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From the strong decay of the vector meson

𝜙𝐶=𝑃=−1 (𝐵𝑅 𝜙 → 𝐾0 ഥ𝐾0 ≈ 34%).

Δt = |t1 − t2|
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From the strong decay of the vector meson

𝜙𝐶=𝑃=−1 (𝐵𝑅 𝜙 → 𝐾0 ഥ𝐾0 ≈ 34%).

Δt = |t1 − t2|

𝐼 𝜋+𝜋−𝜋+𝜋−; Δ𝑡 ∝ 𝑒−Γ𝑆Δ𝑡 + 𝑒−Γ𝐿Δ𝑡 − 2 𝑒−
Γ𝑆+Γ𝐿

2 Δ𝑡cos(Δ𝑚Δ𝑡)
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From the strong decay of the vector meson

𝜙𝐶=𝑃=−1 (𝐵𝑅 𝜙 → 𝐾0 ഥ𝐾0 ≈ 34%).

Δt = |t1 − t2|

𝐼 𝜋+𝜋−𝜋+𝜋−; Δ𝑡 ∝ 𝑒−Γ𝑆Δ𝑡 + 𝑒−Γ𝐿Δ𝑡 − 2 𝑒−
Γ𝑆+Γ𝐿

2 Δ𝑡cos(Δ𝑚Δ𝑡)

𝐼 𝜋+𝜋−𝜋+𝜋−; Δ𝑡 = 0 when Δ𝑡 = 0.

No simultaneous decay in the same final states.
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Most precise test of quantum coherence in an entangled system:

• Search for decoherence effect;
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𝜁0ഥ0 > 0

𝜁0ഥ0 = 0

Most precise test of quantum coherence in an entangled system:

• Search for decoherence effect;

𝐼 𝜋+𝜋−, 𝜋+𝜋−; Δ𝑡 =
𝑁

2
[ 𝜋+𝜋−, 𝜋+𝜋− 𝐾0 ഥ𝐾0 Δ𝑡

2
𝜋+𝜋−, 𝜋+𝜋− ഥ𝐾0𝐾0 Δ𝑡

2
−

1 − 𝜁0ഥ0 ⋅ 2ℜ 𝜋+𝜋−, 𝜋+𝜋− 𝐾0 ഥ𝐾0 Δ𝑡 𝜋+𝜋−, 𝜋+𝜋− ഥ𝐾0𝐾0 Δ𝑡
∗

𝜻𝟎ഥ𝟎 decoherence parameter in the 𝐾0 ഥ𝐾0 basis (QM predicts: 𝜁0ഥ0 = 0).
[ or 𝜁𝑆𝐿 in the 𝐾𝑆𝐾𝐿 basis].



Decoherence and CPT violation

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 (**) ]:

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

2 /𝑀𝑝𝑙𝑎𝑛𝑐𝑘)≈ 2𝑥10−20 GeV).

• the initial entangled state is modified adding a tiny symmetric part → 𝜔 effect
(at most 𝜔 = 𝑂(𝑚𝐾

2 /𝑀𝑝𝑙𝑎𝑛𝑐𝑘/ΔΓ) ~1𝑥10
−3)
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* https://doi.org/10.1016/0550-3213(84)90053-1 
** https://doi.org/10.1103/PhysRevD.53.3846

https://doi.org/10.1016/0550-3213(84)90053-1
https://doi.org/10.1103/PhysRevD.53.3846
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KLOE detector

𝑫𝑨𝝓𝑵𝑬 𝒆+𝒆− collider. Frascati, Italy.
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Super Conductive Coil:
B = 0.52 𝑇
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Super Conductive Coil:
B = 0.52 𝑇

Electromagnetic Calorimeter (lead 
scintillating fibers):

𝜎 𝐸

𝐸
=

5.7%

𝐸[𝐺𝑒𝑉]

𝜎 𝑡 =
54𝑝𝑠

𝐸[𝐺𝑒𝑉]
⊕ 140 𝑝𝑠
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Super Conductive Coil:
B = 0.52 𝑇

Electromagnetic Calorimeter (lead 
scintillating fibers):

