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Status of data reconstruction and MC production
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The reconstruction of KLOE-2 data
(Lint = 5.1 fb-1) with DBV-40  has been completed

4.7 fb-1 of good quality data available for analysis!

ROOT output production continues : about 2 fb-1

already available
Start of 2014-2015 
data reconstruction

MC production almost finished
Final sample size checks are being performed

Luminosity produced: 4.5 fb-1,  ALL_PHYS card with 
LSF=1
0.2 fb-1 can be recovered, in progress
0.4 fb-1 not recoverable (partially reconstructed runs)

Start of 2014-2015 
data reconstruction
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Status of Computing - Data consolidation

The data moving from old library to the new one is over so we restarted the disaster recovery copy 
(data preservation)



Last Publications
Precision tests of quantum mechanics and CPT symmetry 
with entangled neutral kaons at KLOE

JHEP 04 (2022) 059

η → π+π− (P and CP viol.) JHEP 10 (2020) 047
Measurement of the branching fraction for the decay
KS →πμν with the KLOE detector

Physics Letters B 804 (2020)

Ongoing analyses

T/CPT tests with ϕ → KSKL → 3π0 πeν, ππ πeν KLOE data – final result blessed- draft in 
preparation

KS → 3π0   (CP viol.) KLOE-2 data
KS→ πeν KLOE-data- final result blessed- paper 

ready, will be  submitted soon
Study of future post-tags the past in KSKL→4π KLOE data-new quantum correlation effect
γγ → π0 KLOE-2 data
η → π0γγ  - χPT golden mode KLOE / KLOE-2 data, blessing within May
B-boson search in  ϕ → ηπ0γ, η→γγ KLOE/KLOE-2 data, close to final result
e+e− → ω γISR KLOE data - PhD Thesis
ϕ→ημ+μ− /ηπ+π− KLOE data 

Publications/Ongoing Analysis 
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Precision tests of QM and CPT symmetry with entangled neutral kaons at KLOE
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Published

𝜁"#" = −0.5 ± 8.0+,-, ± 3.7+0+, ×1034

Most precise test of quantum 
coherence in an entangled system



T/CPT Tests with 𝛟 → 𝑲𝑺𝑲𝑳 → 𝟑 𝝅𝟎𝝅𝝊𝒆, 𝝅𝝅 𝝅𝝊𝒆
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

Φ→KSKL→π+π–,π∓e±νΦ→KSKL→π∓e± ν,3π0

Processes under study:

T-violation
sensitive

CPT-violation
sensitive

Double ratios:
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Observables of the tests (we focus on the asymptotic region ∆𝒕 ≫ 𝝉𝒔):



T/CPT Tests with 𝛟 → 𝑲𝑺𝑲𝑳 → 𝟑 𝝅𝟎𝝅𝝊𝒆, 𝝅𝝅 𝝅𝝊𝒆
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•Analyzed data L=1.7 fb-1

• Four processes studied:
ϕ→KSKL→πe±ν 3π0 and π+π− πe±ν
in the asymptotic regime: Δ𝑡 ≫ 𝜏I
• Time of flight technique to identify
semileptonic decays

• residual background subtraction for πe±ν 3π0 channel
• MC selection efficiencies corrected from data with 4 independent control samples

⇡+⇡� events. Afterwards, about 12% of the event sample was constituted by the

KS ! ⇡0⇡0 and KL ! ⇡e⌫ processes where the KS decay along with additional

EMC clusters was misidentified as an early KL ! 3⇡0 decay. This background

was discriminated by removing events containing more than 1 EMC cluster for

which R/(cTclu) > 0.9 where R is the cluster-IP distance (corresponding to

photons emitted close to the IP).
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Figure 2: Distribution of di↵erences between particle time of flight recorded and expected

from track properties for tracks identified as pion and electron/positron for MC-simulated

KS ! ⇡±e⌥⌫ events (left) and all data events (right). Events inside the region marked with

black solid line are accepted.

The remaining background (in the order of decreasing contribution) is com-

posed of:

• KS ! ⇡+⇡� with imperfect track reconstruction,

• KS ! ⇡+⇡� ! ⇡µ⌫ decay chain where one of the charged pions decays

into a muon and a neutrino before entering the DC,

• radiative KS ! ⇡+⇡�� decays dominated by inner bremsstrahlung [6, 7].

As all these events are characterized by a pion or muon DC track misidenti-

fied as e+/e�, two particle binary classifiers based on Artificial Neural Net-

works (ANNs) (using Multilayer Perceptron from the TMVA package [8]) and

acting on an ensemble constituted by a DC track and its associated EMC cluster

were prepared for e/⇡ and µ/⇡ discrimination in subsequent steps. Classifica-

tion was based on the di↵erent structure of electromagnetic showers caused in
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sample.

