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Light meson Physics

• Light mesons

✓Important roles in particle physics

✓Strong interactions, Quark Model, CP violation …

• Rich physics 

✓Test ChPT predictions

✓EM Form factors

✓Test fundamental symmetries

✓Probe new physics beyond the SM
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Technique 𝜼 events 𝜼′ events

𝐽/𝜓 → 𝛾𝜂/𝜂’ 𝟏. 𝟏 × 𝟏𝟎𝟕 𝟓. 𝟐 × 𝟏𝟎𝟕

𝐽/𝜓 → 𝛾𝜂’(𝜋+𝜋−𝜂) 𝟐. 𝟐𝟏𝟎𝟕

𝐽/𝜓 → 𝜙/𝜔𝜂/𝜂’ 𝟐. 𝟓 × 𝟏𝟎𝟕 𝟔. 𝟓 × 𝟏𝟎𝟔

𝜙 → 𝛾𝜂/𝜂’ 𝟑 × 𝟏𝟎𝟖 𝟏. 𝟓 × 𝟏𝟎𝟔

𝑝𝑝 → 𝜂𝑋 ~𝟑 × 𝟏𝟎𝟕

𝛾𝑝 → 𝜂𝑋 ~𝟑 × 𝟏𝟎𝟖

𝑝𝑝 → 𝜂𝑋 ~𝟒. 𝟓 × 𝟏𝟎𝟖

𝛾𝑝 → 𝜂𝑋 ~𝟏𝟎𝟕

𝑝𝐿𝑖 → 𝜂𝑋 ~𝟏𝟎𝟏𝟑 𝜼/𝒚𝒓
Proposed 

RedTop and 
HHaS@HIAF

e+e- Collider

Fixed-target

Experimental 𝜼/𝜼′ samples 

340 times BESIII statistics 

~𝟏𝟎𝟏𝟎 η/η′

Proposed STCF



BESIII: an important role in η/η′ decays
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New approach to investigate η decays with 𝜼′ → 𝝅+𝝅−𝜼

• Production rate lower than ηʹ 

• Background from QED and J/ decays

• Help distinguish muons from pions

➢ 𝑱/𝝍 → 𝜸𝜼 ⟹ 𝟏× 𝟏𝟎𝟕 𝜼

➢ 𝑱/𝝍 → 𝜸𝜼’, 𝜼’ → 𝝅+𝝅−𝜼 ⟹ 𝟐.𝟐 × 𝟏𝟎𝟕 𝜼

One more η′ constraint to suppress the background events !

Allow us to access the rare η decays! 

Xiao-lin Kang, Yuyao Ji et al, PRD 108, 014038 (2023)

PDG2024
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Recent highlights
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Meson transition form factors

• Low energy QCD: 

• Enters in th. description of QCD processes

• Evolution with Q2 predicted by pQCD: models can 
be tested using data on Q2 dependance

• Light-by-light contribution to 𝑎𝜇

• Search for light dark force mediator
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𝛾

𝑃
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𝑒−
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𝑒−

𝑃

Annihilation process q2 >M2Dalitz decays 0<q2 <M2 Two photon process q2 <0
8

Experimentally
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𝛾

𝛾∗

𝑒+

𝑒−𝑃
𝐹(𝑞2)TFF of 𝜼/𝜼′ → 𝜸𝒆+𝒆−
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𝜼 → 𝜸𝒆+𝒆−

𝑱/𝝍 → 𝜸𝜼′ → 𝜸𝝅+𝝅−𝜼
𝜼 → 𝜸𝝁+𝝁−

BESIII: PRD112, 052007 (2025)

𝑱/𝝍 → 𝜸𝜼′ → 𝜸𝝅+𝝅−𝜼
𝜼 → 𝜸𝒆+𝒆−

𝜼′ → 𝜸𝒆+𝒆−
BESIII: PRD 109, 072001 (2024)