𝜎 𝐸

𝐸
=

5.7%

𝐸[𝐺𝑒𝑉]

𝜎 𝑡 =
54𝑝𝑠

𝐸[𝐺𝑒𝑉]
⊕ 140 𝑝𝑠

Drift Chamber:
≈ 52000 wires (≈ 12500 sense wires);
≈ 200 𝜇𝑚 resolution in the bending plane;
≈ 1 𝑚𝑚 resolution on the decay vertex.
Gas mixture of 90% 𝐻𝑒 − 10% 𝑖𝐶4𝐻10
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KLOE detector

Beryllium cylindrical tube coaxial to the beam (4.4 𝑐𝑚 radius 50 𝜇𝑚
thick) + Spherical 𝐴𝑙/𝐵𝑒 38/62 pipe (10 𝑐𝑚 radius 0.5 𝑚𝑚 thick). 

e+ e-



Event selection

The analysis was performed on the KLOE data corresponding to a luminosity 𝑳 ≈ 𝟏. 𝟕 𝒇𝒃−𝟏.

Candidate signal events require two vertices with opposite curvature tracks each with at least one 
within a fiducial volume (𝜌 < 10𝑐𝑚, z < 20cm) centered at the collision point. Furthermore the 
following preselection criteria are applied:

• 𝑚𝑖 𝜋
+𝜋− −𝑚𝐾 < 5 𝑀𝑒𝑉, with 𝑚(𝜋+𝜋−) the invariant mass of the tracks;

• Ԧ𝑝𝑖+
∗ + Ԧ𝑝𝑖−

∗ − 𝑝𝐾
∗ < 10 𝑀𝑒𝑉, with Ԧ𝑝𝑖±

∗
the pion momenta of the vertex i in the 𝜙 rest frame 

and 𝑝𝐾
∗ the Kaon momentum calculated from the 𝜙 → 𝐾𝑆𝐾𝐿 cinematics,

• −50 < 𝐸𝑚𝑖𝑠𝑠
2 − Ԧ𝑝𝑚𝑖𝑠𝑠

2 < 10 𝑀𝑒𝑉2, with Ԧ𝑝𝑚𝑖𝑠𝑠 = Ԧ𝑝𝜙 − Ԧ𝑝1 − Ԧ𝑝2 and 𝐸𝑚𝑖𝑠𝑠 = 𝐸𝜙 − 𝐸1 − 𝐸2

• 𝐸𝑚𝑖𝑠𝑠
2 + Ԧ𝑝𝑚𝑖𝑠𝑠

2 < 10 𝑀𝑒𝑉.
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Kinematic Fit

A kinematic fit was performed to improve the resolution on the kaon decay vertices, parametrized as:

𝑉𝑖 = 𝑉𝜙 + 𝜆𝑖 ො𝑛𝑖 ,

The kinematic fit solves 𝜆𝑖 and 𝑉𝜙 by maximazing the log likelihood function:

ln 𝐿 = 

𝑖=1,2

𝑙𝑛𝑃𝑖 𝑉𝑖
𝑟𝑒𝑐

− 𝑉𝑖
𝑓𝑖𝑡

+ 𝑙𝑛𝑃𝜙 𝑉𝜙
𝑟𝑒𝑐

− 𝑉𝜙
𝑓𝑖𝑡
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Probability density functions representig the resolutions for the vertices as for the MC

All events with −2 ln 𝐿 < 30 and 
𝜆𝑖
𝑓𝑖𝑡

−𝜆𝑖
𝑟𝑒𝑐𝑜

𝜎 𝜆𝑖
𝑓𝑖𝑡 < 10 are retained.



Pion Angle Cut

Since the Δ𝑡 resolution is strongly correlated with the opening angle 𝜃𝜋𝜋 of the 
pion tracks, worsening for large values of the angle, a final selection cut is
applied to candidate events requiring for both vertices cos(𝜃𝜋+𝜋− ) > -0.975
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−1 < cos 𝜃𝜋𝜋 < −0.99
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−1 < cos 𝜃𝜋𝜋 < −0.99

−0.96 < cos 𝜃𝜋𝜋 < −0.95

−0.89 < cos 𝜃𝜋𝜋 < −0.88



Background evaluation

Two main background sources:

• Non-resonant production of four pions, 𝑒+𝑒− → 𝜋+𝜋−𝜋+𝜋− , non dominant
(0.5% in the 0 < Δ𝑡 < 12𝜏𝑆 range) but concentrated at Δ𝑡 ≈ 0.

