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Tests of CPT symmetry and quantum coherence with entangled neutral kaons at KLOE-2
Riccardo D’Amico on behalf of the KLOE-2 Collaboration
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Most precise test of quantum coherence in 
an entangled system.

𝜻𝟎𝟎 decoherence parameter in the 𝐾0 ഥ𝐾0 basis (QM predicts: 𝜁0ഥ0 = 0).
[ or 𝜁𝑆𝐿 in the 𝐾𝑆𝐾𝐿 basis].

𝑖 ∝ 𝐾𝑆 𝐾𝐿 − |𝐾𝐿⟩|𝐾𝑆⟩] + 𝜔 𝐾𝑆 𝐾𝑆 − |𝐾𝐿⟩|𝐾𝐿⟩ ]

[in the 𝐾0 ഥ𝐾0 basis]

Previous KLOE measurement 𝐿 = 380 𝑝𝑏−1 KLOE PLB 642 
(2006) 315 (***)

[in the 𝐾𝑆𝐾𝐿 basis]

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)

KLOE data: 𝐿 = 1.7 𝑓𝑏−1 Improvements wrt past analysis: 
• cos(𝜃𝜋+𝜋− ) > -0.975 cut to improve Δ𝑡 resolution

• improved 𝑒+𝑒− → 𝜋+𝜋−𝜋+𝜋− background
evaluation from 2D fit of the invariant mass.

𝑁𝑏𝑘𝑔,𝐵𝑖𝑛1 = 39 ± 5

𝑁𝑏𝑘𝑔,𝐵𝑖𝑛2 = 6 ± 2

𝑁𝑏𝑘𝑔,𝐵𝑖𝑛3 = 6 ± 2

1st Bin 
(Δ𝑡/𝜏𝑆 < 1)

𝜁𝑆𝐿 = 0.09 ± 1.57𝑠𝑡𝑎𝑡 ± 0.71𝑠𝑦𝑠𝑡 ⋅ 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

𝑺𝒚𝒔𝒕𝒆𝒎𝒂𝒕𝒊𝒄 𝒕𝒂𝒃𝒍𝒆

𝜁𝑆𝐿 < 0.028 90% 𝐶𝐿
𝜁0ഥ0 < 1.4 ⋅ 10−6 (90% 𝐶𝐿)
𝛾 < 1.8 ⋅ 10−21 (90% 𝐶𝐿)

𝐵𝑅 𝜙 → 𝐾𝑆𝐾𝑆 < 2.4 ⋅ 10−7(90% 𝐶. 𝐿)

Upper limits

Fit with 𝜻𝑺𝑳 model

𝚫𝐭/𝝉𝑺

- 𝜹𝜻𝑺𝑳 ⋅ 𝟏𝟎
𝟐 𝜹𝜻𝟎𝟎 ⋅ 𝟏𝟎

𝟕 𝜹𝜸 ⋅ 𝟏𝟎𝟐𝟏𝑮𝒆𝑽 𝜹𝑹𝒆𝝎 ⋅ 𝟏𝟎𝟒 𝜹Im𝝎 ⋅ 𝟏𝟎𝟒 𝜹|𝝎| ⋅ 𝟏𝟎𝟒

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

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

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

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

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

Total ±𝟎. 𝟕𝟏 ±𝟑. 𝟕 ±𝟎. 𝟒𝟐 ±𝟎. 𝟔𝟒 ±𝟎. 𝟗𝟑 ±𝟏. 𝟎𝟒
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Kaon Interferometry in a 𝜙-factory:

Improved Analysis:

<<<

* https://doi.org/10.1016/0550-3213(84)90053-1 
** https://doi.org/10.1103/PhysRevD.53.3846
*** https://doi.org/10.1016/j.physletb.2006.09.046
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