𝑏𝜂 = 1.645 ± 0.343 ± 0.017 𝐺𝑒𝑉/𝑐2

𝑏𝜂′ = 1.574 ± 0.048 ± 0.016 GeV/c2 −2

𝑏𝜂 = 1.645 ± 0.093 ± 0.024 𝐺𝑒𝑉/𝑐2

𝑏𝜂 = 1.781 ± 0.123 ± 0.033 𝐺𝑒𝑉/𝑐2

8/15/2026

𝑑𝛤(𝑃 → 𝛾𝑙+𝑙−)

𝑑𝑞2𝛤𝛾𝛾
= 𝑄𝐸𝐷 𝑞2 × 𝐹𝑃(𝑞

2, 0) 2

Slope par.: 𝑏𝜂/𝜂′ =
d F q2

𝑑𝑞2
ȁ
𝑞2=0



➢ 10 billion J/ allows to access the dynamic
➢ Box-anomaly is needed to describe data
➢ 𝛚 → 𝛑+𝛑− is also necessary

➢ First time to assess the form factors with 𝜂′ →
𝜋+𝜋−𝑙+𝑙− within VMD

TFF of 𝜼′ → 𝝅+𝝅−𝒍+𝒍−

10

BESIII: JHEP 07, 135 (2024)

𝒃𝜼′ = 𝟏. 𝟑𝟎 ± 𝟎. 𝟏𝟗 𝐆𝐞𝐕/𝐜𝟐
−𝟐
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Study of 𝜼 → 𝝅+𝝅−𝒍+𝒍−
BESIII: PRD 111 (2025) 072008 
(arXiv:2501.10130)

• Allow to access dynamic but with limited statistics

Br(𝜂 → 𝜋+𝜋−𝑒+𝑒−) = 3.07 ± 0.12 ± 0.19 × 10−4

11

Br(𝜂 → 𝜋+𝜋−𝜇+𝜇−) < 4.0 × 10−4 at 90% CL.

➢ BESIII: 10 billion J/ radiative decays

𝑚𝑉 = 749 ± 54 ± 14 𝑀𝑒𝑉/𝑐

• No event left for η → 𝜋+𝜋−𝜇+𝜇− hypothesis

8/15/2026



BESIII arXiv:2603.08120

• With 10 billion 𝐽/𝜓 events, 609.1 ± 27.7 𝜂′ → 𝜔e+e− signal events are observed

Br(𝜂′ → 𝜔e+e−) = (1.79 ± 0.09 ± 0.12) × 10−4

TFF is measured for the first time: 𝛬−1 = 2.92 ± 0.83 ± 0.15 𝐺𝑒𝑉−1

12

TFF of 𝜼′ → 𝝎𝒆+𝒆−
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𝑏𝜂 = 1.707 ± 0.076 ± 0.029 𝐺𝑒𝑉/𝑐2
𝜂′ → 𝛾𝑒+𝑒−:

Summary of the TFF for 𝜼/𝜼′

Combined the two 𝜂 → 𝛾𝑒+𝑒− samples:

𝜼 → 𝜸𝝁+𝝁−: 𝑏𝜂 = 1.645 ± 0.343 ± 0.017 𝐺𝑒𝑉/𝑐2

BESIII: PRD112, 052007 (2025)

BESIII: PRD 109, 072001 (2024)
BESIII: PRD 109, 072001 (2024)

𝑏𝜂′ = 1.30 ± 0.19 GeV/c2 −2𝜂′ → 𝜋+𝜋−𝑒+𝑒−:

𝜂′ → 𝜔𝑒+𝑒−: 𝛬−1 = 2.92 ± 0.83 ± 0.15 𝐺𝑒𝑉−1

𝑏𝜂′ = 1.574 ± 0.048 ± 0.016 GeV/c2 −2
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BESIII arXiv:2509.07685

• 2.93 fb−1 e+e− collision data @ 3.773 GeV

• Signal tag method, measure TFF: 𝐹(𝑄1
2, 𝑄2

2 ≈ 0) at 0.2≤Q2≤3.5 GeV²

14

Space-like TFF for 𝝅𝟎

8/15/2026

𝜎𝑊𝑍𝑊 is the point-like Born cross section 



BESIII: arXiv:2605.04898v1

The combined branching fraction is 
determined to be (2.63±0.34±0.16)×10−5

J/ψ → γη J/ψ → γη′ , η′→π+π−η

15

Double Dalitz decays 𝜼 → 𝒆+𝒆−𝒆+𝒆−

➢Expected to proceed through two virtual photons, TFF 

T. Petri, arXiv:1010.2378

CPC 42 (2018) 023109

KLOE: PLB 702 (2011) 324
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Double Dalitz decays 𝜼/𝜼′ → 𝒍+𝒍−𝒍+𝒍−