• 𝐾𝑆 regeneration in the beam pipe.

The remaining background due to semileptonic 𝐾𝐿 decay can be considered
negligible, being uniformely distributed in Δ𝑡 and amounting (from the MC) to 
less than 0.2% in the chosen fit range. 
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𝑒+𝑒− → 𝜋+𝜋−𝜋+𝜋− Background

Evaluated by studying the two-dimensional invariant mass distribution of the reconstructed kaon
vertices in bins of Δ𝑡. 
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(Δ𝑡/𝜏𝑆 < 1)

An unbinned maximum likelihood fit was performed in order 
to evaluate the number of events with the following model:

𝑁𝑜𝑏𝑠 𝑥, 𝑦 = 𝑁𝑆 ⋅ 𝑆 𝑥, 𝑦 + 𝑁𝐵 ⋅ 𝐺(𝑧; 𝜇𝑧 = 0 , 𝜎𝐵)

With 𝑥, 𝑦 = 𝑚 𝜋+𝜋− −𝑚𝐾 𝑆,𝐿, 𝑆(𝑥, 𝑦) the template for 
the signal shape obtained from MC after selection,
𝐺(𝑧; 𝜇𝑧 = 0 , 𝜎𝐵) a Gaussian distribution as a function of the 
variable 𝑧 = 𝑥 + 𝑦 with zero mean (𝑥 = −𝑦) and standard 
deviation 𝜎𝐵 as free parameter of the fit.



𝑒+𝑒− → 𝜋+𝜋−𝜋+𝜋− Background

For 3 < Δ𝑡/𝜏𝑠 < 4 it was found 𝑁𝑏𝑘𝑔 = 3 ± 1. From these results we conclude that the 
𝑒+𝑒− → 𝜋+𝜋−𝜋+𝜋− can be considered negigible for Δ𝑡 > 3𝜏𝑆
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(Δ𝑡/𝜏𝑆 < 1)

𝑁𝑏𝑘𝑔(Δ𝑡/𝜏𝑆<1) = 39 ± 5

𝑁𝑏𝑘𝑔(1<Δ𝑡/𝜏𝑆<2) = 6 ± 2

𝑁𝑏𝑘𝑔(2<Δ𝑡/𝜏𝑆<3) = 6 ± 2



Regeneration Background

• Peaks in the region Δ𝑡 ≈ 17 𝜏𝑠 due to the spherical beam pipe.
• Fit region restricted in the range 0 < Δ𝑡 < 12𝜏𝑠 to avoid this background

• Remaining background due to small contribution from the thin beryllium
cylinder, dominated by incoherent over the coherent regeneration
(neglected).
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The latter is evaluated with Monte Carlo, the 𝐾𝑆 regeneration probability is
extrapolated from the relation:

𝑃𝑟𝑒𝑔
𝑐𝑦𝑙

= 𝐷𝑔𝑒𝑜𝑚 ⋅ 𝑃𝑟𝑒𝑔
𝑠𝑝ℎ

⋅ 𝑓(𝑟)



Regeneration Background

• Peaks in the region Δ𝑡 ≈ 17 𝜏𝑠 due to the spherical beam pipe.
• Fit region restricted in the range 0 < Δ𝑡 < 12𝜏𝑠 to avoid this background

• Remaining background due to small contribution from the thin beryllium
cylinder, dominated by incoherent over the coherent regeneration
(neglected).
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𝑃𝑟𝑒𝑔
𝑐𝑦𝑙

= 𝐷𝑔𝑒𝑜𝑚 ⋅ 𝑃𝑟𝑒𝑔
𝑠𝑝ℎ

⋅ 𝑓(𝑟)