4. Ratios of double kaon decay rates

Figure 5 presents a summary of the data distributions for the 4 charge sub-

samples of two event classes entering the probability ratios along with their

corresponding total identification e�ciencies obtained as described in Sec. 3.3.
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Figure 5: Left column: Intensities of double kaon decays as a function of the di↵erence of kaon

proper decay times for the two studied classes of processes and two lepton charge subsamples.

Right column: corresponding total event identification e�ciencies.

The T and CPT-violation sensitive single ratios defined in ... were evaluated

in subsequent intervals of the di↵erence of kaons’ proper decay times �t. Each

point of the single ratio graphs presented in Fig. 6 is defined through the counts

of the respective double kaon decays Ni and N 0
i in the i-th interval of �t and

their corresponding event identification e�ciencies "i and "0i as:

Ri ⌘ R(�ti) =
Ni

N 0
i

"0i
"i

1

D
, (4)

where D is the factor described in Sec. 1.

Due to the limited statistics of the process entering the numerator of the

ratios, constant level of the single ratios was evaluated in the range of high and
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Summary of the analysis
● Event selection of K

S
K

L
→πe±ν 3π0 and K

S
K

L
→π+π– πe±ν done with the following parameters:

● Event selection efficiencies estimated with data and 4 independent control samples:

● exception: efficiency of a cut on d
PCA

 vs. ΔE(π,e) was based on MC

● T-violation sensitive observables were obtained 
with the following result: 

● problems:

● a “slope” in R
2
(Δt)

● large systematic effects also due to 
certain K

S
→πeν selection cuts

Process total ε
SIG

S/B

K
S
K

L
→πe±

ν 3π0 ~ 13 % 33.5

K
S
K

L
→π+π– πe±

ν ~ 15 % 64.5

KSKL⌅⇧0⇧0 ⇧e KSKL ⌅ ⇧+⇧– 3⇧0 KS⌅ ⇧e Klcrash KS⌅⇧+⇧-Klcrash

K
S
K

L 
→ ⇧e±� 3⇧0 KSKL ⌅ ⇧+⇧– ⇧e±� 

Measured double kaon 
decay intensities

Signal events Data (S+B) 



T/CPT Tests with 𝛟 → 𝑲𝑺𝑲𝑳 → 𝟑 𝝅𝟎𝝅𝝊𝒆, 𝝅𝝅 𝝅𝝊𝒆
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Figure 8: Comparison of the measured symmetry-violation-sensitive single and double ratios

and their expected values (horizontal dashed lines). Solid error bars denote statistical uncer-

tainties and dotted error bars represent total uncertainties (including error on the D factor in

case of single T and CPT-violation sensitive ratios).

This figure will be redone to contain an inset with magnified R4 region.

RCP
2 can be removed unless we want to show it (?).
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TBD

RT
2 = 0.991 ±0.017stat ± 0.014syst ± 0.012D,

RT
4 = 1.015 ±0.018stat ± 0.015syst ± 0.012D,

RCPT
2 = 1.004 ±0.017stat ± 0.014syst ± 0.012D,

RCPT
4 = 1.002 ±0.017stat ± 0.015syst ± 0.012D,

RCP
2 = 0.992 ±0.028stat ± 0.019syst,

RCP
4 = 1.00665 ±0.00093stat ± 0.00089syst,

RT
2 /R

T
4 = 0.979 ±0.028stat ± 0.019syst,

RCPT
2 /RCPT

4 = 1.005 ±0.029stat ± 0.019syst.
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Error bars: 
solid – stat 
dotted – total

KLOE-2 result (2022)
(paper in preparation)

Figure 6: Ratios of double decay rates of entangled K0K̄0 pairs as defined in ... for the T-

violation sensitive (left) and CPT-violation sensitive (right) cases. Dashed lines denote levels

obtained with the fit.

Figure 7: Top: Ratio of the rates of (⇡+⇡�)(⇡±e⌥⌫) events with a positron and an electron

sensitive to CP-violation e↵ects. Bottom: Double ratio of CPT-violation sensitive double

kaon decay rates as defined in .... Dashed lines denote levels obtained with the fit.
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First T and CPT test in kaon transitions

Horizontal dashed lines: expected value

→ from past KLOE 
measurements 



3π0 is a pure CP=-1 state; observation of KS ® 3π0 is an unambiguous  sign of CP 
violation in mixing and/or in decay. 
Standard Model prediction:   BR(KS ® 3π0) = 1.9 ∙ 10-9

BR(KS®3p0)< 2.6 × 10-8 @ 90% CLBest upper limit by KLOE with 1.7 fb-1

PLB 723 (2013) 54

Daria Kisielewska 11.06.2018 15 / 17

Search for a CP violating decay KS ! ⇡0⇡0⇡0

3⇡0 is a pure CP=-1 state; observation of KS ! 3⇡0 is an unambiguous sign of CP
violation in mixing and/or in decay.
Standard Model prediction: BR(KS ! 3⇡0) = 1.9⇥ 10�9