BESIII: PRD105,112010 (2022)

CPC 42 (2018) 023109

16

𝜼′ → 𝒆+𝒆−𝒆+𝒆− 𝜼′ → 𝒆+𝒆−𝝁+𝝁− 𝜼′ → 𝝁+𝝁−𝝁+𝝁− 𝜼 → 𝒆+𝒆−𝝁+𝝁−

BESIII: PRD111,052002 (2025)

T. Petri, arXiv:1010.2378

- Very limited Statistics!

𝜼 → 𝝁+𝝁−𝝁+𝝁−

CMS: PRL 131 (2023) 091903

Quite close to the SM predictions

< 𝟏. 𝟕𝟓 × 𝟏𝟎−𝟔

< 𝟓. 𝟐𝟖 × 𝟏𝟎−𝟕

< 𝟔. 𝟖𝟖 × 𝟏𝟎−𝟔

8/15/2026



Study of 𝜼 → 𝒆+𝒆− and 𝝁+𝝁−

• A stringent UL of Br(𝜂 → 𝑒+𝑒−) < 7 × 10−7 at 90% CL obtained from 𝑒+𝑒− → η

• The world average of Br(𝜂 → 𝜇+𝜇−) = (5.7 ± 0.8) × 10−6, combining the results from 
SATURNEII and Lepton-G more than thirty years ago

17

➢SM: 𝜂 → 𝑙+𝑙− proceeds via fourth-order electromagnetic transition, 
dominated by a two-photon intermediate state

➢𝜼 → 𝒆+𝒆−: Suppressed, helicity factor is proportional to 𝑚𝑒
2

Br(𝜂 → 𝑒+𝑒−) = 5.31−0.04
+0.14 × 10−9

Br(𝜂 → 𝜇+𝜇−) = 4.72−0.21
+0.05 × 10−6

➢Based on dispersive representation for the η transition form factors:

𝐵𝑟 𝜂 → 𝑒+𝑒− = 5.37 ± 0.04 ± 0.02 × 10−9

𝐵𝑟(𝜂 → 𝜇+𝜇−) = (4.54 ± 0.04 ± 0.02) × 10−6

P. Masjuan and P. Sanchez-Puertas, JHEP 2016 (8), 108.

N. Messerli, M. Hoferichter, B.-L. Hoid, S. Holz, and 
B. Kubis, arXiv:2512.13776
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Br 𝜂 → 𝑒+𝑒− < 2.2 × 10−7 𝑎𝑡 90%𝐶𝐿
Br(𝜂 → 𝜇+𝜇−) = 5.8 ± 1.0 ± 0.2 × 10−6

BESIII: arXiv:2512.07144v2

18

• With 𝜂 sample from 𝐽/𝜓 → 𝛾𝜂’, 𝜂’ → 𝜋+𝜋−𝜂, 𝐽/𝜓 → 𝛾𝑙+𝑙− background is highly 
reduced compared with 𝐽/𝜓 → 𝛾𝜂

PDG: Br(𝜂 → 𝜇+𝜇−) = (5.7 ± 0.8) × 10−6 and Br(𝜂 → 𝑒+𝑒−) < 7 × 10−7 at 90% CL 

37.9 ± 6.7 

8/15/2026



• Highly suppressed in SM ∝ Δ𝑚𝑖𝑗
2 /𝑀𝑊

2 2
~10−50

• Many New Physics models introduce Charge Lepton Flavor Violation (CLFV) processes

• Latest result  ℬ(η→eμ)<6.0×10−6 from CLEO in 2000 and ℬ 𝜂′ → 𝑒𝜇 < 4.7 × 10−4 from SPES2 in 1996

Search for CLFV process 𝜼′ → 𝒆𝝁 and 𝜼 → 𝒆𝝁

19

• For 𝜂′ → 𝑒𝜇 with 𝐽/𝜓 → 𝛾𝜂′ process is used. 

