, A. Di Domenico and P. Villanueva-Perez, 
Direct test of  time-reversal symmetry in the entangled neutral kaon system at a Φ factory, Nucl. Phys. B 868 (2013) 102

J. Bernabeu, A. Di Domenico and P. Villanueva-Perez,
Probing CPT in transitions with entangled neutral kaons, JHEP 1510 (2015) 139

First such measurement with kaons
Model independent test

Φ→K
S
K

L
→πe ν,3π0

Processes under study:

T-violation
sensitive

CPT-violation
sensitive

Double ratios:
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Φ→K
S
K

L
→π+π–,πeν

Observables of the tests (we focus on the asymptotic region ):

DRCP =

 T/CPT Test with ϕ → K
S
K

L 
   → 3π0 πυe, ππ πυe
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Final results with both statistical (solid errorbars) 
and total uncertainty (dotted errobars)

  T/CPT Test with ϕ → K
S
K

L 
   → 3π0 πυe, ππ πυe

Uncertainty on the 
D factor *

● Analysis is concluded – 
final results:

Expected:

 
*

Draft paper in preparation

    ∆t>>τS

R4
T  ~  1+4Re(ε)Expected:
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Expected:
    ∆t>>τS

R2
T  ~  1-4Re(ε)



  T/CPT Test with ϕ → K
S
K

L 
   → 3π0 πυe, ππ πυe

Expected:

Expected:

         ∆t>>τS

R2
T/R4

T  ~ 1-8Re(ε)Expected:
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     ∆t>>τS

R4
CP  ~  1+4Re(ε)  

Expected:
     ∆t>>τS

R2
CPT  ~  1-4Re(δ)

Expected:
     ∆t>>τS

R4
CPT  ~  1+4Re(δ)

     ∆t>>τS

R2
CP  ~  1-4Re(ε) Expected:

              ∆t>>τS

R2
CPT/R4

CPT   ~  1-8Re(δ)



γγ physics with High Energy Tagger (HET)
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 Bernstein & Holstein, Rev. Mod. Phys., 85 (2013) 49

Measurement concept:
Eur. Phys. J. C 72 (2012) 1917

Accidental-pure data (A sample)

Accidental-pure + HET-KLOE coincidences (A+ sample)

Bunch-Trig 

• Precision measurement of Γ(π0→γγ)
• Transition form  factor F

πγγ*
(q2,0)  at space-like q2 

      (|q2|< 0.1 GeV2), impact on value and precision of αµ
LbyL;π0

First bending dipoles of DAΦNE act as spectrometers
for scattered leptons   (420 < E < 495 MeV)

Scintillator hodoscope + PMTs, inserted in Roman pots
pitch: 5 mm,  ~ 11 m from IP  (E~2.5 MeV t~500 ps)

HET is acquired asynchronously w.r.t. the KLOE-2 DAQ
(Xilinx Virtex 5 ‐ FPGA),synchronization with the "Fiducial»
 signal from DAΦNE (each 325 ns) and the KLOE trigger

HET acquisition window corresponds to about 2.5 DAΦNE 
revolutions, data are recorded only when a KLOE trigger is asserted

The analysis is based on the HET-KLOE coincidences and the 
accidental-pure samples used for background modelling 
(shape and number)

     

γγ physics with High Energy Tagger (HET) 

 

  



      γγ  cross section measurement, concept and status 
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Measurement concept:

Status of the measurement:

Number of π0 tagged events. Preliminary results on the whole reconstructed 
data sample (electron station) obtained, 10% precision level, some 
improvements still possible.

 

Analysis efficiency evaluation completed, only small refinement 
needed.

Full simulation of signal (γγ→π0 triggering KLOE DAQ and one lepton 
in the HET) and normalization channel (low angle e+e-γ   with one lepton reaching 
HET) events, obtained with EKHARA/BBBREM generators + BDSIM 
for lepton transport, completed.

 

Obtained from the KLOE online luminosity measurement. 
Product independent from luminometer scale, scaling behavior 
checked along data-taking periods. 