Best upper limit by KLOE with 1.7 fb�1 (PLB 723 (2013) 54)
BR(KS ! 3⇡0) < 2.6⇥ 10�8 @ 90% CL

the analysis is based on �
counting and kinematic fit (in

the 2⇡0 and 3⇡0 hypothesis)

searching for ”KL crash” (KL
in the EMC) + 6 prompt
photons

Main bckg: KS ! 2⇡0 (4
prompt photons), also used
for normalization

at KLOE-2: Selection criteria
hardened to face the larger
machine background ⇠10
times better background
rejection

KLOE-2 data analysis (L=300 pb�1): With the old analysis scheme 1 event selected as a
signal: ) Br(KS ! 3⇡0) < 2.5⇥ 10�7 @ 90% CL (preliminary)
Full KLOE-2 statistics+optimized analysis could reach  10�8

Search for the CP violating KS® 𝝅0𝝅0𝝅0 decay
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Search for the CP violating KS® 𝝅0𝝅0𝝅0 decay
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Analysed data:	4	fb-1,	Datarec v38

MC	simulations:	
KS	®3π0	signal:	1.7	fb-1,	Datarec v38,	LSF	=	106)
All	backgrounds:	~4	fb-1,	Datarec v38,	LSF=1)

Preselection	with	the	following	requirements:

• KL-crash:	E>150	MeV,	0.2<	β	<	0.225

• prompt	photons:	Ecl >	20	MeV;	|cos	θcl|	≤	0.915

and	|	ΔTcl|	≤	Min(3.0·σT(Ecl),2	ns)

o KS	®2π0 (4	prompt	photons)	used	for	normalization	

o For	each	sample	we	apply	cosmic	veto	and	check	ECLtag &	

FILFO	words

Before fit

After fit

6𝛾 sample: MC fractions fit to data



Search for the CP violating KS® 𝝅0𝝅0𝝅0 decay
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The optimized analysis chain efficiencies:

Rmin &	Emin
ε =	79.3	[%]

Counting
ε	=	9.5	[%]

ΔE/σE
ε =56.3	[%]

Sbox
ε =	80.3	[%]

Rt vs	Pt	ellipse
ε =90.8	[%]

Track	Veto
ε =	99.4	[%]

Acceptance
ε =	42.3	[%]

Dt
ε =	81.2	[%]

c2fit
ε =85.5	[%]

Status of the analysis:

• At the end of the analysis we count 0 candidates in the background simulations.

• Kinematic fit optimization completed, reprocessing the whole statistics

• Final corrections for the backgrounds simulations in progress

• Expected sensitivity on BR at full KLOE statistics and optimized analysis  ~ 10-8
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Measurement of the KS® pen branching ratio
|Vus| CKM matrix element  is best measured from Kaon meson semileptonic decays

BR(Ks→ πeυ) less precise than KL and K+/K-

BR(Ks → πeυ)=(7.046 ± 0.078 stat ± 0.049 syst)×10-4

[PLB 636 (2006) 173] Measured by KLOE with 0.4 fb-1 

1.4% uncertainties level, 1.1 % stat ± 0.7 % syst

Improve BR(Ks → πeυ) measurement to have a 
|Vus| evaluation from Ks → πeυ decay comparable 
with others contribution

KS tagged by KL interaction in EMC
Possibility to have pure Ks beam
Efficiency ~ 30% (largely geometrical)
KS angular resolution: ~ 1° (0.3° in f)
KS momentum resolution: ~ 2 MeV

KL “crash”
b= 0.22 (TOF)

KS® p-e+n
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• Analyzed L=1.63 fb-1

• 1 vtx close to IP + KL interaction 
in the calorimeter (KL crash)

• KS➝ π+π- as normalization sample 

• KS semileptonic signal selection:
• boosted decision tree (BDT) with kinematic 
variables to reject main background from 
KS →π+π– and ϕ→ K+K-

• PID with Time of Flight 

To suppress the large background contribution from KS ! ⇡+⇡� and � ! K+K�
133

events, a cut is applied on the classifier output:134

BDT > 0.15. (4)

Figure 3: Distribution of the BDT classifier output for data and simulated signal and
background events.

