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Highlights on Light Meson Physics 
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Light meson physics

BESIII: a light meson factory

What is “NEW” at BESIII ?

Summary

OUTLINE
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Light Meson Physics
/LJKW�PHVRQV

Important roles in particle physics, e.g. 
strong interactions, Quark Model, CP 
violation …

5LFK�SK\VLFV�

Test ChPT predictions
EM Form factors
Test fundamental symmetries
Probe new physics beyond the SM
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η/η´ events at BESIII 

J/y®gh à 1×107 η

J/y® gη’ à5.2×107 η’

A light meson factory ! 
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BESIII: an important role in η/η´ decays
(25 publications since 2011) 

What is “NEW” at BESIII ?

New decays
New decay mechanisms
New approaches
New tests  for fundamental

symmetries



New decays
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Decay channel Publication

ηʹ→2(π+π−), π+π−π0π0 PRL112, 251801(2014)
ηʹ→ge+e− PRD92, 012001(2015)
ηʹ→we+e− PRD92, 051101(2015)
ηʹ→rπ PRL118, 012001(2017)
ηʹ→ggπ0 PRD96, 012005(2017)
ηʹ→π+π−u+u− PRD103, 072006(2021)
ηʹ→e+e−e+e− PRD105,112010(2022)
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Observation of η´→r+π-

D. Gross et al., PRD19,2188(1979) N. Beisert et al., Nucl. Phys. A716,186(2003)
η´→ π+π-π0

BESII: 58 M J/y
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Observation of η´→r+π-
η´→ π+π-π0 PRL118, 012001(2017)
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B(h’→π+π-π+π-)=(8.63±0.69±0.64)×10-5

B(η´→π+π-π0π0)=(1.82±0.35±0.18)×10-4

h’→π+π-π+π-

η´→π+π-π0π0
ChPT+VMD:

only occur at O(p6) 

F.K. Guo et al ,PRD 85,014014 (2012)

PRL112,251801(2014) 

Observation of η´→π+π-π+π-,π+π-π0π0

B(h’→π+π-π+π-)=(1.0±0.3) ×10-4

B(η´→π+π-π0π0)=(2.4±0.7) ×10-4

Amplitude analysis in progress！



Observation of  η´→ge+e-

η´ e-

e+
γ*(r)

η´

4.2×10-4 EMT, PRC61,035206

VMD

ChPT

Dispersion
Theoretical predictions:

B(h’→ge+e-)=(4.69±0.20±0.23) ×10-4

bh’=1.60±0.17±0.08 GeV -2



Observation of ηʹ→e+e−e+e−

– Test the theoretical models 
– Form factorsà (g-2)μ
– No experimental evidence yet!
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Chinese Physics C42 (2018) 023109 

PRD 105,112010(2022)

B(h’→ e+e-e+e-)=(4.5±1.0±0.5) ×10-6



New decay mechanisms
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Precision study of ηʹ→gπ+π− PRL120, 242003(2018)
Evidence of ηʹ→π0π0η PRL130, 081901(2023)



η´→gπ+π- decay dynamics

high term of ChPT® box anomaly

~0.9M events

PRL120,242003(2018)
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Model-(in)dependent fit 

P(sππ) = 1+ a sππ + b O(s2ππ) + d BWw

|FV(sππ)|2

from e+e-®π+ π-

fit with r(770)-ω-r(1450)fit with r(770)-ω-box anomaly

ü r(770)-ω cannot describe data well

ü Extra contribution (maybe r(1450) or box-anomaly) is also necessary
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lInvestigation on ππ and πη final interactions
lThe cusp effect is sizeable in this decay

Evidence of the cusp effect in η´→π0π0η
PRL130,081901(2023)
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n Non-relativistic effective field theory
B. Kubis and S. P. Schneider, EPJC 62, 511 (2009)

n Fits at different cases

n Evidence of the cusp effect @ 3.5s !



New approaches 
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Absolute Measurement of BFs of ηʹ decay modes PRL122, 142002(2019)
Novel approach to investigate η decays in progress



g conversion: η/η´ inclusive decays 

ge+

e-

η/η´decaysJ/y
Beam Pipe

MDC Inner wall

• A novel way to measure the absolute BFs of η/η´ decays
• Excellent momentum resolution for electrons @MDC 



First Measurement of Absolute BFs of η′ /η decays

γ conversions 

20B(J/𝜓→γη′) = (5.27±0.03±0.05)×10−3 

PRL122,142002(2019)

γ conversions 

PRD104,092004(2021)

B(J/𝜓→γη) = (1.067±0.005±0.023)×10−3 
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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/y decays

J/y®gh à 1×107 η

J/y® gη’, η’→p+ p -η à2.2×107 η

One more η′ constraint to suppress the background events !

PDG2022
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η→ge+ e-η→gµ+ µ-

J/y®gh

J/y® gη’, η’→p+ p-η

Help distinguish muons from pions

Background level is low  

BAM-000716, 000637



Summary
n BESIII: a light meson factory

l a unique place for light mesons
l Allow to study light meson decays with high precision

n Significant progresses achieved on η/η’ decays

l η/η’ : hadronic, radiative and rare decays

n More results are expected to come soon !

n Together with other experiments, the light meson physics

will be into a precision era