Geometrical Factor Measured regeneration
probability in the 

spherical beam pipe

Cross section ratio for 
beryllium and aluminum

𝑟 =
𝜎𝑖𝑛𝑐 𝐵𝑒

𝜎𝑖𝑛𝑐(𝐴𝑙)



Regeneration Background

• Peaks in the region Δ𝑡 ≈ 17 𝜏𝑠 due to the spherical beam pipe.
• Fit region restricted in the range 0 < Δ𝑡 < 12𝜏𝑠 to avoid this background

• Remaining background due to small contribution from the thin beryllium
cylinder, dominated by incoherent over the coherent regeneration
(neglected).
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The regeneration correction factor is obtained by the ratio between the MC 
histogram distributions with and without the regeneration.



Efficiencies
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𝜖𝑡𝑜𝑡 = 𝜖𝑡𝑟𝑖𝑔𝜖𝑟𝑒𝑐𝑜𝜖𝑐𝑢𝑡

𝜖𝑡𝑜𝑡 only dependence on Δ𝑡 is crucial. 

𝜖𝑐𝑢𝑡 derived from MC and is in average ≈ 25% with 
a small drop at Δt ≈ 0 due to:

• Longer extrapolation lenght for both tracks that
enhances the probability to fail reconstruction.

• Possible swaps of tracks associated to two
different vertices when Δ𝑡 ≈ 0



Data-Monte Carlo Correction
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𝜖𝑡𝑟𝑖𝑔𝜖𝑟𝑒𝑐𝑜 provided by the MC are checked with data 

using an independent control sample of 

𝐾𝑆𝐾𝐿 → 𝜋+𝜋−𝜋𝜇𝜈

Selected to have an high purity (95%). The correction
was obtained by the ratio of the data and MC 
distributions.

A fit with a constant indicates a small average
correction.

The resolution is parametrized as a 2D Smearing
matrix derived from the Δt𝑡𝑟𝑢𝑒𝑣𝑠 Δ𝑡𝑟𝑒𝑐𝑜 distribution
once properly normalized.



Fit procedure
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𝑁 Ԧ𝜃
𝑡ℎ

𝑖
ሶ= 𝑁𝐸

𝑖

𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ



Fit procedure
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𝑁 Ԧ𝜃
𝑡ℎ

𝑖
ሶ= 𝑁𝐸

𝑖

𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ

Decoherence parameter vector



Fit procedure
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𝑁 Ԧ𝜃
𝑡ℎ

𝑖
ሶ= 𝑁𝐸

𝑖

𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ

Cut Efficiency



Fit procedure
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𝑖
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𝑑𝑎𝑡𝑎
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𝑗
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Regeneration Correction



Fit procedure
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𝑖
ሶ= 𝑁𝐸
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𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ

Smearing Matrix



Fit procedure

14/09/2022 Riccardo D'Amico 37

𝑁 Ԧ𝜃
𝑡ℎ

𝑖
ሶ= 𝑁𝐸

𝑖

𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ

Data-MC correction
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𝑁 Ԧ𝜃
𝑡ℎ

𝑖
ሶ= 𝑁𝐸

𝑖

𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ

𝜒2 = 

𝑖=1

𝑁𝑏𝑖𝑛 𝑁𝑖
𝐷𝑎𝑡𝑎 − 𝑁𝑖

𝑡ℎ Ԧ𝜃

𝜎𝑖

2

To minimize



Fit procedure

14/09/2022 Riccardo D'Amico 39

𝑁 Ԧ𝜃
𝑡ℎ

𝑖
ሶ= 𝑁𝐸

𝑖

𝑑𝑎𝑡𝑎
𝑀𝐶 Σ𝑗𝑆𝑖,𝑗𝑅𝑗𝜖𝑗𝐼 Ԧ𝜃

𝑗

𝑡ℎ

𝜻𝑺𝑳 𝑴𝒐𝒅𝒆𝒍

𝜒2 = 

𝑖=1

𝑁𝑏𝑖𝑛 𝑁𝑖
𝐷𝑎𝑡𝑎 − 𝑁𝑖

𝑡ℎ Ԧ𝜃

𝜎𝑖

2



Systematic Analysis

To evalute the systematic uncertainty on the fit results the fitting procedure was
repeated varying:

• Selection cuts: The cuts were varied according to their resolution 𝜎 to check the 
stability of the results.