135

Track pairs in the selected events are e⇡ for the signal while K⇡, ⇡⇡, µ⇡ for the main136

backgrounds. A selection based on time-of-flight measurements is performed to identify137

e⇡ pairs. For each track associated to a cluster, the di↵erence between the time-of-flight138

measured by the calorimeter and the time-of-flight measured along the particle trajectory139

�ti = tclu,i � Li/c�i i = 1, 2 (5)

is computed, where tclu,i is the time associated to track i, Li is the length of the track,140

and the velocity �i = pi/
q

p2
i + m2

i is function of the mass hypothesis for the charged141

secondary particle with track i. The times tclu,i are referred to the trigger and the same142

T0 value is assigned to both clusters. To reduce the uncertainty from the determination143

of T0 the di↵erence144

�t1,2 = �t1 � �t2

is used to determine the mass assignment. The ⇡⇡ hypothesis is tested first. Figure 4145

shows the �t⇡⇡ = �t1,⇡ ��t2,⇡ distribution. A fair agreement is observed between data and146

MC, with KS ! ⇡e⌫ and KS ! ⇡µ⌫ distributions well separated and large part of the147

K+K� background isolated in the tails of the distribution. However the signal is hidden148

under a large KS ! ⇡+⇡� background therefore the cut149

2.5 ns < |�t⇡⇡| < 10 ns (6)
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Ks ! ⇡e⌫ 6.1. SELECTION

After the applied selection, both the ⇡–e and e–⇡ hypotheses are tested:

�DTOF (⇡e) = DTOF1(⇡) � DTOF2(e)

�DTOF (e⇡) = DTOF1(e) � DTOF2(⇡)

where the assignment as track–1 and track–2 is chosen at random. The two-dimensional
distribution of �DTOF (⇡e) ⇥ �DTOF (e⇡) is shown in Figure 6.10, where the signal
populates either band around �DTOF ⇠ 0 ns. A combined cut is chosen as

|�DTOF (⇡e)| < 1 ns |�DTOF (e⇡)| < 1 ns
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Figure 6.10: Two-dimensional distribution �DTOF (⇡e) ⇥ �DTOF (e⇡) for data (a), MC
signal and background (b), and for signal MC only (c); Min|�DTOF (⇡e), �DTOF (e⇡)|
(d), which is the correct mass hypotesis.

The two-dimensional distribution allows for e–⇡ separation: the lower of the two
�DTOF values corresponds to the correct mass hypothesis. The particle identification
is made in this way: if |�DTOF (⇡e)| < |�DTOF (e⇡)|, the first particle is the pion and
the second is the electron, otherwise if |�DTOF (e⇡)| < |�DTOF (⇡e)| the opposite mass
assignment is assumed.

45

Figure 12: Two-dimensional distribution �t(⇡e) ⇥ �t(e⇡) for (a) data, (b) MC signal and
background, (c) signal MC only. (d) Distribution of min[|�t(⇡e)|, |�t(e⇡)|] which defines
the correct mass hypothesis.

is:397

N⇡e⌫ = 49647 ± 316 events [rel = 6.36 10�3] (17)

fraction events
⇡e⌫ 0.8651 ± 0.0055 49 647 ± 316
⇡+⇡� 0.0763 ± 0.0068 4 379 ± 390
all others 0.0586 ± 0.0067 3 363 ± 384
Total 57 389
�2/ndf 76/97

Table 7: Fit output.

7 Determination of the e�ciencies398

The agreement between data and simulation is not good enough to use the MC for eval-399

uating the e�ciencies for most of the selections. Then only few e�ciencies are derived400

from simulation. Most of the e�ciencies are obtained from KL ! ⇡e⌫ control samples401

(CS). In each case the e�ciency used in the analysis is calculated using Eq. (2).402

20

Figure 5: Two dimensional distribution (�t⇡e, �te⇡) for (a) data, (b) MC all, (c) MC signal.
TO BE DONE: EQUALIZZARE le scale orizzontale e verticale

Sarebbe bello avere la distribuzione �te – anche se non necessario – ma
occorre fare smearing della curva rossa. Cos̀ı non è presentabile

Ks ! ⇡e⌫ 6.1. SELECTION
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Figure 6.11: (a) Distribution of m2

e after applying the correction of Eq. (6.3) for the data
and MC signal events, background events and their sum; (b) significance defined as the
di↵erence between data and MC divided by the statistical error.

shows the fitted m2

e distribution and the distribution of the residuals. The number of
signal events resulting from the fit is:

N⇡e⌫ = 49647 ± 316 events (6.4)
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Figure 6.12: (a) Distribution of m2

e with the fit superimposed, (b) distribution of the
di↵erence between data and fit divided by the stastitical errors.