• While for η → 𝑒𝜇, 𝐽/𝜓 → 𝛾𝜂′ → 𝛾𝜋+𝜋−η is used to suppress continuum backgrounds
BESIII: arXiv:2606.22373

𝛈 → 𝐞𝛍BESIII Preliminary𝛈′ → 𝐞𝛍

8/15/2026



• Improvement of the ULs on the Wilson coefficients of effective operators describing LFV 
interactions at low energy scales 

𝜂′ → 𝑒𝜇

𝐶/Λ2
(GeV−2) ℓ1ℓ2

PDG This analysis PDG This work

ℬ(𝜂′ → 𝑒𝜇) < 4.7 × 10−4 ℬ(𝜂′ → 𝑒𝜇)
< 6.3 × 10−7 ℬ(𝜂 → 𝑒𝜇) < 6.0 × 10−6 ℬ(𝜂 → 𝑒𝜇) < 6.8 × 10−7

𝑢, 𝑑 𝑠 𝑢, 𝑑 𝑠 𝑢, 𝑑 𝑠 𝑢, 𝑑 𝑠

ȁ𝐶𝐴𝐿/𝐴𝑅
𝑞ℓ1ℓ2 /Λ2ȁ 𝑒𝜇 2.1 × 10−1 1.9 × 10−1 7.4 × 10−3 6.8 × 10−3 3.0 × 10−3 2.1 × 10−3 1.0 × 10−3 7.0 × 10−4

ȁ𝐶𝑃𝐿/𝑃𝑅
𝑞ℓ1ℓ2 /Λ2ȁ 𝑒𝜇 3.9 × 10⁴ 3.6 × 10⁴ 1.4 × 10³ 1.3 × 10³ 1.7 × 103 1.2 × 103 5.8 × 102 4.0 × 102

ȁ𝐶 ෨𝐺𝐿/ ෨𝐺𝑅

𝑞ℓ1ℓ2 /Λ2ȁ 𝑒𝜇 5.0 × 10³ 1.8 × 10² 1.6 × 102 5.4 × 101

𝜂 → 𝑒𝜇

< 6.8
× 10−7 @ 90% 𝐶𝐿

BESIII: arXiv:2606.22373BESIII Preliminary
• 𝑃 → ℓ1തℓ2 are sensitive to different Wilson 

coefficients 𝐶𝑖
(𝐷)

by 𝐶/Λ2 ∝ ℬ 𝑃 → ℓ1തℓ2

✓ pseudoscalar coefficients in ℒℓ𝑞 : 𝐶𝑃𝐿/𝑃𝑅
𝑞ℓ1ℓ2

✓ axial coefficients in ℒℓ𝑞 𝐶𝐴𝐿/𝐴𝑅
𝑞ℓ1ℓ2

✓ gluonic coefficients in ℒ𝐺 𝐶 ෨𝐺𝐿/ ෨𝐺𝑅

𝑞ℓ1ℓ2

𝐿/𝑅 specify the chirality of the heavier lepton

20

< 6.3
× 10−7 @ 90% 𝐶𝐿

8/15/2026



• Rare and forbidden Lepton Number Violation (LNV) process

• According to the SU(2) ⊗ U(1) theory concerning left handed neutrino fields, massive 
neutrinos could induce spontaneous LNV processes

                                                                             Related to the origin of neutrino mass 

• 𝐽/𝜓 → ϕ𝜂 is used to suppress continuum backgrounds

Search for LNV process 𝜼 → 𝝅+𝝅+𝒆−𝒆−

21

BESIII: PRD112, 112021 (2025)

8/15/2026



The nature of 𝜼/𝜼′: Pseudoscalar mixing angle 𝜽𝑷

228/15/2026

Pseudoscalar mixing angle 𝜃𝑃 
✓ QM basic parameter
✓ Input for Lattice QCD
✓ 𝜃𝑃 : −14.1° , −17° , −18° , −24.5°