γγ →π0 cross section measurement – concept and status  
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 Status of γγ →π0   analysis

Single-arm selection:
-Sample of 2 clusters associated with the same 
bunch  crossing in the KLOE barrel calorimeter
-Selected bunch crossing, and, independently 
selected HET signal, are in a time window of 40 ns  
around the KLOE trigger

Analysis Strategy:
-Maximum Likelihood (ML) fits of A+/A  samples.
-Fit to accidental-pure samples used to constraint the 
number of accidentals in A+
- Time coincidence window: 4÷5 bunch crossings  
depending on the period
 
-Accidental pure sample (A) used to model 
background pdf

-Signal pdfs by Ekhara simulation, control samples 
and BDSIM transport of the leptons through the  
beam line

Example of ML fit, statistics: 2fb-1, HET 
electron  data from October ‘16 to March ‘18

Signal-enriching cut applied: |∆Tγγ-∆Rγγ/c| < 0.5 ns,

cut efficiency 80% from control sample studies  

 

10% precision level  on signal reached. 
Some improvements still possible.

Signal counting and acceptance measurement under review by KLOE-2 analysis Referees 

 

Zoom of signal fit
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 Latest theoretical studies by Escribano et al. PRD 90 (2020) 034026
● Calculated BR = 1.35(8) · 10-4

 Many previous predictions differ by a factor ~2

η→ π0γγ decay

● η→π0γγ (from →ηγ):   ϕ χPT golden mode, 
      O(p2) null, O(p4) suppressed  sensitive to ⇒ O(p6)
● Mass of non-π° photons can be used as a test of 

theoretical models
 

BR = (22.1 ± 2.4 ± 4.7)×10-5  CB@AGS (2008)

                        [PRC 78 (2008) 015206]     
      BR = (25.6±2.4)×10-5  CB@MAMI (2014)
                   A2 MAMI [PRC 90 (2014) 025206 ]

Sample of ~6·107 η’s
~1200 η→π°γγ events found

      Old KLOE preliminary: (8.4±2.7±1.4)×10-5

       (L = 450 pb-1 ~ 70 signal events)
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S/B ~ 2%
Ns ~ 1400

• Integrated luminosity of 1730 pb-1, around 7·107 η’s

• η→3π°, η→π°γγ signal and ∑ of non-3π0 MC’s fitted 
to data

• Fit χ2/(ndf=98)=1.033 (fit_prob=39%)

η→ π0γγ decay

KLOE π°γγ signal

PRELIMINARY

→η(→ϕ 3π°)γ normalization

● Similar analysis as for η→π0γγ   channel, 
but this time →η(→3π°)γ→ϕ 7γ in the 
final state    (BR~33%)

● Very pure channel, backgrounds well 
below 1%

Preliminary KLOE result:
BR(η→ π0γγ) = (1.21 ± 0.13stat) · 10-4
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• Separate fits to M(eta) in M2(γγ) 
slices

• Bin 0.011-0.0275 GeV2/c4 missing due 
to π°π° veto

• Half with respect to previous 
experiments

• Good agreement with the latest 
theoretical predictions by Escribano 
et al. From 2020 (BR=1.35(8)·10-4)

From integration of dΓ/dM2 (missing bin lineary interpolated) one can calculate 
KLOE preliminary:

BR(η→ π0γγ)=(1.30 ± 0.13
stat

)·10-4

PRELIMINARY

η→ π0γγ decay
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Conclusions

● Data reconstruction ongoing (reconstructed 4.5 fb-1)

●    MC production of the whole KLOE-2 dataset with the DBV-40 in     
   progress: more than 500 pb-1 are already available for the 

    φ→all process

● About the analyses:
    - paper on the search for decoherence and CPTV in  φ →KSKL→π+π−π+π− 
      submitted to JHEP;
    - draft in preparation on the T/CPT test with ϕ→K

S
K→ 3π0 πυe, ππ πυe

    - B boson limit, η→π0γγ, BR(K
S
e3) almost completed, close to the       

 final result.
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LNF Scientific Committee
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Thank you!
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