Fit error correction

As explained in Ref. [23], the error calculation in the software package TFractionFitter
could be a↵ected by a bug. This is related to the fact that in this software the identity

47

Figure 6: The m2

e distribution for data, MC signal and background before the fit (left)
and comparison of data with the result of the fit (right).
TO BE DONE: UPDATE PLOT ON THE RIGHT

170

The KS ! ⇡+⇡� normalisation sample is selected requiring KL–crash, two opposite171

curvature tracks, the vertex in Eq. (2) and 140 < p < 280 MeV for both tracks (Fig-172

ure 2(a)). A total of N⇡⇡ = (282.314 ± 0.017) ⇥ 106 events are selected with an e�ciency173

of 97.4% and a purity of 99.9% as determined by simulation.174
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Ks ! ⇡e⌫ 6.1. SELECTION

After the applied selection, both the ⇡–e and e–⇡ hypotheses are tested:

�DTOF (⇡e) = DTOF1(⇡) � DTOF2(e)

�DTOF (e⇡) = DTOF1(e) � DTOF2(⇡)

where the assignment as track–1 and track–2 is chosen at random. The two-dimensional
distribution of �DTOF (⇡e) ⇥ �DTOF (e⇡) is shown in Figure 6.10, where the signal
populates either band around �DTOF ⇠ 0 ns. A combined cut is chosen as
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Figure 6.10: Two-dimensional distribution �DTOF (⇡e) ⇥ �DTOF (e⇡) for data (a), MC
signal and background (b), and for signal MC only (c); Min|�DTOF (⇡e), �DTOF (e⇡)|
(d), which is the correct mass hypotesis.

The two-dimensional distribution allows for e–⇡ separation: the lower of the two
�DTOF values corresponds to the correct mass hypothesis. The particle identification
is made in this way: if |�DTOF (⇡e)| < |�DTOF (e⇡)|, the first particle is the pion and
the second is the electron, otherwise if |�DTOF (e⇡)| < |�DTOF (⇡e)| the opposite mass
assignment is assumed.
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Figure 12: Two-dimensional distribution �t(⇡e) ⇥ �t(e⇡) for (a) data, (b) MC signal and
background, (c) signal MC only. (d) Distribution of min[|�t(⇡e)|, |�t(e⇡)|] which defines
the correct mass hypothesis.

is:397

N⇡e⌫ = 49647 ± 316 events [rel = 6.36 10�3] (17)

fraction events
⇡e⌫ 0.8651 ± 0.0055 49 647 ± 316
⇡+⇡� 0.0763 ± 0.0068 4 379 ± 390
all others 0.0586 ± 0.0067 3 363 ± 384
Total 57 389
�2/ndf 76/97

Table 7: Fit output.

7 Determination of the e�ciencies398

The agreement between data and simulation is not good enough to use the MC for eval-399

uating the e�ciencies for most of the selections. Then only few e�ciencies are derived400

from simulation. Most of the e�ciencies are obtained from KL ! ⇡e⌫ control samples401

(CS). In each case the e�ciency used in the analysis is calculated using Eq. (2).402

20

Figure 5: Two dimensional distribution (�t⇡e, �te⇡) for (a) data, (b) MC all, (c) MC signal.
TO BE DONE: EQUALIZZARE le scale orizzontale e verticale

Sarebbe bello avere la distribuzione �te – anche se non necessario – ma
occorre fare smearing della curva rossa. Cos̀ı non è presentabile

Ks ! ⇡e⌫ 6.1. SELECTION

30000− 20000− 10000− 0 10000 20000 30000
]2 [MeV2

eM

1

10

210

310

2
En

tri
es

/2
00

M
eV

Entries  50000
DATA

MC_all

MC_pipi

MC_pi0

MC_kse3

MC_ksmu3

MC_ppee

MC_K+K-

MC_phi->pippimpi0

MC_others

(a)

30000− 20000− 10000− 0 10000 20000 30000
]2 [MeV2

eM

8−

6−

4−

2−

0

2

4)/s
ig

m
a

M
C

 fi
t

-N
da

ta
(N

(b)

Figure 6.11: (a) Distribution of m2

e after applying the correction of Eq. (6.3) for the data
and MC signal events, background events and their sum; (b) significance defined as the
di↵erence between data and MC divided by the statistical error.

shows the fitted m2

e distribution and the distribution of the residuals. The number of
signal events resulting from the fit is:

N⇡e⌫ = 49647 ± 316 events (6.4)
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Figure 6.12: (a) Distribution of m2

e with the fit superimposed, (b) distribution of the
di↵erence between data and fit divided by the stastitical errors.