N. H. Christ, et al., PRL 105 (2010)241601
T. Feldmann, IJMP A915 (2000) 159 
C. Amsler and F. E. Close, PRD 53 (1996) 295
X. Y. Jiang, et al., PRL 130 (2023) 061901

• 𝐽/𝜓 radiative decay to 𝜂/𝜂 ′ can be used to measure 𝜃P

𝑅 =
𝛤(𝐽/𝜓 → 𝛾𝜂′)

𝛤(𝐽/𝜓 → 𝛾𝜂)
=

𝑝𝜂′

𝑝𝜂

3

𝑐𝑜𝑡2 𝜃𝑃

𝜂 = 𝜂8 cos 𝜃𝑃 − 𝜂1 sin 𝜃𝑃

𝜂′ = 𝜂8 sin 𝜃𝑃 + 𝜂1 cos 𝜃𝑃

BESIII: PRD108,092002 (2023)

𝜃𝑃 = −(22.11 ± 0.26)°

10 billion 𝑱/𝝍

Consider 𝐽/𝜓 → 𝛾𝜋0 𝜃𝑃 = −(19.34 ± 0.34)°



Conclusions

• BESIII: a light meson factory

• Significant progresses achieved on η/η’ decays

• transition form factors, decay dynamics, rare/forbidden decays ⋯

• 𝜂’ → 𝜋+𝜋−𝜂 significantly improves the ability to study rare 𝜂 decays

• More results are expected to come soon !

23

Thanks for your attention!!!
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Decay Amplitude of 𝜼′ → 𝝅+𝝅−𝒍+𝒍−

A. Faessler, C. Fuchs, M. I. Krivoruchenko, PRC 61, 035206 (2000)
B. Borasoy, R. Nissler, EPJA 33, 95 (2007)

T. Petri, arXiv:1010.2378

24

𝑴 𝒔𝝅𝝅, 𝒔𝒍𝒍 = 𝑴𝒎𝒊𝒙 × 𝑽𝑴𝑫(𝒔𝝅𝝅, 𝒔𝒍𝒍)

contains the information of the decaying particle and the form factor

Various VMD models can be switch by adjusting the 𝒄𝟏,𝟐,𝟑 values

8/15/2026



Hidden gauge Full VMD Modified VMD

Amplitude analysis result of 𝜼′ → 𝝅+𝝅−𝒍+𝒍−

25

Hidden gauge Full VMD Modified VMD

BESIII: JHEP 07, 135 (2024)

8/15/2026
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  𝜼


  𝜼 ′


  J / 𝜓 → 𝛾 𝜂 / 𝜂 ’


  𝟏 . 𝟏 × 𝟏  𝟎 𝟕


  𝟓 . 𝟐 × 𝟏  𝟎 𝟕


  J / 𝜓 → 𝛾 𝜂 ’ (  𝜋 +  𝜋 − 𝜂 )


  𝟐 . 𝟐  𝟏 𝟎 𝟕


  J / 𝜓 → 𝜙 / 𝜔 𝜂 / 𝜂 ’


  𝟐 . 𝟓 × 𝟏  𝟎 𝟕


  𝟔 . 𝟓 × 𝟏  𝟎 𝟔


  𝜙 → 𝛾 𝜂 / 𝜂 ’


