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Drift Drift ChamberChamber
p/p  0.4 % 

(tracks with  > 45°)

hit  150 mm (xy), 2 mm (z)

vertex ~ 1 mm

CalorimeterCalorimeter e.m. e.m.
Both side read-out (PM)
~4p p solid angle coverage
E/E  5.7% /E(GeV)

t      54 ps /E(GeV)  100 ps

Interaction point (IP)Interaction point (IP)
Sphere Al-Be  (Ø 20 cm)

SC Magnet
B = 0.52 T

Barrel

End Cap

KLOE-2: main detectorsKLOE-2: main detectors

General purpose 
detector
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KLOE-2: interaction region detectorsKLOE-2: interaction region detectors
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KLOE-2 datasetKLOE-2 dataset

KLOE dataset:
2.5 fb-1

L
peak

 = 1.52x1032 cm-2s-1

KLOE-2 dataset:

5.5 fb5.5 fb-1-1(2014/18)(2014/18)

L
peak

 = 2.38x1032 cm-2 s-1

(Crab-Waist)

KLOE+KLOE-2 data sample: KLOE+KLOE-2 data sample: 
8 fb8 fb-1-1 → 2.4 x 10 → 2.4 x 101010  ff(1020)(1020) mesons decay recorded  mesons decay recorded 
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Neutral kaons at KLOE-2Neutral kaons at KLOE-2
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Correlation in two kaon stateCorrelation in two kaon state

The antisymmetry of the state is preserved in 
its time evolution; the decay amplitude for the 
state into final states f1, f2 at time t1, t2 is:

The f meson decay in entangled pair of neutral kaons with JPC= 1  
quantum numbers: 

Interference termInterference term



10 Nov 22 A. De Santis -  status and perspectives of physics at high intensity - KLOE-2 8/30

EPR correlations in entangled neutral kaonsEPR correlations in entangled neutral kaons
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Test of quantum coherenceTest of quantum coherence
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Test of quantum coherence: KLOE-2 resultsTest of quantum coherence: KLOE-2 results

violating

Possible decoherence due to quantum gravity
effects (apparent loss of unitarity) implying
also CPT violation => modified Liouville – von
Neumann equation for the density matrix of the
kaon system depends on a CPTV parameter g
[ J. Ellis et al. PRD53 (1996) 3846 ]
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CPT Violation in entangled Kaon statesCPT Violation in entangled Kaon states
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CPT Violation in entangled Kaon states: KLOE-2 resultsCPT Violation in entangled Kaon states: KLOE-2 results
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CPT test in transitions: time dependent taggingCPT test in transitions: time dependent tagging

Entanglement allows to “prepare” the initial state desired by “tagging” 
the other kaon decay:
The “first kaon” (K

a
) decays (f

1
a) is observed at t

1
. This decay reveals 

the state of the kaon system at the time t
1
. 

The f
2
b decay is observed at t

2
. In this way we have to possibility 

to observe the                     transition probability as a function of 
the time difference Dt.
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Transition amplitudes transformationsTransition amplitudes transformations

Transformations under discrete symmetry connect different 
transitions between CP and Flavor eigenstates.

Flavor eigenstate CP eigenstate

Direct and model independent tests of time-reversal (T) and CPT 
symmetry → comparison of transition rates between flavor and 
CP eigenstates 

Bernabeu et al Nucl.Phys. B 868 (2013) 102
Bernabeu et al. JHEP 10 (2015) 139
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T, CP, CPT tests in neutral kaon transitions at KLOET, CP, CPT tests in neutral kaon transitions at KLOE
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T, CP, CPT tests in neutral kaon transitions at KLOET, CP, CPT tests in neutral kaon transitions at KLOE
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Hadron physics
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h  p→ ph  p→ p 00gggg

[PRD 102 (2020) 034026]
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h  p→ ph  p→ p 00gggg
● Integrated luminosity of 1.7 fb-1  (~7·107 η’s)s)
● 5g sample selected 
● Data distribution fit with three MC components:

● η→3π0, 
● η→π0γγ signal 
● Sum of non-3pi0

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

Normalized with h  3p→ p 0 (7g sample) to reduce systematic

Separate fits to M2(γγ) slices
Significantly lower (~1/2) compared with other 
experiments 
confirms old KLOE preliminary result

Escribano et al. [PRD 102 (2020) 034026]
(BR=1.30(8)·10-4) reproduce our data
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f  h p→ pf  h p→ p ++pp-- , hm , hm++mm--
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f  h p→ pf  h p→ p ++pp-- , hm , hm++mm--
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ee++ee--  p→ p  p→ p ++pp--pp00  ggISRISR cross section measurement cross section measurement



10 Nov 22 A. De Santis -  status and perspectives of physics at high intensity - KLOE-2 23/30

ee++ee--  p→ p  p→ p ++pp--pp00  ggISRISR cross section measurement cross section measurement

L = 1.7 fb-1 at f peak

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

Signal extraction:
• Fit with Breit-Wigner convoluted with 
  simulated resolution
• ISR correction factor taken into
account
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Leptophobic B-bosonLeptophobic B-boson



10 Nov 22 A. De Santis -  status and perspectives of physics at high intensity - KLOE-2 25/30

Leptophobic B-bosonLeptophobic B-boson
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g*g*  p→ pg*g*  p→ p 0 0 analysis strategyanalysis strategy
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g*g*  p→ pg*g*  p→ p 0 0 analysis strategyanalysis strategy
DT(crossing) = 2.5 ns 
T

rev
 = 300 ns
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g*g*  p→ pg*g*  p→ p 0 0 analysis preliminary resultsanalysis preliminary results



10 Nov 22 A. De Santis -  status and perspectives of physics at high intensity - KLOE-2 29/30

ConclusionsConclusions
● The KLOE-2 experiment at the upgraded DAFNE successfully completed its data taking 

campaign collecting L=5.5 fb-1 by the end of March 2018

● KLOE+KLOE-2 data sample (~8 fb-1) represents the largest sample ever collected at f-
meson peak

● The entangled neutral kaon system at a f-factory is a unique laboratory for the search for 
decoherence effects, the study of discrete symmetries, and KS physics:

● Improved search for decoherence and CPT violation effects in f→K
S
K

L
→p+p- p+p- in 

same cases with a precision reaching the interesting Planck’s)s scale region.

● First direct test of T and CPT symmetries in neutral kaon transitions.

● A new measurement of the 𝐾𝑆  branching fraction→𝜋𝑒𝜈 branching fraction  and a new derivation of 𝑓(0) |V
us

|

● These results add up to previous studies on kaons, e.g. on 𝐾𝑆 , A→𝜋μ𝜈 branching fraction
S
 and CPT and 

Lorentz symmetry tests.

● The data sample collected by KLOE provided important results on decay dynamics of light 
mesons, transition form factors, hadronic cross sections and also on searches for new physics 
in the Dark-Sector

● High precision investigation on light hadron 
physics with KLOE/KLOE-2 data are in progress

● Furter details on KLOE-2 physics program 
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Thank You!
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