Fit error correction

As explained in Ref. [23], the error calculation in the software package TFractionFitter
could be a↵ected by a bug. This is related to the fact that in this software the identity

47

Figure 6: The m2

e distribution for data, MC signal and background before the fit (left)
and comparison of data with the result of the fit (right).
TO BE DONE: UPDATE PLOT ON THE RIGHT

170

The KS ! ⇡+⇡� normalisation sample is selected requiring KL–crash, two opposite171

curvature tracks, the vertex in Eq. (2) and 140 < p < 280 MeV for both tracks (Fig-172

ure 2(a)). A total of N⇡⇡ = (282.314 ± 0.017) ⇥ 106 events are selected with an e�ciency173

of 97.4% and a purity of 99.9% as determined by simulation.174

9

𝛿𝑡 𝑒𝜋 vs 𝛿𝑡 𝜋𝑒 c

Measurement of the KS® pen branching ratio

MC signal

Data Data 

𝛿𝑡 𝑒𝜋 vs 𝛿𝑡 𝜋𝑒
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• Signal count from fit to M2(e) distribution 

• 49647±316 KSe3 events

• Selection efficiency from KS➝ π+π- KL ➝𝜋𝑒𝜈
close to IP data control sample 

• ε =(19.38±0.04)% 

• Study of systematic uncertainties from: 
BDT and TOF selection cuts, fit range, trigger, 
on-line filter, event classification, T0 determination, 
KL-crash and β∗ selection, KS identification 

BR 𝐾I → 𝜋𝑒𝜈
= 7.211 ± 0.046+,-, ± 0.052+0+, ×103{

Selection �✏syst

⇡e⌫ [%] �✏syst

⇡+⇡� [%]
TCA e�ciency 0.009
BDT selection 0.276
TOF selection 0.308
MC control sample statistics 0.108
MC signal statistics 0.143
Fit 0.153
⇡+⇡� e�ciency & MC statistics 0.091
Total 0.477 0.091

Table 6: Relative systematic uncertainties of e�ciencies.

comparison of data with simulation, the di↵erence from one of the ratio Data

MC
is taken as263

systematic uncertainty.264

Trigger – Two triggers are used for recording the events, the calorimeter trigger and265

the drift chamber trigger. The validation of the MC relative e�ciency is derived from the266

comparison of the single-trigger and coincidence rates with the data. The data over MC267

ratio is 0.999 with negligible error.268

On-line filter – The on-line filter rejects events triggered by beam background, de-269

tector noise, and events surviving the cosmic-ray veto. A fraction of non-filtered events270

prescaled by a factor of 20 allows to validate the MC e�ciency of the filter. The data271

over MC ratio does not deviate from one by more than 1 per mill.272

Event classification – The event classification produces di↵erent streams for the273

analyses. The KLKS stream used in this analysis selects events based on the properties274

of KS and KL decays. In more than 99% of the cases the events are selected based on275

the KS decay topology and the KL–crash signature and di↵erences between MC and data276

are accounted for in the systematic uncertainties derived below for the KL–crash and KS277

identification.278

T0 – The trigger time is synchronised with the r.f. signal and the event T0 is re-279

defined after event reconstruction. The systematic uncertainty is evaluated analysing the280

data and MC distributions of T0 for the decays with the most di↵erent timing properties:281

KS ! ⇡+⇡� and KS ! ⇡0⇡0 [17]. The data over MC ratio does not deviate from one by282

more than 1 per mill.283

KL–crash and �⇤ selection. – The systematic uncertainty is evaluated comparing284

data and simulated events tagged by KS ! ⇡+⇡� and KS ! ⇡0⇡0 decays which have285

di↵erent timing and topology characteristics. The data over MC ratio is 1.001 with286

negligible error.287

KS identification – The systematic uncertainty of the requirement of two tracks288

forming a vertex in the cylinder defined by Eq. (2) is evaluated for signal and normalisation289

using a control sample of � ! ⇡+⇡0⇡� events selected requiring one track with minimum290

distance of approach to the beamline in the cylinder and a well reconstructed ⇡0. The291

momentum distribution of tracks selected in the control sample covers a range wider than292

both signal and normalisation samples. Energy-momentum conservation determines the293

momentum of the second track. The e�ciency for reconstructing the second track and the294

14

Relative systematic uncertainties of efficiencies

Measurement of the KS® pen branching ratio
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Measurement of the KS® pen branching ratio

• Combination of the previous result from KLOE based on an independent data sample
(L=0.41 fb-1) BR(KSe3)=(7.046 ± 0.078± 0.049)x10-4 [KLOE PLB636 (2006)] 
gives:

BR 𝐾I → 𝜋𝑒𝜈 = 7.153 ± 0.037+,-, ± 0.043+0+, ×103{

• From

vertex is computed for data and simulation and the ratio r(pL, pT) = ✏Data

✏MC is parameterised295

as function of the longitudinal and transverse momentum. The ratios relative to the signal296

and normalisation events, r⇡e⌫ and r⇡+⇡� , are obtained as convolution of r(pL, pT) with297

the respective momentum distribution after preselection. The ratio
r⇡+⇡�
r⇡e⌫

deviates from298

one by 0.45% with an uncertainty of ⇠0.2% due to the knowledge of the parameterisation299

of the r(pL, pT) function.300

The R✏ total systematic uncertainty is estimated by combining the di↵erences from301

one of the data over MC ratios. Including the systematic uncertainties the factors in302

Eq. (1) are:303

✏⇡+⇡� = (96.657 ± 0.002sim ± 0.088syst)%,
✏⇡e⌫ = (19.38 ± 0.04sim ± 0.09syst)%,
and R✏ = 1.1882 ± 0.0012sim ± 0.0058syst.