  𝟑 × 𝟏  𝟎 𝟖


  𝟏 . 𝟓 × 𝟏  𝟎 𝟔


  p p → 𝜂 X


  ~ 𝟑 × 𝟏  𝟎 𝟕


  𝛾 p → 𝜂 X


  ~ 𝟑 × 𝟏  𝟎 𝟖


  p p → 𝜂 X


  ~ 𝟒 . 𝟓 × 𝟏  𝟎 𝟖


  𝛾 p → 𝜂 X


  ~ 𝟏  𝟎 𝟕


  p L i → 𝜂 X


  ~ 𝟏  𝟎  𝟏 𝟑   𝜼 / 𝒚 𝒓


  𝜼 / 𝜼 ′


  𝟏 𝟎 𝟏 𝟎


   𝜼 ′ →  𝝅 +  𝝅 − 𝜼


  𝑱 / 𝝍 → 𝜸 𝜼


  ⟹ 𝟏 ×   𝟏 𝟎 𝟕   𝜼


  𝑱 / 𝝍 → 𝜸 𝜼 ’ ,   𝜼 ’ →  𝝅 +  𝝅 − 𝜼


  ⟹ 𝟐 . 𝟐 ×   𝟏 𝟎 𝟕   𝜼


   a 𝜇


   e +


   e −


   𝛾 ∗


  𝛾


  P


  𝛾 / V


   𝛾 ∗


   e +


   e −


  P


   𝛾 ∗


   𝛾 ∗


   e +


   e −


   e +


   e −


  P


  𝛾


   𝛾 ∗


   e +


   e −


  P


   |  F (  q 2 ) |


  𝜼 / 𝜼 ′ → 𝜸  𝒆 +  𝒆 −


  𝜼 → 𝜸  𝒆 +  𝒆 −  


  𝑱 / 𝝍 → 𝜸  𝜼 ′ → 𝜸  𝝅 +  𝝅 − 𝜼


    𝜼 → 𝜸  𝝁 +  𝝁 −  


  𝑱 / 𝝍 → 𝜸  𝜼 ′ → 𝜸  𝝅 +  𝝅 − 𝜼


  𝜼 → 𝜸  𝒆 +  𝒆 −  


  𝜼 ′ → 𝜸  𝒆 +  𝒆 −  


   b 𝜂 =  (  1 . 645 ± 0 . 343 ± 0 . 017 )   G e V /  c 2  


   b  𝜂 ′ = 1 . 574 ± 0 . 0 48 ± 0 . 016      (  GeV /  c 2 )  − 2


   b 𝜂 =  (  1 . 645 ± 0 . 0 93 ± 0 . 024 )   G e V /  c 2  


   b 𝜂 =  (  1 . 781 ± 0 . 123 ± 0 . 033 )   G e V /  c 2  


    d 𝛤 ( P → 𝛾  l +  l − )  d  q 2  𝛤  𝛾 𝛾 = Q E D  (   q 2 ) ×    |   F P (  q 2 , 0 ) | 2


