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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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η/η′ sample from J/ψ decays at BESIII

• High production rate of η/η′ in J/ψ decays 

• Radiative decays: 5.2  107 η′, 1.1  107 η

• Hadronic decays: 6.5106 η′, 2.5  107 η

• Unique opportunity to investigate the decays of η/η′

2009+2012

Now
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BESIII: an important role in η/η′ decays
Decay channel Physics Publication

η′→2(π+π−), π+π−π0π0 First observation, BR PRL112, 251801(2014)

η′→e+e− First observation, BR, TFF PRD92, 012001(2015)

η→π+π−π0, η/η′→π0π0π0 Matrix elements, mu-md, C-inv PRD92, 012014(2015)

η′→e+e− First observation, BR PRD92, 051101(2015)

η′→Kπ Weak decay, UL PRD93, 072008 (2016)

η′→π First observation, BR PRL118, 012001(2017)

η′→π0 BR, B boson PRD96, 012005(2017)

η′→π+π− BR, decay dynamic (box anomaly) PRL120, 242003(2018)

η′→π+π−η, η′→π0π0η Matrix elements, cusp effect PRD97, 012003(2018)

→π+π−π0 Dalitz plot analysis PRD98, 112007(2018)

P→ BRs, chiral anomaly PRD97, 072014(2018)

η′→η UL PRD100, 052015(2019)

Absolute BF of η′ decays BRs PRL122, 142002(2019)

η′→π0π0π0π0 CP-Vio, UL PRD101, 032001(2020)

η′→π+π−e+e− BR, CP-viol assymm PRD103, 092005(2021)

η′→π+π−u+u− BR, decay dynamic PRD103, 072006(2021)

Absolute BF of η decays BRs PRD104, 092004(2021)

η′→e+e−e+e− BR, TFF PRD105, 112010(2022)

η′→ηπ0π0 Cusp effect PRL130, 081901(2023)

η→π+π−π0, π0π0π0 Matrix elements, cusp effect PRD107,092007(2023)

η′→2(π+π−),π+π−π0π0, 2(π0π0) VMD, CP-Vio PRD 109, 032006 (2024) 

η′→π+π−e+e−, π+π−u+u− BR, TFF, CP Violation JHEP07, 135 (2024)

η/η′→e+e− TFF PRD109, 072001 (2024)
PRD112, 052007 (2025)

η′→e+e− BR, TFF arXiv:2603.08120

η→e+e−e+e− BR, TFF arXiv:2605.04898

η→e+e−, u+u− BR arXiv:2512.07144

η/η′→eu CLFV arXiv:2606.22373

PDG2024
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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

𝑒+

𝑒−

𝛾∗

𝛾

𝑃

𝛾/𝑉

𝛾∗
𝑒+

𝑒−
𝑃

𝛾∗

𝛾∗

𝑒+

𝑒−

𝑒+

𝑒−

𝑃

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

Experimentally



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



𝜋+𝜋−𝜇+𝜇−𝜋+𝜋−𝑒+𝑒−

22725 ±
155 

434 ± 25 

Precision study of 𝜼′ → 𝝅+𝝅−𝒍+𝒍− BESIII: JHEP 07, 135 (2024)

2.45 ± 0.02 ± 0.08 2.16 ± 0.12 ± 0.06BESIII 2024 with 
10 billion J/

VMD Contribution 
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➢ 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

Study of 𝜼′ → 𝝅+𝝅−𝒍+𝒍−
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BESIII: JHEP 07, 135 (2024)

𝒃𝜼′ = 𝟏. 𝟑𝟎 ± 𝟎. 𝟏𝟗 𝐆𝐞𝐕/𝐜𝟐
−𝟐



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

12

KLOE: PLB 675 (2009) 283

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



𝜂′ → 𝜋+𝜋−𝜇+𝜇−𝜂′ → 𝜋+𝜋−𝑒+𝑒−

𝐴𝐶𝑃 = −0.21 ± 0.73 ± 0.01 % 𝐴𝐶𝑃 = 0.62 ± 4.71 ± 0.08 %

Asymmetry in 𝜼(′) → 𝝅+𝝅−𝒍+𝒍−
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BESIII: JHEP 07, 135 (2024)