(9)

5 The result304

Using Eq. (1) with N⇡e⌫ = 49647±316 events, ✏⇡e⌫ = (19.38±0.10)%, N⇡⇡/✏⇡⇡ = (292.08±305

0.27) ⇥ 106, R✏ = 1.1882 ± 0.0059, and the value B(KS ! ⇡+⇡�) = 0.69196 ± 0.00051306

measured by KLOE [17], we derive the branching fraction307

B(KS ! ⇡e⌫) = (7.211 ± 0.046stat ± 0.052syst) ⇥ 10�4 = (7.211 ± 0.069) ⇥ 10�4.

The previous result from KLOE [6], based on an independent data sample correspond-308

ing to 0.41 fb�1 of e+e� integrated luminosity, is B(KS ! ⇡e⌫) = (7.046 ± 0.076stat ±309

0.049syst)⇥10�4. The combination of the two results, accounting for correlations between310

the two measurements, gives311

B(KS ! ⇡e⌫) = (7.153 ± 0.037stat ± 0.043syst) ⇥ 10�4 = (7.153 ± 0.057) ⇥ 10�4.

The value of |Vus| is related to the KS semileptonic branching fraction by the equation312

B(KS ! ⇡`⌫) =
G2(f+(0)|Vus|)2

192⇡3
⌧Sm5

KI`
KSEW(1 + �K`

EM
), (10)

where I`
K is the phase-space integral, which depends on measured semileptonic form fac-313

tors, SEW is the short-distance electro-weak correction, �K`
EM

is the mode-dependent long-314

distance radiative correction, and f+(0) is the form factor at zero momentum transfer for315

the `⌫ system. Using the values SEW = 1.0232 ± 0.0003 [19], Ie
K = 0.15470 ± 0.00015 and316

�Ke
EM

= (1.16 ± 0.03) 10�2 from Ref. [5] we derive 1 2
317

f+(0)|Vus| = 0.2170 ± 0.0009.

The KLOE experiment has measured the branching fraction B⇡+⇡� for the decay318

KS ! ⇡+⇡�(�) [17] and for the hadronic and semileptonic decays normalised to B⇡+⇡�3:319

1 Ratio = (151.917 ± 0.171) ⇥ 10�4

2 0.21699 ± 0.00087
3 0.69196 ± 0.00051 0.30671 ± 0.00073 (0.7153 ± 0.0057) 10�3 (0.456 ± 0.020) 10�3

15

Using the values SEW = 1.0232±0.0003 [Marciano, Sirlin PRL 71 (1993) 3629] 
and  𝐼}~ = 0.15470 ± 0.00015 and 𝛿��}~ = 1.16 ± 0.03 ×103�
[Seng, Galviz, Marciano, Meissner, PRD 105, (2022) 013005] 
we derive:

𝑓� 0 |𝑉�+| = 0.2170± 0.0009

Paper draft ready
KLOE-2 result (2022)



gg physics with High Energy Tagger (HET)
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e+e� ! e+e��?�? ! e+e�X

[C(X) = +1]

X = ⇡0,⇡⇡, ⌘

• Precision measurement of G(π0®gg)
• Transition form  factor Fπgg*(q2,0)  at space-like q2

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

Info on TFF slope 

Rev. Mod. Phys., 85 (2013) 49

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

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  (𝜎E~2.5 MeV 𝜎t~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

Science, 368(6490), pp. 506-509.



gg physics with High Energy Tagger (HET)
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Accidental-pure data (A sample)

HET-KLOE coincidence data  (A+ sample)

Cross section measurement concept:

Fits performed both per period or per single 
HET channel  to check result consistency

Normalization channel: very small angle radiative Bhabha’s
(Simulation: Bbbrem generator+BDSIM transport)

∆Bunch𝐻𝐸𝑇-Trig

measured at few % level
from KLOE online/𝛾𝛾 control sample

Analysis  based on A+/A comparison with ML fits

A sample  used for background modelling (shape 
and number)

Signal pdfs by Ekhara simulation , control 
samples and BDSIM transport

N𝝅𝟎 estimation : 
-Statistics : 3fb-1

-Single arm selection : 
-Two-cluster bunches in the  KLOE barrel   
EMC

-Selected bunch crossing and HET signal in a       
time window of  40 ns around the KLOE Trigger

-Very loose kinematic cuts  



gg physics with High Energy Tagger (HET)
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𝜋0 counting equalized taking into account differences in plastic response and analysis efficiency along data taking