   b  𝜂 / 𝜂 ′ =   d  |  F  (   q 2 ) |  d  q 2    ​ |   q 2 = 0  


  𝛚 →  𝛑 +  𝛑 −


   𝜂 ′ →  𝜋 +  𝜋 −  l +  l −


   𝜼 ′ →  𝝅 +  𝝅 −  𝒍 +  𝒍 −


   𝒃  𝜼 ′ = 𝟏 . 𝟑 𝟎 ± 𝟎 . 𝟏 𝟗      (  𝐆 𝐞 𝐕 /  𝐜 𝟐 )  − 𝟐


  𝜼 →  𝝅 +  𝝅 −  𝒍 +  𝒍 −


  ( 𝜂 →  𝜋 +  𝜋 −  e +  e − ) =  (  3 . 07 ± 0 . 12 ± 0 . 19 ) ×   10  − 4


  ( 𝜂 →  𝜋 +  𝜋 −  𝜇 +  𝜇 − ) < 4 . 0 ×   10  − 4


   m V =  (  749 ± 54 ± 14 )   M e V / c


  η →  𝜋 +  𝜋 −  𝜇 +  𝜇 −


  J / 𝜓


  609 . 1 ± 27 . 7


  𝜂 ′ → 𝜔  e +  e −


  Br ( 𝜂 ′ → 𝜔  e +  e − ) = ( 1 . 79 ± 0 . 09 ± 0 . 12 ) ×   10  − 4


   𝛬  − 1 =  (  2 . 92 ± 0 . 83 ± 0 . 15 )     G e V  − 1


  𝜼 ′ → 𝝎  𝒆 +  𝒆 −


   b 𝜂 =  (  1 . 707 ± 0 . 0 76 ± 0 . 029 )   G e V /  c 2  


  𝜂 ′ → 𝛾  e +  e −


  𝜼 / 𝜼 ′


  𝜂 → 𝛾  e +  e −


  𝜼 → 𝜸  𝝁 +  𝝁 −


   b 𝜂 =  (  1 . 645 ± 0 . 343 ± 0 . 017 )   G e V /  c 2  


   b  𝜂 ′ = 1 . 30 ± 0 . 19      (  GeV /  c 2 )  − 2


  𝜂 ′ →  𝜋 +  𝜋 −  e +  e −


  𝜂 ′ → 𝜔  e +  e −


   𝛬  − 1 =  (  2 . 92 ± 0 . 83 ± 0 . 15 )     G e V  − 1


   b  𝜂 ′ = 1 . 574 ± 0 . 0 48 ± 0 . 016      (  GeV /  c 2 )  − 2


   e +  e −


  F (  Q 1 2 ,  Q 2 2 ≈ 0 )