D. N. Gao, Mod Phys Lett A17 (2002) 1583
M. Zillinger, B. Kubis, P. Sánchez-Puertas, JHEP 12 (2022) 001 

𝐴𝐶𝑃 = −0.6 ± 2.5 ± 1.8 %

𝜂 → 𝜋+𝜋−𝑒+𝑒−

KLOE: PLB 675 (2009) 283

• Test of non-CKM CP Violation

• Arises from interference between CP conserving magnetic and 

CP violating electric transition

𝐴𝐶𝑃 = −4.04 ± 4.69 ± 0.14 %

𝜂 → 𝜋+𝜋−𝑒+𝑒−

6/29/2026

BESIII: PRD 111 (2025) 072008



V

𝛾∗

𝑒+

𝑒−
𝑃

𝐹(𝑞2)Study of 𝜼′ → 𝝎𝒆+𝒆−

14

➢𝜂′ → 𝜔e+e−(𝜔 → π+π−π0) was first obsered by BESIII 
with 1.3 billion 𝐽/𝜓 events

➢Br(𝜂′ → 𝜔e+e−) = (1.97 ± 0.34stat ± 0.17syst) × 10−4

PRD 92, 051101 (2015)

➢Chiral Lagrangian with vector meson fields and the η’ field 
predicted the Br to be (1.69 ± 0.56) × 10−4

C. Terschlusen, S. Leupold, and M.F.M. Lutz, EPJA (2012) 48: 190

𝐵𝑟(𝜂′ → 𝜔e+e−)

𝐵𝑟(𝜂′ → 𝜔γ)
= (7.71 ± 1.34 ± 0.54) × 10−3



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

15



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



Double Dalitz decays 𝜼 → 𝒆+𝒆−𝒆+𝒆−
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KLOE: PLB 702 (2011) 324

𝜼 → 𝒆+𝒆−𝒆+𝒆−

T. Petri, arXiv:1010.2378

CPC 42 (2018) 023109

➢Expected to proceed through two virtual photons, TFF 

➢𝜂 → e+e−e+e− was first obsered by KLOE

362±29



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
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Double dalitz decays 𝜼/𝜼′ → 𝒍+𝒍−𝒍+𝒍−

BESIII: PRD105,112010 (2022)

CPC 42 (2018) 023109

19

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



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
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➢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



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

21

• 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 



• Highly suppressed in SM ∝ Δ𝑚𝑖𝑗
2 /𝑀𝑊

2 2
~10−50

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

• Searches for CLFV effects have been carried out in decays of bosons (𝑍,𝐻), leptons (𝜇, 𝜏), 
pseudoscalar mesons 𝜋, 𝜂, 𝜂′, 𝐾, 𝐵 and vector mesons 𝜙, 𝐽/𝜓,𝜓 2𝑆 , Υ

• 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
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• Signal efficiency: (17.93 ± 0.06) %
• Survived background events: 0
• Survived data events: 2

• 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

• Blind analysis technique is used to avoid bais
BESIII: arXiv:2606.22373

• Signal efficiency: (14.96 ± 0.05) %
• Survived background events: 0 
• Survived data events: 0

𝛈 → 𝐞𝛍
𝛈′ → 𝐞𝛍 BESIII Preliminary

23



• 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

|𝐶𝐴𝐿/𝐴𝑅
𝑞ℓ1ℓ2 /Λ2| 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

|𝐶𝑃𝐿/𝑃𝑅
𝑞ℓ1ℓ2 /Λ2| 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

|𝐶 ෨𝐺𝐿/ ෨𝐺𝑅

𝑞ℓ1ℓ2 /Λ2| 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

24

< 6.3
× 10−7 @ 90% 𝐶𝐿



Conclusions

• BESIII: a light meson factory

• a unique place for light mesons

• Allow to study light meson decays with high precision

• Significant progresses achieved on η/η’ decays

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

symmetries ⋯

• More results are expected to come soon !
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Thanks for your attention!!!



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
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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
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