• Number of background events
• 𝟒𝝅 Background: Rescaling the number of background events according to the uncertainty

of the total 4𝜋 backround 𝑁𝑏𝑘𝑔 = 51.0 ± 5.7

• Regeneration: Varying the factor 𝑅𝑗 according to 𝑅𝑗
′ = 𝑅𝑗 + 𝛼(𝑅𝑗 − 1) with                            

− 35% < 𝛼 < 10% depends on the knowledge of cross section ratio through the 
function 𝑓(𝑟).
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Systematic Analysis

• 𝚫𝐭 resolution: By enlarging and shrinking the smearing matrix 𝑆𝑖,𝑗 using the 
relation:

Δt𝑀𝐶,𝑡𝑟𝑢𝑒 − Δt′
𝑀𝐶, 𝑟𝑒𝑐𝑜

Δt𝑀𝐶,𝑡𝑟𝑢𝑒 − Δ𝑡𝑀𝐶, 𝑟𝑒𝑐𝑜
= 1 + 𝛿𝑘,

With 𝛿𝑘 = ±0.75%

• Physical constant: Different sets of physical constants given in input to the 
theoretical models (𝜏𝑠, 𝜏𝐿 , Δ𝑚 and 𝜂+−) are randomly generated according to 
their uncertainty and the fit repeated for each set. The standard deviation of 
the results is taken as systematic uncertainty.
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Systematic Table
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- 𝜹𝜻𝑺𝑳 ⋅ 𝟏𝟎
𝟐 𝜹𝜻𝟎ഥ𝟎 ⋅ 𝟏𝟎

𝟕 𝜹𝜸 ⋅ 𝟏𝟎𝟐𝟏𝑮𝒆𝑽 𝜹𝑹𝒆𝝎 ⋅ 𝟏𝟎𝟒 𝜹Im𝝎 ⋅ 𝟏𝟎𝟒 𝜹|𝝎| ⋅ 𝟏𝟎𝟒 𝝓𝝎(rad)

Cut stability ±0.56 ±2.9 ±0.33 ±0.53 ±0.65 ±0.78 ±0.07

4𝜋 Background ±0.37 ±1.9 ±0.22 ±0.32 ±0.19 ±0.32 ±0.04

Regeneration ±0.17 ±0.9 ±0.10 ±0.06 ±0.63 ±0.58 ±0.05

Resolution ±0.18 ±0.9 ±0.10 ±0.15 ±0.09 ±0.15 ±0.02

Phys. Const. ±0.04 ±0.2 ±0.02 ±0.03 ±0.09 ±0.07 ±0.01

Total ±𝟎. 𝟕𝟏 ±𝟑. 𝟕 ±𝟎. 𝟒𝟐 ±𝟎. 𝟔𝟒 ±𝟎. 𝟗𝟑 ±𝟏. 𝟎𝟒 ±𝟎. 𝟏𝟎



Conclusions: Results

𝜁𝑆𝐿 = 0.1 ± 1.6𝑠𝑡𝑎𝑡 ± 0.7_𝑠𝑦𝑠𝑡 ⋅ 10−2

𝜁0ഥ0 = −0.05 ± 0.80𝑠𝑡𝑎𝑡 ± 0.37𝑠𝑦𝑠𝑡 ⋅ 10−6

𝛾 = 0.13 ± 0.94𝑠𝑡𝑎𝑡 ± 0.42𝑠𝑦𝑠𝑡 ⋅ 10−21 GeV

ℜ𝜔 = (−2.3−1.5𝑠𝑡𝑎𝑡
+1.9 ± 0. 6𝑠𝑦𝑠𝑡) ⋅ 10

−4

ℑ𝜔 = (−4.1−2.6𝑠𝑡𝑎𝑡
+2.8 ± 0. 9𝑠𝑦𝑠𝑡) ⋅ 10

−4

𝜔 = 4.7 ± 2.9𝑠𝑡𝑎𝑡 ± 1. 0𝑠𝑦𝑠𝑡 ⋅ 10−4

𝜙𝜔 = −2.1 ± 0.2𝑠𝑡𝑎𝑡 ± 0.1syst (rad) 
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𝐋 = 𝟏. 𝟕 𝒇𝒃−𝟏