   𝝅 𝟎


   𝜎  W Z W


  𝜼 →  𝒆 +  𝒆 −  𝒆 +  𝒆 −


  𝜼 / 𝜼 ′ →  𝒍 +  𝒍 −  𝒍 +  𝒍 −


  𝜼 ′ →  𝒆 +  𝒆 −  𝒆 +  𝒆 −


  𝜼 ′ →  𝒆 +  𝒆 −  𝝁 +  𝝁 −


  𝜼 ′ →  𝝁 +  𝝁 −  𝝁 +  𝝁 −


  𝜼 →  𝒆 +  𝒆 −  𝝁 +  𝝁 −


  𝜼 →  𝝁 +  𝝁 −  𝝁 +  𝝁 −


  < 𝟏 . 𝟕 𝟓 ×   𝟏 𝟎  − 𝟔  


  < 𝟓 . 𝟐 𝟖 ×   𝟏 𝟎  − 𝟕  


  < 𝟔 . 𝟖 𝟖 ×   𝟏 𝟎  − 𝟔  


  𝜼 →  𝒆 +  𝒆 −


   𝝁 +  𝝁 −


  ( 𝜂 →  e +  e − ) < 7 ×   10  − 7


   e +  e − → η


  ( 𝜂 →  𝜇 +  𝜇 − ) = ( 5 . 7 ± 0 . 8 ) ×   10  − 6


  𝜂 →  l +  l −


  𝜼 →  𝒆 +  𝒆 −


   m e 2


  ( 𝜂 →  e +  e − ) =  (    5 . 31  − 0 . 04  + 0 . 14 ) ×   10  − 9


  ( 𝜂 →  𝜇 +  𝜇 − ) =  (    4 . 72  − 0 . 21  + 0 . 05 ) ×   10  − 6


  B r  (  𝜂 →  e +  e − ) =  (  5 . 37 ± 0 . 04 ± 0 . 02 ) ×   10  − 9  


  B r ( 𝜂 →  𝜇 +  𝜇 − ) = ( 4 . 54 ± 0 . 04 ± 0 . 02 ) ×   10  − 6


   (  𝜂 →  e +  e − ) < 2 . 2 ×   10  − 7   a t   90 %   C L


  ( 𝜂 →  𝜇 +  𝜇 − ) =  (  5 . 8 ± 1 . 0 ± 0 . 2 ) ×   10  − 6


  𝜂


  J / 𝜓 → 𝛾 𝜂 ’ ,   𝜂 ’ →  𝜋 +  𝜋 − 𝜂


  J / 𝜓 → 𝛾  l +  l −


  J / 𝜓 → 𝛾 𝜂


  ( 𝜂 →  𝜇 +  𝜇 − ) = ( 5 . 7 ± 0 . 8 ) ×   10  − 6


  ( 𝜂 →  e +  e − ) < 7 ×   10  − 7


  ∝    (  Δ  m  i j 2 /  M W 2 ) 2 ~   10  − 50


  ℬ  (   𝜂 ′ → e 𝜇 ) < 4 . 7 ×   10  − 4


   𝜼 ′ → 𝒆 𝝁


  𝜼 → 𝒆 𝝁


  𝜂 ′ → e 𝜇


  J / 𝜓 → 𝛾 𝜂 ′


  η → e 𝜇


  J / 𝜓 → 𝛾 𝜂 ′ → 𝛾  𝜋 +  𝜋 − η


  𝛈 → 𝐞 𝛍


  𝛈 ′ → 𝐞 𝛍


   𝜂 ′ → e 𝜇


   |  C /  Λ 2 |


   ℓ 1  ℓ 2


  ℬ (  𝜂 ′ → e 𝜇 ) < 4 . 7 ×   10  − 4


  ℬ (  𝜂 ′ → e 𝜇 ) < 6 . 3 ×   10  − 7


  ℬ ( 𝜂 → e 𝜇 ) < 6 . 0 ×   10  − 6


  ℬ ( 𝜂 → e 𝜇 ) < 6 . 8 ×   10  − 7


  u , d


  s


  u , d


  s


  u , d


  s


  u , d


  s


  |  C  A L / A R  q  ℓ 1  ℓ 2   / Λ 2 |


  e 𝜇


  2 . 1 ×   10  − 1


  1 . 9 ×   10  − 1


  7 . 4 ×   10  − 3


  6 . 8 ×   10  − 3


  3 . 0 ×   10  − 3


  2 . 1 ×   10  − 3


  1 . 0 ×   10  − 3


  7 . 0 ×   10  − 4


  |  C  P L / P R  q  ℓ 1  ℓ 2   / Λ 2 |


  e 𝜇


  3 . 9 × 10 ⁴


  3 . 6 × 10 ⁴


  1 . 4 × 10 ³


  1 . 3 × 10 ³


  1 . 7 ×   10 3


  1 . 2 ×   10 3


  5 . 8 ×   10 2


  4 . 0 ×   10 2


  |  C   G ~ L /  G ~ R  q  ℓ 1  ℓ 2   / Λ 2 |


  e 𝜇


  5 . 0 × 10 ³


  1 . 8 × 10 ²


  1 . 6 ×   10 2


  5 . 4 ×   10 1


  𝜂 → e 𝜇


  < 6 . 8 ×   10  − 7   @   90 %   C L


  P →  ℓ 1    ℓ - 2


   C i  ( D )


   |  C /  Λ 2 | ∝   ℬ  (  P →  ℓ 1    ℓ - 2 )


   ℒ  ℓ q :      C  P L / P R  q  ℓ 1  ℓ 2


   ℒ  ℓ q


                 C  A L / A R  q  ℓ 1  ℓ 2


   ℒ G


               C   G ~ L /  G ~ R  q  ℓ 1  ℓ 2


  L / R


  < 6 . 3 ×   10  − 7   @   90 %   C L


  J / 𝜓 → ϕ 𝜂


  𝜼 →  𝝅 +  𝝅 +  𝒆 −  𝒆 −


  𝜼 / 𝜼 ′


   𝜽 𝑷


  R =   𝛤 ( J / 𝜓 → 𝛾 𝜂 ′ )  𝛤 ( J / 𝜓 → 𝛾 𝜂 ) =    (     p  𝜂 ′   p 𝜂 ) 3     c o t 2 ⁡   𝜃 P


  𝜂   =  𝜂 8   cos ⁡   𝜃 P −  𝜂 1   sin ⁡   𝜃 P


  𝜂 ′ =  𝜂 8   sin ⁡   𝜃 P +  𝜂 1   cos ⁡   𝜃 P


   𝜃 P = − ( 22 . 11 ± 0 . 26 ) °


  𝑱 / 𝝍


  J / 𝜓 → 𝛾  𝜋 0


   𝜃 P = − ( 19 . 34 ± 0 . 34 ) °


  𝜂 ’ →  𝜋 +  𝜋 − 𝜂


  𝜂


   𝜼 ′ →  𝝅 +  𝝅 −  𝒍 +  𝒍 −


  𝑴  (   𝒔  𝝅 𝝅 ,  𝒔  𝒍 𝒍 ) =  𝑴  𝒎 𝒊 𝒙 × 𝑽 𝑴 𝑫 (  𝒔  𝝅 𝝅 ,  𝒔  𝒍 𝒍 )


   𝒄  𝟏 , 𝟐 , 𝟑


   𝜼 ′ →  𝝅 +  𝝅 −  𝒍 +  𝒍 −