: weighted counting performed, final checks on weights ongoing 
: analysis efficiency evaluation completed

:: luminosity measurement performed both with KLOE online and 𝐜𝐫𝐨𝐬𝐬 𝐜𝐡𝐞𝐜𝐤𝐞𝐝 𝐰𝐢𝐭𝐡 𝜸𝜸 control sample

: Take on MC Bbbrem/Ekhara at production level to estimate acceptance uncertainty, in progress

Status of the measurement:



h→ p0gg decay
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η→π0γγ (from ϕ→ηγ):   χPT golden mode, 
O(p2) null, O(p4) suppressed ⇒ sensitive to O(p6) 

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

BR = (25.2±2.5)×10-5 CB@MAMI (2014)
A2 MAMI [PRC 90 (2014) 025206 ]
Sample of ~6.107 η’s , ~1200 η→π0γγ events found

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

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

Latest theoretical studies by Escribano et al.
PRD 102 (2020) 034026 : calculated BR = 1.30(1)×10-4

Many previous predictions differ by a factor ~2



h→ p0gg decay
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A new analysis of  KLOE data, using ~4x 
larger data sample (1.7 fb-1, 7 ×107 η’s)
• Main background from ϕ →(η→3π0)γ with 
lost or merged photons
• Variables corrected by a kinematic fit to 
improve resolution

Normalization to ϕ →(η → 3π0)γ → 7γ
Very pure channel

From the full spectrum using 3 component fit with
η → 3π0 (7γ normalization):

BR=(1.21± 0.13stat ) ×10-4

Escribano PRD 102 (2020) prediction BR=1.30(1) × 10-4



h→ p0gg decay
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Separate fits to M(eta) in M2(γγ) slices

Missing bins due to 𝜋0 𝜋0 veto

Status of the measurement: 

Evaluation of analysis systematics completed, 
small refinement needed 

Systematic determination of dΓ/dM2(γγ)
in progress

Analysis report and paper draft underway



Conclusions
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KLOE-2 data reconstruction  with final DBV has been completed. Data available for 
analyses.

MC production with final DBV almost completed, final checks ongoing

ROOT output production continues, about 2 fb-1 already available

New KLOE paper on precision tests on QM and CPTV with entangled Kaons:  
JHEP 04 (2022) 059

One other paper draft ready: Kse3 (under final KLOE-2 revision)

T/CPT tests with ϕ → KSKL → 3π0 πeν, ππ πeν : final result blessed, writing paper draft

η → π0γγ : close to final result, blessing within this month 

The other analyses are in a very advanced state

A new quantum time correlation effect is being studied with ϕ → KSKL →4π



Recommendations to  KLOE-2: none

Observations to KLOE-2:
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SPARE SLIDES



KLOE-2 Physics

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) (lattice calc. improved)
• CKM Vus: 

KS semileptonic decays and AS
(also CP and CPT test)
K𝜇3 form factors, K𝑙3 radiative corrections

• 𝜒pT : KS → γγ
• Search for rare KS decays

Dark forces:
• Improve limits on:

U𝛾 associate production
e+e- → U𝛾 , U → 𝜇𝜇, 𝜋𝜋, ee

• Higgstrahlung
e+e-→ Uh’→μ+μ- + miss. energy

• Leptophobic B boson search
ϕ→ηB, B→ π0γ, η → γγ
η→Bγ, B→ π0γ                           

• Search for U invisible decays

Light meson Physics:
• η decays, 𝜔 decays
• Transition Form Factors
• C,P,CP violation: improve limits on 
𝜂 → 𝛾 𝛾 𝛾, π+π-, π0π0, π0π0 γ

• improve 𝜂 → π+π-e+e-

• 𝜒pT : 𝜂 → π0  γ γ
• Light scalar mesons: f0(500) in Φ→ KSKS  γ
• γ γ Physics: γ γ → π0 and π0 TFF
• Search for axion-like particles

Hadronic cross section
• ISR studies with 3π, 4π final states
• Fp with increased statistics
• Measurement of aμHLO in the space-like 

region using Bhabha process

KLOE-2 coll. EPJC (2010) 68, 619  
http:// agenda.infn.it/event/kloe2ws  procs. EPJ WoC 166 (2018)
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T/CPT Tests with 𝛟 → 𝑲𝑺𝑲𝑳 → 𝟑 𝝅𝟎𝝅𝝊𝒆, 𝝅𝝅 𝝅𝝊𝒆
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T/CPT Tests with 𝛟 → 𝑲𝑺𝑲𝑳 → 𝟑 𝝅𝟎𝝅𝝊𝒆, 𝝅𝝅 𝝅𝝊𝒆



Search for the CP violating KS® 𝝅0𝝅0𝝅0 decay
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6𝛾 sample: MC fractions fit to data
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New h→ p0gg prediction