𝜒2/𝑛𝑑𝑓 = 11.2/10

𝜒2/𝑛𝑑𝑓 = 11.2/10

𝜒2/𝑛𝑑𝑓 = 11.2/10

𝜒2/𝑛𝑑𝑓 = 9.2/9

𝜒2/𝑛𝑑𝑓 = 9.2/9



Conclusions: Results
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ℜ𝝎,ℑ𝝎𝑴𝒐𝒅𝒆𝒍 𝑪𝒐𝒏𝒕𝒐𝒖𝒓 𝑷𝒍𝒐𝒕 |𝝎|, 𝝓𝝎 𝑴𝒐𝒅𝒆𝒍 𝑪𝒐𝒏𝒕𝒐𝒖𝒓 𝑷𝒍𝒐𝒕



Conclusions: Results
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Statistical uncertainty reduced by more than half with respect to previous analysis
Central values consistent with zero → No decoherence and CPT violation
Results published on JHEP (2022) https://doi.org/10.1007/JHEP04(2022)059

ℜ𝝎,ℑ𝝎𝑴𝒐𝒅𝒆𝒍 𝑪𝒐𝒏𝒕𝒐𝒖𝒓 𝑷𝒍𝒐𝒕 |𝝎|, 𝝓𝝎 𝑴𝒐𝒅𝒆𝒍 𝑪𝒐𝒏𝒕𝒐𝒖𝒓 𝑷𝒍𝒐𝒕

https://doi.org/10.1007/JHEP04(2022)059


Conclusions: Upper Limits
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The results for 𝜁𝑆𝐿, 𝜁0ഥ0 and 𝛾, which are constrained to be > 0, can be translated into
upper limits:



Conclusions: Upper Limits

𝜁𝑆𝐿 < 0.028 90% 𝐶𝐿
𝜁0ഥ0 < 1.4 ⋅ 10−6 (90% 𝐶𝐿)
𝛾 < 1.8 ⋅ 10−21 (90% 𝐶𝐿)
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New: 𝐋 = 𝟏. 𝟕 𝒇𝒃−𝟏

The results for 𝜁𝑆𝐿, 𝜁0ഥ0 and 𝛾, which are constrained to be > 0, can be translated into
upper limits:



Conclusions: Upper Limits

𝜁𝑆𝐿 < 0.028 90% 𝐶𝐿
𝜁0ഥ0 < 1.4 ⋅ 10−6 (90% 𝐶𝐿)
𝛾 < 1.8 ⋅ 10−21 (90% 𝐶𝐿)
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New: 𝐋 = 𝟏. 𝟕 𝒇𝒃−𝟏

The results for 𝜁𝑆𝐿, 𝜁0ഥ0 and 𝛾, which are constrained to be > 0, can be translated into
upper limits:

From the value of 𝜔 2 we can put an upper limit on 𝐵𝑅(𝜙 → 𝐾𝑆𝐾𝑆):



Conclusions: Upper Limits

𝜁𝑆𝐿 < 0.028 90% 𝐶𝐿
𝜁0ഥ0 < 1.4 ⋅ 10−6 (90% 𝐶𝐿)
𝛾 < 1.8 ⋅ 10−21 (90% 𝐶𝐿)
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New: 𝐋 = 𝟏. 𝟕 𝒇𝒃−𝟏

The results for 𝜁𝑆𝐿, 𝜁0ഥ0 and 𝛾, which are constrained to be > 0, can be translated into
upper limits:

From the value of 𝜔 2 we can put an upper limit on 𝐵𝑅(𝜙 → 𝐾𝑆𝐾𝑆):

𝐵𝑅 𝜙 → 𝐾𝑆𝐾𝑆 < 2.4 ⋅ 10−7(90% 𝐶. 𝐿)

New: 𝐋 = 𝟏. 𝟕 𝒇𝒃−𝟏



THANK YOU FOR THE ATTENTION
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